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ABSTRACT

Reduced GFR in patients with CKD causes systemic accumulation of uremic toxins, which has been
correlated with disease progression and increased morbidity. The orally administered spherical carbon
adsorbent AST-120 reduces systemic toxin absorption through gastrointestinal sequestration, which may
slow disease progression in these patients. The multinational, randomized, double-blind, placebo-
controlled Evaluating Prevention of Progression in CKD (EPPIC)-1 and EPPIC-2 trials evaluated the effects
of AST-120 on the progression of CKD when added to standard therapy. We randomly assigned 2035
adults with moderate to severe disease (serum creatinine at screening, 2.0-5.0 mg/dl for men and 1.5-
5.0 mg/dI for women) to receive either placebo or AST-120 (9 g/d). The primary end point was a composite of
dialysis initiation, kidney transplantation, and serum creatinine doubling. Each trial continued until accrual of
291 primary end points. The time to primary end point was similar between the AST-120 and the placebo
groups in both trials (EPPIC-1: hazard ratio, 1.03; 95% confidence interval, 0.84 to 1.27; P=0.78) (EPPIC-2:
hazard ratio, 0.91; 95% confidence interval, 0.74 to 1.12; P=0.37); a pooled analysis of both trials showed
similar results. The estimated median time to primary end points for the placebo groups was 124 weeks for
power calculations, but actual times were 189.0 and 170.3 weeks for EPPIC-1 and EPPIC-2, respectively.
Thus, disease progression was more gradual than expected in the trial populations. In conclusion, the
benefit of adding AST-120 to standard therapy in patients with moderate to severe CKD is not supported
by these data.
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CKD, defined as kidney damage or a GFR<<60 ml/min
per 1.73 m* for =3 months,! is associated with in-
creased risk for cardiovascular events, hospitali-
zation, and death? and is a global public health
problem. A meta-analysis of population-based stud-
ies from 40 countries and regions reported a 6.3%
overall prevalence of CKD stages 3—5 (<60 ml/min
per 1.73 m?).3 Furthermore, approximately 1870
cases of ESRD per million population were reported
in 2010 compared with 1355 per million in 2000,*
underscoring the need for treatments to slow or pre-
vent the progression of CKD.

Early management of CKD is recommended to
reduce cardiovascular events and additional com-
plications of decreased GFR, improve quality of life,
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and prolong survival.> Current guidelines focus
on managing factors that can hasten CKD progres-
sion, such as hypertension and diabetes.®-8 Al-
though angiotensin-converting enzyme inhibitors
(ACElIs) and angiotensin II receptor blockers (ARBs)
slow the progression of CKD, especially in patients
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with marked albuminuria,®~* many patients still require dialysis
or transplantation.

Decreased GFR in CKD is correlated with increased levels
of uremic toxins such as indoxyl sulfate and p-cresyl sulfate.!>
Recently, several groups demonstrated in patients with chronic
renal disease a direct association between levels of indoxyl sulfate
and p-cresyl sulfate on one hand and overall mortality and
cardiovascular disease on the other hand.!¢-1° The accumula-
tion of uremic toxins appears to accelerate disease progression
by causing functional renal impairment, fibrosis, inflamma-
tion, and oxidative stress.2® AST-120 (Kureha Corporation,
Tokyo, Japan) (Figure 1) is an orally administered spherical
carbon adsorbent that can adsorb various small molecule ure-
mic toxins. AST-120 was approved in Japan in 1991, for use in
delaying the initiation of dialysis and ameliorating the symp-
toms of uremia in patients with progressive CKD, as well as in
Korea and the Philippines. A postregistration clinical trial in
Japan confirmed that AST-120 was effective in slowing the pro-
gression of renal disease and improving uremic symptoms.?!
AST-120 was also shown to delay the progression of CKD in
relatively small clinical trials?>=2# and to inhibit the hepatic
synthesis of indoxyl sulfate by blocking the gastrointestinal
absorption of its biochemical precursor indole,?> and it may
reduce glomerulosclerosis and tubulointerstitial injury in pa-
tients with CKD.26 Results from a multicenter, randomized,
double-blind, placebo-controlled, phase 2 trial in the United
States indicated that AST-120 (2.7 g/d, 6.3 g/d, or 9 g/d) was
associated with dose-dependent reductions in malaise and se-
rum indoxyl sulfate levels in patients with CKD.?” After review-
ing the phase 2 data, it was decided to conduct two identical
confirmatory trials rather than one larger confirmatory trial
with significance set to a lower, more conservative P value. We
conducted two large, multinational, randomized, double-
blind, safety and efficacy trials—Evaluating Prevention of
Progression in Chronic Kidney Disease (EPPIC-1 and EPPIC-2;

AST-120

High-resolution transmission electron microscopic picture

Figure 1. Structural features of AST-120 and activated charcoal (United States Phar-
macopeia). High-resolution transmission electron microscopy studies demonstrate that
AST-120 differs structurally from activated charcoal (United States Pharmacopeia).
AST-120, spherical carbon adsorbent, presents as black, odorless, spherical particles
approximately 0.2-0.4 mm in diameter. Composed mainly of carbon (approximately
96%), AST-120 exhibits adsorption ability similar or superior to that of activated
charcoal for certain acidic and basic organic compounds known to be increased in
renal failure; however, AST-120 has lower adsorption ability than activated charcoal for

digestive enzymes.
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ClinicalTrials.gov NCT00500682 and NCT00501046)—to de-
termine whether the addition of AST-120 (9 g/d) to standard
therapy in patients with moderate to severe CKD can slow the
progression of renal disease, defined as initiation of dialysis,
kidney transplantation, or doubling of serum creatinine (sCr)
level.

