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SUMMARY AT A GLANCE

This short-term randomized trial of PA21

(sucroferric oxyhydroxide) performed in

Japanese haemodialysis patients was able to

demonstrate non-inferiority for phosphorus

lowering with a significantly lower pill burden.

ABSTRACT:

Aim: We aimed to investigate the non-inferiority of PA21 (sucroferric
oxyhydroxide) to sevelamer hydrochloride (sevelamer) in terms of efficacy
and safety in Japanese haemodialysis patients with hyperphosphataemia.
Methods: In this Phase III, open-label, multicentre study, 213 haemodialysis
patients with hyperphosphataemia were randomized to PA21 or sevelamer
treatment for 12weeks. The primary outcome was adjusted serum phospho-
rus concentration at the end of treatment; thenon-inferiority of PA21was con-
firmed if the upper limit of the two-sided 95% confidence interval (CI) is
≤0.32mmol/L. Secondary outcomes were corrected serum calcium and
intact-parathyroid hormone concentrations. Adverse events (AEs) and
adverse drug reactions (ADRs) were evaluated.
Results: The adjusted mean serum phosphorus concentration at the end of
treatment confirmed the non-inferiority of PA21 for lowering serumphospho-
rus compared with sevelamer (1.62 vs 1.72mmol/L; difference, �0.11mmol/L;
95% CI, �0.20 to �0.02mmol/L). The mean daily tablet intake was 5.6±2.6
and 18.7±7.1 tablets in the PA21 and sevelamer groups, respectively. The inci-
dences of AEs and ADRs were not significantly different between the two
groups.
Conclusion: The non-inferiority of PA21 to sevelamer was confirmed for the
treatment of Japanese haemodialysis patients with hyperphosphataemia.
PA21was effective, safe, andwell tolerated, while having a considerably lower
pill burden than sevelamer.

Hyperphosphataemia occurs in patients with chronic kidney
disease (CKD) as a result of phosphorus accumulation in the
body from dietary phosphate intake and decreasing excretion
of phosphorus into the urine. Hyperphosphataemia has been
shown to be an independent prognostic factor for mortality.1,2

For the management of hyperphosphataemia in chronic
haemodialysis patients, dietary restriction and the use of phos-
phate binding agents are recommended in CKD management
guidelines both in Japan and internationally.3,4

The use of phosphate binders is necessary to inhibit the
absorption of dietary phosphate from the gastrointestinal tract,
because dietary restriction and haemodialysis are not enough

to eliminate the phosphorus excess. Four non-calcium-
containing phosphate binders have been marketed in Japan,
because the calcium load during administration of calcium
carbonate is of concern.4,5 Although the use of sevelamer in
combination with calcium carbonate was recommended in
the first Japanese Mineral and Bone Disorder guideline,6

sevelamer is not widely used in Japan because of frequent
gastrointestinal adverse reactions, including constipation and
flatulence. In fact, many Japanese haemodialysis patients com-
plain of constipation, in general. Bixalomer and lanthanum
were launched after sevelamer; however, these phosphate
binders also cause concerns about constipation and lanthanum
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accumulation with long-term use, respectively.3,7,8 Ferric cit-
rate, an iron-based phosphate binder, was approved in Japan
in 2014.9 Dialysis patients often need to take several medica-
tions for the treatment of comorbidities; therefore, a phosphate
binder with strong phosphorus absorption potency is required
to reduce the tablet intake in dialysis patients. PA21, also
known as sucroferric oxyhydroxide, is a novel non-calcium-,
iron-based phosphate binder that has already been launched
in Europe, the US, and other countries.

The aim of the present study was to investigate the non-
inferiority of PA21 to sevelamer in terms of efficacy and safety
after 12weeks of treatment in Japanese haemodialysis patients
with hyperphosphataemia.

