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{( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
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Food and Drug Administration
Rockville, MD 20857

NDA 21-071/S-004

SmithKline Beecham Pharmco Puerto Rico, Inc. d/b/a
GlaxoSmithKline

Attention: Sharon W. Shapowal, R.Ph.

Director, Avandia USRA

One Franklin Plaza; P.O. Box 7929

Philadelphia, PA 19101

Dear Ms. Shapowal:

Please refer to your supplemental new drug application dated February 7, 2000, received
February 8, 2000, submitted under 505(b) of the Federal Food, Drug, and Cosmetic Act for Avandia®
(rosiglitazone maleate) Tablets, 2 mg, 4 mg and 8 mg.

We acknowledge receipt of your submissions dated May 5, 11, and 26, 2000, June 29, October 6,
November 1 and 8, 2000, February 15, May 11, and August 26, 2002, and February 19, 20, and
27,2003. :

Your August 26, 2002, submission constituted a complete response to our February 8, 2001, action
letter.

This supplemental new drug application proposes a new indication for the use of Avandia in
combination with insulin for the treatment of patients with Type 2 diabetes mellitus.

We 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.

The final printed labeling (FPL) must be identical to the draft labeling (text for the package insert)
submitted on February 27, 2003, and be formatted in accordance with the requirements of
21 CFR 201.66. '

Please submit the FPL electronically 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, in no case more than 30 days after it is printed. Please individually mount ten
of the copies on heavy-weight paper or similar material. For administrative purposes, this submission
should be designated "FPL for approved supplement NDA 21-081/S-004.” Approval of this
submission by FDA is not required before the labeling is used.
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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: .

MEDWATCH, HF-2
FDA

5600 Fishers Lane
Rockville, MD 20857

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, please call Ms. Jena Weber, Regulatory Project Manager, at 301-208-9354.
Sincerely,
{See appended elecironic signature pagef

David G. Orloff, M.D.
Director
" Division of Metabolic and Endocrine Drug Products
Office of Drug Evaluation II
Center for Drug Evaluation and Research

Enclosure: package insert (final draft submitted on February 27, 2003).



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

David Orloff
2/27/03 05:03:59 PM
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c DEPARTMENT OF HEALTH & HUMAN SERVICES ' Public Health Service

Food and Drug
Administration
Rockville MD 20857

NDA 21-071/5-004

SmithKline Beecham ﬁ
Attention: Sharon W. Shapowal, R.Ph. /D ‘
Director, Avandia U.S. Regulatory Affairs g '
One Franklin Plaza - P.O. Box 7929

Philadelphia, PA 19101

Dear Ms. Shapowal:

Please refer to your supplemental new drug application dated February 7, 2000, received
February 8, 2000, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for
Avandia® (rosiglitazone maleate) Tablets, 2 mg, 4 mg, and 8 mg.

We acknowledge receipt of your submissions dated May 5, 11, and 25, June 29, October 6, and
November 1, and 8, 2000.

This supplemental new drug application proposes a new indication for the use of Avandia in
combination with insulin for the treatment of patients with Type 2 diabetes mellitus.

We have completed the review of this application, as amended, and it is approvable. Before this
application may be approved, however, it will be necessary for you to address the following:

Because of the observed increased incidence of cardiovascular adverse events in patients
treated with the combination of Avandia and insulin in the controlled trials reviewed as part
of supplement 004, including edema, dyspnea, congestive heart failure, and events related
to myocardial ischemia, additional studies and/or information are needed to address these
safety issues. Investigations of the mechanism(s) by which such events are precipitated,
information enabling prospective identification of patients at risk for such events, strategies
for prevention, and algorithms for clinical management of fluid overload and congestive
heart failure in patients using combination Avandia and insulin are all needed in order to
permit safe and effective use of these drugs in combination in the treatment of patients with
Type 2 diabetes mellitus.

This approvable action is being taken simultaneously with an Approval action on supplement 006.
Supplement 006 provides for changes to the package insert for Avandia in the PRECAUTIONS
section, Hepatic Effects subsection, with the addition of post-marketing safety information related
to hepatic adverse events associated with Avandia use. In addition, based upon the review of the
safety information submitted with supplement 004 related to Avandia-insulin combination therapy,
the labeling approved with supplement 006 also contains changes in several other sections of the
package insert. These changes include a new CLINICAL STUDIES section, 2 new WARNINGS
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section and Cardiac Failure and Other Cardiac Effects subsection, and revisions to the
PRECAUTIONS section Edema and Weight Gain subsections, and in the ADVERSE
REACTIONS section.

Your complete response to this letter should, in addition to the information above, include revised
draft labeling which must contain all previous revisions as reflected in the most recently approved
labeling for your product. To facilitate review of your submission, please provide a highlighted or
marked-up copy that shows the changes that are being made.

If additional information relating to the safety or effectiveness of this drug becomes available,
revision of the labeling may be required. ' ’

Within 10 days after the date of this letter, you are required to amend the supplemental application,
notify us of your intent to file an amendment, or follow one of your other options under 21 CFR
314.110. In the absence of any such action FDA may proceed to withdraw the application. Any
amendment should respond to all the deficiencies listed. We will not process a partial reply as a
major amendment nor will the review clock be reactivated until all deficiencies have been
addressed. '

This product may be considered to be misbranded under the Federal Food, Drug, and Cosmetic Act
if it is marketed with these changes prior to approval of this supplemental application.

If you have any questions, please call Ms. Jena Weber, Reguiatory Project Manager, at (301)
827-6422.

Sincerely,
{See appended electronic signature page}

David G. Orloff, M.D.

Director

Division of Metabolic and Endocrine Drug Products
Office of Drug Evaluation 1I _

Center for Drug Evaluation and Research
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David Orloff
2/8/01 04:160:21 PM
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AV:L9
PRESCRIBING INFORMATION

AVANDIA®

(rosiglitazone maleate)
Tablets

DESCRIPTION

AVANDIA (rosiglitazone maleate) is an oral antidiabetic agent which acts primarily by
increasing insulin sensitivity. AVANDIA is used in the management of type 2 diabetes mellitus
(also known as non-insulin-dependent diabetes mellitus [NIDDM] or adult-onset diabetes).
AVANDIA improves glycemic control while reducing circulating insulin levels.

Pharmacological studies in animal models indicate that rosiglitazone improves sensitivity to
insulin in muscle and adipose tissue and inhibits hepatic gluconeogenesis. Rosiglitazone maleate
is not chemically or functionally related to the sulfonylureas, the biguanides, or the
alpha-glucosidase inhibitors.

Chemically, rosiglitazone maleate is ()-5-[[4-[2-(methyl-2-pyridinylamino)
ethoxy]phenyl]methyl]-2,4-thiazolidinedione, (Z)-2-butenedioate (1:1) with a molecular weight
0f 473.52 (357.44 free base). The molecule has a single chiral center and is present as a
racemate. Due to rapid interconversion, the enantiomers are functionally indistinguishable. The
structural formula is:

0
CO,H
CH; % HC” 2
N. N s/t
HC
l x \/\O K \COZH
0

Rosiglitazone maleate

The molecular formula is C;sH;9N303S°C4H404. Rosiglitazone maleate is a white to off-white
solid with a melting point range of 122° to 123°C. The pKa values of rosiglitazone maleate are
6.8 and 6.1. It is readily soluble in ethanol and a buffered aqueous solution with pH of 2.3;
~ solubility decreases with increasing pH in the physiological range.

Each pentagonal film-coated TILTAB® tablet contains rosiglitazone maleate equivalent to
rosiglitazone, 2 mg, 4 mg, or 8 mg, for oral administration. Inactive ingredients are:
Hypromellose 2910, lactose monohydrate, magnesium stearate, microcrystalline cellulose,
polyethylene glycol 3000, sodium starch glycolate, titanium dioxide, triacetin, and 1 or more of
the following: Synthetic red and yellow iron oxides and talc.

CLINICAL PHARMACOLOGY .
Mechanism of Action: Rosiglitazone, a member of the thiazolidinedione class of antidiabetic
agents, improves glycemic control by improving insulin sensitivity. Rosiglitazone is a highly



selective and potent agonist for the peroxisome proliferator-activated receptor-gamma (PPARY).
In humans, PPAR receptors are found in key target tissues for insulin action such as adipose
tissue, skeletal muscle, and liver. Activation of PPARY nuclear receptors regulates the
transcription of insulin-responsive genes involved in the control of glucose production, transport,
and utilization. In addition, PPARY-responsive genes also participate in the regulation of fatty
acid metabolism.

Insulin resistance is a common feature characterizing the pathogenesis of type 2 diabetes. The
antidiabetic activity of rosiglitazone has been demonstrated in animal models of type 2 diabetes
in which hyperglycemia and/or impaired glucose tolerance is a consequence of insulin res1stance
in target tissues. Rosiglitazone reduces blood glucose concentrations and reduces
hyperinsulinemia in the ob/ob obese mouse, db/db diabetic mouse, and fa/fa fatty Zucker rat.

In animal models, rosiglitazone’s antidiabetic activity was shown to be mediated by increased
sensitivity to insulin’s action in the liver, muscle, and adipose tissues. The expression of the
insulin-regulated glucose transporter GLUT-4 was increased in adipose tissue. Rosiglitazone did
not induce hypoglycemia in animal models of type 2 diabetes and/or impaired glucose tolerance.
Pharmacokinetics and Drug Metabolism: Maximum plasma concentration (Cpax) and the
area under the curve (AUC) of rosiglitazone increase in a dose-proportional manner over the
therapeutic dose range (see Table 1). The elimination half-life is 3 to 4 hours and is independent
of dose.

Table 1. Mean (SD) Pharmacokinetic Parameters for Rosiglitazone Followmg Single
Oral Doses (N = 32)

Parameter 1 mg 2 mg 8 mg 8 mg
Fasting Fasting Fasting Fed
AUCq.inf 358 733 2971 2890
[ng.hr./mL] (112) (184) (730) (795)
Cnax 76 156 598 432
[ng/mL] (13) (42) (117) (92)
Half-life 3.16 3.15 3.37 3.59
[hr.] (0.72) (0.39) (0.63) (0.70)
CL/F’ 3.03 2.89 2.85 2.97
[L/hr.] (0.87) (0.71) (0.69) (0.81)

*CL/F = Oral Clearance.

Absorption: The absolute bioavailability of rosiglitazone is 99%. Peak plasma concentrations
are observed about 1 hour after dosing. Administration of rosiglitazone with food resulted in no
change in overall exposure (AUC), but there was an approximately 28% decrease in Cpax and a
delay in Trax (1.75 hours). These changes are not likely to be clinically significant; therefore,
AVANDIA may be administered with or without food.



Distribution: The mean (CV%) oral volume of distribution (Vss/F) of ros1g11tazone is
approximately 17.6 (30%) liters, based on a population pharmacokinetic analysis. Rosiglitazone
is approximately 99.8% bound to plasma proteins, primarily albumin.

Metabolism: Rosiglitazone is extensively metabolized with no unchanged drug excreted in the
urine. The major routes of metabolism were N-demethylation and hydroxylation, followed by
conjugation with sulfate and glucuronic acid. All the circulating metabolites are considerably
less potent than parent and, therefore, are not expected to contribute to the insulin-sensitizing
activity of rosiglitazone.

In vitro data demonstrate that rosiglitazone is predominantly metabolized by Cytochrome Pysg
(CYP) isoenzyme 2C8, with CYP2C9 contributing as a minor pathway.

Excretion: Following oral or intravenous administration of ["*C]rosiglitazone maleate,
approximately 64% and 23% of the dose was eliminated in the urine and in the feces,
respectively. The plasma half-life of ['*C]related material ranged from 103 to 158 hours.
Population Pharmacokinetics in Patients with Type 2 Diabetes: Population
pharmacokinetic analyses from 3 large clinical trials including 642 men and 405 women with
type 2 diabetes (aged 35 to 80 years) showed that the pharmacokinetics of rosiglitazone are not
influenced by age, race, smoking, or alcohol consumption. Both oral clearance (CL/F) and oral
steady-state volume of distribution (Vss/F) were shown to increase with increases in body
weight. Over the weight range observed in these analyses (50 to 150 kg), the range of predicted
CL/F and Vss/F values varied by <1.7-fold and <2.3-fold, respectively. Additionally,
rosiglitazone CL/F was shown to be influenced by both weight and gender, being lower (about
15%) in female patients.

Special Populations: Age: Results of the population pharmacokinetic analysis (n= 716
<635 years; n =331 >65 years) showed that age does not significantly affect the pharmacokinetics
of rosiglitazone.

Gender: Results of the population pharmacokinetics analysis showed that the mean oral
clearance of rosiglitazone in female patients (n = 405) was approx1mately 6% lower compared to
male patients of the same body weight (n = 642).

As monotherapy and in combination with metformin, AVANDIA improved glycemic control
in both males and females. In metformin combination studies, efficacy was demonstrated with no
gender differences in glycemic response.

In monotherapy studies, a greater therapeutic response was observed in females; however, in
more obese patients, gender differences were less evident. For a given body mass index (BMI),
females tend to have a greater fat mass than males. Since the molecular target PPARY is
expressed in adipose tissues, this differentiating characteristic may account, at least in part, for
the greater response to AVANDIA in females. Since therapy should be 1nd1v1duallzed no dose
adjustments are necessary based on gender alone.

Hepatic Impairment: Unbound oral clearance of rosiglitazone was significantly lower in
patients with moderate to severe liver disease (Child-Pugh Class B/C) compared to healthy
subjects. As a result, unbound Cpax and AUC.ins were increased 2- and 3-fold, respectively.



Elimination half-life for rosiglitazone was about 2 hours longer in patients with liver disease,
compared to healthy subjects.

Therapy with AVANDIA should not be initiated if the patient exhibits clinical evidence of
active liver disease or increased serum transaminase levels (ALT >2.5X upper limit of normal) at
baseline (see PRECAUTIONS, General, Hepatic Effects).

Renal Impairment: There are no clinically relevant differences in the pharmacokinetics of
rosiglitazone in patients with mild to severe renal impairment or in hemodialysis-dependent
patients compared to subjects with normal renal function. No dosage adjustment is therefore
required in such patients receiving AVANDIA. Since metformin is contraindicated in patients
with renal impairment, co-administration of metformin with AVANDIA is contraindicated in
these patients.
 Race: Results of a population pharmacokinetic analysis including subjects of Caucasian,
black, and other ethnic origins indicate that race has no influence on the pharmacokinetics of
rosiglitazone.

Pediatric Use: The safety and effectiveness of AVANDIA in pediatric patients have not
been established.

CLINICAL STUDIES

In clinical studies, treatment with AVANDIA resulted in an improvement in glycemic control,
as measured by fasting plasma glucose (FPG) and hemoglobin Alc (HbAlc), with a concurrent
reduction in insulin and C-peptide. Postprandial glucose and insulin were also reduced. This is
consistent with the mechanism of action of AVANDIA as an insulin sensitizer. The improvement
in glycemic control was durable, with maintenance of effect for 52 weeks. The maximum
recommended daily dose is 8 mg. Dose-ranging studies suggested that no additional benefit was
obtained with a total daily dose of 12 mg.

The addition of AVANDIA to either metformin, a sulfonylurea, or insulin resulted in
significant reductions in hyperglycemia compared to any of these agents alone. These results are
consistent with an additive effect on glycemic control when AVANDIA is used as combination
therapy.

Patients with lipid abnormalities were not excluded from clinical trials of AVANDIA. In all
26-week controlled trials, across the recommended dose range, AVANDIA as monotherapy was

“associated with increases in total cholesterol, LDL, and HDL and decreases in free fatty acids.
These changes were statistically significantly different from placebo or glyburide controls (see
Table 2). '

Increases in LDL occurred primarily during the first 1 to 2 months of therapy with AVANDIA
and LDL levels remained elevated above baseline throughout the trials. In contrast, HDL
continued to rise over time. As a result, the LDL/HDL ratio peaked after 2 months of therapy and
then appeared to decrease over time. Because of the temporal nature of lipid changes, the
52-week glyburide-controlled study is most pertinent to assess long-term effects on lipids. At
baseline, week 26, and week 52, mean LDL/HDL ratios were 3. 1, 3.2, and 3.0, respectively, for



AVANDIA 4 mg twice daily. The corresponding values for glyburide were 3.2, 3.1, and 2.9. The
differences in change from baseline between AVANDIA and glyburide at week 52 were
statistically significant. -

The pattern of LDL and HDL changes following therapy with AVANDIA in combination
with other hypoglycemic agents were generally similar to those seen with AVANDIA in
monotherapy. ,

The changes in triglycerides during therapy with AVANDIA were variable and were
generally not statistically different from placebo or glyburide controls.

Table 2. Summary of Mean Lipid Changes in 26-Week Placebo-Controlled and 52-Week
Glyburide-Controlled Monotherapy Studies

Placebo-controlled Studies Glyburide-controlled Study
Week 26 ‘Week 26 and Week 52
Placebo AVANDIA Glyburide Titration | AVANDIA 8 mg
4mg | 8mg Wk 26 Wk 52 | Wk26 | Wk52
daily” | daily”
Free Fatty Acids
N 207 428 436 181 168 166 145
Baseline (mean) 18.1 17.5 17.9 26.4 26.4 26.9 26.6
~ % Change from
baseline (mean) | +0.2% | -7.8% | -14.7% | -2.4% -4.7% | -20.8% | -21.5%
LDL '
N v 190 400 374 175 160 161 133
Baseline (mean) 123.7 126.8 125.3 142.7 141.9 142.1 142.1
% Change from
baseline (mean) | +4.8% | +14.1% | +18.6% | -0.9% | -0.5% |+11.9% | +12.1%
HDL |
N 208 429 436 184 170 170 145
Baseline (mean) 44.1 444 43.0 47.2 477 48.4 48.3
% Change from "
baseline (mean) | +8.0% | +11.4% | +14.2% | +4.3% +8.7% | +14.0% | +18.5%

“Once daily and twice daily dosing groups were combined.

Monotherapy: A total of 2,315 patients with type 2 diabetes, previously treated with diet alone
or antidiabetic medication(s), were treated with AVANDIA as monotherapy in 6 double-blind
studies, which included two 26-week placebo-controlled studies, one 52-week
glyburide-controlled study, and 3 placebo-controlled dose-ranging studies of 8 to 12 weeks
duration. Previous antidiabetic medication(s) were withdrawn and patients entered a 2 to 4 week
placebo run-in period prior to randomization.




Two 26-week, double-blind, placebo-controlled trials, in patients with type 2 diabetes with
inadequate glycemic control (mean baseline FPG approximately 228 mg/dL and mean baseline
HbAlc 8.9%), were conducted. Treatment with AVANDIA produced statistically significant
improvements in FPG and HbA1c¢ compared to baseline and relative to placebo (see Table 3).



Table 3. Glycemic Parameters in Two 26-Week Placebo-Controlled Trials

*<0.0001 compared to placebo.

