
• Fibroblast growth factor 23 (FGF23) is a bone-derived hormone that regulates renal phosphate reabsorption and affects both
parathyroid hormone (PTH) and calcitriol (active vitamin D) synthesis.1,2

• Elevated intact FGF23 (iFGF23) and hyperphosphatemia are independently associated with increased risk of cardiovascular
disease and mortality in patients with chronic kidney disease (CKD).3-6

• Tenapanor is a novel, investigational phosphate absorption inhibitor (PAI) that targets the primary, paracellular pathway of
phosphate absorption in the gastrointestinal tract through inhibition of sodium/hydrogen exchanger isoform 3 (NHE3).7-9

• FGF23 is upregulated by dietary phosphate intake or in response to decreasing kidney function as a physiological adaptation
to maintain normal serum phosphate (sP) levels.1,4

• In the PHREEDOM (NCT03427125), NORMALIZE (NCT03988920; 18-month extension of PHREEDOM), and OPTIMIZE
(NCT04549597) studies, tenapanor treatment significantly reduced sP levels in patients with CKD on dialysis.10,12

• In the PHREEDOM study, tenapanor treatment led to a median relative reduction of 23% for iFGF23 from the baseline to the
end of the 26-week randomized treatment period.10

• Here we further investigate the effect of tenapanor on iFGF23 in patients with CKD from the NORMALIZE and
OPTIMIZE studies.

• In NORMALIZE (Figure 1A), patients who completed the tenapanor arm in PHREEDOM continued tenapanor or added
sevelamer to tenapanor if sP was >4.5 mg/dL (designated as group 1). Patients who completed the sevelamer arm in
PHREEDOM added tenapanor (30 mg once a day if sP was >2.5 and ≤4.5 mg/dL, or 30 mg twice a day [bid] if sP was >4.5 mg/dL)
at the initial visit and reduced sevelamer dosage per protocol-specified dose-titration schedule once sP was controlled at ≤4.5 mg/dL
(designated as group 2). The tenapanor dose was reduced to a minimum of 10 mg once daily if sevelamer was stopped and sP
was below 2.5 mg/dL.

• OPTIMIZE (Figure 1B) randomized patients with sP >5.5 but ≤10 mg/dL on phosphate binder therapy at screening to cohort 1
(discontinue phosphate binders and start tenapanor 30 mg bid) or cohort 2 (decrease phosphate binders by ≥50% and start
tenapanor 30 mg bid). Phosphate binder–naïve patients with sP >4.5 but ≤10 mg/dL entered cohort 3 (start tenapanor 30 mg bid). 

• For this analysis, changes in iFGF23 from baseline to the end of NORMALIZE (up to 18 months) and baseline to the end of
OPTIMIZE part A (initial 10 weeks of treatment) were evaluated for the full analysis set (FAS) of each study.
– In NORMALIZE, the FAS included all patients who met the study entry eligibility criteria, received at least 1 dose of study

drug (tenapanor or sevelamer), and had at least 1 post-treatment sP measurement during the study.
– In OPTIMIZE, the FAS included all randomized patients who met the study entry eligibility criteria, received at least 1 dose of

study drug (tenapanor or phosphate binder), and had at least 1 postbaseline sP measurement during the study.

Patients
• Patient demographics and baseline characteristics are presented for the NORMALIZE and OPTIMIZE studies in Table 1.

– Baseline sP and iFGF23 levels were overall lower among patients in NORMALIZE compared with those of patients
in cohort 1 and cohort 2 of OPTIMIZE due to patients in NORMALIZE having received prior treatment for
hyperphosphatemia in the PHREEDOM study.

iFGF23 Responders
• At the end of the NORMALIZE trial (up to 18 months), 99 of 163 patients (60.7%) in the FAS had a reduction in iFGF23

(Figure 2A).
• At the end of part A in the OPTIMIZE trial, 211 of 317 patients (66.6%) in the FAS had a reduction in iFGF23 (Figure 2B).
• In general, patients who had a reduction in sP also experienced a reduction in iFGF23; however, there was no clear trend in

the degree of sP and iFGF23 reduction (Figure 2).

iFGF23 Reduction
• Among all patients in NORMALIZE from the FAS, median iFGF23 reduction (percent reduction) was

384.0 pg/mL (42.2%) from the NORMALIZE baseline to the end of the study (Figure 3A).
– The median relative reduction from baseline to the end of the study in iFGF23 levels was 44.1% in group 1

and 35.9% in group 2.
– The estimated least squares (LS) mean relative reduction from baseline iFGF23 was 41% in group 1 and 29%

in group 2.

• In OPTIMIZE, at the end of part A, the median iFGF23 reduction (percent reduction) was 739.2 pg/mL (20%) from baseline
(Figure 3B) in the FAS.
– The median relative reduction from baseline to the end of part A in iFGF23 levels was 12.2% in cohort 1, 22.0% in cohort

2, and 38.7% in cohort 3.
– The estimated LS mean relative reduction from baseline iFGF23 was 15% in cohort 1 and 30% in cohort 2.

▪ The LS mean relative reduction was not estimated for phosphate binder–naïve patients in cohort 3 as they were from
a different population than cohort 1 and cohort 2.

Safety
• In the safety analysis set of NORMALIZE (n=172) and OPTIMIZE (n=333), diarrhea was the most common adverse event

(AE), occurring in 38 (22.1%) and 133 (39.9%) patients, respectively.

