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4.5  Compliance with Good Clinical Practices: 
 
The trials were conducted in accordance with high ethical standards. In contrast to what 
has often been done in the past, diabetes drugs were not discontinued in order to make 
patients eligible for randomization.  It is note worthy that glucose levels tended to fall 
even in patients on placebo. This is because of withdrawal criteria that prevented 
deterioration of glycemic control in patients who received ineffective therapy. 
Particularly commendable is the use of low dose Muraglitazar, instead of placebo, as the 
basis of comparison in study 006.  
 
 

6.1 Indication: 
 
 Type 2 Diabetes 
 

6.1.1 Methods: 
 
Five randomized double blind trials were reviewed. 
 
6.1.2 Endpoints 
 
The primary endpoint was change in HbA1c.  
 

6.1.3 Study design 

 
Five trials were conducted to evaluate the use of MURAGLITAZAR in patients with type 
2 diabetes. They were double-blind randomized trials lasting 24 weeks, plus extensions. 
The primary measure of efficacy was change in HbA1c from baseline to 24 weeks. Entry 
criteria and dosing regimens were appropriate. Key inclusion criteria were HbA1c 
between 7% and 10%, and BMI less than or equal to 41 kg/m2 and fasting C peptide > 
1.5 ng/mL. Key exclusion criteria were NYCA Class 111 or 1V heart failure and current 
use of fibrates. Although the change in HbA1c was determined at 24 weeks, the changes 
in lipids were determined at 12 weeks. This allowed addition of lipid-lowering agents 
beyond week 12 when clinically appropriate. Subjects on statins were not excluded but 
the dose of statin could not be changed during the first 12 weeks.  Niacin, bile-acid 
binding agents, and statin/fibrate combinations were excluded.     
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6.1.4 Efficacy Findings  

 

Monotherapy 

Two 24-week, randomized, double blind, controlled, monotherapy studies were 

conducted to evaluate the use of MURAGLITAZAR in patients with type 2 diabetes. 

Study 018 : Placebo-Controlled Monotherapy Study 

This was a 24-week randomized double blind study of patients with type 2 diabetes not 

taking other antidiabetic therapy. Patients with a baseline A1C of 7-10% were 

randomized to one of three treatment arms (MURAGLITAZAR 2.5 mg or 5 mg, or 

placebo once daily). In an open-label cohort within the same study, patients with a 

baseline A1C of 10-12% (mean 10.7%) were treated for 24 weeks with 

MURAGLITAZAR, 5 mg once daily. Patients were withdrawn from open-labial 

treatment based on the following criteria: 
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Demographic characteristics of patients at baseline are shown in the following table: 
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Compared to placebo, MURAGLITAZAR showed a clinically significant improvement 

in glycemic control as measured by A1C and FPG (see Table).  

  Glycemic and Related Parameters in Placebo-Controlled 
Monotherapy Study at Week 24 

 Placebo MURAGLITAZAR 

  2.5 mg 5 mg 

 N=111 N=105 N=110 

A1C (%)    
 Baseline (mean) 8.0 8.0 7.9 
 Mean change from baseline -0.3 -1.0* -1.2* 
 % patients with final A1C <7% 30% 58% 72% 

FPG (mg/dL)    
 Baseline (mean) 162 168 170 
 Mean change from baseline 1 -26* -33* 

Fasting Insulin (µU/ml)    

 Baseline (mean) 15.6 18.4 13.6 
 Mean change from baseline 0.9 -2.8 -3.1 

Fasting C-peptide (ng/mL)    
 Baseline (mean) 3.3 3.3 3.2 
 Mean change from baseline -0.3 -0.5 -0.8 

Free Fatty Acids (mEq/L)    

 Baseline (mean) 0.7 0.7 0.7 
 Mean % change from baseline -9% -19% -31% 

*p<0.0001 vs. placebo 
 

In the open-label study of patients with a baseline A1C of 10-12% (mean 10.7%) 24 

weeks with MURAGLITAZAR 5 mg, there was a mean change from baseline in A1C of 

-2.6% units and a mean change from baseline in FPG of -68 mg/dl.  62/109 patients 

(57%) completed 24 weeks of open-label treatment and had a mean change from baseline 

in A1C of -3.5%. 

