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Hyperphosphatemia in Patients on Maintenance
Dialysis (AMPLIFY)

Pablo E. Pergola,1 David P. Rosenbaum,2 Yang Yang,2 and Glenn M. Chertow3

1Renal Associates, P.A., San Antonio, Texas
2Ardelyx, Inc., Fremont, California
3Division of Nephrology, Stanford University School of Medicine, Stanford, California

ABSTRACT
Background Hyperphosphatemia is associated with cardiovascular morbidity and mortality in patients
receivingmaintenance dialysis. It is unknownwhether combining two therapies with differentmechanisms
of action—tenapanor, an inhibitor of paracellular phosphate absorption, and phosphate binders—is safe
and effective for the management of hyperphosphatemia in patients receiving maintenance dialysis.

Methods This double-blind phase 3 trial enrolled 236 patients undergoing maintenance dialysis with
hyperphosphatemia (defined in this trial as serum phosphorus 5.5–10 mg/dl inclusive) despite receiving
phosphate binder therapy (sevelamer, nonsevelamer, sevelamer plus nonsevelamer, or multiple nonse-
velamer binders). These participants were randomly assigned to receive oral tenapanor 30 mg twice daily
or placebo for 4 weeks. The primary efficacy end point was the change in serumphosphorus concentration
from baseline to week 4.

ResultsOf the 236 randomized patients, 235 (99.6%)were included in the full analysis set; this included 116
in the tenapanor plus binder group and 119 in the placebo plus binder group. A total of 228 patients
(96.6%) completed the 4-week treatment period. In the full analysis set (mean age 54.5 years, 40.9%
women), patients treatedwith tenapanor plus binder achieved a larger mean change in serum phosphorus
concentration from baseline to week 4 compared with placebo plus binder (20.84 versus 20.19 mg/dl,
P,0.001). Diarrhea was the most commonly reported adverse event, resulting in study drug discontinu-
ation in four of 119 (3.4%) and two of 116 (1.7%) patients receiving tenapanor plus binder or placebo plus
binder, respectively.

ConclusionsA dual-mechanism treatment using both tenapanor and phosphate binders improved control
of hyperphosphatemia in patients undergoing maintenance dialysis compared with phosphate
binders alone.

Clinical Trial registry name and registration number: AMPLIFY, NCT03824587

JASN 32: , 2021. doi: https://doi.org/10.1681/ASN.2020101398

Patients receiving dialysis for the management of
CKD are highly likely to be hyperphosphatemic.1

Hyperphosphatemia plays a key role in the calcifi-
cation of soft tissues, such as blood vessels, heart
valves, and myocardium, and has been shown to be
an independent risk factor for cardiovascular mor-
tality in these patients.2–6 Current strategies for the
management of hyperphosphatemia, including
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more frequent hemodialysis, dietary phosphate restriction,
and phosphate binder (hereafter referred to as “binder”) ther-
apy, are only moderately effective and difficult to
implement.7–10

Tenapanor hydrochloride (hereafter referred to as “tenapa-
nor”), an inhibitor of gastrointestinal sodium/hydrogen ex-
changer isoform 3 (NHE3), has been shown to reduce para-
cellular phosphate transport and facilitate management of
hyperphosphatemia.11 As monotherapy, tenapanor signifi-
cantly decreased serum phosphorus concentration in patients
receiving maintenance dialysis (CKD stage 5D).12,13 Acting via
a unique, nonphosphate binding mechanism of action, tena-
panor offers a potential management option for reducing se-
rum phosphorus concentration as part of a dual treatment
approach with binders. Herein, we report on the safety and
efficacy of tenapanor 30 mg twice daily versus placebo in com-
binationwith stabilized doses of binder for themanagement of
hyperphosphatemia in patients receiving maintenance
dialysis.

