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Abstract

Renamezin® is a modified capsule-type oral spherical adsorptive carbon which lowers

indoxyl sulfate levels in patients with advanced chronic kidney disease (CKD). This 24-week

prospective observational cohort study was performed to evaluate the effect of Renamezin®

upon attenuation of renal function decline. A total of 1,149 adult patients with baseline

serum creatinine 2.0–5.0 mg/dL were enrolled from 22 tertiary hospital in Korea from April

2016 to September 2018. Among them, a total of 686 patients completed the study and

were included in the intention-to-treat analysis. A total of 1,061 patients were included in the

safety analysis. The mean age was 63.5 years and male patients were predominant

(63.6%). Most of the patients (76.8%) demonstrated high compliance with study drug (6g

per day). After 24 week of treatment, serum creatinine was increased from 2.86±0.72 mg/dL

to 3.06±1.15 mg/dL (p<0.001), but estimated glomerular filtration rate was not changed sig-

nificantly during observation period (22.3±6.8 mL/min/1.73m2 to 22.1±9.1 mL/min/1.73m2, p

= 0.243). Patients with age over 65 years old and those under good systolic blood pressure

control <130 mmHg were most likely to get benefit from Renamezin® treatment to preserve

renal function. A total of 98 (9.2%) patients out of 1,061 safety population experienced 134

adverse events, of which gastrointestinal disorders were the most common. There were no

serious treatment-related adverse events. Renamezin® can be used safely to attenuate

renal function decline in moderately advanced CKD patients.
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Introduction

Chronic kidney disease (CKD) is the state of chronic functional or structural failure of kidneys

which ultimately results in the decline of renal function [1]. The current treatment includes

low salt diet, lifestyle modification, blood pressure control and management of underlying dis-

ease. However, there are not yet the curative methods to reverse chronic renal damage. There-

fore, kidneys ultimately fail to excrete metabolic wastes and the patients undergo renal

replacement therapy when uremic symptoms occur.

As renal function declines, various small uremic toxins cannot be effectively excreted

through urine. The metabolic wastes from dietary protein such as indoxyl sulfate or p-cresyl

sulfate are known to act as uremic toxin which accelerate CKD progression [2]. The AST-120

(Kremezin1, Kureha Corporation, Tokyo, Japan), an oral granule-type spherical carbon

adsorbent, was developed to delay CKD progression by adsorbing uremic toxins and their pre-

cursors and excreting them into feces. Previous observational studies and animal studies dem-

onstrated that treatment with AST-120 reduces the level of indoxyl sulfate [3,4], attenuates

renal function decline [5,6] and renal sclerosis [7,8].

Renamezin1 is a capsule-type oral carbon adsorbent modified from the AST-120 and was

developed by Korean pharmaceutical company (Daewon Corporation, Seoul, South Korea).

While Kremezin1 uses petroleum pitch as the raw material for spherical carbonaceous adsor-

bents, Renamezin1 is made of furan resin which results in 2 to 10 times greater compression

strength [9]. Compared to the previous granule-type Kremezin1, it is thought to increase drug

compliance and therefore enhance drug absorbing effect. Previous study by Kim et al. demon-

strated that daily 6g of Renamezin1 effectively reduced the level of indoxyl sulfate as early as 4

weeks after treatment (22.5±13.9% reduction from baseline) [9]. However, there has been no

clinical study evaluating the effect of Renamezin1 upon attenuation of renal function decline.

Therefore, this study was designed to evaluate the efficacy of Renamezin1 in attenuating CKD

progression among pre-dialysis CKD patients.

Materials and methods

Study design and study drug

We performed a 24-week, multi-center, observational study among 22 tertiary hospitals in

South Korea. The data were recruited from April 2016 to September 2018. The data within

window period of 170±28 days was thought to be acceptable. The study drug was capsule type

carbonaceous adsorbent called Renamezin1. The patients were recommended to take 7 cap-

sules per time and 3 times a day (6g/day). The amount of study drug was controlled by the

investigators based upon side effects and patient tolerability.

Study population

A total of 1,149 pre-dialysis adult CKD patients with baseline serum creatinine between 2.0

and 5.0 mg/dL were screened for study enrollment (Fig 1). Among them, a total of 79 patients

were failed to be enrolled in the study due to one of the following reasons: those with previous

experience of study drug, those with gastrointestinal motility disorder or severe constipation,

those with uncontrolled hypertension (systolic blood pressure� 180 mmHg or diastolic blood

pressure� 110 mmHg), those with elevated aspartate aminotransferase (AST) or alanine ami-

notransferase (ALT) over 3 times of upper normal value, chronic alcoholics, those with active

infection, pregnant or lactating women, those upon other clinical trials. Another 90 patients

withdrew informed consent, 161 patients were lost to follow up, and 60 patients did not reach

24-week goal or had short duration of follow up. Another 73 patients were dropped out due to
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investigator’s decision including the patients who were inadequate to take medicine due to

poor compliance, psychiatric or economic problems. Therefore, a total of 686 CKD patients

were included in the intention-to treat (ITT) analysis. A total of 1,061 patients were included

in the safety analysis including those who took medication more than once (n = 375).

