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ABSTRACT 

Background. The efficacy and safety of tenapanor has not been confirmed in Chinese end-stage renal disease ( ESRD) 
patients with hyperphosphatemia on haemodialysis ( HD) . 
Methods. This was a randomised, double blind, phase 3 trial conducted at 26 dialysis facilities in China 
( https://www.chictr.org.cn/index.aspx; CTR20202588) . After a 3-week washout, adults with ESRD on HD with 

hyperphosphatemia were randomised ( 1:1) using an interactive web response system to oral tenapanor 30 mg twice a 
day or placebo for 4 weeks. The primary endpoint was the change in mean serum phosphorous level from baseline to 
the endpoint visit ( day 29 or last serum phosphorus measurement) . Efficacy was analysed in the intention-to-treat 
population. Safety was assessed in all patients who received at least one dose of the study drug. 
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Results. Between 5 March 2021 and 8 June 2022, 77 patients received tenapanor and 73 received placebo. Tenapanor 
treatment ( n = 75) resulted in a significantly greater least squares ( LS) mean reduction in serum phosphate at the 
endpoint visit versus placebo ( n = 72) : LS mean difference −1.17 mg/dl ( 95% CI −1.694 to −0.654, P < .001) . More patients 
receiving tenapanor achieved a serum phosphorous level < 5.5 mg/dl at the endpoint visit ( 44.6% versus 10.1%) . The most 
common treatment-related adverse event was diarrhoea [tenapanor 28.6% ( 22/77) , placebo 2.7% ( 2/73) ], which was 
mostly mild and led to treatment discontinuation in two patients receiving tenapanor. 
Conclusions. Tenapanor significantly reduced the serum phosphorous level versus placebo in Chinese ESRD patients on 

HD and was generally well tolerated. 

Keywords: dialysis, end-stage renal disease, hyperphosphatemia, sodium/hydrogen exchanger isoform 3, tenapanor 
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NTRODUCTION 

hronic kidney disease ( CKD) is a leading global public health 
roblem, the burden of which is expected to increase in the fu- 
ure [1 ]. CKD is progressive and many individuals with this con- 
ition will progress to end-stage renal disease ( ESRD) , which 
equires renal replacement therapy [haemodialysis ( HD) , peri- 
oneal dialysis ( PD) or kidney transplant] and is a leading cause 
f mortality globally [2 ]. The incidence and prevalence of ESRD is 
ncreasing and by 2030 an estimated 5.439 million people world- 
ide will require renal replacement therapy, with 2.162 million 

iving in Asia [2 ]. In China, the prevalence of CKD is ≈10.8% [1 ]
nd is increasing, largely driven by the rising prevalence of type 
 diabetes in recent decades [3 ]. In 2014, almost 400 000 patients 
ith ESRD in China underwent HD [4 ]. 
Patients with ESRD experience dysregulation of calcium 

nd phosphorus metabolism, resulting in elevated parathyroid 
ormone ( PTH) and serum phosphorous and low serum calcium 

5 ]. The prevalence of hyperphosphatemia in Chinese patients 
ndergoing dialysis, based on the Kidney Disease: Improving 
lobal Outcomes criteria, is as high as 76% [6 ]. Hyperphos- 
hatemia is an independent risk factor for mortality in patients 
ith CKD, with the risk of death increasing by 18% for every 
 mg/dl increase in serum phosphorous level [7 ]. Therapeutic in- 
erventions to manage hyperphosphatemia include restricting 
ietary phosphate intake, adapting dialysis and drug therapy [8 ].
hosphate binders are the mainstay of pharmacologic therapy 
or hyperphosphatemia in patients with CKD [8 ]. Oral phos- 
hate binders commonly used in China include sevelamer and 
anthanum carbonate [6 ]. However, despite the wide availability 
f these oral phosphate binders, only ≈40% of Chinese patients 
ith CKD undergoing dialysis have serum phosphorous levels 
ithin the suggested targets of the Kidney Disease Outcomes 
uality Initiative guideline [6 ]. In addition, the use of sevelamer 
nd lanthanum may be limited by adverse gastrointestinal 
eactions [8 ]. Furthermore, the natural ores used in metal-based 
hosphate binders can be contaminated, and their accumula- 
ion, while not acutely toxic, has unknown long-term effects in 
atients with no or limited renal function [8 ]. 
Tenapanor is an oral, minimally absorbed inhibitor of in- 