Body Weight: 

Lipids: 

At Week 12, MURAGLITAZAR 2.5 mg and 5 mg produced greater decreases in TG and 

greater increases in HDL-C than placebo (see table).  
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 Lipid Parameters in Placebo-Controlled Monotherapy 
Study at Week 12 

Placebo MURAGLITAZAR  

 2.5 mg 5 mg 

 N=114 N=111 N=112 

Triglycerides (mg/dl)    
 Baseline (mean) 187 193 194 
 Mean % change from baseline -2% -18%* -27%* 

HDL-C (mg/dL)    
 Baseline (mean) 45 44 42 
 Mean % change from baseline 2% 10%** 16%** 

ApoB (mg/dL)    
 Baseline (mean) 104 103 102 
 Mean % change from baseline 0% -7% -12% 

LDL-C (mg/dL)    
 Baseline (mean) 132 130 124 
 Mean % change from baseline 1% -1% -1% 

Non-HDL-C (mg/dL)    
 Baseline (mean) 157 156 151 
 Mean % change from baseline 1% -3% -5% 

* p≤0.0001 vs. placebo 
** nominal p-value <0.0001 vs. placebo 
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Trial 006: Dose-Ranging Monotherapy Study and long-term extension 
phase: 

In a 24-week dose-ranging randomized, double blind study, patients with type 2 diabetes 

were randomized to receive 0.5 mg, 1.5 mg, 5 mg, 10 mg and 20 mg of 

MURAGLITAZAR or Pioglitazone 15 mg once daily.  

 

Patients had not received previous antidiabetic therapy, or had not received antidiabetic 

therapy more than three consecutive days or seven non-consecutive days for the four-six 

weeks prior to screening. A distant history of gestational diabetes with insulin treatment 

was not a disqualification. HbA1c at screening was between 7 and 10%. Subjects had a 

BMI< 41 and serum triglyceride < 600 mg/dl. 

During the 24-week double-blind study, patients who failed to achieve adequate glycemic 

control were “rescued” by going to the next highest dose of study drug.  Patients on 0.5 

and 1.5 mg went to 5 mg. Patients on 5 mg of MUR went to 10 mg, etc.  Patients on 15 

mg PIO went to 45 mg. Rescue was based on self-reporting of finger stick glucose 

determined 4x/day, three to five days before the specified study visit. Criteria for rescue 

were: 
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Mean age of patients about 54 years in all arms. Other baseline characteristics are shown 

in the following table: 

 

   

Mean change in HbA1c at week 24 is shown in the following table. Mean HbA1c fell in 

all groups, including 0.5 mg MUR. All higher doses of MUR were superior to 0.5 mg 

MUR. Mean change for PIO 15 mg was –0.57% units (not shown in table). This is the 

same result as for MUR 1.5 mg 
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As measured by the percent of patients achieving good glycemic control (HbA1c< 6.5% 

or HbA1c < 7%) the efficacy of PIO 15 mg was approximately the same as MUR 1.5 mg 

Changes in lipids at 12 weeks are shown in the following table: 
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Demographic characteristics of patients who entered the long-term phase and their rescue 

status are shown in the following tables: 

 

b) per protocol, patients on 20 mg Mur were entered into the long-term phase on 10 mg. 

During the long-term extension phase, patients on submaximal therapy (less than MUR 

10 mg or PIO 45) were titrated to the next highest dose of study drug based on the 

following glycemic criteria:  

An optional, 2-year double-blind extension of the protocol is currently ongoing. 
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The primary efficacy outcome for Period C was the change in HbA1c from baseline to 

104 weeks, LOCF. This result is shown in the following table for patients who completed 

the short term study and stayed on their original dose during the long-term study.  

The following table shows change from baseline, as analyzed by maximal achieved dose. 

The mean reduction in HbA1c at 104 weeks of MUR 5 mg was 1.34% and final HbA1c 

was 6.51%. The mean reduction in HbA1c at 104 weeks for PIO 45 mg was 0.97% and 

final HbA1c was 7.47%.  

(NOTE: In table shown above, patients randomized to 20 mg during the short term phase 

received 10 mg per day during the long term phase.)  
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Changes in lipids are shown in the following table. A dose-dependent fall in triglyceride 
and rise in HDL are noted.  

Change in body weight: 
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Combination Therapy 

Three 24-week, randomized, double-blind, controlled, combination studies evaluated the 

effects of MURAGLITAZAR on glycemic control in patients with type 2 diabetes who 

were inadequately controlled with metformin or sulfonylurea. Patients had HbA1c of 7-

10% at baseline and were withdrawn during the blinded treatment for poor glycemic 

control based on FPG as follows: week 6 >240 mg/dl, week 8 > 220 mg/dl, weeks 12, 16,  

and week 20 > 200 mg/dl 

Combination Therapy with Metformin 

Trial 022 - Placebo-Controlled Combination Therapy with Metformin 

This was a placebo controlled trial in patients with type 2 diabetes on existing metformin 

therapy (1500-2500g/dl, approximate average daily dose: 1850 mg) for at least six weeks 

with HbA1c at screening between 7 and 10%. Patients were randomized to the addition 

of either MURAGLITAZAR 2.5 mg or 5 mg, or placebo once daily. At baseline, patients 

on MUR or placebo had a mean BMI of 31.3 and mean HbA1c of 8.0%. A slight 

imbalance with respect to gender, race and age between MUR and placebo patients is 

noted in the folowing table:    
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Change in the primary variable, HbA1c, is shown in the following table: 

 

Compared to placebo, the addition of MURAGLITAZAR showed a clinically significant 

improvement in glycemic control as measured by A1C and FPG as well as a reduction in 

FFA (see Table ). 

