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Key Points
c Tenapanor, a first-in-class local inhibitor of sodium/hydrogen exchanger isoform 3, acts as a phosphate absorption inhibitor
by decreasing paracellular phosphate absorption.

c Tenapanor alone or with phosphate binders achieved P # 5.5 mg/dl over 10 weeks in 34%–38% of patients taking
phosphate binders at baseline.

c Tenapanor can help adults with CKD on maintenance dialysis achieve normal serum phosphate concentrations.

Abstract
Background OPTIMIZE was a randomized, open-label study evaluating different tenapanor initiation methods. OPTIMIZE
evaluated tenapanor alone and in combinationwith phosphate binders (PBs) to achieve target serum phosphate (P)#5.5mg/dl.

Methods Patients with inadequately controlled P receiving maintenance dialysis from 42 US locations who were taking PBs
with baseline P . 5.5 mg/dl and # 10.0 mg/dl, or were PB-naive with baseline P . 4.5 mg/dl and # 10.0 mg/dl, were
included in OPTIMIZE. Participants taking PBs at baseline were randomized to switch from PBs to tenapanor (Straight
Switch; n5151) or reduce PB dosage by $50% and add tenapanor (Binder Reduction; n5152); PB-naive patients started
tenapanor alone (Binder-Naive; n530). Participants received tenapanor 30 mg twice a day for 10 weeks (part A), followed by
an elective, 16-week open-label extension (part B). Outcomes included changes from baseline in P, intact fibroblast growth
factor 23, parathyroid hormone, serum calcium, and medication burden; patient-reported outcomes; and safety.

Results By part A end point, 34.4% (Straight Switch), 38.2% (Binder Reduction), and 63.3% (Binder-Naive) of patients achieved
P# 5.5 mg/dl. Mean P reduction andmedian pill burden reduction from baseline to part A end point were 0.9161.7 mg/dl
and 4 pills/d for the Straight Switch and 0.9961.8 mg/dl and 1 pill/d for the Binder Reduction group. The mean P reduction
for Binder-Naive patients was 0.8761.5 mg/dl. Among Straight Switch and Binder Reduction patients who completed patient
experience questionnaires, 205 of 243 (84.4%) reported an improved phosphate management routine. Diarrhea was the
most common adverse event (133 of 333 [39.9%]).

Conclusions Tenapanor as monotherapy or in combination with PBs effectively lowered P toward the target range in
patients who were PB-naive or who were not at goal despite PB use.
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Introduction
In patients with CKD who require maintenance dialysis,
hyperphosphatemia has been reported in approximately half
the population.1–3 Hyperphosphatemia is associated with an
increased risk of mortality, cardiovascular morbidity, and
all-cause hospitalization.1,4–7 In patients with CKD receiving
maintenance dialysis, management of hyperphosphatemia
by reducing serum phosphate (P) toward the normal range
(2.5–4.5 mg/dl) is recommended by the 2017 Kidney Disease
Improving Global Outcomes guidelines.8

Clinical practice guidelines recommend restricting dietary
phosphate and including phosphate-lowering therapies for
the treatment of hyperphosphatemia in patients with CKD
receiving maintenance dialysis.9,10 However, these treatment
strategies can be difficult for patients to implement.11,12

Patients struggle to restrict dietary phosphate while main-
taining adequate nutrition because of difficulties in finding
nutritious, low-phosphate foods.13,14 Use of phosphate bind-
ers (PBs) often requires patients to ingest a substantial num-
ber of large pills with every meal.11 In the United States,
�80% of patients receiving dialysis take PBs, for an average
of 7.4 pills/d, and 57% reported skipping$1 dose in the past
month.15 In addition, PBs tend to be associated with gastro-
intestinal side effects, such as bloating, constipation, nausea,
and diarrhea. According to the Dialysis Outcomes and Prac-
tice Patterns Study Practice Monitor, �40% of patients have
P . 5.5 mg/dl in any given month, suggesting that current
treatments are insufficient.14,16

