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Markers of Mineral Metabolism
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Abstract

Background and objectives Patiromer is a sodium-free, nonabsorbed, potassium-binding polymer that uses
calcium as the counter-exchange ion and is approved for treatment of hyperkalemia. The 4-week TOURMALINE
study in patients with hyperkalemia previously demonstrated that patiromer administered once daily reduces
serum potassium similarly when given with or without food. We report a prespecified exploratory efficacy
analysis as well as a post hoc efficacy and safety analysis of the TOURMALINE study on circulating markers of
mineral metabolism.

Design, setting, participants, & measurements Adults with hyperkalemia (potassium >5.0 mEq/L) were
randomized to once-daily patiromer 8.4 g without/with food for 4 weeks, with doses adjusted to achieve and
maintain serum potassium 3.8-5.0 mEq/L. Baseline and week 4 serum and 24-hour urine markers of mineral
metabolism are reported for all patients combined (evaluable for efficacy, n=112; evaluable for safety, n=113).
P values were calculated using a paired ¢ test for change from baseline, unless otherwise specified.

Results Mean (SD) baseline eGFR was 41 =26 ml/min per 1.73 m2. Mean (SD) changes from baseline to week 4 were
0.0£0.5mg/dl(P=0.78;n=100) for albumin-corrected serum calcium, —0.2=0.2mg/d1 (P<<0.001; n=100) for serum
magnesium, and —0.1£0.7 mg/dl (P=0.47; n=100) for serum phosphate. Median (quartile 1, quartile 3) changes in
24-hour creatinine-normalized urine calcium and phosphate from baseline to week 4 were 2.5 (—11.5, 23.7)
mg/24 h (P=0.10; n=69) and —43.0 (—162.6, 35.7) mg/24 h (P=0.004; n=95), respectively. Median (quartile 1,
quartile 3) changes in intact parathyroid hormone and 1,25-dihydroxyvitamin D from baseline to week 4 were
—13(—31,4) pg/ml (P<0.001;n=97)and —2 (=9, 3) pg/ml (P=0.05; n=96), respectively. There were no changes
in fibroblast growth factor-23 or 25-hydroxyvitamin D. In patients (n=16) with baseline serum phosphate
>4.8 mg/dL, the mean (SD) changes in serum and 24-hour creatinine-normalized urine phosphate from

baseline to Week 4 were —0.6=0.8 mg/dl (n=13) and —149.1+162.6 mg/24hr (n=9), respectively.

Conclusions Patiromer lowered urine phosphate in all patients, and lowered both serum and urine phosphate
in a small subset of patients with hyperphosphatemia. Intact parathyroid hormone and 1,25-dihydroxyvitamin

D decreased, with no change in serum calcium.
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Introduction

Patiromer is a sodium-free, nonabsorbed, potassium-
binding polymer that uses calcium as the counter-
exchange ion. It is approved for the treatment of
hyperkalemia, including in the United States, Switzerland,
the European Union, and Australia (1,2). Studies have
shown that patiromer effectively and safely lowers
serum potassium in patients with hyperkalemia,
including those with CKD, heart failure, diabetes
mellitus, and hypertension, and those on renin-
angiotensin-aldosterone system (RAAS) inhibitors
(1,3-5). The use of calcium as the counter-exchange
ion in patiromer—rather than sodium, the exchange
cation in sodium polystyrene sulfonate (6)—avoids
the potential for increases in sodium absorption and
retention in patients at risk for volume overload, such
as those with hypertension, CKD, and/or heart failure
(6-10).

www.cjasn.org Vol 14 January, 2019

In the phase 2 and 3 clinical trials of patiromer,
patients were instructed to take patiromer with
meals. The TOURMALINE study was a phase 4,
prospective, open-label, 4-week, randomized trial
designed to compare the efficacy and safety of pa-
tiromer when administered without food versus with
food. The primary results demonstrated that food
has no effect on either the efficacy or safety profile
of patiromer (11). The study was performed in a
general population with hyperkalemia, which affor-
ded the opportunity to obtain information on the
effects of patiromer on markers of mineral metabolism.
Here we report the prespecified exploratory efficacy
analysis of the changes observed for serum phosphate,
25-hydroxyvitamin D (25-D), 1,25-dihydroxyvitamin
D (1,25-D), fibroblast growth factor-23 (FGF-23), and
24-hour creatinine-normalized urine phosphate as well
as safety analysis for serum calcium, magnesium, intact
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parathyroid hormone (iPTH), and 24-hour creatinine-nor-
malized urine calcium.