 Glycemic and Related Parameters in Placebo-Controlled 
Combination Study with Metformin at Week 24 

Placebo + 
Metformin 

MURAGLITAZAR + Metformin 
 

 

 2.5 mg 5 mg 

 N=197 N=222 N=198 

A1C (%)    
 Baseline (mean) 8.0 8.0 8.0 
 Mean change from baseline 0.0 -0.9* -1.2* 
 % patients with final A1C <7% 27% 54% 64% 

FPG (mg/dL)    
 Baseline (mean) 171 169 167 
 Mean change from baseline -2 -26* -35* 

Free Fatty Acids (mEq/L)    

 Baseline (mean) 0.7 0.7 0.7 

 Mean % change from baseline -7% -18% -28% 

*p<0.0001 vs. placebo 
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At Week 12, MURAGLITAZAR 2.5 mg and 5 mg produced greater decreases in TG and 

greater increases in HDL-C compared to placebo.  

 Lipid Parameters in Placebo-Controlled Combination 
Study with Metformin at Week 12  

 Placebo + 
Metformin 

MURAGLITAZAR + Metformin  

  2.5 mg 5 mg 

 N=212 N=228 N=201 

Triglycerides (mg/dL)    
 Baseline (mean) 197 198 208 
 Mean % change from baseline 3% -14%* -29%* 

HDL-C (mg/dL)    
 Baseline (mean) 46 45 46 
 Mean % change from baseline 1% 8%** 14%** 

apoB (mg/dL)    
 Baseline (mean) 99 100 100 
 Mean % change from baseline 1% -5% -12% 
LDL-C (mg/dL)    
 Baseline (mean) 106 107 106 
 Mean % change from baseline 5% 9% 5% 
non-HDL-C (mg/dL)    
 Baseline (mean) 143 145 146 
 Mean % change from baseline 4% 2% -5% 

* p<0.0001 vs. placebo 
** nominal p-value <0.0001 vs. placebo 

 

The mean body weight in the three groups was about 89 kg at baseline.  The adjusted 

mean at 24 weeks, LOCF was 1.40 and 2.76 kg for MUR 2.5 mg and 5 mg, respectively 

and –0.73 kg for placebo. 
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Trial 025: Active-Controlled (MUR vs PIO) Study of  Combination Therapy with 
Metformin 

In this double-blind, metformin combination study, 1159 patients with type 2 diabetes on 

existing metformin therapy were randomized to the addition of either MURAGLITAZAR 

5 mg or pioglitazone 30 mg once daily for 24 weeks. At screening, patients had HbA1c 7-

10%  while on a stable dose of metformin (1500 mg to 2550 mg, approximate average 

daily dose = 1850 mg) for at least six weeks. Patients continued metformin open label 

and were randomized to either MUR 5-mg tablets plus placebo-matching PIO capsule, or 

PIO 30-mg capsule, plus placebo-matching MUR tablet. The primary analysis was 

change in HbA1c at 24 weeks, LOCF. The study was constructed to show non-inferiority 

of MUR vs PIO with a margin of 0.25 % units (upper limit of the 95% CI for difference 

in change in HbA1c). If non-inferiority was met further testing of superiority was 

described.  

Baseline characteristics are shown in the following table: 

Change in the primary variable, HbA1c is shown in the following table: 
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As shown below MURAGLITAZAR produced greater reductions in A1C, FPG, and FFA 

than Pioglitazone. 
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 Glycemic and Related Parameters in Active-Controlled 
Combination Study with Metformin at Week 24 

MURAGLITAZAR + 
Metformin  

Pioglitazone + Metformin   

5 mg 30 mg 

 N=569 N=550 
A1C (%)   
 Baseline (mean) 8.1 8.1 
 Mean change from baseline -1.1 -0.8 
 Between treatment difference -0.3*  
 % patients with final A1C <7% 60% 44% 
FPG (mg/dL)   
 Baseline (mean) 179 178 
 Mean change from baseline -44 -33 

Free Fatty Acids (mEq/L)   

 Baseline (mean) 0.7 0.7 

 Mean % change from baseline -24% -15% 

*p<0.0001 vs. pioglitazone 

At Week 12, MURAGLITAZAR produced greater decreases in TG and apoB, and 

greater increases in HDL-C compared to pioglitazone. 
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Weight: 