RESULTS

Study Population

In total, 3815 patients were screened and 2035 were randomly
assigned (1020 in EPPIC-1 and 1015 in EPPIC-2) (Figure 2).
Demographic and baseline clinical characteristics were similar
between the AST-120 and the placebo groups in each trial and
in the pooled analysis from both trials (Table 1). Across treat-
ment groups in both EPPIC trials, most patients were white,
male, and had stage 4 CKD. Compliance with study drug was
similar when analyzed for the intent to treat (ITT) and the safety
populations. For the safety population, compliance was high.
Median durations of treatment were 102.1 and 96.3 weeks in
the AST-120 group and 103.3 and 91.6 weeks in the placebo
group for EPPIC-1 and EPPIC-2, respectively (Table 2).

Efficacy
Results of the primary and secondary end point analyses are
shown in Table 3. The 95% confidence intervals (95% Cls) for
all hazard ratios (HRs) included 1.0. As shown in Figure 3A
(top), there was no significant difference in time from random-
ization to occurrence of a primary end point event between the
AST-120 and the placebo groups in either EPPIC-1 (HR, 1.03;
95% CI, 0.84 to 1.27; P=0.78) or EPPIC-2 (HR, 0.91; 95% CI,
0.74 to 1.12; P=0.37). Pooled analysis of both trials (Figure 3B,
top) also demonstrated no significant difference between the
two treatment groups (HR, 0.97; 95% CI, 0.83 to 1.12; P=0.64).
Furthermore, a disparity was observed be-
tween projected and actual disease progres-
sion rates in placebo-treated patients in the
pooled analysis of both EPPIC trials (Figure
3B, top). Although differences in change
from baseline in eGFR were not significant
between the AST-120 and the placebo groups
in EPPIC-1 (P=0.93; Figure 3A, bottom
left), a significant difference was observed
in EPPIC-2 (P=0.004; Figure 3A, bottom
right) and in the pooled analysis of both tri-
als (P=0.04; Figure 3B, bottom). Although
we estimated the median time to the pri-
mary end point event for the placebo group
to be 124 weeks, the actual time was 189.0
and 170.3 weeks for EPPIC-1 and EPPIC-2,
respectively.

Prespecified subgroup analyses revealed
covariate-based differences in the effects of
AST-120 on the time from randomization
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EPPIC-1 EPPIC-2

Screened Screened

N=1832 N=1983
Excluded, N=812 Excluded, N=968
Not meeting inclusion/exclusion criteria, n=752 Not meeting inclusion/exclusion criteria, n=917
Withdrew consent, n=40 Withdrew consent, n=34
Lost contact, n=11 Lost contact, n=11
Other, n=9 Other, n=6

Randomly assigned Randomly assigned
N=1020 N=1015

!

i

!

}

Allocated to AST-120
N=510

Allocated to placebo
=510

Allocated to AST-120
N=508

Allocated to placebo
=507

Completed study drug, N=204
Without study end point, n=193
With doubling of sCr, n=11

Discontinued study drug, N=160
By reaching:

Completed study drug, N=223
Without study end point, n=209
With doubling of sCr, n=14

Discontinued study drug, N=151
By reaching

Completed study drug, N=238
Without study end point, n=216
With doubling of sCr, n=22

Discontinued study drug, N=138
By reaching:

Completed study drug, N=213
Without study end point, n=200
With doubling of sCr, n=13

Discontinued study drug, N=166
By reaching:

Dialysis, n=127
Hemodialysis, n=112
Peritoneal dialysis, n=15

Kidney transplantation, n=8

Death, n=25

Dialysis, n=129
Hemodialysis, n=106
Peritoneal dialysis, n=23

Kidney transplantation, n=6

Death, n=16

Early termination of study drug before end points
were reached, N=146
Primary reason:
Patient request, n=80
AE, n=37
Investigator decision, n=8
Violation of inclusion/exclusion criteria, n=1
Another study/investigational product, n=0
Pregnancy, n=2
Other, =18

Early termination of study drug before end points
were reached, N=136
Primary reason:
Patient request, n=74
AE, n=29
Investigator decision, n=10
Violation of inclusion/exclusion criteria, n=3
Another study/investigational product, n=2
Pregnancy, n=0
Other, n=18

Dialysis, =103
Hemodialysis, n=85
Peritoneal dialysis, n=18

Kidney transplantation, n=12

Death, n=23

Dialysis, n=129
Hemodialysis, n=107
Peritoneal dialysis, n=22

Kidney transplantation, n=7

Death, n=30

Early termination of study drug before end points
were reached, N=132
Primary reason:
Patient request, n=84
AE, n=21
Investigator decision, n=7
Violation of inclusion/exclusion criteria, n=2
Another study/investigational product, n=0
Pregnancy, n=0
Other, n=18

Early termination of study drug before end points
were reached, N=128
Primary reason:
Patient request, n=83
AE, n=25
Investigator decision, n=2
Violation of inclusion/exclusion criteria, n=1
Another study/investigational product, n=0
Pregnancy, n=3
Other, n=14

1 |

Analyzed as ITT, n=502
Excluded from ITT, n=8
Primary reason:

Did not receive placebo, n=0

No postbaseline assessment, n=8

Analyzed as ITT, n=500
Excluded from ITT, n=10
Primary reason:

Did not receive AST-120, n=4

No postbaseline assessment, n=6

1 l

Analyzed as ITT, n=497
Excluded from ITT, n=10
Primary reason:

Did not receive placebo, n=2

No postbaseline assessment, n=8

Analyzed as ITT, n=500
Excluded from ITT, n=8
Primary reason:

Did not receive AST-120, n=1

No postbaseline assessment, n=7

Figure 2. Patient disposition. The ITT population includes all randomly assigned patients who received =1 doses of study drug and had

=1 postbaseline measurements of sCr.

to the occurrence of a primary end point event in EPPIC-2 but not
in EPPIC-1 (Figure 4A). In EPPIC-2, significant covariate-based
differences were seen in patients with a urinary total protein to
urinary creatinine ratio (UP/UCr)<2.0 (HR, 0.67; 95% CI, 0.49
to 0.93; P=0.02), patients aged =65 years (HR, 0.63; 95% CI,
0.42 to 0.95; P=0.03), patients enrolled from the United States
(HR, 0.67; 95% CI, 0.46 to 0.99; P=0.04), and patients without
anemia (HR, 0.5; 95% CI, 0.30 to 0.84; P=0.01). When the data
for both trials were pooled, no significant covariate-based dif-
ferences in the time to the occurrence of the primary end point
were identified (Figure 4B).

