The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Bardoxolone Methyl in Type 2 Diabetes
and Stage 4 Chronic Kidney Disease

Dick de Zeeuw, M.D., Ph.D., Tadao Akizawa, M.D., Ph.D.,

Paul Audhya, M.D., M.B.A., George L. Bakris, M.D., Melanie Chin, Ph.D.,
Heidi Christ-Schmidt, M.S.E., Angie Goldsberry, M.S., Mark Houser, M.D.,
Melissa Krauth, M.B.A., Hiddo J. Lambers Heerspink, Pharm.D., Ph.D.,
John J. McMurray, M.D., Colin J. Meyer, M.D., Hans-Henrik Parving, M.D., D.M.Sc.,
Giuseppe Remuzzi, M.D., Robert D. Toto, M.D., Nosratola D. Vaziri, M.D.,
Christoph Wanner, M.D., Janet Wittes, Ph.D., Danielle Wrolstad, M.S.,
and Glenn M. Chertow, M.D., M.P.H., for the BEACON Trial Investigators*

ABSTRACT

BACKGROUND

Although inhibitors of the renin—angiotensin—aldosterone system can slow the pro-
gression of diabetic kidney disease, the residual risk is high. Whether nuclear 1 factor
(erythroid-derived 2)-related factor 2 activators further reduce this risk is unknown.

METHODS

We randomly assigned 2185 patients with type 2 diabetes mellitus and stage 4 chron-
ic kidney disease (estimated glomerular filtration rate [GFR], 15 to <30 ml per minute
per 1.73 m? of body-surface area) to bardoxolone methyl, at a daily dose of 20 mg, or
placebo. The primary composite outcome was end-stage renal disease (ESRD) or death
from cardiovascular causes.

RESULTS

The sponsor and the steering committee terminated the trial on the recommenda-
tion of the independent data and safety monitoring committee; the median follow-up
was 9 months. A total of 69 of 1088 patients (6%) randomly assigned to bardoxo-
lone methyl and 69 of 1097 (6%) randomly assigned to placebo had a primary com-
posite outcome (hazard ratio in the bardoxolone methyl group vs. the placebo group,
0.98; 95% confidence interval [CI], 0.70 to 1.37; P=0.92). In the bardoxolone methyl
group, ESRD developed in 43 patients, and 27 patients died from cardiovascular
causes; in the placebo group, ESRD developed in 51 patients, and 19 patients died
from cardiovascular causes. A total of 96 patients in the bardoxolone methyl group
were hospitalized for heart failure or died from heart failure, as compared with 55 in
the placebo group (hazard ratio, 1.83; 95% CI, 1.32 to 2.55; P<0.001). Estimated GFR,
blood pressure, and the urinary albumin-to-creatinine ratio increased significantly
and body weight decreased significantly in the bardoxolone methyl group, as com-
pared with the placebo group.

CONCLUSIONS
Among patients with type 2 diabetes mellitus and stage 4 chronic kidney disease,
bardoxolone methyl did not reduce the risk of ESRD or death from cardiovascular
causes. A higher rate of cardiovascular events with bardoxolone methyl than with
placebo prompted termination of the trial. (Funded by Reata Pharmaceuticals;
BEACON ClinicalTrials.gov number, NCT01351675.)
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YPE 2 DIABETES MELLITUS IS THE MOST

important cause of progressive chronic

kidney disease in the developed and devel-
oping worlds. Various therapeutic approaches to
slow progression, including restriction of dietary
protein, glycemic control, and control of hyper-
tension, have yielded mixed results.* Several
randomized clinical trials have shown that inhibi-
tors of the renin—angiotensin—aldosterone system
significantly reduce the risk of progression,**°
although the residual risk remains high.” None of
the new agents tested during the past decade have
proved effective in late-stage clinical trials.?12

