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Abstract: Uremic toxins such as indoxyl sulfate contribute to the pathogenesis of chronic kidney 

disease (CKD) by promoting glomerulosclerosis and interstitial fibrosis with loss of nephrons 

and vascular damage. AST-120, an orally administered intestinal sorbent, adsorbs indole, a 

precursor of indoxyl sulfate, thereby reducing serum and urinary concentrations of indoxyl sul-

fate. AST-120 has been available in Japan since 1991, and subsequently Korea (2005), and the 

Philippines (2010) as an agent to prolong the time to initiation of hemodialysis and for improve-

ment of uremic symptoms in patients with CKD. A Medline search was performed to identify 

data supporting clinical experience with AST-120 for managing CKD. Prospective open-label 

and double-blind trials as well as retrospective analyses were included. In prospective trials and 

retrospective analyses, AST-120 has been shown to prolong the time to initiation of hemodialy-

sis, and slow decline in glomerular filtration rate and the increase serum creatinine. In an initial 

randomized, double-blind, placebo-controlled trial in the United States, AST-120 was associated 

with a significant dose-dependent reduction in serum indoxyl sulfate levels and a decrease in 

uremia-related malaise. The Evaluating Prevention of Progression in CKD (EPPIC) trials, two 

double-blind, placebo-controlled trials undertaken in North America/Latin America and Europe, 

are evaluating the efficacy of AST-120 for preventing the progression of CKD. The results of the 

EPPIC trials will further define the role of AST-120 in this debilitating condition.
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Introduction
For many patients, chronic kidney disease (CKD) is a progressive condition marked by 

deteriorating renal function ultimately leading to end-stage renal disease (ESRD). CKD 

is reported to affect 15.1% of the population and is associated with a substantial disease 

burden as evidenced by increased morbidity and mortality and reduced quality of life.1–4 

Treatments to slow or prevent the progression of CKD have focused primarily on the 

management of the comorbidities leading to CKD, including hypertension and diabetes, 

as well as measures to reduce proteinuria and progressive glomerular and interstitial 

fibrosis with inhibitors of the renin–angiotensin–aldosterone system.5 However, other 

treatments (such as inhibitors of profibrotic cytokines and oxidative stress) that directly 

target the underlying pathophysiology that contributes to the progressive decline in renal 

function in patients with CKD are in development. In addition, preventing inadequate 

renal clearance subsequent to an initial insult and resulting nephron loss would avoid 

an overall increase of retained circulating uremic toxins.

The accumulation of uremic toxins, such as indoxyl sulfate and p-cresyl sulfate, is 

implicated in the progression of renal failure and cardiovascular disease.6,7 Data indicate 
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that serum indoxyl sulfate levels are markedly increased in 

patients with renal disease and are related to disease sever-

ity.7,8 For example, a trial involving 139 patients at vari-

ous stages of CKD found that indoxyl sulfate levels were 

inversely related to renal function (Figure 1)8 and directly 

related to aortic calcification and pulse wave velocity.8 

Furthermore, elevated indoxyl sulfate levels were associated 

with increased mortality, even after adjustment for multiple 

variables (age, albumin and hemoglobin levels, aortic calci-

fication, gender, diabetes status, phosphate levels, and pulse 

wave velocity).8

Elevated uremic toxins, such as indoxyl sulfate, promote 

the progression of CKD via a cycle of toxic accumulation 

and nephron loss.6 Organic anion transporters in the proximal 

tubule permit indoxyl sulfate uptake where it stimulates trans-

forming growth factor beta 1, a profibrotic cytokine, in the 

renal parenchyma, ultimately leading to glomerulosclerosis 

and interstitial fibrosis.6 Indoxyl sulfate also induces oxida-

tive stress via the promotion of free radical production, and 

the reduction of superoxide scavenging activity, resulting 

in tubular cell injury.6 Further pathways involved in tubular 

damage and deterioration of kidney function are: genetically 

mediated intracellular inflammation;9 epithelial-to-mesen-

chymal transition resulting in kidney fibrosis,10–13 which 

might be linked to stimulation of the renin–angiotensin–

aldosterone system;10,14 activation of nuclear factor kappa-B 

and monocyte chemoattractant protein-1;15,16 and decreased 

Klotho expression.17,18 Given this role of uremic toxins in the 

pathophysiology of CKD progression, therapeutic approaches 

that decrease the level of uremic toxins are a rational method 

for inhibiting this progression. In this article, the clinical data 

supporting the role of AST-120 for slowing the progression 

of CKD will be reviewed.