estinal sodium–hydrogen exchanger isoform 3 ( NHE3) that re- 
uces the absorption of phosphate in the gastrointestinal tract 
9 ]. Tenapanor was approved for the treatment of irritable bowel 
yndrome with constipation by the US Food and Drug Admin- 
stration in 2019 [10 ]. In phase 3 trials conducted in the USA,
wice daily ( BID) tenapanor significantly reduced elevated serum 

hosphorous levels in patients with CKD receiving maintenance 
ialysis compared with placebo [11 ]. In addition, tenapanor is 
ell tolerated, with adverse events largely limited to diarrhoea,
hich is related to its mechanism of action ( increasing stool 
odium and hence water content) [12 ]. Although tenapanor has 
een investigated in clinical trials in the USA and Japan, its 
hosphate-lowering efficacy and safety has not been confirmed 
n a Chinese patient population. 

The present study was undertaken to investigate the effi- 
acy and safety of tenapanor for the treatment of hyperphos- 
hatemia in Chinese ESRD patients undergoing HD. 

ATERIALS AND METHODS 

tudy design and patients 

his randomised, double blind, placebo-controlled phase 3 trial 
as conducted at 26 dialysis facilities in China between 5 March 
021 and 8 June 2022. The study had a 9-week duration, con- 
isting of a washout period of 1–3 weeks before randomisa- 
ion, a 4-week treatment period and a 2-week follow-up pe- 
iod ( Supplementary Fig. 1) . The study protocol was approved 
y the Ethics Review Board of Peking University People’s Hos- 
ital ( approval 2020PHA046-001) and the study was conducted 
ollowing the principles outlined in the Declaration of Helsinki 
nd subsequent amendments and the International Conference 
n Harmonization Good Clinical Practice guidelines. All partici- 
ants provided written, informed consent before inclusion. 
The study included adults ( ≥18–≤80 years of age) with ESRD 

ho had received maintenance HD three times a week for 
3 months, had received ≥3 weeks of phosphate binder therapy 
ith a stable dose for 3 weeks and had serum phosphorous lev- 
ls of 4.0–7.0 mg/dl and who were able to maintain a consistent
ialysis regimen for the duration of the trial. Following the 1- to 
-week washout period, eligible patients were required to have a 
1.5 mg/dl increase in serum phosphate and an absolute serum 

hosphorous level of 9.0–10.0 mg/dl ( after 1 week of washout) 
r 6.0–10.0 mg/dl ( after 2 or 3 weeks of washout) . Additional in- 
lusion criteria included stable vascular access, a fractional urea 
learance ( Kt / V) ≥1.2 measured < 3 months before screening and 
erum calcium levels at screening > 8.40 mg/dl. Patients receiv- 
ng either vitamin D or calcimimetic were required to have main- 
ained the dose level for 4 weeks prior to the screening period
nd throughout the study. 

Key exclusion criteria included serum calcium level 
 8.0 mg/dl or > 11.0 mg/dl after the washout period, serum 

ntact parathyroid ( iPTH) > 1200 pg/ml, persistent metabolic 
cidosis with serum carbon dioxide binding capacity or serum 

icarbonate < 18 mmol/l on two consecutive measurements,
linical signs of hypovolaemia at the time of randomisation,
 history of inflammatory bowel disease or diarrhoea-type 
rritable bowel syndrome, diarrhoea or loose stools within 
 week prior to randomisation ( defined as three or more bowel 
ovements for ≥2 days with a Bristol Stool Form Scale ≥6) 

13 ], planned kidney transplantation during the study period,
witching to PD or home HD, hepatic dysfunction, any active 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad216#supplementary-data
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Assessed for eligibility (n=394)

Excluded (n=243):
• Not meeting inclusion criteria/meeting 
  exclusion criteria (n=233)
• Withdrew informed consent (n=4)
• Adverse event (n=1)
• Other reasons (n=5)

ITT analysis (n=75):
• Excluded from analysis (did not have
  serum phosphorus results confirmed
  by central laboratory) (n=2)
Safety analysis (n=77)

Discontinued intervention (n=7):
• Adverse event (n=2)
• Investigator decision (n=2)
• Other (n=3)

