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Bardoxolone methyl: potential therapeutic role and adverse 

effects in type 2 diabetes patients with chronic kidney 

disease 
 

Abstract 

Background: Type 2 diabetes mellitus (T2DM) prevalence has been steadily increasing 

and is a major cause of chronic kidney disease (CDK) and end-stage renal disease (ESDR). 

Current therapy with renin-angiotensin-aldosterone axis inhibitors show only modest results 

in slowing the progression of diabetic kidney disease. Therefore, new approaches to the 

management of these patients are needed.  Bardoxolone methyl (CDDO-Me) is a nuclear 

regulator factor (Nrf-2) activator which has both antioxidant and anti-inflammatory effects. 

Several clinical trials tested the drug in T2DM patients with CDK. These showed significant 

increases in estimated glomerular filtration rate (eGFR). However, concerns surrounding 

CDDO-Me’s short and long-term safety profile are the source of an on-going debate. 

Objective: To summarize existing data regarding the potential therapeutic role and adverse 

effects of bardoxolone methyl in type 2 diabetes mellitus (T2DM) patients with chronic 

kidney disease (CDK). 

Methods: A search was performed using PUBMED with the MeSH terms “bardoxolone 

methyl”, “chronic kidney disease” and “diabetes”. Selected articles were published before 

01/11/2018.  

Results: Despite a significant improvement of renal function markers, the exact 

mechanisms behind this effect require further investigation. Furthermore, clinicals trials 

show an increased rate of adverse events in patients treated with CDDO-Me. Safety 

concerns lead to an early termination of this drug’s most recent trial. 

Conclusions: Although CDDO-Me promotes fluid retention and overload in some patients, 

it appears that only a specific vulnerable subpopulation is affected. Therefore, the drug’s 

potential beneficial effect in kidney function should be further studied in suitable patients. 

Such trials are currently being carried out and their results could help to weigh CDDO-Me’s 

risks and benefits. 

Keywords: Bardoxolone methyl; Chronic kidney disease; Diabetes. 

  



Introduction  

Type 2 diabetes mellitus (T2DM) prevalence has been steadily increasing, mostly due to a 

combination of urbanization, obesity and aging population (1,2). On the other hand, T2DM 

is a major cause of chronic kidney disease (CDK) - between 20% and 40% of T2DM patients 

develop nephropathy (3,4).  

Despite significant progress towards understanding the pathogenesis linking diabetes 

mellitus (DM) to kidney disease, current therapies fall short and only manage to modestly 

slow down CDK progression (5). Around 30% of all diabetes mellitus (DM) patients 

eventually develop end-stage renal disease (ESDR), being DM it’s most common cause (6). 

Therefore, new approaches to the management of kidney disease in T2DM patients are 

urgent. Potential targets include chronic inflammation, ROS generation and oxidative stress 

associated with diabetic kidney disease (7,8,9,10,11). These processes cause glomerular 

and mesangial-cell dysfunction, leading to glomerular fibrosis and mesangial expansion 

(11). The end result is a decline in kidney function (11,12,13).  

In order to maintain cellular redox homeostasis and inflammation control, the organism has 

an endogenous defence system - Kelch-like ECH-associated protein 1 (Keap1) and nuclear 

factor erythroid 2-related factor 2 (Nrf2) (14,15). The Keap1-Nrf2 pathway promotes the 

expression of genes related to both detoxification and inhibition of proinflammatory nuclear 

factor kB (NF-κB) (14). Under non‐stressful situations, Nrf2 is ubiquitinated by Keap1, which 

inhibits this pathway (16). Once cellular stress is present, Keap1 action in inhibited, allowing 

the translocation of Nrf2 to the nucleus and subsequent up-regulation of cytoprotective 

genes, synthesis of antioxidant molecules and inhibition of NF-κB (8). This system is 

important for maintaining kidney function and structure as well as preventing kidney disease 

progression (7,17,18,19,20,21).  

A hallmark of the diabetic kidney is increased levels of oxidative stress and activation of 

NF-κB in parallel with suppressed Nrf2 activity (8). 

