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Randomized, Controlled Trial of TRC101 to Increase
Serum Bicarbonate in Patients with CKD
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Abstract
Background andobjectivesMetabolic acidosis is common in patientswithCKDandhas significant adverse effects
on kidney, muscle, and bone. We tested the efficacy and safety of TRC101, a novel, sodium-free, nonabsorbed
hydrochloric acid binder, to increase serum bicarbonate in patients with CKD and metabolic acidosis.

Design, setting, participants, &measurementsOnehundred thirty-five patientswere enrolled in this randomized,
double-blind, placebo-controlled, multicenter, in-unit study (designated the TRCA-101 Study). Patients had
a mean baseline eGFR of 35 ml/min per 1.73 m2, a mean baseline serum bicarbonate of 17.7 mEq/L, and
comorbidities, includinghypertension (93%), diabetes (70%), andheart failure (21%). Patients ate a controlled diet
andwere treated for 14 dayswith placebo or one of four TRC101 dosing regimens (1.5, 3, or 4.5 g twice daily or 6 g
once daily). After treatment, patients were discharged and followed for 7–14 days.

Results All TRC101 treatment groups had a mean within-group increase in serum bicarbonate of $1.3 mEq/L
(P,0.001)within72hoursof thefirst dose andamean increase in serumbicarbonateof 3.2–3.9mEq/L (P,0.001) at
the endof treatment comparedwithplacebo, inwhich serumbicarbonatedidnot change. In the combinedTRC101
treatment group, serumbicarbonatewasnormalized (22–29mEq/L) at the endof treatment in 35%of patients and
increased by$4mEq/L in 39%of patients. After discontinuation of TRC101, serumbicarbonate decreased nearly
to baseline levels within 2 weeks. All adverse events were mild or moderate, with gastrointestinal events most
common. All patients completed the study.

Conclusions TRC101 safely and significantly increased the level of serum bicarbonate in patients with metabolic
acidosis and CKD.
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Introduction
Metabolic acidosis associated with CKD is character-
ized by an imbalance in acid production relative to
excretion, resulting in the depletion of the extracellu-
lar buffer, bicarbonate, as well as buffers mobilized
from bone and muscle (1–6). Chronic metabolic
acidosis is common in advanced stages of CKD, and
it is associated with adverse consequences, including
increased mortality, acceleration of kidney disease
progression, increased muscle breakdown and insulin
resistance, and the development or exacerbation of
bone disease (5,7–16). Clinical evidence shows that
treatment of low serum bicarbonate can improve
kidney, muscle, bone, and nutritional sequelae of
chronic metabolic acidosis (17–24). Several prospec-
tive, controlled clinical studies, ranging from 1 to
5 years in duration, have shown that supplementation
with base attenuates the progression of CKD. In these
studies, oral alkali supplements (e.g., sodium bicar-
bonate or sodium citrate) or reduction of acid pro-
duction through consumption of a very low–protein
(0.3 g/kg per day) diet supplemented with ketoana-
logs led to a decreased rate of eGFR decline and fewer

patients requiring RRT (17–19). Current Kidney Dis-
ease Outcomes Quality Initiative guidelines recom-
mend that base be given when serum bicarbonate
levels are,22mEq/L and tomaintain a level$22mEq/L,
and Kidney Disease Improving Global Outcomes
guidelines also recommend administering base
when serum bicarbonate is ,22 mEq/L to maintain
the value within the normal range of 22–29 mEq/L
(25–29). Use of guideline-recommended alkali ther-
apies and/or increased intake of fruit and vegeta-
bles reflects current clinical practice; however, these
interventions have the potential to introduce large
amounts of sodium or potassium to patients with CKD
who often have hypertension, fluid overload, and
hyperkalemia (28–37).
Given the clinical benefits of increasing serum bi-

carbonate in patients with CKD who are acidemic and
the concerns associated with providing additional so-
dium and/or potassium, there is a clinical need for new
treatment options to correct metabolic acidosis. TRC101
is being developed as an orally administered, nonabsorbed,
sodium- and counterion-free hydrochloric acid binder
for the treatment of metabolic acidosis associated with
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CKD. Acid binding is a novel approach to treating metabolic
acidosis without introducing deleterious counterions, like
sodium or potassium. TRC101 selectively binds and removes
proton (H+) and chloride (Cl2) from the gastrointestinal
(GI) tract, thereby increasing serum bicarbonate. TRC101 is
not an exchange resin, and therefore, no sodium, potas-
sium, or calcium is added to the GI tract. This randomized,
controlled trial tested the hypothesis that TRC101 would
safely and effectively increase serum bicarbonate in pa-
tients with CKD who are acidemic.

Materials and Methods
Study Design
The TRCA-101 Study was a randomized, double-blind,

placebo-controlled, parallel-design, six-arm, fixed dose study
that enrolled adult patients with stage 3 or 4 CKD and
metabolic acidosis (Figure 1). It was conducted in two parts.
In part 1 (n=101), patients were randomized in a 1:1:1:1 ratio
to one of four treatment groups: TRC101 (1.5, 3, or 4.5 g twice
daily) or placebo (1.5 g twice daily). In part 2 (n=34), patients
were randomized in a 5:1 ratio to TRC101 (6 g once daily) or
placebo (3 g once daily). One day before the first dose and
throughout the 14-day treatment, all patients resided in a
clinical research unit and ate a study diet controlled for
protein, calories, anions, cations, and fiber in accordance with
dietary recommendations for patients with CKD to provide a
consistent, relatively neutral potential kidney acid load
(Supplemental Table 1) (25,38). The mean potential kidney
acid load for the diets was 0.8 mEq/d, and the mean daily
dietary protein intake was 0.7 g/kg per day (Table 1). After
completion of the treatment, patients were discharged from
the clinical research unit and followed for safety for an
additional 1–2 weeks. The TRCA-101 Study was registered at
ClinicalTrials.gov (NCT02809183). The clinical trial was

conducted within the provisions of the Declaration of
Helsinki, and the protocol was approved by local hospital
ethics committees and national health safety boards. The
TRCA-101 Study was conducted in Eastern Europe at clinical
research units located in Bulgaria (one site) and Georgia (four
sites). Eighty-five (63%) patients were enrolled in Bulgaria,
and 50 (37%) patients were enrolled in Georgia.