Tenapanor is a novel phosphate absorption inhibitor
that targets the primary pathway of phosphate absorption
in the gastrointestinal tract. Tenapanor selectively inhibits
sodium/hydrogen exchanger isoform 3, causing a con-
formational change in tight junction proteins that leads
to a decrease in paracellular permeability specific to
phosphate.17–19 Tenapanor monotherapy has been in-
vestigated as a treatment for hyperphosphatemia in pa-
tients with CKD receiving maintenance dialysis in phase
2 and 3 clinical trials (NCT02081534; NCT02675998;
PHREEDOM [NCT03427125]).20–22 These trials met their
primary and key secondary end points, demonstrating
significant reduction of P with tenapanor 30 mg twice a
day compared with placebo.20–22 The phase 3 AMPLIFY
study (NCT03824587) demonstrated that the addition of
tenapanor to the standard-of-care PB treatment used at
study entry resulted in significantly reduced P compared
with placebo plus PBs.23 This dual-mechanism approach
was further validated in the long-term, phase 3, open-label
NORMALIZE study (NCT03988920), where tenapanor as
monotherapy or in combination with a PB resulted in lower
P in patients with CKD receiving dialysis.24 In all trials,
mild-to-moderate diarrhea was the most frequently report-
ed adverse event (AE).20–23

OPTIMIZE (NCT04549597) was a randomized, open-
label study to evaluate phosphate management strategies
to achieve P # 5.5 mg/dl using tenapanor as core therapy
for the treatment of hyperphosphatemia. Patients had in-
adequately controlled P on maintenance dialysis and were
prescribed PB therapy or were PB-naive. Here we report
efficacy and patient-reported outcomes from OPTIMIZE
after up to 10 weeks of treatment and safety for up to 26
weeks of treatment (inclusive of a 10-week treatment period
and an elective 16-week extension).

Methods
Patients
OPTIMIZE (NCT04549597) was a two-part, randomized,

open-label, interventional study that ran from September
2020 to March 2023. It evaluated different methods for
initiating tenapanor to treat hyperphosphatemia in patients
with CKD and inadequately controlled P receiving main-
tenance dialysis. Patients were eligible for inclusion if tak-
ing PBs$3 times a day or if PB-naive, aged 18–80 years, and
receiving chronic maintenance dialysis with Kt/V $1.2
before screening. To be eligible at screening, patients taking
PBs were required to have P values of .5.5 and #10 mg/dl
(i.e., uncontrolled P despite treatment) and .4.5 and #10
mg/dl if PB-naive.
All patients provided written and informed consent

before study entry. Study site investigators ensured the
study protocol was approved by the appropriate institu-
tional review board and/or independent ethics committee
before trial initiation. The trial was conducted in accor-
dance with the Declaration of Helsinki, Good Clinical
Practice Guidelines, and all applicable local laws and
regulations.

Study Design
The primary objective of the study was to evaluate the

effect of tenapanor as core therapy alone or in combi-
nation with PBs to achieve P # 5.5 mg/dl, a level sug-
gested by the 2017 Kidney Disease Improving Global
Outcomes clinical practice guidelines.8 Patients receiv-
ing stable PB treatment at enrollment were randomized
(1:1) to two treatment groups: Straight Switch patients
discontinued PBs and started tenapanor 30 mg twice a
day, while Binder Reduction patients decreased their dose
by $50% (may have been .50% if taking an odd number
of pills), with the ability to switch the binder regimen
from thrice daily to twice a day or to once daily and
adding tenapanor 30 mg twice a day to their regimen.
These patients were stratified by type of PB and P level at
screening. Patients not taking binders at baseline (Binder-
Naive) received tenapanor 30 mg twice a day without PBs
(Supplemental Figure 1). These individuals were not
randomized. Part A was a 10-week treatment period
designed to evaluate the efficacy and safety of tenapanor
therapy alone or in combination with PBs; patients were
evaluated at in-center visits at weeks 1, 2, 3, 4, 6, 8, and
10. Part B included patients who agreed to participate in
an elective, 16-week treatment extension to monitor
safety and included four additional in-center visits
(weeks 14, 18, 22, and 26).
Patients were instructed at time of randomization to

discontinue medications, such as stool softeners and laxa-
tives (see Supplemental Methods). After week 2, investiga-
tors were permitted to adjust tenapanor and PB dose at any
time during the treatment period on the basis of P mea-
surements (see Supplemental Methods for details on dose
adjustments). Per protocol, the dialysis prescription was to
remain unchanged.