Materials and Methods

The methodology of the open-label TOURMALINE study
(Clinicaltrials.gov identifier NCT02694744) has been pub-
lished (11). Briefly, eligible patients were =18 years old with
hyperkalemia (defined as two local whole blood potassium
values >5.0 mEq/L; each obtained from separate veni-
punctures). Patients receiving RAAS inhibitors, B-blockers,
or diuretics were required to be on stable doses for at least
14 days before screening. Patients could have clinically
stable CKD, heart failure, diabetes mellitus (type 1 or type
2), and/or hypertension, but none of these disorders were a
requirement for study entry. The use of calcium or potas-
sium dietary supplements was an exclusion criterion; use of
magnesium dietary supplements was allowed. Eligible
patients were randomized in a 1:1 ratio to receive patiromer
once daily, either without food or with food (11). Patients
were allowed to continue their usual diets without study-
prescribed dietary counseling.

After the screening visit, patients fasted overnight and
returned the next day for the baseline visit (randomization
and baseline blood sampling). On day 2, patients began
their randomly assigned patiromer dosing of 8.4 g once
daily without food (n=57) or with food (n=57), and com-
pleted visits on day 3 and at 1, 2, 3, and 4 weeks after
starting patiromer treatment. For safety, patients were
followed for 2 weeks after the last dose of patiromer (two
visits). During the study, patiromer daily doses could be
titrated on day 3 and weekly afterward by 8.4 g once
daily to a maximum of 25.2 g once daily, to achieve and
maintain serum potassium levels within the target range of
3.8-5.0 mEq/L.

The study was conducted in accordance with US Food
and Drug Administration regulations, the International
Conference on Harmonization Guideline for Good Clinical
Practice, the Declaration of Helsinki, and institutional
review board or independent ethics committee require-
ments.

Serum Electrolytes

Serum chemistry panels were analyzed by a central
laboratory at baseline, day 3, weeks 1, 2, 3, and 4, and
during follow-up visits. This included inorganic phosphate,
magnesium, potassium, and serum calcium. Serum calcium
was corrected for albumin as follows: if serum albumin
was =4.0 g/dl, then corrected calcium equaled serum
calcium; if serum albumin was <4.0 g/dl, then corrected
calcium=serum calcium+(0.8 X [4—serum albumin]) (12).
For these calculations, calcium is in milligrams per deciliter
and albumin is in grams per deciliter. Mean serum potas-
sium (the primary study end point) and phosphate (the
exploratory efficacy end point, including its subgroup
analysis in patients with baseline eGFR<45 ml/min per
1.73 m?) values over time were prespecified. Mean change
in serum phosphate from baseline to week 4 in the subgroup
of patients with hyperphosphatemia (phosphate >4.8 mg/dl)
was performed as a post hoc analysis. In addition, in this
subgroup, post hoc safety analyses of mean change from
baseline to week 4 for serum calcium and magnesium were

conducted. Additional information on methods for assess-
ment of serum electrolytes is provided in Supplemental
Material.

Urine Electrolytes

We collected 24-hour urine samples starting from the day
before the baseline visit and the day before the week 4 visit.
For the baseline visit, patients were requested to collect
24-hour urine samples after the screening visit (day —1)
until arrival at the baseline visit (day 1); for the week 4 visit,
patients collected 24-hour urine samples through the
interval after the final dose of patiromer. For additional
information on methods for assessment of urine electro-
lytes, see Supplemental Material.

