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“Bardoxolone methyl (also known as “RTA 
402” and “CDDO-methyl ester”) is an orally-
available first-in-class synthetic triterpenoid 

belonging to the antioxidant inflammation 
modulator (AIM) class. It is the most potent 

known inducer of the Nrf2 pathway to enter 
clinical development and works to suppress both 

oxidative stress and inflammation.”
Source: www.wikipedia.org
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Source: www.wikipedia.org
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“Bardoxolone methyl is currently being 
developed by Reata Pharmaceuticals, Inc. 

in partnership with Abbott Laboratories 
and Kyowa Hakko Kirin, for the treatment 
of advanced chronic kidney disease (CKD) in 

type 2 diabetes mellitus patients.”

Source: www.wikipedia.org
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“Bardoxolone methyl was first advanced into the clinic to assess 
its anticancer properties. In two Phase 1 trials that included 

81 oncology patients, bardoxolone methyl reduced serum 
creatinine levels, with a corresponding improvement in 

estimated glomerular filtration rate (eGFR). Improvements 
were more pronounced in a subset of patients with 
established CKD and were maintained over time in 

patients who continued on bardoxolone methyl 
therapy for 5 months. ”

Source: Pergola et coll. Am J Nephrol 2011

Phase 1
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“20 patients received 25 mg of bardoxolone methyl daily for 
28 days, followed by 75 mg daily for another 28 days. Significant 
increase from baseline in eGFR of 7.2 ml/min/1.73m² (p < 

0.001). Improvements were seen in approximately 90% of 
patients and showed a dose- and time-dependent increase in 

eGFR. No changes were seen in markers of renal injury, NGAL 
and NAG, and eGFR remained significantly above baseline 30 

days following drug withdrawal. ”

Source: Warnock et coll. WCN avril 2011

Phase 2a



Source: Warnock et coll. WCN avril 2011



“Multicenter, open-label, dose-ranging study has enrolled 130 
patients with moderate to severe CKD (eGFR 15 - 45 mL/min/

1.73m2) and type 2 diabetes to receive 2.5, 5, 10, 15, or 30 mg of 
the amorphous SDD (spray-dried dispersion) 

formulation of bardoxolone methyl administered orally, 
once daily for 12 weeks.”

Source: Pergola et coll. WCN avril 2011

Phase 2b

Même conclusions, 15 mg pour étude phase 3 (BEACON)



Source: Pergola et coll. N Engl J Med 2011
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“Bardoxolone methyl, an antioxidant inflammation modulator, 
activates the Keap1–Nrf2 pathway, which plays an 

important role in maintaining kidney function and structure. It 
exerts antiinflammatory effects by inhibiting the 

proinflammatory nuclear factor κB pathway”

Introduction

Source: Pergola et coll. N Engl J Med 2011





“Type 2 diabetes and eGFR of 20 to 45 ml/min per 1.73 m2 
Treatment with a stable dose of an ACE inhibitor, an ARB, or both 
for at least 8 weeks before screening was required, unless such therapy 

was not tolerated. Major exclusion criteria were type 1 
diabetes, nondiabetic kidney disease, a glycated 

hemoglobin level of more than 10%, hepatic dysfunction, 
or a cardiovascular event within the previous 3 months.”

Patients

Source: Pergola et coll. N Engl J Med 2011



!"#

#

573 Patients screened

346 Patients excluded

227 Patients randomized

57 Patients randomized 
to 75 mg (all treated)

57 Patients randomized 
to Placebo (all treated)

57 Patients randomized 
to 25 mg (all treated)

Reasons:
2 adverse events
2 withdrew consent
1 lost to follow-up
1 RRT initiated
1 other reasons