End Points
Efficacy end points were assessed by treatment group

and included measures of P, intact fibroblast growth factor

Tenapanor for Hyperphosphatemia in Maintenance Dialysis Patients, Sprague et al.

Kidney360 5: 732–742, May, 2024 733

D
ow

nloaded from
 http://journals.lw

w
.com

/kidney360 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 07/11/2024

https://www.clinicaltrials.gov/ct2/show/NCT02081534
https://www.clinicaltrials.gov/ct2/show/NCT02675998
https://www.clinicaltrials.gov/ct2/show/NCT03427125
https://www.clinicaltrials.gov/ct2/show/NCT03824587
https://www.clinicaltrials.gov/ct2/show/NCT03988920
https://www.clinicaltrials.gov/ct2/show/NCT04549597
https://www.clinicaltrials.gov/ct2/show/NCT04549597
http://links.lww.com/KN9/A441
http://links.lww.com/KN9/A441
http://links.lww.com/KN9/A441


23 (iFGF23), parathyroid hormone (PTH), and phosphate-
lowering medication burden. Patients who achieved
P # 5.5 mg/dl and P # 4.5 mg/dl were considered P
responders and normal P responders, respectively.
Change from baseline was evaluated for P, iFGF23,
PTH, and total daily pill number of phosphate-lowering
medication (tenapanor and PB combined). Patient-
reported outcomes were collected using a patient experi-
ence questionnaire administered at week 10 or at the early
termination visit in part A.
Safety was assessed by monitoring AEs, clinical labora-

tory tests (including serum electrolytes), body weight and
vital signs, echocardiogram, and physical examination.

Statistical Analysis
The safety population included all patients who re-

ceived $1 dose of tenapanor during the study. The full
analysis set included all patients who received $1
dose of tenapanor and had $1 postbaseline P value
available.

Efficacy variables were summarized using descriptive
statistics for the full analysis set and presented by planned
group at each postbaseline visit and the part A end point.
Response end points were derived on the basis of observed
cases. For all patients, the part A end point is the last
observed value during part A, which could occur before
week 10, if the patient withdrew early. This differs from
week 10 data, which only include data for patients who
completed the week 10 visit.
A mixed-effects model for repeated measures (MMRM)

on observed cases was performed for change from baseline
in P at each postbaseline visit during part A for Straight
Switch and the Binder Reduction patients only. The MMRM
included cohort, randomization stratum, postbaseline visit
(weeks 1–10), and the cohort-by-visit interaction as fixed
effect factors; baseline P values and the baseline-by-visit
interaction as fixed effect covariates; and patient as a ran-
dom effect.
Safety data were summarized descriptively for the safety

population and presented by actual treatment group.

Assessed for eligibility
(n = 535)

Enrollment

Part A:
10-week treatment period

Part B:
Optional 16-week
extension

Previous phosphate
binder treatment

Phosphate
binder–naive

Allocation

Analysis

Allocation

Analyzed
(n = 152)

Analyzed
(n = 151)

Analyzed
(n = 30)

Randomized (n = 303)
• Straight Switch/Binder Reduction
Entered study directly (n = 30)
• Binder-Naive

Binder Reduction (n = 152)
• Received allocated intervention
  (n = 152)

Binder-Naive (n = 30)
• Received allocated intervention
  (n = 30)

Straight Switch (n = 151)
• Received allocated intervention
  (n = 151)

Failed screening
(n = 202)

Binder Reduction
• Patients who entered (n = 63)

Binder-Naive
• Patients who entered (n = 9)

Straight Switch
• Patients who entered (n = 60)

Figure 1. Patient disposition. In part A, 333 patients were enrolled, with 151 randomized to Straight Switch and 152 to Binder Reduction; 30
Binder-Naive participants entered the study directly. Patients who received at least one dose of tenapanor during the study were included
in the safety analysis set. The full analysis set included patients who received at least one dose of tenapanor and had at least one postbaseline
P value during the study.
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Results
Patients
In part A, 333 patients were enrolled, with 151 random-

ized to Straight Switch and 152 to Binder Reduction; there
were 30 Binder-Naive participants (Figure 1). Patients in
Straight Switch and the Binder Reduction groups had similar
mean ages (52.4 and 53.2 years, respectively), were pre-
dominantly male and White or African American, and had
similar baseline mean P values and similar duration since
first dialysis (Table 1). The 30 Binder-Naive patients had a
mean age of 55.4 years and were predominantly male and
White, with lower baseline mean P value and shorter mean
duration since first dialysis compared with randomized
patients (Table 1).