AST-120 did not alter BP or 24-hour urinary protein ex-
cretion levels. During the course of the study, the changes from
baseline in systolic BP, diastolic BP, and 24-hour urinary pro-
tein excretion were not significantly different between AST-120
and placebo in both the EPPIC-1 and the EPPIC-2 trials (data not
shown).

Change from baseline in the Kidney Disease Quality of Life
Short Form 36 (KDQOL-36) score, assessed only for EPPIC-2,
did not show a trend across increasing 12-week intervals in
favor of either AST-120 or placebo. When the mixed-effects
model was applied to change from baseline in the KDQOL-36
score, no statistically significant difference was observed be-
tween treatment groups for the SF-12 Physical Health Com-
posite or the SF-12 Mental Health Composite.
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Baseline Characteristics Predicting Renal Disease
Progression

Pooled analysis of the placebo ITT population from both EPPIC
trials was conducted to identify baseline characteristics that
could be useful predictors of renal disease progression (i.e., the
primary end point). Poor correlation was observed between
renal disease progression and baseline renal disease severity;
therefore, similar proportions of patients in the pooled placebo ITT
population were identified as having a rate of eGFR decline that was
below (i.e., fast) or above (i.e., slow) the median (-3.51 ml/min
per 1.73 m? per year; Figure 5A). The likelihood of reaching the
primary end point was significantly greater in patients with a fast
eGFR decline than in patients with a slow eGFR decline (HR,
5.89;95% CI, 4.57 to 7.60; P<0.001; Figure 5B). Further analysis
of baseline factors indicated that the UP/UCr and the prevalence
of hematuria were significantly higher in patients with fast eGFR
decline than in patients with slow eGFR decline (both P<<0.001;
Table 4). Age was also significantly associated with eGFR decline
(P<0.001; Table 4) but showed an opposite trend in the event
rate (data not shown).

Strong associations were seen among UP/UCr, cumulative
event-free rates, and mean eGFR decline in the pooled placebo
ITT population (Figure 6, A and B, left). An association be-
tween hematuria status and mean eGFR decline was seen, and
cumulative event-free rates were higher in hematuria-negative

J Am Soc Nephrol 26: 1732-1746, 2015
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Table 1. Demographic and baseline clinical characteristics of the ITT population

EPPIC-1 (n=1002)

EPPIC-2 (n=997) Pooled (n=1999)

Characteristic AST-120 Placebo AST-120 Placebo AST-120 Placebo
(n=500) (n=502) (n=500) (n=497) (n=1000) (n=999)
Age, yr 56.3+14.9 55.6+14.9 54.4+155 55.5+14.6 55.4+15.3 55.6+14.8
Sex, %

Men 61.8 64.9 54.6 55.5 58.2 60.3
Race, %°

White 78.6 79.9 82.8 77.3 80.7 78.6

Black or African American 8.4 8.0 6.2 9.9 7.3 8.9

Asian 5.2 4.2 2.8 4.2 4.0 4.2

Other 7.8 8.0 8.2 8.6 8.0 8.3
CKD cause, %

Diabetic nephropathy 41.8 42.4 39.0 384 40.4 40.4

Nondiabetic nephropathy 58.2 57.6 61.0 61.6 59.6 59.6

GN 25.6 28.7 24.8 29.2 25.2 28.9

Nephrosclerosis 14.8 13.9 18.8 18.9 16.8 16.4

Other 17.8 14.9 17.4 13.5 17.6 14.2
Use of ACEI or ARB, %

Yes 84.4 85.5 84.4 82.9 84.4 84.2
Baseline sCr, mg/dI° 3.09+0.88 3.10+0.84 3.06+0.87 3.18+0.90 3.07+0.88 3.14+0.87
Baseline eGFR, ml/min per 1.73 m? 22.72+8.00 22.54+7.25 22.61+7.87 21.55+7.18 22.66+7.93 22.04+7.23
Baseline UP/UCr ratio

n 499 501 499 494 998 995

Mean+SD 1.94+1.33 1.99+1.33 1.99+1.32 2.02+1.36 1.97+1.33 2.01+£1.34
CKD stage, %

3a 1.0 0.2 0.6 0.4 0.8 0.3

3b 18.8 15.3 16.6 1.7 17.7 13.5

4 62.0 69.3 66.2 69.2 64.1 69.3

5 18.2 15.1 16.6 18.7 17.4 16.9
Baseline anemia status, %°

Yes 69.7 70.3 70.9 72.0 70.3 71.1
Body mass index, kg/m?

n 500 502 498 497 998 999

Mean=SD 29.4+6.1 29.2+7.1 28.9+6.8 29.0+7.3 29.1+6.4 29.1+7.2

Data are presented as the mean*SD, n, or %, as indicated. There were no significant differences between the two treatment groups except for baseline sCr

(P=0.03), baseline eGFR (P=0.03), and CKD stage (P=0.04) for EPPIC-2.
Race was self-reported.
®To convert sCr from mg/dl to umol/L, multiply by 88.4.

“Anemia was defined as a hemoglobin level <13.5 g/dl (men) or <12.0 g/dl (women).
9Body mass index is the weight in kilograms divided by the square of the height in meters.

than in hematuria-positive (trace, 1+, 2+, or 3+) patients (Figure
6, A and B, right); however, no clear trend was seen between
hematuria-positive (trace, 1+, 2+, or 3+) status and cumulative
event-free rates because of the small number of patients with
hematuria-positive (trace, 1+, 2+, or 3+) status. Cumulative
event-free rates in the pooled placebo ITT population were
highest in hematuria-negative patients with UP/UCr=0.5 to
<(1.0 at baseline and were lowest in hematuria-positive patients
with UP/UCr=1.0 at baseline (Figure 6C).