Measurement and study outcome

Demographic data were collected at the baseline including age, gender, height and weight,

cause and duration of chronic kidney disease, comorbidities and list of medication. Systolic

and diastolic blood pressures were measured both at the baseline and the end of the study. All

the patients measured serum creatinine and estimated glomerular filtration rate (eGFR) at the

baseline and at the end of the study. CKD was defined by eGFR less than 60 mL/min/1.73m2.

The eGFR was measured using CKD Epidemiology Collaboration (CKD-EPI) equation. The

primary outcome was the change in serum creatinine. The secondary outcome was the change

in eGFR and the incidence of adverse events during study period. The drug compliance was

assessed by an average number of capsules taken by each patient. We divided patients into

three groups according to medication compliance: 21 capsules vs. 14~20 capsules vs. 7~14 cap-

sules per day. All the adverse events were collected at the end of the study among safety

population.

Statistical analysis

Statistical analysis was conducted using the SPSS software version 26.0 (SPSS, Inc., Chicago,

Ill., USA). For descriptive analysis, data were represented either as mean±standard deviation

for continuous variables and frequencies for categorical variables. The student t-test and one-

way analysis of variance (ANOVA) were used for comparison. Subgroup analysis was per-

formed to find independent factors related to preservation of renal function. Groups were

divided by the change of eGFR (ΔeGFR) during the study, and the group with preserved renal

function (ΔeGFR� 0) was compared with the group with decline of renal function (ΔeGFR

< 0). Since change in serum creatinine level is not linear over time and can be affected by vari-

ous factors such as muscle mass and food ingestion, we used eGFR instead of serum creatinine

to perform subgroup analysis. Binary logistic regression analysis was performed for comparing

Fig 1. Study population. A total of 1,149 patients were screened for the study and 686 patients who took the study

medication for 24 weeks were included in the intention-to-treat analysis. A total of 1,061 patients who took study drug

more than once were included in the safety analysis.

https://doi.org/10.1371/journal.pone.0252186.g001
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subgroups. The forest plot was drawn to find risk factors associated with poor outcome. The

P-value < 0.05 was considered statistically significant.

Ethics statement

The study was approved by the Institutional Review Board Kangnam Sacred Heart Hospital

(2016-05-062) and the Institutional Review Board of each participating center: the Institutional

Review Boards of CHA Bundang Medical Center, Seoul Eulji Medical Center, Korea Univer-

sity Anam Hospital, Myungji Hospital, Yongin Severance Hospital, Inje University Ilsan Paik

Hospital, Sejong General Hospital, G Sam Hospital, Hanyang University Seoul Hospital, Soon

Chun Hyang University Cheonan Hospital, Inje University Busan Paik Hospital, The Catholic

University of Korea Daejeon St. Mary’s Hospital, CHA Gumi Medical Center, Daegu Catholic

University Medical Center, Keimyung University Dongsan Hospital, Chosun University Hos-

pital, Chonnam National University Hospital, Kosin University Hospital, Chung-Buk National

University Hospital, Chung-Nam National University Hospital, and Changwon Fatima Hospi-

tal. We gathered written informed consent from all the patients before enrollment.

Results

Baseline characteristics of the ITT population

A total of 686 patients were included in the ITT analysis. Table 1 shows the baseline demo-

graphic and clinical characteristics of the ITT population. The mean age was 63.5 and male

was predominant (63.6%). About half of the population had diabetes mellitus and hyperten-

sion. Most of the patients had CKD for 1~5 years. The baseline systolic and diastolic blood

pressure was 130.9±17.4 and 73.9±11.7 mmHg, respectively. The baseline serum creatinine

and eGFR were 2.86±0.72 mg/dL and 22.4±6.8 mL/min/1.73m2, respectively. The mean num-

ber of pills per day was 19.3, which equates to 5.5g/day. Interestingly, most of the patients

(527/686, 76.8%) demonstrated high compliance with the study drug (21 capsules (6g) per

day).

Changes of serum creatinine and eGFR after Renamezin1 treatment

During mean follow-up duration of 173.3±11.1 days, serum creatinine was increased from

2.86±0.72 mg/dL to 3.06±1.15 mg/dL (p<0.001, Fig 2). Therefore, Renamezin1 treatment

could not prevent the patients from elevation of serum creatinine. However, eGFR did not

change significantly over the study period (22.3±6.8 mL/min/1.73m2 to 22.1±9.1 mL/min/

1.73m2, p = 0.243).

Factors associated with preservation of renal function

To evaluate clinical factors associated with preservation of renal function, we performed

binary logistic regression analysis. The patients were grouped according to change of eGFR

(ΔeGFR) during study period. The patients with preserved renal function (ΔeGFR�0) were

compared with those with decreased renal function (ΔeGFR <0) over study period (Table 2).

The group with preserved renal function (n = 328) showed older age (65.1±13.0 vs. 62.0±13.7

years old, p = 0.002) and lower proportion of diabetic patients (40.2% vs. 48.3%, p = 0.033).