Oxidative stress and impaired antioxidant ca-
pacity intensify with the progression of chronic
kidney disease.'® In animals with chronic kidney
disease, oxidative stress and inflammation are
associated with impaired activity of the nuclear 1
factor (erythroid-derived 2)-related factor 2 (Nrf2)
transcription factor. The synthetic triterpenoid
bardoxolone methyl and its analogues are the
most potent known activators of the Nrf2 path-
way. Studies involving humans,** including per-
sons with type 2 diabetes mellitus and stage 3b
or 4 chronic kidney disease, have shown that
bardoxolone methyl can reduce the serum creati-
nine concentration for up to 52 weeks.t>
We designed the Bardoxolone Methyl Evalua-

tion in Patients with Chronic Kidney Disease and
Type 2 Diabetes Mellitus: the Occurrence of Re-
nal Events (BEACON) trial to test the hypothesis
that treatment with bardoxolone methyl reduces
the risk of end-stage renal disease (ESRD) or
death from cardiovascular causes among patients
with type 2 diabetes mellitus and stage 4 chronic
kidney disease.

METHODS

STUDY DESIGN AND OVERSIGHT

The BEACON trial was a phase 3, randomized,
double-blind, parallel-group, international, multi-
center trial of once-daily administration of bar-
doxolone methyl (at a dose of 20 mg in an amor-
phous spray-dried dispersion formulation), as
compared with placebo. Participants were receiv-
ing background conventional therapy that includ-
ed inhibitors of the renin—angiotensin—aldosterone
system, insulin or other hypoglycemic agents,
and, when appropriate, other cardiovascular med-
ications. The trial design and the characteristics
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of the trial participants at baseline have been de-
scribed previously.0:17

Reata Pharmaceuticals sponsored the trial.
The trial was jointly designed by employees of
the sponsor and the academic investigators who
were members of the steering committee. The
steering committee, which was led by the aca-
demic investigators and included members who
were employees of the sponsor, supervised the
trial design and operation. An independent data
and safety monitoring committee reviewed in-
terim safety data every 90 days or on an ad hoc
basis on request. The sponsor collected the trial
data and transferred them to independent statis-
ticians at Statistics Collaborative. The sponsor
also contracted a second independent statistical
group (Axio Research) to support the indepen-
dent data and safety monitoring committee. The
trial protocol was approved by the institutional
review board at each participating study site. The
protocol and amendments are available with the
full text of this article at NEJM.org. The steering
committee takes full responsibility for the integ-
rity of the data and the interpretation of the
trial results and for the fidelity of the study to
the protocol. The first and last authors wrote the
first draft of the manuscript. All the members of
the steering committee made the decision to sub-
mit the manuscript for publication.

STUDY POPULATION
Briefly, we included adults with type 2 diabetes
mellitus and an estimated glomerular filtration
rate (GFR) of 15 to <30 ml per minute per 1.73 m?
of body-surface area. Persons with poor glycemic
control, uncontrolled hypertension, or a recent
cardiovascular event (<12 weeks before random-
ization) or New York Heart Association class III
or IV heart failure were excluded. Additional in-
clusion and exclusion criteria are listed in Table
S1 in the Supplementary Appendix, available at
NEJM.org. All the patients provided written in-
formed consent.

RANDOMIZATION AND INTERVENTION
Randomization was stratified according to study
site with the use of variable-sized blocks. The
steering committee, sponsor, investigators, and
trial participants were unaware of the group as-
signments. After randomization, patients received
either bardoxolone methyl or placebo. The pre-
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scription of all other medications was at the dis-
cretion of treating physicians, who were encour-
aged to adhere to published clinical-practice
guidelines. Patients underwent event ascertain-
ment and laboratory testing according to the
study schema shown in Figure S1 in the Supple-
mentary Appendix. Ambulatory blood-pressure
monitoring was performed in a substudy that
included 174 patients (8%).

The statistical analysis plan defined the study
period as the number of days from randomiza-
tion to a common study-termination date. In the
case of patients who were still receiving the
study drug on the termination date, data on vital
events were collected for an additional 30 days.