Study A Placebo AVANDIA AVANDIA
2 mg twice daily 4 mg twice daily
N 158 166 169
FPG (mg/dL)
Baseline (mean) 229 227 220
Change from baseline (mean) 19 -38 -54
Difference from placebo
(adjusted mean) -58° 76
Responders (=30 mg/dL
decrease from baseline) 16% 54% 64%
HbAlc (%)
Baseline (mean) 9.0 9.0 8.8
Change from baseline (mean) 0.9 -0.3 -0.6
Difference from placebo
(adjusted mean) -1.2° -1.5"
Responders (=0.7%
decrease from baseline) 6% 40% 42%
Study B Placebo AVANDIA AVANDIA -
4 mgonce | 2 mgtwice | 8 mgonce | 4 mg twice
daily daily daily daily
N 173 180 186 181 187
FPG (mg/dL) .
Baseline (mean) 225 229 225 228 228
Change from baseline (mean) 8 -25 -35 -42 -55
Difference from placebo - ' ‘
(adjusted mean) - -31* -43* -49* -62*
Responders (230 mg/dL
decrease from baseline) 19% 45% 54% 58% 70%
HbAlc (%)
Baseline (mean) 8.9 8.9 8.9 8.9 9.0
Change from baseline (mean) 0.8 0.0 -0.1 -0.3 -0.7
Difference from placebo
(adjusted mean) - 0.8 -0.9 -1.1° -1.5"
Responders (>0.7%
decrease from baseline) 9% 28% 29% 39% 54%

When administered at the same total daily dose, AVANDIA was generally more effective in
reducing FPG and HbAlc when administered in divided doses twice daily compared to once




daily doses. However, for HbAlc, the difference between the 4 mg once daily and 2 mg twice
daily doses was not statistically significant.

Long-term maintenance of effect was evaluated in a 52-week, double-blind,
glyburide-controlled trial in patients with type 2 diabetes. Patients were randomized to treatment
with AVANDIA 2 mg twice daily (N = 195) or AVANDIA 4 mg twice daily (N = 189) or
glyburide (N = 202) for 52 weeks. Patients receiving glyburide were given an initial dosage of
either 2.5 mg/day or 5.0 mg/day. The dosage was then titrated in 2.5 mg/day increments over the
next 12 weeks, to a maximum dosage of 15.0 mg/day in order to optimize glycemic control.
Thereafter the glyburide dose was kept constant.

The median titrated dose of glyburide was 7.5 mg. All treatments resulted in a statistically
significant improvement in glycemic control from baseline (see Figure 1 and Figure 2). At the
end of week 52, the reduction from baseline in FPG and HbAlc was -40.8 mg/dL and -0.53%
with AVANDIA 4 mg twice daily; -25.4 mg/dL and -0.27% with AVANDIA 2 mg twice daily;
and -30.0 mg/dL and -0.72% with glyburide. For HbAlc, the difference between AVANDIA
4 mg twice daily and glyburide was not statistically significant at week 52. The initial fall in FPG
with glyburide was greater than with AVANDIA; however, this effect was less durable over

time. The improvement in glycemic control seen with AVANDIA 4 mg twice daily at week 26
was maintained through week 52 of the study.

Figure 1. Mean FPG Over Time in a 52-Week Glyburide-Controlled Study
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Figure 2. Mean HbAlc Over Time in a 52-Week Glyburide-Controlled Study
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Hypoglycemia was reported in 12.1% of glyburide-treated patients versus 0.5% (2 mg twice
daily) and 1.6% (4 mg twice daily) of patients treated with AVANDIA. The improvements in
glycemic control were associated with a mean weight gain of 1.75 kg and 2.95 kg for patients
treated with 2 mg and 4 mg twice daily of AVANDIA, respectively, versus 1.9 kg in
glyburide-treated patients. In patients treated with AVANDIA, C-peptide, insulin, pro-insulin,
and pro-insulin split products were significantly reduced in a dose-ordered fashion, compared to
an increase in the glyburide-treated patients.

Combination With Metformin: A total of 670 patients with type 2 diabetes participated in
two 26-week, randomized, double-blind, placebo/active-controlled studies designed to assess the
efficacy of AVANDIA in combination with metformin. AVANDIA, administered in either once
daily or twice daily dosing regimens, was added to the therapy of patients who were inadequately
controlled on a maximum dose (2.5 grams/day) of metformin.

In one study, patients inadequately controlled on 2.5 grams/day of metformin (mean baseline
FPG 216 mg/dL and mean baseline HbAlc 8.8%) were randomized to receive 4 mg of
AV ANDIA once daily, 8§ mg of AVANDIA once daily, or placebo in addition to metformin. A
statistically significant improvement in FPG and HbAlc was observed in patients treated with
the combinations of metformin and 4 mg of AVANDIA once daily and 8 mg of AVANDIA once
daily, versus patients continued on metformin alone (see Table 4).

Table 4. Glycemic Parameters in a 26-Week Combination Study

Metformin AVANDIA AVANDIA
4 mg once daily 8 mg once daily
+ metformin + metformin
N 113 116 110
FPG (mg/dL) o |
Baseline (mean) 214 215 220
Change from baseline (mean) _ 6 : =33 —48
Difference from metformin alone :
(adjusted mean) —40* -53*
Respondei's (=30 mg/dL
decrease from baseline) 20% 45% 61%
HbAlc (%)
Baseline (mean) 8.6 8.9 8.9
Change from baseline (mean) 0.5 —0.6 -0.8
Difference from metformin alone :
(adjusted mean) —-1.0* -1.2°
Responders (20.7% decrease
from baseline) 11% 45% 52%

*<0.0001 compared to metformin.



In a second 26-week study, patients with type 2 diabetes inadequately controlled on
2.5 grams/day of metformin who were randomized to receive the combination of AVANDIA
4 mg twice daily and metformin (N = 105) showed a statistically significant improvement in
glycemic control with a mean treatment effect for FPG of -56 mg/dL and a mean treatment effect
for HbAlc of -0.8% over metformin alone. The combination of metformin and AVANDIA
resulted in lower levels of FPG and HbA ¢ than either agent alone.

Patients who were inadequately controlled on a maximum dose (2.5 grams/day) of metformin
and who were switched to monotherapy with AVANDIA demonstrated loss of glycemic control,
as evidenced by increases in FPG and HbAlc. In this group, increases in LDL and VLDL were
also seen. ’
Combination With a Sulfonylurea: A total of 1,216 patients with type 2 diabetes
participated in three 26-week randomized, double-blind, placebo/active-controlled studies
designed to assess the efficacy and safety of AVANDIA in combination with a sulfonylurea.
AVANDIA 2 mg or 4 mg daily, was administered either once daily or in divided doses twice
daily, to patients inadequately controlled on a sulfonylurea.

In the two placebo-controlled studies, patients inadequately controlled on sulfonylureas that
were randomized to single dose or divided doses of AVANDIA 4 mg daily plus a sulfonylurea
showed significantly reduced FPG and HbAlc compared to sulfonylurea plus placebo (see Table
5). . :



Table 5. Glycemic Parameters in Two 26-Week Combination Studies

AVANDIA 2 mg
Study C (patients on prior _Sulfonylurea twice daily +
sulfonylurea monotherapy) . sulfonylurea
N ' 192 183
FPG (mg/dL) |
Baseline (mean) 207 205
Change from baseline (mean) - +6 -38
Difference from sulfonylurea alone
(adjusted mean) - —44%*
Responders (=30 mg/dL decrease '
from baseline) 21% 56%
HbAlc (%) ‘ :
Baseline (mean) 9.2 ' 9.2
Change from baseline (mean) +0.2 -0.9
Difference from sulfonylurea alone
(adjusted mean) — —1.0*
’ AVANDIA 4 mg
Study D (patients on prior single or Sulfonylurea once daily +
multiple therapies) ' sulfonylurea
N 115 116
FPG (mg/dL)
Baseline (mean) 209 214
- Change from baseline (mean) +23 =25
Difference from sulfonylurea alone '
(adjusted mean) - 47"
Responders (=30 mg/dL decrease
from baseline) 13% 46%
HbAlc (%) :
Baseline (mean) 8.9 9.1
Change from baseline (mean) +0.6 -0.3
Difference from sulfonylurea alone
(adjusted mean) ' - 0.9

"<0.0001 compared to sulfonylurea plus placebo.

In the third study, including patients on prior single or multiple therapies, in patients
inadequately controlled on the maximal dose of glyburide (20 mg daily), 2 mg of AVANDIA
twice daily plus sulfonylurea significantly reduced FPG (n = 98, mean change from baseline of
-31 mg/dL) and HbAlc (mean change from baseline of -0.5%) compared to sulfonylurea plus

~ placebo (n = 99, mean change from baseline of FPG of +24 mg/dL and of HbAlc of +0.9%). The



combination of sulfonylurea and AVANDIA resulted in lower levels of FPG and HbA ¢ than
either agent alone. Patients who were switched from maximal dose of glyburide to 2 mg of
AVANDIA twice daily as monotherapy demonstrated loss of glycemic control, as evidenced by
increases in FPG and HbAlc.

Combination With Insulin: In two 26-week randomized, double-blind, fixed-dose studies
designed to assess the efficacy and safety of AVANDIA in combination with insulin, patients
inadequately controlled on insulin (65 to 67 units/day, mean range at baseline) were randomized
to receive AVANDIA 4 mg plus insulin (n = 206) or placebo plus insulin (n = 203). The mean
duration of disease in these patients was 12 to 13 years.

Compared to insulin plus placebo, single or divided doses of AVANDIA 4 mg daily plus
insulin significantly reduced FPG (mean reduction of 32 to 40 mg/dL) and HbAlc (mean
reduction of 0.6% to 0.7%). Approximately 40% of all patients treated with AVANDIA reduced
their insulin dose.

INDICATIONS AND USAGE

AVANDIA is indicated as an adjunct to diet and exercise to improve glycemic control in
patients with type 2 diabetes mellitus. AVANDIA is indicated as monotherapy. AVANDIA is
also indicated for use in combination with a sulfonylurea, metformin, or insulin when diet,
exercise, and a single agent do not result in adequate glycemic control. For patients inadequately
controlled with a maximum dose of a sulfonylurea or metformin, AVANDIA should be added to,
rather than substituted for, a sulfonylurea or metformin.

Management of type 2 diabetes should include diet control. Caloric restriction, weight loss,
and exercise are essential for the proper treatment of the diabetic patient because they help
improve insulin sensitivity. This is important not only in the primary treatment of type 2
diabetes, but also in maintaining the efficacy of drug therapy. Prior to initiation of therapy with
AVANDIA, secondary causes of poor glycemic control, e.g., infection, should be investigated
and treated. '

CONTRAINDICATIONS |
AVANDIA is contraindicated in patients with known hypersensitivity to this product or any
of its components.

WARNINGS

Cardiac Failure and Other Cardiac Effects: AVANDIA, like other thiazolidinediones,
alone or in combination with other antidiabetic agents, can cause fluid retention, which may
exacerbate or lead to heart failure. Patients should be observed for signs and symptoms of heart
failure. In combination with insulin, thiazolidinediones may also increase the risk of other
cardiovascular adverse events. AVANDIA should be discontinued if any deterioration in cardiac
status occurs.



Patients with New York Heart Association (NYHA) Class 3 and 4 cardiac status were not
studied during the clinical trials. AVANDIA is not recommended in patients with NYHA Class 3
and 4 cardiac status.

In three 26-week trials in patients with type 2 diabetes, 216 received 4 mg of AVANDIA plus
insulin, 322 received 8 mg of AVANDIA plus insulin, and 338 received insulin alone. These
trials included patients with long-standing diabetes and a high prevalence of pre-existing medical
conditions, including peripheral neuropathy, retinopathy, ischemic heart disease, vascular
disease, and congestive heart failure. In these clinical studies an increased incidence of edema,
cardiac failure, and other cardiovascular adverse events was seen in patients on AVANDIA and
insulin combination therapy compared to insulin and placebo. Patients who experienced
cardiovascular events were on average older and had a longer duration of diabetes. These
cardiovascular events were noted at both the 4 mg and 8 mg daily doses of AVANDIA. In this
population, however, it was not possible to determine specific risk factors that could be used to
identify all patients at risk of heart failure and other cardiovascular events on combination
therapy. Three of 10 patients who developed cardiac failure on combination therapy during the
double blind part of the studies had no known prior evidence of congestive heart failure, or
pre-existing cardiac condition.

In a double-blind study in type 2 diabetes patients with chronic renal failure (112 received
4 mg or 8 mg of AVANDIA plus insulin and 108 received insulin control), there was no
difference in cardiovascular adverse events with AVANDIA in combination with insulin
compared to insulin control.

Patients treated with combination AVANDIA and insulin should be monitored for
cardiovascular adverse events. This combination therapy should be discontinued in patients who
do not respond as manifested by a reduction in HbAlc or insulin dose after 4 to 5 months of
therapy or who develop any significant adverse events. (See ADVERSE REACTIONS.)

PRECAUTIONS , ‘

General: Due to its mechanism of action, AVANDIA is active only in the presence of
endogenous insulin. Therefore, AVANDIA should not be used in patients with type 1 diabetes or
for the treatment of diabetic ketoacidosis.

Hypoglycemia: Patients receiving AVANDIA in combination with other hypoglycemic
agents may be at risk for hypoglycemia, and a reduction in the dose of the concomitant agent
may be necessary.

Edema: AVANDIA should be used with caution in patients with edema. In a clinical study
in healthy volunteers who received 8 mg of AVANDIA once daily for 8 weeks, there was a
statistically significant increase in median plasma volume compared to placebo.

Since thiazolidinediones, including rosiglitazone, can cause fluid retention, which can
exacerbate or lead to congestive heart failure, AVANDIA should be used with caution in patients
at risk for heart failure. Patients should be monitored for signs and symptoms of heart failure (see



WARNINGS, Cardiac Failure and Other Cardiac Effects and PRECAUTIONS, Information for
Patients). »

In controlled clinical trials of patients with type 2 diabetes, mild to moderate edema was
reported in patients treated with AVANDIA, and may be dose related. Patients with ongoing
edema are more likely to have adverse events associated with edema if started on combination
therapy with insulin and AVANDIA (see ADVERSE REACTIONS).

Weight Gain: Dose-related weight gain was seen with AVANDIA alone and in combination
with other hypoglycemic agents (see Table 6). The mechanism of weight gain is unclear but
probably involves a combination of fluid retention and fat accumulation. '

In postmarketing experience, there have been rare reports of unusually rapid increases in
weight and increases in excess of that generally observed in clinical trials. Patients who
experience such increases should be assessed for fluid accumulation and volume-related events
such as excessive edema and congestive heart failure.

Table 6. Weight Changes (kg) From Baseline During Clinical Trials With AVANDIA

Control Group AVANDIA AVANDIA
4 mg 8 mg
Monotherapy | Duration Median Median Median
@5t 75t (25™ 75t (25% 75t
percentile) percentile) percentile)
26 weeks | placebo -0.9(-2.8,0.9) | 1.0 (-0.9, 3.6) | 3.1 (1.1,5.8)

52 weeks | sulfonylurea | 2.0 (0,4.0) | 2.0(-0.6,4.0) | 2.6 (0, 5.3)

Combination therapy

sulfonylurea 26 weeks | sulfonylurea | 0(-1.3, 1.2) 1.8 (0, 3.1) —
metformin 26 weeks | metformin | -1.4(-3.2,0.2) | 0.8 (-1.0,2.6) | 2.1(0,4.3)
insulin 26 weeks | insulin 0.9(05,2.7) | 41(1.4,6.3) | 54(3.4,7.3)

Hematologic: Across all controlled clinical studies, decreases in hemoglobin and hematocrit
(mean decreases in individual studies <1.0 gram/dL and <3.3%, respectively) were observed for
AVANDIA alone and in combination with other hypoglycemic agents. The changes occurred
primarily during the first 3 months following initiation of therapy with AVANDIA or following
a dose increase in AVANDIA. White blood cell counts also decreased slightly in patients treated
with AVANDIA. The observed changes may be related to the increased plasma volume observed
with treatment with AVANDIA and may be dose related (see ADVERSE REACTIONS,
Laboratory Abnormalities, Hematologic).

Ovulation: Therapy with AVANDIA, like other thiazolidinediones, may result in ovulation
in some premenopausal anovulatory women. As a result, these patients may be at an increased
risk for pregnancy while taking AVANDIA (see PRECAUTIONS, Pregnancy, Pregnancy
Category C). Thus, adequate contraception in premenopausal women should be recommended.




This possible effect has not been specifically investigated in clinical studies so the frequency of
this occurrence is not known.

Although hormonal imbalance has been seen in preclinical studies (see PRECAUTIONS,
Carcinogenesis, Mutagenesis, Impairment of Fertility), the clinical significance of this finding is
not known. If unexpected menstrual dysfunction occurs, the benefits of continued therapy with .
AV ANDIA should be reviewed.

Hepatic Effects: Another drug of the thiazolidinedione class, troglitazone, was associated
with idiosyncratic hepatotoxicity, and very rare cases of liver failure, liver transplants, and death
were reported during clinical use. In pre-approval controlled clinical trials in patients with type 2
diabetes, troglitazone was more frequently associated with clinically significant elevations in
liver enzymes (ALT >3X upper limit of normal) compared to placebo. Very rare cases of
reversible jaundice were also reported.

In pre-approval clinical studies in 4,598 patients treated with AVANDIA, encompassing
approximately 3,600 patient years of exposure, there was no signal of drug-induced
hepatotoxicity or elevation of ALT levels. In the pre-approval controlled trials, 0.2% of patients
treated with AVANDIA had elevations in ALT >3X the upper limit of normal compared to 0.2%
on placebo and 0.5% on active comparators. The ALT elevations in patients treated with
AVANDIA were reversible and were not clearly causally related to therapy with AVANDIA.

In postmarketing experience with AVANDIA, reports of hepatitis and of hepatic enzyme
elevations to 3 or more times the upper limit of normal have been received. Very rarely, these
reports have involved hepatic failure with and without fatal outcome, although causality has not
been established. Rosiglitazone is structurally related to troglitazone, a thiazolidinedione no
longer marketed in the United States, which was associated with idiosyncratic hepatotoxicity and
rare cases of liver failure, liver transplants, and death during clinical use. Pending the availability
of the results of additional large, long-term controlled clinical trials and additional postmarketing
- safety data, it is recommended that patients treated with AVANDIA undergo periodic monitoring
of liver enzymes.

Liver enzymes should be checked prior to the initiation of therapy with AVANDIA n all
patients. Therapy with AVANDIA should not be initiated in patients with increased baseline
liver enzyme levels (ALT >2.5X upper limit of normal). In patients with normal baseline liver
enzymes, following initiation of therapy with AVANDIA, it is recommended that liver enzymes
be monitored every 2 months for the first 12 months, and periodically thereafter. Patients with
mildly elevated liver enzymes (ALT levels <2.5X upper limit of normal) at baseline or during
therapy with AVANDIA should be evaluated to determine the cause of the liver enzyme
elevation. Initiation of, or continuation of, therapy with AVANDIA in patients with mild liver
enzyme elevations should proceed with caution and include close clinical follow-up, including
more frequent liver enzyme monitoring, to determine if the liver enzyme elevations resolve or
worsen. If at any time ALT levels increase to >3X the upper limit of normal in patients on
therapy with AVANDIA, liver enzyme levels should be rechecked as soon as possible. If ALT
levels remain >3X the upper limit of normal, therapy with AVANDIA should be discontinued.