This group also showed lower systolic blood pressure (126.9±16.7 vs. 134.2±17.3 mmHg,

p<0.001) and diastolic blood pressure (72.3±11.7 vs. 75.1±11.6 mmHg, p = 0.001) and more

narrow pulse pressure (54.7±13.9 vs. 59.1±15.6 mmHg, p<0.001). However, either baseline

eGFR (22.7±6.8 vs. 22.0±6.8, p = 0.189) or drug compliance (19.3±3.3 vs. 19.3±3.5 pills/day,

p = 0.992) did not differ between groups.
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Patients who can benefit from Renamezin1 treatment

To evaluate subgroup who are likely to get benefit from Renamezin1 treatment, we performed

multivariate logistic regression analysis (Table 3). Elderly patients with age over 65 years old

and those with well-controlled systolic blood pressure<130 mmHg were most likely to get ben-

efit from Renamezin1 treatment. Since most of the enrolled patients showed good compliance

with study drug, there were no statistically significant difference in ΔeGFR according to study

pills. Diabetic patients were less likely to get benefit from the study drug. Although statistically

not significant, study drug was more likely to be effective in the early stage of CKD (Fig 3).

Adverse events

Adverse events (AEs) in the safety population are summarized in Table 4. During 24 weeks of

study period, a total of 98 patients (9.2%) out of 1,061 safety population experienced 134

adverse events. Among them, 38 treatment-related adverse events (3.6%) occurred. The most

commonly reported treatment-related adverse events involved gastrointestinal tract including

heartburn (5, 0.5%), diarrhea (5, 0.5%), constipation (3, 0.3%), dyspepsia (3, 0.3%), vomiting

(2, 0.2%), abdominal discomfort (1, 0.1%), abdominal bloating (1, 0.1%), and nausea (1, 0.1%).

One mortality case occurred during the study period, but the exact causal relationship could

not be classified.

Table 1. Demographic and baseline clinical characteristics of ITT population.

Variables Participant (n = 686)

Age (years) 63.5±13.4

Male 436 (63.6%)

Diabetes mellitus 305 (44.5%)

Hypertension 310 (45.3%)

CKD duration

< 1 year 177 (25.8%)

1~5 years 278 (40.5%)

5~10 years 131 (19.1%)

� 10 years 68 (9.9%)

Unknown 32 (4.7%)

Body mass index (kg/m2) 24.8±3.6

Systolic blood pressure (mmHg) 130.9±17.4

Diastolic blood pressure (mmHg) 73.9±11.7

Serum creatinine (mg/dL) 2.86±0.72

Estimated GFR (mL/min/1.73m2) 22.4±6.8

CKD stages

Stage 3 115 (16.8%)

Stage 4 472 (68.8%)

Stage 5 99 (14.4%)

Drug compliance

7~13 capsules/day 36 (5.2%)

14~20 capsules/day 123 (17.9%)

21 capsules/days 527 (76.8%)

Use of ARB or ACEi 403 (58.7%)

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease;

GFR, glomerular filtration rate; ITT, intention-to-treat.

https://doi.org/10.1371/journal.pone.0252186.t001
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Fig 2. Change in serum creatinine and eGFR after 24 weeks of treatment. (A) Serum creatinine was significantly increased after treatment with Renamezin1

(2.86±0.72 and 3.06±1.15 mg/dL, p<0.001). (B) The eGFR did not significantly change after treatment (22.3±6.8 and 22.1±9.1 mL/min.1.732, p = 0.243).

https://doi.org/10.1371/journal.pone.0252186.g002

Table 2. Factors associated with preservation of renal function.

Parameters ΔeGFR <0 (n = 358) ΔeGFR�0 (n = 328) p-value

Age (years) 62.0±13.7 65.1±13.0 0.002

Male (%) 232 (64.8%) 204 (62.2%) 0.478

Diabetes mellitus (%) 173 (48.3%) 132 (40.2%) 0.033

Hypertension (%) 158 (44.3%) 152 (46.3%) 0.584

Body mass index (kg/m2) 24.6±3.5 24.8±3.8 0.499

Systolic BP (mmHg) 134.2±17.3 126.9±16.7 <0.001

Diastolic BP (mmHg) 75.1±11.6 72.3±11.7 0.001

Pulse pressure (mmHg) 59.1±15.6 54.7±13.9 <0.001

Baseline serum Cr (mg/dL) 2.95±0.73 2.76±0.68 <0.001

Baseline eGFR (mL/min/1.73m2) 22.0±6.8 22.7±6.8 0.189

Number of study pills per day 19.3±3.5 19.3±3.3 0.992

Use of ARB or ACEi 218 (60.9%) 185 (56.4%) 0.233

ΔeGFR -4.15±3.39 3.99±4.55 <0.001

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; Cr, creatinine; ΔeGFR, absolute change in estimated glomerular

filtration rate; eGFR, estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0252186.t002
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Discussion

This is the first study to evaluate the effect of novel drug Renamezin1 for attenuation of renal

function decline in moderately advanced CKD patients. Although Renamezin1 did not show

significant effect upon delaying renal failure, Renamezin1 was beneficial for elderly patients

and those with adequate blood pressure control. However, it was not beneficial for those with

diabetes mellitus. The treatment-related adverse events were not different from those reported

with Kremezin1.