Two preplanned corrections were made to urine data.
First, a time correction was made to adjust the actual
duration of the urine collections to 24 hours as protocol
directions to minimize errors in the start and stop times
lead to the baseline collection, which started at the end of
the screening visit, being slightly less than 24 hours. The
calcium and phosphate values were divided by the sample
collection time (in hours), then multiplied by 24 hours to
obtain 24-hour values (24-hour-adjusted value=[(test value)/
(sample collection time in hours)]X24).

Second, to adjust for possible missed urine collection
during the collection period, and to allow for a quantitative
comparison within individual participants, the time-
corrected values for calcium and phosphate were normal-
ized to the mean urine creatinine concentration for the
two samples according to the following: 24-hour creatinine-
normalized electrolyte=(24-hour-adjusted electrolyte)/
[(24-hour-adjusted creatinine)/My4Cr]. Here, M4Cr is the
mean of the 24-hour-adjusted urine creatinine values at
baseline and week 4. This was on the basis of the assumption
that over a 4-week period, the 24-hour urine creatinine
excretion should not change. For a sensitivity analysis,
24-hour urine calcium-to-creatinine and phosphate-to-
creatinine ratios were also calculated according to the
following: 24-hour urine electrolyte-to-creatinine ratio
(mg/g)=(24-hour electrolyte)/(24-hour creatinine).

Mean change in 24-hour creatinine-normalized urine
phosphate from baseline to week 4 was a prespecified
exploratory efficacy end point. Mean change in 24-hour
creatinine-normalized urine calcium from baseline to week
4 was analyzed post hoc. Mean change in 24-hour creatinine-
normalized urine electrolytes from baseline to week 4 in the
subgroup of patients with hyperphosphatemia (phosphate
>4.8 mg/dl) was analyzed post hoc.

Markers of Mineral Metabolism

Markers of mineral metabolism including 25-D, 1,25-D,
and FGF-23 were collected as prespecified exploratory
efficacy end points at baseline and week 4 (or at early
termination). iPTH was a safety end point and was analyzed
post hoc. For additional information see Supplemental
Material.

Safety Assessments

Laboratory safety assessments conducted for this analysis
included percent of patients in the normal range, and
percent below the lower limit of normal (LLN) or above the


http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04500418/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04500418/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04500418/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04500418/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.04500418/-/DCSupplemental

Clin } Am Soc Nephrol 14: 103-110, January, 2019

upper limit of normal (ULN) for serum magnesium (LLN
1.8 mg/dl, ULN 2.4 mg/dl) and phosphate (LLN 2.5 mg/dl,
ULN 4.8 mg/dl) at baseline and week 4. For serum calcium,
in this analysis the percent of patients with albumin-
adjusted central laboratory calcium values >10.2 and
<8.5 mg/dl were assessed rather than >10.5 mg/dl ULN
and <8.5 mg/dl LLN.

Statistical Analyses

Analyses of serum calcium, magnesium, iPTH, and 24-
hour creatinine-normalized urine calcium were conducted
in the safety population (n=113), which included all
randomized patients who had taken at least one dose
of patiromer. Analyses of serum phosphate, 24-hour
creatinine-normalized urine phosphate, FGF-23, and
vitamin D were conducted in the efficacy population (the
safety population, excluding one patient who had a pro-
tocol deviation and no postbaseline serum potassium). The
primary analysis of the TOURMALINE study demon-
strated that the primary end point (serum potassium in
target range 3.8-5.0 mEq/L) was achieved by similar
proportions of patients who received patiromer without
food and with food (11). Outcomes examined here com-
bined the without food and with food study arms and are
referred to as the overall study population. Additional
analyses examined serum and urine calcium and phos-
phate data according to the randomized treatment groups
(without food and with food study groups). All analyses
are on the basis of observed cases. Unless otherwise
specified, descriptive statistics were summarized as mean
and SD for serum electrolytes, as mean (SD) for urine
calcium and phosphate values at baseline and week 4 and
median (quartile 1, quartile 3 [Q1, Q3]) for change from
baseline, as median (Q1, Q3) for markers of mineral
metabolism, and as proportions for categorical variables.
The mean change from baseline to week 4 was examined by
paired t test. For parameters that were not normally
distributed (i.e., iPTH and FGF-23 change from baseline
in the overall population), a Wilcoxon signed-rank sum test
was used. All analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC), with statistical significance
set at P<<0.05.