Study Population
A total of 154 patients were screened, and 135 patients

with stage 3 or 4 CKD and metabolic acidosis were enrolled
in the study (Figure 2). Enrollment in the TRCA-101 Study
under the original phase 1 protocol began in March of 2016.
The original planned sample size was increased by a
protocol amendment from 60 to 100 and again, by another
amendment, which added part 2 of the study and another
35 patients. The first increase in the sample size provided
more exposure to TRC101 for safety, and part 2 was added
to evaluate a once daily dosing regimen. Enrollment under
the amended protocol that increased the sample size to 100
began in June of 2016, concurrent with the ClinicalTrials.
gov registration for a phase 1/2 study. The last patient was
enrolled in the study in October of 2016, and the study was
completed in November of 2016. Each patient provided
informed consent.
Entry criteria required an eGFR of 20 to ,60 ml/min per

1.73 m2, a serum bicarbonate value of 12–20 mEq/L (in-
clusive), and stable kidney function defined by eGFR values at
screening and day21 that were within the required range and
were not different from each other by .25%. For serum
bicarbonate and eGFR, two qualifying values at least 2 days
apart and within 7 days of randomization were required.
Eligible patients were also required to have a hemoglobin A1c
value of #9.0%, fasting serum glucose #250 mg/dl, and

Figure 1. | Study design schematic. Overall study design for the TRCA-101 Study, including screening, treatment, and follow-up. The first
60 patients had follow-up from day 15 to day 21, whereas patients 60–101 had follow-up from day 15 to day 28. CRU, clinical research unit;
n, number of patients in each treatment group; R, randomization.
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systolic BP ,170 mm Hg. Patients were excluded for a low
serum bicarbonate at screening or day 21 that, in the opinion
of the investigator, required emergency intervention. Addi-
tional exclusion criteria included dialysis or AKI in the past
3 months, serum potassium values of ,3.8 or .5.9 mEq/L at
screening, or severe comorbid conditions (summarized in
Supplemental Material). Patients with New York Heart
Association class 1 or 2 heart failure, hypertension, and/or
edema were not excluded.

Interventions
TRC101 was administered at doses of 1.5, 3, or 4.5 g twice

daily with breakfast and dinner (i.e., total daily doses of 3,
6, or 9 g/d) or as a once daily dose of 6 g with breakfast,
depending on treatment assignment (Figure 1). Placebo
was microcrystalline cellulose (National Formulary Grade)
administered at doses of 1.5 g twice daily or 3 g once daily.
TRC101 or placebo was administered orally as a suspen-
sion in water for 14 days. All oral concomitant medications
were taken at least 4 hours before or after study drug
administration.

Outcomes
Prespecified efficacy end point analyses for part 1 were

the change from baseline in serum bicarbonate to end of
treatment (day 15) (1) within individual TRC101 dose groups

(primary end point), (2) comparing individual TRC101 dose
groups with placebo, (3) within the combined TRC101
treatment group, and (4) comparing the combined TRC101
treatment group with placebo. Prespecified secondary end
points included the proportions of patients in each treatment
group whose serum bicarbonate increased by $2, $3, and
$4 mEq/L post-treatment (day 15). Prespecified exploratory
end points included additional threshold analyses for serum
bicarbonate (increase by$5,$6, and$7mEq/L and absolute
serum bicarbonate .20, .22, .27, and .29 mEq/L).
Prespecified efficacy end points for part 2 were the change

from baseline in serum bicarbonate to end of treatment (day
15) comparing 6 g once daily TRC101 with the pooled
placebo group from parts 1 and 2 and the proportions of
patients in the TRC101 6 g once daily group whose serum
bicarbonate increased by $2, $3, and $4 mEq/L post-
treatment (day 15). Additionally, the between-group change
from baseline difference in serum bicarbonate for the TRC101
3-g twice daily and 6-g once daily doses was determined.

Blinding
Because the appearance (TRC101 versus placebo) and the

amount of study drug administered differed among treatment
groups, the designated clinical research unit pharmacist(s)
responsible for dispensing study drug and the clinical research
unit staff responsible for supervising administration of study

Table 1. Baseline characteristics within TRC101 and placebo treatment groups

Parameter
Pooled
Placebo,
n=31

TRC101 1.5 g
Twice

Daily,n=25

TRC101 6 g
Once

Daily, n=28

TRC101 3 g
Twice

Daily, n=25

TRC101
4.5 gTwice
Daily,n=26

TRC101
Combined,

n=104

Total,
n=135

Age,a yr 61 (12) 58 (14) 63 (11) 60 (13) 61 (13) 60 (13) 60 (12)
Sex (%)

Men 19 (61) 19 (76) 16 (57) 17 (68) 15 (58) 67 (64) 86 (64)
Women 12 (39) 6 (24) 12 (43) 8 (32) 11 (42) 37 (36) 49 (36)

Weight,a kg 80 (13) 80 (14) 83 (13) 84 (14) 80 (16) 82 (14) 81 (14)
Average daily protein

intake,a g/kg per day
0.7 (0.1) 0.7 (0.1) 0.6 (0.1) 0.6 (0.1) 0.7 (0.2) 0.7 (0.1) 0.7 (0.1)

Diabetes mellitus (%) 20 (65) 18 (72) 17 (61) 20 (80) 19 (73) 74 (71) 94 (70)
Hypertension (%) 30 (97) 24 (96) 26 (93) 23 (92) 23 (88) 96 (92) 126 (93)
Heart failure (%) 7 (23) 5 (20) 5 (18) 7 (28) 5 (19) 22 (21) 29 (21)
Left ventricular

hypertrophy (%)
8 (26) 7 (28) 8 (29) 7 (28) 9 (35) 31 (30) 39 (29)

Peripheral edema (%) 4 (13) 3 (12) 4 (14) 4 (16) 4 (15) 15 (14) 19 (14)
Systolic BP,a mm Hg 129 (9) 132 (7) 131 (7) 131 (7) 130 (7) 131 (7) 130 (8)
Serumbicarbonate,a mEq/L 17.6 (1.4) 18.0 (1.0) 17.7 (1.0) 17.8 (1.2) 17.5 (1.3) 17.7 (1.1) 17.7 (1.2)
Serum phosphate,a mg/dl 3.9 (0.6) 3.6 (0.7) 3.8 (0.5) 3.5 (0.8) 4.0 (0.7) 3.7 (0.7) 3.7 (0.7)
BUN,a mg/dl 33 (16) 33 (14) 32 (13) 30 (9) 32 (13) 32 (12) 32 (13)
eGFR,a ml/min per

1.73 m2
34 (14) 35 (13) 31 (10) 40 (13) 35 (13) 35 (12) 35 (13)

eGFR,ml/minper1.73m2

$90, CKD stage 1 (%) 0 0 0 0 0 0 0
60 to ,90, CKD stage

2 (%)
2 (6) 0 0 1 (4) 0 1 (,1) 3 (2)

45 to ,60, CKD stage
3a (%)

5 (16) 6 (24) 4 (14) 10 (40) 7 (27) 27 (26) 32 (24)

30 to ,45, CKD stage
3b (%)

7 (23) 8 (32) 9 (32) 7 (28) 9 (35) 33 (32) 40 (30)

15 to ,30, CKD stage
4 (%)

17 (55) 11 (44) 15 (54) 7 (28) 10 (38) 43 (41) 60 (44)

,15, CKD stage 5 (%) 0 0 0 0 0 0 0

IQR, interquartile range which is defined as the difference between the 75th and 25th percentiles.
aMean (SD).
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drug were unblinded with respect to patient treatment
assignment. These individuals had no other responsibilities
for the study. The investigator, patients, remaining clinical
research unit staff, and most contract research organization
staff (including medical monitor and all personnel responsible
for monitoring study records other than those reviewing drug
accountability records) remained blinded to the patient’s
treatment assignment throughout the study. The sponsor

and the study biostatistician were blinded from the
beginning of the study until the first 60 patients com-
pleted the study; the blind was removed at this point for
the study sponsor and study biostatistician to assist with
clinical program planning and ensure that there were no
safety issues that might have affected expansion of the
study to a phase 1/2 study. A prespecified blinding plan
detailed the blinding procedures.