OUTCOMES
The primary composite outcome was ESRD or
death from cardiovascular causes. We defined
ESRD as the need for maintenance dialysis for 12
weeks or more or kidney transplantation. If a pa-
tient died before undergoing dialysis for 12 weeks,
the independent events-adjudication committee
adjudicated whether the need for dialysis repre-
sented ESRD or acute renal failure. Patients who
declined dialysis and who subsequently died were
categorized as having had ESRD. All ESRD events
were adjudicated. Death from cardiovascular
causes was defined as death due to either cardio-
vascular or unknown causes.

The trial had three prespecified secondary
outcomes — first, the change in estimated GFR
as calculated with the use of the four-variable
Modification of Diet in Renal Disease study
equation, with serum creatinine levels calibrated
to an isotope-dilution standard for mass spec-
trometry; second, hospitalization for heart failure
or death due to heart failure; and third, a com-
posite outcome of nonfatal myocardial infarc-
tion, nonfatal stroke, hospitalization for heart
failure, or death from cardiovascular causes. The
events-adjudication committee, whose members
were unaware of the study assignments, evaluated
whether ESRD events, cardiovascular events, neu-
rologic events, and deaths met the prespecified
criteria for primary and secondary outcomes (de-
scribed in detail in the Supplementary Appendix).

STATISTICAL ANALYSIS
We calculated that we needed to enroll 2000 pa-
tients on the basis of the following assumptions:
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a two-sided type I error rate of 5%, an event rate
of 24% for the primary composite outcome in the
placebo group during the first 2 years of the
study, a hazard ratio of 0.68 (bardoxolone methyl
vs. placebo) for the primary composite outcome,
discontinuation of the study drug by 13.5% of
the patients in the bardoxolone methyl group
each year, and a 2.5% annual loss to follow-up in
each group. Under these assumptions, if 300 pa-
tients had a primary composite outcome, the sta-
tistical power would be 85%.

We collected and analyzed all outcome data
in accordance with the intention-to-treat princi-
ple. We calculated Kaplan—Meier product-limit
estimates of the cumulative incidence of the pri-
mary composite outcome. We computed hazard
ratios and 95% confidence intervals with the use
of Cox proportional-hazards regression models
with adjustment for the baseline estimated GFR
and urinary albumin-to-creatinine ratio. We per-
formed analogous analyses for secondary time-
to-event outcomes. Given the abundance of early
adverse events, we also report discrete cumula-
tive incidences at 4 weeks and 52 weeks.

For longitudinal analyses of estimated GFR,
we performed mixed-effects regression analyses
using study group, time, the interaction of study
group with time, estimated GFR at baseline, the
interaction of baseline estimated GFR with time,
and urinary albumin-to-creatinine ratio as co-
variates, and we compared the means between
the bardoxolone methyl group and the placebo
group. We adopted similar approaches when ex-
amining the effects of treatment on other con-
tinuous measures assessed at multiple visits.
Since the between-group difference in the pri-
mary composite outcome was not significant,
secondary and other outcomes with P values of
less than 0.05 were considered to be nominally
significant. Statistical analyses were performed
with the use of SAS software, version 9.3 (SAS
Institute). Additional details of the statistical
analysis are provided in the Supplementary Ap-
pendix.

RESULTS

PATIENTS
From June 2011 through September 2012, a total
of 2185 patients underwent randomization, in-
cluding 1545 (71%) in the United States, 334 (15%)

NEJM.ORG

and Journa of Medicine

Downloaded from nejm.org on December 10, 2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

in the European Union, 133 (6%) in Australia, 87
(4%) in Canada, 46 (2%) in Israel, and 40 (2%) in
Mexico. Figure S2 in the Supplementary Appen-
dix shows the disposition of the study partici-
pants.