Background on AST-120
AST-120 is an oral intestinal spherical carbon adsorbent 

consisting of porous carbon particles that are 0.2–0.4 mm 

in diameter and insoluble in water and common organic 

solvents.19 It adsorbs indole, a precursor of indoxyl sulfate 

derived from the metabolism of tryptophan by bacteria 

within the gastrointestinal tract, thereby attenuating indoxyl 

sulfate accumulation in patients with CKD.19 It differs from 

activated charcoal in its uniform composition, and it has 

a lower adsorption ability for amylase, pepsin, lipase, and 

chymotrypsin than charcoal.20

AST-120 decreases serum indoxyl sulfate levels in both 

dialyzed and undialyzed patients with CKD. In hemodia-

lyzed patients with elevated levels of serum indoxyl sulfate 

(n  =  26), administration of AST-120 (6  g/day) decreased 

serum indoxyl sulfate levels relative to untreated control 

patients at weeks 2, 4, 8, and 12 of the study (P , 0.05).19 

In 22 undialyzed patients with chronic renal failure, 1 month 

of treatment with AST-120 (6  g/day) resulted in a reduc-

tion from baseline in both serum indoxyl sulfate (from 

2.52 ± 0.43 mg/dL to 1.55 ± 0.33 mg/dL; P , 0.01 versus 

baseline) and urine indoxyl sulfate (from 75.3 ± 11.0 mg/day 

to 40.8 ± 7.2 mg/day; P , 0.01 versus baseline).21 In this study, 

there was no control group.21 In another trial, in 25 undialyzed 

patients with chronic renal failure, 6  months of AST-120 

(6 g/day) resulted in a significant reduction from baseline of 

both serum and urine indoxyl sulfate (from 2.02 ± 0.28 mg/dL 

to 1.70 ± 0.35 mg/dL [P , 0.05 versus baseline] and from 

66.8 ± 6.2 mg/day to 43.4 ± 9.2 mg/day [P , 0.05 versus 

baseline and control patients], respectively).22 This effect was 

evident within 1 month of treatment (P , 0.05).22 In contrast, 

serum and urine indoxyl sulfate levels were unchanged from 

baseline among control patients during the 6-month treat-

ment period.22

AST-120 was approved in Japan in 1991 for prolong-

ing the time to initiation of hemodialysis therapy and for 

improvement of uremic symptoms in patients with CKD. 

AST-120 was subsequently approved in Korea (2005) and 

the Philippines (2010) for prolonging the time to initiation 

of hemodialysis and for improvement of uremic symptoms 

in patients with CKD. Currently AST-120 is undergoing 
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Figure 1 Relationship between serum indoxyl sulfate levels and estimated glomerular 
filtration rate in 95 patients with chronic kidney disease stage 2–5.8

Note: Serum indoxyl sulfate is associated with vascular disease and mortality in 
chronic kidney disease patients.
Reprinted with permission from Barreto FC, Barreto DV, Liabeuf S, et al; European 
Uremic Toxin Work Group (EUTox). Serum indoxyl sulfate is associated with 
vascular disease and mortality in chronic kidney disease patients. Clin J Am Soc 
Nephrol. 2009;4(10):1551–1558.8 © 2009 The American Society of Nephrology.
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Phase III evaluation in North America/Latin America and 

Europe for the prevention of CKD progression.

Clinical data for AST-120  
in patients with CKD
Prospective clinical trials
AST-120 has been evaluated in patients with CKD in a 