Figure 2. | Disposition of study participants. Consort diagram of patient flow through the TRCA-101 Study detailing profile and disposition of
study participants during screening, randomization, andparticipation in the trial.Of 154patients screened, 135were enrolled and randomized,
with screen failure due to bicarbonate or eGFR eligibility accounting for most enrollment exclusions. All 135 randomized study participants
completed treatment and follow-up, and their datawereanalyzed for efficacyandsafetyof TRC101.N, numberof patients screenedornumberof
patients in each treatment group.

Figure 3. | TRC101 significantly increased mean serum bicarbonate (SBC) throughout the 2-week treatment period, with serum bicarbonate
returning to baseline after treatment discontinuation.MeanSBC responsewith treatment over the 14-day intervention period (days 1–14) andduring
the 7- to 14-day off-treatment follow-up period (days 15–28) by dose group. Treatment with TRC101 caused a steady increase in mean SBC in
all TRC101 dose groups during the on-treatment period. During the off-treatment period, a decrease in SBC from the end of treatment value
was observed in all TRC101 dose groups, with SBC levels returning nearly to the baseline (BL) values.N, number of patients in each treatment group;
SE, SEM.
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Sample Size
Because there was no previous clinical experience with

TRC101, the study sample size was determined pragmatically
on the basis of enrollment estimates, the expected safety
profile of a nonabsorbed polymer drug, and an estimate of
effect size and variability. The sample size of 25 patients per
TRC101 dose group had 82% power to detect a mean 1.5-
mEq/L change from baseline in serum bicarbonate, assuming
that the SD of the change was 2.5 mEq/L, for a one-group
paired t test with a 0.05 two-sided significance level.

Statistical Methods
A prospective statistical analysis plan was developed to

analyze the safety and efficacy data for the study. Statistical
significance was declared with P,0.05, two-sided test.
There were no adjustments for multiplicity and multiple
comparisons.

The mean change from baseline in serum bicarbonate
was analyzed using a longitudinal mixed effects repeated
measures model. Baseline serum bicarbonate was defined
as the mean of the local laboratory values from day21 and
day 1 (predose). The model included the change from
baseline in serum bicarbonate as the dependent variable;
treatment, time point (days 2–15), and treatment by time
point interaction as fixed effects; patient as random effect;
and baseline eGFR and baseline serum bicarbonate as
continuous covariates. Baseline eGFR and baseline serum
bicarbonate were considered two important covariates to
be included in the mixed model for primary and secondary
efficacy analyses. Adjustment for baseline bicarbonate and
baseline eGFR was prespecified in the analysis plan. To
avoid collinearity between baseline bicarbonate and base-
line eGFR, before model fitting, the linear relationship
between the two variables was examined, and a linear

Table 2. Change from baseline in serum bicarbonate (milliequivalents per liter) at day 15

Parameter
Pooled
Placebo,
n=31

TRC101
1.5 g Twice

Daily,
n=25

TRC101 6 g
Once
Daily,
n=28

TRC101
3 g Twice
Daily,
n=25

TRC101
4.5 g Twice

Daily,
n=26

TRC101
Combined,

n=104

Baseline
Mean (95% CI) 17.6

(17.1 to 18.2)
18.0

(17.6 to 18.4)
17.7

(17.3 to 18.1)
17.8

(17.3 to 18.3)
17.5

(17.0 to 18.0)
17.7

(17.5 to 18.0)
SD of mean 0.3 0.2 0.2 0.2 0.3 0.1
Median (IQR) 17.6 (1.4) 17.9 (1.3) 17.7 (1.4) 17.8 (1.7) 17.7 (1.3) 17.8 (1.5)
Minimum, maximum 14.1, 19.9 15.6, 20.4 15.8, 19.7 15.4, 19.9 14.5, 19.2 14.5, 20.4

Day 15
Mean (95% CI) 17.5

(16.8 to 18.1)
21.1

(20.3 to 21.9)
21.2

(20.5 to 21.9)
20.7

(19.7 to 21.7)
21.3

(20.1 to 22.5)
21.1

(20.6 to 21.5)
SD of mean 0.3 0.4 0.4 0.5 0.6 0.2
Median (IQR) 17.2 (2.9) 21.3 (3.4) 20.9 (2.7) 20.5 (3.3) 21.5 (3.4) 21.2 (3.2)
Minimum, maximum 14.1, 21.7 17.3, 24.8 18.6, 25.7 15.4, 25.9 15.1, 27.0 15.1, 27.0

Day 15 CFB
Mean (95% CI) 20.2

(20.9 to 0.5)
3.1

(2.2 to 4.0)
3.5

(2.7 to 4.3)
2.9

(1.9 to 4.0)
3.8

(2.9 to 4.8)
3.3

(2.9 to 3.8)
SD of mean 0.4 0.4 0.4 0.5 0.5 0.2
Median (IQR) 20.1 (2.7) 3.6 (3.0) 3.0 (2.5) 2.4 (3.9) 3.2 (3.6) 3.1 (3.1)
Minimum, maximum 24.3, 4.6 21.6, 7.5 20.4, 8.7 21.5, 8.6 20.4, 9.2 21.6, 9.2

Within-group CFB
LS mean (SEM) 20.2 (0.4) 3.2 (0.4) 3.5 (0.4) 3.0 (0.4) 3.7 (0.4) 3.3 (0.2)
95% CI of LS mean 20.9 to 0.5 2.4 to 4.0 2.7 to 4.2 2.2 to 3.8 2.9 to 4.5 3.0 to 3.7
P value 0.55 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

Between-group CFB difference
(TRC101 treated 2 pooled
placebo)

LS mean (SEM) NA 3.4 (0.5) 3.7 (0.5) 3.2 (0.5) 3.9 (0.5) 3.6 (0.4)
95% CI of LS mean NA 2.3 to 4.5 2.6 to 4.7 2.2 to 4.3 2.9 to 5.0 2.8 to 4.4
P value NA ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

Between-group CFB difference
(TRC1013gtwicedaily2TRC101
6 g once daily)

LS mean (SEM) NA NA 20.5 (0.6) NA NA NA
95% CI of LS mean NA NA 21.6 to 0.7 NA NA NA
P value NA NA 0.42 NA NA NA