METHODS

Study Design
AMPLIFY was a multicenter, phase 3, randomized, double-
blind, placebo-controlled trial enrolling patients from 46 cen-
ters in the United States between February 2019 and July 2019
(Figure 1). After a 2- to 4-week run-in period, during which
their existing binder dose was maintained, we randomized
eligible patients to receive oral tenapanor 30 mg or placebo
twice daily for the 4-week treatment period while they con-
tinued to receive their dose of binder. We used a stratified

randomization scheme, with type of binder (sevelamer [alone
or in combination with nonsevelamer] or nonsevelamer
agents [alone or in combination]) and serum phosphorus
concentration at the end of the run-in period (,7.5 or
$7.5 mg/dl) as two stratification factors. We used an interac-
tive response technology (IRT) to implement randomization;
the IRT provided the patient randomization number and the
appropriate bottle identification for the treatment allocated.

Each patient’s binder dose remained stable during the run-
in and treatment periods. During the first 2 weeks of treat-
ment, investigators were permitted to titrate the study drug
dose on the basis of serum phosphorus concentrations and
gastrointestinal tolerability. Investigators could down titrate
tenapanor or placebo from 30 to 20 mg and from 20 to 10 mg
twice daily in response to adverse events (AEs) and could also
up titrate from 10 to 20 mg and from 20 to 30 mg twice daily if

BIND (n=511)

Screen failure (n=275)
• Did not meet study criteria (n=255)
• AE (n=2)
• Investigator decision (n=4)
• Consent withdrawn (n=5)
• Other (n=9)

Withdrawal
(n=3)

Withdrawal
(n=5)

Primary
endpoint:

change from
baseline in

serum
phosphorus
at week 4

Run-in period
(2-4 weeks)Screening

Randomization
(n=236)

Treatment period
(4 weeks)

End of
treatment

Week 4Week 3Week 2Week 1Baseline

Day –30 to –14 –18 to –7 –9 to –2 8�2 15�2 22�2 29�21

TEN + BIND (n=117)

Full analysis set (n=116)
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Full analysis set (n=119) 
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Figure 1. Overview of patient flow through the trial. The safety population set included all randomized patients who received at least
one dose of treatment. The FAS included all randomized patients who had at least one postbaseline serum phosphorus measurement
during the trial. Baseline was defined as the measurement collected at day 1 (randomization). If this value was missing, the last
measurement before the first dose of study drug was used. BIND, binder; PBO, placebo; TEN, tenapanor.

Significance Statement

In patients receiving maintenance dialysis, strategies for managing
hyperphosphatemia are only moderately effective. In this 4-week
randomized trial involving 236 patients experiencing hyper-
phosphatemia despite phosphate binder use, tenapanor (a small
molecule that inhibits paracellular phosphate absorption) signifi-
cantly reduced serum phosphorus concentration from baseline,
compared with placebo, when used with phosphate binders as a
dual-mechanism treatment. A significantly larger proportion of
patients randomized to tenapanor plus binder achieved a serum
phosphorus concentration,5.5 mg/dl at all time points compared
with placebo plus binder. Few patients discontinued tenapanor
because of diarrhea (themost frequently reported adverse event) or
other adverse events. These findings indicate that evaluation of
long-term safety and efficacy of this dual-mechanism treatment of
hyperphosphatemia is merited.
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tolerated. We selected these doses on the basis of results from
phase 2 clinical trials of tenapanor.12 Patients did not receive
specific dietary recommendations prior to or during their par-
ticipation in the trial.

We conducted the trial in accordance with the Declaration
of Helsinki. All patients provided written informed consent
before trial entry. All participating sites obtained independent
ethics committee/institutional review board approval.

Patients
Full inclusion and exclusion criteria used in this trial are listed
in Supplemental Material. Briefly, men and women aged 18–
80 years at screening (week 24 to 23) were eligible for ran-
domization if they had received maintenance hemodialysis
thrice weekly for at least 3 months or maintenance peritoneal
dialysis for at least 6 months; had a per-session Kt/Vurea of 1.2
or more at the most recent assessment before screening; had
been prescribed and were taking one or more binders at least
thrice daily, with an unchanged dose during the 4 weeks before
screening; and had a serum phosphorus concentration of
5.5–10 mg/dl (inclusive) both at screening and at the end of
the run-in period. Patients who did not meet the criterion for
serum phosphorus concentration at the end of the run-in period
(“screen failure”) could be rescreened if they had met the serum
phosphorus criterion at screening, but theywere required towait
a minimum of 1 week after screen failure for rescreening. Key
exclusion criteria were serum plasma parathyroid hormone con-
centration exceeding 1200 pg/ml, clinical signs of hypovolemia at
screening, and a history of inflammatory bowel disease/irritable
bowel syndrome with diarrhea.