Uremic syndrome in advanced CKD involves the accumulation of uremic solutes and tox-

ins in blood which leads to dysfunction of multiple organs and dysbiosis of the gut microbiota

[10]. The representative uremic toxin is indoxyl sulfate which is produced from degradation of

tryptophan in gut and metabolism by enzymes in liver. The other prototype protein-bound

uremic toxin is p-cresyl sulfate which is produced from degradation of tyrosine and phenylala-

nine in gut [2]. Unlike small water-soluble toxins such as urea or creatinine, protein-bound

uremic toxins such as indoxyl sulfate and p-cresyl sulfate are not fully removed by dialysis

[11]. Therefore, preventing production of protein-bound uremic toxin from low protein diet

and removing them from gut are important to reduce uremic symptoms in advanced CKD.

The AST-120, also known as Kremezin1, is the firstly developed oral pharmaceutical agent

which consists of spherical carbonaceous adsorbent. It is theoretically beneficial to absorb

intestine-origin protein-bound uremic toxins and excrete them to the feces. In fact, Kreme-

zin1 effectively lowered the level of indoxyl sulfate [12,13]. However, major randomized con-

trolled trials did not show significant difference in composite of renal outcome (doubling of

serum creatinine levels, increase in serum creatinine levels to� 6.0 mg/dL, 50% reduction in

estimated glomerular filtration rate (eGFR), initiation of dialysis or kidney transplantation) or

all-cause mortality between study and control groups [12,14–16]. One possible reason for neg-

ative outcome is that patients find Kremezin1 difficult to tolerate because of its unpleasant

texture and taste. It is also difficult to take the exact prescribed amount for patients because of

granule retention in the oral cavity. Therefore, there has been a need for improving drug

compliance.

Table 3. Multivariate logistic regression analysis for renal function preservation (ΔeGFR�0).

Variables Odds ratio 95% CI p-value

Age�65 years 1.505 1.089–2.079 0.013

Male 0.82 0.573–1.174 0.279

Diabetes mellitus 0.752 0.545–1.038 0.083

Systolic BP� 130 mmHg 0.528 0.373–0.747 <0.001

Diastolic BP� 75 mmHg 1.019 0.71–1.462 0.92

Use of ARB or ACEi 0.879 0.637–1.212 0.43

CKD stage

3 Ref

4 0.812 0.522–1.263 0.356

5 0.556 0.3–1.03 0.062

Drug compliance

7~13 capsules/day Ref

14~20 capsules/day 1.687 0.773–3.681 0.189

21 capsules/day 1.44 0.709–2.928 0.313

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; CKD,

chronic kidney disease; ΔeGFR, absolute change in estimated glomerular filtration rate.

https://doi.org/10.1371/journal.pone.0252186.t003
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Renamezin1 is a new capsule-type oral spherical carbon adsorbent which can substitute

Kremezin1. Recent study by Kim et al. showed that Renamezin1 can effectively reduce the

level of indoxyl sulfate by 20%~30% from the baseline after 4 to 8 weeks of prescription [9]. In

addition, Renamezin1 can improve patient adherence to medication. Kee et al. demonstrated

in their cross-over study that the patient preferred Renamezin1 over Kremezin1 (65.5% vs.

34.5%) and patient adherence improved in greater degree after switching from Kremezin1 to

Renamezin1 (83.4% to 90.0%, p = 0.057) [17]. However, Renamezin1 could not attenuate

renal function decline in our 24-week observational study. The reason why the study drug

could not delay renal progression is out of the scope of this study. However, there can be sev-

eral explanations. Firstly, serum creatinine as a primary outcome can be affected by various

factors such as muscle mass and food ingestion which can mitigate the change of true renal

function. Indeed, previous randomized clinical trials with AST-120 also set primary outcome

as either doubling of serum creatinine or developing end-stage renal disease [12,14,15]. How-

ever, this study neither was designed as a randomized controlled trial nor was performed for a

long duration to evaluate doubling of serum creatinine. Therefore, our study could not prove

the effect of study drug in reversing elevation of serum creatinine. Second, we did not compare

Fig 3. Subgroups who are likely to get benefit from Renamezin1 therapy. Elderly patients with age over 65 years old

and those with adequate systolic blood pressure control under 130 mmHg were likely to get benefit from Renamezin1

therapy. Patient compliance with study drug did not affect renal function preservation in this study. Diabetic patients

did not show benefit upon Renamezin1 therapy.

https://doi.org/10.1371/journal.pone.0252186.g003
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the rate of renal function decline before and after prescribing medication. Third, there can be

a confounding effect of serum albumin and proteinuria of which data were not available in

this study. Since indoxyl sulfate and p-cresyl sulfate are protein-bound uremic toxins, the free

toxin concentration can be different by the level of serum albumin [2]. Lastly, our study

included the patients with more progressed renal function including CKD stage 5 (14.4% of all

population). Since the study drug was more effective in the early CKD stage, a large proportion

of advanced CKD patients could affect the study result.

