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PREVALENCE OF CHRONIC KIDNEY DISEASEPREVALENCE OF CHRONIC KIDNEY DISEASE
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WHY ATTEMPT INTERVENTION IN WHY ATTEMPT INTERVENTION IN 

CKD AND ESRD?CKD AND ESRD?

�� CARDIOVASCULAR MORTALITY IS CARDIOVASCULAR MORTALITY IS 

EPIDEMIC IN PATIENTS WITH CKD AND EPIDEMIC IN PATIENTS WITH CKD AND 

ESRDESRD

�� CKD IS PROGRESSIVE AND LEADS TO CKD IS PROGRESSIVE AND LEADS TO 

DIALYSIS DEPENDENCEDIALYSIS DEPENDENCE

�� THE ANNUAL UNADJUSTED MORTALITY THE ANNUAL UNADJUSTED MORTALITY 

IN DIALYSIS PATIENTS IS ~20% IN DIALYSIS PATIENTS IS ~20% 



Cardiovascular Mortality in ESRDCardiovascular Mortality in ESRD

0.001

0.01

0.1

1

10

100

25-34 35-44 45-54 55-64 65-74 75-84 >85
Age (years)

Dialysis Male
Dialysis Female
Dialysis Black
Dialysis White
Male
Female
Black
White

0.001

0.01

0.1

1

10

100

25-34 35-44 45-54 55-64 65-74 75-84 >85
Age (years)

Dialysis Male
Dialysis Female
Dialysis Black
Dialysis White
Male
Female
Black
White

Annual Mortality (%)Annual Mortality (%)Annual Mortality (%)

Parfrey, Sarnak and Levey, from USRDS and NCHS, AJK D 1998Parfrey, Sarnak and Levey, from USRDS and NCHS, AJK D 1998



Rates of Death and Cardiovascular Rates of Death and Cardiovascular 

Events in Patients According to GFREvents in Patients According to GFR

N = 1,120,295 adults. 
CV = cardiovascular.
*Age-standardized rates per 100 person-years; †CV event defined as hospitalization for coronary heart 
disease, heart failure, ischemic stroke, and peripheral arterial disease per 100 person-years. 
Go et al. N Engl J Med. 2004;351:1296-1305.
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FACTORS ASSOCIATED WITH FACTORS ASSOCIATED WITH 

PROGRESSIONPROGRESSION

�� SYSTEMIC BLOOD PRESSURESYSTEMIC BLOOD PRESSURE

�� INTRAGLOMERULAR PRESSUREINTRAGLOMERULAR PRESSURE

�� PROTEINURIAPROTEINURIA

�� CYTOKINESCYTOKINES

�� REACTIVE OXYGEN SPECIESREACTIVE OXYGEN SPECIES



Renal Renal 
InjuryInjury

After A. FOGO

PROTEINURIAPROTEINURIA
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ACEACE--I IN TYPE 1 DMI IN TYPE 1 DM

THE OTHER LEWIS ET AL, 1993



By Brian Pereira

MANAGEMENTOF CKD



AASK COHORT STUDYAASK COHORT STUDY



Extremely High Risk for Extremely High Risk for 

Cardiovascular Cardiovascular 

Complications in CKDComplications in CKD

Go et al. NEJM
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Figure 2 : Survival time - whole study time
- Kaplan-Meier analysis -
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KaplanKaplan--Meier Meier survivalsurvival analysisanalysis

censored

failed

Figure 2 : Survival time - whole study time
- Kaplan-Meier analysis -

Intention-to-treat
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censored

failed

Figure 7 : Survival time - whole study time - Album in <= 4
- Kaplan-Meier analysis -

Intention-to-treat, n=492
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P=0.0385
censored

failed

Figure 9 : Survival time - whole study time - patie nts with diabetes
- Kaplan-Meier analysis -

Intention-to-treat, n=157
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REASONS FOR LACK OF SUCCESSFUL REASONS FOR LACK OF SUCCESSFUL 