These findings suggest that Keap1-Nrf2 pathway activator drugs may have therapeutic 

value against various diseases involving oxidative stress and inflammation, such as diabetic 

nephropathy. (14,22).  

Bardoxolone methyl (CDDO-Me or RTA 402), is a semi-synthetic triterpenoid, derivative 

from oleanolic acid, and is referred as an antioxidant inflammation modulator (7). CDDO-

Me’s structure is similar to that of endogenous activators of Nrf2, which play an important 

role in the resolution of inflammation (23,24,25,26,27). The drug binds to Keap1 and inhibits 



its ubiquitation activity, leading to activation of the Keap1-Nrf2 pathway (16). Nrf2 then 

activates cytoprotective genes transcription, which results in a coordinated antioxidant and 

anti-inflammatory response (23,28). CDDO-Me can also bind to the IκB kinase β (IKKβ), 

preventing the release and activation of NF-κB and subsequent proinflammatory signalling 

pathways (23,29). 

CDDO-Me was first tested in humans to assess its anticancer properties (30,31). Patients 

who were treated with the drug showed a significant reduction in serum creatinine levels 

and improved estimated glomerular filtration rate (eGFR)(31).  

This observation was the first step in the introduction of CDDO-Me in clinical trials involving 

T2DM patients with CKD.  



Methods 

A search was performed using PUBMED with the MeSH terms “bardoxolone methyl”, 

“chronic kidney disease” and “diabetes”. Articles published after 01/11/2018 or in languages 

other than English or Portuguese were not included. From the initial search results, a 

manual selection based on the abstract was made – trials in animal models, as well as 

repeated or irrelevant articles were excluded. Furthermore, part of the used material is 

composed of bibliography referenced on selected articles from the initial pool. 

  



Results 

The initial search on PUBMED yielded a total of 48 articles. From this initial pool, after a 

manual selection, 15 articles were excluded from this review, from which 13 were 

considered to be irrelevant or repeated, and 2 are trials in animal models. The remaining 

33 articles include a total of 3 clinical trials and 30 reviews. Additional articles referenced in 

the 33 initially selected studies, were also included in this review.  

As is the case with most literature on this topic, this article’s primary focus is on the 3 clinical 

trials found on PubMed, which are the latest and most relevant on this subject. One 

additional trial, published by Hong DS et al, is briefly mentioned for contextual and historical 

proposes. Furthermore, these four trials comprise the results section of this article while the 

reviews will be primarily included in the discussion. 

In 2007, Hong DS et al published the first study of CDDO-Me in humans - a phase I trial 

comprised of 47 patients with advanced solid tumours and lymphoid malignancies (30,31). 

CDDO-Me was administered orally for 21 days in a 28-day cycle, starting at 5 mg/day and 

was progressively increased until drug’s maximum tolerated dose (MTD) and dose limiting 

toxicity (DLT) were reached (30,31). CDDO-Me’s MTD was set at 900mg/day and its 

primary DLT were reversible elevations of serum alanine aminotransferase (ALT) (31). 

Although the study’s main objective was to determine the CDDO-Me’s MTD and DLT, it also 

revealed that patients treated with the drug showed decreased serum creatinine levels and 

improved estimated glomerular filtration rate (eGFR) by 26% (31). Moreover, patients with 

baseline eGFR<60 mL/min/1.73 m2 had a greater increase in eGFR (35.6%±6.8% vs 

22.9%±3.5%). This change in eGFR was sustained in patients treated with the drug for at 

least 6 months (31). Despite the encouraging results, the trial’s statistical significance was 

reduced due to the low number of patients. 

Pergola PE et al published in 2011 two trials primarily designed to study the effect of CDDO-

Me on kidney function in patients with both T2DM and CKD (7,32).  