Baseline serum bicarbonate is defined as an average of two serum bicarbonate values from samples collected on day 21 and day 1
predose.CFB isdefinedaspostbaselinevalueminusbaselinevalue.LSmean, SEMofLSmean,95%CIofLSmean,andPvaluesareon the
basis of themixedeffect repeatedmeasuresmodelwith theCFB in serumbicarbonate value as thedependent variable; treatment (pooled
placebo and TRC101 treated), time point (day 15), and treatment by time point as fixed effects; patient as a random effect; and baseline
eGFR and baseline serum bicarbonate as continuous covariates. Within-patient correlations are modeled assuming a first-order au-
toregressive covariance structure. 95%CI, 95% confidence interval; IQR, interquartile range, which is defined as the difference between
the 75th and 25th percentiles; CFB, change from baseline; LS, least squares; NA, not applicable.
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association was not found. Therefore, both baseline bi-
carbonate and baseline eGFR were included in the mixed
model. Within-patient correlations were modeled using a
first-order autoregressive covariance structure. A contrast
statement was constructed to compare the combined
TRC101 treatment and placebo. Additional information
on statistical methodology is provided in Supplemental
Material.

Results
The TRCA-101 Study was conducted from March to

November of 2016. The study design and patient dispo-
sition are shown in Figures 1 and 2, respectively. There
were no significant differences between the TRC101 and
placebo treatment groups with respect to demographics
or baseline eGFR, serum bicarbonate, or comorbidities
(Table 1). The study population (n=135) had a mean (6SD)
baseline eGFR of 35 (613) ml/min per 1.73 m2 and a
median (interquartile range) value of 32 ml/min per

1.73 m2 (21), whereas mean (6SD) and median
(interquartile range) baseline serum bicarbonate values
were 17.7 (61.2) and 17.8 (1.5) mEq/L, respectively. Study
participants had baseline characteristics and comorbidities
common to patients with CKD, including hypertension
(93%), diabetes (70%), left ventricular hypertrophy (29%),
congestive heart failure (21%), peripheral edema (14%),
and stable diuretic use (42%). The underlying cause of
kidney disease in the patients was primarily due to the
combination of diabetes and hypertension (54%) or hy-
pertension alone (19%); additional etiologies included
diabetes alone (10%), GN (10%), cystic kidney disease
(7%), and interstitial nephritis (1%).
There was a significant increase from baseline in mean

serum bicarbonate in all TRC101-treated groups within the
first 24–48 hours (Figure 3). Within 72 hours, the least square
(LS) mean increases in serum bicarbonate were 1.4 mEq/L
(95% confidence interval [95% CI] of LS mean, 0.6 to 2.2;
P,0.001), 1.6 mEq/L (95% CI of LS mean, 0.8 to 2.4; P,0.001),
2.1 mEq/L (95% CI of LS mean, 1.3 to 2.9; P,0.001), and

Figure 4. | Serumbicarbonate increasedby‡3,‡4,and‡5mEq/L in52%,39%,and22%ofpatients, respectively, in thecombinedTRC101dose
group compared with 6%, 3% and 0% of placebo-treated patients, respectively. Category of change from baseline in serum bicarbonate at
day 15. Percentages of patients (y axis), including the percentages of patients (above bars) in the respective treatment groups, achieving
defined increases of serum bicarbonate from baseline (x axis) corresponding to,2,$2,$3,$4,$5,$6, and$7 mEq/L are shown. The
percentageof patients in the respective treatment groups achieving a defined increase of serumbicarbonate frombaselinewas calculated
on the basis of the number of patients who reached the given value divided by the total number of patients in the treatment group
(summarized in Figures 1 and 2). The numbers of patients in each treatment group attaining the given change from baseline in serum
bicarbonate were,2mEq/L (pooled placebo=27,TRC1011.5g twicedaily=7,TRC1016goncedaily=5,TRC1013g twicedaily=11,TRC1014.5g
twicedaily=7),$2mEq/L (pooledplacebo=4,TRC1011.5g twicedaily=18,TRC1016goncedaily=23,TRC1013g twicedaily=14,TRC1014.5g twice
daily=19),$3mEq/L (pooledplacebo=2,TRC1011.5g twicedaily=14,TRC1016goncedaily=14,TRC1013gtwicedaily=10,TRC1014.5g twicedaily
=16),$4mEq/L (pooledplacebo=1,TRC1011.5g twicedaily=8,TRC1016goncedaily=12,TRC1013g twicedaily=10,TRC1014.5g twicedaily=11),
$5mEq/L(pooledplacebo=0,TRC1011.5gtwicedaily=3,TRC1016goncedaily=6,TRC1013gtwicedaily=6,TRC1014.5gtwicedaily=8),$6mEq/L
(pooled placebo =0, TRC101 1.5 g twice daily =3, TRC101 6 g once daily =5, TRC101 3 g twice daily =3, TRC101 4.5 g twice daily =4), and$7mEq/L
(pooled placebo =0, TRC101 1.5 g twice daily =1, TRC101 6 g once daily =1, TRC101 3 g twice daily =2, TRC101 4.5 g twice daily =2).

Clin J Am Soc Nephrol 13: 26–35, January, 2018 TRC101 Treatment of Metabolic Acidosis, Bushinsky et al. 31

http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/DCSupplemental


1.3mEq/L (95%CI of LSmean, 0.6 to 2.1; P,0.001) for TRC101
dose groups receiving 1.5, 3, or 4.5 g twice daily or 6 g once
daily, respectively. The within-group change from baseline for
the combined TRC101 dose group was 1.6 mEq/L (95% CI
of LS mean, 1.2 to 2.0; P,0.001). All increases in serum
bicarbonate were significantly greater in the TRC101 dose
groups than in the placebo group, which remained un-
changed during this period (0.2 mEq/L; 95% CI of LS
mean, 20.5 to 0.9; P=0.64) (24-, 48-, and 72-hour serum
bicarbonate values are summarized in Supplemental Ta-
bles 2–4, respectively).
Over the 2-week treatment period, TRC101 increased

serum bicarbonate, whereas placebo-treated patients
had no change (Figure 3). At day 15, the between-group
differences in serum bicarbonate versus placebo were 3.4
mEq/L (95% CI of LS mean, 2.3 to 4.5; P,0.001), 3.2 mEq/L
(95% CI of LS mean, 2.2 to 4.3; P,0.001), 3.9 mEq/L (95%
CI of LS mean, 2.9 to 5.0; P,0.001), and 3.7 mEq/L (95% CI
of LS mean, 2.6 to 4.7; P,0.001) for TRC101 dose groups
1.5, 3, or 4.5 g twice daily or 6 g once daily, respectively
(Table 2). In contrast, the placebo within-group change
from baseline to day 15 was 20.2 mEq/L (95% CI of LS
mean, 20.9 to 0.5; P=0.55). The mean increase in the
combined TRC101 dose group was 3.6 mEq/L higher than
in the placebo group at the end of the treatment period
(95% CI of LS mean, 2.8 to 4.4; P,0.001). At day 15, there
was no significant difference in the mean serum bicarbon-
ate increase when TRC101 was given at a dose of 3 g twice
daily versus 6 g once daily (20.5 mEq/L; 95% CI of LS
mean, 21.6 to 0.7; P=0.42) (Table 2).
Treatment with TRC101 caused a steady increase in

mean serum bicarbonate in all TRC101 dose groups during
the treatment period (Figure 3). The slope of the increase
did not appear to plateau during the 2-week treatment
period, suggesting that the maximal increase in serum
bicarbonate using the studied doses of TRC101 was not
established in this study. The change in serum bicarbonate
was similar in all groups treated with TRC101 at the end of
the treatment period.