As shown in Table 1, the patients were diverse

with respect to age, sex, race or ethnic group, and
region of origin; diabetic retinopathy and neu-
ropathy were common conditions among the
patients, as was overt cardiovascular disease. See
Table S2 in the Supplementary Appendix for a
more detailed description of the characteristics

Table 1. Baseline Characteristics of the Patients in the Intention-to-Treat Population.*
Bardoxolone
Placebo Methyl All Patients

Characteristic (N=1097) (N=1088) (N=2185)
Age —yr 68.2+9.4 68.9+9.7 68.5+9.6
Female sex — no. (%) 472 (43) 462 (42) 934 (43)
Race — no. (%) T

White 848 (77) 846 (78) 1694 (78)

Black 176 (16) 185 (17) 361 (17)

Other 73 (7) 57 (5) 130 (6)
Hispanic ethnic group — no. (%) 184 (17) 186 (17) 370 (17)
Region — no. (%)

United States 772 (70) 773 (71) 1545 (71)

European Union 169 (15) 165 (15) 334 (15)

Australia 67 (6) 66 (6) 133 (6)

Canada 46 (4) 41 (4) 87 (4)

Israel 23 (2) 23 (2) 46 (2)

Mexico 20 (2) 20 (2) 40 (2)
Weight — kg 95.3+21.1 95.1+22.0 95.2+21.5
Glycated hemoglobin — % 7.1£1.2 7.2£13 7.1x1.2
Serum creatinine — mg/d| 2.7+0.6 2.7+0.6 2.7+0.6
Estimated GFR — ml/min/1.73 m? 22.5+4.6 22.4+4.3 22.5+4.5
Urinary albumin-to-creatinine ratioi:

Median 351 292 320

Interquartile range 60-1136 53-1151 57-1140
Diabetes history

Time since diabetes diagnosis — yr 18.1+9.7 18.9+9.7 18.5+9.7

Retinopathy — no. (%) 445 (41) 446 (41) 891 (41)

Neuropathy — no. (%) 500 (46) 517 (48) 1017 (47)

Amputation — no. (%) 49 (4) 57 (5) 106 (5)

Foot ulcer — no./total no. (%) 37/428 (9) 36/433 (8) 73/861 (8)
Cardiovascular history — no. (%)

Any history of cardiovascular disease 619 (56) 609 (56) 1228 (56)

Hospitalization for heart failure 118 (11) 120 (11) 238 (11)

Plus—minus values are means +SD. There were no significant between-group differences at baseline. To convert the

values for creatinine to micromoles per liter, multiply by 88.4. GFR denotes glomerular filtration rate.
i Race or ethnic group was self-reported. Patients of any race could identify themselves as Hispanic.
: The ratio is based on measurement of albumin in milligrams and creatinine in grams.
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of the patients at baseline; Figure S3 in the Sup-
plementary Appendix shows the distribution of
baseline estimated GFR and urinary albumin-to-
creatinine ratio.

DRUG EXPOSURE
The median duration of exposure to the study
drug was 7 months (interquartile range, 3 to 11)
among patients randomly assigned to bardoxo-
lone methyl and 8 months (interquartile range,
5 to 11) among those randomly assigned to pla-
cebo. Figure S4 in the Supplementary Appendix
shows the time to discontinuation of the study
drug. Table S3 in the Supplementary Appendix
shows the reasons that patients discontinued the
study drug and the reasons that patients discon-
tinued the study. The median duration of follow-
up was 9 months in both groups.

OUTCOMES
Primary Composite Outcome

A total of 69 of 1088 patients (6%) randomly as-
signed to bardoxolone methyl and 69 of 1097
(6%) randomly assigned to placebo had a prima-
ry composite outcome (hazard ratio in the bar-
doxolone methyl group vs. the placebo group,
0.98; 95% confidence interval [CI], 0.70 to 1.37;
P=0.92) (Fig. 1A). Death from cardiovascular
causes occurred in 27 patients randomly assigned
to bardoxolone methyl and in 19 randomly as-
signed to placebo (hazard ratio, 1.44; 95% CI,
0.80 to 2.59; P=0.23) (Fig. 1B). ESRD developed
in 43 patients randomly assigned to bardoxolone
methyl and in 51 randomly assigned to placebo
(hazard ratio, 0.82; 95% CI, 0.55 to 1.24; P=0.35)
(Fig. 1C). One patient in each group died from
cardiovascular causes after the development of
ESRD. The mean (+SD) estimated GFR before the
development of ESRD was 18.1+8.3 ml per min-
ute per 1.73 m? in the bardoxolone methyl group
and 14.9+4.0 ml per minute per 1.73 m? in the
placebo group.