METHODS

Patients

The inclusion criteria were: patients with chronic renal failure
undergoing stable maintenance haemodialysis three times
weekly, for 12weeks ormore, before the initiation of thewash-
out period (Week�3), and with planned continued
haemodialysis during the treatment period; patients with no
change in their phosphate binder agent dose, for 4weeks or
more before the initiation of the washout period; patients
whose predialysis serum phosphorus concentration was
>1.94mmol/L and ≤3.23mmol/L at Week �1; patients with
no change, at least 4weeks before the initiation of the washout
period, in the dose of any vitamin D receptor activator,
calcimimetic, or osteoporosis drug that they may have been
receiving; patients considered able to discontinue their current
therapy for hyperphosphataemia for the 3-week washout
period; and patients aged 20 or older, at the time their consent
was obtained, regardless of sex.

The main exclusion criteria were: patients whose
corrected serum calcium concentration was ≤1.88mmol/L or
>2.75mmol/L, at Week�1; patients whose intact-parathyroid
hormone (PTH) concentration was>800ng/L at the beginning
of the washout period; patients with a history of
haemochromatosis, or any other iron accumulation disorder,
or patients whose serum ferritin was >1797.60 pmol/L or
whose transferrin saturation (TSAT) was >50% at the begin-
ning of the washout period; patients with severe gastrointesti-
nal disorders based on the investigator's diagnosis; and
patients with a history of a severe digestive tract procedure
based on the investigator's diagnosis.

Study design

This was a Phase III, parallel-group, randomized, open-label,
active-controlled, multicentre study performed in
haemodialysis patients with hyperphosphataemia. The study
was conducted in 31 centres in Japan.

This study consisted of a washout period and a treatment
period. The washout period consisted of 3 weeks for
discontinuing any phosphate binders that were taken before
the study start, and the treatment period lasted 12 weeks.
Patients were randomized to treatment with PA21 or
sevelamer. The randomization of subjects was carried out by
an interactive web response system with subjects randomized
in a 1:1 ratio to the PA21 group or the sevelamer group.

The initiation dosage and administration methods for each
drug were as follows: PA21 was orally administered at
250mg/dose three times per day (750mg/day) immediately
before every meal; sevelamer was orally administered at
1000mg/dose or 2000mg/dose if the serum phosphorus con-
centration before dialysis at Week �1 was <2.58mmol/L or
≥2.58mmol/L, respectively. Sevelamer was administered three
times per day, immediately before every meal. During Week 2
toWeek 8, based on the serumphosphorus concentration from
the previous week, the investigator decided to maintain,
increase, or decrease the dose of each drug using the following
criteria for dose adjustment. If the serum phosphorus
concentration at the beginning of the previous week
was >1.94mmol/L, the dose of PA21 was increased by
750mg/day and that of sevelamer was increased by 750 or
1500mg/day; if it was 1.13–1.94mmol/L, both PA21
and sevelamer doses were maintained; and if it was
<1.13mmol/L, the dose of PA21 was reduced by 750mg/day
and that of sevelamer was reduced by 750 or 1500mg/day.
The maximum allowed dose of PA21 was 1000mg/dose three
times per day (3000mg/day) and that of sevelamer was
3000mg/dose three times per day (9000mg/day). The dose
was maintained from Week 8 to Week 12. Each PA21 tablet
contained 250mg of iron and each sevelamer tablet contained
250mg of sevelamer hydrochloride. Patients recorded in a
diary the number of tablets taken, and compliancewas checked
by the investigator before each week's first dialysis session
(at weeks 1 to 12, or at discontinuation) during the treatment
period.

Concomitant use of the following drugs was prohibited
during the study period: other phosphate binders, drugs with
a phosphate binding action, oral iron agents, drugs having an
effect on serum phosphorus concentrations, and any study
drugs other than PA21. The use of intravenous iron was
permitted if the investigator considered it necessary. The
discontinuation criteria for individual subjects were as follows:
the development of any adverse event (AE) that would
make study continuation difficult; any serum phosphorus
concentration <0.97mmol/L or >3.23mmol/L, twice
consecutively; and any corrected serum calcium concentration
or serum ferritin concentration ≤1.88mmol/L or >1797.60
pmol/L, respectively. The use of vitamin D receptor activators
and calcimimetics was allowed as long as the subjects were re-
ceiving it for 4weeks ormore before the start of the observation
period, and the dose was not to be changed during the study
period. Any patient not using vitamin D receptor activators or
calcimimetics at the study start was not allowed to begin using
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them during the study period. There were no between-group
differences in the use of these drugs. Pre-specified diet therapies
were not to be changed during the study (observation and
treatment) periods.