Safety

Adverse events (AEs) in the safety population are summarized
in Table 5. At least one severe treatment-emergent AE affected
105 (20.7%) and 104 (20.5%) patients in the AST-120 group
and 94 (18.5%) and 110 (21.8%) patients in the placebo group

J Am Soc Nephrol 26: 1732-1746, 2015

in EPPIC-1 and EPPIC-2, respectively; similar rates were also
seen when data for the two trials were pooled (Table 5). There
was virtually no difference in the rate of mild or moderate
treatment-emergent AEs in the AST-120 or placebo groups
in either trial or in the pooled analysis. The most commonly
reported treatment-related AEs in the AST-120 groups occurred
in the gastrointestinal disorder system organ class (constipation,
nausea, diarrhea), which affected similar proportions of pa-
tients in the placebo groups. Other treatment-related AEs were
uncommon in this class and in other system organ classes and
included decreased appetite and pruritus. Sixty-nine (13.6%)
and 43 (8.5%) patients in the AST-120 group and 52 (10.2%)
and 61 (12.1%) patients in the placebo group discontinued treat-
ment with study drug in EPPIC-1 and EPPIC-2, respectively,
because of treatment-emergent AEs (Table 5).

AST-120 in Adults with CKD 1735
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Table 2. Study drug exposure and compliance (safety population)

EPPIC-1 (n=1016)

EPPIC-2 (n=1012) Pooled (n=2028)

Drug Compliance AST-120 Placebo AST-120 Placebo AST-120 Placebo
(n=507) (n=509) (n=507) (n=505) (n=1014) (n=1014)
Compliance, %°
n 503 502 505 496 1008 998
Mean+SD 91.4+£13.9 90.5+15.0 90.3+14.4 90.6+15.5 90.8+14.2 90.6+15.3
Median 96.1 96.1 95.4 96.4 95.8 96.2
Minimum, maximum 10.0, 120.0 6.2,114.9 7.8,119.3 3.4,200.0 7.8,120.0 3.4,200.0
Categorical summary, n (%)
<33% 4(0.8) 4(0.8) 4(0.8) 5(1.0) 8(0.8) 9(0.9)
=33% to <50% 9(1.8) 14 (2.8) 12 (2.4) 10 (2.0) 21(2.1) 24 (2.4)
=50% to <67% 20 (4.0) 29 (5.8) 24 (4.8) 22 (4.4) 44 (4.4) 51(5.1)
=67% to <83% 41 (8.2) 40 (8.0) 49 (9.7) 59 (11.9) 90 (8.9) 99 (9.9)
=83% to <100% 356 (70.8) 349 (69.5) 366 (72.5) 329 (66.3) 722 (71.6) 678 (67.9)
=100% to <110% 71(14.1) 65(12.9) 47 (9.3) 69 (13.9) 118 (11.7) 134 (13.4)
=110% 2(0.4) 1(0.2) 3(0.6) 2(0.4) 5(0.5) 3(0.3)
Total 503 502 505 496 1008 998
Duration of treatment, wk?
n 507 509 507 505 1014 1014
Mean=+SD 91.0+£50.3 92.6+52.6 94.1+49.9 87.8+50.6 92.5+50.1 90.2+51.6
Median 102.1 103.3 96.3 91.6 98.0 95.86
Minimum, maximum 0.1, 206.9 0.3,207.3 0.4,210.4 0.0, 206.0 0.1,210.4 0.0, 207.3
Categorical summary, wk, n (%)
<24 5(12.8) 1(13.9) 7(11.2) 72 (14.3) 122 (12.0) 143 (14.1)
=24 to <48 8(13.4) 3(12.4) 6(11.0) 55(10.9) 124 (12.2) 118 (11.6)
=48 to <72 0(9.9) 1(10.0) 8 (9.5) 70(13.9) 8 (9.7) 121 (11.9)
=72 to <96 48 (9.5) 5(8.8) 1(17.9) 81 (16.0) 139 (13.7) 126 (12.4)
=96 to <120 117(2 1) 104 (20.4) 3(18.3) 82 (16.2) 210(20.7) 186 (18.3)
=120to <144 4 (16.6) 9(17.5) 4(14.6) 70(13.9) 158 (15.6) 159(15 7)
=144 to <168 48 (9.5) 2(10.2) 9 (9.7) 42 (8.3) 7 (9.6) 4 (9.3)
=168 27 (5.3) 34 (6.7) 39 (7.7) 33(6.5) 66 (6.5) 67 (6.6)
Total 507 509 507 505 1014 1014

Patients received a study medication kit every 3 months that consisted of 94 bottles of study medication (30 capsules of study medication per bottle). To evaluate
study medication compliance, patients were asked to return all bottles (used and unused). Site personnel counted the remaining capsules to calculate the com-

pliance rate. Results were similar in the ITT population.
*(Total dose taken/total dose required)x100.
b[(Date of last dose)—(date of first dose)+1]/7.

DISCUSSION

These trials were not able to demonstrate a beneficial effect of
AST-120 on progression of CKD. Although the efficacy of
AST-120 in preventing progression may be questioned by these
trials, the fact that the rate of progression of the placebo group
was underestimated mitigates this conclusion. This finding
differs from the results of previous AST-120 trials conducted in
Japan in patients with CKD.22-24.28

First, this discrepancy could be attributed to the difference
between actual and estimated placebo event curves. We based
the estimated curve on an assumed 1/sCr slope of —0.01 dI/mg
per month,?® which yielded an expected median time of 124
weeks until a primary end point event consistent with renal
disease progression occurred. However, the actual mean 1/sCr
slope for both trials was —0.006 dl/mg per month, and the
actual median time for progression in EPPIC-1 and EPPIC-2
was 189.0 and 170.3 weeks, respectively, suggesting a failure

1736 Journal of the American Society of Nephrology

to select patients with progressive CKD. It is possible that
the inclusion criterion of UP/UCr=0.5 was insufficient
to enrich the population with patients with progressive
disease.