Efficacy End Points
For patients in the Straight Switch and Binder Reduction

groups, mean P reductions were similar from baseline to the
part A end point and from baseline to week 10 (Figure 2
and Supplemental Figure 2A). Baseline P values were 7.1
and 7.2 mg/dl for the Straight Switch and Binder Reduction
groups, respectively. During the first 6 weeks of treatment,
the Binder Reduction group had a significantly greater least
squares mean P reduction compared with the Straight
Switch group at each visit in MMRM analysis (range,
P5 0.0001 to P5 0.025). The least squares mean difference
in P reduction between the Straight Switch and Binder
Reduction groups was not significant at weeks 8 or 10.
Mean reductions in P were similar for the Straight Switch

Table 1. Baseline demographics and characteristics (full analysis seta)

Characteristic Straight Switch, n5151 Binder Reduction, n5152 Binder-Naive, n530

Age at screening, yr 52.4 (11.1) 53.2 (12.1) 55.4 (16.5)
Sex, n (%)
Female 44 (29.1) 50 (32.9) 12 (40.0)
Male 107 (70.9) 102 (67.1) 18 (60.0)

Race, n (%)
American Indian or Alaska Native 3 (2.0) 6 (3.9) 1 (3.3)
Asian 13 (8.6) 3 (2.0) 0
Black or African American 66 (43.7) 71 (46.7) 9 (30.0)
Native Hawaiian or other Pacific

Islander
2 (1.3) 4 (2.6) 0

White 64 (42.4) 62 (40.8) 20 (66.7)
Other/unknown 3 (2.0) 6 (3.9) 0

Ethnicity, n (%)
Not Hispanic or Latino 109 (72.2) 114 (75.0) 17 (56.7)
Hispanic or Latino 42 (27.8) 38 (25.0) 13 (43.3)

Baseline weight (predialysis), kg, mean
(SD)

95.2 (24.1) 94.3 (25.9) 83.9 (23.5)

Baseline height, cm, mean (SD) 170.9 (10.1) 171.7 (11.1) 166.1 (14.2)
Baseline BMI, kg/m2, mean (SD) 32.7 (8.4) 31.9 (8.3) 30.5 (7.9)
Type of dialysis at screening, n (%)
Hemodialysis 119 (78.8) 124 (81.6) 25 (83.3)
Peritoneal dialysis 32 (21.2) 28 (18.4) 5 (16.7)

Duration since first dialysis at baseline,
mo, mean (SD)

57.4 (52.4) 57.7 (49.5) 19.3 (20.7)

Type of PB taken at screening, n (%)
Calcium-based binder 23 (15.2) 20 (13.2) 0
Combination 26 (17.2) 26 (17.1) 0
Iron-based binder 39 (25.8) 41 (27.0) 0
Other nonsevelamer binder 6 (4.0) 4 (2.6) 0
Sevelamer binder 57 (37.7) 61 (40.1) 0

Baseline P value, mg/dl, mean (SD) 7.1 (1.0) 7.2 (1.1) 6.1 (0.8)
Baseline P value, mg/dl, n (%)
P # 5.5 0 0 7 (23.3)
P . 5.5 and , 7.5 99 (65.6) 99 (65.1) 21 (70.0)
P $ 7.5 52 (34.4) 53 (34.9) 2 (6.7)

Baseline iFGF23 value, pg/ml, median
(min–max)

6886.5 (197.3–66,000.0) 11,434.5 (157.3–66,000.0) 1631.6 (64.6–27,342.0)

Baseline PTH value, pg/ml, mean (SD) 428.3 (242.9) 391.6 (243.3) 320.8 (132.1)
Baseline serum calcium, mg/dl, mean
(SD)