Measurements of parameters were standardized at a central
laboratory. Laboratory tests were processed collectively at an
assay facility with the samemeasurementmethods throughout
the study period. Tests at each evaluation pointwere conducted
on the week's first dialysis day. Because the visiting time was
different for each patient, laboratory tests were not standard-
ized to the same time of day among all patients; however, each
individual patient visited the participating centre at the same
time and under the same fasting condition throughout their
individual treatment.

Ethical approval was obtained from the institutional review
boards of each participating centre, and the study was
performed in accordance with the ethical standards laid down
in the Declaration of Helsinki as revised in 2013. All patients
provided written informed consent prior to their inclusion in
the study.

Efficacy outcomes and additional evaluations

The primary efficacy outcome was the adjusted serum phos-
phorus concentration at the end of treatment. Additional eval-
uations included serumphosphorus concentration at each time
point, the change in serum phosphorus concentration from
baseline to end of treatment, and the achievement rates
for target serum phosphorus concentrations of both 1.13–
1.94mmol/L and 1.13–1.78mmol/L. The target serum phos-
phorus concentrations of ≥1.13mmol/L and ≤1.94mmol/L
were based on the target range of the Japanese Society
for Dialysis Therapy (JSDT) guidelines,3 whereas the target
serum phosphorus concentrations of ≥1.13mmol/L and
≤1.78mmol/L were based on the target range from the
National Kidney Foundation Kidney Disease Outcomes Quality
Initiative guidelines.4 To assess the adequacy of dialysis treat-
ment, the protein catabolic rate and urea clearance (Kt/V)were
calculated.

Secondary efficacy outcomes were corrected serum calcium
concentrations and serum intact-PTH concentrations.

Safety and tolerability

Safety outcomes were AEs, ADRs, and laboratory tests includ-
ing TSAT, ferritin, haemoglobin, and bicarbonate levels.

Statistical analyses

From Phase III studies of sevelamer and similar drugs, a stan-
dard deviation of 0.48–0.65mmol/L for serum phosphorus
concentration range, and a non-inferiority margin of
0.32mmol/L were assumed. In a dose-response study in
Japanese haemodialysis patients with hyperphosphataemia,
standard deviations in a PA21 group were 0.37–0.51mmol/L.
Thus, the standard deviation for PA21 and sevelamer in the

present study was set at 0.55mmol/L. The difference between
PA21 and sevelamer was set at 0mmol/L, and the non-
inferiority margin was established at 0.32mmol/L. Sixty-two
subjects would be needed per group, for a two-sided signifi-
cance level of 5%, and a detection power of 90%. Therefore,
a target number of 100 subjects per group was established. To
compare demographic and baseline characteristics between
the two treatment groups, two-sample t-test, Fisher's exact test,
and two-sampleWilcoxon test were used, and statistical signif-
icance was set at 15%.

For the adjusted serum phosphorus concentration at the end
of treatment (primary efficacy outcome), analyses of covari-
ance (ANCOVA) were performed with the groups as fixed
effects, and serum phosphorus concentrations at Week 0 as
covariates, and the non-inferiority of PA21 versus sevelamer
was confirmed. Adjusted intergroupmeans and their two-sided
95% confidence intervals were calculated. If the upper limit of
the two-sided 95% confidence interval did not exceed
0.32mmol/L, the non-inferiority of PA21 was defined as
confirmed.

Serum phosphorus concentrations at each time-point,
summary statistics for each of the secondary endpoint
measures by group at each evaluation time, and two-sided
95% confidence intervals for means were calculated. The
achievement rates of target serum phosphorus concentrations
at each time-point per group were calculated.