After 2 weeks of treatment, serum bicarbonate increased
by$3,$4, and$5 mEq/L in 52%, 39%, and 22% of patients,
respectively, in the combined TRC101 dose group compared
with 6%, 3%, and 0% of placebo-treated patients, respectively
(Figure 4). In addition, at the end of treatment, 35% of
patients in the combined TRC101 group had a serum
bicarbonate level in the normal range (22–29 mEq/L)
(summarized in Supplemental Table 5). Patients were fol-
lowed for up to 2 weeks after the end of the treatment
period; a decrease in serum bicarbonate of approximately
2.5–3.9mEq/L from the end of treatment value was observed
across the TRC101 dose groups, with serum bicarbonate
levels returning nearly to the baseline values (Figure 3).
All 135 randomized patients received TRC101 or placebo

daily for 14 consecutive days, and all patients completed
the study. No patients died or had any adverse events
resulting in treatment discontinuation, and no patients
suffered serious or severe adverse events. GI adverse
events were the most commonly reported events in
TRC101-treated patients, and all were mild or moderate
in severity (Table 3). Diarrhea was the most common
adverse event; all cases were mild, self-limited, and of short
duration, and none required treatment. Treatment-emergent
GI events, including diarrhea, were not dose related. There
were no mean changes in electrolytes (i.e., sodium, potas-
sium, chloride, magnesium, calcium, or phosphate), other
than serum bicarbonate, in the patients treated with
TRC101 (Table 4). Patients treated with TRC101 did not
have any significant mean change in BP on day 15 relative to
baseline values (Table 4). TRC101 did not induce metabolic
alkalosis (i.e., serum bicarbonate .29 mEq/L) at any time in
any patient.

Discussion
The TRCA-101 Study was a first in human, randomized,

placebo-controlled trial to evaluate the efficacy and safety
of TRC101 for the treatment of chronic metabolic acidosis
associated with CKD. TRC101-treated patients had a

Table 3. Treatment-emergent adverse events occurring in >5% of patients in any treatment group (safety analysis set)

Preferred Term
Pooled
Placebo,
n=31

TRC101
Study
Total,
n=135

1.5 g Twice
Daily,
n=25

6 gOnce
Daily,
n=28

3 g Twice
Daily,
n=25

4.5 g Twice
Daily,
n=26

Combined,
n=104

Patients reporting
any TEAE (%)

14 (45) 13 (52) 17 (61) 9 (36) 17 (65) 56 (54) 70 (52)

Diarrhea (%) 4 (13) 9 (36) 3 (11) 3 (12) 6 (23) 21 (20) 25 (19)
Headache (%) 1 (3) 4 (16) 1 (4) 1 (4) 2 (8) 8 (8) 9 (7)
Constipation (%) 0 1 (4) 3 (11) 1 (4) 2 (8) 7 (7) 7 (5)
Hyperglycemia (%) 0 0 3 (11) 2 (8) 2 (8) 7 (7) 7 (5)
Hypoglycemia (%) 2 (6) 2 (8) 0 1 (4) 2 (8) 5 (5) 7 (5)
Hypertension (%) 1 (3) 1 (4) 2 (7) 0 2 (8) 5 (5) 6 (4)
GFR decreased (%) 2 (6) 2 (8) 0 1 (4) 1 (4) 4 (4) 6 (4)
Blood glucose

increased (%)
2 (6) 1 (4) 1 (4) 0 0 2 (2) 4 (3)

Adverse event terms were mapped according to MedDRA v19.0. Patients are counted only once for each preferred term; patients with
multiple preferred terms within a system organ class are counted only once for that system organ class. TEAE, treatment-emergent
adverse event.
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significant increase in mean serum bicarbonate within
24–72 hours of treatment initiation that persisted through
the entire treatment period, whereas there was no change in
mean serum bicarbonate in patients given placebo. In the
combined TRC101 treatment group, 39% of patients had a
$4-mEq/L increase in serum bicarbonate at the end of the
14-day treatment period, and TRC101 led to a normalization
of serum bicarbonate (22–29 mEq/L) in 35% of patients.

After discontinuation of TRC101, serum bicarbonate levels
decreased to baseline within a 2-week period. In this study,
TRC101 was safe and well tolerated, and all patients
completed the study.
TRC101 is mechanistically distinct from bicarbonate

supplementation as a means of correcting metabolic aci-
dosis. TRC101 is an orally administered, insoluble, non-
absorbed polymer that selectively binds, retains, and

Table 4. Day 15 change from baseline in electrolytes and BP

Parameter
Pooled
Placebo,
n=31

TRC101 1.5 g
Twice Daily,

n=25

TRC101 6 g
Once Daily,

n=28

TRC101 3 g
Twice Daily,

n=25

TRC101 4.5 g
Twice Daily,

n=26

TRC101
Combined,

n=104

Primary outcome measure
Serum bicarbonate, mEq/L

Mean (95% CI) 20.2
(20.9 to 0.5)

3.1
(2.2 to 4.0)

3.5
(2.7 to 4.3)

2.9
(1.9 to 4.0)

3.8
(2.9 to 4.8)

3.3
(2.9 to 3.8)

SD of mean 0.4 0.4 0.4 0.5 0.5 0.2
Median (IQR) 20.1 (2.7) 3.6 (3.0) 3.0 (2.5) 2.4 (3.9) 3.2 (3.6) 3.1 (3.1)
Minimum, maximum 24.3, 4.6 21.6, 7.5 20.4, 8.7 21.5, 8.6 20.4, 9.2 21.6, 9.2

Post hoc exploratory analyses
Serum sodium, mEq/L

Mean (95% CI) 21 (22 to 0) 0 (22 to 1) 0 (21 to 1) 0 (21 to 1) 0 (21 to 2) 0 (21 to 1)
SD of mean 1 1 1 1 1 0
Median (IQR) 21 (3) 0 (6) 21 (4) 0 (4) 1 (3) 0 (4)
Minimum, maximum 29, 5 213, 7 27, 5 26, 4 25, 9 213, 9