• Previous reports showed that diarrhea was mostly mild to moderate. However, it was the most common AE that led to
tenapanor discontinuation in both NORMALIZE (4 of 172 patients [2.3%]) and OPTIMIZE (22 of 333 patients [6.6%]).11,12

• There were 14 deaths due to AEs (9 treatment-emergent) in the NORMALIZE trial11 and 7 deaths due to AEs
(2 treatment-emergent) in the OPTIMIZE trial. None were considered to be related to tenapanor treatment.

Figure 2. Change in iFGF23 and sP (Full Analysis Set)

aChange in iFGF23 was calculated from last observed measurement collected prior to the first treatment dose in the NORMALIZE study; eight patients in NORMALIZE did not have iFGF23 data available at the 
endpoint visit (the visit with the last observed sP assessment). The graph only shows data between −30000 and 30000; the 3 leftmost columns had iFGF23 changes of −57486.4, −31791.4, and −30328.5 pg/mL and 
the 4 rightmost columns had changes of 46734.0, 58160.7, 61773.2, and 64022.1 pg/mL. bChange in sP was calculated from last measurement collected prior to the first dose of study drug in the PHREEDOM study. 
cChange in iFGF23 was calculated from last observed measurement collected collected prior to the first treatment dose in the OPTIMIZE study; sixteen patients in OPTIMIZE did not have iFGF23 data available at the 
part A endpoint visit (the visit with the last observed measurement during the 10-week treatment period). The graph only shows data between −30000 and 30000; the 6 leftmost columns had iFGF23 changes of 
−59956.9, −57272.8, −41375.0, −40071.0, −31518.0, and −31441.0 pg/mL and the 2 rightmost columns had changes of 33041.0 and 43690.1 pg/mL. dChange in sP was calculated from last measurement collected prior
to the first dose of study drug in the OPTIMIZE study. iFGF23, intact fibroblast growth factor 23; sP, serum phosphate.

Figure 3. Reduction in iFGF23 From Baseline in the NORMALIZE and OPTIMIZE Trials

aThe endpoint visit of the NORMALIZE study was the visit with the last observed sP assessment. bThe part A endpoint visit of the OPTIMIZE study was the visit with the last observed measurement during the 10-week 
treatment period. 
BL, baseline; FAS, full analysis set; iFGF23, intact fibroblast growth factor 23; sP, serum phosphate.

Figure 1. Study Diagram of NORMALIZE (A) and OPTIMIZE (B) Studies

aPB reduction was >50% if patient was taking an odd number of pills; eg, a patient taking 3 PB pills/day would reduce their dose to 1 PB pill/day, a patient taking 5 PB pills/day would reduce their dose to 2 PB pills/day.
bid, twice a day; CKD, chronic kidney disease; PB, phosphate binder; sP, serum phosphate.

Table 1. Demographics and Baseline Characteristics (Full Analysis Set)
NORMALIZE OPTIMIZE

Characteristic category/statistic Group 1 
(N=111)

Group 2 
(N=60)

Cohort 1 
(N=151)

Cohort 2 
(N=152)

Cohort 3 
(N=30)

Age at screening, years 56.0 (12.1) 58.3 (14.1) 52.4 (11.1) 53.2 (12.1) 55.4 (16.5)
Male, n (%) 65 (58.6) 43 (71.7) 107 (70.9) 102 (67.1) 18 (60.0)
Race, n (%)
  Black or African American
  White
  Asian
  American Indian or Alaska Native
  Native Hawaiian or Other Pacific Islander
  Other/Unknown

59 (53.2)
44 (39.6)

1 (0.9)
7 (6.3)

0
0

26 (43.3)
31 (51.7)

3 (5.0)
0
0
0

66 (43.7)
64 (42.4)
13 (8.6)
3 (2.0)
2 (1.3)
3 (2.0)

71 (46.7)
62 (40.8)

3 (2.0)
6 (3.9)
4 (2.6)
6 (3.9)

9 (30.0)
20 (66.7)

0
1 (3.3)

0
0

Ethnicity, n (%)
  Not Hispanic or Latino
  Hispanic or Latino

80 (72.1)
31 (27.9)

40 (66.7)
20 (33.3)

109 (72.2)
42 (27.8)

114 (75.0)
38 (25.0)

17 (56.7)
13 (43.3)

Duration since first dialysis at baseline, monthsa 59.2 (40.0) 74.3 (56.3) 57.4 (52.4) 57.7 (49.5) 19.3 (20.7)
Baseline sP, mg/dLb 5.8 (1.5) 5.8 (1.6) 7.1 (1.0) 7.2 (1.1) 6.1 (0.8)

Baseline iFGF23, pg/mLb 8800.6 
(10133.2)

10830.5 
(15198.4)

12391.8 
(14832.1)

17631.2 
(17706.4)

4340.5 
(6146.4)

Baseline iPTH, pg/mLb 424.2 (321.7) 347.1 (211.9) 428.3 (242.9) 391.6 (243.3) 320.8 (132.1)
Most recent Kt/V at screening 1.7 (0.59) 1.9 (1.11) 1.7 (0.32) 1.6 (0.34) 1.7 (0.55)

Unless otherwise indicated, data are mean (SD). 
aBaseline was defined as the date of informed consent collected in NORMALIZE and randomization/enrollment date in OPTIMIZE.
bBaseline was defined as the last observed measurement collected prior to the first treatment dose in the NORMALIZE and OPTIMIZE studies, respectively. 
iFGF23, intact fibroblast growth factor 23; iPTH, intact parathyroid hormone; Kt/V, a measure of dialysis dose; sP, serum phosphate.
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