For safety outcomes, the AEs and ADRs did not include
discolouration events, such as discoloured faeces and
discoloured tongue, caused by the iron contained in PA21.
The number of events, the number of patients with events,
and event incidence were calculated in each group. Between-
group comparisons were performed using Fisher's exact test.
The level of significance was set at 5% (two-sided). AEs and
ADRs were classified by MedDRA Primary System Organ Class
and Preferred Term. For laboratory test parameters, summary
statistics of measurements at each evaluation point were
derived for each group. All statistical analyses were performed
using SAS 9.3 software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

The disposition of patients is shown in Figure 1. A total of 321
patients were screened in this study, and 213 eligible patients
were randomised to treatment with PA21 (n = 108) or
sevelamer (n = 105). A total of 209 (PA21 group, 106;
sevelamer group, 103), 192 (PA21 group, 100; sevelamer
group, 92), and 213 (PA21 group, 108; sevelamer group, 105)
patients were included in the full analysis set, per protocol set,
and safety set, respectively.

In the PA21 and sevelamer groups, respectively, 14 patients
(13.0%) and 18 patients (17.1%) discontinued the study. A
total of 94 (87.0%) and 87 (82.9%) of the patients in the
PA21 and sevelamer group completed the study, respectively.

Safety and efficacy of PA21 vs sevelamer
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No imbalancewas seen in the discontinuation rate between the
PA21 and sevelamer groups.

The background characteristics of patients are shown in
Table 1. There were no statistically significant differences
between the two groups except for sex and intact-PTH.
Adjusted analyses for sex and intact-PTH were performed,
and the analysis indicated that the study results were
unaffected by these imbalanced baseline characteristics.

Efficacy outcomes and additional evaluations

The adjustedmean serumphosphorus concentration at the end
of treatment was 1.62mmol/L in the PA21 group and
1.72mmol/L in the sevelamer group, with a difference of
�0.11mmol/L (95% confidence interval [CI], �0.20 to
�0.02mmol/L) in the per protocol set (Fig. 2). The non-
inferiority of PA21 to sevelamer was confirmed. Furthermore,

Fig. 1 Patient disposition. aSome subjects had more

than one reason for discontinuation. FAS, full analysis

set; PPS, per protocol set; SS, safety set.

Table 1 Patient demographic and clinical characteristics (per protocol set)

PA21 group n = 100 Sevelamer group n = 92 P-value

Age (years), mean ± SD 61.0 ± 11.7 60.8 ± 12.0 NS†

Sex, n (%) 0.048‡

Male 72 (72.0) 53 (57.6)

Female 28 (28.0) 39 (42.4)

Prior use of phosphate binders, n (%) –

Calcium carbonate 71 (71.0) 73 (79.3)

Sevelamer hydrochloride 33 (33.0) 30 (32.6)

Lanthanum carbonate 47 (47.0) 43 (46.7)

Bixalomer 8 (8.0) 8 (8.7)

Prior use of iron preparation, n (%) 5 (5.0) 4 (4.4) –

Prior use of erythropoiesis stimulating agent, n (%) 88 (88.0) 86 (93.5) –

Primary disease, n –

Diabetic nephropathy 32 20

Chronic glomerulonephritis 43 42

Nephrosclerosis 13 9

Polycystic kidney disease 3 5

Others 4 4

Unknown 8 12

Mode of dialysis, n (%) –

Haemodialysis 87 (87.0) 82 (89.1)

Haemodiafiltration 13 (13.0) 10 (10.9)

Dialysis vintage (months), mean ± SD 104.9 ± 79.7 102.4 ± 90.6 –

Serum phosphorus (mmol/L), mean ± SD 2.51 ± 0.45 2.45 ± 0.39 NS†

Corrected serum calcium (mmol/L), mean ± SD 2.24 ± 0.15 2.22 ± 0.14 NS†

Intact parathyroid hormone (ng/L), median (interquartile range) 235 (176–339) 282 (174–386) 0.082††

†Two-sample t-test; ‡Fisher's exact test; ††Two-sample Wilcoxon test; NS, not significant
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the mean serum phosphorus concentration at the end of treat-
mentwas significantly lower in the PA21 group comparedwith
that in the sevelamer group (ANCOVA, P=0.020). The non-
inferiority of PA21 to sevelamer was also confirmed in the full
analysis set. Drug adherence was maintained well throughout
the treatment in both groups. Furthermore, in both groups,
no subject showed deviation from the dose adjustment criteria.