Secondary Outcomes

During the study period, 96 patients in the bar-
doxolone methyl group had heart-failure events
(93 patients with at least one hospitalization due
to heart failure and 3 patients who died from
heart failure without hospitalization), as compared
with 55 in the placebo group (55 patients with at
least one hospitalization due to heart failure and
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no patients who died from heart failure without
hospitalization) (hazard ratio, 1.83; 95% CI, 1.32
to 2.55; P<0.001) (Fig. 2A). A total of 139 patients
in the bardoxolone methyl group, as compared
with 86 in the placebo group, had a composite
outcome event of nonfatal myocardial infarction,
nonfatal stroke, hospitalization for heart failure,
or death from cardiovascular causes (hazard ratio,
1.71; 95% CI, 1.31 to 2.24; P<0.001) (Fig. 2B).

Incidences of Composite Outcomes and Rates

of Death from Any Cause

The cumulative incidences of the primary com-
posite outcome and of the two secondary com-
posite outcomes at 4 weeks and at 52 weeks are
shown in Table S4 in the Supplementary Appen-
dix. The rates of death from any cause are shown
in Figure S5 in the Supplementary Appendix.
From the time of randomization to the end of
follow-up, 75 patients died: 44 patients in the
bardoxolone methyl group and 31 in the placebo
group (hazard ratio, 1.47; 95% CI, 0.93 to 2.32;
P=0.10). The causes of death are listed in Table S5
in the Supplementary Appendix.

Estimated GFR

Patients randomly assigned to placebo had a sig-
nificant mean decline in the estimated GFR from
the baseline value (—0.9 ml per minute per 1.73 m?;
95% CI, —1.2 to —0.5), whereas those randomly
assigned to bardoxolone methyl had a significant
mean increase from the baseline value (5.5 ml per
minute per 1.73 m?; 95% CI, 5.2 to 5.9). The dif-
ference between the two groups was 6.4 ml per
minute per 1.73 m? (95% CI, 5.9 to 6.9; P<0.001)
(Fig. 3A).

Physiological Variables

Physiological variables are shown in Table S6 in the
Supplementary Appendix. The mean body weight
remained stable in the placebo group but declined
steadily and substantially in the bardoxolone
methyl group (Fig. 3B). There was a significantly
smaller decrease from baseline in mean systolic
blood pressure in the bardoxolone methyl group
than in the placebo group (between-group differ-
ence, 1.5 mm Hg [95% CI, 0.5 to 2.5]), and the
mean diastolic blood pressure increased from base-
line in the bardoxolone methyl group whereas it
decreased in the placebo group (between-group
difference, 2.1 mm Hg [95% CI, 1.6 to 2.6]). Blood-
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A Primary Composite Outcome
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Figure 1. Kaplan-Meier Plots of the Time to the First Event of the Primary Outcome and Its Components.

Panel A shows the time to the first occurrence of the primary composite outcome (end-stage renal disease [ESRD]
or death from cardiovascular causes) among patients in the bardoxolone methyl group and those in the placebo
group. Panel B shows the time to death from cardiovascular causes in the two study groups, and Panel C the time to

the development of ESRD in the two groups.
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Figure 2. Kaplan—Meier Plots of the Time to the First Event of the Discrete Secondary Outcomes.
Panel A shows the time to the first event of heart failure, defined as death due to heart failure or hospitalization for
heart failure, among patients in the bardoxolone methyl group and those in the placebo group. Panel B shows the
time to the first event of the secondary composite outcome (nonfatal myocardial infarction, nonfatal stroke, hospi-
talization for heart failure, or death from cardiovascular causes) in the two study groups. The first event was nonfa-
tal myocardial infarction in 17 patients in the bardoxolone methyl group and 11 in the placebo group, nonfatal
stroke in 12 patients in the bardoxolone methyl group and 8 in the placebo group, hospitalization for heart failure in
91 patients in the bardoxolone methyl group and 54 in the placebo group, and death from cardiovascular causes in
19 patients in the bardoxolone methyl group and 13 in the placebo group.