There are no-data available from clinical trials to evaluate the safety of AVANDIA in patients
who experienced liver abnormalities, hepatic dysfunction, or jaundice while on troglitazone.

. AVANDIA should not be used in patients who experienced jaundice while taking troglitazone.

If any patient develops symptoms suggesting hepatic dysfunction, which may include
unexplained nausea, vomiting, abdominal pain, fatigue, anorexia and/or dark urine, liver
enzymes should be checked. The decision whether to continue the patient on therapy with
AVANDIA should be guided by clinical judgment pending laboratory evaluations. If jaundice is
observed, drug therapy should be discontinued.

Laboratory Tests: Periodic fasting blood glucose and HbA 1¢ measurements should be
performed to monitor therapeutic response.

Liver enzyme monitoring is recommended prior to initiation of therapy with AVANDIA in all
patients and periodically thereafter (see PRECAUTIONS, General, Hepatic Effects and
ADVERSE REACTIONS, Laboratory Abnormalities, Serum Transaminase Levels).
Information for Patients: Patients should be informed of the following: Management of
type 2 diabetes should include diet control. Caloric restriction, weight loss, and exercise are
essential for the proper treatment of the diabetic patient because they help improve insulin
sensitivity. This is important not only in the primary treatment of type 2 diabetes, but in
maintaining the efficacy of drug therapy.

It is important to adhere to dietary instructions and to regularly have blood glucose and
glycosylated hemoglobin tested. Patients should be advised that it can take 2 weeks to see a
reduction in blood glucose and 2 to 3 months to see full effect. Patients should be informed that
blood will be drawn to check their liver function prior to the start of therapy and every 2 months
for the first 12 months, and periodically thereafter. Patients with unexplained symptoms of
nausea, vomiting, abdominal pain, fatigue, anorexia, or dark urine should immediately report
these symptoms to their physician. Patients who experience an unusually rapid increase in weight
or edema or who develop shortness of breath or other symptoms of heart failure while on
AV ANDIA should immediately report these symptoms to their physician.

AVANDIA can be taken with or without meals.

When using AVANDIA in combination with other hypoglycemic agents, the risk of
hypoglycemia, its symptoms and treatment, and conditions that predispose to its development .
should be explained to patients and their family members.

Therapy with AVANDIA, like other thiazolidinediones, may result in ovulatlon in some
premenopausal anovulatory women. As a result, these patients may be at an increased risk for
pregnancy while taking AVANDIA (see PRECAUTIONS, Pregnancy, Pregnancy Category C).
Thus, adequate contraception in premenopausal women should be recommended. This possible
effect has not been specifically investigated in clinical studies so the frequency of this occurrence
is not known.

Drug Interactions: Drugs Metabolized by Cytochrome Pjsp: In vitro drug metabolism
studies suggest that rosiglitazone does not inhibit any of the major P4so enzymes at clinically



relevant concentrations. In vitro data demonstrate that rosiglitazone is predominantly
metabolized by CYP2CS, and to a lesser extent, 2C9.

AVANDIA (4 mg twice daily) was shown to have no clinically relevant effect on the
pharmacokinetics of nifedipine and oral contraceptives (ethinyl estradiol and norethindrone),
which-are predominantly metabolized by CYP3 A4.

Glyburide: AVANDIA (2 mg twice daily) taken concomitantly with glyburide (3.75 to
10 mg/day) for 7 days did not alter the mean steady-state 24-hour plasma glucose concentrations '
in diabetic patients stabilized on glyburide therapy.

Metformin: Concurrent administration of AVANDIA (2 mg twice daily) and metformin
(500 mg twice daily) in healthy volunteers for 4 days had no effect on the steady-state
pharmacokinetics of either metformin or rosiglitazone. _

Acarbose: Coadministration of acarbose (100 mg three times daily) for 7 days in healthy
volunteers had no clinically relevant effect on the pharmacokinetics of a single oral dose of
AVANDIA. ' ,

Digoxin: Repeat oral dosing of AVANDIA (8 mg once daily) for 14 days did riot alter the
steady-state pharmacokinetics of digoxin (0.375 mg once daily) in healthy volunteers.

Warfarin: Repeat dosing with AVANDIA had no clinically relevant effect on the
steady-state pharmacokinetics of warfarin enantiomers.

Ethanol: A single administration of a moderate amount of alcohol did not increase the risk
of acute hypoglycemia in type 2 diabetes mellitus patients treated with AVANDIA.

Ranitidine: Pretreatment with ranitidine (150 mg twice daily for 4 days) did not alter the
pharmacokinetics of either single oral or intravenous doses of rosiglitazone in healthy volunteers.
These results suggest that the absorption of oral rosiglitazone is not altered in conditions
accompanied by increases in gastrointestinal pH.

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis: A 2-year
carcinogenicity study was conducted in Charles River CD-1 mice at doses of 0.4, 1.5, and

6 mg/kg/day in the diet (highest dose equivalent to approximately 12 times human AUC at the
maximum recommended human daily dose). Sprague-Dawley rats were dosed for 2 years by oral
gavage at doses of 0.05, 0.3, and 2 mg/kg/day (highest dose equivalent to approximately 10 and
20 times human AUC at the maximum recommended human daily dose for male and female rats,
respectively).

Rosiglitazone was not carcinogenic in the mouse. There was an increase in incidence of
adipose hyperplasia in the mouse at doses >1.5 mg/kg/day (approximately 2 times human AUC
at the maximum recommended human daily dose). In rats, there was a significant increase in the

_incidence of benign adipose tissue tumors (lipomas) at doses >0.3 mg/kg/day (approximately
2 times human AUC at the maximum recommended human daily dose). These proliferative
changes in both species are considered due to the persistent pharmacological overstimulation of
adipose tissue.

Mutagenesis: Rosiglitazone was not mutagenic or clastogenic in the in vitro bacterial

assays for gene mutation, the in vitro chromosome aberration test in human lymphocytes, the in



vivo mouse micronucleus test, and the in vivo/in vitro rat UDS assay. There was a small (about
2-fold) increase in mutatlon in the in vitro mouse lymphoma assay in the presence of metabolic
activation.

Impairment of Fertility: Rosiglitazone had no effects on mating or fertility of male rats
given up to 40 mg/kg/day (approximately 116 times human AUC at the maximum recommended
human daily dose). Rosiglitazone altered estrous cyclicity (2 mg/kg/day) and reduced fertility
(40 mg/kg/day) of female rats in association with lower plasma levels of progesterone and
estradiol (approximately 20 and 200 times human AUC at the maximum recommended human
daily dose, respectively). No such effects were noted at 0.2 mg/kg/day (approximately 3 times
human AUC at the maximum recommended human daily dose). In monkeys, rosiglitazone
(0.6 and 4.6 mg/kg/day; approximately 3 and 15 times human AUC at the maximum
- recommended human daily dose, respectively) diminished the follicular phase rise in serum
estradiol with consequential reduction in the luteinizing hormone surge, lower luteal phase
progesterone levels, and amenorrhea. The mechanism for these effects appears to be direct
inhibition of ovarian steroidogenesis.

Animal Toxicology: Heart weights were increased in mice (3 mg/kg/day), rats (5 mg/kg/day),
and dogs (2 mg/kg/day) with rosiglitazone treatments (approximately 5, 22, and 2 times human
AUC at the maximum recommended human daily dose, respectively). Morphometric
measurement indicated that there was hypertrophy in cardiac ventricular tissues, which may be
due to increased heart work as a result of plasma volume expansion.

Pregnancy: Pregnancy Category C: There was no effect on implantation or the embryo
with rosiglitazone treatment during early pregnancy in rats, but treatment during mid-late
gestation was associated with fetal death and growth retardation in both rats and rabbits.
Teratogenicity was not observed at doses up to 3 mg/kg in rats and 100 mg/kg in rabbits
(approximately 20 and 75 times human AUC at the maximum recommended human daily dose,
respectively). Rosiglitazone caused placental pathology in rats (3 mg/kg/day). Treatment of rats
during gestation through lactation reduced litter size, neonatal viability, and postnatal growth,
with growth retardation reversible after puberty. For effects on the placenta, embryo/fetus, and
offspring, the no-effect dose was 0.2 mg/kg/day in rats and 15 mg/kg/day in rabbits. These

- no-effect levels are approximately 4 times human AUC at the maximum recommended human
daily dose.

There are no adequate and well-controlled studies in pregnant women. AVANDIA should not
be used during pregnancy unless the potential benefit justifies the potential risk to the fetus.

Because current information strongly suggests that abnormal blood glucose levels during
pregnancy are associated with a higher incidence of congenital anomalies as well as increased
neonatal morbidity and mortality, most experts recommend that insulin monotherapy be used
during pregnancy to maintain blood glucose levels as close to normal as possible.

Labor and Delivery: The effect of rosiglitazone on labor and delivery in humans is not known.



Nursing Mothers: Drug-related material was detected in milk from lactating rats. It is not
known whether AVANDIA is excreted in human milk. Because many drugs are excreted in
human milk, AVANDIA should not be administered to a nursing woman.

ADVERSE REACTIONS

In clinical trials, approximately 4,600 patients with type 2 d1abetes have been treated with
AVANDIA; 3,300 patients were treated for 6 months or longer and 2,000 patients were treated
for 12 months or longer.
Trials of AVANDIA as Monotherapy and in Combination With Other Hypoglycemic
Agents: The incidence and types of adverse events reported in clinical trials of AVANDIA as
monotherapy are shown in Table 7. |

Table 7. Adverse Events (=5% in Any Treatment Group) Reported by Patients in
Double-blind Clinical Trials With AVANDIA as Monotherapy

Preferred Term - AVANDIA Placebo Metformin Sulfonylureas*
Monotherapy
N =2526 N =601 N =225 N =626
% % % %
Upper respiratory
tract infection 9.9 8.7 8.9 7.3
Injury 7.6 43 7.6 6.1
Headache 5.9 5.0 8.9 5.4
Back pain 4.0 3.8 40 5.0
Hyperglycemia 3.9 5.7 4.4 8.1
Fatigue 3.6 ' 5.0 4.0 1.9
Sinusitis 3.2 4.5 53 3.0
Diarrhea 2.3 3.3 15.6 3.0
Hypoglycemia 0.6 0.2 1.3 5.9

"Includes patients receiving glyburide (N = 514), gliclazide (N = 91) or glipizide (N = 21).

There were a small number of patients treated with AVANDIA who had adverse events of
anemia and edema. Overall, these events were generally mild to moderate in severity and usually
did not require discontinuation of treatment with AVANDIA.

In double-blind studies, anemia was reported in 1.9% of patients receiving AVANDIA
compared to 0.7% on placebo, 0.6% on sulfonylureas, and 2.2% on metformin. Edema was
reported in 4.8% of patients receiving AVANDIA compared to 1.3% on placebo, 1.0% on
sulfonylureas, and 2.2% on metformin. Overall, the types of adverse experiences reported when
AVANDIA was used in combination with a sulfonylurea or metformin were similar to those
- during monotherapy with AVANDIA. Reports of anemia (7.1%) were greater in patients treated



with a combination of AVANDIA and metformin compared to monotherapy with AVANDIA or
in combination with a sulfonylurea.

Lower pre-treatment hemoglobin/hematocrit levels in patients enrolled in the metformin
combination clinical trials may have contributed to the higher reporting rate of anemia in these
studies (see ADVERSE REACTIONS, Laboratory Abnormalities, Hematologic).

In 26-week double-blind studies, edema was reported with higher frequency in the
AVANDIA plus insulin combination trials (insulin, 5.4%; and AVANDIA in combination with
insulin, 14.7%). Reports of new onset or exacerbation of congestive heart failure occurred at
rates of 1% for insulin alone, and 2% (4 mg) and 3% (8 mg) for insulin in combination with
AVANDIA (see WARNINGS, Cardiac Failure and Other Cardiac Effects).

In postmarketing experience with AVANDIA, adverse events potentially related to volume
expansion (e.g., congestive heart failure, pulmonary edema, and pleural effusions) have been
reported.

Hypoglycemia was the most frequently reported adverse event in the fixed-dose insulin
combination trials, although few patients withdrew for hypoglycemia (4 of 408 for AVANDIA
plus insulin and 1 0of 203 for insulin alone). Rates of hypoglycemia, confirmed by capillary blood
glucose concentration <50 mg/dL, were 6% for insulin alone and 12% (4 mg) and 14% (8 mg)
for insulin in combination with AVANDIA.

Laboratory Abnormalities: Hematologic: Decreases in mean hemoglobin and hematocrit
occurred in a dose-related fashion in patients treated with AVANDIA (mean decreases in
individual studies up to 1.0 gram/dL hemoglobin and up to 3.3% hematocrit). The time course
and magnitude of decreases were similar in patients treated with a combination of AVANDIA
and other hypoglycemic agents or AVANDIA monotherapy. Pre-treatment levels of hemoglobin
and hematocrit were lower in patients in metformin combination studies and may have
contributed to the higher reporting rate of anemia. White blood cell counts also decreased
slightly in patients treated with AVANDIA. Decreases in hematologic parameters may be related
to increased plasma volume observed with treatment with AVANDIA. ‘

Lipids: Changes in serum lipids have been observed following treatment with AVANDIA
(see CLINICAL STUDIES). . '

Serum Transaminase Levels: In clinical studies in 4,598 patients treated with
AVANDIA encompassing approximately 3,600 patient years of exposure, there was no evidence
of drug-induced hepatotoxicity or elevated ALT levels. '

In controlled trials, 0.2% of patients treated with AVANDIA had reversible elevations in ALT
>3X the upper limit of normal compared to 0.2% on placebo and 0.5% on active comparators.
Hyperbilirubinemia was found in 0.3% of patients treated with AVANDIA compared with 0.9%
treated with placebo and 1% in patients treated with active comparators.

In the clinical program including long-term, open-label experience, the rate per 100 patient
years exposure of ALT increase to >3X the upper limit of normal was 0.35 for patients treated
with AVANDIA, 0.59 for placebo-treated patients, and 0.78 for patients treated with active
comparator agents.



In pre-approval clinical trials, there were no cases of idiosyncratic drug reactions leading to
hepatic failure. In postmarketing experience with AVANDIA, reports of hepatic enzyme
elevations 3 or more times the upper limit of normal and hepatitis have been received (see
PRECAUTIONS, General, Hepatic Eﬁ‘ects).

DOSAGE AND ADMINISTRATION

The management of antidiabetic therapy should be individualized. AVANDIA may be
administered either at a starting dose of 4 mg as a single daily dose or divided and administered
in the morning and evening. For patients who respond inadequately following 8 to 12 weeks of
treatment, as determined by reduction in FPG, the dose may be increased to 8 mg daily as
monotherapy or in combination with metformin. Reductions in glycemic parameters by dose and
regimen are described under CLINICAL STUDIES. AVANDIA may be taken with or without
food.

Monotherapy: The usual starting dose of AVANDIA is 4 mg administered either as a single
dose once daily or in divided doses twice daily. In clinical trials, the 4 mg twice daily regimen
resulted in the greatest reduction in FPG and HbAlc.

Combination Therapy: When AVANDIA is added to existing therapy, the current dose of a
sulfonylurea, metformin, or insulin can be continued upon initiation of AVANDIA therapy.

Sulfonylurea: When used in combination with sulfonylurea, the recommended dose of
AVANDIA is 4 mg administered as either a single dose once daily or in divided doses twice-
daily. If patients report hypoglycemia, the dose of the sulfonylurea should be decreased.

Metformin: The usual starting dose of AVANDIA in combination with metformin is 4 mg
administered as either a single dose once daily or in divided doses twice daily. It is unlikely that
the dose of metformin will require adjustment due to hypoglycemia during combination therapy
with AVANDIA.

Insulin: For patients stabilized on insulin, the insulin dose should be continued upon
initiation of therapy with AVANDIA. AVANDIA should be dosed at 4 mg daily. Doses of
AVANDIA greater than 4 mg daily in combination with insulin are not currently indicated. It is
recommended that the insulin dose be decreased by 10% to 25% if the patient reports
hypoglycemia or if FPG concentrations decrease to less than 100 mg/dL. Further adjustments
should be individualized based on glucose-lowering response.

Maximum Recommended Dose: The dose of AVANDIA should not exceed 8 mg daily, as
a single dose or divided twice daily. The 8 mg daily dose has been shown to be safe and effective
in clinical studies as monotherapy and in combination with metformin. Doses of AVANDIA
greater than 4 mg daily in combination with a sulfonylurea have not been studied in adequate and
well-controlled clinical trials. Doses of AVANDIA greater than 4 mg daily in combination with
insulin are not currently indicated.

AVANDIA may be taken with or without food

No dosage adjustments are required for the elderly.



No dosage adjustment is necessary when AVANDIA is used as monotherapy in patients with
renal impairment. Since metformin is contraindicated in such patients, concomitant
administration of metformin and AVANDIA is also contraindicated in patients with renal
impairment.

Therapy with AVANDIA should not be initiated if the patient exhibits clinical evidence of
active liver disease or increased serum transaminase levels (ALT >2.5X upper limit of normal at
start of therapy) (see PRECAUTIONS, General, Hepatic Effects and CLINICAL
PHARMACOLOGY, Special Populations, Hepatic Impairment). Liver enzyme monitoring is
recommended in all patients prior to initiation of therapy with AVANDIA and periodically
thereafter (see PRECAUTIONS, General, Hepatic Effects).

There are no data on the use of AVANDIA in patients younger than 18 years; therefore, use of
AVANDIA in pediatric patients is not recommended.

OVERDOSAGE .

Limited data are available with regard to overdosage in humans. In clinical studies in
volunteers, AVANDIA has been administered at single oral doses of up to 20 mg and was
well-tolerated. In the event of an overdose, appropriate supportive treatment should be initiated
as dictated by the patient’s clinical status.

HOW SUPPLIED _

Tablets: Each pentagonal film-coated TILTAB tablet contains rosiglitazone as the maleate as
follows: 2 mg—pink, debossed with SB on one side and 2 on the other; 4 mg-orange, debossed
with SB on one side and 4 on the other; 8 mg-red-brown, debossed with SB on one side and 8 on
the other.