Allocated to tenapanor (n=77):
• Received allocated intervention (n=77)

Discontinued intervention (n=11):
• Adverse event (n=1)
• Other (n=10)

Allocated to placebo (n=74):
• Received allocated intervention (n=73)
• Did not receive allocated intervention (n=1)

ITT analysis (n=72):
• Excluded from analysis (n=2)
    Did not receive study medication (n=1)
    Did not have serum phosphorus results 
    confirmed by central laboratory (n=1)
Safety analysis (n=73):
• Excluded from analysis (did not receive 
  medication) (n=1)

Allocation

Analysis

Follow-up

Randomized (n=151)

Enrollment

Figure 1. Patient flow diagram. 
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nfection requiring systemic therapy within 3 weeks prior to the
rst dose of tenapanor and life expectancy < 6 months. 

andomisation and masking 

fter the washout period, eligible patients were randomised ( 1:1) 
o tenapanor or placebo for 4 weeks. Randomization was im-
lemented centrally using a randomization table with a block 
ize of 4 and was managed via an interactive web response sys-
em. Randomization was not stratified. Investigators assigned 
atients consecutively in the order of screening and a unique
reatment code was used to designate the subject’s treatment 
llocation. The investigators and patients were blinded to treat- 
ent allocation. Tenapanor and placebo tablets had an identi- 
al appearance and packaging to facilitate treatment masking.
n unblinded list of treatment groups was provided to the Drug
afety Department. All patients were asked about gastrointesti- 
al tolerability at each study visit to maintain blinding. 

rocedures 

ll patients assigned to the tenapanor group initiated oral tena-
anor at 30 mg BID and the dose could be reduced to 20 or 10 mg
ID in a stepwise manner based on gastrointestinal tolerability 
nd serum phosphorous level and adjusted up again at the dis-
retion of the investigator. Study medication and placebo were 
dministered as three tablets ( 10 mg) before breakfast and din-
er ( six tablets in total) except for treatment day 1, on which
hree tablets were received once before dinner. On the day of
ialysis, patients did not take the study medication with the
eal before dialysis, but before another meal on that day. Treat-
ent was continued for 4 weeks or until patients met any of the

ollowing pre-specified conditions, at the investigator’s discre- 
ion: serum phosphorous level ≤2.5 mg/dl at any time point or
10.0 mg/dl at week 2 or later after randomisation, serum bi-
arbonate level ( or carbon dioxide concentration) < 14 mmol/l 
espite medication or dialysate adjustment or serum cal-
ium level ≤7.6 mg/dl at any time point or withdrawal of
onsent. 

Study assessments during the treatment period were con-
ucted after a short dialysis interval and pre-dialysis. Blood
amples for measurement of serum phosphorous levels for the
rimary endpoint were taken on day 1 of treatment and at the
nal visit of the treatment period and sent to a central labora-
ory for testing. All other measurements of serum phosphate,
s well as serum bicarbonate and iPTH, were conducted at local
aboratories on blood samples taken before dialysis. 

utcomes 

he primary study endpoint was the difference in the change
f the mean serum phosphorous level from baseline to the
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Table 1: Patient demographics and disease characteristics ( intention- 
to-treat and safety population) 

Characteristics 
Tenapanor 
( n = 75) 

Placebo 
( n = 72) 

Asian, n ( %) 75 ( 100) 72 ( 100) 
Age ( years) 53 ( 10.9) 54 ( 11.3) 
Male, n ( %) 44 ( 58.7) 45 ( 62.5) 
Height ( cm) 166.7 ( 7.99) 166.8 ( 8.25) 
Pre-dialysis body weight ( kg) 66.42 ( 10.738) 65.67 ( 11.954) 
Body mass index ( kg/m2 ) 23.80 ( 3.486) 23.28 ( 2.975) 
Serum phosphate ( mg/dl) 7.39 ( 1.620) 7.42 ( 1.404) 
Concomitant medication usea , n ( %) 77 ( 100) 73 ( 100) 
Phosphorus binders 
( during follow-up period) 
Lanthanum carbonate 7 ( 9.1) 8 ( 11.0) 
Sevelamer carbonate 6 ( 7.8) 14 ( 19.2) 
Calcium acetate 0 3 ( 4.1) 
Calcium carbonate 1 ( 1.3) 1 ( 1.3) 

