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Abstract

Background In hemodialysis patients, adynamic bone disease has been reported to be closely associated
with low levels of parathyroid hormone (PTH) due to exposure to high levels of serum calcium following the
administration of calcium carbonate (CaCOs) or vitamin D agents. This study was conducted to clarify the
therapeutic effect of a non-calcemic phosphate binder, sevelamer hydrochloride (sevelamer), for hypoparathy-
roidism in hemodialysis patients with or without diabetes mellitus.

Methods Based on entry criteria, 40 Japanese chronic hemodialysis patients (22 males and 18 females with
a mean age of 60.6, 14 diabetic patients and 26 non-diabetic patients) were switched from CaCO; to seve-
lamer for 48 weeks. Serum calcium, phosphate, intact (i) PTH and PTH-(1-84) were analyzed. Bone remod-
eling activity was evaluated by determining intact osteocalcine (i0C), bone-specific alkaline phosphatase
(BAP).

Results The switch from CaCOs to sevelamer significantly decreased the serum levels of calcium, resulting
in the elevation of iPTH levels from 31+18 pg/mL to 95+96 pg/mL by 48 weeks. In contrast, serum phos-
phate levels remained similar to those in patients with CaCO; treatment. Concomitantly, the levels of BAP
and 10C were elevated. Further, these beneficial effects on bone turnover were observed in both diabetic and
non-diabetic patients.

Conclusion Sevelamer reduced the calcium concentration and thereby increased PTH levels, resulting in the
improvement of markers of bone turnover. The administration of sevelamer is of therapeutic benefit for the
improvement of bone remodeling activity even in hemodialysis patients with diabetes.
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Introduction

Hypoparathyroidism is closely associated with low bone
turnover osteodystrophy, mainly adynamic bone disease
(ABD), which has been recognized as a risk factor for bone
fracture, vascular calcification, and calciphylaxis in hemo-
dialysis patients (1). ABD is reported to be detected in one-
fourth of bone biopsy specimens in dialysis patients (2, 3).
Akizawa et al revealed that Japanese dialysis patients with
serum levels of intact parathyroid hormone (iPTH) below 60
pg/mL had a high incidence of ABD in bone biopsy speci-
mens (4). The levels of PTH are suppressed by exposure to
a high serum calcium concentration, which may be induced
by calcium carbonate (CaCO;), vitamin D agents, and di-
alysate fluid with high-calcium concentration. Especially in
patients with diabetes mellitus (DM), an impaired secretion
of PTH was reported to cause low bone turnover (5, 6).

Sevelamer hydrochloride is a new phosphate binder that
does not contain either calcium or aluminum and is already
being used world wide (7-9). The switch from CaCO; to
sevelamer hydrochloride was reported to decrease not only
the serum phosphate concentration but also serum calcium
levels, resulting in increased levels of PTH in hemodialysis
patients (10). These findings suggest that administering
sevelamer hydrochloride instead of CaCO; may stimulate
PTH secretion by decreasing the serum calcium concentra-
tion in hemodialysis patients with adynamic bone disease.

Based on these findings, we investigated the beneficial ef-
fects of sevelamer hydrochloride on hemodialysis patients
with hypoparathyroidism. A multicenter study was per-
formed using an established protocol to evaluate the levels
of parathyroid hormone and biochemical markers of bone
turnover. Moreover, we compared the therapeutic effects of
sevelamer hydrochloride between diabetic and non-diabetic
patients.