Prior/Concomitant Medications
Unless indicated for the treatment of an AE, concomitant
medications that we permitted during the treatment period
were those recorded at screening and used during the run-in
period. All patients were to remain on a stable binder dose for
the duration of the trial. Patients receiving active vitamin D or
calcimimetics were required to have maintained a stable dose
during the 4 weeks before screening.

Efficacy End Points and Assessments
The primary efficacy end point was the change in serum phos-
phorus concentration from baseline to week 4; the efficacy of
tenapanor 1 binder was evaluated by the difference between
the tenapanor1 binder and placebo1 binder groups in mean
change from baseline in serum phosphorus concentration at
week 4. Serum phosphorus concentration was measured at
each scheduled visit; baseline was defined as the last measure-
ment prior to the first dose of study drug, and it was typically
the measurement collected at day 1 of the treatment period
(randomization).

Key secondary efficacy end points included the proportion
of patients achieving serum phosphorus below 5.5 mg/dl at
week 4 and the relative change from baseline in intact fibro-
blast growth factor 23 (iFGF23) and C-terminal fibroblast

growth factor 23 (cFGF23) concentrations at week 4 (derived
from the fibroblast growth factor 23 [FGF23] value at week 4
divided by the baseline value –1). Measurement of FGF23 was
scheduled at baseline and week 4 (or at early termination).
Other secondary end points included the change frombaseline
in serum phosphorus concentration and the proportions of
patients achieving serum phosphorus below 5.5 mg/dl at
weeks 1, 2, and 3.

We recorded study drug adherence at each scheduled visit
after baseline. We calculated adherence rate by dividing the
number of tablets taken by the patient since the preceding visit
by the number of tablets expected to be taken since the
preceding visit.

Safety Outcomes and Assessments
Safety assessments were on the basis of AEs, clinical laboratory
tests, vital signs, electrocardiograms, and physical examina-
tions. We assessed BP and pulse at screening, baseline, and
week 4 (or early termination). We measured predialysis
body weight and performed predialysis clinical laboratory
tests (serum electrolytes, hematology, and urinalysis), 12-
lead electrocardiogram, and physical examinations at screen-
ing and week 4 (or early termination).

Statistical Methods
We included all randomized patients in the intent to treat
(ITT) analysis set. The full analysis set (FAS), used for the
evaluation of efficacy end points, included all ITT patients
with at least one postbaseline measurement of serum phos-
phorus. The safety population, used for the analysis of safety
data, consisted of all ITT patients who received at least one
dose of study drug (tenapanor or placebo) in combination
with binder.

A sample size of 107 in each treatment group was expected
to achieve 95% power to detect a difference of 20.5 mg/dl in
the serum phosphorus concentration (primary efficacy end
point) between the tenapanor1 binder and placebo1 binder
groups at the 0.050 significance level. Statistical analyses were
performed at the two-sided significance levels of 0.010
and 0.050.

All measures were summarized by randomized group. We
calculated geometric mean and geometric coefficient of vari-
ation for iFGF23 and cFGF23, which we expressed as percent-
age change. We performed all data manipulation, descriptive
statistics, and statistical hypothesis testing using SAS version
9.3 or later.