Vitamin D and its analogues 
Calcitriol 42 ( 54.5) 36 ( 49.3) 
Alfacalcidol 8 ( 10.4) 9 ( 12.3) 
Paricalcitol 18 ( 23.4) 13 ( 17.8) 
Cholecalciferol 2 ( 2.6) 1 ( 1.4) 

Calcium-sensing receptor agonists 
Cinacalcet hydrochloride 21 ( 27.3) 21 ( 28.8) 

Data are presented as mean ( SD) unless stated otherwise. 
a Concomitant medication use was analysed in the safety population. 

e
t
w
b
p
<

i

n
r
a
s
q
t
g
u
c
(

S

B  

1  

t
l
1  

A
o
g
r
f
n
t

c

o
p
e
p
t
w
t
w
p
f
f

i
r
i
o
c
p
t
f
p
t
v
w
p
m
d
m
(
/
w

R

B  

w
r
o  

a
a
(
(
p
S

p
m
a
p
p
v
m
L
r
p  

P  

(
i
o

f
i
5
t

ndpoint visit ( week 4 of treatment or at the time of early be- 
ween treatment groups discontinuation) . Secondary endpoints 
ere the change in the mean serum phosphorous level from 

aseline to the endpoint visit in each treatment group, the pro- 
ortion of patients who achieved a serum phosphorous level 
 5.5 mg/dl during the 4-week treatment period, the change in 
PTH from baseline to the endpoint visit and safety. 

Demographic data collected at baseline included patient eth- 
icity ( self-reported) , age and sex. Safety assessments included 
ecording of treatment-emergent adverse events ( TEAEs; defined 
s AEs that occurred or worsened between the first dose of 
tudy medication and the final follow-up) , stool profile and fre- 
uency using the Bristol Stool Form Scale [13 ], clinical laboratory 
ests, pre-dialysis body weight, vital signs, 12-lead electrocardio- 
ram and physical examination. Treatment compliance and the 
se of concomitant medications were also recorded. AEs were 
oded using the Medical Dictionary for Regulatory Activities 
 MedDRA) . 

tatistics 

ased on a pooled analysis of patients receiving tenapanor 30,
0 or 3 mg BID in a prior phase 2 trial [11 ], it was estimated
hat the mean change in serum phosphorous level from base- 
ine to 4 weeks would be 1.64 mg/dl [standard deviation ( SD) 
.856] with tenapanor and 0.58 mg/dl ( SD 1.802) with placebo.
ssuming a two-sample t -test allowing unequal variance with a 
ne-sided alpha of 0.025, enrolment of 128 subjects ( 64 in each 
roup) would provide 90% power to show that tenapanor is supe- 
ior to placebo for the primary endpoint. Therefore, accounting 
or a predicted dropout of 20% based on previous trials, the fi- 
al enrolment target was set at 160 patients ( 80 patients in each 
reatment group) . 

Efficacy was evaluated in all patients who met the inclusion 
riteria, received at least one dose of study drug and had at least 
ne serum phosphate assessment during the 4-week treatment 
eriod [intention-to-treat ( ITT) population]. The primary efficacy 
ndpoint was also evaluated per protocol ( PP) in all randomised 
atients who completed the 4-week treatment period or discon- 
inued treatment early without major protocol violations. Safety 
as evaluated in all patients who received at least one dose of 
he study drug. Missing data for the primary efficacy endpoint 
ere imputed using the last observation carried forward. If a 
atient was lost to follow-up, no further imputation was per- 
ormed after the last contact date. No imputation was performed 
or missing safety or secondary efficacy data. 

The primary efficacy endpoint was evaluated by estimat- 
ng least squares ( LS) mean changes in the serum phospho- 
ous level from baseline and the corresponding 95% confidence 
ntervals ( CIs) . Treatment differences in the primary and sec- 
ndary efficacy variables were compared using an analysis of 
ovariance ( ANCOVA) model with study centre and serum phos- 
horous level at baseline as covariates and treatment group as 
he independent variable. Sensitivity analyses were performed 
or the primary efficacy endpoint using a mixed model for re- 
eated measures with study centre, treatment group, visit and 
reatment–visit interaction as fixed factors, baseline as a co- 
ariate and patient as a random effect. Treatment adherence 
as calculated as each patient’s actual cumulative dose/the 
lanned cumulative dose × 100. Categorical data were sum- 
arized using frequencies and percentages and continuous 
ata were summarized using mean ( SD) or median ( minimum–
aximum) . All analyses were performed using SAS version 9.4 

 SAS Institute, Cary, NC, USA) . The study was registered at https:
/www.chictr.org.cn/index.aspx ( ChiCTR2300068249) and http://
ww.chinadrugtrials.org.cn/index.html ( CTR20202588) . 