2 mg bottles of 30: NDC 0029-3158-13

2 mg bottles of 60: NDC 0029-3158-18

2 mg bottles of 100: NDC 0029-3158-20

2 mg bottles of 500: NDC 0029-3158-25

2 mg SUP 100s: NDC 0029-3158-21

4 mg bottles of 30: NDC 0029-3159-13
4 mg bottles of 60: NDC 0029-3159-18
4 mg bottles of 100: NDC 0029-3159-20
4 mg bottles of 500: NDC 0029-3159-25
4 mg SUP 100s: NDC 0029-3159-21

8 mg bottles of 30: NDC 0029-3160-13

8 mg bottles of 100: NDC 0029-3160-20
8 mg bottles of 500: NDC 0029-3160-25
8 mg SUP 100s: NDC 0029-3160-21 |



STORAGE
Store at 25°C (77°F); excursions 15°-30°C (59°-86°F). Dispense in a tight, light-resistant
container.
AVANDIA and TILTAB are registered trademarks of GlaxoSmithKline.
DATE OF ISSUANCE MAR. 2003
©2003, GlaxoSmithKline
All rights reserved.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
. Public Health Service

Food and Drug Administration

Center For Drug Evaluation and Research

DATE: February 26, 2003

FROM: David G. Orloff, M.D.
Director, Division of Metabolic and Endocrine Drug Products

TO: NDA 27-072/8-004
- Avandia (rosiglitazone maleate)
New indication for combined use with insulin

SUBJECT: NDA review issues and recommended action

Background

NDA 21-071/S-004 was originally submitted on 2-7-00 and included the efficacy’and safety data
from two 6-month trials comparing the effect of rosiglitazone (R) to placebo (pbo) in patients not
adequately controlled on insulin alone. The Sponsor proposed an indication for combined use of
~2nd insulin. The addition of R was effective in lowering HbAIc and insulin
requirments relative to pbo, by a mean ~1 percentage unit actoss the two trials. The safety
experience showed that the combination was franght with greater risk for adverse events
associated with fluid accumulation, including edema and CHF, than was insulin alone. The
application received an “approvable” action; changes to the label were effected to convey
warnings about the potential adverse cardiac effects of the combination. Before the application
could be approved and a new indication granted, the Sponsor was required to address prospective

" identification of those at increased risk for the complications, preventive strategies, and.

management of events related to flnid accumulation, should they occur. In addition, the sponsor

was asked 1o discuss possible mechanisins accounting for the fluid accumulation, which is a
known effect of the TZD class. ST

On 8-26-02, the sponsor submitted a complete response to the AE letter which did address the
issues above. The application included the safety and efficacy data from two additional 6-month
studies of R vs. pbo in addition to background insulin therapy. The first (085) was a study of
insulin dose-sparing (as opposed to efficacy per se) and the second (136) was an efficacy and
safety study in poorly controlled diabetics with pre-dialysis renal insufficiency.

Avandia, as well as other TZDs, is known to cause fluid accumulation, manifest as edema, or
signs and symptoms of overt CHF. Both Actos and Avandia are so labelled. It is also clear,
from studies with both drugs, that the combination of TZD plus insulin is associated with a
higher frequency of events related to fluid retention (and/or overall cardiac AEs potentially
related to fluid accumulation) than insulin alone. One hypothesis that has been advanced is that
the insulin sensitizer, as it were, simply exacerbates the effect of insulin to cause salt and water
retention via renally mediated mechanisms. The current submission, which expands the

NDA #21-071/5-004

Drug: Avandia

Proposal: Combination use with insulin
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controlled experience with Avandia in combination with insulin, does not contradict earlier

findings, but does provide further information that in the majority of cases, effects attributable to /”/

fluid accumulation are gradual in onset, mild in severity, manageable, reversible, and may, in
part, be obviated by exclusion of patients with prior cardiac histories and by limiting the dose of
Avandia to 4 mg. ‘

Clinical

Efficacy and safety findings

The original trials submitted in support of this indication (082, 095) were parallel group, fixed
dose trials (pbo, 4, 8 mg R added to insulin). These have been reviewed previously.

Study 085 was a forced-titration study in which patients received 4 mg daily for the first 8 to 12
weeks and then received 8 mg daily for the duration. The majority of patients were up-titrated to
8 mg. Thus the efficacy data have not been pooled with the 4 mg efficacy data proposed in the
label in the section describing insulin-R combination therapy. Furthermore, as stated above, this.
was not a study designed to assess effects on glycemic control, but rather on insulin
requirements. Indeed, in Study 085 the addition of R was effective in this regard and did effect
an approximate 0.5% mean reduction in HbA 1¢ relative to pbo. Significantly, in this trial in
which glucometer-generated home blood glucose measurements were not collected, the
percentage of patients reporting hypoglycemia was similar between the two treatment groups
(~14% pbo, ~17% R). In this study, the rates of edema were similar between the two groups
(~15% R, ~12% pbo), consistent with the small numerical differences in total cardiovascular
adverse events--a composite that includes CHF » hypertension, bundle branch block, atrial
fibrillation, palpitations, tachycardia, angina, and MI—(10 events Pbo-+insulin; 13 events
R+insulin) and CHF (1 pbo; 3 R). Only 2 patients withdrew due to CHF, one in each treatment
group. Overall, about 10% of R-insulin combination patients experienced a cardiovascular AE,
the majority of which were not serious.

- Study 136 was in patients with pre-dialysis renal insufficiency. This was another forced-titration

study in which about half of the ~100 R-treated patients received 8 mg daily after the first 8 to
12 weeks. The efficacy of the combination was similar to that seen in other trials (~0.5% HbAlc
reduction relative to pbo). Hypoglycemia occurred at about double the rate in the combination
therapy group than in the insulin-alone group (22% vs. 11%) though virtually all instances were
mild to moderate in severity and readily managed by insulin dose adjustments. Likewise, edema
occurred with double the frequency among those treated with R plus insulin relative to insulin

. alone (20% vs. 10%) and 5 patients in the R group withdrew due to edema. Significantly, in this

patient population at increased risk for CV events (and confirmed by rates of CV AEs increased
overall), the rates of all cardiovascular events--same as composite above—(13% pbo, 11% R)
and CHF (~3% for pbo and R) were not different between treatment groups. Note that edema is
not included in the CV composite. :

Identification of patients at risk

The sponsor presents tables of the incidence of edema and CHF across the double-blind clinical
trials database for R, showing that 1) the risk of CHF for R monotherapy or in combination with
metformin or SFU is low (< <1%) and not different from placebo or from monotherapy with
metformin or SFU. By contrast, rates of CHF when R is added to insulin (particularly at the 8
NDA # 21-071/S-004

Drug: Avandia

Proposal: Combination use with insulin
03/05/03



Page 3 of 4

mg dose) exceed those with insulin alone (2.5% vs. 1 %). This is not new information.
Likewise, 15% of patients treated with the combination developed edema compared to 5%
treated with insulin alone.

The sponsor notes that use of insulin is itself a risk factor for prevalent and incident CHF, as are
age, duration of diabetes, ischemic heart disease, and renal insufficiency. The use of insulin thus
marks a population with a risk of edema and CV event greater than those in the populations
treated with oral agents alone. This is borne out in the adverse event data across the different
Avandia trials, summarized in the submission. The implication is that patients inadequately
controlled on insulin, in whom the addition of a TZD may have therapeutic benefit, there must be
an expectation of a risk of edema, and potentially CHF due in part to the TZD themselves and to
the increased susceptibility of the patient population to these events in the first place.

There were two deaths in one study, one each on placebo and R, and 3 deaths in the second
study, one during the run in. Both other patients were in the R group and had significant
histories of CAD and CHD.

Summary

On balance, while the signal of increased risk for edema, CHF, and other CV adverse events
persits in these follow up trials (indeed, there was no expectation that it was a fluke of the earlier
trials and would disappear in subsequent studies), a strategy of careful patient selection (e.g., no
history of cardiac compromise), judicious titration, and monitoring may obviate some of the
fluid-related AEs of the combination. Approximately 10% of patients treated with rosiglitazone
and insulin experienced cardiac AEs across the trials to date. The majority of events are non-
serious. Furthermore, with fluid accumulation leading to edema as the premonitory event in
most patients, the potential CV nsks of R alone and in combination with insulin are monitorable
and manageable.

Comparative cardiac safety data, studies 082, 095, 085, 136 (from JZ)

Study 082 and 095 pooled : 085 and 136 pooled

Placebo Rosi Placebo Rosi
N , 203 408 248 250
Cardiac Aes 10 43 24 25
CHF 2 10 5 8
MI ' 0 : 2 1 3
Cardiac arrest 0 2 0 1
Labeling

Final labeling for the supplement has been negotiated and will be attached to the action letter in
DFS.
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. Public Health Service
DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration

-Memorandum -

FEB 7 2o
Date: 11/29/00

From: Saul Malozowski
Medical Team Leader

Subject: Avandia, ros1ghtazone (NDA 21071-S004). Team leader recommendations:
Avandia in combination with insulin.

To: David Orloff
Division Director, DMEDP

Efficacy

Two double blind placebo controlled studies (n~600) of 26 weeks duration, support the
claim that Avandia in combination therapy with insulin at daily doses of 4 mg / /s
results in improvement of glycemic control in patients poorly controlled on insulin alone.
Statistically significant improvements in HbA1C compared to the placebo treated groups
were seen in subjects receiving Avandia. Similar changes were seen in fasting plasma
glucose (FPG) levels. The relative decrease in median HbA1C compared to the placebo-
treated group ranged between 0.5% t0.0.8% (study 095, 4 and 8 mg, once a daily dosing
respectively) and 0.7% to 1.3% (study 082, 4 and 8 mg in divided dosing respectively).
There was not a difference in HbA1C improvement between the 4 and 8 mg doses given
once daily (p<0.066). Similar dosing divided into two daily doses appear to be more
effective than once a day dosing (4 mg OD= 05%, 4 mg QD=0.7%, 8 OD=0.8% and 8 mg
QD=1.3%). These results, however, being from two distinct clinical trials, although
strongly suggestive of a difference in efficacy between twice and once a day dosing, do
not fully clarify this issue.

As in previous studies with Avandia (either in monotherapy or in combination)
improvements in FPG appeared to be maximal after 8 to 12 weeks of therapy while

© maximal changes in HbA1C were delayed and not seen until 12 to 26 weeks. The efficacy

of the Avandia and insulin combination therapy was maintained during the 26-week
study period.

Avandia treatment also resulted in reductions in insulin needs.

Subgroup analyses showed that the Avandia’s efficacy in combination with insulin was
independent of age in subjects younger or older than 65 years old. As previously shown,
female patients, overweight patients (BMI > 27kg/m2) and patients poorly controlled at
the start of therapy, FBG (= 200mg/dL) or HbA1C (> 9%), showed greater treatment
effects, measured as a median decrease in HbA1C.



ST

Safety

The disease progression in patients in these studies was longer than in previous studies
(~18 years vs ~4 years (monotherapy) or ~8 years (combination with metformin). The
randomization (2:1 for Avandia) was balanced and the controlled group was similar to the
Avandia treated groups. The two supporting studies of combination therapy with Avandia
and insulin showed, in order of frequency, the following adverse events: hypoglycemia
(53% -71%), anemia (4%-17%), edema (2%-10%), hyperlipidemia (1% to 9%), weight
gain (0%-7%), dyspnea (4%-5%, study 082 only) and cardiac failure (2%-4%, study 095 -
only). The approximated time of exposure to Avandia in the controlled part of the studies
was 200 patient/years for a total of ~400 subjects for 26 weeks. Due to the study design

~ the patients years for patients treated with insulin and placebo was ~100 with ~200

patients treated for 26 weeks.

Deaths

All four deaths in the studies occurred only in subjects receiving Avandia. No deaths
were tallied in the control group. One case was related to a hypoglycemic episode,
another to a MI, a third a case was attributed to a ruptured aneurysm and the fourth was
secondary to a stroke.

Because in these studies Avandia has been shown to act in an additive manner in
reducing glucose levels, it is clear that the reported death associated with hypoglycemia,
could be clearly attributed to Avandia. The report in this case indicates that the patient
was not eating properly and this may have further precipitated his demise. I think this
scenario will indeed repeat itself during Avandia marketing because this is a common
occurrence in subjects with diabetes.

bAll other deaths may have been triggered by Avandia. Avandia is known to induce fluid

retention and intravascular expansion. All three episodes could, in part, be explained by
these mechanisms. Aftribution, however, is difficult to determine.

Six more deaths were reported in the extension studies. Four of them were cardiac in
nature (two cardiac failures, one arthythmia, and one cardiac arrest). An additional case
was secondary to an intracranial hemorrhage and the sixth report was due to a hepatic
neoplasm.

It is not possible to clearly attribute the deaths in the controlled and open label parts of
these studies to Avandia.

Withdraws and serious adverse events

In study 082 withdraws were almost four times more frequent in patients receiving
Avandia at either dose when compared to the control group. Only two patients on
placebo abandoned the study while a total of 15 subjects on Avandia did.

In study 095, four patients in the control group withdrew while 14 patients on Avandia
did (three times more frequent for the Avandia treated subj ects) Nine of these patients
were receiving the 8-mg dose of Avandia.




explanation for the anemia. This has not been explored in humans. Both the observation
of reductions in Hb and leukocyte counts support this alternative hypothesis.

I think, that the label could properly reflect the changes observed in Hb levels.

Edema

Both insulin and Avandia in monotherapy are known to be associated with the
development of edema. In combination therapy the increased incidence of edema was
additive and dose related. As previously stated patients with edema had an increased
incidence of concurrent anemia (9/59=15%). In addition, patients with edema had an
increased incidence of concurrent adverse cardiac events (7/59=12%.)

The sponsor has not properly addressed the mechanism leading to edema, although
thousand of patients have been exposed to Avandia. Although mechanistic studies are
not required by the Agency for drug approval, I strongly believe that the sponsor should
clarify this issue as soon as possible, to provide a better understanding of this process and
a better basis for the treatment of this common adverse reaction. -

Hyperlipidemia : .

Small increases in total cholesterol, LDL-cholesterol and HDL-cholesterol were seen
with combination therapy with Avandia and insulin. These resulted in minimal changes in
the ratios of total cholesterol/HDL-cholesterol and LDL-cholesterol/HDL-cholesterol. At
the same time, small decreases in free fatty acids and mixed changes in serum
triglycerides were seen with combination therapy with Avandia and insulin.

Tt seems that despite the While improvements in glucose control, HbA1C levels and

“markers of insulin sensitivity are usually accompanied by improvements n lip'id profiles,

Avandia’s pharmacological characteristics do not lead to benefits in this arena.

Weight Increase

Both insulin and Avandia in monotherapy are associated with weight increase.
Combination therapy of Avandia and insulin, however, results in additive weight gain. -
The incidence of weight increase was dose related and the mean weight of patients on
combination therapy continued to increase throughout the studies. This was previously
observed in monotherapy studies and in combination of Avandia with other oral
hypoglycemic agents.

Contrary to the plateau observed in the control of HbA1C that may show deterioration
with time, weight gain continues to accrue during treatment with Avandia.

Little attention has been given by the academic community and the heath care
professionals to this troublesome finding. Although everybody recognizes the need to
obtain better glucose control, it is not known how much this weight increment may over
time, negatively impact on the cardiovascular health of patients treated with this
compound. Similar concerns should be raised for other compounds in this class that lead
to significant weight gain. The sponsor has not characterized the nature of this weight
gain with Avandia. We still do not know where the fat is accumulated. This knowledge
is critical to the risk and benefit assessment, particularly in patients prone to
atherosclerosis and cardiac problems.

The mean weight increase in the double blind phase of the studies ranged from 4 to 7kg,
while individual weight gains as high as 27.5kg were seen. It is important to note that all



currently approved antidiabetic drugs stress in the label the need to initiate therapy with
the diet and exercise (it is implicit that weight reductions will ensue). However,
treatment with Avandia results in weight gain. '

In these clinical studies weight gain wés associated with edema and anemia, but it was
not predictive of risk for cardiac failure. Out of the 23 patients with the largest weight
gain in these studies 12/23=53% had edema, 5/23=22% had anemia but none had cardiac
failure.

Cardiac Related Events :
There was a marked increase in total adverse cardiac events, serious adverse cardiac

_ events, and adverse cardiac events leading to withdrawal in patients on insulin and

Avandia combination therapy compared to insulin alone (14 % vs < 5%respectively).
Most of the cardiac events involved cardiac failure. In the double blind part of the study
cardiac failure was seen with Avandia 5/ 100 pt-years vs insulin alone 2/100 pt-years.

There was a significant increase in the incidence of arrhythmias in the patients on insulin
and Avandia combination therapy compared to insulin alone. Patients at highest risk of
cardiac events were older, had a longer duration of diabetes and were on the higher 8mg
daily dose of Avandia. The maj ority of patients on combination therapy (18/24=T75%)
who developed heart failure had predisposing risk factors (history of congestive heart
failure, cardiac ischemia, edema, or left ventricular hypertrophy), but they represent only
18/200=9% of the patients with one or more predisposing cardiovascular risk factors.

Tt is important to stress that patients with CHF staged as >NY2 were excluded from these

studies. T/

-~
,,,,, L _ /. Wedo
not know whether patients in the control group had a similar degree of predisposing
cardiac factors, but the randomization should have addressed this issue. '

Hepatic Events ‘

The findings of these studies do not add to the current understanding of this issue in
patients with diabetes treated with Avandia. The changes recently implemented in this
section by the division properly reflect what we have learned from review of data
submitted by the sponsor and from postmarketing reports.

Summary _

Avandia in combination with insulin significantly decreases HbAIC levels when .
compared to patients receiving insulin alone. These effects are seen after several weeks
of treatment and the effectiveness of the drug appears to plateau with time. At the same
time this improvement in glucose control is accompanied with significant weight
increase, anemia, and edema. The weight gain is seen early on during therapy and there
is no indication that there is plateau effect. Patients continue to gain weight throughout
the study. The location of this fat accumulation remains to be elucidated. A similar
pattern of the increase in reports of anemia with time also emerged from the studies.
Hypoglycemia was more frequent in patients treated with Avandia. No hepatic adverse
events emerged throughout the studies. '



The effects on lipids appeared to be neutral. The rate of patient withdrawals from the
studies as well as the number and severity of adverse events were also more frequent in
the Avandia treated group. However of greater concern was the more than doubling in
the incidence of congestive heart failure in patients receiving Avandia and the reports of
cardiac arrhythmias only in the Avandia treated group. Deaths during the blinded and
open label parts of the study were clustered in the Avandia treated group, but it is not
possible to establish a cause and effect relationship from the available data.

Recommendations ' o ‘

1 recommend not approving this application. Although the sponsor has shown that
Avandia is effective in providing better glucose control when added to insulin, the safety
information that emerged from the studies is quite troublesome. The data indicate that
the risks of using this combination outweigh the limited benefits offered by glucose
control.

My recommendation does not imply that this balance of risks and benefits is similar for
all patients that may need this combination, but I think that an approval will provide a
false sense of security. Attempts to label this drug for its use with insulin will fail to
convey all the risks that emerged during the clinical trials. In this context, and because
the drug is currently available and physicians can, despite the lack of an approved
indication, prescribe Ayandia in combination with insulin, it is imperative to modify the
current label. This update should convey what has been learned from these studies.

We should also consider requesting the sponsor to send a Dear Dr. letter to communicate
this information.
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REVIEW SUMMARY

The thiazolidinedione rosiglitazone maleate (Avandia) has been approved for the treatment of
patients with type 2 diabetes mellitus as monotherapy and as combination therapy with
sulfonylureas and metformin. On 2/7/00, the sponsor had submitted an application for the
treatment of diabetes mellitus with combination insulin and rosiglitazone. This application had
indicated an increased risk of cardiovascular events and the application was deemed
“approvable.” The sponsor submitted two additional 26-week studies in patients treated with
combination rosiglitazone and insulin. The sponsor requested an indication for combination
low dose rosiglitazone (4 mg) and insulin treatment in patients with type 2 diabetes.