Although the study drug did not attenuate renal function decline overall, it was beneficial

for some subgroup of patients. The patients with age� 65 years old revealed to get benefit

from Renamezin1 treatment. The patients who are� 65 years old demonstrated significant

preservation of renal function after Renamezin1 treatment (OR 1.52, 95% confidence interval

1.102–2.097, p = 0.011). The patients with age� 65 years old revealed to have lower serum cre-

atinine at baseline (2.74±0.67 vs. 2.99±0.74 mg/dL, p<0.001) and lower body mass index (24.3

±3.4 vs. 25.2±3.9, p = 0.032) compared to younger patients. Therefore, same amount of study

drug may result in better outcome. In addition, the patients with adequate systolic blood pres-

sure control< 130 mmHg were also likely to get benefit from Renamezin1 treatment. Finally,

the patients in CKD stage 3 were more likely to get benefit from Renamezin1 treatment com-

pared to those in more advanced CKD. Our results are similar to those from the previous stud-

ies with Kremezin1 [18,19]. Previous article suggested that longer prescription of Kremezin1

to the patients from the earlier stage of CKD will benefit the most from the therapy [20]. In

addition, previous studies with Kremezin1 demonstrated that the effect of study drug was

larger in the patients with diabetic nephropathy, higher proteinuria, and hematuria

[18,19,21,22]. Since carbon absorbent therapy adsorbs uremic toxin, decreases the level of

indoxyl sulfate as well as the levels of advanced glycation end products (AGEs), diabetic

Table 4. Adverse events during the study period.

Description of Adverse events Safety population (n = 1,061)

Events Patients

Total adverse events 134 98 (9.2%)

Serious adverse events 36 21 (2.0%)

Treatment-related adverse events 39 38 (3.6%)

• Gastrointestinal disorder 28 28 (2.6%)

• Heartburn 5

• Diarrhea 5

• Constipation 3

• Dyspepsia 3

• Vomiting 2

• Abdominal discomfort 1

• Flatulence 1

• Nausea 1

• Unclassified 7

• Skin disorder 3 2 (0.2%)

• Pruritus 1

• Urticaria 1

• Rash 1

• Edema 3 3 (0.3%)

• Fever or facial flushing 2 2 (0.2%)

• General weakness 2 2 (0.2%)

• Death 1 1 (0.1%)

https://doi.org/10.1371/journal.pone.0252186.t004
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patients with overt proteinuria will benefit the most from the therapy. However, in our study,

the diabetic patients were inferior in treatment effect compared to non-diabetic patients (OR

0.756, 95% confidence interval 0.548–1.043, p = 0.089). Since we neither investigate the status of

diabetic nephropathy nor the level of proteinuria but only evaluated the co-existence of diabetes

mellitus, our study cannot rule out the effect of Renamezin1 upon diabetic nephropathy sub-

group. Therefore, further study is warranted to evaluate the effect of Renamezin1 upon renal

and cardiovascular outcome in the patients with diabetic nephropathy in early CKD stages.

The patients in our study showed high compliance with the study drug. The mean number

of pills per day was 19.3, which equates to 5.5g/day. The medication compliance was

92 ± 16.4%, which is higher than that presented in the previous study with Kremezin1

(90 ± 11.8%) [12,15]. However, the drug compliance did not affect the renal outcome in our

study. This is the opposite finding from the previous study with Kremezin1 showing that bet-

ter drug compliance the better renal outcome. Since most of our patients (76.8%) took the

maximum daily dose of Renamezin1, the effect of drug compliance upon renal outcome may

not be visualized in our study. This should be further elucidated in the future study.

There were fewer adverse events with Renamezin1 compared to the studies with Kreme-

zin1. A total of 38 (3.6%) patients among 1,061 safety population experienced treatment-

related adverse events in our study. In the randomized study with Kremezin1 by Akizawa

et al. the incidence of treatment-related adverse events was reported as high as 26.2% [14]. The

following EPICC-1 and EPICC-2 randomized trial also reported the incidence of adverse

events as 18.3% to 21.5% [15]. Together with high drug compliance, lower incidence of adverse

events can be a merit of taking Renamezin1 as an alternative agent to Kremezin1. Recent

study by Kee et al. also demonstrated similar medication adherence and efficacy between Kre-

mezin1 and Renamezin1 while Renamezin1 shows lower rates of serious adverse events

compared to Kremezin1. In addition, the affected tissue or organs in which adverse events

occurred were similar to those reported in the previous studies with Kremezin1 [12,14,15].

The most common complications were gastrointestinal discomfort including diarrhea, consti-

pation, flatulence, and nausea. Skin related complications were the second most frequent

adverse events.

Our study has some strengths. This is the first study to evaluate the effect of novel drug

Renamezin1 in attenuating renal function decline in a prospective observational cohort study.

Although it was not a randomized controlled trial, most of the patients followed up the study

schedule and took daily maximum dose of the study drug. On the other hands, our study has

some limitations. The study duration was too short to evaluate the effect of the study drug

upon renal function decline. We measured serum creatinine and eGFR at only 2 points, at

baseline and at the end of the study. Therefore, acute decline of renal function may be mistak-

enly interpreted as chronic renal progression. In addition, we did not measure important vari-

ables such as serum albumin, HbA1c, C-reactive protein, the presence of hematuria, or the

amount of proteinuria. At last, we did not measure the level of indoxyl sulfate before and after

treatment.