CLINICAL TRIALS IN CKDCLINICAL TRIALS IN CKD
�� INCLUSION OF PATIENTS WITH ONLY EARLY INCLUSION OF PATIENTS WITH ONLY EARLY 
CKD (GFR>50 CKD (GFR>50 mLmL/min)/min)

�� STUDY COMBINES PREDIALYSIS AND DIALYSIS STUDY COMBINES PREDIALYSIS AND DIALYSIS 
PATIENTSPATIENTS
�� INSUFFICIENT PATIENTS IN SUBGROUPSINSUFFICIENT PATIENTS IN SUBGROUPS

�� STUDY INCLUDES ONLY DIALYSIS PATIENTSSTUDY INCLUDES ONLY DIALYSIS PATIENTS
�� DIALYSIS PATIENTS WITH ELEVATED BMI HAVE DIALYSIS PATIENTS WITH ELEVATED BMI HAVE 
BETTER SURVIVALBETTER SURVIVAL

�� JJ--CURVE FOR BLOOD PRESSURECURVE FOR BLOOD PRESSURE

�� LOW CHOLESTEROL ASSOCIATED WITH HIGHER LOW CHOLESTEROL ASSOCIATED WITH HIGHER 
MORTALITYMORTALITY

�� WIDESPREAD INHIBITION OF RAAS IN CKDWIDESPREAD INHIBITION OF RAAS IN CKD



Renal Renal 
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After A. FOGO
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Simplified flow schedule of uremia and its complica tions

“ There will n
ever b

e a silver b
ullet”

Picture stolen from Anders Alvestrand



THE NEXUS OF TRYPTOPHAN, THE NEXUS OF TRYPTOPHAN, 

PROFIBROTIC CYTOKINES PROFIBROTIC CYTOKINES 

AND CHARCOAL ON THE AND CHARCOAL ON THE 

PROGRESSION OF CHRONIC PROGRESSION OF CHRONIC 

KIDNEY DISEASEKIDNEY DISEASE



PROPOSED UREMIC TOXINSPROPOSED UREMIC TOXINS

INDOXYL 
SULFATE



INDOXYL SULFATE



SERUM CREATININE AND INDOXYL SULFATE LEVELS SERUM CREATININE AND INDOXYL SULFATE LEVELS 

CHRONIC RENAL FAILURE IN THE USCHRONIC RENAL FAILURE IN THE US
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Indoxyl Sulfate and ProgressionIndoxyl Sulfate and Progression

TYRPTOPHANTYRPTOPHAN INDOLEINDOLE

INDOLE TOINDOLE TO

INDOXYL SULFATEINDOXYL SULFATE
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Control: n=10 *

Duration of Administration

(5/6 nephrectomized rats)

Niwa, T. et al: J Lab Clin Med, 124(1), p96,1994

Effect of Effect of IndoxylIndoxyl Sulfate on Sulfate on 

Serum CreatinineSerum Creatinine in Uremic in Uremic 

RatsRats



INDOXYL SULFATE AND CKDINDOXYL SULFATE AND CKD

�� TGF BetaTGF Beta--11

�� TISSUE INHIBITOR OF TISSUE INHIBITOR OF 
METALLOPROTEINASE (TIMPMETALLOPROTEINASE (TIMP--1)1)

�� PAIPAI--11

�� ABNORMALITIES IN TRYPTOPHAN ABNORMALITIES IN TRYPTOPHAN 
METABOLISMMETABOLISM

�� CARDIOVASCULAR EFFECTS?CARDIOVASCULAR EFFECTS?



ASTAST--120120

�� ASTAST--120 is an orally administered 120 is an orally administered 

adsorbent that was approved in Japan in adsorbent that was approved in Japan in 

1991 for prolonging the time to initiation 1991 for prolonging the time to initiation 

of hemodialysis and improving uremic of hemodialysis and improving uremic 

symptoms in patients with chronic kidney symptoms in patients with chronic kidney 

disease (CKD).disease (CKD).