8.5 (0.7) 8.7 (0.8) 8.4 (0.7)

Baseline total daily phosphate-lowering
medication pill number, mean (SD)

8.8 (3.8) 9.3 (4.0) 0

Baseline is the last observed measurement collected before the first dose of tenapanor. BMI, body mass index; iFGF23, intact fibroblast
growth factor 23; PB, phosphate binder; PTH, parathyroid hormone; P, serum phosphate.
aThe patients from full analysis set are grouped by the planned treatment group.
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and Binder Reduction groups at the part A end point, with
mean (SEM) P reductions of 0.91 (0.14) and 0.99 (0.15) mg/
dl, respectively. The proportion of patients achieving P
targets was also similar for Straight Switch and Binder
Reduction patients at the part A end point, with 34.4%
and 38.2%, respectively, achieving P# 5.5 mg/dl (primary
objective) and 11.9% and 15.1%, respectively, achieving P
# 4.5 mg/dl (secondary objective; Figure 2). These values
were similar at week 10, with responder rates for P # 5.5
mg/dl of 35.4% for Straight Switch and 38.6% for Binder
Reduction patients and responder rates for P# 4.5 mg/dl of
11.0% and 15.2%, respectively.
On average, the phosphate-lowering medication burden

was reduced among patients in the Straight Switch and the
Binder Reduction groups (Figure 3). The median total daily
pill number was nine in both groups at baseline (Supple-
mental Table 1). After a protocol-driven initial decrease in
total daily number of pills, the total daily pill number
increased from its early nadir over the course of the study

(Supplemental Table 1) as the dosage of tenapanor and PBs
was adjusted to achieve goal P values and gastrointestinal
tolerability (see Supplemental Methods, Dose Adjust-
ments). At the part A end point, pill burden was reduced
to a median of 4 pills/d for Straight Switch patients, with a
median percent reduction of 44.4% from baseline; for Binder
Reduction patients, pill burden was reduced to a median of 6
pills/d, with a median percent reduction of 16.7% (Figure 3
and Supplemental Table 1).
Binder-Naive patients had a mean (SEM) P reduction

of 0.87 (0.27) mg/dl at the part A end point and 0.93
(0.32) mg/dl at week 10. The baseline P value was
6.1 mg/dl. The responder rates at the part A end point
for this group were 63.3% for P # 5.5 mg/dl and 43.3%
for P# 4.5 mg/dl (Figure 4 and Supplemental Figure 2B).
Of 30 patients, 73.9% of patients were taking tenapanor
alone at week 10, and 76.7% of patients were taking
tenapanor alone at the part A end point (Supplemental
Table 2).

Mean P reduction and mean P levels

P Responder Rates

P responders, P ��5.5 mg/dL
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Binder Reduction
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B

A

151 145 136 134 141 134 129 127 151

−0.91 (0.14) and −0.99 (0.15)
Mean (SE) change

from BL to part A endpoint

−0.93 (0.15) and −0.98 (0.16)
Mean (SE) change
from BL to week 10

4
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7

8

Week
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n
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 (
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g
/d

L
)

BL 1 2 3 4 6 8 10 Part A
endpoint

Straight Switch, n

152 146 138 135 141 141 141 132 152Binder Reduction, n

Straight Switch

Binder Reduction

Figure 2. Serum phosphate reduction and responder rates in the Straight Switch and Binder Reduction cohorts. Change in P levels from
baseline to part A end pointa and mean P levels by visit during part A period (A) and P responder rates at baseline and part A end pointa (B) for
Straight Switch and Binder Reduction cohorts. (A) Error bars for mean P value represent SEM. (B) Error bars for P responder rates at the part A
end point represent Clopper–Pearson 95% confidence intervals. Responder rates were derived on the basis of observed cases. aFor all patients,
the part A end point is the last observed value during part A, which could occur before week 10, if the patient withdrew early. BL, baseline; P,
serum phosphate.
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Median relative reductions in iFGF23 from baseline to the
part A end point of 12.2% and 22.0% were observed for
Straight Switch and Binder Reduction patients, respectively
(Supplemental Figure 3A). Similar median relative reduc-
tions were observed at week 10. The estimated mean rel-
ative reduction from baseline in iFGF23 was 15% and
30% for the Straight Switch and Binder Reduction groups,
respectively. The comparison of the part A end point
iFGF23 to baseline iFGF23 was statistically significant be-
tween these two groups (P 5 0.017). Binder-Naive patients
had a median relative reduction from baseline to the part A