50 dosed 
through 
Week 52

7 discontinued 
study drug 

before 
Week 52

Reasons:
4 adverse events
5 withdrew consent
1 RRT initiated
1 other reasons

46 dosed 
through 
Week 52

11 discontinued 
study drug 

before 
Week 52

All 57 patients included in 
the longitudinal and 

safety analyses

All 57 patients included in 
the longitudinal and 

safety analyses

Reasons:
8 adverse events
3 withdrew consent
1 death
5 other reasons

40 dosed 
through 
Week 52

17 discontinued 
study drug 

before 
Week 52

All 57 patients included in 
the longitudinal and 

safety analyses

5 25 mg
12 75 mg

1 placebo
15 25 mg
24 75 mg

Final dose:

56 Patients randomized 
to 150 mg (all treated)

Reasons:
4 adverse events
3 withdrew consent
1 lost to follow-up
1 RRT initiated
7 other reasons

40 dosed 
through 
Week 52

16 discontinued 
study drug 

before 
Week 52

All 56 patients included in 
the longitudinal and 

safety analyses

5 25 mg
7 75 mg
4 150 mg

8 25 mg
18 75 mg
14 150 mg

Final dose:

11 25 mg46 25 mg

Final dose:

7 placebo50 placebo

Final dose:

 

Supplementary F igure 2.  T rial Profile.

1:1:1:1



“The study had four periods: a 21- day screening period; 
an 8-week period of dose adjustment (every 4 weeks) that 

could be extended up to 20 weeks if needed to reach the 
randomly assigned dose of bardoxolone methyl; dose 

maintenance from the end of the dose-adjustment period 
through week 52; and follow-up for 4 weeks after the last 

dose. ”

Study design

Source: Pergola et coll. N Engl J Med 2011



“This study was sponsored by Reata Pharmaceuticals and 
was designed by the first author and representatives of the 

sponsor. Study investigators and coordinators jointly managed the 
study with the sponsor... ”

Study oversight

Source: Pergola et coll. N Engl J Med 2011



“The primary outcome was the change from 
baseline in the eGFR with bardoxolone 

methyl, as compared with placebo, at 24 
weeks; a secondary outcome was the change at 

52 weeks. Mulitples exploratory 
outcomes”

Outcomes

Source: Pergola et coll. N Engl J Med 2011



“Among patients receiving bardoxolone methyl, 
the proportions who received the randomly 

assigned dose at 52 weeks were 81% in the 
25-mg group, 42% in the 75-mg group, 

and 25% in the 150-mg group.”

Results

Source: Pergola et coll. N Engl J Med 2011







Source: Pergola et coll. N Engl J Med 2011

“Mean age was 67 years. Blood glucose levels were generally well controlled. A total of 98% of 
patients were receiving an ACE inhibitor, an ARB, or both; the remaining patients could not 

tolerate such medications. The mean eGFR was 32.4±6.9 ml per minute per 1.73 m2. The ACR 
was less than 30 (normoalbuminuria) in 37% of patients, 30 to 300 (microalbuminuria) in 29%, and 

more than 300 (macroalbuminuria) in 34%.”



“The eGFR increased within 4 weeks after the initiation of treatment in 
the three bardoxolone methyl groups. The value peaked at 12 weeks 
and remained relatively stable through 52 weeks. At 24 weeks, there 
was significant improvement in the primary end point (change from 

baseline in the eGFR) in all bardoxolone methyl groups, as compared with 
the placebo group, with mean differences per minute per 1.73 m2 of 

8.2±1.5 ml in the 25-mg group, 11.4±1.5 ml in the 75-mg group, and 
10.4±1.5 ml in the 150-mg group (P<0.001 for all comparisons). The 

difference in the change between the 25-mg group and the 
75-mg group was significant (P = 0.04), but the difference 

between the 75-mg group and the 150-mg group was not significant (P = 
0.54).”