The first one (32), was a multi-centre, open-label, phase 2a study, enrolling 20 patients 

assigned to the drug. Subjects had an eGFR between 15 and 45 ml/min/1.73 m2 and no 

previous diagnosis of T1DM, diabetes unrelated kidney disease, recent history of 

cardiovascular disease or hepatic dysfunction.  Patients received a dosage of 25 mg of the 

drug for 28 consecutive days, which was then increased to 75 mg for 28 additional days.  

The trial’s primary efficacy endpoint was successfully achieved as results showed a 

significant increase in eGFR after the first 4 weeks of treatment with 25mg of the drug (2.8 

ml/min/1.73m2) and further improvement at day 56 with 75mg (7.2 ml/min/1.73m2) 



compared to the baseline values. Changes in eGFR were consistent across patients, with 

89% of them experiencing an increase in eGFR throughout the study. 

Other parameters from baseline were also monitored, comprising the study’s secondary 

endpoints. Serum creatinine decreased by 0.3 mg/dl at 8 weeks, without correspondent 

changes in 24-hour urinary creatinine excretion. Urine albumin-to-creatine ratio (ACR) 

levels showed no significant difference, while blood urea nitrogen (BUN) levels displayed a 

reduction of –4.9 mg/dl (p = 0.05). Calculated creatinine clearance increased by a mean of 

14.6 ml/min/1.73m2. 

Patients didn’t show significant blood pressure changes and no correlation between this 

parameter and eGFR changes was found. Furthermore, markers of renal injury, 

inflammation, and oxidative stress were significantly decreased on day 56.  

11 patients had mild to moderate adverse events possibly related to CDDO-Me. The most 

frequent was muscle spasms, reported by 4 patients. No serious adverse events were 

reported. 

The same authors published a second study in 2011 – known as BEAM – is the first of two 

main trials on the subject (7). 

BEAM is a phase II, double-blind, randomized, placebo-controlled trial, comprised of 227 

patients with T2DM and CKD stage 3b-4. Patients received either placebo or CDDO-Me at 

a dose of 25, 75, or 150 mg once daily in a 1:1:1:1 ratio. Changes in eGFR from baseline 

were evaluated at 24 and 52 weeks- the primary and secondary outcome, respectively. 

Patients did not suspend their usual medication during the trial. 

Subjects eligible for this study had an eGFR of 20 to 45 ml/min/1.73 m2 and were previously 

treated with either an ACE inhibitor, ARB or both for at least 2 months before. Moreover, 

patients with diagnosis of T1DM, HA1C greater that 10%, hepatic dysfunction or a 

cardiovascular event within the previous 3 months were excluded. 

In the three CDDO-Me groups, rises in eGFR were significant after the first 4 weeks of 

treatment and peaked at 12 weeks. At 24 weeks, the mean eGFR increase from baseline 

was: 8.2±1.5 mL/min/1.73m2 in the 25mg group, 11.4±1.5 mL/min/1.73m2 in the 75mg 

group, and 10.4±1.5 mL/min/1.73m2 in the 150mg group. Improvements were sustained at 

52 weeks. Furthermore, 4 weeks after discontinuing the drug, eGFR remained above 

baseline in the CDDO-Me group patients. Mean differences from baseline were of 0.7±1.6 

mL/min/1.73m2 in the 25-mg group, 2.5±1.6 mL/min/1.73m2 in the 75-mg group, and 

2.3±1.7 mL/min/1.73m2 in the 150-mg group. Patients assigned with placebo had a mean 

decrease of 0.6±1.1 mL/min/1.73m2 from baseline.  



Decreases in blood urea nitrogen levels, serum phosphorus, uric acid, and magnesium 

were observed in the CDDO-Me groups. These reductions had an inverse correlation with 

changes in eGFR. A slight increase in urinary albumin to creatinine ratio (ACR) was also 

observed and positively correlated to the rise in eGFR. However, after suspending the drug, 

ACR returned to baseline level 

Although some patients had increases in blood pressure, there was no clear correlation with 

neither eGFR changes nor CDDO-Me dosage.  