ESULTS 

etween 5 March 2021 and 8 June 2022, a total of 394 patients
ere screened, of whom 151 met the inclusion criteria and were 
andomised to treatment. Of these patients, 150 received at least 
ne dose of study treatment and 147 were included in the ITT
nalysis ( tenapanor, n = 75; placebo, n = 72) ( Fig. 1 ) . Baseline char- 
cteristics were well balanced between the treatment groups 
 Table 1 ) . The mean adherence to the study drug was 99.3% 

 SD 5.09) in the tenapanor group and 98.7% ( SD 2.91) in the 
lacebo group. The patients’ medical history is summarized in 
upplementary Table 2. 

Among patients receiving tenapanor, a reduction in serum 

hosphorous level from baseline was observed at day 8 and 
aintained until day 29 ( Fig. 2 A) . Patients receiving tenapanor 
chieved a significantly greater LS mean reduction in serum 

hosphorous level from baseline to the endpoint visit com- 
ared with placebo [ −1.50 mg/dl ( 95% CI −1.902 to −1.098) 
ersus −0.33 mg/dl ( 95% CI −0.725–0.073) ] ( Table 2 ) . The pri- 
ary study endpoint was met, with a statistically significant 
S mean difference in the reduction of the serum phospho- 
ous level from baseline to the endpoint visit between the tena- 
anor and placebo groups [ −1.17 mg/dl ( 95% CI −1.694 to −0.654) ,
 < .001]. A similar result was observed in the PP analysis group
 Supplementary Table 1) . A higher pr oportion of patients r ecei v- 
ng tenapanor achieved a serum phosphorous level < 5.5 mg/dl 
n days 8, 15, 22 and 29 versus those receiving placebo ( Fig. 2 B) . 
Patients in the tenapanor group achieved a reduction in iPTH 

rom baseline to day 29 ( LS mean −16.2 pg/ml) , whereas those 
n the placebo group had an increase in iPTH levels ( LS mean 
1.6 pg/ml) . However, the between-group difference was not sta- 
istically significant ( Table 2 ) . 

https://www.chictr.org.cn/index.aspx
http://www.chinadrugtrials.org.cn/index.html
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad216#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad216#supplementary-data
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Figure 2. ( A) LS mean change in serum phosphate levels over time ( mixed effects model for repeated measures) . ( B) Proportion of patients achieving serum phosphate 
< 5.5 mg/dl during the study ( ITT population) . SE: standard error. 

Table 2: Efficacy endpoints ( intention-to-treat population) 

Tenapanor Placebo 
( n = 75) ( n = 72) 

Serum phosphate ( mg/dl) 
Baseline 7.39 ( 1.620) 7.42 ( 1.404) 
Day 29 5.99 ( 1.780) 7.22 ( 1.631) 
LS mean change from baseline ( 95% CI) −1.50 ( −1.902 to −1.098) −0.33 ( −0.725 to 0.073) 
LS mean change difference ( 95% CI) −1.17 ( −1.694 to −0.654) 
P -value a < .001 

iPTH ( pg/ml) 
Baseline 470.23 ( 291.270) 504.66 ( 310.216) 
Day 29 440.60 ( 332.549) 555.76 ( 371.053) 
LS mean change from baseline ( 95% CI) −16.23 ( −83.480 to 51.024) 51.60 ( −14.934 to 118.144) 
LS mean change difference ( 95% CI) −67.83 ( −155.435 to 19.770) 
P -value a .128 

Data are presented as mean ( SD) unless stated otherwise. 
a P -value calculated using ANCOVA. 
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Figure 3. Subgroup analysis of LS mean change in serum phosphate from baseline ( ITT population) . 
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Table 3: Safety summary ( safety population) 

Characteristics 
Tenapanor 
( n = 77) 