A notable decrease in serum phosphorus concentrations was
shown at Week 1 in both groups and was maintained until
Week 12 (Fig. 2).

The mean daily tablet intake at the end of treatment was 5.6
±2.6 tablets (mean daily dose, 1403±654mg) in the PA21
group and 18.7±7.1 tablets (mean daily dose, 4671
±1776mg) in the sevelamer group. The mean number of
tablets for daily dose in each group at the end of treatment is
shown in Figure 3.

At the end of treatment, the achievement rate of target
serum phosphorus concentration (1.13–1.94mmol/L) was
82.0% in the PA21 group and 67.4% in the sevelamer group.
The rates were over 80% in the PA21 group after Week 6;
meanwhile, the rates were significantly higher in the PA21
group than in the sevelamer group after Week 8 (Fig. 4). The
achievement rate of serum phosphorus concentration
(1.13–1.78mmol/L) was 63.0% in the PA21 group and
52.2% in the sevelamer group at the end of treatment.

No change was seen in protein catabolic rate and Kt/V from
baseline to end of treatment in both groups (Table 2), which
indicated that dietary protein intake and dialysis treatment
were adequate in both groups.

The changes in corrected serum calcium levels and intact-
PTH levels are shown in Table 2. No notable changes were ob-
served in the corrected serum calcium levels. Although the
intact-PTH levels increased during the phosphate binder wash-
out period, the levels decreased after treatment with PA21 or
sevelamer.

Safety and tolerability

The incidence of AEs (excluding discolouration events
caused by the iron contained in PA21) was 75.0% (81/108)
and 66.7% (70/105), and the incidence of ADRs was 26.9%
(29/108) and 26.7% (28/105) in the PA21 group and the
sevelamer group, respectively (Table 3). No significant differ-
ence in the incidence of either AEs or ADRs was seen between
the two groups. The most frequently reported ADR was diar-
rhoea (PA21, 21.3%; sevelamer, 1.0%) in the PA21 group
and constipation (PA21, 0.0%; sevelamer, 18.1%), abdominal
discomfort (PA21, 0.0%; sevelamer, 2.9%), and abdominal dis-
tension (PA21, 0.0%; sevelamer, 2.9%) in the sevelamer
group. Most cases of diarrhoeawere mild, transient, and devel-
oped early in the treatment. No death was observed in this
study. Therewere two cases of serious ADRs in the PA21 group

Fig. 2 Serum phosphorus concentrations (mean + SD) (per protocol set). The

adjusted mean serum phosphorus concentration at the end of treatment

confirmed the non-inferiority of PA21 (sucroferric oxyhydroxide) to

sevelamer (1.62 vs 1.72mmol/L; difference, �0.11mmol/L; 95% CI, �0.20 to

�0.02mmol/L; ANCOVA, P = 0.020). A notable decrease in serum phosphorus

concentrations was shown at Week 1 in both groups and was maintained until

Week 12. The horizontal lines indicate the target range of serum phosphorus

concentration in the JSDT guideline. ANCOVA, analysis of covariance; CI,

confidence interval; EP, endpoint; SD, standard deviation.

Fig. 3 Mean daily number of tablets for daily dose of PA21 (sucroferric

oxyhydroxide) and sevelamer (per protocol set). The mean number of tablets

for daily dose of PA21 was notably lower than that of sevelamer.

Fig. 4 Achievement rates of target serum phosphorus concentration (per

protocol set). The achievement rates of target serum phosphorus

concentration (1.13–1.94mmol/L) at the end of treatment were 82.0% and

67.4% in the PA21 (sucroferric oxyhydroxide) and sevelamer groups,

respectively. The rates were >80% in the PA21 group after Week 6.

Meanwhile, the rates were significantly higher in the PA21 group than in the

sevelamer group after Week 8. EP, endpoint. *P< 0.05.

Safety and efficacy of PA21 vs sevelamer
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(congestive cardiac failure and acute pulmonary oedema) and
one case in the sevelamer group (diverticulitis).

Iron parameters, such as serum ferritin, transferrin satura-
tion, and haemoglobin, were prone to increase in the PA21
group. No bicarbonate decrease was seen in the PA21 group
(Table 4).