Serum potassium, mEq/L
Mean (95% CI) 20.1

(20.2 to 0.1)
0.0

(20.2 to 0.2)
0.0

(20.2 to 0.2)
20.1

(20.2 to 0.1)
0.0

(20.2 to 0.2)
0.0

(20.1 to 0.1)
SD of mean 0.1 0.1 0.1 0.1 0.1 0.0
Median (IQR) 20.1 (0.7) 0.0 (0.5) 0.0 (0.6) 0.0 (0.6) 0.0 (0.5) 0.0 (0.6)
Minimum, maximum 20.9, 0.6 21.3, 1.5 21.0, 0.8 21.0, 0.5 21.0, 1.3 21.3, 1.5

Serum chloride, mEq/L
Mean (95% CI) 0 (21 to 1) 21 (22 to 1) 0 (22 to 1) 1 (21 to 2) 0 (21 to 2) 0 (21 to 1)
SD of mean 1 1 1 1 1 0
Median (IQR) 0 (4) 22 (4) 0 (5) 2 (3) 1 (5) 0 (5)
Minimum, maximum 27, 7 210, 8 29, 8 28, 8 29, 11 210, 11

Serummagnesium, mEq/L
Mean (95% CI) 0.1

(20.1 to 0.3)
0.1

(0.0 to 0.3)
0.0

(20.1 to 0.1)
0.2

(20.1 to 0.5)
0.0

(20.3 to 0.3)
0.1

(0.0 to 0.2)
SD of mean 0.1 0.1 0.0 0.2 0.1 0.1
Median (IQR) 0.0 (0.3) 0.1 (0.4) 0.0 (0.3) 0.0 (0.2) 0.0 (0.3) 0.0 (0.3)
Minimum, maximum 20.6, 2.7 20.5, 1.5 20.7, 0.5 20.4, 2.8 21.7, 2.8 21.7, 2.8

Serum calcium, mg/dl
Mean (95% CI) 0.0

(20.3 to 0.2)
0.0

(20.3 to 0.3)
20.1

(20.3 to 0.2)
20.1

(20.3 to 0.1)
20.1

(20.5 to 0.3)
20.1

(20.2 to 0.1)
SD of mean 0.1 0.1 0.1 0.1 0.2 0.1
Median (IQR) 0.0 (0.5) 0.0 (0.8) 0.0 (0.8) 20.2 (0.4) 20.2 (1.0) 20.1 (0.7 to
Minimum, maximum 22.4, 1.5 21.5, 2.1 22.6, 1.5 21.1, 1.5 21.9, 4.0 22.6, 4.0

Serum phosphate, mg/dl
Mean (95% CI) 0.0

(20.2 to 0.3)
0.4

(0.0 to 0.7)
0.0

(20.3 to 0.3)
0.8

(20.1 to 1.6)
0.2

(20.1 to 0.4)
0.3

(0.1, 0.6)
SD of mean 0.1 0.2 0.2 0.4 0.1 0.1
Median (IQR) 0.0 (0.8) 0.2 (1.0) 0.1 (1.1) 0.6 (0.8) 0.2 (0.6) 0.2 (0.9)
Minimum, maximum 21.2, 1.7 21.0, 2.2 21.6, 1.9 22.3, 9.9 21.3, 1.9 22.3, 9.9

Systolic BP, mm Hg
Mean (95% CI) 1 (21 to 3) 22 (24 to 1) 1 (21 to 3) 21 (23 to 1) 0 (22 to 2) 0 (21 to 1)
SD of mean 1 1 1 1 1 0
Median (IQR) 2 (7) 22 (5) 2 (5) 21 (6) 21 (6) 21 (6)
Minimum, maximum 212, 18 213, 16 29, 17 210, 10 26, 10 213, 17

Diastolic BP, mm Hg
Mean (95% CI) 21 (23 to 1) 23 (25 to 0) 1 (0 to 3) 0 (21 to 2) 0 (22 to 2) 0 (21 to 1)
SD of mean 1 1 1 1 1 0
Median (IQR) 1 (5) 23 (7) 1 (5) 0 (6) 0 (7) 0 (6)
Minimum, maximum 214, 14 213, 7 27, 14 29, 10 210, 9 213, 14

95% CI, 95% confidence interval; IQR, interquartile range, which is defined as the difference between the 75th and 25th
percentiles.
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removes H+ and Cl2 under the pH and ionic conditions
encountered in the human GI tract. The polymer is
composed of low-swelling, spherical beads approximately
100 mm in diameter, and each bead is a single high
molecular weight, crosslinked polyamine molecule. The
high amine content of the polymer provides a substantial
H+ binding capacity (5–10 mEq/g polymer), sufficient to
achieve the desired effect of serum bicarbonate normali-
zation in a daily dose of the drug that is small enough to
ensure good patient compliance (e.g., ,10 g/d). After
protonated, the TRC101 polymer selectively binds the
anion Cl2, thus preserving the effect of H+ binding.
Extensive crosslinking within the polymer bead provides
size exclusion properties, limiting access of larger, poten-
tially competing anions and thereby, promoting selective
Cl2 binding. The selective binding of Cl2 allows the
unhindered GI absorption of larger anions from the in-
testine, such as short-chain fatty acids, that serve as
bicarbonate equivalents after they are metabolized
(39,40). Thus, serum bicarbonate is increased with
TRC101 treatment without the addition of exogenous
bicarbonate. The TRC101 mechanism of action mimics
the physiologic response to gastric acid removal observed
with persistent vomiting or nasogastric suction, where the
acid removal results in an elevated serum bicarbonate level
(41,42). TRC101 is not an exchange resin and binds HCl
without introducing a counterion; thus, as expected, there
were no mean changes in serum sodium, potassium,
calcium, or magnesium during TRC101 treatment (sum-
marized in Table 4).
In the United States, there is currently no approved

treatment for chronic metabolic acidosis, despite clinical
practice guidelines recommending oral bicarbonate sup-
plementation in patients with CKD to maintain serum
bicarbonate $22 mEq/L (25,26,28,29,43). Previous studies
have shown clinical benefits associated with sodium bi-
carbonate treatment of metabolic acidosis. However, these
studies enrolled patients with CKD and mild metabolic
acidosis and excluded patients with heart failure, uncon-
trolled hypertension, edema, and other chronic conditions
that influence fluid status; consequently, the dose of
sodium bicarbonate needed in these studies was typically
#2 g/d (15,17–20,22). Effective treatment of metabolic
acidosis in the broader population of patients with CKD
likely requires an oral sodium bicarbonate dose of 2–6 g/d,
which results in an additional sodium load of 24–72 mEq/d
(0.55–1.65 g sodium per day) (28,29). In the context of CKD,
hypertension, heart failure, and diabetic nephropathy, this
additional sodium can increase the incidence of fluid
accumulation and edema, while worsening BP (44). In this
study, patients with CKD and mild to severe chronic
metabolic acidosis along with hypertension, congestive
heart failure, and volume-related disorders (edema) were
included.
Treatment with TRC101 induced a steady increase in