We followed a sequential testing procedure to control the
overall type I error rate associated with multiple comparisons
on the primary efficacy end point and the three key secondary
efficacy end points at the 0.05 level. For the analysis of the
primary efficacy end point, we performed the treatment com-
parison using a mixed effects model for repeated measures on
observed cases of the FAS. The mixed effects model for re-
peated measures included the IRT-recorded binder type (sev-
elamer or nonsevelamer), serum phosphorus concentration at
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week 21 (,7.5 or $7.5 mg/dl), treatment, visit (week 1 to
week 4), and treatment by visit interaction as fixed effects. We
included the baseline serum phosphorus concentration and
baseline by visit interaction as covariates and patient as a ran-
dom effect. We calculated the proportion of patients achieving
serum phosphorus below 5.5 mg/dl at week 4 and analyzed the
relative change from baseline in iFGF23 and cFGF23 at week 4
using an ANOVAmodel on the log-transformed relative value
at week 4.

We summarized and analyzed the primary and key second-
ary end point data by age group (,45 or$45 years and,65 or
$65 years), sex (man or woman), race (White or Black),
pooled site (West, Central, or East), type of binder (sevelamer
or nonsevelamer), baseline serum phosphorus concentration
(,7.5 or $7.5 mg/dl), and type of dialysis (hemodialysis or
peritoneal dialysis).

RESULTS

Patients
Of 511 patients who were screened for enrollment, 236
(46.2%) were randomly assigned to treatment with tenapanor
(117 patients) or placebo (119 patients) for 4 weeks in com-
bination with prior binder therapy (Figure 1). All 119 patients
treated with placebo1 binder and 116 of 117 patients (99.1%)
receiving tenapanor 1 binder were included in the FAS.

One hundred and twelve of 117 patients (95.7%) assigned
to tenapanor 1 binder and 116 of 119 patients (98.3%) as-
signed to placebo 1 binder completed the treatment period.
Eight patients (3.4%) prematurely discontinued from the trial
overall; one (0.8%) patient in the placebo group and four
(3.4%) patients in the tenapanor group withdrew owing to
an AE, one (0.8%) patient receiving placebo and one (0.9%)
patient receiving tenapanor withdrew owing to a kidney trans-
plant, and one (0.8%) patient in the placebo group opted to
withdraw from the trial.

Treatment groups were well balanced with respect to pa-
tient demographics, baseline disease characteristics (Table 1),
and mean daily dose of binder (Supplemental Table 1).

Study Assessments
Patients treated with tenapanor 1 binder had a significantly
larger least squares (LS) mean change in serum phosphorus
concentration from baseline to week 4 compared with placebo
1 binder (20.84 versus 20.19 mg/dl, P,0.001) (Figure 2).
Subgroup analyses performed on the primary end point con-
firmed the efficacy of tenapanor 1 binder in reducing serum
phosphorus; at week 4, patients treated with tenapanor 1
binder achieved a larger LS mean reduction from baseline
than placebo 1 binder in all 16 subgroups analyzed despite
the smaller sample size compared with the FAS (Supplemental
Figure 1).

Figure 3 shows the effect of tenapanor versus placebo, in
combinationwith binder, on serum phosphorus concentration

over the treatment period. Treatment with tenapanor 1
binder resulted in significantly more pronounced LS
mean reductions from baseline at all time points compared
with placebo 1 binder (0.84–1.21 versus 0.14–0.21 mg/dl,
P,0.001). Additionally, a significantly larger proportion of
patients receiving tenapanor 1 binder achieved a serum
phosphorus concentration below 5.5 mg/dl at week 1
(49.1% versus 21.0%, P,0.001), week 2 (41.4% versus
23.5%, P50.003), week 3 (47.4% versus 17.6%,
P,0.001), and week 4 (37.1% versus 21.8%, P50.01) com-
pared with placebo 1 binder (Figure 4).

Figure 5 shows the relative change from baseline in con-
centrations of iFGF23 and cFGF23 with tenapanor and pla-
cebo, in combination with binder. At week 4, patients treated
with tenapanor 1 binder achieved significantly more pro-
nounced relative reductions in concentrations of iFGF23
(24.4% versus 6.9%, P50.003) and cFGF23 (22.1% versus
5.3%, P50.001). Statistical significance was achieved for the
primary efficacy end point and the three key secondary efficacy
end points after multiplicity adjustment.