Primary outcome

Source: Pergola et coll. N Engl J Med 2011
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“The cumulative distribution of changes in the eGFR 
at 52 weeks in patients completing 52 weeks of therapy 
showed decreases in 54% of patients in the placebo 

group but in only 20% of those in the group receiving 25 mg of 
bardoxolone methyl, 21% of those in the 75-mg group, and 27% 

of those in the 150-mg group .”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011
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“The proportion of patients with a 
reduction in the eGFR of 25% or more 

at 24 weeks was 13% (95% confidence 
interval [CI], 6 to 25) in the placebo group and 

2% (95% CI, 1 to 6) in the combined 
bardoxolone methyl groups (P = 0.05).”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011





“Four weeks after the last administration of the 
study drug (at 56 weeks), the eGFR remained above the 

baseline value in patients receiving bardoxolone methyl, with 
differences from baseline per minute per 1.73 m2 of 0.7±1.6 in 
the 25-mg group, 2.5±1.6 ml in the 75-mg group, and 2.3±1.7 ml 
in the 150-mg group. In the placebo group, patients had a modest 
decrease of 0.6±1.1 ml per minute per 1.73 m2 from baseline.”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011





“The change in the estimated GFR at 56 
weeks was significantly correlated with the 
change at the end of treatment, at 52 weeks 

(r=0.84, P<0.001) ”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011





“At 52 weeks in all three bardoxolone methyl 
groups, there were significant decreases in levels 

of blood urea nitrogen, serum 
phosphorus, uric acid, and magnesium, 
as compared with placebo; these decreases had 
an inverse correlation with changes in the 

eGFR ”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011





“In the 75-mg and 150-mg groups, there was a 
slight but significant increase in the ACR at 
24 and 52 weeks. Changes in the ACR and 

eGFR were positively correlated at 52 weeks. At 
56 weeks, the ACR generally returned to the 

baseline level”

Exporatory outcomes

Source: Pergola et coll. N Engl J Med 2011





“The most common adverse event among 
patients receiving bardoxolone methyl was 

muscle spasm, with an incidence of 42% in 
the 25-mg group, 61% in the 75-mg group, and 

59% in the 150-mg group, as compared with 18% 
in the placebo group.”

Adverse events

Source: Pergola et coll. N Engl J Med 2011



“Mild elevations in alanine aminotransferase levels and 
gastrointestinal effects. Of the 170 patients who received 

bardoxolone methyl, 120 (71%) had transient 
aminotransferase elevations that peaked within 2 to 4 

weeks after the initiation of treatment or an increase in the dose 
and generally resolved while the patients continued to take the 

drug. A total of 18 patients (11%) had an alanine aminotransferase 
elevation of more than three times the upper limit of the normal 

range.”

Adverse events

Source: Pergola et coll. N Engl J Med 2011







“The time course of changes in the eGFR among 
patients receiving bardoxolone methyl suggests 
that there was a short-term effect during 

the first 12 weeks, which was followed by a 
longer-term effect.”

Discussion

Source: Pergola et coll. N Engl J Med 2011



“We did not assess biomarkers in our 
study. Concurrent, correlated improvements in 

levels of blood urea nitrogen, uric acid, 
phosphate, and magnesium suggest that 

bardoxolone methyl has effects on multiple 
blood chemical values.”

Discussion

Source: Pergola et coll. N Engl J Med 2011



“Lack of correlation between blood-pressure 
changes and estimated GFR changes does not 

support the possibility of a short-term change in 
glomerular hemodynamics (hyperfiltration), 
followed by an accelerated decline in the GFR”

Discussion

Source: Pergola et coll. N Engl J Med 2011



“Transient, self-limited elevations in 
amino-transferase levels in patients 

receiving bardoxolone methyl resolved without 
drug withdrawal and were asymptomatic.”

Discussion

Source: Pergola et coll. N Engl J Med 2011



“The confirmation of clinical benefit will require 
a larger, long-term study involving the 
assessment of clinical outcomes.”

Discussion

Source: Pergola et coll. N Engl J Med 2011



“A multinational, double-blind, placebo-controlled Phase 3 
outcomes study (BEACON) is currently ongoing, testing 
bardoxolone methyl’s impact on progression to ESRD or 

cardiovascular death in 1600 patients with Stage 4 CKD 
(eGFR 15 – 30 ml/min/1.73m²) and type 2 diabetes. 

Results are expected in 2013”

Phase 3

Time-to-first event of composite endpoint [ESRD or CV death]

Source: www.clinicaltrials.gov
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