Adverse events were more frequent in the CDDO-Me groups than in placebo. The most 

common event was muscle spasms, with an incidence of 42% in the 25-mg group, 61% in 

the 75-mg group, and 59% in the 150-mg group, compared with 18% in the placebo arm. 

This adverse effect was generally resolved without discontinuation of the study drug and 

levels of lactate dehydrogenase were not significantly increased. Although 

hypomagnesaemia was more common in the CDDO-Me groups, 70% of patients in the 

CDDO-Me groups who had muscle spasms had normal serum magnesium levels.  

Mild elevations in ALT levels and gastrointestinal effects were also more frequent in CDDO-

Me groups. However, in 71% of these patients, ALT’s increase resolved spontaneously. 

Total bilirubin levels were unchanged in patients with aminotransferase elevations.  

Weight loss was observed in all CDDO-Me groups – between 4.7 to 5.9 ± 0.6 Kgs. This 

reduction was neither related to drug dosage nor to magnitude of change in eGFR.  

Following the positive results of BEAM, Zeeuw D. et al published in 2013 a second, larger 

trial – known as BEACON (33). However, a higher rate of cardiovascular events in patients 

assigned with CDDO-Me prompted an early termination of the trial, on the recommendation 

of an independent data monitoring committee. The median duration of follow-up was 9 

months in both groups. 

BEACON was a phase 3, international, randomized, double-blind, parallel-group, 

multicenter trial, in which 2185 were enrolled. Similarly, to BEAM, this study compared the 

effects of CDDO-Me with placebo in T2DM patients with stage 4 CKD. Despite the dosage 

being only 25mg, it was administered as an amorphous spray dried dispersion, which has 

better bioavailability and corresponds to roughly 75mg of the crystalline formulation used in 

BEAM and previous trials. Patients did not suspend their usual medication during the study.  

The placebo group showed a decline in mean eGFR (−0.9 mL/min/1.73m2; 95% CI, −1.2 

to −0.5), while CDDO-Me treated patients had a significant increase (5.5 mL/min/1.73m2; 

95% CI, 5.2 to 5.9). As observed in BEAM, 4 weeks after drug discontinuation, the mean 



eGFR in patients assigned with CDDO-Me (n = 864) was higher than the mean baseline 

value, compared to the placebo group, which experienced a slight decline of 9%. 

The above-mentioned changes in eGFR were as expected and compatible with previous 

trials, but were only measured as a secondary outcome. BEACON’s primary aim was to 

assess the drug’s efficacy in delaying progression to ESRD or cardiovascular death, which 

was the study’s primary composite outcome. Two additional secondary efficacy outcomes 

were used: 1) time until the first hospitalization for heart failure or death due to heart failure; 

and 2) time until the first event in a composite outcome consisting of nonfatal myocardial 

infarction, nonfatal stroke, hospitalization for heart failure, or cardiovascular death.  

Both the placebo and drug groups had the same number of patients, 69, with primary 

composite outcomes. More patients assigned to CDDO-Me died from cardiovascular 

causes, 27, compared to 19 patients in the placebo group. On the other hand, fewer patients 

developed ESRD when taking the drug, 43, compared to 51 assigned to placebo. Despite 

this, the early termination of the trial precludes a solid conclusion regarding the study’s 

primary outcome. 

BEACON’s major finding was a significantly higher rate of heart failure events in the CDDO-

Me group, which prompted the trial’s termination: 8.8% of patients assigned to the drug 

compared to 5.0% in the placebo group (33,34). The peak incidence occurred in the first 4 

weeks (over 80% of events) and then stabilized throughout the rest of the study (33).  

The total number of adverse events was also greater in CDDO-Me group - 190 of these 

patients discontinued the study drug before study termination due to adverse events, 

compared to 69 in the placebo group. The type and prevalence of mild to moderate adverse 

events was similar to previous CDDO-Me trials 

A sub-study with 137 patients measured ambulatory blood-pressure monitoring (ABPM) and 

revealed a decrease in mean systolic and diastolic blood pressures from baseline in the 

placebo group and an increase in the CDDO-Me group. The mean difference between the 

two groups was of 7.9 mmHg (95% CI, 3.8 to 12.0) in systolic blood pressure and 3.2 mmHg 

(95% CI, 1.3 to 5.2) in diastolic blood pressure. Heart rate also increased in the CDDO-Me 

group with a mean difference of 3.8 bpm (95% CI, 3.2 to 4.4) compared to placebo. 