 

Trial 021 - Placebo-Controlled Combination Therapy with Glyburide 

This was a placebo-controlled trial in patients with type 2 diabetes on sulfonylurea 

therapy. Eligible patients were taking 10-20 mg/d of Glyburide, or at least 50% maximal 

labeled dose of sulfonylurea other than glyburide for at least six weeks before screening, 

or 20 mg of glyburide for at least two weeks before screening. Subjects were required to 

have the following laboratory findings at screening: HbA1c between 7 and 10%, 

Triglyceride less than or equal to 600 mg/dl, fasting C-peptide at least 1.5 ng/dl, BMI less 

than or equal to 41 kg/m2. After screening, there was a two-week, diet/exercise, placebo 

run-in during which time all patients received 15 mg Glyburide.  Compliance was assessd 

by pill count. No down-titration of 15-mg glyburide was permitted. After the run-in, 

patients were randomized to the addition of either MURAGLITAZAR 2.5 mg or 5 mg, or 

placebo once daily in addition to 15 mg Glyburide. The blinded comparison lasted for 24 

weeks, during which time down-titration of glyburide was permitted to prevent 

hypoglycemia (Down titration occurred in two patients on 2.5 mg MUR and one patients 

on 5 mg MUR who reported hypoglycemia as an SAE).  

Baseline characteristics are shown in the following table:    
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As shown in the following table, both does of MUR were better than placebo with respect 

to change in the primary variable, HbA1c 

 

MUR was also better than placebo with respect to reduction in FPG and Free fatty acids. 
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 Glycemic and Related Parameters in Placebo-Controlled 
Combination Study with Sulfonylurea at Week 24 

Placebo + 
Sulfonylurea 

MURAGLITAZAR + Sulfonylurea  

 2.5 mg 5 mg 

 N=195 N=176 N=189 

A1C (%)    
 Baseline (mean) 8.2 7.9 8.2 
 Mean change from baseline 0.2 -1.0* -1.2* 
 % patients with final A1C <7% 13% 52% 59% 

FPG (mg/dL)    

 Baseline (mean) 167 162 169 
 Mean change from baseline 12 -27* -36* 

Free Fatty Acids (mEq/L)    
 Baseline (mean) 0.6 0.6 0.7 
 Mean % change from baseline -3% -17% -21% 

*p<0.0001 vs. placebo 

 

 

 

 

Weight 
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At Week 12, MURAGLITAZAR 2.5 mg and 5 mg produced greater decreases in TG and 

greater increases in HDL-C than placebo.  

 Lipid Parameters in Placebo-Controlled Combination Study 
with Sulfonylurea at Week 12  

Placebo + 
Sulfonylurea 

MURAGLITAZAR + Sulfonylurea  

 2.5 mg 5 mg 

 N=197 N=183 N=192 

Triglycerides (mg/dL)    
 Baseline (mean) 193 197 204 
 Mean % change from baseline 3% -14%* -26%* 

HDL-C (mg/dL)    
 Baseline (mean) 44 44 44 
 Mean % change from baseline 0% 7%** 14%** 

apoB (mg/dL)    
 Baseline (mean) 103 104 107 
 Mean % change from baseline 0% -5% -11% 
LDL-C (mg/dL)    
 Baseline (mean) 118 119 121 
 Mean % change from baseline 3% 4% 2% 
non-HDL-C (mg/dL)    
 Baseline (mean) 156 156 161 
 Mean % change from baseline 2% -1% -6% 

* p<0.0001 vs. placebo 
** nominal p-value <0.0001 vs. placebo 

6.1.5 NA 
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6.1.6 Efficacy Conclusion 

The five trials in this review establish the efficacy of Muraglitazar with respect to 

reduction in HbA1c. The response was durable up to 108 weeks. In addition to reducing 

HbA1c, Muraglitazar reduced blood triglyceride levels and increased HDL. Its activity is 

similar to Pioglitazone except that Muraglitazar appears to be about 10x more potent than 

Pioglitazone. 1.5 mg of MUR was found to have the same activity as 15 mg of 

pioglitazone. 5 mg of MUR was found to have more activity than 30 mg of pioglitazone. 

The Sponsor proposes to market MUR in 2.5 and 5-mg strengths. Consideration should 

also be given to marketing the 1.5-mg strength as well. This strength also gives results 

that are statistically and clinically significant.  For instance, in trial 006, 1.5 mg of MUR 

gave a reduction in HbA1c of 0.92% units (baseline 7.58%) at 104 weeks, which 

associated with a 13% fall in triglyceride (baseline 136 mg/dl) and 17% rise in HDL 

(baseline 43 mg/dl). 
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