pressure results from the substudy in which ambu-
latory blood-pressure monitoring was performed
were similar in direction but were more pro-
nounced (between-group difference of 7.9 mm Hg
[95% CI, 3.8 to 12.0] in systolic blood pressure
and 3.2 mm Hg [95% CI, 1.3 to 5.2] in diastolic
blood pressure). Heart rate also increased sig-
nificantly in the bardoxolone methyl group, as
compared with the placebo group (between-
group difference, 3.8 beats per minute; 95% CI,
3.2to 44).
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Other Laboratory Variables

Data on laboratory variables are shown in Table
S7 in the Supplementary Appendix. The urinary
albumin-to-creatinine ratio increased significant-
ly in the bardoxolone methyl group, as compared
with the placebo group (Fig. 3C). Serum magne-
sium, albumin, hemoglobin, and glycated hemo-
globin levels decreased significantly in the bar-
doxolone methyl group, as compared with the
placebo group. The level of B-type natriuretic
peptide increased significantly by week 24 in the
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Figure 3. Estimated Glomerular Filtration Rate (GFR), Body Weight, and Urinary Albumin-to-Creatinine Ratio.

The urinary albumin-to-creatinine ratio is based on measurement of albumin in milligrams and creatinine in grams.
For the estimated GFR and body weight, I bars indicate +1 SE; for the urinary albumin-to-creatinine ratio, I bars indi-
cate the antilog of the standard error for log urinary albumin-to-creatinine ratio.
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bardoxolone methyl group, as compared with the
placebo group.

ADVERSE EVENTS
The rates of serious adverse events are summa-
rized in Table 2. Serious adverse events occurred
more frequently in the bardoxolone methyl group
than in the placebo group (717 events in 363 pa-
tients vs. 557 events in 295 patients). There were
11 neoplastic events in the bardoxolone methyl
group and 10 in placebo group. The most com-
monly reported adverse events are summarized
in Table S8 in the Supplementary Appendix.

DISCUSSION

The current trial was designed to determine
whether bardoxolone methyl, an activator of the
cytoprotective Nrf2 pathway, would reduce the
risk of ESRD among patients with type 2 diabe-
tes mellitus and stage 4 chronic kidney disease
who were receiving guideline-based conventional
therapy. The trial was terminated early because
of safety concerns, driven primarily by an in-
crease in cardiovascular events in the bardoxo-
lone methyl group. Bardoxolone methyl did not
lower the risk of ESRD or of death from cardio-
vascular causes, although too few events oc-
curred during the trial to reliably determine the
true effect of the drug on the primary composite
outcome.

Given the truncated duration of the trial and
the number of adjudicated events (46% of the
events planned), and assuming no change in any
of the original assumptions, we estimated the
conditional power of the trial to be less than
40%. Although patients treated with bardoxo-
lone methyl had a significant increase in the
estimated GFR, as compared with those who
received placebo, there was a significantly high-
er incidence of heart failure and of the compos-
ite outcome of nonfatal myocardial infarction,
nonfatal stroke, hospitalization for heart failure,
or death from cardiovascular causes in the bar-
doxolone methyl group. There were numerically
more deaths from any cause among patients
treated with bardoxolone methyl than among
those in the placebo group.