Results
Baseline Demographics and Clinical Characteristics

As reported previously (11), 114 patients were random-
ized, with 113 included in the safety population, and 112 in
the efficacy population; 103 completed the study. Among
the 11 patients who did not complete the study, reasons for
early termination were adverse events (AEs; n=3), inves-
tigator’s decision (n=3), withdrawal by patient (1=3), lost to
follow-up (n=1), and failure to disclose prohibited medi-
cations (n=1). Not all data were reported for all patients by
the central laboratory because of missing laboratory data;
therefore, sample sizes for each parameter are indicated.

Most patients were white (82%), men (65%), and had
diabetes (82%; Table 1). The majority had hypertension
(94%), and 59% were taking RAAS inhibitors. One patient
in each treatment group was on the phosphate binder
sevelamer; no other binders were used. Calcium-based
binders were excluded medications, and no one took
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Table 1. Baseline characteristics of TOURMALINE study
patients included in the efficacy population
Parameter Value, N=112

Age

Years, mean (SD) 67 (12)

=65 yr, 1 (%) 73 (65)
Men, n (%) 73 (65)
Race, n (%)

White 92 (82)

Black 14 (13)

Other 44)
Ethnicity, n (%)

Hispanic/Latino 63 (56)

Non-Hispanic/Latino 49 (44)
Serum potassium, mEq/L, mean (SD) 5.39 (0.40)*

<5.5, 11 (%) 66 (59)

=55, 1 (%) 46 (41)
eGFR, mean (SD), ml/min per 1.73 m? 41 (26)
CKD, n (%) 85 (76)

eGFR=45 ml/min per 1.73 m? 16 (14)

eGFR<45 ml/min per 1.73 m? 69 (62)
Diabetes mellitus, 1 (%) 92 (82)
Heart failure, 1 (%) 10 (9)
Hypertension, n (%) 105 (94)
RAAS inhibitors, 1 (%) 66 (59)
B-Blocking agents, 1 (%) 58 (52)
Non-RAAS diuretic, (%) 40 (36)°
RAAS, renin-angiotensin-aldosterone system.
“Baseline serum potassium is defined as the mean of serum
potassium from the central laboratory on two consecutive
days (day —1 and day 1) immediately before the first dose of

atiromer.
All non-RAAS diuretics were potassium wasting.

lanthanum carbonate. Mean (SD) age was 67 (12) years. A
total of 76% of patients had CKD, with a mean (SD) eGFR
of 41 (26) ml/min per 1.73 m?. At baseline, the mean (SD)
serum potassium was 5.39 (0.40) mEq/L and 41% of patients
had serum potassium =5.5 mEq/L.

Serum Electrolyte Concentration and 24-Hour Urine
Excretion

Mean serum potassium decreased during patiromer
treatment (Figure 1), whereas mean (SD) albumin-correc-
ted serum calcium and serum phosphate did not change
significantly from baseline values of 9.4 (0.6) and 4.1 (0.7)
mg/dl, respectively. Mean (SD) change in serum calcium at
week 4 was 0.0 (0.5) mg/dl (P=0.78, paired ¢ test; n=100),
and mean (SD) change in serum phosphate was —0.1 (0.7)
mg/dl (P=0.47, paired ¢t test; n=100). Unadjusted serum
calcium was similar to albumin-corrected serum calcium
(Supplemental Table 1). Consistent results were observed
for serum calcium and serum phosphate when the ran-
domized treatment groups were examined separately
(without food and with food treatment groups; Supple-
mental Table 2). Mean (SD) serum magnesium was 2.2 (0.3)
mg/dl at baseline (1=112); the mean (SD) change from
baseline to week 4 was —0.2 (0.2) mg/dl (P<<0.001, paired
t test; n=100).