DISCUSSION

The adjusted mean serum phosphorus concentrations at the
end of treatment confirmed the non-inferiority of PA21 to

sevelamer, and a significant decrease was observed in the
PA21 group compared with the sevelamer group. This signifi-
cant difference in serum phosphorus concentration between
both groups was not caused by differences in dietary protein
intake or the adequacy of dialysis treatment. Our findings are
consistent with those of the Phase III study by Floege et al. that
showed the non-inferiority of PA21 to sevelamer.10 The
efficacy of both PA21 and sevelamer in decreasing the serum
phosphorus concentrationswas evident atWeek 1 of treatment
and this was maintained until the end of the treatment period.
The phosphorus-lowering effect in the present study was
comparable to that of the previous study.10

The changes in serum phosphorus concentration from base-
line to the end of treatmentwere comparable in both treatment
groups and similar to the findings in the previous studies.9,10 In
both groups, the serum phosphorus concentrations at the end
of treatment were within the range of the control target values
(between 1.13 and 1.94mmol/L). Furthermore, high achieve-
ment rates within the target range were maintained in the
PA21 group. Because a U-shaped curve association between
serum phosphorus and mortality in haemodialysis patients
was reported,2 this result suggests that PA21, which can main-
tain serum phosphorus concentration within the target range
in more patients, demonstrates a clinical benefit.

The mean daily tablet intake was markedly lower in the
PA21 group than in the sevelamer group. PA21 showed an
equivalent efficacy to sevelamer in lowering serumphosphorus
concentration with a notably smaller number of tablets. The
necessary number of tablets and the daily dose in the PA21
group (5.6 tablets and 1403mg/day) was approximately one-
third that in the sevelamer group (18.7 tablets and
4671mg/day). A similar result was shown in the previous
Phase III study of PA2110 in which the number of tablets for
daily dose for the first 12weeks was 2.8 tablets in the PA21
group and 7.6 tablets in sevelamer group (ratio, 1:4.3 when
converted to daily dose). A high pill burden in patients under-
going dialysis was affirmed in a survey reporting that
haemodialysis patients take a median of 19 tablets per day,11

and it has also been reported that a higher pill burden in dialysis
patients is associated with poorer health-related quality of
life.11 In the meantime, higher adherence and good control of
phosphorus concentrations are achieved with a lower pill bur-
den.12 PA21 is considered a clinically useful drug in CKD pa-
tients because it can control phosphorus concentrations with
a smaller number of tablets than sevelamer, which is consid-
ered to have a high pill burden.

The changes in corrected serum calcium levels and serum
intact-PTH levels in the PA21 group were comparable to those
of the sevelamer group. No increasing trend was seen during
treatment in either group.

In terms of safety, although diarrhoea was frequently
observed with the PA21 group, most cases were mild and tran-
sient. Only four patients withdrew from the treatment because
of diarrhoea; however, other patients who developed diar-
rhoea were able to continue the treatment. All of the patients

Table 2 Changes in serum phosphorus concentrations, corrected calcium

levels, intact-PTH levels, protein catabolic rate, and Kt/V (per protocol set)

PA21 group n = 100 Sevelamer group n = 92

Serum phosphorus concentration (mmol/L), mean ± SD

Week�3 1.80 ± 0.27 1.76 ± 0.36

Week 0 2.51 ± 0.45 2.45 ± 0.39

End of treatment 1.62 ± 0.33 1.72 ± 0.33

Change from Week 0 �0.90 ± 0.53 �0.73 ± 0.45

Corrected serum calcium level (mmol/L), mean ± SD

Week�3 2.34 ± 0.13 2.32 ± 0.14

Week 0 2.24 ± 0.15 2.22 ± 0.14

End of treatment 2.29 ± 0.17 2.23 ± 0.18

Change from Week 0 0.05 ± 0.13 0.01 ± 0.15

Serum intact-PTH level (ng/L), median (quartiles: 25% and 75%)

Week�3 162 (95, 263) 192 (116, 271)

Week 0 235 (176, 339) 282 (174, 386)

End of treatment 190 (123, 259) 228 (123, 348)

Change from Week 0 �52 (�118,�8) �49 (�87,�5)

Protein catabolic rate (g/kg per day), mean ± SD

Week 0 0.889 ± 0.126 0.917 ± 0.151

End of treatment 0.872 ± 0.160 0.888 ± 0.152

Kt/V, mean ± SD

Week 0 1.541 ± 0.297 1.557 ± 0.293

End of treatment 1.507 ± 0.299 1.533 ± 0.271

Kt/V, urea clearance; PTH, parathyroid hormone.