Placebo 
( n = 73) 

≥1 TEAE 40 ( 51.9) 30 ( 41.1) 
Leading to discontinuation 2 ( 2.6) 1 ( 1.4) 
Leading to treatment interruption 4 ( 5.2) 1 ( 1.4) 

≥1 serious TEAE 2 ( 2.6) a 2 ( 2.7) a 

≥1 treatment-related AE 27 ( 35.1) 6 ( 8.2) 
Gastrointestinal disorders 24 ( 31.2) 2 ( 2.7) 
Diarrhoea 22 ( 28.6) 2 ( 2.7) 
Nausea 1 ( 1.3) 0 
Abdominal pain 1 ( 1.3) 0 

Metabolic and nutritional disorders 4 ( 5.2) 1 ( 1.4) 
Metabolic acidosis 2 ( 2.6) 0 
Hypophosphataemia 1 ( 1.3) 0 
Hypercalcaemia 1 ( 1.3) 0 
Hyperkalaemia 0 1 ( 1.4) 

Skin and subcutaneous tissue 
disorders 

0 2 ( 2.7) 

Pruritus 0 2 ( 2.7) 
Endocrine disorders 0 1 ( 1.4) 
Secondary hyperparathyroidism 0 1 ( 1.4) 

Investigations 0 1 ( 1.4) 
Elevated α-hydroxybutyrate 
dehydrogenase 

0 1 ( 1.4) 

Psychiatric disorders 0 1 ( 1.4) 
Insomnia 0 1 ( 1.4) 

Data are presented as n ( %) . 
Adverse events were coded using MedDRA version 25.0. 
a Serious TEAEs in the tenapanor group were gastroenteritis and abdominal in- 
fection in one patient each and in the placebo group were spinal osteoarthritis 
( one patient) and acute myocardial infarction and gastrointestinal bleeding ( both 
in one patient) . None were considered related to treatment. 
Subgroup analysis revealed a trend towards higher reduc- 
ions in serum phosphorous levels across all subgroups for 
enapanor versus placebo, consistent with the outcomes in the 
verall population ( Fig. 3 ) . However, the improvement in the re- 
uction in serum phosphate only reached statistical significance 
n patients ≥45–< 65 years of age, in both males and females, in 
atients with baseline serum phosphate < 7.5 mg/dl and among 
atients enrolled at sites in eastern and central China. 
The majority of TEAEs were gastrointestinal disorders, pre- 

ominantly diarrhoea ( Table 3 ) . Among the patients with 
reatment-related diarrhoea, the majority of cases were mild 
tenapanor: 13/22 ( 59.0%) ; placebo: 2/2 ( 100%) ] or moderate 
 tenapanor: 7/22 [31.8%]; placebo: 0/2) . Treatment discontinua- 
ion due to TEAEs occurred in two patients in the tenapanor 
roup; both experienced diarrhoea considered related to treat- 
ent. One patient in the placebo group discontinued the study 
ue to a TEAE considered unrelated to treatment ( death from 

yocardial infarction) . All serious AEs were considered unre- 
ated to study treatment. The mean change in pre-dialysis body 
eight from baseline to the endpoint visit was comparable in 
he tenapanor and placebo treatment groups: −0.19 kg ( 0.899) 
nd −0.18 kg ( 1.421) . 

Mean stool frequency was consistent from week 1 to 3 and 
ecreased from week 4 to 5 in both the tenapanor and placebo 
roups ( Fig. 4 ) . The mean stool frequency was higher in the tena- 
anor group compared with the placebo group and more pa- 
ients in the tenapanor group reported a Bristol Stool Form Scale 
f type 6 and 7 stools ( Supplementary Fig. 2) . 