Patients and Methods

Patients and protocol

After obtaining informed consent, we prospectively en-
rolled 40 Japanese chronic hemodialysis patients whose se-
rum levels of iPTH was below 60 pg/mL. Hemodialysis was
performed at Kanazawa University Hospital, or its affiliated
hospitals. The duration of hemodialysis was 59.9+42.4
months (Table 1). Calcium concentration of dialysate was
2.9+0.1 mEg/L. The doses of CaCO; before the switch to
sevelamer hydrochloride were 2.7+1.3 g/day. Eight of 40 pa-
tients were treated with alfacalcidol at a dose of 0.38 +0.2
pg/day. Patients examined were switched from CaCO; to
sevelamer hydrochloride without changes in dialysate cal-
cium concentration, condition of dialysis, or vitamin D sup-
plementation. None of the patients had previously been ad-
ministered any drugs containing aluminum. In patients with
serum levels of phosphate>8 mg/dL, sevelamer hydrochlo-

ride was initiated at a dose of 6 g/day. In contrast, patients
with serum levels of phosphate <8 mg/dL, were treated with
sevelamer hydrochloride at a dose of 3 g/day. All patients
were fully informed of the risks and benefits of the treat-
ment. The study was approved by the Ethics Committees of
Kanazawa University Hospital and each affiliated hospital.

Analytical methods

Serum levels of calcium and phosphate were measured
every 4 weeks. Parathyroid function was evaluated by mea-
suring iPTH at 0, 12, 24, 48 weeks and PTH-(1-84) at O,
12, 48 weeks in each patient. Bone turnover was investi-
gated by determining intact osteocalcine (iOC) and bone-
specific alkaline phosphatase (BAP) every month. Intact
PTH (normal range: 10 to 65 pg/mL) was measured by im-
munoradiometric assay (Allegro, Nichols Institute, San Juan
Capistrano, CA, U.S.A.), PTH-(1-84) (normal range: 9 to 39
pg/mL) was measured by IRMA assay (Scantibodies, Inc.,
Institute, Santee, CA, U.S.A.). Intact OC (normal range; 3.1
to 12.7 ng/mL) were measured by two-site IRMA kit (Mit-
subishi Kagaku Bio-Clinical Laboratories, Tokyo, Japan).
BAP (normal range: 10.2 to 24.6 U/L) was determined us-
ing an enzyme immunoassay kit (ALK-PAHSE-B; Merta
Biosystem, Mountain View, CA, U.S.A.). Serum corrected
calcium was calculated according to the following formula:

Corrected calcium (mg/dL)=measured calcium (mg/dL) +
{4.0-serum albumin (g/dL)}

Statistical methods

The two groups (diabetic vs. non-diabetic group) were
compared by Student’s #-test, Chi-square test and Wilcoxon
test for unpaired data. Parameter variations within the same
group were compared by paired Student’s 7-test and ANOVA
test. Correlations were tested using univariate analysis. Val-
ues were expressed as mean + standard deviation (SD). P
values of less than 0.05 were considered significant. Stat-
view Software was used to perform statistical calculation.

Results

The results were analyzed in 31 patients (11 patients with
DM and 20 patients without DM) in this study. The initial
dose of sevelamer hydrochloride was 3.3+0.8 g/day (6 g/day
in 3 patients, 3 g/day in 37 patients) (Table 1). Nine patients
(1 patient with sevelamer hydrochloride at a dose of 6 g/
day, 8 patients with dose of 3 g/day) discontinued sevelamer
hydrochloride administration because of constipation. All of
these patients dropped out of the study within 12 weeks.
There was no difference in the serum phosphate controls be-
tween the group that discontinued the agent and the group
that continued to receive the agent (data not shown).

Serum levels of calcium decreased by treatment of
sevelamer hydrochloride

The serum levels of calcium were significantly decreased
from 9.5+£0.9 mg/dL to 8.3+0.4 mg/dL by 48 weeks follow-
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Table 1. Patients Profile
Total Non-diabetic Diabetic P value
Cases 40 26 14

Sex (M:F) 22:18 13:13 95 0.38

Age (year) 30-87 30-77 51-87
Mean 60.6+=1.7 58.4+2.1 64.4+26 0.09

Duration of HD (months) 5-166 6-166 5-108
Mean 59.9+424 65.2+484 50.0+31.7 047
Ca (mg/dL) 9.5+09 9.7+0.9 9.2+09 0.33
P (mg/dL) 56+15 59+1.7 52+1.1 0.95
Sevelamer (g/day) 33+08 3.3+09 3.0+00 0.20