ASTAST--120120
�� ASTAST--120 consists of black spherical 120 consists of black spherical 
particles ca. 0.2 to 0.4 mm in diameter.  particles ca. 0.2 to 0.4 mm in diameter.  
Composed mainly of carbon Composed mainly of carbon 
(approximately 96%), AST(approximately 96%), AST--120 exhibits 120 exhibits 
similar or superior adsorptionsimilar or superior adsorption--ability to ability to 
activated charcoal for certain acidic and activated charcoal for certain acidic and 
basic organic compounds that are known basic organic compounds that are known 
to be increased in renal failure patients.  to be increased in renal failure patients.  
The clinical utility of ASTThe clinical utility of AST--120, therefore, 120, therefore, 
is believed to reside in its ability to is believed to reside in its ability to 
adsorb uremic toxins in the adsorb uremic toxins in the 
gastrointestinal (GI) tract, thereby gastrointestinal (GI) tract, thereby 
reducing systemic absorption reducing systemic absorption of uremic of uremic 
toxins and related contributions to the toxins and related contributions to the 
CKD disease processCKD disease process



Manufacturing Process of Manufacturing Process of 

Spherical Activated Carbon & Spherical Activated Carbon & 

ASTAST--120120
Petroleum Hydrocarbon

Spherical Shape 
Formation

Infusibilization

Carbonization & Activation

Oxidation

Reduction

ASTAST--120120

Spherical Activated CarbonSpherical Activated Carbon

FF--ASTAST (Starting Material)(Starting Material)

Surface 
Treatment

Molecular Modification



Surface Oxidation Surface Reduction

Basal Plane

Prism Plane (Edge)Prism Plane (Edge)Prism Plane (Edge)Prism Plane (Edge)
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* Hagiwara S, Poisoning Res. 2: 11-18, 1989

Model of Functional Groups Model of Functional Groups 

on the Adsorption Surfaceon the Adsorption Surface



ASTAST--120120

Activated CharcoalActivated Charcoal

Difference between ASTDifference between AST--120 120 

and Activated Charcoaland Activated Charcoal



150 µm 15 µm 1.5 µm

X 180X 180 X 1,800X 1,800 X 18,000X 18,000

Cross Section of ASTCross Section of AST--120120



*   Giordano C, et al., Sorbents and Their Clinical  Application, Academic Press NY, 1980
**  Gardner DL, et al., Trans. Amer. Soc. Artif. In t. Org.,17: 239-245, 1971
*** Yatzidis H, et al., Kidney Int. 10: S215-S217, 1976

Difference between ASTDifference between AST--120 120 

and Activated Charcoaland Activated Charcoal

Difficult Difficult *,**,***)*,**,***)PossiblePossibleLong Term Administration Long Term Administration 

Not effectiveNot effectiveEffectiveEffectiveAnimal with CKD Animal with CKD 

NoNoYesYesMolec. Wt. Selectivity Molec. Wt. Selectivity 

LowLowHighHighFluidity Fluidity 

Irregular,         Irregular,         

1010--100 100 µµm m 
Spherical, 200Spherical, 200--

400 400 µµm m Shape & Size Shape & Size 

Activated Activated 

CharcoalCharcoal
ASTAST--120120



ASTAST--120 vs Activated 120 vs Activated 

CharcoalCharcoal

-- Physical AppearancePhysical Appearance

AST-120 Activated Charcoal



ASTAST--120 vs120 vs Activated Activated 

Charcoal Charcoal –– Bulk DensityBulk Density

AST-120 (6 g) Activated Charcoal (6 g)



Conventional dietConventional diet AST-120 5 % diet Medicinal charcoal 5 % diet

External Observation of GIExternal Observation of GI--tracttract



Niwa,T.et al Kidney Int 52 Suppl.62 :S23, 1997Niwa,T.et al Kidney Int 52 Suppl.62 :S23, 1997
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Proposed Action Mechanism of Proposed Action Mechanism of 
ASTAST--120120

ASTAST--120 Mechanisms of Action 120 Mechanisms of Action 

in Slowing Progression of CKDin Slowing Progression of CKD

Adsorption of Uremic ToxinsAdsorption of Uremic Toxins
in the GIin the GI --tracttract