In conclusion, Renamezin1 treatment did not slow down renal progression in moderately

advanced CKD with serum creatinine 2.0–5.0 mg/dL. However, older patients� 65 years old

with adequate control of blood pressure may get benefit from the Renamezin1 treatment.

Renamezin1may be used safely with high patient compliance as an alternative to Kremezin1.

Supporting information

S1 Data.

(XLSX)

PLOS ONE Renamezin effect on renal function in advanced chronic kidney disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0252186 June 7, 2021 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252186.s001
https://doi.org/10.1371/journal.pone.0252186


Acknowledgments

Authors thank all investigators of each participating center for their dedication in patient

recruitment and data acquisition. The contributors in each center is as follows: Lee SY in Seoul

Eulji Medical Center, Eulji University, Seoul, Korea; Lee JE in Yongin Severance Hospital,

Yonsei University College of Medicine, Yongin, Korea; Kang J in Sejong General Hospital,

Bucheon, Korea; Lee JW in G Sam Hospital, Gunpo, Korea; Park JS in Hanyang University

College of Medicine, Seoul, Korea; Kim YH in Inje University Busan Paik Hospital, Busan,

Korea; Cho JH in CHA Gumi Medical Center, CHA University, Seongnam, Korea; Ahn KS in

Daegu Catholic University Medical Center, Daegu, Korea; Jin K in Keimyung University

Dongsan Hospital, Daegu, Korea; Kim HL in Chosun University College of Medicine,

Gwangju, Korea; Kim SW in Chonnam National University Medical School, Gwangju, Korea;

Jung YS in Kosin University College of Medicine, Busan, Korea; Kim HY in Chung-Buk Uni-

versity College of Medicine, Cheong-Ju, Korea; Lee KW in Chung-Nam University College of

Medicine, Dae-Jeon, Korea; and Park K in Changwon Fatima Hospital, Changwon, Korea.

Author Contributions

Conceptualization: Young-Ki Lee.

Data curation: Eun Young Lee, Sang Kyung Jo, So-Young Lee, Kum Hyun Han, Yoon Kyung

Chang, Dong-Jin Oh, Young-Ki Lee.

Formal analysis: Hayne Cho Park.

Investigation: AJin Cho, Do Hyoung Kim.

Supervision: AJin Cho, Do Hyoung Kim, Young-Ki Lee.

Visualization: Kyu-sang Yun, Juhee Kim.

Writing – original draft: Hayne Cho Park.

Writing – review & editing: Young-Ki Lee.

References
1. Stevens PE, Levin A, Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guideline

Development Work Group M. Evaluation and management of chronic kidney disease: synopsis of the

kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern Med. 2013; 158

(11):825–30. Epub 2013/06/05. https://doi.org/10.7326/0003-4819-158-11-201306040-00007 PMID:

23732715.

2. Vanholder R, Schepers E, Pletinck A, Nagler EV, Glorieux G. The uremic toxicity of indoxyl sulfate and

p-cresyl sulfate: a systematic review. J Am Soc Nephrol. 2014; 25(9):1897–907. Epub 2014/05/09.

https://doi.org/10.1681/ASN.2013101062 PMID: 24812165; PubMed Central PMCID: PMC4147984.

3. Shimoishi K, Anraku M, Kitamura K, Tasaki Y, Taguchi K, Hashimoto M, et al. An oral adsorbent, AST-

120 protects against the progression of oxidative stress by reducing the accumulation of indoxyl sulfate

in the systemic circulation in renal failure. Pharm Res. 2007; 24(7):1283–9. Epub 2007/03/28. https://

doi.org/10.1007/s11095-007-9248-x PMID: 17387602.

4. Taki K, Niwa T. Indoxyl sulfate-lowering capacity of oral sorbents affects the prognosis of kidney func-

tion and oxidative stress in chronic kidney disease. J Ren Nutr. 2007; 17(1):48–52. Epub 2007/01/03.

https://doi.org/10.1053/j.jrn.2006.10.007 PMID: 17198932.

5. Miyazaki T, Aoyama I, Ise M, Seo H, Niwa T. An oral sorbent reduces overload of indoxyl sulphate and

gene expression of TGF-beta1 in uraemic rat kidneys. Nephrol Dial Transplant. 2000; 15(11):1773–81.

Epub 2000/11/10. https://doi.org/10.1093/ndt/15.11.1773 PMID: 11071964.

6. Horike K, Usami T, Kamiya Y, Kamiya T, Yoshida A, Itoh S, et al. Oral carbonaceous absorbent modi-

fies renal function of renal ablation model without affecting plasma renin-angiotensin system or protein

intake. Clin Exp Nephrol. 2003; 7(2):120–4. Epub 2003/10/31. https://doi.org/10.1007/s10157-003-

0222-6 PMID: 14586730.