serum bicarbonate that was observed in all dose groups
during the 14-day treatment period, with a mean increase
at the end of treatment of 3.2–3.9 mEq/L compared with
the placebo group. The slope of serum bicarbonate increase
did not appear to plateau during the 2-week treatment
period, suggesting that the maximal effects of the TRC101
doses tested in the study have not been determined. On

cessation of TRC101 treatment, serum bicarbonate returned
nearly to baseline levels within 2 weeks, suggesting that
continued treatment with TRC101 is needed to maintain
elevated serum bicarbonate.
TRC101 presented a favorable safety and tolerability

profile; all 135 patients completed the study and took all
scheduled study drug doses. There were no mean changes
in serum parameters other than bicarbonate (i.e., sodium,
chloride, calcium, potassium, phosphate, and magnesium),
and no patient experienced an increase in serum bicar-
bonate that resulted in metabolic alkalosis (i.e., serum
bicarbonate .29 mEq/L). Additionally, patients treated
with TRC101 had no mean change in BP at the end of
treatment, consistent with the sodium-free composition of
TRC101. There are limitations to this study. The study was
conducted in a controlled clinical and dietary environment
with relatively short exposure (i.e., 14 days), and serum
bicarbonate levels did not appear to plateau within the
treatment period.
In conclusion, this study showed that TRC101 was well

tolerated in patients with CKD and metabolic acidosis, and
treatment with TRC101 led to a rapid and sustained mean
increase in serum bicarbonate, with 35% of TRC101-treated
patients reaching the normal range. If longer-term studies
support these initial results, TRC101, a novel, counterion-
free, nonabsorbed polymer, may be a new therapeutic
approach to the treatment of chronic metabolic acidosis in
patients with CKD.

Acknowledgments
The authors would like to thank Gena Yoon for generating tables

andproviding quality control reviewof data,figures, and tables.We
also thank Kathleen Hill-Gallant for designing the meal plan for the
study and Jun Shao, Geoff Parker, Ed Hejlek, andWilhelm Stahl for
review of the manuscript.
This study was funded by Tricida Inc. South San Francisco, CA.
The results were presented, in part, at the American Society of

Nephrology Meeting, New Orleans, Louisiana, November 2–5, 2017.

Disclosures
D.A.B., T.H., and R.A. are consultants for Tricida Inc. (South

San Francisco, CA). D.P., V.M., and E.L. are regulatory, clinical,
and biostatistics contractors and consultants, respectively, for
Tricida Inc. G.K., Y.S., C.L., S.M., A.L., and J.B. are employees of
Tricida Inc. All authors take full responsibility for the content of
the manuscript and had full access to the data in the study,
ensuring the integrity of the data and the accuracy of the data
analysis.

References
1. Alpern RJ, Sakhaee K: The clinical spectrum of chronicmetabolic

acidosis: Homeostatic mechanisms produce significant mor-
bidity. Am J Kidney Dis 29: 291–302, 1997

2. Cohen RM, Feldman GM, Fernandez PC: The balance of acid,
base and charge in health and disease. Kidney Int 52: 287–293,
1997

3. Lemann J Jr., BushinskyDA,HammLL:Bonebuffering of acid and
base in humans. Am J Physiol Renal Physiol 285: F811–F832,
2003

4. Kraut JA,Madias NE: Consequences and therapy of themetabolic
acidosis of chronic kidney disease. Pediatr Nephrol 26: 19–28,
2011

5. DobreM, RahmanM,Hostetter TH: Current status of bicarbonate
in CKD. J Am Soc Nephrol 26: 515–523, 2015

34 Clinical Journal of the American Society of Nephrology



6. Wesson DE, Pruszynski J, Cai W, Simoni J: Acid retention with
reduced glomerular filtration rate increases urine biomarkers of
kidney and bone injury. Kidney Int 91: 914–927, 2017

7. Eustace JA, Astor B, Muntner PM, Ikizler TA, Coresh J: Prevalence
ofacidosis and inflammationand theirassociationwith lowserum
albumin in chronic kidney disease.Kidney Int 65: 1031–1040, 2004

8. Raphael KL, Zhang Y, Ying J, Greene T: Prevalence of and risk
factors for reduced serum bicarbonate in chronic kidney disease.
Nephrology (Carlton) 19: 648–654, 2014

9. MoranneO, Froissart M, Rossert J, Gauci C, Boffa J-J, Haymann
JP, M’rad MB, Jacquot C, Houillier P, Stengel B, Fouqueray B;
NephroTest Study Group: Timing of onset of CKD-relatedmetabolic
complications. J Am Soc Nephrol 20: 164–171, 2009

10. Inker LA, Coresh J, Levey AS, Tonelli M, Muntner P: Estimated
GFR, albuminuria, and complications of chronic kidney disease.
J Am Soc Nephrol 22: 2322–2331, 2011

11. Kovesdy CP, Anderson JE, Kalantar-Zadeh K: Association of
serum bicarbonate levels with mortality in patients with non-
dialysis-dependent CKD. Nephrol Dial Transplant 24: 1232–
1237, 2009

12. NavaneethanSD, Schold JD,Arrigain S, Jolly SE,WehbeE,Raina
R, Simon JF, Srinivas TR, Jain A, Schreiber MJ Jr ., Nally JV Jr .: Serum
bicarbonate and mortality in stage 3 and stage 4 chronic kidney
disease. Clin J Am Soc Nephrol 6: 2395–2402, 2011

13. Shah SN, Abramowitz M, Hostetter TH, Melamed ML: Serum
bicarbonate levels and theprogressionofkidneydisease:Acohort
study. Am J Kidney Dis 54: 270–277, 2009

14. Dobre M, Yang W, Chen J, Drawz P, Hamm LL, Horwitz E,
Hostetter T, Jaar B, Lora CM, Nessel L, Ojo A, Scialla J,
Steigerwalt S, Teal V, Wolf M, Rahman M; CRIC Investigators:
Association of serum bicarbonate with risk of renal and car-
diovascular outcomes in CKD: A report from the Chronic Renal
Insufficiency Cohort (CRIC) study. Am J Kidney Dis 62: 670–
678, 2013

15. Abramowitz MK, Melamed ML, Bauer C, Raff AC, Hostetter TH:
Effects of oral sodiumbicarbonate in patientswith CKD.Clin J Am
Soc Nephrol 8: 714–720, 2013

16. Cochran M, Wilkinson R: Effect of correction of metabolic aci-
dosis on bone mineralisation rates in patients with renal osteo-
malacia. Nephron 15: 98–110, 1975