.
Miyazaki, T. et al. Nephrol. Dial. Transplant. 2000  15:1773-1781; 
doi:10.1093/ndt/15.11.1773

THE EFFECT OF AST-120 ON GLOMERULOSCLEROSIS AND 

INDOXYL SULFATE IMMUNOSTAINING IN 5/6 NEPHRECTOMY CKD 
MODEL



Paired UPaired U--test:p=0.0001test:p=0.0001

--497497××1010--55 dL/mg/week
--9696××1010--55 dL/mg/week

Mean s-Cn:3.2（2.0～4.0）

Cr=2~4 mg/dL
Slope of 1/s-Cr: -150~-1500×10-5 dL/mg/week

-24 0 24
0.0
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Before Afterweeks

1/
C

r

1/s1/s--Cr slope Before and Cr slope Before and 
After the Initiation of ASTAfter the Initiation of AST --120 Administration120 Administration

（（from Phase from Phase ⅣⅣ datadata））

No. of patients: 416



Estimated NoEstimated No --dialysis Rate & Sample Sizedialysis Rate & Sample Size
（（from Phase from Phase ⅣⅣ datadata））
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Assumption:  sCr level to initiate the dialysis  10  mg/dL
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AST-120 AND CHANGES IN ARTERIAL PULSE 
WAVE VELOCITY AND CAROTID ARTERY INTIMA-
MEDIA THICKNESS





FDA REQUIREMENTS FDA REQUIREMENTS 

•INDOXYL SULFATE LEVELS ARE ELEVATED IN THE 
US POPULATION WITH CHRONIC KIDNEY DISEASE

•AST-120 LOWERS INDOXYL SULFATE

•THE URINARY APPEARANCE OF CREATININE
(U X V) IS NOT CHANGED BY BINDING OF 
CREATININE BY AST-120 IN THE GUT



3-Month (12 Weeks) 
Double-Blind Treatment Phase

AST-120   2.7 g/day

AST-120   6.3 g/day

AST-120   9.0 g/day

PLACEBO

2- to 4-Week 
Screening Phase

2-Week 
Follow-up 

Phase

Week 4 Week 8 Week 12 Follow Up 
Safety

Baseline 
Labs

Screen 
Labs

Laboratory 
Assessments

Laboratory 
Assessments

Laboratory 
Assessments

Week 14

Study SchematicStudy Schematic



A: Paired t-Test within Treatment Group 
B: ANCOVA Model (AST-120 vs Placebo)

Week 12
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A: p = 0.726
B: p = 0.252
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A: p < 0.655

Week 8
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MEAN CHANGE IN SMEAN CHANGE IN S--IS IS 

FROM BASELINEFROM BASELINE TO WEEK 8 AND TO WEEK 8 AND 

WEEK 12WEEK 12



1.021.02

(0.92 (0.92 –– 1.12)1.12)
45.445.446.146.1

Creatinine Clearance Creatinine Clearance 

(mL/min)(mL/min)

Serum Creatinine (mg/dL)Serum Creatinine (mg/dL)

Urinary Creatinine Excretion  Urinary Creatinine Excretion  

(mg/day)(mg/day)

0.970.97

(0.91 (0.91 –– 1.02)1.02)
1.791.791.731.73

0.980.98

(0.91 (0.91 –– 1.07)1.07)
1,286.11,286.11,264.71,264.7

Geometric Geometric 

Mean Ratio Mean Ratio 

(90% CI)(90% CI)
PlaceboPlacebo

ASTAST--120120

9.0 g/day9.0 g/day

Geometric mean values at end of each 7-day treatmen t period

URINARY CREATININE URINARY CREATININE 

EXCRETION EXCRETION 

STUDY (KRMSTUDY (KRM--102)102) --RESULTSRESULTS--



CHANGE IN MALAISE CHANGE IN MALAISE 

FROM BASELINE TO WEEK 12FROM BASELINE TO WEEK 12

PlaceboPlacebo
2.7 g2.7 g6.3 g6.3 g9.0 g9.0 g

ChangeChange

----p=0.066p=0.066p=0.028p=0.028p=0.002p=0.002
χχ22--testtest

((vsvs Placebo)Placebo)