The ABPM sub-study also measured both urinary volume and sodium excretion. It revealed 

a significant decrease in the former (-247±71 mL) and latter (-29±9mEq/L) parameters in 

CDDO-Me assigned patients, at week 4. 



Patients treated with the drug had a significant increase in B-type natriuretic peptide (BNP) 

and urinary ACR, by week 24, as well as decreased serum magnesium, albumin, 

haemoglobin, and glycated haemoglobin levels.  

The findings of this study, associated with clinical information collected regarding patients 

hospitalized with heart failure events, suggests a pattern of early-onset of fluid retention 

(34). This will be further discussed in this article’s next section. 

  



Discussion  

In the four previously described trials, results show a significant increase in eGFR as early 

as in the first 4 weeks of treatment, peaking at 12 weeks, which suggests that CDDO-Me 

induces short-term changes in kidney function.  

Some authors, such as Chin MP et al in their latest review article on the subject (35), 

attribute this effect to the drug’s role in increasing glomerular surface area, through 

reversing dynamic inflammation-mediated processes of endothelial dysfunction, 

angiotensin II-induced mesangial cell contraction and glomerular contraction 

(8,14,35,36,37,38,39,40).  

On the other hand, patients treated with CDDO-Me had a sustained increase in eGFR 

throughout the trials (7,33). A sizeable fraction of that increase remains even 4 weeks after 

the drug has been withdrawn, long after active concentrations are evident (7,33,35). This 

might suggest the CDDO-Me’s long-term ability to inhibit typical structural changes seen in 

CKD, including mesangial expansion and interstitial fibrosis (7,8,35).  

A true improvement in kidney function is further supported by parallel decreases in levels 

of serum creatinine, urea nitrogen, uric acid, and phosphate and lack of increase in markers 

of kidney injury (7,8,35,41). 

Despite suggested anti-inflammatory renoprotection, the exact mechanisms through which 

CDDO-Me increases eGFR increase remain open to debate. Hemodynamic effects of the 

drug are also speculated. CDDO-Me and cyclopentenone prostaglandins structure is similar, 

which means that the drug’s effect on eGFR could be mediated through afferent arteriolar 

dilatation and increased intraglomerular pressure, resulting in hyperfiltration. This is a 

concern surrounding CDDO-Me (41,42,43), since the combination of an early increase in 

eGFR and a rise in albuminuria might indicate hyperfiltration and long-term renal damage. 

Regarding BEAM, Rogacev KS et al sent a letter to the editor (42) expressing their concern 

with the significant weight loss in patients assigned to CDDO-Me, as it could include muscle 

wasting. This would potentially decrease creatinine production and subsequently lead to an 

increase in eGFR, which would no longer suggest an improved kidney function (42,43). This 

aspect is also mentioned by McCullough PA et al (30), stating the lack of studies on the 

influence of CDDO-Me on microalbuminuria or proteinuria. Furthermore, muscle mass 

wasn’t measured in BEAM and usually sizeable yet variable percentage of lost weight is 

lean tissue (30,42,43). 

Muscle spasms are CDDO-Me’s most frequent side effect (7,32,33). Pergola PE et al noted 

the lack of association between this effect and increases in lactate dehydrogenase levels 



or hypomagnesemia. The authors hypothesised that muscle symptoms could be due to 

increased glucose uptake in the muscle mediated by the drug (7,44).  

In a letter to the editor (42) Van Laecke S et al commented on the dose-dependent 

hypomagnesemia associated with CDDO-Me in BEAM. The authors expressed their 

concerns about the long-term effects of hypomagnesemia, since, in animal models, it 

increases both the expression of NF-κB in endothelial cells and production of free radicals, 

as well as activation of pro-inflammatory mechanisms (42). In fact, one study showed that 

kidney function deteriorated faster in patients with lower serum magnesium levels (5,42). 