The mean (SD) 24-hour urine collection times were 21.1
(2.9) hours (n=109) at baseline and 23.7 (2.8) hours (n=98) at
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Figure 1. | Mean serum levels of potassium, magnesium, serum albumin-corrected calcium, and phosphate over time. All values are
mean+SD; shaded boxes represent target range for each electrolyte. *P<0.001; *P<0.05. BL, baseline.

week 4. Overall, mean (SD) 24-hour creatinine-normalized
urine calcium was 50.8 (55.1) mg/24 h at baseline (n=73)
and 58.5 (59.4) mg/24 h at week 4 (n=78; Figure 2). There
was a small numerical increase from baseline to week 4; the
median (Q1, Q3) change was 2.5 (—11.5, 23.7) mg/24 h
(P=0.10, paired f test; n=69). The mean (SD) 24-hour urine
calcium-to-creatinine ratio was 41.4 (43.8) mg/g at baseline
(n=85), and demonstrated a small median (Q1, Q3) increase
from baseline to week 4 of 2.1 (—10.7, 26.3) mg/g (P=0.04,
paired t test; n=69). Mean urine calcium changes evaluated
by both methods (24-hour creatinine-normalized urine
calcium and 24-hour urine calcium-to-creatinine ratio) in
the without food and with food treatment groups were
nonsignificant (Supplemental Tables 3 and 4).

Overall, the mean (SD) 24-hour creatinine-normalized
urine phosphate was 628.2 (276.0) mg/24 h at baseline (1=96)
and 573.6 (286.2) mg/24 h at week 4 (n=95; Figure 2). There
was a significant decrease from baseline to week 4, with a
median (Q1, Q3) change of —43.0 (—162.6, 35.7) mg/24 h
(P=0.004, paired t test; n=95). The decrease from baseline in
24-hour creatinine-normalized urine phosphate was similar
in the with and without food groups, but was only sig-
nificant in patients randomized to the without food
treatment group (Supplemental Table 3). Mean change in
the 24-hour urine phosphate-to-creatinine ratio was also
significant in the combined groups at week 4 (Supplemental
Table 4).

Markers of Mineral Metabolism

At baseline the median (Q1, Q3) iPTH level was 74 (43,
104) pg/ml (n=111; Figure 3). The median (Q1, Q3) change
from baseline to week 4 was —13 (=31, 4) pg/ml (P<<0.001,

Wilcoxon signed-rank sum test; #=97). The iPTH reduction
was numerically greater in patients receiving the 16.8 and
25.2 g once-daily doses at week 4 relative to the 8.4 g once-
daily dose at week 4 (Supplemental Figure 1). Median (Q1,
Q3) serum 1,25-D at baseline was 33 (24, 47) pg/ml
(n=108). The median (Q1, Q3) change from baseline to
week 4 was —2 (=9, 3) pg/ml (P=0.05, paired ¢ test; n=96).
Median (Q1, Q3) serum 25-D was 29 (17, 41) ng/ml at
baseline (1=109). Median (Q1, Q3) change in 25-D at week
4 was —1 (=3, 2) ng/ml (P=0.49, paired ¢ test; n=98).
Median (Q1, Q3) serum levels of FGF-23 were 94 (58, 155)
pg/ml at baseline (1=111) and 100 (56, 138) pg/ml at week
4 (n=99); the median (Q1, Q3) change from baseline was
3(—27,21) pg/ml (P=0.62, Wilcoxon signed-rank sum test;
n=98). Similarly, FGF-23 did not change significantly in
patients with CKD or hyperphosphatemia (Supplemental
Table 5).