Second, regional differences in the initiation of dialysis could
have contributed to the results observed in the EPPIC trials.
Initiation of dialysis in Russia and Ukraine, countries with high
enrollment, was markedly different from that in North America
and Europe (Table 6). Because of this difference, the median
time to event for the placebo group could not be calculated for
patients in Russia or Ukraine within the follow-up period,
whereas it was 135.6 and 150.0 weeks for EPPIC-1 and
EPPIC-2, respectively, in the United States.

Third, covariate imbalances may explain the trial results.
No correlation between renal disease progression and indi-
cators of disease severity, such as baseline sCr level, eGFR,
or diabetes, was observed in the EPPIC data. Randomization
was stratified by enrollment country or center, CKD cause, and

J Am Soc Nephrol 26: 1732-1746, 2015
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Table 3. Primary and secondary efficacy end points from the EPPIC trials

AST-120 Placebo AST-120 versus Placebo
End Point
N n (%) N n (%) HR (95% CI) P Values
EPPIC-1
Primary end point®
ITT (censored at last contact) 500 178 (35.6) 502 177 (35.3) 1.03 (0.84 to 1.27) 0.78
ITT (censored at last sCr) 500 178 (35.6) 502 177 (35.3) 1.05 (0.86 to 1.30) 0.62
ITT (censored at last sCr)P 500 159 (31.8) 502 158 (31.5) 1.04 (0.84 to 1.30) 0.70
ITT (90 d lagging censoring) 500 153 (30.6) 502 156 (31.1) 1.02 (0.81 to 1.27) 0.89
ITT (14 d lagging censoring) 500 135 (27.0) 502 133 (26.5) 1.06 (0.84 to 1.35) 0.61
PP (censored at last contact)® 451 156 (34.6) 445 157 (35.3) 1.01(0.81 to 1.27) 0.91
Secondary end pointd
ITT (censored at last contact) 500 213 (42.6) 502 201 (40.0) 1.08 (0.89 to 1.31) 0.42
PP (censored at last contact) 451 189 (41.9) 445 177 (39.8) 1.08 (0.88 to 1.33) 0.44
Individual end point
ESRD 500 161 (32.2) 502 157 (31.3) 1.05(0.85to 1.31) 0.64
Doubling of sCr 500 36(7.2) 502 48 (9.6) 0.77 (0.50 to 1.19) 0.25
Death 500 49 (9.8) 502 42 (8.4) 1.17 (0.78 t0 1.77) 0.45
EPPIC-2
Primary end point®
ITT (censored at last contact) 500 172 (34.4) 497 183 (36.8) 0.91(0.74t0 1.12) 0.37
ITT (censored at last sCr) 500 172 (34.4) 497 183 (36.8) 0.93(0.75t0 1.15) 0.48
ITT (censored at last sCr)P 500 156 (31.2) 497 171 (34.4) 0.92 (0.73 to 1.14) 0.43
ITT (90 d lagging censoring) 500 152 (30.4) 497 160 (32.2) 0.96 (0.76 to 1.20) 0.71
ITT (14 d lagging censoring) 500 124 (24.8) 497 140 (28.2) 0.89(0.70to 1.14) 0.37
PP (censored at last contact)® 447 155 (34.7) 437 160 (36.6) 0.93(0.74 t0 1.17) 0.53
Secondary end pointd
ITT (censored at last contact) 500 204 (40.8) 497 217 (43.7) 0.90 (0.74 to 1.09) 0.28
PP (censored at last contact) 447 180 (40.3) 437 190 (43.5) 0.90(0.73to0 1.11) 0.34
Individual end point
ESRD 500 146 (29.2) 497 164 (33.0) 0.82 (0.65 t0 1.02) 0.08
Doubling of sCr 500 57 (11.4) 497 46 (9.3) 1.18 (0.80 to 1.74) 0.40
Death 500 49 (9.8) 497 61(12.3) 0.78 (0.53 to0 1.13) 0.19
Pooled
Primary end point®
ITT (censored at last contact) 1000 350 (35.0) 999 360 (36.0) 0.97 (0.83t0 1.12) 0.64
ITT (censored at last sCr) 1000 350 (35.0) 999 360 (36.0) 0.98 (0.85to0 1.14) 0.79
ITT (censored at last sCr)b 1000 315 (31.5) 999 329 (32.9) 0.97 (0.83to 1.13) 0.68
ITT (90 d lagging censoring) 1000 305 (30.5) 999 316 (31.6) 0.97 (0.83 to 1.14) 0.71
ITT (14 d lagging censoring) 1000 259 (25.9) 999 273 (27.3) 0.96 (0.81 to 1.14) 0.62
PP (censored at last contact)® 898 311 (34.6) 882 317 (35.9) 0.97 (0.83 to 1.14) 0.70
Secondary end point®
ITT (censored at last contact) 1000 417 (41.7) 999 418 (41.8) 0.99 (0.86 to 1.13) 0.86
PP (censored at last contact) 898 369 (41.1) 882 367 (41.6) 0.99 (0.86 to 1.15) 0.92
Individual end point
ESRD 1000 307 (30.7) 999 321 (32.1) 0.93 (0.80 to 1.09) 0.37
Doubling of sCr 1000 93(9.3) 999 94 (9.4) 0.98 (0.73 to 1.30) 0.87
Death 1000 98 (9.8) 999 103 (10.3) 0.94 (0.71 to 1.24) 0.65

N, number of patients in the respective population; PP, per protocol.