Although CDDO-Me doesn’t appear to be associated with muscle damage, it could still 

impact creatinine metabolism (5,7,42,43). A criticism made to both BEAM and BEACON is 

the lack of measurement of 24-hour creatinine excretion rate. This was not the case in 

Pergola PE et al previous trial (32), in which this parameter was included and no changes 

were associated with eGFR or weight loss, indicating no decrease in creatinine production. 

It is still surprising that the authors chose not to include a 24-hour creatinine excretion rate 

measurement or a noncreatinine-based marker of GFR in the later studies. (42,43,45).  

BEAM’s promising yet intriguing results prompted the larger phase III trial, BEACON. This 

study’s primary aim was to assess CDDO-Me’s long-term effectiveness and safety profile. 

However, due to the trial’s shortened duration, it’s objective of was compromised. 

Most of BEACON’s results were consistent with the previous trials on this subject. The 

study’s major new finding was the higher rate of cardiovascular events in patients assigned 

to CDDO-Me, which led to BEACON’s early termination and motivated further studies and 

discussion. 

Patients in the CDDO-Me group hospitalized for these events had a clinical presentation 

highly suggestive of an early-onset fluid retention and overload (14,22,35). These patients 

showed early increases in BNP, BP and ACR values, as well as early reductions in both 

urinary volume and sodium excretion. Also, more than 80% of the excess heart failure 

events occurred in the first 4 weeks. Moreover, the fall in serum albumin and haemoglobin 

levels in these patients could be caused by haemodilution, also due to fluid retention (7). 

This hypothesis is further complemented in a regression tree analysis of BEACON’s results 

published by Chin MP et al (22), in which the authors noted that CDDO-Me increased the 

risk of heart failure events by 60% specifically in patients with previous hospitalization for 

heart failure or baseline BNP>~200 pg/mL. Furthermore, patients with neither one of these 

risk factors had a much lower risk of heart failure events and was similar in both CDDO-Me 



and placebo groups (22,35). This suggests that only a vulnerable subpopulation of patients 

experienced an increased risk of heart failure (22,35). 

It is also interesting to note that patients taking the drug showed a significant reduction in 

urine volume and excretion of sodium at 4 weeks of treatment relative to baseline, but this 

is true mainly in stage 4 CKD setting (14). Additionally, the increases in blood pressure were 

also primarily observed in these patients, with no effect on healthy subjects (34). Moreover, 

no correlation was found between the increase in BNP and changes in eGFR or ACR in 

patients assigned to the drug. Despite this, in these patients, baseline ACR was significantly 

correlated with changes in BNP. These observations support the hypothesis that the fluid 

retention effect of CDDO-Me might only be relevant in particularly severe stages of CKD. 

(34,35) 

Several studies link the fluid retention and overload effects of CDDO-Me to the modulation 

of endothelin signalling (34,38,47,48,49). The drug seems to decrease endothelin 1 (ET-1) 

production and endothelin receptor A (Eta) expression. This modulation effect on fluids 

dynamic might be related to the dysregulation of endogenous endothelin signalling present 

in stage 4 and 5 CKD patients. Chin MP et al (34,35) suggest that an acute modulation of 

the endothelin pathway in these patients may have increased sodium and water retention, 

as well as BP. The authors also note that eGFR increases were not correlated with heart 

failure, meaning that CDDO-Me effects on eGFR and fluids regulation might happen 

through separate mechanisms.  

Further studies are required to assess both CDDO-Me’s true potential and risks as a new 

therapy for diabetic patients with CKD. Current on-going trials (CARDINAL and TSUBAKI) 

on this subject are rejecting patients with the previously mentioned risk factors for heart 

failure events (35). Hopefully these studies will provide new insights about the mechanisms 

through which the drug affects kidney function and fluid balance. 