PLOS ONE Renamezin effect on renal function in advanced chronic kidney disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0252186 June 7, 2021 11 / 12

https://doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/23732715
https://doi.org/10.1681/ASN.2013101062
http://www.ncbi.nlm.nih.gov/pubmed/24812165
https://doi.org/10.1007/s11095-007-9248-x
https://doi.org/10.1007/s11095-007-9248-x
http://www.ncbi.nlm.nih.gov/pubmed/17387602
https://doi.org/10.1053/j.jrn.2006.10.007
http://www.ncbi.nlm.nih.gov/pubmed/17198932
https://doi.org/10.1093/ndt/15.11.1773
http://www.ncbi.nlm.nih.gov/pubmed/11071964
https://doi.org/10.1007/s10157-003-0222-6
https://doi.org/10.1007/s10157-003-0222-6
http://www.ncbi.nlm.nih.gov/pubmed/14586730
https://doi.org/10.1371/journal.pone.0252186


7. Kobayashi N, Maeda A, Horikoshi S, Shirato I, Tomino Y, Ise M. Effects of oral adsorbent AST-120

(Kremezin) on renal function and glomerular injury in early-stage renal failure of subtotal nephrecto-

mized rats. Nephron. 2002; 91(3):480–5. Epub 2002/07/18. https://doi.org/10.1159/000064291 PMID:

12119481.

8. Okada K, Matsumoto K, Takahashi S. Uremic toxins adsorbed by AST-120 promote tubular hypertro-

phy and interstitial fibrosis in nephrectomized rats. Kidney Blood Press Res. 2005; 28(1):8–13. Epub

2004/09/21. https://doi.org/10.1159/000080935 PMID: 15377820.

9. Kim SH, Jhee JH, Choi HY, Lee SH, Shin SK, Lee SY, et al. New oral spherical carbon adsorbent effec-

tively reduces serum indoxyl sulfate levels in moderate to advanced chronic kidney disease patients: a

multicenter, prospective, open-label study. BMC Nephrol. 2020; 21(1):317. Epub 2020/08/02. https://

doi.org/10.1186/s12882-020-01971-x PMID: 32736531; PubMed Central PMCID: PMC7394678.

10. Nigam SK, Bush KT. Uraemic syndrome of chronic kidney disease: altered remote sensing and signal-

ling. Nat Rev Nephrol. 2019; 15(5):301–16. Epub 2019/02/08. https://doi.org/10.1038/s41581-019-

0111-1 PMID: 30728454; PubMed Central PMCID: PMC6619437.

11. Gryp T, Vanholder R, Vaneechoutte M, Glorieux G. p-Cresyl Sulfate. Toxins (Basel). 2017; 9(2). Epub

2017/02/02. https://doi.org/10.3390/toxins9020052 PMID: 28146081; PubMed Central PMCID:

PMC5331431.

12. Cha RH, Kang SW, Park CW, Cha DR, Na KY, Kim SG, et al. A Randomized, Controlled Trial of Oral

Intestinal Sorbent AST-120 on Renal Function Deterioration in Patients with Advanced Renal Dysfunc-

tion. Clin J Am Soc Nephrol. 2016; 11(4):559–67. Epub 2016/02/26. https://doi.org/10.2215/CJN.

12011214 PMID: 26912554; PubMed Central PMCID: PMC4822676.

13. Schulman G, Agarwal R, Acharya M, Berl T, Blumenthal S, Kopyt N. A multicenter, randomized, dou-

ble-blind, placebo-controlled, dose-ranging study of AST-120 (Kremezin) in patients with moderate to

severe CKD. Am J Kidney Dis. 2006; 47(4):565–77. Epub 2006/03/28. https://doi.org/10.1053/j.ajkd.

2005.12.036 PMID: 16564934.

14. Akizawa T, Asano Y, Morita S, Wakita T, Onishi Y, Fukuhara S, et al. Effect of a carbonaceous oral

adsorbent on the progression of CKD: a multicenter, randomized, controlled trial. Am J Kidney Dis.

2009; 54(3):459–67. Epub 2009/07/21. https://doi.org/10.1053/j.ajkd.2009.05.011 PMID: 19615804.

15. Schulman G, Berl T, Beck GJ, Remuzzi G, Ritz E, Arita K, et al. Randomized Placebo-Controlled

EPPIC Trials of AST-120 in CKD. J Am Soc Nephrol. 2015; 26(7):1732–46. Epub 2014/10/29. https://

doi.org/10.1681/ASN.2014010042 PMID: 25349205; PubMed Central PMCID: PMC4483576.

16. Chen YC, Wu MY, Hu PJ, Chen TT, Shen WC, Chang WC, et al. Effects and Safety of an Oral Adsor-

bent on Chronic Kidney Disease Progression: A Systematic Review and Meta-Analysis. J Clin Med.

2019; 8(10). Epub 2019/10/20. https://doi.org/10.3390/jcm8101718 PMID: 31627462; PubMed Central

PMCID: PMC6832608.