Abbreviations are; Ca: serum levels of calcium, P: seram levels of phosphate,
Sevelamer: initial dose of sevelamer hydochloride

Table 2. The Changes of Parameter during the Study

0 week (n=40) 12 weeks (n=31)

24 weeks (n=31) 48 weeks (n=31)

Ca (mg/dL) 95209 88+05 # 85+04 # 83+04 #
P (mg/dL) 5615 58+1.7 57%13 5115
iPTH (pg/mL) 31.0+1738 73.8+69.0 # 859+750 # 949+058 #
PTH-(1-84) (pg/mL) 201124 448463 #  Not tested 605+70.3 #
BAP (IU/mL) 17.0%4.1 229+89 # 252168 # 295107 #
i0C (ng/mL) 127£100 156151 * 2324195 * 26.3+26.8 #

#p<0.01 vs. basal levels in each group, *p<0.05 vs. basal levels of iOC
Abbreviations are; Ca: serum levels of calcium, P: serum levels of phosphate,
iPTH: serum levels of intact parathyroid hormone, BAP: bone-specific alkaline

phosphatase, iOC: intact osteocalcine

ing treatment with sevelamer hydrochloride (p<0.01) (Ta-
ble 2). In contrast, the serum levels of phosphate did not
significantly change during this study, although there was a
slight reduction from 5.6+1.5 mg/dL to 5.1£1.5 mg/dL fol-
lowing sevelamer hydrochloride treatment (Table 2).

PTH levels were increased by treatment with seve-
lamer hydrochloride

To determine the impact of sevelamer hydrochloride on
parathyroid function, serum levels of iPTH and PTH-(1-84)
were examined. Serum levels of iPTH showed an increase
from 31.0£17.8 pg/mL to 73.8+69.0 pg/mL by 12 weeks
and, then gradually increased to 94.9+95.8 pg/mL by 48
weeks (Table 2). Serum levels of PTH-(1-84) also showed a
progressive increase from 20.1+12.4 pg/mL to 44.8+46.3 pg/
mL by 12 weeks and then gradually increased to 60.5+70.3
pg/mL by 48 weeks (Table 2).

The increase in serum levels of PTH-(1-84) was in-
versely correlated with the decrease in calcium lev-
els

The relation of serum calcium levels to PTH levels was
determined. A significant inverse correlation was detected
between the increased levels of PTH-(1-84) and the decrease
in the serum calcium levels during the first 12 weeks

(Fig. 1), whereas there was no significant correlation be-
tween the increase in PTH levels and serum levels of phos-
phate (data not shown). These findings suggested that in-
creased secretion of PTH might be stimulated by the de-
crease in serum calcium levels.

Markers of bone remodeling activity were improved
by sevelamer hydrochloride treatment

To evaluate the effect of increased levels of iPTH on bone
remodeling activity, BAP and iOC were examined. Serum
levels of BAP progressively increased from 17.0+4.1 TU/mL
to 29.5+10.7 IU/mL by 48 weeks(Table 2). Serum levels of
i0C showed a progressive increase during this study from
12.7£10.0 ng/mL to 26.3+26.8 ng/mL by 48 weeks
(Table 2).

Elevated markers of bone remodeling activity were
observed in both diabetic and non-diabetic patients

Serum levels of iPTH and PTH(1-84) became elevated
from 32.6+13.8 and 21.3+10.3 pg/mL to 131.9+118.2 and
77.9+89.7 pg/mL by 48 weeks in non-diabetic patients, re-
spectively. Similarly, in the group with DM, serum levels of
iPTH and PTH (1-84) increased from 31.7+25.4 and 19.9+
17.6 pg/mL to 47.2+29.5 and 31.4+18.2 pg/mL by 48
weeks. However, the increased levels remained significantly
lower than those in patients without DM (Fig. 2). There was
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Figure 1. The increase in serum levels of PTH-(1-84) was