Patients with Hyperphosphatemia or Low eGFR

There was a significant (P<0.001) effect modification of
the change in serum phosphate at week 4 by baseline serum
phosphate. In the subgroup of patients with baseline
hyperphosphatemia (1=16), there were clinically relevant
reductions in serum and 24-hour creatinine-normalized
urine phosphate (Table 2). In patients with hyperphospha-
temia, mean (SD) serum phosphate was 5.3 (0.4) mg/dl
at baseline (1=16) and decreased into the normal range to
4.7 (0.9) mg/dl at week 4 (1=13); the mean (SD) decrease
from baseline to week 4 was 0.6 (0.8) mg/dl (n=13). In
patients with baseline serum phosphate =4.8 mg/dl
(Table 2), mean (SD) serum phosphate was 3.9 (0.6) mg/dl
at baseline (n=95) and 3.9 (0.6) mg/dl at week 4 (n=87).
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Figure 2. | Mean 24-hour creatinine-normalized urine calcium and urine phosphate at baseline and week 4. Bars represent one-sided SD.

Values above bars are mean (SD). Observed cases, no imputation.

In the subgroup with hyperphosphatemia, the mean (SD)
baseline urine phosphate-to-creatinine ratio was 574.1
(229.0) mg/g at baseline (n=14). The mean (SD) change
in urine phosphate-to-creatinine ratio from baseline at
week 4 was —140.2 (186.4) mg/g (n=9). Mean (SD) serum
magnesium decreased by 0.1 (0.1) mg/dl in this subgroup
(Table 2).

There were no clinically relevant changes in mean
serum calcium and 24-hour creatinine-normalized urine
calcium from baseline to week 4 (Table 2). The mean (SD)
urine calcium-to-creatinine ratio was 25.4 (26.6) mg/g at
baseline (n=10), with a change at week 4 of 2.4 (14.8) mg/g
(n=6). Mean iPTH levels were numerically higher in patients
with hyperphosphatemia compared with patients who had
baseline serum phosphate =4.8 mg/dl; the mean (SD) change
from baseline to week 4 was —21 (50) pg/ml in this subgroup
of patients (Supplemental Table 5).

There was a significant (P=0.02) effect modification of
the change in serum phosphate at week 4 by baseline eGFR
<45 ml/min per 1.73 m?. In patients with baseline eGFR
<45 ml/min per 1.73 m? (n=72), mean (SD) serum phosphate
was 4.3 (0.7) mg/dl at baseline and 4.0 (0.8) mg/dl at week 4;

the mean (SD) change at week 4 was —0.3 (0.6) (P=0.002,
paired t test; n=62).

Safety

Albumin-adjusted central laboratory serum calcium values
>10.2 mg/dl were observed in 9.8% of patients before
patiromer treatment and in 9.4%, 5.8%, 5.8%, and 9.0% of
patients at week 1 to week 4, respectively. Of the ten patients
with calcium values >10.2 mg/dl at baseline, seven had
serum calcium =10.2 mg/dl by week 4 (Supplemental Table
6). As reported previously, no patients had AEs of hypocal-
cemia or hypercalcemia (11).