ISCUSSION 

n this randomised, phase 3 trial, tenapanor 30 mg BID 

esulted in significantly greater reductions in serum 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad216#supplementary-data
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Figure 4. Bowel movement frequency ( safety population) . 
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p
a  
hosphate compared with placebo in Chinese ESRD patients 
ith hyperphosphatemia on HD. Tenapanor was generally 
ell tolerated, with only 2.6% ( n = 2) of patients who received 
enapanor discontinuing treatment, both due to diarrhoea. No 
ew safety signals were observed compared with previous trials 
f tenapanor in ESRD patients on HD conducted in the USA and
apan and, as expected, mild diarrhoea was the most common
EAE [11 , 12 , 14 , 15 ]. 
Our efficacy findings are consistent with previous clinical tri- 

ls conducted in the USA and Japan, which also showed tena-
anor has a robust phosphate-lowering effect in CKD patients 
eceiving HD [11 , 12 , 14 , 15 ]. The reductions in iPTH observed
ith tenapanor 30 mg BID over 4 weeks in the present study
ere comparable to those reported in prior studies in the USA
nd Japan [11 , 14 ]. The similarity of the findings in Chinese pa-
ients compared with those in the USA and Japan were expected
ased on the results of a phase 1 study conducted in China
hat found no effect of race/ethnicity on the pharmacokinetics 
f tenapanor ( unpublished) . Subgroup analysis results from the 
resent study add to the findings of the US and Japanese trials
nd show similar reductions in serum phosphorous levels from 

aseline across multiple patient subgroups, including age, sex 
nd baseline serum phosphorous level. This finding is compa- 
able to a subgroup analysis of the ITT population included in
he phase 3 PHREEDOM trial ( NCT03427125) , which showed more 
eductions in serum phosphate during a 12-week, double-blind,
andomized withdrawal period with tenapanor versus placebo 
n all subgroups [15 ]. Although the improvement in the reduc-
ion in serum phosphate with tenapanor versus placebo only 
eached statistical significance in patients ≥45–< 65 years, in 
oth males and females, in patients with baseline serum phos-
hate < 7.5 mg/dl and among patients enrolled at sites in eastern
nd central China in the present study, it should be noted that
he patient numbers were relatively small in several of the sub-
roups. 
Importantly, our safety findings show that tenapanor is gen-
rally well tolerated in the Chinese patient population, with a
imilar safety profile to that reported in studies conducted in the
SA and Japan [11 , 12 , 14 , 15 ]. Consistent with these prior trials,
iarrhoea was the most common TEAE observed during tena-
anor treatment, and the majority of cases were mild or mod-
rate in severity and led to treatment discontinuation in only
wo patients. This safety profile is expected based on the mode
f action of tenapanor, which increases stool sodium and water
ontent and has been shown to lead to loose stool consistency
nd increased defecation frequency in healthy volunteers [10 ]. 

Although the clinical importance of reaching serum phos-
hate targets in CKD patients receiving dialysis is well under-
tood, the current rate of achievement of these targets remains
ow [16 ]. This may be due to inherent limitations in the effective-
ess of phosphate binders, which prevent absorption of phos-
hate from food and are associated with a high pill burden ( often
–12 or more tablets or capsules per day) , often leading to poor
ompliance. Regulation of serum phosphorous levels depends 
n a complex pathway involving more than simply the net inges-
ion and excretion of phosphate [17 –19 ]. As shown in the present
tudy, tenapanor, which has a novel mechanism of action and re-
uces the absorption of phosphate in the gastrointestinal tract,
an produce a remarkable reduction in serum phosphorous level
nd reduce the pill burden for patients requiring phosphate-
owering therapy [20 ]. Tenapanor can also be combined with
hosphate binders to reduce phosphorus absorption synergis- 
ically and better manage serum phosphorous levels in CKD pa-
ients on dialysis [21 , 22 ]. In addition, no significant drug inter-
ctions between phosphate binders and tenapanor have been
bserved in humans [23 ]. 
A key limitation of the present study is the relatively short

-week duration of treatment and observation of safety, which
recludes making conclusions about the long-term efficacy 
nd safety of tenapanor. However, in the US phase 3 trial
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nd a 52-week randomised phase 3 trial ( PHREEDOM) of tena- 
anor, patients receiving 30 mg BID achieved steady serum 

hosphate levels, suggesting a consistent effect with longer 
reatment [11 , 15 ]. 

In conclusion, tenapanor resulted in significantly greater re- 
uctions in serum phosphorous levels from baseline to week 
 compared with placebo in Chinese ESRD patients with hy- 
erphosphatemia receiving HD and was well tolerated with no 
ew safety events observed. The phosphate-lowering effect of 
enapanor was generally consistent across patient subgroups,
ncluding age, sex and baseline phosphate level. These results 
re consistent with findings from clinical trials conducted in the 
SA and Japan. 
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