“Primary end point was time to onset of renal disease progression calculated as the time from randomization to the date when the first component of a triple
composite end point (initiation of dialysis, kidney transplantation, or doubling of sCr) occurred; the primary analysis was conducted on the ITT (censored at last
contact) population. Other analyses on the primary end point were performed to evaluate the robustness of results to censoring patterns.

PFirst occurrence of dialysis, kidney transplantation, or doubling of sCr through 84 days after last sCr assessment or last dose. Patients who did not have an eventin
this period were censored at last sCr assessment.

PP included all patients in the ITT population who had no major protocol violations or deviations. Blinded data review was conducted before database lock and trial
unblinding using detailed criteria, including minimum compliance rate. During the blinded data review, the two major protocol violations that excluded a patient from the
PP population were any treatment other than that randomly assigned and treatment compliance rate<<67% and/or treatment period<8 weeks.

%The secondary end point was time to onset of renal disease progression, calculated as the time from randomization to the date when the first component of

a quadruple composite end point (initiation of dialysis, kidney transplantation, doubling of sCr, or death) occurred.
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Figure 3. Primary efficacy end point (triple composite end point). (A) EPPIC-1 and EPPIC-2 trials. (B) Pooled analysis of both trials.
Kaplan—-Meier analysis and eGFR relative change from baseline analyzed using a mixed-effect model for repeated measures and

analysis of covariance in the ITT population.
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Figure 4. Subgroup analysis by Cox proportional hazards regression in the ITT
population. (A) EPPIC-1 and EPPIC-2 trials. (B) Pooled analysis of both trials. Men with
hemoglobin levels<13.5 g/dl and women with hemoglobin levels<12.0 g/dl are
considered to have anemia. North America includes the United States and Canada;
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baseline sCr level. Therefore, any imbal-
ances in baseline characteristics would have
been observed by country or by site, rather
than overall. It is possible that the stratifi-
cation factors did not effectively balance the
distribution of patients with progressive
disease.

Fourth, compliance might have been a
limitation because AST-120 is associated
with a high pill burden given the need for 30
capsules per day. This might have caused a
higher early termination rate than initially
anticipated, resulting in an insufficient
treatment course in part of the population.
Compliance rates were based upon pill
counts from all returned patient bottles.
Although the data from the EPPIC trials
show high compliance rates and support
the tolerability of AST-120 9 g/d for long-
term use, we cannot confirm whether pa-
tients actually took all required pills.
Certainly, the measurement of uremic
toxin (i.e., indoxyl sulfate and p-cresyl
sulfate) levels in at least a subset of partic-
ipants will provide a better index of com-
pliance in future studies.

Finally, pooled analysis of the baseline
characteristics in the placebo ITT population
from both EPPIC trials identified a subgroup
of patients who experienced rapid decline
in eGFR and who were at increased risk for
renal disease progression compared with
those who experienced slow decline in eGFR;
a significantly higher UP/UCr and a higher
prevalence of hematuria were also seen in
these patients at high risk. In a Japanese trial
that showed significant efficacy of AST-120,
a 24-week observation period was incorpo-
rated to identify patients experiencing rapid
disease progression (data on file). However,
this type of observation period was not

Latin America includes Argentina, Brazil, and
Mexico; and Europe includes the Czech Re-
public, France, Spain, Italy, Germany, Poland,
Russia, and Ukraine. (Note: Cox regression
model with treatment group, region, baseline
sCrlevel [=3.0 or >3.0 mg/dl], and CKD cause
[diabetic or nondiabetic nephropathy] status
as covariates.) Patients not reaching the pri-
mary end point are censored at the time of
their last contact. N, number of patients in the
respective population; n, number of patients
who had an event; N/A, not applicable.

AST-120 in Adults with CKD 1739
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Figure 5. CKD progression. (A) Evaluation of eGFR decline dis-
tribution based on baseline eGFR (pooled placebo ITT pop-
ulation). (B) Event rate based on eGFR decline (pooled placebo
ITT population). The cumulative probability of remaining free of
renal disease progression (as defined by the primary end point) is
estimated and plotted graphically with the Kaplan—-Meier method
for two groups (eGFR slow decline and eGFR fast decline, re-
spectively) divided in the pooled placebo group. Stratified Cox
proportional hazards regression is used to compare time to onset
of renal disease progression between the slow and fast decline
placebo groups. DN, diabetic nephropathy.

feasible for the large trials reported here. Adding these baseline
factors (UP/UCr=1.0 and hematuria positive) to inclusion cri-
teria may be useful in future studies to enrich recruitment with
participants who are more likely to experience rapid CKD pro-
gression.

In conclusion, the benefit of adding AST-120 to standard
therapy in patients with moderate to severe CKD was not
supported by the data from these trials.

1740 Journal of the American Society of Nephrology

CONCISE METHODS

Study Design

EPPIC-1 and EPPIC-2 were randomized, double-blind, placebo-
controlled, phase 3 trials conducted between July 2007 and February
2012, at 239 sites in Argentina, Brazil, Canada, Czech Republic,
France, Germany, Italy, Mexico, Poland, Russia, Spain, Ukraine, and
the United States. The trials were identical in design except that
EPPIC-2 included quality-of-life assessments. In addition, the in-
vestigation sites for EPPIC-1 and EPPIC-2 did not overlap.

After a 2-week screening period, patients were randomly assigned
in a 1:1 ratio to receive placebo or AST-120 (9 g/d). During ran-
domization, treatment groups were stratified using the Pocock and
Simon minimization method3° based on enrollment center or coun-
try, CKD cause (diabetic or nondiabetic nephropathy), and baseline
sCrlevel (=3.0 or >3.0 mg/dl). The AST-120 dose was selected based
on results from a dose-ranging phase 2 study.?” Both AST-120 and
placebo were administered in 300-mg capsules. Patients were to take
10 capsules three times daily (a total of 30 capsules daily) with meals
and =1 hours after other medications except phosphate binders,
which could be taken simultaneously because no interactions be-
tween AST-120 and phosphate binders have been demonstrated
(data on file, Kureha Corporation). We performed follow-up clinical
and laboratory assessments at weeks 2, 6, 12, 24, 36, and 48 and every
12 weeks thereafter until the trial ended.