Bardoxolone methyl is among the first orally
available antioxidant Nrf2 activators. A small
previous study showed that bardoxolone methyl
reduced inflammation and oxidative stress*® and

N ENGL ) MED

induced a decline in the serum creatinine level.
In the 52-Week Bardoxolone Methyl Treatment:
Renal Function in CKD/Type 2 Diabetes (BEAM)
trial,*> 227 patients with type 2 diabetes mellitus
and an estimated GFR of 20 to 45 ml per minute
per 1.73 m? had a significant increase in the
estimated GFR (mean change, 8.2 to 11.4 ml per
minute per 1.73 m?, depending on the dose
group) that was sustained over the entire trial
period. Muscle spasms and hypomagnesemia
were the most common adverse events; there
was no increase in the rate of heart failure or
other cardiovascular events.

The current trial was designed to determine
whether the change in estimated GFR that we
anticipated on the basis of the results of the
BEAM trial would translate into a slower pro-
gression toward ESRD. Although in the current
trial ESRD developed in fewer patients in the
bardoxolone methyl group than in the placebo
group, the early termination of the trial pre-
cludes conclusion of the effect on ESRD events.

The mechanism linking bardoxolone methyl
to heart failure is unknown. Since an excess in
heart-failure events was unanticipated, echocar-
diography was not performed routinely before
randomization. Although weight declined sig-
nificantly in the bardoxolone methyl group, we
were unable to determine whether there was loss
of body fat, intracellular (skeletal muscle) water,
or extracellular (interstitial) water. The fall in
serum albumin and hemoglobin levels may re-
flect hemodilution caused by fluid retention.

Bardoxolone methyl also increased blood
pressure. An increase in preload due to volume
expansion and an increase in afterload (as re-
flected by increased blood pressure), coupled
with an increase in heart rate, constitute a po-
tentially potent combination of factors that are
likely to precipitate heart failure in an atrisk
population. The rise in the level of B-type natri-
uretic peptide with bardoxolone methyl is con-
sistent with an increase in left ventricular wall
stress owing to one or more of these mediators
or to unrecognized factors such as impaired dia-
stolic filling of the left ventricle. After recogniz-
ing the initial increase in heart-failure events,
the independent data and safety monitoring
committee tried to identify clinical characteris-
tics that were associated with patients who were
at elevated risk for heart failure after the initia-
tion of bardoxolone methyl therapy (with the
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possibility of modifying eligibility criteria or
otherwise altering the trial), but the committee
was unable to do so. Other, noncardiovascular
adverse events were also observed more fre-
quently among patients exposed to bardoxolone
methyl than among those who received placebo.
Whether the effects of Nrf2 activation, or one or
more counterregulatory responses, rendered this
particular population vulnerable, is unknown.
Zoja et al.*® found an increase in albuminuria
and blood pressure along with weight loss in
Zucker diabetic fatty rats treated with an ana-
logue of bardoxolone methyl; these effects were
not observed in other studies in Zucker diabetic
fatty rats or other rodent models or in 1-year
toxicologic studies in monkeys.9-2*

Why were these adverse effects identified in

the current trial and not in the BEAM trial? First,
the number of patient-months of drug exposure
in the current trial was roughly 10 times that in
the BEAM trial. Second, the population in the
present trial had more severe chronic kidney
disease than did the population in the BEAM
trial. Observational studies have shown signifi-
cantly higher rates of death and cardiovascular
events, including heart failure, among patients
with stage 4 chronic kidney disease than among
patients with stage 3 chronic kidney disease.??
Finally, our trial used an amorphous spray-dried
dispersion formulation of bardoxolone methyl at
a fixed dose rather than at an adjusted dose. We
chose the 20-mg dose and the specific formula-
tion used in the BEACON trial on the basis of
four phase 2 studies of chronic kidney disease

Table 2. Most Commonly Reported Serious Adverse Events in the Intention-to-Treat Population.*

Variable
Total no. of events

Any serious adverse event — no. of patients (%)