No patients had hypophosphatemia (<2.5 mg/dl) dur-
ing the treatment period in the study. An elevation of
serum phosphate (defined as serum phosphate above the
ULN [4.8 mg/dl]) was observed in 14.2% of patients before
patiromer treatment and in 11.5%, 8.8%, 6.2%, and 10.6% of
patients at week 1 to week 4, respectively. Of the 15 patients
with serum phosphate above the ULN at baseline (who also
had at least one postbaseline serum phosphate assessment),
nine had serum phosphate in the normal range by week 4
(Supplemental Table 6).
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Figure 3. | Median values for serum markers of mineral metabolism at baseline and week 4. Boxes represent median (center line), Q1 (lower
bound), and Q3 (upper bound). Whiskers represent minimum and maximum values. Observed cases, no imputation. Max, maximum.
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Table 2. Electrolyte serum concentrations and 24-hour creatinine-normalized urine excretion at baseline and week 4 in patients with
baseline serum phosphate >4.8 mg/dl (hyperphosphatemia) and baseline serum phosphate <4.8 mg/dI
Baseline Week 4 Change from Baseline to Week 4
Parameter
Mean (SD) N Mean (SD) N Mean (SD) N
Patients with baseline serum
phosphate >4.8 mg/dl
Serum electrolytes, mg/dl
Calcium® 9.1 (0.5) 16 9.3 (0.3) 13 0.1 (0.4) 13
Magnesium 2.3 (0.4) 16 2.1(0.4) 13 -0.1(0.1) 13
Phosphate 5.3 (0.4) 16 4.7 (0.9) 13 —0.6 (0.8) 13
24-h creatinine-normalized
urine electrolytes, mg/24 h
Calcium 30.5 (19.9) 6 32.3 (20.0) 6 1.8 (12.3) 6
Phosphate 722.8 (331.9) 9 573.7 (304.7) 9 —149.1 (162.6) 9
Patients with baseline serum
phosphate <4.8 mg/dl
Serum electrolytes, mg/dl
Calcium?® 9.4 (0.6) 95 9.5 (0.6) 87 0.0 (0.5) 87
Magnesium 2.1(0.3) 95 2.0 (0.3) 87 —0.2(0.2) 87
Phosphate 3.9 (0.6) 95 3.9 (0.6) 87 0.0 (0.6) 87
24-h creatinine-normalized
urine electrolytes, mg/24 h
Calcium 52.7 (56.9) 67 60.7 (61.2) 72 9.3 (44.6) 63
Phosphate 604.8 (277.5) 94 573.6 (286.1) 86 —49.9 (194.4) 86
?Serum albumin-corrected calcium performed according to the following: if serum albumin =4.0 g/dl, corrected calcium=serum
calcium; if serum albumin <4.0 g/ dl, corrected calcium=serum calcium+(0.8 X [4 — serum albumin]). For calculations, calcium units were
milligrams per deciliter and albumin units were grams per deciliter.

Eleven patients with serum magnesium in the normal
range at baseline had values below the LLN (1.8 mg/dl) at
week 4 (Supplemental Table 6). In addition, 11 patients
with low serum magnesium at baseline remained low at
week 4. As previously reported, serum magnesium
<1.4 mg/dl occurred in five patients, four of whom had
serum magnesium <1.8 mg/dl at baseline; two were
reported as moderate hypomagnesemia AEs and patiromer
was continued without a dose change, and the AEs were
resolved with over-the-counter magnesium replacement
(11). In addition, four patients received magnesium sup-
plements since the beginning of the study and none had
abnormally low serum magnesium.

Discussion

In this analysis we show that in the overall population,
24-hour creatinine-normalized urine phosphate excretion
decreased significantly, consistent with phosphate binding
in the gastrointestinal tract by some of the calcium released
when patiromer binds to potassium. The magnitude of the
decrease, about 8% in this population of patients, most of
whom had mild-to-moderate CKD (mostly with normal
serum phosphate at baseline), was about a third of the
22% reported by Block ef al. (13) in a similar population
where phosphate binders were given three times per day
with meals and uptitrated in an attempt to achieve a
significant reduction in serum phosphate. The decrease in
serum and urine phosphate in the small number of patients
with hyperphosphatemia in this study is consistent with
previous patiromer studies in both healthy volunteers eval-
uating net balance showing a reduction in urine phosphate

(14), and in patients with CKD requiring both potassium
and phosphate binders (15). In healthy volunteers, treat-
ment with patiromer leads to an increase in fecal phosphate
elimination, which likely occurs via binding of patiromer-
released calcium to intestinal phosphate (14).