Study drug adherence was generally similar between the
tenapanor 1 binder and placebo 1 binder groups, and the
overall mean adherence rates (since the preceding scheduled
visit) were 85.1%, 90.9%, 91.0%, and 87.2% at treatment
weeks 1, 2, 3, and 4, respectively. For those patients randomly
assigned to receive tenapanor, the final twice-daily dose was
30 mg for 65 patients (55.6%), 20 mg for 35 patients (29.9%),
and 10mg for 17 patients (14.5%); themean (6 SD) final dose
of tenapanor was 24.1 (67.3) mg twice daily. For those ran-
domly assigned to receive placebo, the final twice-daily dose
was 30 mg for 106 patients (89.1%), 20 mg for 12 patients
(10.1%), and 10 mg for one patient (0.8%).

Safety Assessments
Table 2 provides an overview of the AEs that occurred during
the treatment period. Three patients in the tenapanor 1
binder group and five patients in the placebo1 binder group
experienced serious AEs, most commonly respiratory, tho-
racic, and mediastinal disorders. Of patients receiving placebo
1 binder, one patient (0.8%) experienced acute pulmonary
edema, acute respiratory failure, and a pneumothorax, and
one patient (0.8%) experienced dyspnea. Within the tenapa-
nor 1 binder group, one patient (0.9%) experienced acute
pulmonary edema, and one patient (0.9%) experienced pul-
monary edema. None of the serious AEs were judged to be
related to treatment. No deaths occurred over the course of
the trial.

Diarrhea was the most common AE with tenapanor 1
binder treatment, reported at a placebo-adjusted rate of
36.0%, and it was the only AE by preferred term that occurred
at an adjusted rate .3.0%. Diarrhea was typically transient
(#1 week in duration) and mild to moderate in severity.
Approximately two-thirds of cases occurred within 1 week
of commencing treatment with tenapanor 1 binder
(Supplemental Figure 2). Treatment-related AEs were reported
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for 51 patients (43.6%) receiving tenapanor1 binder and 15
patients (12.6%) receiving placebo 1 binder during the 4-
week treatment period. By system organ class, most
treatment-related AEs were gastrointestinal in nature, with
diarrhea and nausea the only treatment-related AEs by pre-
ferred term reported in at least 2.0% of patients receiving
tenapanor 1 binder. Diarrhea was judged to be treatment-
related for 47 patients (40.2%) in the tenapanor 1 binder
group and eight patients (6.7%) in the placebo 1 binder
group; study drug dose was reduced for 37 patients (31.6%)
in the tenapanor 1 binder group and five patients (4.2%) in
the placebo1 binder group. Diarrhea resolved following dose
titration in almost all cases. Most patients who received dose
adjustment were being treated concomitantly with one or
more nonsevelamer binders. Two patients (1.7%) in the pla-
cebo 1 binder group and five patients (4.3%) in the tenapa-
nor1 binder group discontinued the study drug owing to an
AE. Diarrhea was the cause for discontinuation of the study
drug for the two patients who discontinued placebo1 binder
treatment and for four of five patients who discontinued te-
napanor 1 binder treatment.

We observed no clinically significant differences between
groups in terms of laboratory parameters, electrocardiographic

parameters, vital signs, and physical examinations during
the trial.

DISCUSSION

In this 4-week, randomized, phase 3 trial of patients receiving
maintenance dialysis with hyperphosphatemia despite the use
of binders, a dual-mechanism treatment with tenapanor and
stable doses of phosphate binders significantly reduced serum
phosphorus concentrations from baseline (mean reductions
of 0.84–1.21 mg/dl) compared with placebo 1 binder
(0.14–0.21 mg/dl) across 4 weeks of treatment. The effect of
tenapanor in combination with binder was consistent with
findings from studies of tenapanor as monotherapy; com-
pared with baseline, reductions of 0.48–1.98 mg/dl were
achieved with tenapanor monotherapy in a 4-week phase
2 dose-finding trial,12 reductions of 1.00–1.19 mg/dl were
achieved in an 8-week phase 3 trial,13 and a reduction of
1.27 mg/dl was achieved in a 26-week phase 3 trial.