Serious adverse event in >1% of patients in either group — no. of

patients (%)
Heart failuref
Renal failure or impairmentz;
Coronary-artery disorder(
Lower respiratory tract or lung infection
Respiratory complication
Anemia
CNS hemorrhage, CNS vascular disorder, or CVA|
Bacterial infection**
Accelerated, malignant, or vascular hypertensiony{
Hypoglycemic condition
Supraventricular arrhythmia
Potassium imbalance
Increase in total fluid volume
Pain and discomfort
Pulmonary edema
Abdominal or gastrointestinal infection
Non-site-specific gastrointestinal hemorrhage
Urinary tract infection
Sepsis, bacteremia, viremia, or fungemia
Disturbance in consciousnessii:

Nausea or vomiting

Bardoxolone
Placebo Methyl
(N=1097) (N=1088)

557 717

295 (27) 363 (33)

42 (4) 68 (6)

66 (6) 49 (5)

35 (3) 43 (4)

16 (1) 35 (3)

24 (2) 21 (2)

7(1) 18 (2)

18 (2) 17 (2)

15 (1) 13 (1)

9 (1) 13 (1)

8 (1) 13 (1)

6 (1) 13 (1)

14 (1) 12 (1)

0 12 (1)

3 (1) 11(1)

6 (1) 10 (1)

4 (<1) 10 (1)

16 (1) 9 (1)

10 (1) 8 (1)

9(1) 8 (1)

7(1) 8 (1)

2 (<1) 8 (1)
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Table 2. (Continued.)

Bardoxolone

Placebo Methyl
Variable (N=1097) (N=1088)

Gastrointestinal or abdominal pain, excluding oral or throat pain 2 (<1) 7(1)
Edema 6 (1) 6(1)
Decrease in total fluid volume 5 (<1) 6 (1)
Ventricular arrhythmia or cardiac arrest 5 (<1) 6(1)
Asthenic condition 3 (<1) 6 (1)
Pulmonary thrombotic or embolic condition 0 6(1)
Hyperglycemic condition 7(1) 1(<1)

Adverse events were coded with the use of the Medical Dictionary for Regulatory Activities. Data are presented for pa-
tients who received at least one dose of a study drug. Four patients randomly assigned to the placebo group received
at least one dose of bardoxolone methyl during the study. Patients could have had more than one event in each cate-
gory of serious adverse events. CNS denotes central nervous system, and CVA cerebrovascular accident.

Each of the following events was reported by at least one patient: heart failure, left ventricular failure, and right ventricu-
lar failure.

Each of the following events was reported by at least one patient: renal failure and impairment and renal failure compli-
cations.

Each of the following events was reported by at least one patient: ischemic coronary-artery disorder and coronary-artery

disorder.

§ Each of the following events was reported by at least one patient: respiratory failure (excluding neonatal), breathing

abnormality, and bronchospasm and obstruction.

| Each of the following events was reported by at least one patient: CNS hemorrhage with CVA and CNS vascular disorder.
** Each of the following events was reported by at least one patient: bacterial infection, clostridia infection, staphylococcal

infection, klebsiella infection, and pasteurella infection.

T
malignant hypertension.

i Each of the following events was reported by at least one patient: vascular hypertensive disorder and accelerated or

I3 Each of the following events was reported by at least one patient: disturbance in consciousness and coma state.

(three studies used the crystalline formulation,
and one used the amorphous formulation), a
crossover pharmacokinetics study involving hu-
mans that used both formulations, and several
studies in animals that used both formulations
(Meyer C: personal communication), to provide
an activity and safety profile that was similar to
that observed with 75 mg of the crystalline for-
mulation, which was one of the dose levels
tested in the BEAM trial.

In conclusion, among patients with type 2
diabetes mellitus and stage 4 chronic kidney

disease, bardoxolone methyl did not reduce the
risk of the primary composite outcome of ESRD
or death from cardiovascular causes. Signifi-
cantly increased risks of heart failure and of the
composite cardiovascular outcome (nonfatal
myocardial infarction, nonfatal stroke, hospital-
ization for heart failure, or death from cardio-
vascular causes) prompted termination of the
trial.

Supported by Reata Pharmaceuticals.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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