  



Conclusion 

Despite safety concerns regarding bardoxolone methyl, its apparent benefits remain hard 

to overlook. The exact mechanisms behind CDDO-Me’s effect on both eGFR and creatinine 

metabolism remain to be fully elucidated. On the other hand, the increased rate of 

cardiovascular events could be related to fluid retention due to ET-1 modulation, which 

seems to be particularly harmful in patients with severe CKD and/or heart failure. 

Further clinical trials are being conducted in which selected patients suffer neither from 

severe CKD nor heart failure. Hopefully these studies will enable a better understanding of 

the drug’s effect on kidney function, hemodynamic balance and creatinine metabolism. 
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Supplementary material 

  

Supplementary tabble 1. Summary of the main studies regarding bardoxolone methyl 

Authors/year Title No.cases Methods Conclusions 

Hong DS et al, 2007 Phase I trial with a novel orally 

administered synthetic 

triterpenoid RTA 402 (CDDO-Me) 

in patients with solid tumours and 

lymphoid malignancies. 

47 CDDO-Me was 

administered orally in 

doses from 5 to 1300 

mg/day for 21 days of a 28-

day cycle. The aim was to 

determine the MTD and 

DLT.  

 

The DLTs were reversible ALT 

elevations. The MTD was 

determined as 900 mg/d. An overall 

26% increase of eGFR for all 

patients and was more pronounced 

in patients with baseline eGFR < 60 

mL/min/1.73 m2. 

Pergola PE et al, 
2011 

Effect of bardoxolone methyl on 

kidney function in patients with 

T2DM and Stage 3b-4 CKD. 

20 A phase IIa, exploratory 

multi-center, open-label 

trial. Patients received 25 

mg of bardoxolone methyl 

daily for 28 days, followed 

by 75 mg daily for another 

28 days. 

90% of patients had an increase in 

eGFR, with a mean increase of of 

7.2 mL/min/1.73m2. This change 

paralleled a reduction in serum 

creatinine and BUN, as well as an 

increase in  

creatinine clearance. The 24-hour 

creatinine excretion rate remained 

unchanged. Markers of vascular 

injury and inflammation were 

improved. 

 

Pergola PE et al, 
2011 

Bardoxolone methyl and kidney 

function in CKD with type 2 

diabetes – BEAM. 

227 A phase 2, double-blind, 

randomized, placebo-

controlled trial, comprised 

of T2DM patients with CKD 

stage 3b-4. Patients were 

assigned with either 

placebo or CDDO-Me at a 

dose of 25, 75, or 150 mg 

once daily in a 1:1:1:1 ratio. 

Changes in eGFR from 

baseline were then 

evaluated and compared 

between the 4 groups, at 

24 and 52 weeks. 

 

Results showed eGFR 

improvements of 8.2±1.5, 11.4±1.5, 

and 10.4±1.5 mL/min/1.73m2 in the 

25, 75 and 150mg groups, 

respectively at 24 weeks. The 

increases were maintained through 

week 52. 4 weeks after 

discontinuing the drug, the eGFR 

increase remained partially 

sustained in the CDDO-Me group 

patients. Decreases in BUN levels, 

serum phosphorus, uric acid, and 

magnesium were observed, as well 

as a slight increase in ACR. 

Zeeuw D et al, 2013 Bardoxolone methyl in type 2 

diabetes and stage 4 chronic 

kidney disease. 

2185 A phase 3, randomized, 

double-blind, parallel-

group, placebo-controlled 

international, multi-center 

trial of once-daily oral 

administration of 20mg of 

CDDO-Me in T2DM 

patients with stage 4 CKD. 

The primary aim was to 

assess CDDO-Me’s 

efficacy in changing the 

patient’s outcomes. 

The trial was prematurely 

terminated due to a high rate of 

heart failure events in patients 

assigned to CDDO-Me. Patients in 

the drug group had significant 

increases in eGFR, blood pressure, 

and the urinary albumin-to-

creatinine ratio and decreases in 

body weight, compared to the 

placebo group. 
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