In patients receiving maintenance dialysis, hyperphospha-
temia is associated with all-cause and cardiovascular mortal-
ity; clinical practice guidelines for management recommend

Table 1. Patient demographics and baseline characteristics (FAS)

Demographic or Characteristic TEN 1 BIND, n5116 PBO 1 BIND, n5119 Overall, n5235

Age, yr 55.1 (12.4) 53.9 (12.7) 54.5 (12.5)
Men, n (%) 65 (56.0) 74 (62.2) 139 (59.1)
Race, n (%)
White 57 (49.1) 60 (50.4) 117 (49.8)
Black 51 (44.0) 50 (42.0) 101 (43.0)
Othera 8 (6.9) 9 (7.6) 17 (7.2)

Ethnicity, n (%)
Hispanic or Latino 37 (31.9) 30 (25.2) 67 (28.5)
Not Hispanic or Latino 78 (67.2) 88 (73.9) 166 (70.6)
Not reported/unknown 1 (0.9) 1 (0.8) 2 (0.9)

Body mass index, kg/m2 33.4 (7.7) 30.8 (8.2) 32.1 (8.0)
Time since first dialysis, mob 42.6 (11.4, 111.1) 35.7 (8.1, 104.0) 51.4 (45.3)
Type of dialysis, n (%)
Hemodialysis 104 (89.7) 107 (89.9) 211 (89.8)
Peritoneal dialysis 12 (10.3) 12 (10.1) 24 (10.2)

Most recent Kt/Vurea before screening
Hemodialysis 1.5 (0.3) 1.6 (0.4) 1.6 (0.4)
Peritoneal dialysis 2.1 (0.5) 2.1 (0.3) 2.1 (0.4)

Baseline serum phosphorus concentration, mg/dl 6.7 (1.3) 6.9 (1.4) 6.8 (1.4)
Baseline iFGF23 concentration, pg/mlb 8426.9 (1094.0, 36,690.0) 10,472.0 (1239.9, 40,275.0) 9435.8 (1189.7, 36,690.0)
Baseline cFGF23 concentration, RU/mlb 13,508.0 (2766.3, 57,567.0) 16,100.0 (3450.1, 50,234.0) 14,573.0 (3266.4, 53,570.0)
Baseline PTH concentration, pg/mlb 308.5 (112.0, 692.0) 316.0 (147.0, 681.0) 314.0 (123.0, 681.0)
Concomitant binder, n (%)
Sevelamer only 56 (48.3) 58 (48.7) 114 (48.5)
Nonsevelamer 60 (51.7) 61 (51.3) 121 (51.5)

Concomitant calcimimetic, n (%) 47 (40.5) 46 (38.7) 93 (39.6)

Baseline was defined as the measurement collected at day 1. If this value was missing, the last measurement before the first dose of study drug was used. Race was
self-reported by the patient at trial enrollment. Data aremean (SD) unless otherwise specified. TEN, tenapanor; BIND, binder; PBO, placebo; RU, relative unit; PTH,
parathyroid hormone.
aIncludes Asian, Native American or Alaskan, Native Hawaiian or Pacific Islander, and other.
bData are median (10th percentile, 90th percentile).
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reductions toward normal serum phosphorus concentra-
tions.8,14 Despite efforts to manage hyperphosphatemia, ap-
proximately 70% of patients on dialysis continue to have
elevated serum phosphorus concentrations.7 In our trial, a
significantly larger proportion of patients receiving tenapanor
1 binder achieved a serum phosphorus concentration below
5.5 mg/dl (37.1%–49.1%) compared with placebo 1 binder

(17.6%–23.5%) across the 4 weeks of treatment. Additionally,
treatment with tenapanor 1 binder resulted in significantly
more pronounced relative reductions in iFGF23 and cFGF23
concentrations at week 4 compared with placebo 1 binder,
consistent with previous studies of tenapanor.12,13,15 Elevated
FGF23 concentrations16–18 have been shown to be an inde-
pendent risk factor for cardiovascular and noncardiovascular
death.19 Further research is necessary to evaluate the effect of
reducing FGF23 concentration on health outcomes, but initial
analyses indicate a potential therapeutic benefit.20