The small decrease in iPTH along with a decrease in
serum 1,25-D levels suggests that some of the calcium
released by patiromer is absorbed. The overall low urine
calcium excretion is consistent with all studies in CKD (16).
Prior studies of patiromer in healthy volunteers have
shown that on the highest commercially available daily
dose (25.2 g/d) about 73 mg of elemental calcium are
absorbed daily (14). The recommended calcium intake in
patients with CKD has not been well defined (17); however,
recent data suggests that net calcium balance should be
neutral throughout the stages of CKD (18). The limited data
available also suggests that a dietary intake of 800-1200 mg
of elemental calcium per day (the recommended amount in
healthy adults) achieves neutral balance on average in
patients with CKD (19-21). Excessive calcium intake has
been shown to shift patients into positive calcium balance
(19,20) and may promote vascular and soft tissue calcifi-
cation (22-25), whereas inadequate calcium intake may
worsen secondary hyperparathyroidism (18). In this study
we did not measure dietary calcium intake and we are
therefore unable to determine the effect of patiromer on
net calcium balance. The long-term effect of the increase
in calcium absorption, phosphate binding, and change
in iPTH and 1,25-D on bone mineral metabolism and
vascular calcification cannot be assessed in this short-term
study. Furthermore, calcium balance needs to be evaluated
on an individual patient basis with an understanding
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of overall calcium intake, vitamin D status, and mineral
requirements.

As reported previously (11), some patients had low serum
magnesium or AEs of hypomagnesemia, consistent with
previous studies (3-5) and with the potential binding of
cationic magnesium to patiromer. The magnitude of the
serum magnesium decrease was similar to that seen in
earlier studies (3,5,14,26). During the 2-week safety follow-
up period after the last dose of patiromer, mean serum
magnesium returned to baseline values. Other AEs in the
TOURMALINE study were also similar to the known AE
profile of patiromer.

A strength of this analysis is that the main outcomes
reported here were prespecified in the statistical analyses
plan, and thus the data were collected in a uniformly defined
patient population and analyzed according to a predeter-
mined protocol. Furthermore, an independent central labo-
ratory analyzed all samples collected from TOURMALINE
study centers, and thus the data are derived from a consistent
application of sample procedures and detection assays.

There are several limitations of this study that affect our
ability to fully understand the effects of patiromer on markers
of bone and mineral metabolism. The TOURMALINE study
was not powered to examine changes in markers of mineral
metabolism, and the data in patients with hyperphospha-
temia were from a small subset (n=16). In addition, the
mean baseline urine collection time was 21.1 hours because
of protocol procedures that may have introduced a systemic
bias. However, the 24-hour creatinine-normalized values
and the electrolyte-to-creatinine ratios give similar results.
This study is not a balance study, and therefore we are
unable to quantitate the net absorption of the calcium
released when patiromer binds to potassium. Serum cal-
cium is not a biomarker of calcium balance and cannot be
utilized to measure net absorption or retention. Patients with
CKD have a marked reduction of urine calcium excretion
such that it does not reflect intake or absorption (16).
Therefore, we are unable to determine if the changes in
iPTH and 1,25-D were a reflection of changes in dietary
intake of calcium or phosphorus or were due to the calcium
released from patiromer in binding to potassium, and whether
the changes in these markers reflected any overall change
in calcium balance, either in a favorable or unfavorable
direction. The TOURMALINE study did not have a placebo
control arm. Thus, the observed differences in iPTH,
1,25-D, and phosphate may have been from treatment
with patiromer or from other causes.

In conclusion, patiromer lowered urine phosphate in all
patients in this study, and lowered both serum and urine
phosphate in patients with hyperphosphatemia. There was
no change in serum calcium levels or the 24-hour creati-
nine-normalized urine calcium. iPTH, 1,25-D, and serum
magnesium decreased. When patiromer binds to potas-
sium in the gastrointestinal tract, calcium is released
(3,5,11,14). Our findings suggest that some of the released
calcium binds to intestinal phosphate, lowering urine
phosphate in all patients and lowering both serum and
urine phosphate in patients with hyperphosphatemia.
Although there were no AEs of hypercalcemia, some of
the calcium may be absorbed, which could explain the
decrease in iPTH and 1,25-D. Some of the calcium in
patiromer appears to exchange for magnesium in the
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gastrointestinal tract, thereby lowering serum magnesium.
Although this study is consistent with other studies eval-
uating the effects of patiromer on urine and serum calcium,
magnesium, and phosphate, further studies will be neces-
sary to determine if treatment of hyperkalemia with
patiromer has any influence on the net balance of calcium,
magnesium, and phosphate.
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