Table 3 Adverse events that occurred at an incidence of ≥5%, adverse drug re-

actions that occurred at an incidence of ≥2% and adverse events that led to with-
drawal at an incidence of ≥2% (excluding discolouration events caused by the

iron contained in PA21) (safety set)

PA21 group

n = 108

Sevelamer group

n = 105

Adverse events, n (%) 81 (75.0) 70 (66.7)

Nasopharyngitis 24 (22.2) 24 (22.9)

Diarrhoea 27 (25.0) 3 (2.9)

Constipation 2 (1.9) 19 (18.1)

Adverse drug reactions, n (%) 29 (26.9) 28 (26.7)

Diarrhoea 23 (21.3) 1 (1.0)

Constipation 0 (0.0) 19 (18.1)

Abdominal discomfort 0 (0.0) 3 (2.9)

Abdominal distension 0 (0.0) 3 (2.9)

Adverse events that led to

withdrawal, n (%)

7 (6.5) 10 (9.5)

Diarrhoea 4 (3.7) 1 (1.0)

Constipation 0 (0.0) 3 (2.9)
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recovered from diarrhoea soon after discontinuation of the
treatment. The onset and course, such as the incidence, sever-
ity, duration, and withdrawal, of diarrhoea were comparable
to those of the previous Phase III study.10 The incidence of con-
stipation in the PA21 groupwas low; therefore, dialysis patients
could benefit from PA21 treatment because it is known that
many CKD patients undergoing dialysis suffer from constipa-
tion due to water restriction.13 The incidence of serious ADR
was similar between the PA21 and sevelamer groups.

Regarding the clinical laboratory tests, increasing trends in
serum ferritin, TSAT, and haemoglobin levels were observed
in the PA21 group as well as the previous Phase III study.10

However, the previous non-clinical14 and clinical studies15 of
PA21 confirmed that the iron absorption level was consistently
low and no iron accumulation was indicated in the previous
long-term study.16 When comparing the current study and
the previous Phase III study, the absolute ferritin values and
fluctuation range of ferritin were higher in the previous study.
These differences may have been caused by the more frequent
use of intravenous iron in the US than in Japan. In fact, the
Dialysis Outcomes and Practice Patterns Study surveys indi-
cated that among several countries, Japan used the lowest
monthly intravenous iron dose and subsequently showed the
lowest mean serum ferritin.17,18 It is known that dialysis
patients often develop metabolic acidosis resulting from a low
bicarbonate condition due to renal dysfunction.19 In this study,
the bicarbonate ion concentration decreased in the sevelamer
group; meanwhile, no notable change was seen in the PA21
group.

Regarding the study limitations, our study results may have
been biased by the open-label design. Although a 12-week
study period would not be long enough to evaluate a therapy
for chronic diseases, we have conducted a 52-week long-term
study to evaluate the safety and efficacy of PA21 in Japanese
haemodialysis patients, the results of which will be published
separately. Another limitation is that, because not all the

patients visited the site at the same time of day and under the
same fasting conditions, laboratory tests could not be standard-
ized to the time of day or fasting vs non-fasting. Finally, al-
though the study protocol did not allow diet therapies to be
changed throughout the observation and treatment periods, di-
etary phosphate intake was not standardized across all study
centres.

In conclusion, treatment with PA21 was non-inferior to that
with sevelamer in Japanese haemodialysis patients with
hyperphosphataemia. Treatmentwith PA21was effective, safe,
and well tolerated in this patient population, while having a
considerably lower pill burden than sevelamer. The effective-
ness of PA21 in this current Japanese study is comparable to
that of previous overseas studies; therefore, PA21 represents a
new treatment alternative for haemodialysis patients with
hyperphosphataemia.
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