There is an unmet need for safe and effective phosphorus-
lowering medications with novel mechanisms of action,
simple dosing schedules, and acceptable tolerability profiles.
Recent evidence has highlighted the substantial contribution
of passive paracellular phosphate transport to overall intes-
tinal absorption and serum phosphorus concentration,
which is not adequately addressed by current treatment
measures.11,21,22 Tenapanor is a minimally absorbed small
molecule inhibitor of NHE3 that acts within the gastroin-
testinal tract to inhibit sodium absorption.11 The effect of
tenapanor on phosphate absorption is a result of NHE3 in-
hibition, which transiently increases the intracellular proton
concentration of cells lining the gastrointestinal lumen and
induces a conformational change in tight junction proteins
that reduces permeability specific to paracellular phosphate
transport; effects on the paracellular transport of other ions
or molecules have not been observed.11 The use of a dual-
mechanism treatment with tenapanor and phosphate bind-
ers may result in enhanced control of serum phosphorus
concentration compared with monotherapy with either
agent, which may be particularly relevant for the manage-
ment of patients with persistent hyperphosphatemia. The
use of tenapanor may also allow for a reduction in phosphate
binder dose and pill burden, increasing the overall tolerability
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Figure 2. LS mean change in serum phosphorus concentration
from baseline at week 4 (primary end point, FAS). Mean baseline
serum phosphorus was 6.9 mg/dl for the PBO 1 BIND group and
6.7 mg/dl for the TEN1 BIND group. Baseline was defined as the
measurement collected at day 1. If this value was missing, the last
measurement before the first dose of study drug was used. Data
are LS mean change (95% confidence interval) in serum phos-
phorus concentration, P value, and SEM from a mixed effects
model for repeated measures. BIND, binder; PBO, placebo; TEN,
tenapanor.
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Figure 3. Change in serum phosphorus concentration from baseline over time to week 4 (FAS). Mean baseline serum phosphorus was
6.9 mg/dl for the PBO 1 BIND group and 6.7 mg/dl for the TEN 1 BIND group. Baseline was defined as the measurement collected at
day 1. If this value was missing, the last measurement before the first dose of study drug was used. Data are LS mean change in serum
phosphorus concentration, P value, and SEM from a mixed effects model for repeated measures. BIND, binder; PBO, placebo; TEN,
tenapanor. *P,0.001 versus placebo.
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of hyperphosphatemia treatment and thereby, improving pa-
tient adherence.23–25

The combination of tenapanor and binder was generally
well tolerated; the most common AE recorded was diarrhea,
which was typically transient or resolved with dose titration.
Diarrhea was reported if the patient described an increase in
the frequency of bowel movements or a change in stool form,

consistent with a softer stool, compared with their typical
bowel movements; the change from baseline was not neces-
sarily considered bothersome by the patient. A randomized,
controlled, phase 3 study that evaluated the gastrointestinal
effects of tenapanor found that the average effect of tenapanor
on stool form and frequency was a detectable softening (an
increase of 0.8, as per Bristol Stool Form Scale criteria) and a