inversely correlated with the decrease in calcium levels. The
increased levels of PTH-(1-84) showed a significant correla-
tion between with the decreased levels of calcium during the
first 12 weeks.
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Figure 2. The improvement of parathyroid function was
observed both in both diabetic and non-diabetic patients. Se-
rum levels of iPTH became elevated in both groups with or
without DM. However, the increased levels of serum iPTH in
the diabetic patients remained to be low compared to that in
non-diabetic patients. n: patients number #: p<0.01, ¢ :
p<0.05 vs. basal levels of serum iPTH, §: p<0.01 vs. serum lev-
els of iPTH in diabetic patients
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Figure 3. Elevated markers of bone remodeling activity were observed both in both diabetic and
non-diabetic patients. (a) Serum levels of bone-specific alkaline phosphatase (BAP), similarly in-
creased both in both non-diabetic and diabetic patients. These results suggested that the bone re-
fractoriness to PTH might be not be different in hemodialysis patients with or without DM. (b) The
basal levels of osteocalcine (iOC), were significantly low in the group with DM compared to the
group without DM. In the group with DM, serum levels of iOC increased by 48 weeks, however,
non-diabetic patients had higher levels of iOC. #: p<0.01, >¢ : p<0.05 vs. basal level of serum BAP
or iOC, §: p<0.01 vs. serum levels of iOC in diabetic patients.

no significant difference in serum calcium levels between
non-diabetic and diabetic patients during this study (data not
shown). In contrast, serum levels of BAP similarly increased
in both non-diabetic and diabetic patients, from 16.8+5.3
IU/mL to 28.1+10.7 IU/mL in non-diabetic patients, and
from 15.3+3.3 TU/mL to 32.6+14.3 IU/mL in diabetic pa-
tients (Fig. 3a). The basal levels of iOC were significantly
lower in the group with DM compared to those in the group
without DM (4.8+3.6 ng/mL vs. 14.0+10.0 ng/mL, p<0.01,
respectively). In the group with DM, serum levels of iOC

increased to 9.1+5.8 ng/mL by 48 weeks; however, non-
diabetic patients had higher levels of iOC (30.3£25.3 ng/
mL, Fig. 3b).

Discussion

Sevelamer hydrochloride reduced the serum calcium con-
centration, which increased PTH levels, resulting in the im-
provement of markers of bone remodeling activity. These
therapeutic effects were shown even in patients with DM,
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who are characterized by low bone turnover resulting from
impaired secretion of PTH (5, 6).

Adynamic bone disease has been reported in one-fourth
of bone biopsy specimens from dialysis patients (2, 3).
Therefore, to detect low turnover bone disease or adynamic
bone disease, bone biopsy would be required. The recom-
mended therapy for adynamic bone disease is to increase
PTH levels by lowering serum calcium (11). However,
hemodialysis patients tend to be exposed to a high serum
calcium concentration, which may be induced by treatment
with CaCO;, vitamin D agents, or by the dialysate fluid it-
self. To date, CaCO; has been mainly administered to hemo-
dialysis patients as a phosphate binder, but it may be re-
sponsible for the increase in serum calcium. The switch
from CaCO; to sevelamer hydrochloride may decrease the
serum levels of calcium without changing serum phosphate
levels as shown in this study. Further, vitamin D agents have
been reported to increase the survival rate in hemodialysis
patients compared to that in those without vitamin D agents
(12). It has been difficult to administer vitamin D agents to
patients with high serum calcium levels due to CaCO;, di-
alysate fluid or excessive calcium intake. Decreased levels
of serum calcium, which are induced by the switch from
CaCO:; to sevelamer hydrochloride, might have the advan-
tage of lowering serum calcium x serum phosphate and al-
low vitamin D treatment.

Serum levels of PTH, including iPTH and whole PTH,
were significantly increased in accordance with the decrease
in serum calcium levels in this study. Blood calcium levels
are known to control the secretion of PTH. Supporting this
notion, an inverse correlation was shown between the in-
crease in serum PTH-(1-84) levels and the decrease in se-
rum calcium levels. Increased secretion of PTH stimulated
by the lowered calcium levels suggests that re-functioning of
the parathyroid gland could be induced by modifying the se-
rum calcium level in hemodialysis patients.