The 2/7/00 NDA supplement submission had shown that combination therapy with rosiglitazone
and insulin was effective at improving HbA1C and fasting plasma glucose (FPG) in patients
inadequately controlled on insulin monotherapy (FPG>140mg/dL, HbA1C>7.5% and fasting C-
peptide >0.4ng/mL) in two 26-week studies (082, 095). The relative median decrease in HbA1C
compared to the placebo-treated group ranged from 0.5% to 1.3%, with the greatest
improvement in glycemic control in patients who received 8mg of rosiglitazone per day and
were dosed twice daily. However, combination therapy with rosiglitazone and insulin resulted
in an increased incidence of hypoglycemia, anemia, hyperlipidemia, edema, weight gain, and
cardiac events, including cardiac failure, ischemic heart disease and arrhythmias in the
combination therapy group compared to the placebo. The incidence of anemia, edema, weight
gain and cardiac failure was dose related. No increase in adverse cardiac events had been
previously reported in clinical trials with the other thiazolidinediones, troglitazone (Rezulin).
Four episodes of congestive heart failure were observed in patients treated with pioglitazone
(Actos) and insulin, and no episodes of heart failure in patients treated with placebo and insulin.
The incidence of the non-cardiac adverse events had been previously seen with other
thiazolidinediones, though the incidence with combination therapy with insulin was
substantially higher than seen with rosiglitazone monotherapy or combination therapy with
rosiglitazone and other oral antidiabetic agents. Because of the cardiac adverse events, the
indication for combination rosiglitazone and insulin therapy was deemed “approvable” on
2/8/01. The FDA requested additional information regarding cardiovascular events and fluid
retention to support the benefit-risk assessment for the indication.

On 8/26/02, GSK submitted two European 26-week studies (085 and 136) which evaluated the
use of rosiglitazone with insulin. The mean age was higher (61 and 66, respectively), the -
duration of diabetes (13.4 and 14.6 years) was longer than in the prior studies, and patients in
Study 136 also had chronic renal failure. The mean age and known duration of diabetes mellitus

. were slightly sicker than in studies 082 and 095. Rosiglitazone was initially given at 4mg od

and the dose was increased to 8mg at 8 or 12 weeks. Both studies showed that combination
therapy with rosiglitazone and insulin was effective at lowering insulin dose and improving
HbAlc and FPG. Safety adverse effects of combination rosiglitazone and insulin included an
increased incidence of hypoglycemia, anemia, hyperlipidemia, edema, weight gain. The
percent of patients with hypoglycemia was increased in the patients treated with rosiglitazone
and insulin, but the rates were lower (about 20%) than in studies 082 and 095 (50-67%). A
slight increased risk of cardiac events, especially cardiac failure and myocardial infarction — but
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less than in studies 082 and 095 - was suggested in Study 085. The data suggest that
rosiglitazone may potentiate fluid retention, especially in susceptible individuals, and thus
exacerbate the risk of cardiac adverse events.

The sponsor also submitted additional analyses of the insulin combination data to identify ‘
potential risk factors for fluid-related adverse events, hypotheses regarding mechanism(s) of

~ thiazolidinedione-related fluid retention, and evaluation of clinical management of

thiazolidinedione-induced fluid retention. The sponsor requested a limited indication for the

* low dose (4mg) of rosiglitazone in combination with insulin and provided labeling which

incorporates the safety information from studies 082 and 095 for both the 4mg s of
rosiglitazone. ' "

In conclusion, patients with type 2 diabetes mellitus who are treated with rosiglitazone and
msulin are at increased risk of cardiac adverse events, as has been shown by these three studies.
The risk may be lower with the lower dose of Avandia, though it still persists.
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INTRODUCTION

Rosiglitazone maleate (Avandia) is a member of the thiazolidinedione class of oral antidiabetic
agents. Thiazolidinediones improve glycemic control by increasing insulin sensitivity, thereby
decreasing insulin resistance, which is a common feature of type 2 diabetes. Rosiglitazone has
been approved in the US as an adjunct to diet and exercise for the treatment of type 2 diabetes. It
has been approved as monotherapy, as well as combination therapy with metformin or
sulfonylureas. An NDA supplement prewously submitted (2/7/00) presented two pivotal studles
(082, 095) for the combination rosiglitazone and insulin indication.

Combination therapy with rosiglitazone and insulin was effective at improving HbA1C and
fasting plasma glucose (FPG) in patients inadequately controlled on insulin monotherapy
(FPG>140mg/dL, HbA1C>7.5% and fasting C-peptide >0.4ng/mL) in two 26-week studies
(082, 095). The relative median decrease in HbA1C compared to the placebo-treated group
ranged from 0.5% to 1.3%, with the greatest improvement in glycemic control in patients who
received 8mg of rosiglitazone per day and were dosed twice daily. However, combination
therapy with rosiglitazone and insulin resulted in an increased incidence of hypoglycemia,
‘anemia, hyperlipidemia, edema, weight gain, and cardiac events, including cardiac failure,
ischemic heart disease and arrhythmias in the combination therapy group compared to the
placebo. The incidence of anemia, edema, weight gain and cardiac failure was dose related.
The cardiac adverse effects from Studies 082 and 095 are summarized in the table below from
Dr. William Lubas’s review of that NDA supplement. Among the patients treated with .
rosiglitazone and insulin who developed congestive heart failure, there were six patients treated
with rosiglitazone 8 mg and four patients treated with rosiglitazone 4 mg. Patients who were
more responsive to the combination insulin and rosiglitazone treatment appeared to be more at
risk for these complications.

Table 6: On-therapy Reports of Cardiovascular Events*
for OD and BD Regimens —
Rosiglitazone (RSG) in Combination with Insulin (INS),
Double-blind Population
RSGHINS Insulin
- IN=408 N =203

Cerebrovascular disorder

Eeripheral ischemia
Angina pectoris
Angina pectoris aggravated
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Cardiomegaly

1 0.2

—
o
(9,1

Total Patients' ' w/Cardiovascular AEs@3 105 {10

[* A patient could have move than one cardiovascular event

## Sorted by descending order of prefemed term frequency, RSG+INS - BD
i One patient (082.027.13978) also had an on-therapy AE

lof pulmonary edema which began 22 days after the onset

lof the on-therapy cardiac failure.
1 Patients counted only onee, regardless of number of preferred terms.
Data Source: ISS Table 4.2.4.2.a and 4.2.4.2.b; Appendix 4.0a2 Modified Table 8.11.4.10

ON THERAPY ADVERSE EVENTS IN THE DOUBLE BLIND POPULATION

Adverse Responders HbA1C>=0.7% NonResponders HbA1C<0.7%
Event RSG+INS | INS Relative % | RSGHINS [INS Relative % | %Resp/
N=204 | N=36 RSG+INS/ | N=197 N=162 RSGHINS/ | %NonRe
N | % N | % INS| N % | INS sponders -
Edema 39 119 |3 8 23 21 22 1.7
Anemia |27 |13 |1 |3 |47 17 2.3
23 1 |38 |H8 13 :
Wt gain 12 16 0 0 0 7
7 1|8 0 © 3
Total AEs |82 {40 |5 [14 {29 52 126 20 (12 2.1 1.5

Following this review, an “approvable” letter (2/7/01) was sent to the sponsor::

“Because of the observed increased incidence of cardiovascular adverse events in patients
treated with the combination of Avandia and insulin in the controlled trials reviewed as part of
supplement 004, including edema, dyspnea, congestive heart failure, and events related to
myocardial ischemia, additional studies and/or information are needed to address these safety
issues. Investigations of the mechanism(s) by which such events are precipitated, information
enabling prospective identification of patients at risk for such events, strategies for prevention,
and algorithms for clinical management of fluid overload and congestive heart failure in patients
using combination Avandia and insulin are all needed in order to permit safe and effective use
of these drugs in combination in the treatment of patients with Type 2 diabetes mellitus.”

Thus, the sponsor was asked to comment regarding the management of these risks and provide
an approach to manage fluid overload and congestive heart failure in patients on combination
rosiglitazone and insulin. At the time the increased risk of cardiac adverse effects was observed
with combination rosiglitazone and insulin treatment, there was no known association of
increased risk of cardiac adverse events with the other thiazolidinediones, troglitazone and
pioglitazone, which had both been approved for combination use with mnsulin. Subsequent
review of the controlled double blind clinical study data revealed that there were four cases of
congestive heart failure in combination pioglitazone and insulin therapy (two on 15 ing and two
on 45 mg of pioglitazone), but no cases in the group treated with insulin and placebo.

This NDA supplement presents two European double-blind pivotal studies 085 and 136 to
assess the safety and efficacy of rosiglitazone in combination with insulin in patients with type 2
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diabetes who are inadequately controlled by insulin monotherapy. Both studies were initiated
before 2/01.

In conclusion, safety concerns have been raised with combination therapy of rosiglitazone and
insulin, specifically in the areas of edema, weight gain, anemia, incidence of hypoglycemia, and
cardiac adverse effects. Three studies (082, 095, and now also 085) show an increased '
incidence of cardiac adverse effects with combination insulin and rosiglitazone therapy. At the
4 mg dose of rosiglitazone, there is no significant difference in the rates of emergent congestive
heart failure. Adverse cardiac effects, particularly myocardial infarction and congestive heart
failure, were seen in patients with previously both known and unknown cardiac disease, and
mostly at the higher dose of rosiglitazone (8 mg) but also at the lower dose of rosiglitazone.
Patients with type 2 diabetes mellitus are at significantly increased risk of cardiac disease.
Treatment of type 2 diabetes mellitus with combination rosiglitazone (4mg) and insulin may
result in a lower risk of cardiac adverse events, but the combination treatment of rosiglitazone
and insulin would have to be labeled to appropriately include this risk. The final risk benefit
analysis suggests that combination rosiglitazone and insulin treatment of patients with type 2
diabetes may be effective but adequately safe only with greater diligence.

EFFICACY REVIEW

Protocol 085-4 26 week randomized, double-blind multicenter study to evaluate the effects of -

rosiglitazone on insulin requirements in insulin treated type 2 diabetic patients
(33 European centers 5/9/00-6/21/01)

The primary objective of this study was to compare the effectiveness of rosiglitazone therapy in
reducing daily insulin requirements in patients with type 2 diabetes mellitus treated with
subcutaneous insulin, and the primary efficacy parameter was the percent change from baseline
in total daily insulin dose at week 26.

The study enrolled 277 patients between ages 36-79 years with type 2 diabetes receiving > 30
units of total insulin as at least twice daily injections for at least 3 months prior to baseline.
Subjects had to have fasting plasma glucose (FPG) < 180mg/dL. HbA1C specifically was not
an enrollment criterion. Patients with unstable or severe angina requiring continual nitrate
treatment for symptomatic relief, coronary insufficiency, or congestive heart failure (NYHA
class I to IV inclusive) were excluded. Patients with anemia, severe renal, or hepatic were
excluded. :

Males (54%) out numbered females. Most patients were Caucasian (99.6%). The average age of
patients was 61 years (range 36-79), with a smaller proportion of subjects over 65 years (40%)
in all treatment groups. The average duration of diabetes was 13.4 + 8.1 years in the insulin and
placebo group and slightly longer 14.6 +7.8 years in the insulin and rosiglitazone group.
Bascline HgbAlc was similar in the treatment groups (8 + 1). A total of 252 (79%) patients
completed the study, with a similar number of patients (20 to 24) withdrawing from each
treatment group. The mean baseline FPG was slightly higher in the insulin and rosiglitazone
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group 167.2 (152.3) mg/dl compared to the insulin and placebo group 157.2 (£50.8) mg/dl.
Bascline mean (£SD) total daily insulin dose was 63 (+30) in the insulin only group and 68
(+36) in the insulin and rosiglitazone group. At baseline both treatment groups received similar
numbers of insulin injections each day: 2.9 (1.1) in the insulin placebo group and 3.1 (1.1) in the
insulin and rosiglitazone group.

The study protocol divided patients into two treatment groups ie. Placebo or 2mg bid
rosiglitazone. At week 8 or week 12 the dose was increased to 4mg bid until the end of the study
(and stayed at this level in 90.4%). Patients with symptoms of congestive heart failure were
maintained on the 4mg dose longer. The dose could be reduced from 8mg to 4mg. The insulin
dose for all patients was maintained at the start of therapy and decreases in insulin dose were
done at study visits by 5 to 10% if glucose concentration fell below 90% of baseline or, '
<30mg/dl. Of note, the dose of rosiglitazone was introduced more slowly than in studies 082

and 095 and the insulin dose was also reduced more.

After 26 weeks of treatment, rosiglitazone reduced the mean total daily insulin dose by 16.5% - -

- {(p=0.0001) by 14.9 units and 32% of patients in the rosiglitazone group had a reduction 1n total

daily insulin dose of >30%, and only 15/137 patients (1 1%) reduced the number of injections
taken. No patients discontinued insulin therapy completely. Mean decrease in HbA1C was
0.07% in the rosiglitazone group at 26 weeks and there was an increase of HbAlc 0of 0.45% in -
the placebo group. '

Week 26 {87 with LOUF Pppulnfion)

“Frenimest Grougp

Tets -+ Phacelms Ins 2 RSG
(= 135 i =13Ti
Tinsulin (units)
Beseliss fevimetsis meon-88, Geonwirk 374 {3542, 3%4B} H0GEI8H0,63.28)
meain+BE)
Week 25 {Guometris wean-8E, Geomatric 321 {3008, 34 15) 6.6 (44,58, 18.66)
meain+SE) ) '
95 Chimge fom Buseling
iottls rein-SE, Grometds 0.3 {-10.3%, -£.23} ~23.5 (2523, -2LT5)
-11d, 52 -26.9, -
p-value =101 ARGHBE
Toifference fnmn phustho
adiusted mean differenes - -16.3
95¥%Cl - 205,322

svalue - D.000%
Tovt Smcas Betkian 18, TAbd: 121, J2,57G qendit B, Lutiag B4 Appodat O, Listitg L2

The percent change from baseline in insulin dose at week 26 is shown in the sponsor’s table
below. There was a slightly smaller percent change from baseline in insulin dose in those who
reverted to the rosiglitazone 4 mg dose after the 8 mg dose.
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The percent change from baseline to week 26 in total daily insulin dose for each center is shown
in the sponsor’s Figure 4 below. A greater percentage decrease in insulin dose is noted in the
group treated with rosiglitazone as compared to those treated with placebo. . The separation of
the two groups occurs mostly after 8 weeks, which is when the majority of the patients were

switched to rosiglitazone 8 mg in combination with the insulin.

Fipare 4 Percent Change fram Baseline in Total Daily Insulin Dose Over Tane (177
with LOCF Popaiation)
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The reduction in total insulin is shown numerically the sponsor’s table 13 below. Though the

insulin dose was decteased over the course of the study, the number of insulin injections did not
change.

Tatle 13 Totad Bsulia Dose ot Exch Vight (ITT witl LOCF Populatinn}

Treattneit Gronp
bis + Plae - ins+ RSG
| in~ E?) {n » 137)

Insulin (Liaits)
Basdline (Mo 25133 43.04 53008 678354
Week J {Viean = 519} GLE 2957 63,25 35.5¢
Wik B {3hean 2 S0} . A+ 29.7% 822k 35461
Week 12 (W £ S1) 395432482 3R5%3a54
Week 38§ (Meeu & 8D) MBI 56.2%29.07
Week 20 (Moan £ 810 582£ 2949 53813807
Week 26 {(Mosa 2 5D) L SREENS 32942307
Lhanee Trom buretine o sweek 26 Mean £ SDY -39 437.63 ~§£9 4 17.62

Dale Sewpty et 13 TuRe 1202, Arprondic €, Lligg C1S

A third of the patients treated with insulin and rosiglitazone decreased the mean total daily
insulin dose by >30%.

Tahle 15 Proporilon of Patlents Who Had a Reduetlen In Mean Toral Dally Insulin
Dose {ITT with LOCF Papulation)

; Lrestrment Group

Iz Plac s+ NEG

fn w130y (w135
Teial Number of Patients oith no Rediction af%6) &2 {4¥6) 322343
Reduclion < 1% 27 (89,4} 1S9
Ragavtion 10 - -308% 280,13 24{27.5)
Rextuction 20. <3005 {00 22036.1)
RexInetivn 30 « <3084 4{29) 20{i36)
Reduction & - #5005 4425 H B2
Reduction 250% b W73
Tudsl Number of Patients sidih Redoctivn 2309 5§ {5.8} 33 (321}

Uiasa Soser Nodifiss 13 Tt T35 Rppendix T ladng O L2

Thus, it is not surprising that less than a third of the patients treated with insulin and
rosiglitazone had a reduction in HbAlc > 0.7%

Table 17 Praportion of Patienis Who Responded In HhALewith » Reduetion of
: 8:7% ve More STT with LOCK Popukstion)

Trenimens Grup

Ing = Plac Inz+ WEG

in =~ 335) fn-£20)
Number of Pafirnts with Reductim 21.7% a(%) HEY 3020
Resueting <B5% A2 R a3
Rodsction 1,5 « <0,3% G 1R
Padeution 0.7 « <§.0% ang 11T
Rechaelinn 1.40- <1.5% 4{303 [E{EIN))
Redoetion 1.5+ <2.0% 15y L3
Radepiing 22 3{is 224

Dt Shcee Rctiva 1 Ykl 123,108, Agpondin O, Lixing 1.1
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* Protocol 136-4 26 week randomized, double-blind multicenter placebo-controlled study to

evaluate the efficacy, safety, and tolerability of rosiglitazone with concurrent insulin therapy
and/or a sulfonylurea in type 2 diabetic patients with chronic renal failure (not on dialysis)
(47 European centers 7/30/99-6/07/01)

The primary objective of this study was to compare the efficacy of rosiglitazone with that of
placebo in combination with background insulin and/or a sulfonylurea in reducing HbAlc in
patients with type 2 diabetes mellitus and chronic renal failure (not on dialysis).