**
**

**
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Figure 4. Proportion of patients achieving serum phosphorus below 5.5 mg/dl at weeks 1–4 (6 SEM; FAS). The P value was obtained
from the Cochran–Mantel–Haenszel test adjusting for type of binder and serum phosphorus concentration before randomization (,7.5
or $7.5 mg/dl). BIND, binder; PBO, placebo; TEN, tenapanor. *P,0.001 versus placebo; **P,0.01 versus placebo.
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Figure 5. Relative change from baseline at week 4 in concentrations of iFGF23 and cFGF23 (FAS). Mean baseline iFGF23 (SD) was
15,436.9 (16,804.2) pg/ml for the PBO 1 BIND group and 14,032.4 (15,729.8) pg/ml for the TEN 1 BIND group. Mean baseline
cFGF23 (SD) was 24,108.0 (26,238.8) RU/ml for the PBO 1 BIND group and 22,203.7 (25,068.6) RU/ml for the TEN 1 BIND group.
Relative change from baseline at week 4 was derived as “week 4 value/baseline value –1.” Baseline was defined as the measurement
collected at day 1. If this value was missing, the last measurement before the first dose of study drug was used. The P values come from
an analysis of covariates model with the natural logarithm of “week 4 value/baseline value” as the dependent variable and serum
phosphorus level before randomization (,7.5 or $7.5 mg/dl) and treatment as factors. BIND, binder; PBO, placebo; RU, relative unit;
TEN, tenapanor.
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modest increase in bowel movement frequency (equivalent to
one additional bowel movement every 2.5 days).13 Real-world
experience with tenapanor, as monotherapy or as part of a
dual-mechanism treatment with binders, may potentially
help to define the optimal management of hyperphosphate-
mia by facilitating tailored therapy on the basis of individual
patient characteristics and comorbid (including gastrointesti-
nal) conditions to allow for more patients to achieve target
serum phosphorus concentrations.

Potential limitations of the trial should be acknowledged.
The study was designed to be of short-term duration; for pa-
tients who did not achieve serum phosphorus ,5.5 mg/dl
with tenapanor 1 binder, additional time to optimize doses
may be beneficial. Evaluation of the long-term safety and ef-
ficacy of tenapanor for patients with hyperphosphatemia is
ongoing; an 18-month open-label trial (NORMALIZE;
ClinicalTrials.gov identifier: NCT03988920) will evaluate the
capacity of tenapanor, when used asmonotherapy or as part of
a dual-mechanism treatment with sevelamer, to achieve “nor-
mal” (within the population reference range) serum phospho-
rus concentrations (.2.5 and #4.5 mg/dl) in patients with
CKD stage 5D and serum phosphorus concentrations over
4.5 mg/dl.

In summary, the AMPLIFY trial demonstrates that a dual-
mechanism treatment using tenapanor and phosphate binders
facilitates control of hyperphosphatemia in patients receiving
maintenance dialysis.
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Table 2. Overview of AEs (safety population)

AEs TEN 1 BIND, n5117 PBO 1 BIND, n5119 Overall, n5236

Any AE 60 (51.3) 33 (27.7) 93 (39.4)
Treatment-related AEs 51 (43.6) 15 (12.6) 66 (28.0)
Any SAE 3 (2.6) 5 (4.2) 8 (3.4)
Treatment-related SAEs 0 (0.0) 0 (0.0) 0 (0.0)
AEs leading to death 0 (0.0) 0 (0.0) 0 (0.0)
AEs leading to study drug discontinuation 5 (4.3) 2 (1.7) 7 (3.0)
Treatment-related AEs leading to study drug discontinuation 5 (4.3) 2 (1.7) 7 (3.0)
AEs by preferred terma

Diarrhea 50 (42.7) 8 (6.7) 58 (24.6)
Nausea 6 (5.1) 3 (2.5) 9 (3.8)

Treatment-related AEs by preferred terma

Diarrhea 47 (40.2) 8 (6.7) 55 (23.3)
Nausea 6 (5.1) 3 (2.5) 9 (3.8)

Data are presented as n (%). Treatment-related AEs were those considered to be related or possibly related to study drug by the investigator. There are noMedDRA
terms available to indicate ’softening of stool.’ Therefore, any such change in stool consistency was designated "diarrhea." TEN, tenapanor; BIND, binder; PBO,
placebo; SAE, serious adverse event.
aOccurring in at least 3.0% of patients in the TEN group and at a higher incidence than in the PBO group.
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Supplemental Figure 1. Least squares mean difference in change in serum

phosphorus (milligrams per deciliter) from baseline to week 4 (subgroup
analysis of full analysis set).
Supplemental Figure 2. Reports of any diarrhea event after randomization.
Supplemental Table 1. Summary of type of phosphate binder and mean

daily dose in use at baseline (intent to treat set).
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