end point of 38.7% and a reduction of 38.8% from baseline
to week 10.
In each treatment group, no clinically meaningful

changes in PTH or serum calcium values were observed
(Supplemental Table 3). The subgroup of patients with
normal baseline PTH concentrations (PTH ,600 pg/ml)
experienced negligible increases in PTH from baseline
to week 10 and the part A end point (Supplemental
Figure 3B). However, in a subgroup of patients (n555)
with PTH $600 pg/ml at baseline, the median relative
reduction from baseline in PTH for Straight Switch and

0

10

20

30

T
o

ta
l 
d

a
il
y
 p

il
l 
n

u
m

b
e
r

BL
(n = 147)

40

Week 10
(n = 122)

Part A endpoint
(n = 146)

BL
(n = 148)

Week 10
(n = 129)

Part A endpoint
(n = 148)

Median reduction
from BL to

part A endpoint: 44.4%

Median reduction
from BL to

part A endpoint: 16.7%

Straight Switch Binder Reduction

Figure 3. Median total daily pill number of phosphate-lowering medication at baseline, week 10, and part A end point in the Straight Switch
and Binder Reduction cohortsa. The boxplot represents median total daily pill number (the combined number of tenapanor and PB tablets).
The lines inside the boxes indicate the median values. The top and bottom edges of the boxes indicate the interquartile range (IQR) from the
25th to 75th percentile. The whiskers extend 1.5 times the IQR. aFor all patients, the part A end point is the last observed value during part A,
which could occur before week 10, if the patient withdrew early. PB, phosphate binder.
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Error bars for mean P value represent SEM. (B) Error bars for P responder rates at the part A end point represent Clopper–Pearson 95%
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value during part A, which could occur before week 10, if the patient withdrew early.
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Binder Reduction patients, respectively, was 10.0% and
24.0% at week 10 and 5.5% and 26.0% at the part A end
point (Supplemental Figure 3C). Only two Binder-Naive
patients had a baseline PTH value $600 pg/ml.

Patient-Reported Outcomes
Among the combined 243 patients from the Straight

Switch and Binder Reduction groups who completed the
patient experience questionnaire, 205 (84.4%) reported an
improved phosphate management routine compared with
previous therapy (Figure 5A and Supplemental Table 4).
Among these, the primary reasons were reduced medica-
tion burden (e.g., pill size, number, and dosing frequency)
and bowel movement changes (e.g., bowel movement form
and frequency) (Figure 5B and Supplemental Table 4).

When asked whether controlling their phosphate was dif-
ficult, 168 of 243 patients (69.1%) believed that controlling
their phosphate was much less or somewhat less difficult
(Supplemental Table 4).

Safety
Among 333 patients who received $1 dose of tenapa-

nor for up to 26 weeks of treatment, 67.0% reported a
treatment-emergent AE (TEAE) (Table 2). Similar per-
centages of Straight Switch and Binder Reduction patients
had a TEAE (70.2% and 67.8%, respectively), with a
lower proportion observed in the Binder-Naive group
(46.7%). Besides coronavirus disease 2019 (COVID-19),
gastrointestinal-related TEAEs were the most frequently

How would you characterize your feelings about your phosphate management routine during the
study compared with how you felt about your phosphate management routine before this study?
My phosphate management routine during the study was (select one): 
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Figure 5. Patient-reported outcomes. Data reported are for the combined patients from the Straight Switch and Binder Reduction groups who
completed the patient experience questionnaire; the Binder-Naive group was not included in this analysis because the selected questions were
not applicable to this population. Columns show the percentage of patients who responded to each question. Breakdown of responses can be
found in Supplemental Table 4.
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reported (Table 3). Diarrhea was both the most common
TEAE (n5133; 39.9%) and the most common cause of
tenapanor discontinuation (n522; 6.6%) (Tables 2 and 3).
The incidence of diarrhea was similar between the
Straight Switch and Binder Reduction groups and lower
for the Binder-Naive group.
COVID-19 was reported by 13 patients (3.9%; Table 3).