number of prospective clinical trials over the last 20 years 

(Table 1).23–28 In an open-label, randomized trial evaluating 

the effect of AST-120 (6  g/day) on glomerular filtration 

rate (GFR) directly measured by iothalamate clearance, 

patients with GFR of 20–70 mL/minute were enrolled in a 

12-month observation period (n = 43) during which patients 

received dietary and blood pressure (BP) management.23 

Patients whose GFR declined by $5 mL/minute during the 

observation period (n = 27) were eligible for inclusion in 

a 12-month treatment period. Thirteen patients continued 

receiving dietary and BP management alone (control group), 

while 14 patients added AST-120 to their regimen (AST-

120 group). The mean change in GFR was not significantly 

different between the AST-120 and the control group fol-

lowing 12 months of treatment (primary outcome). However, 

when the mean change in GFR was compared between 

the treatment and observation periods, the rate of decline 

in GFR was significantly lowered in the AST-120  group 

(0.12 ±  0.15 mL/minute/month versus −1.11 ±  0.13 mL/

minute/month in the treatment and observation periods, 

respectively; P  ,  0.001), but not in the control group 

(−0.34 ± 0.33 mL/minute/month versus −1.33 ± 0.22 mL/

minute/month).23

Another trial evaluated the effect of treatment with 

AST-120 on progression of CKD as measured by changes 

in proteinuria, serum creatinine (sCr), and estimated 

GFR (eGFR) in 50 patients with chronic renal failure.24 

Patients were assigned, without randomization, to 

either AST-120 (6  g/day) in addition to conventional 

therapy with antihypertensive, antihyperlipidemic, and 

antiplatelet agents or conventional therapy alone (control 

group). After 12  months, AST-120 treatment inhibited 

the increase in sCr and reduced proteinuria, urinary 

8-hydroxydeoxyguanosine, urinary L-fatty acid-binding 

protein, and serum interleukin-6 levels compared with the 

control (P , 0.01 for all). However, the difference in sCr 

between AST-120-treated patients and control patients was 

only 0.4 mg/dL after 12 months of treatment. Furthermore, 

the addition of AST-120 did not significantly affect the 

decline in eGFR compared with control patients following 

12 months of treatment.24

An open-label, randomized trial evaluated the efficacy of 

the addition of AST-120 (6 g/day) to conventional therapy in 

patients with early-stage diabetic nephropathy (n = 16).25 At 

baseline, the AST-120 and control groups were comparable 

with regard to clinical characteristics. After 12 months of 

treatment with AST-120, there was a significant reduction in 

sCr and urinary indoxyl sulfate levels in the AST-120 group 

compared with the control group (P , 0.001 and P , 0.01, 

respectively). These effects correlated to seven patients in 

the control group experiencing an increase in sCr . 2 mg/dL 

compared with only one patient in the AST-120  group. 

Furthermore, four patients in the control group initiated 

hemodialysis during this trial compared with only one 

patient in the AST-120 group. Overall, these results support 

the beneficial effects of AST-120 with regard to preserv-

ing renal function specifically in patients with early-stage 

diabetic nephropathy.25

The Carbonaceous Oral Adsorbent’s Effects on Pro-

gression of CKD (CAP-KD) study was a randomized trial 

conducted to evaluate the efficacy and safety of AST-120 in 

460 patients with CKD (sCr , 5.0 mg/dL).26 Patients were 

randomized to AST-120 (6 g/day) in addition to conventional 

treatment (low-protein diet plus angiotensin-converting 

enzyme inhibitor or angiotensin II receptor blocker) or con-

ventional treatment alone.26 The primary composite endpoint 

was doubling of sCr, increase in sCr to $6.0 mg/dL, ESRD 

(need for hemodialysis or transplantation), or death. After 

56 weeks of treatment, there was no difference between 

the AST-120 and control group with regard to the primary 

endpoint (42 patients in the AST-120 group versus 43 in the 

control group). However, the eGFR declined significantly 

less in the AST-120 group compared with the control group 

(P , 0.001; Figure 2). Further, the estimated creatinine clear-

ance (CCr) decreased significantly less relative to baseline 

in the AST-120  group (−0.12  mL/minute/day) compared 

with the conventional treatment group (−0.15 mL/minute/

day; P = 0.001).26

In North America, a small double-blind, placebo-

controlled, cross-over trial evaluated the effect of AST-120 

on markers of renal function in patients with mild stable 

CKD (sCr 1.5–6.0  mg/dL).27 Patients (n  =  20) received 

AST-120 (9 g/day) or placebo for 7 days followed by a 9-day 

washout period before switching to the alternative treatment. 

Throughout the study, patients followed a controlled diet. 

After 7 days of treatment, no significant difference in sCr, 

24-hour urine creatinine, or CCr was noted between the AST-

120 and placebo groups. These data suggest that AST-120 

has no acute impact on creatinine balance, which supports the 
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use of these parameters as acceptable measures of assessing 

renal function in patients receiving AST-120.27

A larger, double-blind, placebo-controlled trial evalu-

ated the effect of various doses of AST-120 (2.7, 6.3, 

and 9.0 g/day) on serum indoxyl sulfate levels following 

12 weeks of treatment in 157 patients with moderate to 

severe CKD.28 At baseline, patients had an sCr level of 

3.0–6.0 mg/dL, a serum indoxyl sulfate level $ 0.50 mg/

dL, and were following an adequate protein-intake diet. 