Patients
Eligible patients were aged =18 years, had moderate to severe CKD

(defined as sCr at screening of 2.0—-5.0 mg/dl for men or 1.5-5.0 mg/dl
for women), and proteinuria (defined as UP/UCr=0.5 at screening)
or progressive decline of renal function (defined as a >10% increase
in sCr within 3 months after screening). Patients were expected not to
require dialysis or kidney transplantation within 6 months of trial
entry and to survive for 1 year or longer. In addition, BP must have
been stable, defined as sitting BP of <160/90 mmHg at screening and
at baseline. Patients with hypertension must have had stable BP, de-
fined as no more than one measurement of >160/90 mmHg in the 3
months before screening. If a patient was receiving antihypertensive
therapy, treatment must have been stable (defined as no change in
medication or dose in the 3 months before baseline) and must have
included either an ACEI or an ARB unless contraindicated.
Exclusion criteria included uncontrolled hypertension, obstruc-
tive or reversible kidney disease, nephrotic syndrome (UP/UCr>6.0),
adult polycystic kidney disease, uncontrolled arrhythmia or severe
cardiovascular disease (New York Heart Association Class III-1V),
immunosuppressive therapy within 3 months or accelerated or
malignant hypertension within 6 months, and history of any of the
following: kidney transplantation, malabsorption, inflammatory
bowel disease, hiatal hernia, active peptic ulcer, and severe gastroin-
testinal dysmotility not attributable to the use of a phosphate binder.

Assessments and Outcomes
The primary end point was a triple composite of time from the date of

randomization to the date of kidney disease progression, as indicated
by initiation of dialysis, kidney transplantation, or doubling of sCr

J Am Soc Nephrol 26: 1732-1746, 2015
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Table 4. Baseline characteristics associated with CKD progression (pooled placebo ITT population)

eGFR Decline (ml/min per 1.73 m? per yr)

Characteristic P Values
eGFR Decline Fast Group (n=499;10.22+0.43) eGFR Decline Slow Group (n=500;0.28+0.26)

CKD cause

Diabetic nephropathy 214 (42.9) 190 (38.0) 0.12

Nondiabetic nephropathy 285 (57.1) 310 (62.0)
CKD stage

3a 1(0.2) 2(0.4) 0.58

3b 69 (13.8) 66(13.2)

4 349 (69.9) 343 (68.6)

5 80 (16.0) 89 (17.8)
sCr, mg/d| 3.16+0.86 3.12+0.87 0.45
eGFR, ml/min per 1.73 m? 22.33+7.34 21.76+7.12 0.21
UP/UCr 2.41 (1.38); n=498 1.60 (1.17); n=497 <0.001
Hematuria

Positive (+) 214 (43.0) 129 (25.8) <0.001

Negative (-) 284 (57.0) 371(74.2)
Systolic BP, mmHg 135.2+13.6 132.4+13.8 0.001
Diastolic BP, mmHg 78.4+9.1 77.2+8.9 0.04
Age, yr 53.4+15.46 57.8+13.68 <0.001
Sex

Men 320 (64.1) 282 (56.4) 0.01
Race

White 387 (77.6) 398 (79.6) 0.88

Black or African American 46 (9.2) 43 (8.6)

Asian 22 (4.4) 20 (4.0)

Other 44 (8.8) 39(7.8)
Use of ACEI or ARB

Yes 414 (83.0) 427 (85.4) 0.29
Baseline anemia status®

Yes 365 (73.4) 340 (68.8) 0.11
Body mass index, kg/m?® 28.6+6.4 29.6+7.9 0.03

Data are presented as n (%) or mean=SD. Median eGFR decline is-3.51 ml/min per 1.73 m? peryear (-0.292 ml/min per 1.73 m? per month). Fast, <median; slow,

=median. Hematuria (+): trace, 1+, 2+, or 3+.

?Anemia was defined as a hemoglobin level <13.5 g/dl (men) or <12.0 g/d| (women).

PBody mass index is weight in kilograms divided by square of the height in meters.

level, whichever occurred first. Because an earlier study of AST-120
found no significant differences between AST-120-treated and placebo-
treated patients in 24-hour urinary creatinine excretion and sCr,3!
indicating that inconsequential or no amounts of creatinine were
adsorbed by AST-120 in the gut, sCr was determined to be a valid
measure of renal function in patients treated with AST-120, and an
increase in sCr was selected as a component of the composite end
point. The secondary end point was a quadruple composite of the
primary end point and death. In addition, EPPIC-2 included
KDQOL-36 assessments.>? The trials continued until accrual of the
target number of end point outcomes. Patients in both trials under-
went treatment until the end of the trial or dropout, initiation of
dialysis, or kidney transplantation. Safety was evaluated by assess-
ing the incidence and severity of AEs and by laboratory assessments,
12-lead electrocardiograms, and vital sign and physical examinations.

Statistical Analysis
Assuminga 30% dropout rate, 291 primary end point events from 980

patients (490 in each treatment group) were needed to detect a 28%
decrease in risk for development of the triple composite end point in

J Am Soc Nephrol 26: 1732-1746, 2015

the AST-120 group compared with the placebo group using a two-
sided log-rank test at the 0.05 significance level and 80% power. The
risk reduction was defined as 100X (1-HR). To estimate sample size
requirements, we assumed that the median time to the primary end
point event in the placebo group was 124 weeks, which corresponded
to a 55% event rate at 3 years based on event rate data from the
Reduction in Endpoints with the Angiotensin Antagonist Losartan
study.?? HRs were estimated for a study population with an assumed
mean sCr value of 3.0 mg/dl and an assumed mean UP/UCr ratio of
2.0 and then were multiplied. The resultant combined HR was re-
duced considering the EPPIC population would potentially be com-
posed of 50% patients without diabetes and because the sCr level and
the UP/UCr ratio are not totally independent risk factors.
Descriptive statistics were used to summarize demographic and
baseline clinical characteristics for each treatment group; these groups
were compared using chi-squared tests for categorical data and two-
sample t tests for continuous data. For efficacy analyses, we compared
time to onset of renal disease progression (defined by the primary end
point) between the treatment groups by using maximum partial like-
lihood methods based on the stratified Cox proportional hazards