The study enrolled 294 patients (291 were randomized) between 35 and 80 years of age, with
type 2 diabetes mellitus (with FPG > 7 mmol/] and <12mmol/l) who had chronic renal failure
(not on dialysis) as defined by an estimated creatinine clearance (using the Cockcroft-Gault
equation) of <79 ml/min. Patients with unstable or severe angina requiring continual nitrate
treatment for symptomatic relief, coronary insufficiency, or congestive geart heart failure
(NYHA class I to IV inclusive) were excluded. Patients with anemia, severe renal, or hepatic
were excluded. :

Males (61%) outnumbered females. Most patients were Caucasian (97.6%). The average age of
patients was 66 + 7.7 (SD) years and the majority (59.7% overall and 62.2 % in the placebo
group and 57.2% in the rosiglitazone group) was over 65. The mean ( SD) duration of diabetes
was 14.6 £8.7 years (range 0-47 years), with a mean ( SD) baseline HbAlc in the placebo and
rosiglitazone groups of 8.3 £1.2 % and 8.2 £1.2%, respectively and a mean ( SD) baseline FPG.
of 170.8 £48.3 mg/dL and 174.1266.2 mg/dL respectively. There were no marked differences
between treatment groups in any of the baseline characteristics. At entry, 201 (69.1%) patients
had been treated with insulin alone, 71 (24.4%) with a sulfonylurea alone and 19 (6.5%) with
insulin and a sulfonylurea. The mean dose ( SD) of insulin at baseline, for all patients who took
insulin, was comparable between the treatment groups (56.5 +42.31 units/day in the placebo
group and 54.4 £39.87 units/day in the rosiglitazone group) (Section 11, Table 13.7.4A). A
higher sulfonylurea mean dose ( SD) in all patients who took a sulfonylurea, was found in
patients in the rosiglitazone group (192.2 +880.00). Mean BMI was 29.9kg/m” +5.2 (SD) range
17.0-50.4 kg/m*. The distribution of antidiabetic insulin and sulfonylurea therapy (gliclazide,
glibenclamide, glimepiride, glipizide; acarbose, tolbutamide, metformin hydrochloride,
repaglinide, gliquidone) were similar in the two treatment groups

The study protocol divided patients into two treatment groups placebo or rosiglitazone 4mg od.
The patient population was stratified by severity of renal failure (estimated using the Cockcroft-
Gault equation) at the screening visit (i.e. mild CrCl 60-79ml/min; moderate CrCl 30-59
ml/min; severe (CrCl < 29ml/min). If fasting capillary blood glucose > 6.1 mmol/l (measured
by glucometer) or if patients did not achieve adequate glycemic control at week 8 or 12, the
medication was increased to placebo bd or rosiglitazone 4mg bd. The dose of insulin or
suflonylurea could be reduced by the investigator if hypoglycemia occurred or if pronounced
edema or congestive heart failure occurred. Insulin or sulfonylurea could not be initiated after
entry to the study. The goal was to recruit >25% of patients into each stratum of severity of

11
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renal failure, but only 48 ( 16.7%) patients had severe renal failure at screening, with 138
(47.9%) patients with moderate and 93 (32.3%) patients with mild renal failure at screening.

After 26 weeks of treatment, rosiglitazone (4mg to 8mg/day) in combination with insulin and/or
a sulfonylurea was associated with a 0.5% decrease from baseline in HbA lc compared with -

placebo plus insulin and/or a sulfonylurea (p=0.0001). These results were similar despite the
degree of renal impairment at screening. Fasting plasma glucose decreased by 8+60 gm/dl in

the placebo group and by 32:+67 mg/dl in the rosiglitazone group. The decrease was statistically

significant in the patients with moderate renal failure at entry.
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As in Study 085, the greatest decrease in HgbAlc occurred after 8 weeks when the majority of
patients treated with rosiglitazone and insulin were on the 8 mg dose.

SUMMARY OF EFFICACY REVIEW

Rosiglitazone in combination therapy with insulin at daily doses of 8 mg (4 mg in a minority of
patients) improves glycemic control in patients previously poorly controlled on insulin. HgAle
in the rosiglitazone and insulin group decreased by 0.07% (versus 0.45% increase in the placebo
group) in study 085 with a modest (16.5%) decrease in the insulin requirement (the primary
efficacy variable) of 14.9 units. HgAlc decreased by 0.5% compared to the placebo groupin .
study 136. The major improvement in glycemia occurred after the 8 weekpoint when the dose -
of rosiglitazone was increased to 8 mg in the majority of patients. h

These decreases in HgAlc are lower than those that were observed in studies 082 and 095,
respectively. The relative decrease in median HbAlc compared to the placebo-treated group
was 0.5% to 0.8% (study 095) and 0.7% to 1.3% (study 082), for rosiglitazone 4 and 8 mg
doses. The lower efficacy in studies 082 and 136 may have reflected the somewhat older
population with longer duration of diabetes mellitus and more underlying disease, including
renal failure in study 0136. The conduct of the study, the slower introduction of rosiglitazone -
and maintenance of less strict glycemic control, may have also contributed to the lower efficacy.

SAFETY REVIEW

Protocol 085-4 26 week randomized, double-blind multicenter study to evaluate the effects of
rosiglitazone on insulin requirements in insulin treated type 2 diabetic patients

138 patients were exposed to rosiglitazone in this study, with 66% exposed for 180-270 days,
22% exposed for 91-180 days, and 12.3% exposed for 90 days or less. The majority of
patients(118/136, 86.8%) received rosiglitazone 8mg after 8 weeks of treatment and only 9.6%
(13/136) of the patients stayed on rosiglitazone 4mg. In 7 patients, the dose was not advanced
because of an adverse effect.

13 .
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The most commonly reported adverse events included hypoglycemia, edema, and
hypercholesterolemia.

Tuble 21 On-therapy Abverse Experiences Reporied by 25% of Patients in Any
Tresiment Group hy Prefereed Term {AR Raodomised Paticnis)

Treatmsint Group
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DEATHS
Two patients died durmg the study. One patient (PID 085.751.76932) was a 77 year old female

treated with insulin and placebo. The patient had had a history of atrial fibrillation since 1995 .
and died of a cerebral infarction approximately 5 months afier treatment with study drug. The
other patient (PID 085.813.76589) was a 66-year-old female treated with insulin and
rosiglitazone. Prior medical history had included hypertension and she had angina pectoris 3
months after the initiation of the study drug. During the cardiac catheterization, she had an
acute myocardial infarction and complete atrioventricular block, resulting in cardiorespiratory .
arrest and death. The investigator doubted the relation of these events and the study drug. The
association of the events with the patient’s underlying hypertension and combination
rosiglitazone and insulin cannot be excluded.

WITHDRAWALS ' :

The number of withdrawals due to adverse experiences was 12 (9.4%) in the insulin and
rosiglitazone group versus 6 (4.3%) in the insulin and placebo group. There were 6 withdrawals
due to cardiac events in the rosiglitazone and insulin group compared to 1 patient in the insulin
and placebo group. There was one withdrawal due to edema in each group, and there wee no -
withdrawals because of hepatic adverse events. A summary of patient withdrawals and a listing
of the withdrawn patients are listed below. :

14



NDA 21-071/S-004 (8/26/02)
Avandia® (rosiglitazone maleate) Tablets

Table 32 Summary of Pagient Withdrawalx Due to On-Therapy Adserse
Experiences {431 Ruidomised Patients)
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Of note, four patients treated with insulin and rosiglitazone 4 mg withdrew because of cardiac
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failure, edema, angina, and cerebrovascular disorder 14 to 86 days after the initiation of therapy
with rosiglitazone and insulin.

SERIOUS ADVERSE EVENTS

The incidence of on-therapy serious non-
rosiglitazone group (11.6%) compared to the insulin and placeb
of cardiac-related adverse events, including angina, myocardial infarction, edema, and cardiac

failure, occurred in the rosiglitazone and insulin group.

fatal adverse experiences was higher in the insulin and
o group (5%). A greater number
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Table 30 Sununacy of On-therapy Serlous Nonfatal Adycrse Exprrlences (All

Randomisel Patients)
Srenbnent Groop
Serious AEs by Ins = Plneeba Ins+ RSG Tata)
Prefeceed Tem, 0 £%) {am139) {138} 27T
Tain] Patienis with »f feast ) seriorxs AE {503 K3 FR I3{R3)
Myacardiat infarczion 1405y 23 £¢LAY
Angina protosis a 213} 2407
Cordewe Bihae 180 2014 3(LE)
Corebrvasea b disontor 2414 2¢0.8) EI¢R )
Prcwomonia a 3414} 205
Nitiary piin a 1@7) 1¢0.4)
Bacadle brasch block o 1.5 18013
arzinoirs [:] 143.7) 1043
Calulitis L] 1.7y 1404
Clreal pain 2 {07y 1(04)
13vspuocy 0 [ §2003 18043
Qedema logs o @7 10043
Wypaglveaemia a (%53 160.3)
Oiitx oxkema ki [¥¢ 5] [ROR Y
Embalim condrnt 1495 a 10
Infcetion 03y 4 140.:4)
Tujury 1807} @ 1@
Panerentins 105 [+ 104
Reiinal hoerescathage 1.7} [ 104y
Stin salcerson 1607y 2 14041

N —————————
e Sewmix Sosbon 15, Talds {525 K132 5, Appeabic 1}, Lidingy BL6

CARDIAC-RELATED ADVERSE EVENTS
There were significant cardiac-related adverse events associated with combination rosiglitazone

.and insulin therapy. A total of 23 patients (8.3%) experienced cardiac-related AFEs, with 13

(9.4%) in the rosiglitazone group and 10 (7.2%) in the placebo group. 7 patients were
withdrawn from the study as result of the cardiac event and in 9 patients the event was classified
as an SAE. :

Table 22 Ou;ihcm))y Cardinc-Redaged Adverse Expériences by Body Systenr and
Preferred Term (ANl Rundonsdsed Patienis)

A¥x by Bidy Trestinct Grasiph

Svtem &Preferned e Plue Ins:R50 Total

Term, n (%] {r=13%) 16=138} =T

Cordipwnscular General 644.3) 5343y 1243y
Cardias Fuilute 1107 3022 104y
Hvpestension 2048 32 3{18)
Hypestension agsravatad 3 o Ay

Heart Rate and Rlivtlon 320 204 3{1.8)
Buenle brancd block B 1407} 140.4)
Fivriliaton sl 2.0 5] 2103
Polyittion 107 L7 2.7
Tachyceshia | REND ] 3] 1{0.4)

Myoxardial, Endeesrdial, 204y 6433 B2%

Urricardial, Valvr
Angme pectonis EE (A ] Q2 4{1.4)
Myoemdind Jofuction 1i0. %y KXedy) 4443

$2gy Suonte: Soation 14, Y5 15.2.8, Appendix 3, Jiniog InE2

There were 4 cases of cardiac failure, 3 in the rosiglitazone group and 1 in the placebo group. -
The incidence of ischaemic events (angina pectoris and myocardial infarction) was also greater
in the rosiglitazone group (3 cases of each) than in the placebo group (1 case of each event).

The table below lists the patients with congestive heart failure and myocardial infarction. Of the
9 patients with congestive heart failure and myocardial infarction, 2 were in the placebo group
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and 7 (7/138 or 5%) were in the rosiglitazone group. One of the rosiglitazone-treated patients

had a myocardial infarction and died (see above also).

Study 08S: Serious adverse events — Myocardial infarction and congestive heart failure
{Data abstracted from Table 23 and pages 77-80)

Treatment Patient Age | Adverse Event Withdra | Day of Prior Cardiac
Received Number Sex wal Onset Condition
(plus insulin) '
RSG 4/8 mg 085.450.87702 | 77M | Myocardial WD 103 Hypertension
infarction ' hypecholesterole
mia
placebo 085.601.87624 | 66 F | Cardiac failure WD 138 Hypertension
Myocardial
infarction
Aortic valve
prosthesis
RSG 4/8 mg 085.454.77203 | 61 F | Myocardial 155 Myocardial
’ infarction infarction
RSG 4/8/4 mg | 085.703.76982 | 63 F | Cardiac failure 138 Angina pectoris
Hypertension
hyperlipidimia
RSG 4/8/4mg | 085.703.76983 | 72F | Cardiac failure - 100 No known prior
. cardiac history
Hypertonia
] ) ) neuropathy
RSG 4/8 mg 085.803.76503 | 71 M | Myocardial WD 82 Angina
Infarction Coronary heart
Cardiac failure disease '
Carotid
atherosclerosis
(bilateral)
Atrial fibrillation
Dyslipidemia
hypertension
RSG 4 mg 085.805.76532 | 69 M | Cardiac failure WD 29 No known prior
cardiac disease
Diabetic
retinopathy
Diabetic -
] ] nephropathy
RSG 4/8 mg 085.813.76589 | 66 F | Myocardial WD/death | 95 hypertension
infarction
Atrioventricular
block
Death during
cardiac
catheterization
Placebo 085.925.87720 | 78 M | Myocardial 116 Angina pectoris
' infarction hypertension

Brief summaries of the above cases of congestive heart fajlure and myocardial infarction are
listed below (in same order as above table):
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(PID 085.450.87702) 77 year old male with history of hypertension and hypercholesterolemia
who presented with angina pectoris and was diagnosed with myocardial infarction three months
after initiation of combination rosiglitazone (RSG 4/8mg) and insulin therapy. Treatment with
study medication was stopped, and patient underwent myocardial revascularization and coronary
artery bypass. Treatment was thought to be unrelated to study drug by the investigator.

(PID 085.601.87624) 66 year old female with history of hypertension, myocardial infarction,
angina pectoris, aortic valve prosthesis and surgery for arterial stenosis in the left leg who
experienced edema one day after starting study treatment (placebo; patient had been on insulin
for 6 years). Five months after initiation of study medication, she developed dyspnea and
cardiac decompensation. The patient was treated with furosemide and isosorbide dinatrate and
recovered 5 days later. She was withdrawn from the study. Treatment was thought to be
possibly related to study drug by the investigator. ‘

(PID 085.454.77203) 61 year old female with history of chest pain and myocardial infarction
who developed chest pain 5 months after starting treatment drug (rosiglitazone 4/8 mg). A
diagnosis of myocardial infarction was made. Symptoms resolved 21 days later, though the new
left bundle branch block persisted. Treatment was thought to be probably unrelated to study
drug by the investigator.

(PID 085.703.76982) 63 year old female with history angina, hypertension, hyperlipidemia, and
snoring with apnea tendency who experienced pedal edema and suspected angina pectoris four
months after initiation of the treatment drug (rosiglitazone). A diagnosis of congestive heart
failure was made, the patient was treated with furosemide and the dose of treatment drug was
reduced, and the event resolved the following day Treatment was thought to be possibly related
to study drug by the investigator.

(PID 085.703.76983) 72 year old female with history of hypertonia and neuropathy who
developed edema (swollen feet) 3 months after initiation of treatment drug (rosiglitazone).
Heart failure was suspected and he was treated with spironolactone and furosemide and the dose
of rosiglitazone was reduced. The event resolved after 4 days. Treatment was thought to be
probably related to study drug by the investigator.

(PID 085.803.76503) 71 year old male with history of asymptomatic peripheral vascular
disease, bilateral carotid atherosclerosis, episodic atrial fibrillation, dislipemia, hypertension,
history left carotid endarterectomy, angina, and subclinical heart disease in the past, who
presented with an abrupt increase in dyspnea and ankle edema three months after the initiation
of treatment drug (rosiglitazone). A diagnosis of congestive heart failure and subendocardial
myocardial infarction was made. The patient withdrew from the study and recovered about 18
days later. Treatment was thought to be probably unrelated to study drug by the investigator.

-
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(PID 085.805.76532) 69 year old male with history of diabetic nephropathy and diabetic
retinopathy but no prior known cardiac disease, who developed exertional dyspnea, paroxysmal
nocturnal dyspnea, increased edema of the lower limbs, and worsening cellulitis of left lower
limb 21 days after the initiation of the treatment drug (rosiglitazone). The patient was treated
for the diagnoses of congestive heart failure with ciprofloxacin and clindamycin. Study
medication was stopped and the patient was withdrawn from the study. Treatment was thought
to be probably related to study drug by the investigator.

(PID 085.813.76589) [This summary is also above under Deaths.]

66-year-old female treated with insulin and study treatment rosiglitazone. Prior medical history
had included hypertension and she had angina pectoris 3 months after the initiation of the study
drug. During the cardiac catheterization, she had an acute myocardial infarction and complete
atrioventricular block, resulting in cardiorespiratory arrest and death. The investigator doubted
the relation of these events and the study drug. : :

(PID 085.925.87720) 78 year old male with history hypertension, hyperlipidemia, and bilateral
diabetic maculopathy, treated with placebo, who experienced anterior myocardial infarction four
months after starting study medication (placebo). Treatment with treatment drug was .
interrupted for 12 days. Treatment was thought to be unrelated to study drug by the investigator.

Reviewer’s Comment: The association of the above events with the patient’s treatment
combination rosiglitazone and insulin or placebo and insulin cannot be excluded, though
preexisting cardiovascular history in the majority of the cases was a coniributing factor. Inthe-
patients with no prior known cardiovascular history with a long duration of diabetes mellitus, a
prior undiagnosed cardiovascular history cannot be excluded.
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A full listing of the cardiac-related on-therapy adverse experiences is shown in Table 23.

Table 23 Randomized Patients with Curdtisc-Redated On-therapy Adverse Experionces
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A gasoss Uuidely  AMadows 42 - Todureprdin No Resabved
RRTyeae  ORASEIN ilgkedacbian Notrclazd  Moduige vy . Fixperatirios Nu Rusolyod
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In summary, 13/138 (9%) patients treated with rosiglitazone and insulin had cardiac-related
adverse events as compared to 10/139 (7%) patients treated with placebo and insulin. 7/138 .
(7%) patients treated with rosiglitazone and insulin had more severe cardiac-related adverse

events, including myocardial infarction and heart failure, as compared to 2/139 (2%) patients

treated with placebo and insulin. (These rates of cardiac-related adverse events are not
significantly different by the Fischer’s exact test.)

ECHOCARDIOGRAPHY DATA

Echocardiograms were taken at baseline and at the end of treatment. However, only about half
of the enrolled patients had evaluable echocardiograms at both times, because of non-evaluable
or missing echocardiograms.

Tuble 36 Patfents Wish and Withoat Evaluable Echarantingrsin o Baseline (Al

Randomised Patiints)
Tredtmen Geop
Nowher of potirnes as Taveline; n{9%J  Ins+ Placeho I & RSG “Tatol
{ir=137) _in~138) n~237)
With evalupble echocanlipams RHF.0 20804y Hi% (306}
Withman-evadeshle echausdiogrm 204 322 5{Ly:
With missing echoenrdionrm 3333 8) 53 {3843 147 (3860

Dattinge. Sestizes 13, TaNe IS 11
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The sponsor concludes that treatment with rosiglitazone and insulin does not have any
I intrinsically deleterious effect on the myocardium/endocardium, as there were no changes in left
) ventricular mass, end diastolic volume, end systolic function, ejection fraction or cardiac index.
The change from baseline for patients who had a baseline and week 26 value are shown the
sponsor’s table 38.