The primary endpoint was the change in serum indoxyl 

sulfate level from baseline with secondary endpoints 

including assessments of renal function (sCr levels, 1/sCr, 

proteinuria, creatinine excretion, and CCr) and symptoms 

of uremia (malaise, nausea, anorexia, pruritus, halitosis, 

or neuropathy). Indoxyl sulfate levels were reduced in a 

dose-dependent manner following 12 weeks of treatment 

with AST-120 (Figure 3). The change in indoxyl sulfate was 

significant versus baseline and placebo (P , 0.05) for the 

AST-120 6.3 and 9.0 g/day groups.28 During the 12-week 

trial, there were no significant changes in measures of renal 

function although patients in the AST-120 6.3 and 9.0 g/day 

groups experienced a dose-dependent decrease in malaise 

compared with placebo.28

Retrospective analyses
Several retrospective analyses have been performed, primar-

ily in Japan, of patients with varying stages of CKD.29–33 

One matched-control analysis followed 112 patients with 

CKD until initiation of hemodialysis.29 The effect of AST-

120 treatment on the progression of CKD and initiation of 

hemodialysis was evaluated by retrospectively comparing 

the rate of eGFR reduction before and after initiation of 

AST-120 treatment (baseline). At baseline, proteinuria 

was higher and serum albumin was lower in the control 

group; however, an adjustment was made in the analysis 

for the degree of proteinuria. Prior to baseline, there was 

no significant difference between the AST-120 and control 

group in the rate of eGFR reduction. However, the rate of 

reduction in eGFR was significantly decreased in the AST-

120 group (from −1.041 ± 1.177 mL/minute/month [before 

baseline] to −0.338 ± 0.317 mL/minute/month [after base-

line]; P  ,  0.001).29 In contrast, there was no significant 

difference in the control group in the rate of eGFR before 

(−0.722  ±  0.885  mL/minute/month) and after baseline 
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Figure 2 Estimated glomerular filtration rate in patients with chronic kidney disease 
receiving AST-120 6 g/day plus conventional treatment (n = 231) or conventional 
treatment alone (n = 229) for 56 weeks.26

Reprinted with permission from Akizawa T, Asano Y, Morita S, et  al; CAP-KD 
Study Group. Effect of a carbonaceous oral adsorbent on the progression of CKD: 
a multicenter, randomized, controlled trial. Am J Kidney Dis. 2009;54(3):459–467.26  
© 2009 Elsevier and the National Kidney Foundation, Inc.
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(−0.859 ± 0.978 mL/minute/month). After 24 months, the 

percentage of patients who had initiated hemodialysis was 

significantly lower in the AST-120 group compared with the 

control group (64.3% versus 94.5%; P , 0.001).29

Another retrospective pairwise-matching analysis 

evaluated the efficacy of AST-120 (6 g/day) plus conven-

tional therapy for slowing the progression of CKD among 

patients admitted to hospital for CKD and later initiated on 

hemodialysis.30 Patients receiving AST-120 in combination 

with conventional therapy (n = 78) were compared with a 

control group (n = 78) who received conventional therapy 

alone. After 24 months, the hemodialysis-free rate was sig-

nificantly higher in the AST-120 group relative to the control 

group (21.8% versus 1.3%, respectively; P , 0.001). The 

50% hemodialysis-free period was also longer for the AST-

120  group compared with the control group (9.0  months 

versus 4.1 months). Similar benefits of AST-120 with regard 

to hemodialysis-free rate and 50% hemodialysis-free period 

were observed in a subanalysis of diabetic versus nondiabetic 

patients. Furthermore, benefits were evident at early stages of 

renal disease: among patients with baseline sCr , 3 mg/dL, 

the 24-month hemodialysis-free period was significantly 

greater in the AST-120  group compared with the control 

group (57.1% versus 7.7%, respectively; P # 0.001).30 More 

than 50% of the patients in the sCr , 3 mg/dL subgroup who 

were treated with AST-120 remained hemodialysis-free after 

24 months. In contrast, 50% of the patients in the control 

group had initiated hemodialysis by 16.2 months.30 These 

results suggest that the addition of AST-120 to conventional 

therapy early in the treatment of CKD is beneficial for reduc-

ing disease progression. However, the criteria for initiating 

hemodialysis were not strictly defined and therefore may have 

been prone to bias. In addition, the proportion of patients with 

a baseline sCr level , 3 mg/dL ending on hemodialysis after 

2 years was relatively high (close to 50%).30

Another analysis evaluated whether treatment with 

AST-120 prior to initiation of hemodialysis influences 

disease prognosis after initiation of hemodialysis.31 This 

analysis compared survival and cause of death between 101 

patients who received AST-120 and 91 patients who did not. 