AST-120 in Adults with CKD 1741
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Figure 6. Effect of UP/UCr and hematuria status on renal disease progression. (A) Event rate based on baseline UP/UCr level or
hematuria status (pooled placebo ITT population). (B) Mean eGFR decline based on baseline UP/UCr level or hematuria status (pooled
placebo ITT population). (C) Event rate based on combined baseline UP/UCr level and hematuria status (pooled placebo ITT population).
K-M, Kaplan-Meier.
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Table 6. Summary of eGFR and sCr level at time of dialysis initiation (ITT population)

EPPIC-1 EPPIC-2 Pooled
Demographics
n eGFR sCr n eGFR sCr n eGFR sCr

Total 302 10.90+5.25 6.59+3.16 289 9.95+4.67 6.81+x3.00 591 10.44+4.99 6.70+3.09
CKD cause

Diabetic nephropathy 147  13.02+5.19 5.26+2.00 124 11.32%+5.02 591+2.28 271 12.24+5.17 5.56+2.16

Nondiabetic nephropathy 155 8.88+4.47 7.84+354 165 8.92+4.10 7.48+3.30 320 8.90+4.28 7.66+3.41
Sex

Women 99 8.89+4.49 6.81+3.43 126 8.99+4.22 6.61+3.33 225 8.95+4.33 6.70+3.37

Men 203 11.88+5.33 6.48+3.03 163 10.70*+4.87 6.96+2.72 366 11.35%5.15 6.69+2.90
Region

Europe (with Russia and 113 8.22+3.74 8.23+3.78 108 8.10+4.18 8.31+3.50 221 8.16+3.95 8.27+3.64

Ukraine)
Europe (without Russia and 35 10.81+3.40 5.92+1.55 33  10.39+3.35 6.37+2.75 68 10.61+3.35 6.14+2.21
Ukraine)

Latin America 43 8.61+3.30 7.19+2.50 74 9.46+4.18 6.56+x250 117 9.15+3.89 6.79+2.51

North America 146 13.64+5.34 5.13+£1.90 107 12.16+4.57 547+1.92 253 13.02+5.08 5.28+1.91
Country

Russia 46 7.65+3.19 8.27+3.20 39 7.70+£5.18 8.38+3.57 85 7.67+4.19 8.32+3.35

Ukraine 32 6.22+3.31  10.71+4.66 36 6.43+2.45 10.01+£3.19 68 6.33+2.86 10.34+3.94

United States 124  13.73%5.57 5.16+1.96 94  12.49+4.60 5.32+1.86 218 13.20+5.20 5.25+1.93

Data are presented as n or mean=SD. eGFR values are given in ml/min per 1.73 m2. Europe includes Czech Republic, France, Germany, ltaly, Spain, and Poland
with/without Russia and Ukraine. Latin America includes Argentina, Brazil, and Mexico. North America includes United States and Canada.

regression model with 95% Cls. We adjusted for the randomization
stratification covariates including enrollment center or country, CKD
cause, and baseline sCr level. The Kaplan—Meier method was used to
plot the cumulative probability of remaining free of renal disease
progression. The Kaplan—Meier method and stratified Cox regression
analysis were also used to analyze time from date of randomization to
date of first occurrence of the secondary (quadruple composite) end
point, but death was considered an event rather than a censored
observation as in the primary end point analysis.

We performed prespecified subgroup analyses with unstratified
Cox regression analysis and the Kaplan—Meier estimation procedure.
Subgroups were based on CKD cause (diabetic or nondiabetic ne-
phropathy), baseline sCr level (=3.0 or >3.0 mg/dl), CKD stage as
determined by eGFR level (stage 3 [3a and 3b combined], 4, or 5),
C-reactive protein level (<1.0, 1.0-3.0, or >3.0 mg/L), anemia status,
age (aged <65 years or =65 years), race (white, black or African
American, Asian, or other), sex, country and region of residence
(North America, Latin America, or Europe, including Russia and
Ukraine), baseline ACEI or ARB therapy, and baseline UP/UCr
(<2.0 or =2.0).

The difference between treatment groups in the relative mean
change from baseline in eGFR over the first 96 weeks of the study was
assessed using a mixed-effect model for repeated measures.

Data from the pooled placebo population of the EPPIC trials were
analyzed to identify patients with rapidly progressing renal disease.
Patterns of eGFR decline during the first 96 weeks of treatment were
examined to elucidate the distribution and degree of renal disease
progression. The pooled placebo group was divided into two groups
(based on eGFR decline [fast or slow]) using the median eGFR slope
as the cutoff. Baseline characteristics were compared between these
two groups to identify factors that influenced renal disease progression
using chi-squared tests for categorical data and two-sample  tests for

1744 Journal of the American Society of Nephrology

continuous data. The mean change rate and the SEM in eGFR from
baseline to week 96 were calculated and analyzed using repeated
measures and analysis of covariance with covariates (treatment, visit,
interaction terms between treatment group and visit, region, baseline
sCr [continuous data], and CKD cause).

The safety population included all randomly assigned patients
who received =1 doses of study drug. The ITT population included
all randomly assigned patients who received =1 doses of study drug
and had =1 postbaseline sCr measurements. Patients who did not
reach the primary end point were censored at the date of last contact.
Sensitivity analyses of the primary efficacy end point were performed
to evaluate the robustness of the results to censoring patterns.

Full materials and methods for the EPPIC-1 and EPPIC-2 studies
are published online in the Supplemental Material for this article.
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