Six patients prematurely discontinued for reasons related
to COVID-19 infection. COVID-19 was also the most fre-
quently reported serious AE (Straight Switch, n52 [1.3%];
Binder Reduction, n55 [3.3%]; Table 2). Seven patients died

during the study period, 2 (0.6%) because of a TEAE,
and 5 (1.5%) because of non–treatment-emergent AEs.
The TEAEs included Staphylococcal bacteremia (n51)
and COVID-19 (n51). The non–treatment-emergent AEs
included COVID-19–related serious AEs (n52) reported
after patients received their last dose of study drug, acute
myocardial infarction (n51), sepsis (n51), or pulseless
electrical activity (n51). No death was assessed as related
to tenapanor or PB.
Albumin concentrations were stable throughout the

study. No new safety signals were identified in clinical

Table 2. Summary of safety

Event Straight Switch, n5151 Binder Reduction, n5152 Binder-Naive, n530

Any TEAE 106 (70.2) 103 (67.8) 14 (46.7)
Any severe AEa 19 (12.6) 21 (13.8) 4 (13.3)
Any SAE 20 (13.2) 26 (17.1) 4 (13.3)
Acute myocardial infarctionb 3 (2.0) 0 1 (3.3)
Hyperkalemiab 3 (2.0) 2 (1.3) 1 (3.3)
COVID-19b 2 (1.3) 5 (3.3) 0
Pneumoniab 2 (1.3) 4 (2.6) 0
Peritonitisb 0 3 (2.0) 0

Any TEAE leading to tenapanor
discontinuation

15 (9.9) 20 (13.2) 1 (3.3)

Diarrhea 11 (7.3) 10 (6.6) 1 (3.3)
Any TEAE leading to PB discontinuation 5 (3.3) 15 (9.9) 2 (6.7)
Diarrhea 4 (2.6) 8 (5.3) 1 (3.3)

Any TEAE leading to death 1 (0.7) 1 (0.7) 0

Values are n (%). Preferred terms are for any TEAE experienced by $3 patients. AE, adverse event; COVID-19, coronavirus disease
2019; PB, phosphate binder; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
aSevere AEs were defined as events where the patient is incapacitated with inability to work or do usual activity, and/or the event
requires significant treatment measures.
bThese SAEs included treatment-emergent and non–treatment-emergent SAEs.

Table 3. Treatment-emergent adverse events experienced by ‡4 patients, by preferred term

Adverse Event Straight Switch, n5151 Binder Reduction, n5152 Binder-Naive, n530

Diarrhea 59 (39.1) 64 (42.1) 10 (33.3)
Mild 25 (16.6) 24 (15.8) 4 (13.3)
Moderate 30 (19.9) 33 (21.7) 5 (16.7)
Severe 4 (2.6) 7 (4.6) 1 (3.3)

Nausea 7 (4.6) 7 (4.6) 0
COVID-19 6 (4.0) 7 (4.6) 0
Vomiting 5 (3.3) 5 (3.3) 0
Arthralgia 4 (2.6) 2 (1.3) 0
Headache 4 (2.6) 1 (0.7) 0
Hyperkalemia 4 (2.6) 2 (1.3) 1 (3.3)
Pain in extremity 4 (2.6) 1 (0.7) 0
Arteriovenous fistula site complication 3 (2.0) 4 (2.6) 0
Constipation 3 (2.0) 6 (3.9) 0
Hypotension 3 (2.0) 4 (2.6) 0
Pneumonia 2 (1.3) 4 (2.6) 0
Abdominal pain 1 (0.7) 8 (5.3) 1 (3.3)
Peritonitis 0 4 (2.6) 0

Values are n (%). Mild TEAEs were defined as events where the patient experiences awareness of symptoms, but they are easily
tolerated or managed without specific treatment. Moderate TEAEs were defined as events where the patient experiences discomfort
enough to cause interference with usual activity, and/or the condition requires specific treatment. Severe TEAEs were defined as
events where the patient is incapacitated with inability to work or do usual activity, and/or the event requires significant treatment
measures. COVID-19, coronavirus disease 2019; TEAE, treatment-emergent adverse event.
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laboratory evaluations, vital signs, echocardiograms, and
physical examinations.