The 5-year survival rate in the AST-120 group was 72.6% 

compared with 52.6% in the control group (P = 0.018), cor-

responding to a 1.9-fold greater risk of death in the control 

group. Furthermore, the total number of deaths was signifi-

cantly decreased in the AST-120 group compared with the 

control group (22 versus 32; P = 0.036).31

In a retrospective analysis of 100 patients with CKD who 

had not previously undergone hemodialysis, 12 months of 

treatment with AST-120 (6 g/day) improved the mean 1/sCr 

slope from −0.012 ± 0.013 before treatment to −0.006 ± 0.006 

after treatment (P , 0.001).32 Benefit was observed regardless 

of the primary cause of renal dysfunction, age, or baseline 

sCr, and the greatest benefit was observed among patients 

who were treated with AST-120 for the longest duration.32 

A potential bias of uncontrolled studies that are based on 

sCr or 1/sCr slope is that the seeming improvement in renal 

function during the course of the observation period may be 

due as much to loss of muscle mass as to preserved renal 

function.

Recently, a large, retrospective pair-matched analysis was 

conducted in 560 patients stratified according to whether 

or not they received AST-120 prior to initiation of hemo-

dialysis.33 Overall, there was a significant difference in the 

12-month and 24-month hemodialysis-free rates favoring 

the AST-120 group over the control group (25.0% versus 

10.5%, respectively [12-month] and 13.7% versus 5.7%, 

respectively [24-month]; P , 0.001 for both). In addition, 

subgroup analyses showed that the 12-month and 24-month 

hemodialysis-free rates were higher in the AST-120 group 

irrespective of the presence of diabetic nephropathy or cardio-

vascular disease. However, comparison of 3-year, 5-year, and 

10-year survival rates found no difference in overall survival 

between patients treated with AST-120 and those who were 

not treated with AST-120.33

Safety and tolerability of AST-120
Most adverse events associated with AST-120 treatment are, 

as expected, related to gastrointestinal function (eg, constipa-

tion, abdominal distension, nausea, flatulence, and diarrhea) 

and primarily mild to moderate in severity.26–28 Overall, 

the number and type of nongastrointestinal adverse events 

reported in placebo-controlled trials were similar between 

the AST-120 and control groups.26,28 One trial reported that 

AST-120 had no significant effect on the absorption of fat-

soluble vitamins (ie, vitamins D and K).28 Discontinuation 

of treatment due to adverse events was reported in one trial 

(for both AST-120 and placebo patients),28 but other trials 

reported no discontinuations due to adverse events related 

to AST-120.23,27

Limitations and future directions
There are several limitations to the trials conducted to date. 

Open-label studies and retrospective analyses have the 

methodological deficiencies of non-blinding and/or lack of 

a placebo control. The primary limitation of the largest ran-

domized, double-blind trial conducted in Japan (CAP-KD) 
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was that only a small proportion of patients in either group 

reached the primary endpoint.26 Other limitations of CAP-KD 

included a short duration, a lower than expected percentage 

of patients with diabetic nephropathy, and a low percentage 

of patients with severe kidney disease.26 Furthermore, the 

initial randomized, double-blind trial conducted in the United 

States was not designed to assess clinical outcomes, as the 

primary endpoint was the change from baseline in serum 

indoxyl sulfate levels.28

A limitation of AST-120 treatment is the need for 30 pills 

daily. Unfortunately, compliance was not reported in most 

of the clinical trials that evaluated the efficacy and safety of 

AST-120. Therefore, it is difficult to ascertain the implica-

tions for treatment compliance resulting from the significant 

pill burden associated with AST-120. Patient education may 

be important to ensure compliance with AST-120 treatment 

in clinical practice.

Based on the promising results of initial trials and the 

need for more definitive clinical outcome data, large clinical 

trials have been initiated in North America/Latin America 

and Europe to evaluate the efficacy of AST-120 for the pre-

vention of CKD progression. The Evaluating Prevention of 

Progression in CKD (EPPIC) trials are two double-blind, 

placebo-controlled trials to evaluate the efficacy of AST-120 

for preventing progression of CKD in patients with moderate to 

severe disease who are not anticipated to require hemodialysis 

or renal transplant within 6 months of study entry. Patients were 

randomized to AST-120 (9 g/day), requiring ingestion of 30 

capsules/day, or placebo. The primary endpoint of the EPPIC 

trials is the time to the triple composite endpoint of a doubling 

of sCr, initiation of hemodialysis, or kidney transplant. Over 

2000 subjects have been enrolled and the data are currently 

being analyzed.

Conclusion
AST-120 has a long history in Japan and Asia for use in 

patients with CKD to prolong the time to initiation of hemo-

dialysis and to improve uremic symptoms. The efficacy of 

the drug is supported by the results of clinical trials that 

demonstrate that AST-120 decreases serum indoxyl sulfate 

in a dose-dependent fashion, ameliorates the decline in 

renal function, and improves at least some symptoms of 

uremia.
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