TaMe 3B Chiasge in Eik dioesas T Lees from Baseline to Siuds Endpaing
{Week 26) (Al Randemised Patienex)

Te t Girvap
Ins -+ Floc
fnee13%¥
Liefe Yintricudme M {1VIE) (g}

n an

Elnueiine finesn & SE) £6D.55 4 6035

Woek 26 {mean: & 50) 13.5:463.8

Change from Buseline 55 & 5365

Left Ventricular Mass Indes (1Y MB (2fin®s

n & 57
Bassline (mzan = SEN $4.F 23345 ¥A.05 = 23,00
. Wark 26 {mpme £ ST¥) BID & 3805 R21:1938
Chengn from Brgline 32223735 S5 2 I A%
LeFé Ventricular End Diastulic Velame (LVEDY) finl.}
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Week 28 {mene i SDy 92554 334 D515 348
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u 68 £
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L0t Ventrioular ¥od Sysiolic Volams (LYESy{mL})
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4863 & L3708
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n
) Buzelizie {menn & SB) 3645 % 15.% ..
. Work 26 {marme = £50) 331 & 3065 33 21
Changa from Basoline »3.45 % 14.35 «1.2% & 3.3
Laft Ventricular End Syxtaic Velome Idex (LVESYT) :
w & St
Brzline {mean & SEX 1842 68 18.E£ 628
Work 36 {nyrum 2 S0} B5+79% 17182359
Lhange fmne Baselne EIR T K852 755
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] R &0 56
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Wozk 25 {men Eajd AR T i
Changa frmr: Baalbne 1681
Cuwrdiac Endex {C)
n
Bozalime e % 503
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Changa Fron: Buyal
ASSESSMENT OF BRAIN NATURIETIC PEPTIDE
Brain natriuretic peptide may be a useful marker for detecting cardiac dysfunction in patients
with diabetes mellitus. In this study, patients treated with insulin and rdsiglitazone had a
slightly larger mean change in BNP (4.1pg/ml) after 26 weeks compared to patients treated with
. msulin and placebo (0.9pg/ml).
]
_
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Fable 42 Chanpe by Brain Naturietie Peptide 31 Stusdy Endpoint (Week 25)
Compared to Biscline (AN Randomised Patients)

Treatment Gooup
Ins+ Plac Inx+ RSG
(n~ 139 {o~ 138
BNP (pgiml 3™
B {mcan = SY 17.75 5. 20F . 25274
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ON-THERAPY EDEMA-RELATED ADVERSE EVENTS

A total of 36 patients experienced edema during the study — 16 (11.5%) in the insulin and
‘placebo group and 20 (14.5%) in the insulin and rosiglitazone group. There were more patients
with leg edema in the rosiglitazone and insulin group (9 versus 4). Only 4 of the 36 patients had
a prior history of edema. Two patients were withdrawn from the study because of edema (one
from each group). In four patients, the dose of rosiglitazone was not increased from 4 to 8mg
because of edema, and in another patient the dose was decreased from 8mg to 4mg because of
edema. Eleven patients were treated with a diuretic and in 4/1 1, the treatment was corrective.

Table 25 On-fluvapy Ocderma-Rolated Advorse Expericnces by Preferred Term (Al

Randomised Paticats)
Treatineant Grotip

Ins+ Placehe Ins+ RBG Torsl
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Tated Prtlenly viith a1 beast 1 {115 20{3a.5> 38{L3.0)
oedmagesclaled AL )
Ovduma 6L3) 9635y 15¢5.4)
Daderan depeadent k¥eki] 1(63) 4 {ta)
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Ol Iopx 24{2.5) $i6.3) 13(LTy
Periostitat susdormsy 1{0.73 <] 14
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WEIGHT

There was a 3kg weight gain in the rosiglitazone and insulin group, compared to 0.14kg in the
insulin and placebo group. The greatest weight gain occurred after 8 weeks when the
rosiglitazone dose was increased from 4mg to 8mg.

Table 39 Thunge In Welght at Stady Endpoln (W&k 26} Conpared 10 Bradine
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Weed 2 {mezn = 58 R84G3 9730 90,52-¢ 131
Change rem baxcline® (n) 126 £13
ey £ $3) 0134241 1082338

» Hafews swhicrlon bt Il Both b Fmiker ed 7 wodk 03 Saloe
Eatn Bowvr, Sootiae 15, Tddon 33 6 L Appesdic B, lisknaa BLIA EL2A

22



. NDA 21-071/S-004 (8/26/02)
Avandia® (r031g11tazone maleate) Tablets
Figire 5 Mean Body Welght Over Time {All Randombied Paticits)
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Assessment of hemoglobin and hematocrit revealed a decrease of .86g/dl and 2.65 %,
respectively, during the study in patients treated with insulin and rosiglitazone, versus negligible
changes in the other group. Most of the decrease occurred after the increase to the 8 mg dose.

No patients had values of AST, ALT, alkaline phosphatase 3 times the upper reference limit or
total bilirubin 1.5 times the upper reference limit. .

HYPOGLYCEMIA
l i ) A total of 44 patients (15.9%) experienced hypoglycemia, 20 (14.4%) in the insulin and placebo
group and 24 (17.4%) in the insulin and rosiglitazone group. Only one of these was considered

a serious adverse event (a patient in the rosiglitazone and insulin group), and it resulted in a
hospitalization.

LIPID PARAMETERS

Small mean increases in total cholesterol, LDL eholesterol, and HDL-cholesterol were noted in
the rosiglitazone and insulin group as compared to the placebo and insulin group.
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Table 36 Percent Change i Lipid Parstacters ar Study Endpolut {Weck 26)
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Protocol 136-4 26 week randomized, double-blind multicenter placebo-controlled study to
evaluate the efficacy, safety, and tolerability of rosiglitazone with concurrent insulin therapy
and/or a sulfonylurea in type 2 diabetic patients with chronic renal Jailure (not on dialysis)

In this study, 148 patients were exposed to rosiglitazone, 112 to insulin and rosiglitazone and 36
to a sulfonylurea and rosiglitazone. This population comprised patients with renal failure, long-
standing history of type 2 diabetes, and many had significant cardiac disease at presentation.
((The inclusion criteria excluded NYHA I-IV , but many patients with cardiac disease may be
asymptomatic)) During the screening period, 239 (82.1%) patients had hypertension, 17 (5.8%)
had angina pectoris, and 12 of 221 (5.4%) of the patients on insulin had heart failure. 51% of
the rosiglitazone-treated patients wee exposed to the drug for more than 180 days, 34% were
exposed for 91-180 days, and 14.2% for less than 90 days. The exposure was similar in patients
treated with placebo. : '

The most common adverse events, those experienced by >5% of patients, included

hypoglycemia, edema, respiratory disorder, and anemia, all of which were more common in the
rosiglitazone-treated than in the placebo-treated group.
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Tible 43 Onaberapy Advers Experionces Repavied by 25% of Pationtsin Any Treatment
CGraup by Prefesrsd Term ¢l Rumomisesd Patients)

Treatmont Group

AEs by Preferved Term, Plucelx RS ‘Total

n{%} Nl d3 N1 N=29}
Totd Paticnts with &8 G 11 {784y 2R (135
leuni ene AE
Hypoghwmenio FREq 8] 33 {22.3} $0{112)
Cedema? 1349.1) B89 414341
Respisatory Disorder 3.0 9{6.1) 2@y
Anseiiz 2¢49) 2453} 15¢5.2)
Inectian Yrsl qan Ri{5H 31438}
lejusy 32 8{52% 1132
BRTI 9(6.3) 6.9 15{3.2)
Flyporglyeacmiy 12{3AY 5434y 1745.8)
Hyperiensien $5.5) £§TY 943.1)

1 Chirpeony shiran, ondtnse depaxatont, coiom L. ualzz;s genaed and ook peripiet
NOTE. Semuadliehigiek dac ol meigitaaine
Dats Sonrce: Scelian 13, Tabls X152.4: Appendix B, 1ixing D12

DEATHS - '

There were three deaths during this study: one of these deaths (patient 136.951.74467) was -
during the placebo run-in period. The other two deaths occurred in patients treated with
rosiglitazone. Patient 136.701.74549 was a 78 year old male who died from a suspected
myocardial infarction 26 days after the first dose of rosiglitazone in combination with a
sulfonylurea. The patient had a history of atrial flutter, hypertension, chronic renal failure, and
two prior myocardial infarctions. Patient 136.778.74643 was a 73 year old male who died from .-
pneumonia and cardiac insufficiency 5 months after initiating rosiglitazone therapy. He was- -
also on insulin, and he had a history of chronic renal failure, hyperlipidemia, coronary heart .
disease (myocardial infarction 5 years previously), and hypertension. ‘ e g

WITHDRAWALS

Withdrawals due to adverse experiences included 9 (6.3%) patients in the placebo group and 14
(9.5%) patients in the rosiglitazone group. 13 of the 14 patients who and were on rosiglitazone
were also on insulin. Three of these patients had mild renal failute at entry, five had moderate
renal failure, and four had severe renal failure. All the placebo-reated patients who withdrew
were on insulin, and one had mild renal failure, five had moderate renal failure, and three had
severe renal failure at study entry. Causes for withdrawal included edema (5 in rosiglitazone
group; 0 in placebo group), cardiac failure (3 in the rosiglitazone group; 2 in the placebo
group), fluid overload (1 in placebo group only); myocardial infarction (1 in rosiglitazone
group; 0 in placebo group). '
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CARDIAC-RELATED ADVERSE EVENTS .
The incidence of cardiac-related adverse experiences was similar in the two groups, irrespective
of concomitant use of insulin or the degree of renal impairment at screening. Four patients in
the placebo group and 4 patients in the rosiglitazone group had on-therapy adverse experiences

of cardiac failure. Two patients treated with rosiglitazone (one with insulin and one with a
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sulfonylurea) had pulmonary edema. In the former patient, the pulmonary edema occurred 21

days after the rosiglitazone dose was increased to 8mg/day, while in the second patient the

pulmonary edema was associated with the receiving of a blood transfusion. Of the 6 patients in

the rosiglitazone group who reported cardiac failure or pulmonary edema, five wére on a

maximal dose of rosiglitazone of 4mg. Another patient with a history of heart failure also had
mild congestive heart failure post therapy. Thus, 7 patients on rosiglitazone and 4 patients on
placebo reported cardiac failure. Only three of the 12 patients who had cardiac failure at entry

into the study reported cardiac failure as an on-therapy adverse experience.

Five patients (all on insulin) withdrew due to an adverse experience of cardiac failure, 3 on ‘
rosiglitazone (one of whom died) and 2 in the placebo group.
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Foﬁr patients with renal failure at entry were in the placebo group (3 moderate and 1 severe) and

5 patients with renal failure at entry in the rosiglitazone group were distributed 1 mild, 3

moderate, 1 severe. One patient on rosiglitazone had normal renal function and cardiac failure.

EDEMA

At baseline, three patients in each of the placebo and rosiglitazone groups had edema. Diuretic
use pre-screening occurred in 75 (52.4%) patients in the placebo group, and 70 (47.3%) patients

in the rosiglitazone group. Concomitant diuretic use occurred in 84 (58.7%) patients in the

placebo group, and in 81 (54.7%) patients in the rosiglitazone group. Thirteen patients (12 on

insulin) in the placebo group reported edema, while 28 patients (25 were on insulin) in the
rosiglitazone group reported edema. No patient in the placebo group withdrew because of
edema, while five patients in the rosiglitazone group withdrew because of edema.
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ANEMIA-RELATED ADVERSE EXPERIENCES
A similar number of anemia-related adverse experiences was reported in the two grouPS' seven
(4.9%) in the placebo group and 8 (5.4%) in the rosiglitazone group.

HYPOGLYCEMIA

Thirty-three (22.3%) patients treated with r031g11tazone and 17 patients (11.9%) treated with
placebo reported hypoglycemia during the study. These were independent of the renal failure
status. Of the 33 patients in the rosiglitazone group, 16 had a maximum dose of 4mg and 17
had a maximum dose of 8mg. Two adverse events of hypoglycemia from patients on
rosiglitazone with were classified as severe. Twelve (8.4%) patients in the placebo group and
26 (17.6%) patients in the rosiglitazone group who had an episode of hypoglycemia had a

- decrease in insulin and/or sulfonylurea dose. However, nine patients (6.3%) in the placebo

group and 14 (9.5%) in the ros1g11tazone group also had dose reductions without an episode of
hypoglycemia. /
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Hemoglobin and hematocrit both decreased (by 0.8 g/dl and 2.4%, respectively) during the study .
in the patients treated with rosiglitazone as compared to placebo.

A weight gain-of 2.7 kg was observed in the ros1g11tazone-treated group and 0.6 kg in the
placebo group. :

SUMMARY OF SAFETY REVIEW

A total of 250 patients (138 in study 085 and 112 in study 136) were exposed to combination
rodiglitazone and insulin treatment. The main adverse effects included hypoglycemia, edema,
anemia, weight gain (about 3 kg), and cardiac adverse events. The percent of patients treated
with combination rosiglitazone and insulin who presented with hypoglycemia was 17.4% versus -
13.7% in the placebo group (study 085).and 18.9% versus 11.9% in the placebo group (study -
136). For comparison, 63% of the patients in studies 082 and 095 (408 patients exposed to
combination rosiglitazone and insulin therapy) had hypoglycemia as emergent adverse events
(as compared to 41.4% in the insulin placebo group. Cardiac-related adverse events comprised
13 patients on combination rosiglitazone and insulin therapy in study 085 and 12 patients in .-
study 0136, as compared to 10 and 14 patients on insulin and placebo, respectively. However,
the number of cases of cardiac failure were 3 in the rosiglitazone group versus 1 in the placebo
group in study 085 and 5 in the rosiglitazone group (including a case of pulmonary edema plus
one post-therapy case of CHF) versus 4 in the insulin and placebo group in study 136. In
comparison, there were 10 cases of CHF in the rosiglitazone and insulin treated groups in
studies 082 and 095, versus two cases in the control group. There were three cases of
myocardial infarction in the rosiglitazone and insulin group and one case in the placebo group
(study 085). Thus, despite less intensive glycemic control, as manifested by less incidence of
hypoglycemia and a smaller decrease in HgA lc, there is still an excess of congestive heart
failure and myocardial infarction in study 085.

SPONSOR’S SUMMARY OF BENEFITS AND RISKS

The sponsor summarized the data from studies 082, 095, 085, and 136 with a special emphasis
on the emergent adverse events of cardiac failure. Other cardiac-related adverse events were not
always included or at least not highlighted. The sponsor’s analysis is written in support of the
lower dose of rosiglitazone 4mg. In studies 082 and 095, in patients with HbAlc > 7.5%,
rosiglitazone 4mg was associated with a decrease in HbAlc 0f 0.6% (4mg qd) and 0.7% (2 mg

- bd).
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It is important to note that the n in the placebo group is about twice the n in the rosiglitazone
groups. Thus, the rates for the adverse events of edema, cardiovascular adverse events, and
CHF in the rosiglitazone groups are about twice the rates for these events in the placebo group.

The rate of emergent CHF in the rosiglitazone and insulin group was three ’umes the rate m the
placebo group.
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There was a smaller excess of CHF in study 136.
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‘The sponsor concludes that in susceptible patients, fluid retention may lead to congestive heart

failure but that it is monitorable and treatable.

The sl numbeer of eveats of CHE on vosighilazone g sthic o éxogentus
trsutin Jrom Swsilies 082, 095, 083 and 136 deseribed in this dovmment cléasty
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mosdest ingrenses in plsma vilume], okl rétestion ey lead to congestive hgrt

fathare, and that patients with Ingwn candiovascalar dizzams and these felt to be st
tih risk for cardiae disease, should by closely muanitosed for siges and swmploms
of fuid pverdos). These evénts did not present s seute pubmonary edéma snd
genenstly were ancompanied or preceded by other signs of fluid retention suech a5
periphars slemna sod excessive webght gain. These chezrygtions, in addition to .
the faet thar seandard medien] management wis genetally affactive, Turther
support an appropriiie role for patient maaltocing and ecucition when
rasinfitazone is sdded to imsulin therapy.
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The sponsor proposes a mechanism of action for thiazolidinedione-induced fluid retention.

appendix 1 is reproduced below.
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FINANCIAL DISCLOSURE FOR STUDIES 082 AND 095)

Form 3454, CERTIFICATION: FINANCIAL INTERESTS AND ARRANGEMENTS OF

CLINICAL INVESTIGATORS, had not been submitted by David Wheadon, V.P. & Director of
Regulatory Affairs and Product Professional Services was not submitted in the electronic NDA.
The financial disclosure has been requested.

CONCLUSION OF STUDY RESULTS

Clinical Studies of Combination Rosiglitazone and Insulin Treatment

Study . 082 095 085 136
Rosiglitazone 0,4, or 8 mg 0,4,or 8mg 0 or4/8 mg 0 or 4/8 mg
Dose : -| (or 4/8/4 mg) (or 4/8/4 mg)
n 319 292 277 221

age 56-58 57-59 61 66

Age > 65 20-23% 25-34% 40% 60%

% male 56 59-64 54 61

% Caucasian 68-72 68-73 99 198
Duration of 12.3 13.1 13.4 and 14.6 14.6

DM ) .
Cardiac NYHA 3-4 NYHA 3-4 NYHA 14 NYHA 14
exclusion . ' '

Baseline 8.9-9.1% 9.1-8.8% 8 83-82
HbAlc ' '

FPG 195-212 199-203 157-167 170-174
Change in -1.2 0.7 - -0.07 -0.5

HbAlc (%) for (placebo +.45)

8 mg dose

baseline insulin | 70-78 65-76 57-61 54-56

dose

Decrease in 12.6% 14.7% 16.5% (not given)
insulin dose (8 ’

mg) adjusted

for placebo '

% Patients with | 67% vs 38% 71% vs 45% 17.4% vs 22.3%vs
Hypoglycemia 13.7% 11.9%
(rosiglitazone

vs placebo)
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Incidence of Cardiac Related Adverse Events in Double-blind Population
Number of patients with events in rosiglitazone and insulin group are compared to events
in placebo and insulin groups.

Study 082 and 095 (combined) 085 136

N (#patients) 408 vs 203 138 vs 139 112 vs 109
Cardiac AEs 43 vs 10 13vs 10 12 vs 14
CHF 10vs2 3vsl 5(6)vs4
MI 2vs0 3vsl OvsO
Cardiac arrest 2vs0 1vsO 0vsO
RECOMMENDATIONS

This application adequately supports the safety of the combination rosiglitazone and insulin

therapy in type 2 diabetes mellitus, pending appropriate labeling.

Recommendation code: Approveable
SIGNATURE PAGE

Reviewed by:

Joanna K. Zawadzki, M.D.
FDA/CDER/OND/ODEI/DMEDP
Medical Officer

David Orloff, MD

Medical Team Leader

Division Director
FDA/CDER/OND/ODEI/DMEDP

cc:”  Original NDA (NDA AIchlve DMEDP)
HFD-510/Division File ‘
HFD-510/Zawadzki /Orloff/Weber

(2/7/03)
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
' Public Health Service

Food and Drug Administration

Center For Drug Evaluation and Research

DATE: February7'2001 0\”/& FEB 8 2001
,%‘ . '

FROM: David G. Orloff, M.D. /O
Director, Division of Metabolic and Endocnne Drug Products

TO: NDA 21-071/S-004, S-006
SUBJECT: . sNDA review issues and action

Administrative background

These supplements are being acted upon sunultaneously on February 8, 2001. Supplement S-
004 was submitted February 8, 2000 and proposed a new indication for the combined use of
Avandia and insulin in Type 2 DM based on the results of two 26-week, randomized, double-
blind trials. Supplement S-006 was submitted May 26, 2000 proposed changes,

" based on post-marketing safety information, to the PRECAUTIONS section of the label to

modify the safety information related to edema, use in patients with heart failure, and hepatic
effects, in light of the number and nature of cases reported in open-market use. Corresponding
changes were also proposed in the Informatiori for Patients subsection. This supplement (006)
was converted to a prior approval labeling supplement, and FDA and the sponsor met in October
2000/
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Proceeding in parallel, review of supplement 004 for insulin plus Avandia revealed safety
concerns, specifically related to fluid overload and cardiac adverse events that outweigh any
benefit of the combination relative to insulin alone, leading to the conclusion that the combined
use of Avandia and insulin cannot be recommended at this time. The safety issues related to the
combination, however, do merit treatment in labeling, in order to wam users of the potential
hazards of the combination. Labeling that addresses both supplements has been successfully
negotiated. As S-004 will not be approved (but rather an Approvable action will be taken), the
safety labeling related to insulin-Avandia combination therapy is being approved as part of S-
006.