Regarding bone turnover, markers of bone remodeling ac-
tivity, such as BAP and iOC were improved with the in-
crease in PTH. These findings suggest that the switch from
CaCO:; to sevelamer hydrochloride improved not only para-
thyroid function but also bone remodeling in hemodialysis
patients with low PTH. Supporting our findings, Raggi et al
reported decreases in thoracic vertebral bone attenuation on
computed tomography and markers of bone turnover in
hemodialysis patients with calcium-based phosphate binders
compared with those in patients receiving sevelamer hydro-
chloride (13). However, a more precise analysis, including
bone biopsy, might be needed to demonstrate the effects of
sevelamer hydrochloride on bone formation in hemodialysis
patients. Whether the risk of bone fracture, vascular calcifi-
cation, and calciphylaxis could be reduced by switching
from CaCO:; to sevelamer hydrochloride remains to be con-
firmed in a further investigation. It also remains to be deter-
mined whether or not the decrease in serum calcium x se-
rum phosphate, which may result from avoiding the use of
CaCO;, might also reduce cardiovascular events in the fu-

ture.

There was no significant difference in basal iPTH levels
between patients with and without DM. In patients with
DM, iPTH progressively increased after switching from
CaCO:s to sevelamer hydrochloride. The increased iPTH lev-
els in patients with DM, remained low compared to that in
those without DM, even though we found a similar lowering
of serum calcium levels in both groups. It should be noted
that high glucose concentrations have also been reported to
cause suppression of PTH secretion (14). However, the use
of low calcium dialysate has been reported to result in an
increase in PTH in diabetic patients (15). This suggests that
lower serum levels of calcium may stimulate the secretion
of PTH even in diabetic hemodialysis patients.

Among the markers of bone remodeling activity, BAP
showed a progressive increase without a significant differ-
ence between those with or without DM. These findings
suggested that bone refractoriness to PTH might not differ
between the two groups. In patients with DM, iOC progres-
sively increased after switching from CaCO; to sevelamer
hydrochloride. However, the elevated levels of iOC were
relatively low compared with those in patients without DM.
In this regard, BAP is reported to be more useful for moni-
toring bone metabolism than other bone markers such as
iOC in diabetic hemodialysis patients with low PTH (16).
Thus, our results may be explained as follows. First, the as-
say for BAP has the lowest coefficients of variation of the
various bone markers, which is beneficial for evaluating
subtle changes in bone metabolism. Secondly, serum BAP
levels are less affected by renal dysfunction and hemodialy-
sis procedures (17). In this report, BAP was a more sensi-
tive marker than iOC. Collectively, our findings suggest that
an improvement in bone remodeling activity could be in-
duced by switching from CaCOs to sevelamer hydrochloride
even in diabetic hemodialysis patients, who may be associ-
ated with a high prevalence of adynamic bone disease. Re-
cently, it was reported that an increased expression of
peroxisomal-activated receptor-gamma 2 results in suppres-
sion of both maturation and function of osteoblasts in dia-
betic mice (18). The authors demonstrated that OC mRNA
was decreased, whereas the number of osteoblasts and the
levels of ALP mRNA were not changed, suggesting that OC
reflects the activity of osteoblasts more sensitively than ALP
in diabetic patients. However, it is unclear whether or not
OC could be a reliable marker even in patients with renal
dysfunction or under hemodialysis as examined in this
study. Therefore, further investigation including bone biopsy
would be required to determine which markers would be the
most useful for predicting bone remodeling activity in
hemodialysis patients with or without diabetes. Moreover,
this study had no control groups. Further analysis, such as a
double- blind controlled study, would be necessary to con-
firm our results.

In conclusion, the non-calcemic phosphate binder, seve-
lamer hydrochloride, improved markers of bone remodeling
activity by reducing serum calcium levels in diabetic and
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non-diabetic hemodialysis patients with low iPTH.
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