17. Kee YK, Han SY, Kang DH, Noh JW, Jeong KH, Kim GH, et al. Comparison of Different Types of Oral

Adsorbent Therapy in Patients with Chronic Kidney Disease: A Multicenter, Randomized, Phase IV

Clinical Trial. Yonsei Med J. 2021; 62(1):41–9. Epub 2021/01/01. https://doi.org/10.3349/ymj.2021.62.

1.41 PMID: 33381933; PubMed Central PMCID: PMC7820454.

18. Cha RH, Kang SW, Park CW, Cha DR, Na KY, Kim SG, et al. Sustained uremic toxin control improves

renal and cardiovascular outcomes in patients with advanced renal dysfunction: post-hoc analysis of

the Kremezin Study against renal disease progression in Korea. Kidney Res Clin Pract. 2017; 36(1):68–

78. Epub 2017/04/11. https://doi.org/10.23876/j.krcp.2017.36.1.68 PMID: 28392999; PubMed Central

PMCID: PMC5331977.

19. Schulman G, Berl T, Beck GJ, Remuzzi G, Ritz E, Shimizu M, et al. Risk factors for progression of

chronic kidney disease in the EPPIC trials and the effect of AST-120. Clin Exp Nephrol. 2018; 22

(2):299–308. Epub 2017/07/26. https://doi.org/10.1007/s10157-017-1447-0 PMID: 28741050; PubMed

Central PMCID: PMC5838144.

20. Cha RH. Prediction of Patients Who Can Benefit from Oral Intestinal Sorbent AST-120. J Korean Med

Sci. 2019; 34(15):e127. Epub 2019/04/20. https://doi.org/10.3346/jkms.2019.34.e127 PMID:

31001939; PubMed Central PMCID: PMC6473092.

21. Schulman G, Berl T, Beck GJ, Remuzzi G, Ritz E, Shimizu M, et al. The effects of AST-120 on chronic

kidney disease progression in the United States of America: a post hoc subgroup analysis of random-

ized controlled trials. BMC Nephrol. 2016; 17(1):141. Epub 2016/10/08. https://doi.org/10.1186/s12882-

016-0357-9 PMID: 27716149; PubMed Central PMCID: PMC5045594.

22. Hwang YC, Kim SW, Hur KY, Cha BS, Kim IJ, Park TS, et al. Predictive Factors for Efficacy of AST-120

Treatment in Diabetic Nephropathy: a Prospective Single-Arm, Open-Label, Multi-Center Study. J

Korean Med Sci. 2019; 34(15):e117. Epub 2019/04/20. https://doi.org/10.3346/jkms.2019.34.e117

PMID: 31001934; PubMed Central PMCID: PMC6473095.

PLOS ONE Renamezin effect on renal function in advanced chronic kidney disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0252186 June 7, 2021 12 / 12

https://doi.org/10.1159/000064291
http://www.ncbi.nlm.nih.gov/pubmed/12119481
https://doi.org/10.1159/000080935
http://www.ncbi.nlm.nih.gov/pubmed/15377820
https://doi.org/10.1186/s12882-020-01971-x
https://doi.org/10.1186/s12882-020-01971-x
http://www.ncbi.nlm.nih.gov/pubmed/32736531
https://doi.org/10.1038/s41581-019-0111-1
https://doi.org/10.1038/s41581-019-0111-1
http://www.ncbi.nlm.nih.gov/pubmed/30728454
https://doi.org/10.3390/toxins9020052
http://www.ncbi.nlm.nih.gov/pubmed/28146081
https://doi.org/10.2215/CJN.12011214
https://doi.org/10.2215/CJN.12011214
http://www.ncbi.nlm.nih.gov/pubmed/26912554
https://doi.org/10.1053/j.ajkd.2005.12.036
https://doi.org/10.1053/j.ajkd.2005.12.036
http://www.ncbi.nlm.nih.gov/pubmed/16564934
https://doi.org/10.1053/j.ajkd.2009.05.011
http://www.ncbi.nlm.nih.gov/pubmed/19615804
https://doi.org/10.1681/ASN.2014010042
https://doi.org/10.1681/ASN.2014010042
http://www.ncbi.nlm.nih.gov/pubmed/25349205
https://doi.org/10.3390/jcm8101718
http://www.ncbi.nlm.nih.gov/pubmed/31627462
https://doi.org/10.3349/ymj.2021.62.1.41
https://doi.org/10.3349/ymj.2021.62.1.41
http://www.ncbi.nlm.nih.gov/pubmed/33381933
https://doi.org/10.23876/j.krcp.2017.36.1.68
http://www.ncbi.nlm.nih.gov/pubmed/28392999
https://doi.org/10.1007/s10157-017-1447-0
http://www.ncbi.nlm.nih.gov/pubmed/28741050
https://doi.org/10.3346/jkms.2019.34.e127
http://www.ncbi.nlm.nih.gov/pubmed/31001939
https://doi.org/10.1186/s12882-016-0357-9
https://doi.org/10.1186/s12882-016-0357-9
http://www.ncbi.nlm.nih.gov/pubmed/27716149
https://doi.org/10.3346/jkms.2019.34.e117
http://www.ncbi.nlm.nih.gov/pubmed/31001934
https://doi.org/10.1371/journal.pone.0252186