Medical issues

Safety

S-004. Dr. Lubas has thoroughly reviewed the safety data. - The major issue raised in the review
of the two clinical trials of Avandia plus insulin combination therapy relates to a marked increase
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in the incidence of cardiovascular adverse events with the combination relative to insulin alone.
Indeed, the overall incidence of cardiovascular AEs in the double-blind and open-label portions
of these studies was approximately 15% for the combination therapy groups and approximately
5% for the insulin monotherapy groups. Most of the events were CHF and dyspnea, with many
of the patients experiencing both, as well as those apparently related to myocardial ischemia,
whether MI, angina, thus perhaps more aptly classified as acute coronary syndromes. In cross-
study comparisons, the rate of CHF in the Avandia plus insulin patients far exceeded that
observed with insulin alone and in any of the other trials of Avandia, metformin, or SFU
monotherapy or of Avandia in combination with these other oral agents. In addition, the
incidence of edema and the incidence and severity of weight gain in the combination arms
likewise exceeded those with insulin alone. Up to 20% of patients on ¢ombination therapy
developed edema compared to 5% on insulin alone. Mean weight gains of 7-8 kg over the 6-
month treatment period were observed in patients treated with Avandia 8 mg daily in -
combination with insulin. '

Note that the issue has been raised that the high rate of CV adverse events in the combination

- studies may in part be due to the population studied, specifically that the average age and

duration of diabetes exceeds those in previous trials, and may mark a population with a higher

. rate of underlying or incipient coronary and/or myocardial disease. In addition, the design of the

trials, in which insulin dose was held constant unless a patient experienced profound or repeated
hypoglycemia, may also have increased the risk to these perhaps more fragile patients. Such
discussion, while theoretically quite reasonable, only suggests hypotheses that require testing.
For now, the safety data stand as they are, and as such, they support a significant increased risk

of CV adverse events related to volume overload and to myocardial ischemia in patients on

combination Avandia and insulin compared to insulin alone.

S-006

Dr. Zawadzki’s review of S-006 presents the post-marketing adverse event reporting data for
hepatic events and CHF. Four cases of acute liver failure associated with Avandia therapy were
reported from 6/99 to 3/00. The rate calculated by OPDRA is about 11 per million person-years.
The rate calculated for troglitazone prior to its withdrawal was 60-100 per million person-years.
There were 51 cases of hepatitis, of which 30% were asymptomatic, 24% were in patients
previously treated with troglitazone, and 80% of whom recovered, with no fatalities. The current
label recommends that patients who developed jaundice on troglitazone not be treated with
Avandia. : '

o

Efficacy

S-004. Two clinical studies were submitted in support of the indication for combined Avandia-
insulin. - T : - g
L < — 7 ;. Drs. Lubas and Mele have

thorc;ﬁgilly reviewed the efficacy data. These were double-blind, placebo-controlled studies of
26 weeks’ duration in relatively old patients with longstanding diabetes not adequately controlled
on insulin. A total of approximately 400 patients were treated with insulin in combination with

- Avandia for at least 26 weeks across the two studies. The trials were identical save that in one

the Avandia was given as a split dose morning and evening, and in the other, it was given as a

-once daily dose. Patients were stabilized on insulin for 4 weeks and then randomized to continue
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insulin alone at a constant dose or to receive, in addition, Avandia 4 or 8 mg daily. The primary

“outcome variable was change from baseline in HbAlc. The results showed that there was a

dose-related incremental reduction in HbAlc in patients treated with the combination compared
to insulin alone, up to 1.3% reduction in the 4mg BID group. The divided dose appeared more
effective than the once daily dose. Likewise, there were dose-related reduc’uons in FPG in the
Avandia groups as well.

Labeling

S-006, Hepatic Effects

Although the risk of serious liver disease with Avandia appears small, particularly in comparison
to that with troglitazone, inclusion of additional information in the labeling is warranted and has
been negotiated.

S-004

In addition, as explained above, based upon the review of the safety information submitted with
S-004 related to Avandia-insulin combination therapy, further labeling has been negotiated to -
include changes in several other sections of the package insert. These changes include a new
CLINICAL STUDIES section, a new WARNINGS section and Cardiac Failure and Other
Cardiac Effects subsection, and revisions to the PRECAUTIONS section Edema and Weight
Gain subsections, and in the ADVERSE REACTIONS section. These changes address safety
issues related to the combined use of Avandia and insulin, summarized above.

Blopharmaceutlcs
No new biopharmaceutics studies were subn-utted

Pharmacology/Toxicology
No new pharm/tox data were submitted.

Chemistry/ Mlcrobxology
A categorical exclusion from the env1ronmental assessment was claimed by the sponsor and
accepted by the Agency

DSI/Data Integrlty
No DSI audit was requested No labeling related to efficacy is being granted, and the safety data
do not bear auditing by DSI for obvious reasons.

Financial disclosure

The financial disclosure information is in order. The sponsor has certified that no investigator
received outcome Ppayments, that no investigator disclosed a proprietary interest in the product or
an equity interest in the company, and that no investigator was the recipient of 81gmﬁcant
payments of other sorts.

Conclusions ,

As above, the labeling related to hepatic and cardiovascular adverse events with particular
attention in the latter case to the risks of combined use with insulin has been successfully
NDA #21-071
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negotiated. A new WARNINGS section has been added to the label addressing cardiac adverse
effects of Avandia alone and in combination with insulin. A bolded statement that Avandia is
not indicated in combination with insulin is included.

The sponsor is currently discussing internally the form of notification of health care providers of
these changes to the Avandia label.

Recommendation
S-004. Approvable pending the sponsor’s adequately addressing the increased risk of
cardiovascular adverse events associated with the combination of insulin and Avandia.

‘Investigations of the mechanism(s) by which such events are precipitated, information enabling

prospective identification of patients at risk for such events, strategies for prevention, and
algorithms for clinical management of fluid overload and congestive heart failure in patients
using combination Avandia and insulin are all needed in order to permit safe and effective use of
these drugs in combination in the treatment of patlents with Type 2 diabetes mellitus. This will
be conveyed in the action letter.

S-006. Approved. The ﬁnal'label contains labeling based on the review of S-004, as discussed
above.

NDA #21-071
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MEDICAL OFFICER REVIEW

r Division of Metabolic and Endocrine Drug Products (HFD-510)

|

Application #:21,071-S004

Investigator: Multiple (Not named)

Sponsor: SmithKline Beecham Proprietary Name: Avandia™

USAN Name: Rosiglitazone maleate
Category: Thiazolidinedione Route of Adminisiration:oral
Reviewer: William A. Lubas MD-PhD Review Date:2/6/2001

Application Type:NDA Labai;g Supplement

SUBMISSIONS REVIEWED IN THIS DOCUMENT

[Document Date CDER Stamp Date Submission Type Comments
2/7/2000 2/8/2000 NDA Supplement New indication- Use of rosiglitazone in
‘combination with insulin for the treatment of
patients with type 2 diabetes mellitus.
RELATED APPLICATIONS (If applicable)
ocument Date Application Type Comments
/30/00 NDA 21071-S006 Hepatic Effects Labeling Supplement
6/30/00 SE1-004-BM " European Agency Labeling for Avandia
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VIEW SUMMARY: :
ombination therapy with 4vandia and insulin was effective at improving HbA1C and fastmg plasma glucose (FPG) in
atients inadequately controlled on insulin monotherapy (FPG>140mg/dL, HbA1C>7.5%, fasting C-peptide >0.4ng/mL).
e relative median decrease in HbA1C compared to the placebo-treated group ranged from 0.5% to 1.3%. Improvement in
elycemic control was greatest in patients who réceived 8mg of 4vandia per day and were dosed twice daily. The efficacy of
is corbination therapy was maintained during the entire 26-week study period. Similar efficacy was observed for both men
and women, and for patients above and below 65 years of age. Patients who were overweight or more poorly controlled at
the start of therapy were more likely to show a greater benefit, measured as a median decrease in HbAIC.

Combination therapy with Avandia and insulin was associated with an increased incidence of hypoglycemia (53%-71%)
Janerma (4%-17%), edema (2%-10%), hyperhplderma (1%-9%) and weight gain (0%-7%). All of these adverse events have
previously been seen with thiazolidinediones. However, the incidence of these adverse events with Avandia and insulin
combination therapy was substantially higher than seen with Avandia monotherapy or combination therapy with Avandia and
other oral antidiabetic agents. There was no data to suggest that combination therapy with insulin increases the small risk of
hepatotoxicity seen with 4vandia monotherapy and previously associated with other thiazolidinediones. The incidence of
hypoglycemia was dose related and more frequent with once daily dosing. In addition, there was an increase in the incidence
of cardiac events including cardiac failure, ischemic heart disease and arrhythmias in the combination therapy group
compared to placebo. In preclinical studies cardiac hypertrophy, plasma volume expansion and drug-related early death due
to heart dysfunction have been seen with thiazolidinediones. But an increase in adverse cardiac events had not been
previously reported in clinical trials with Actos or Rezulin. In post marketing experience with Avandia, Actos and Rezulin,
adverse events potentially related to volume expansion (such as congestive heart failure, pulmonary edema and pleural
effusions) have been reported. Dose related increases in the incidence of anemia, edema, weight gain and cardiac failure,
jwere seen in these clinical studies with combination therapy of Avandia and insulin. Patients with anemia were more likely
to have edema concurrently during the trials. Patients with edema were more likely to have concurrent anemia or adverse
cardiac events. Adverse cardiac events occurred more frequently in patients who were older, had a longer duration of
diabetes or were on the higher 8mg dose of Avandia. While most patients who developed cardiac failure had predisposing
risk factors including a history of congestive heart failure, cardiac ischemia, edema, or left veniricular hypertrophy, a

failure on combination therapy with Avandia and insulin.

In conclusion, since diabetics with a history of anemia, edema, or cardiac disease, are at increased risk of adverse events on
i combination therapy with Avandia and insulin, the use of combination therapy in these patients requires an individual case
y case risk benefit analysis. While the adverse events of edema, anemia and weight gain are treatable and therefore less
likely to cause significant acute morbidity, they can increase the long-term risk for cardiovascular adverse events in type 2
iabetics. In this reviewer’s judgement the small improvements in the surrogates, HbA1C and FPG, do not at this time justify
e increased risk of cardiac failure and other adverse cardiovascular events seen in these type 2 diabetics on combination
erapy. Double blind placebo-controlled clinical trials for a period of time longer than 26 weeks would be needed to
onfirm that the improvement in glycemic control in these patients on combination therapy with 4vandia and insulin results
in a long term decrease in morbidity and mortality. Therefore, the indication of combination therapy of Avandia and insulin
is not recommmended but changes in the Avandia label incorporating appropriate safety information should be approved.
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lsubstantial percentage (25%-30%) did not. Therefore, it is not possible to identify all patients who might be at risk of cardiac||

lIOUTSTANDING ISSUES: 1) Proposed labeling changes (see review).

[RECOMMENDED REGULATORY ACTION: IN drive location:
New clinical studies _ Clinical Hol . Study May Proceed
NDA, Efficacy/Label supplement: X . Approva Not Approvable

Medical Team Leader: . Date:

SIGNATURES: Medical Reviewerz-7, ///%uwﬁq;%\ Date: 27 gA) )
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INTRODUCTION

Avandia (Rosiglitazone maleate) is a member of the thiazolidinedione class of oral
antidiabetic agents. Thiazolidinediones improve glycemic control by increasing insulin
sensitivity, thereby decreasing insulin resistance, which is a common feature of type 2
diabetes.. Avandia has been approved in the US as an adjunct to diet and exercise for the
treatment of type 2 diabetes. It has been approved as monotherapy, as well as
combination therapy with metformin or sulfonylureas. This NDA supplement presents
two double blind pivotal studies 082 and 095 as well as some preliminary data from an
ongoing open label extension 114. The purpose of these studies is to assess the safety and
efficacy of Avandia in combination with insulin for the treatment of patients with type 2
diabetes who are inadequately controlled by insulin monotherapy. This review will deal
primarily with the completed double blind placebo controlled studies 082 and 095.

At present Avandia is approved in Europe only as combination therapy with metformin or
sulfonylureas. It has not been approved there as monotherapy: ¢ - -
f —— __1.. Actos the only other currently available thiazolidinedione has been approved
in the US as monotherapy and as combination therapy with metformin, sulfonylureas or
insulin. Rezulin, the first thiazolidinedione to be approved, was indicated as combination
therapy with metformin, sulfonylureas or insulin, before it was withdrawn from the US
market because of concern that it was associated with an increased incidence of hepatitis
and liver failure. ' '

Premarketing clinical trials of Actos in combination therapy with insulin showed that
15.3% of the Actos-treated patients compared to 7.0% of the placebo-treated patients
developed edema, which was generally mild to moderate in intensity. In these trials no
increase in serious adverse cardiac events potentially related to volume expansion were
observed. But patients with NYHA Class III and IV cardiac status were not included in
these trials. In recent postmarketing analysis, a trend showing an increase in cardiac
events related to volume expansion has been observed. In clinical trials Rezulin was
associated with a 6% to 8% increase in plasma volume in normal controls compared to
placebo. But no increase in serious adverse cardiac events potentially related to volume
expansion was observed. As in the studies with Actos, patients with NYHA Class III and
IV cardiac status were not included in the Rezulin trials. In postmarketing analysis '
adverse events of congestive heart failure, edema and weight gain were seén with Rezulin
but a causal relationship was not established.

Clinical trials of Actos in combination therapy with insulin showed an increased
incidence of hypoglycemia. This ranged from 8% (15mg of Actos) to 15% (30mg of
Actos) compared to a 5% incidence in placebo-treated patients. A similar increase-in the
incidence of hypoglycemia (5% to 8%) was seen in combination studies with Rezulin
plus insulin compared to the incidence in the placebo-treated group (4%, Study 991-068).

~ A clinical review of the trials with the Rezulin combination therapy concluded that the

method of adjustment of insulin dosage appeared to minimize the occurrence of
hypoglycemia. '



U

NDA 21-071/5-004
Avandia® (rosiglitazone maleate) Tablets

Clinical trials with Actos or Rezulin in combination therapy with insulin showed a 2% to
4% reduction in hematocrit compared to a 1 to 2 % reduction in those treated with
placebo. This small change in hematocrit was not associated with a significant increase in

- the incidence of anemia in patients treated with combination therapy compared to the

placebo-treated group.

In conclusion, safety concerns have been raised with combination therapy of
thiazolidinediones and msulin, specifically in the areas of edema, weight gain, anemia
and incidence of hypoglycemia. However, the final risk benefit analysis determined that
when used appropriately this combination was both safe and effective for the treatment of

a subset of patients with type 2 diabetes. -

EFFICACY REVIEW

Protocol 082-4 26 week randomized, double-blind multicenter study to evaluate the
safety, efficacy, and tolerability of Avandia administered twice daily to patients with type
2 diabetes who are inadequately controlled on insulin therapy.

The primary objective of this study was to evaluate the change in HbA1C in insulin-
treated type 2 diabetic patients who were inadequately controlled on insulin monotherapy,
with treatment of either placebo, 2mg or 4 mg of Avandia twice daily for 26 weeks.

The study enrolled 319 patients with type 2 diabetes receiving > 30 units of total insulin
as twice daily injections. Subjects had to have fasting plasma glucose (FPG) >140mg/dL,
HbA1C >7.5% and fasting C-peptide > 0.4ng/mL in order to be enrolled in the study.
Patients with anemia, severe renal, hepatic or cardiac disease (NYHA class TII/IV)
including evidence of left ventricular hypertrophy, ST-T segments changes or those
taking beta-blockers were excluded. Males (56%) outnumbered females. Most patients
were Caucasian (68% to 72%), only 15% to 19% were black. The average age of patients
was 56 to 58 years (range 26-80), with a similar proportion of subjects over 65 years
(20% to 23%) in all treatment groups. The average duration of diabetes was 12.3 years,
again similar in all treatment groups. A total of 252 (79%) patients completed the study,
with a similar number of patients (20 to 24) withdrawing from each treatment group. The
mean baseline HbA1C (8.9% to 9.1%) and FPG (195 to 212mg/dL) were similar across
all treatment groups.

‘The study protocol divided patients into three treatment groups ie. placebo, 2mg bid
- Avandia or 4mg bid Avandia. The insulin dose for all patients was maintained at the start

of therapy. Changes in insulin dose were permitted only for patients who had a seven-day
mean capillary glucose of <100 mg/dL or who reported severe or recurrent hypoglycemic
episodes during the study. '

Mean decreases in HbA1C were sig;niﬁcantly greater (p<0.0001) for both groups given
Avandia, 2mg bid (-0.6%) and 4mg bid (-1.2%), compared to placebo (+0.1%) see Table

5
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1 below. And the higher Avandia dose 4mg bid produced a significantly greater decrease

in HbA1C than the 2mg-bid dose (p<0.0001).

Tablel Change from Baseline in HbAlc at Week 26
(Intent-to-Treat Population)
Treatment Group

HbAlc (%) Insulin + Placebo Insulin + RSG Insulin + RSG
Reference range:<6.5 2mg bid 4mg bid

N 103 106 103

Baseline (mean +£ SD)  8.9+1.07 9.1+1.28 - 9.0+1.27
Median 8.6 8.9 9.0

Week 26 (mean + SD)  9.04+1.21 8.5+£1.36 7.91+1.39

Median 8.9 8.3 7.5
__g_}lgggqugm Baseline ‘ »

(-0.1,0.3)
0.2032

Data taken from Table 15 Vol. 3, 082
Similarly, responders defined as those patients who achieved a reduction from baseline of
HbA1C of at least 0.7%, were significantly higher (p<0.0001) for the 4mg bid Avandia
group (68%), compared to the 2mg bid Avandia group (45%), and placebo (18%) (see
NDA, study 082, Vol 3, Table 16, pg. 70).

A time course of the change in HbA1C is shown below in Fig. 3, taken from study 085,
Vol. 3. Changes in HbA1C can be observed at the earhest t1me tested, 2 weeks, and
appear to maximize between 12-26 weeks.
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Similar results were obta