10(26%)10(26%)7(18%)7(18%)4(10%)4(10%)5(13%)5(13%)AggravatedAggravated

25(66%)25(66%)21(54%)21(54%)24(62%)24(62%)17(45%)17(45%)UnchangedUnchanged

3(8%)3(8%)11(28%)11(28%)11(28%)11(28%)16(42%)16(42%)ImprovedImproved

ASTAST--120120



THE EPPIC STUDY: THE EPPIC STUDY: EEvaluating valuating 

PPrevention ofrevention of PProgression rogression IIn n CCKDKD

232 (40.5%)232 (40.5%)RANDOMIZEDRANDOMIZED

572572SCREENEDSCREENED

16001600ENROLLMENT GOAL IN  TWO STUDIESENROLLMENT GOAL IN  TWO STUDIES

•PRIMARY ENDPOINT: DOUBLING OF CREATININE+DIALYSIS+T RANSPLANT
•80% POWER TO DETECT ~30% REDUCTION IN RISK: 291 TOTAL EVENTS REQUIRED
•18 MONTH ENROLLMENT AND 24 MONTH MINIMAL TREATMENT TIME



PREBIOTIC AND PROBIOTIC PREBIOTIC AND PROBIOTIC 

AGENTS  IN CKDAGENTS  IN CKD

�� PREBIOTIC AGENTS: PREBIOTIC AGENTS: NONDIGESTIBLE NONDIGESTIBLE 

FOOD INGREDIENTS THAT STIMULATE FOOD INGREDIENTS THAT STIMULATE 

COLONIC BACTERIAL GROWTH OR COLONIC BACTERIAL GROWTH OR 

ACTIVITYACTIVITY

�� PROBIOTIC AGENTS: PROBIOTIC AGENTS: VIABLE ORGANISMS VIABLE ORGANISMS 

WHICH COLONIZE THE WHICH COLONIZE THE 

GASTROINTESTINAL TRACT OR PROVIDE GASTROINTESTINAL TRACT OR PROVIDE 

ENZYMES WHICH PRODUCE BENEFICIAL ENZYMES WHICH PRODUCE BENEFICIAL 

EFFECTS (e.g., EFFECTS (e.g., BifidobacteriumBifidobacterium longumlongum))



PROBIOTIC AGENTS IN CKDPROBIOTIC AGENTS IN CKD

�� B. B. longumlongum: 27 CKD Patients for 6 Months: 27 CKD Patients for 6 Months

�� CKD IV (> 4 mg/dl)/PCKD IV (> 4 mg/dl)/Pi i > 4 mg/dl > 4 mg/dl 

�� DELAYED PROGRESSIONDELAYED PROGRESSION

�� Nippon Nippon JinzoJinzo GakkaiGakkai Shi, 2003; 45:759Shi, 2003; 45:759--764764

�� B. B. pasteuriipasteurii: 5/6 : 5/6 NephrectomizedNephrectomized RatsRats

�� DELAYED PROGRESSION/INCREASED SURVIVALDELAYED PROGRESSION/INCREASED SURVIVAL

�� Scientific World Journal, 2005; 5:652Scientific World Journal, 2005; 5:652--660660



PROBIOTICSPROBIOTICS

�� ENTERIC INTRODUCTION BACTERIA OR ENTERIC INTRODUCTION BACTERIA OR 

BACTERIAL PRODUCTSPRODUCTS BACTERIAL PRODUCTSPRODUCTS 

�� BIFIDOBACTERIUM BIFIDOBACTERIUM longumlongum prevents prevents 

progression after 5/6 progression after 5/6 nephrectomynephrectomy

�� Inhibition of proInhibition of pro--inflammatory cytokinesinflammatory cytokines



THANKS FOR THANKS FOR 
YOURYOUR
ATTENTION!!ATTENTION!!

GERALD SCHULMAN, MD
PROFESSOR OF MEDICINE
VANDERBILT UNIVERSITY
NASHVILLE, TN
gerald.schulman@vanderbilt.edu