Discussion
In the randomized, open-label OPTIMIZE study of

patients with CKD with hyperphosphatemia receiv-
ing maintenance dialysis, 35%–40% of patients with
P . 5.5 mg/dl with Straight Switch and Binder Reduction
strategies, respectively, were able to reach target P.
Overall reduced pill burden and improvement in
patient-reported outcomes occurred over 10 weeks.
These results demonstrate that treatment with tenapanor
alone or in combination with PBs enabled patients to
achieve guideline-established P targets and reduced P.
The phosphate-lowering medication burden was also
reduced for patients on PBs at study entry, and most
of these patients reported improved patient experience
with their phosphate management routine, most often
because of decreased medication burden or improve-
ment in bowel movement frequency and form.
Overall, tenapanor demonstrated an acceptable safety

and tolerability profile, and no new safety signals were
identified versus previous studies of tenapanor as mono-
therapy or in combination with PBs.21–23 Notably, diarrhea
incidence for the safety population in this study (39.9%) was
lower than the incidence from prior phase 2 and 3 trials of
tenapanor (47.9%–68.0%),20–22 and the proportion of pa-
tients who discontinued because of diarrhea was also lower
(6.6%) than prior phase 2 and 3 trials (8.3%–32.0%).20–22 At
the beginning of OPTIMIZE, patients were educated about
the side effects of tenapanor, and the use of medications
such as stool softeners or laxatives were prohibited per
study protocol, which likely resulted in the reduced diar-
rhea incidence and the low rate of tenapanor discontinua-
tion due to diarrhea.
This was the first study to evaluate various methods for

initiating tenapanor therapy that may be used in clinical
practice and the first to incorporate patients who were
PB-naive. These results add to prior tenapanor clinical trials
where patients have either initiated tenapanor treatment
after a washout period where existing binder therapies were
stopped20–22 or after a run-in period where existing binder
dose was stabilized.23

Tenapanor is a novel, first-in-class treatment for hyper-
phosphatemia that reduces the absorption of phosphate and
effectively lowers P with one pill twice a day. The medi-
cation burden associated with PBs is often significant to
patients and leads to challenges in effectively controlling
P.13–15 Thus, identifying a treatment for hyperphosphate-
mia in patients with CKD receiving maintenance dialysis is
important. In this study, total daily pill burden was reduced
for both the Straight Switch and Binder Reduction patients.
The greater reduction among Straight Switch patients was
evident in all study visits, but more evident in the early
study period, and likely because of study design (Straight
Switch stopped other PBs to switch to tenapanor, while
Binder Reduction did not).
There were several strengths to the OPTIMIZE study.

This study evaluated common, real-world clinical ap-
proaches to treatment and examined a variety of out-
comes to provide overall robust efficacy and safety

results. The results of this study should also be considered
within the context of some limitations: This was an open-
label study with no placebo control, and while Straight
Switch and Binder Reduction sample sizes were relatively
large, the Binder-Naive group only enrolled 30 patients,
and therefore, statistical comparisons were not made, so
the results for this group should be interpreted with
caution.
In this study, treatment with tenapanor alone or in

combination with PBs consistently reduced P levels
throughout the entire treatment period in patients with
CKD receiving dialysis with hyperphosphatemia. This
study demonstrated that physicians can initiate tenapa-
nor using different treatment approaches, including a
straight switch from previous PB therapy, combined
with a reduced PB therapy, or as the initial phosphate-
lowering therapy for PB-naive patients. All three ap-
proaches led to an early onset of phosphate-lowering
effect within the first week and a sustained reduction
of P over the study period. Tenapanor provides a novel
mechanism of action that, alone or in combination with
PBs, effectively lowers P, helping patients achieve target
phosphate goals, reducing medication burden, and im-
proving patient experience. Furthermore, it offers ne-
phrologists an additional tool to improve P control, while
addressing the currently unmet need of reducing the
phosphate-lowering medication burden.
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