17. de Brito-Ashurst I, Varagunam M, Raftery MJ, Yaqoob MM:
Bicarbonate supplementation slows progression of CKD and im-
proves nutritional status. J Am Soc Nephrol 20: 2075–2084, 2009

18. Phisitkul S, Khanna A, Simoni J, Broglio K, Sheather S, Rajab
MH,WessonDE:Ameliorationofmetabolic acidosis inpatients
with low GFR reduced kidney endothelin production and kidney
injury, and better preserved GFR. Kidney Int 77: 617–623, 2010

19. Garneata L, Stancu A, Dragomir D, Stefan G, Mircescu G:
Ketoanalogue-supplemented vegetarian very low-protein
diet and CKD progression. J Am Soc Nephrol 27: 2164–2176,
2016

20. Mahajan A, Simoni J, Sheather SJ, Broglio KR, RajabMH,Wesson
DE:Daily oral sodiumbicarbonate preserves glomerular filtration
rate by slowing its decline in early hypertensive nephropathy.
Kidney Int 78: 303–309, 2010

21. GorayaN, Simoni J, Jo C-H,WessonDE: A comparison of treating
metabolic acidosis in CKD stage 4 hypertensive kidney disease
with fruits and vegetables or sodium bicarbonate. Clin J Am Soc
Nephrol 8: 371–381, 2013

22. Goraya N, Simoni J, Jo CH, Wesson DE: Treatment of metabolic
acidosis in patientswith stage 3 chronic kidney diseasewith fruits
and vegetables or oral bicarbonate reduces urine angiotensi-
nogen and preserves glomerular filtration rate. Kidney Int 86:
1031–1038, 2014

23. Litzow JR, Lemann J Jr., Lennon EJ: The effect of treatment of
acidosis on calcium balance in patients with chronic azotemic
renal disease. J Clin Invest 46: 280–286, 1967

24. Domrongkitchaiporn S, Pongskul C, Sirikulchayanonta V,
Stitchantrakul W, Leeprasert V, Ongphiphadhanakul B,
Radinahamed P, Rajatanavin R: Bone histology and bonemineral
density after correction of acidosis in distal renal tubular acidosis.
Kidney Int 62: 2160–2166, 2002

25. National Kidney Foundation: K/DOQI clinical practice guide-
lines for bone metabolism and disease in chronic kidney disease.
Am J Kidney Dis 42[Suppl 3]: S1–S201, 2003

26. Improving Global Outcomes (KDIGO) CKD Work Group:
KDIGO 2012 Clinical Practice Guideline for the Evaluation and
Management of Chronic KidneyDisease. Kidney Int Suppl, 3: 1–
150, 2013

27. National Kidney Foundation: K/DOQI clinical practice guide-
lines for chronic kidney disease: Evaluation, classification, and
stratification. Am J Kidney Dis 39[Suppl 1]: S1–S266, 2002

28. Chen W, Abramowitz MK: Treatment of metabolic acidosis in
patients with CKD. Am J Kidney Dis 63: 311–317, 2014

29. Raphael KL: Approach to the treatment of chronic metabolic
acidosis in CKD. Am J Kidney Dis 67: 696–702, 2016

30. Łoniewski I, Wesson DE: Bicarbonate therapy for prevention of
chronic kidney disease progression. Kidney Int 85: 529–535, 2014

31. WilcoxCS,MitchWE, Kelly RA, Skorecki K,Meyer TW, Friedman
PA, Souney PF: Response of the kidney to furosemide. I. Effects of
salt intake and renal compensation. J LabClinMed102: 450–458,
1983

32. Agarwal R, Gorski JC, Sundblad K, Brater DC: Urinary protein
binding does not affect response to furosemide in patients
with nephrotic syndrome. J Am Soc Nephrol 11: 1100–1105,
2000

33. Svenningsen P, Bistrup C, Friis UG, BertogM, Haerteis S, Krueger
B, Stubbe J, Jensen ON, Thiesson HC, Uhrenholt TR, Jespersen B,
Jensen BL, Korbmacher C, Skøtt O: Plasmin in nephrotic urine
activates the epithelial sodium channel. J Am Soc Nephrol 20:
299–310, 2009

34. Frassetto L, Morris RC Jr ., Sellmeyer DE, Todd K, Sebastian A:
Diet, evolution and aging–the pathophysiologic effects of the
post-agricultural inversion of the potassium-to-sodium and
base-to-chloride ratios in the human diet. Eur J Nutr 40: 200–
213, 2001

35. Einhorn LM, Zhan M, Hsu VD, Walker LD, Moen MF, Seliger SL,
Weir MR, Fink JC: The frequency of hyperkalemia and its signif-
icance in chronic kidney disease. Arch Intern Med 169: 1156–
1162, 2009

36. Sarafidis PA, Georgianos PI, Bakris GL: Advances in treatment of
hyperkalemia in chronic kidney disease. Expert Opin Pharmac-
other 16: 2205–2215, 2015

37. Korgaonkar S, TileaA,GillespieBW,KiserM, EiseleG, Finkelstein
F, Kotanko P, Pitt B, Saran R: Serum potassium and outcomes in
CKD: Insights from the RRI-CKD cohort study. Clin J Am Soc
Nephrol 5: 762–769, 2010

38. Scialla JJ, Anderson CAM: Dietary acid load: A novel nutritional
target in chronic kidney disease? Adv Chronic Kidney Dis 20:
141–149, 2013

39. Schmitt MG Jr., Soergel KH, Wood CM, Steff JJ: Absorption of
short-chain fatty acids from the human ileum. Am J Dig Dis 22:
340–347, 1977

40. Ruppin H, Bar-Meir S, Soergel KH, Wood CM, Schmitt MG Jr.:
Absorptionof short-chain fattyacidsby thecolon.Gastroenterology
78: 1500–1507, 1980

41. Turnberg LA, Bieberdorf FA, Morawski SG, Fordtran JS: Interre-
lationships of chloride, bicarbonate, sodium, and hydrogen
transport in the human ileum. J Clin Invest 49: 557–567, 1970

42. KhannaA,KurtzmanNA:Metabolic alkalosis. JNephrol19[Suppl
9]: S86–S96, 2006

43. Kraut JA: Treatment of metabolic acidosis: Controversies and
challenges. Nephrol Self Assess Program 14: 1–6, 2015

44. Lambers Heerspink HJ, Navis G, Ritz E: Salt intake in kidney
disease–a missed therapeutic opportunity? Nephrol Dial Trans-
plant 27: 3435–3442, 2012

Received: July 11, 2017 Accepted: October 10, 2017

Published online ahead of print. Publication date available at www.
cjasn.org.

See related editorial, “New Frontiers in Treating Uremic Metabolic
Acidosis,” on pages 4–5.

This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/
DCSupplemental.

Clin J Am Soc Nephrol 13: 26–35, January, 2018 TRC101 Treatment of Metabolic Acidosis, Bushinsky et al. 35

http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.07300717/-/DCSupplemental

