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Abstract: Hyperphosphatemia is a common complication of dialysis patients. Only 38.5% of
Chinese dialysis patients met the Kidney Disease Outcomes Quality Initiative defined targets for
serum phosphate. Sevelamer is a high molecular weight cationic hydrogel polymer that prevents
absorption of dietary phosphate by binding it in the gastrointestinal tract. In Chinese trials, it
was confirmed that sevelamer had better efficacy than calcium carbonate in terms of reducing
the serum level of phosphorus and calcium-phosphate product. Sevelamer can also reduce the
levels of lipid parameters and improve the micro-inflammatory state. When sevelamer was
combined with other treatments, it elicited superior effects on calcium phosphorus metabolism,
secondary hyperparathyroidism, and renal osteodystrophy. Combination treatment of sevelamer
and traditional Chinese medicine has the unique advantage. However, sevelamer is associated
with a high incidence of gastrointestinal adverse effects in Chinese patients. Although more
effective, the practical use of sevelamer is not very common because it is expensive and not
paid by medical insurance. This article provides a comprehensive review of the practical use of
sevelamer in chronic kidney disease patients on dialysis in People’s Republic of China.
Keywords: sevelamer, dialysis, People’s Republic of China, phosphate binders, efficacy,
safety

Introduction

In recent years, the amount of dialysis patients is rising gradually in People’s Republic
of China as the population ages and survival rates of this patient population improve.
Hyperphosphatemia is a common complication of dialysis patients. The effect of
restriction of dietary phosphorus is not ideal. Insufficient use of phosphorus binders was
observed in People’s Republic of China. Only 38.5%, 39.6%, and 26.6% of Chinese
dialysis patients met the Kidney Disease Outcomes Quality Initiative defined targets
for serum phosphate, calcium, and intact parathyroid hormone (iPTH) levels in the
Practice Patterns and Improvement Study of Bone Metabolism and Disease in patients
with Chronic Kidney Disease (PPIS).! The issues of hyperphosphatemia and mineral
and bone disorder are prominent among Chinese patients receiving dialysis and need
further attention. Non-calcium containing phosphorus binders were not available in
many hemodialysis (HD) and peritoneal dialysis centers in People’s Republic of China.
Sevelamer for practical use was mainly distributed in tertiary hospitals. In addition,
the practical use of carbonate sevelamer is less than hydrochloride sevelamer.

Overview of sevelamer

Sevelamer is a high molecular weight (1,016 Da) cationic hydrogel polymer/resin that
prevents absorption of dietary phosphate by binding it in the gastrointestinal (GI) tract.>*
Sevelamer has sustained a clinically preferred safety profile over other calcium-based
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Table | The two salt forms of sevelamer

Forms

Sevelamer hydrochloride

Sevelamer carbonate

Dosage form

Trade name

Approved for marketing by US Food and Drug Administration
First marketed in People’s Republic of China

Chemical formula

Capsules
Renagel

In 1998

In2010
(C6HI2NCIO)n

Tablets
Renvela
In 2007
In 2013
(C3H7N)M(C3H5CLO)N(CH203)X

or non-calcium containing binders because it is not absorbed,
hence poses no risk of cation-induced toxicities.* There are
two salt forms in sevelamer, the hydrochloride form and
the carbonate form (Table 1). Among the two available salt
forms, the carbonate form of sevelamer is better tolerated in
patients than the previous hydrochloride form, as the latter
often exacerbates the tendency of patients with advanced kid-
ney disease to metabolic acidosis.® However, no study was
performed to compare the effects of sevelamer hydrochloride
with sevelamer carbonate in People’s Republic of China. The
non-absorbable nature of sevelamer has been confirmed.*’
More than 99% of the drug was excreted in the feces over a
10-day period in the majority of volunteers.?

Therapeutic efficacy
The efficacy of sevelamer in Chinese patients on dialysis has
been confirmed in a number of trials (Table 2).%1

Monotherapy

It has been proved that sevelamer had efficacy on reduc-
ing the serum level of phosphorus and calcium-phosphate
product. However, the serum level of calcium and iPTH
of the patients remained steady in sevelamer treatment.
Meanwhile, sevelamer can reduce the levels of blood lipid,
attenuate the vascular calcification, and improve the micro-
inflammatory state.

Impact of sevelamer on calcium

phosphorus metabolism

A series of studies were designed to assess the efficacy
of sevelamer on hyperphosphatemia in chronic kidney
disease (CKD) patients on dialysis in People’s Repub-
lic of China.*"® Chen et al® performed a randomized,
double-blind, dose-titration study which compared seve-
lamer carbonate (starting dose 800 mg three times daily)
with placebo over 8 weeks’ duration in Chinese CKD
patients on HD. The mean serum phosphorus decreased
significantly in patients treated with sevelamer carbonate
(change —0.69+0.64 mmol/L) but remained persistently ele-
vated with placebo (change —0.6440.57 mmol/L) (P<<0.0001).

Fang et al’ performed an open-labeled, self-control study,
the data of which came from five large hospitals of three
different cities (Beijing, Shanghai, and Guangzhou). One-
hundred and thirty-eight patients with more than 1.78 mmol/L
serum phosphorus after 2-week washout period comprised
the study. By the end of 10-week sevelamer hydrochloride
treatment, the serum level of phosphorus, calcium-phosphate
product significantly decreased, while the adjusted serum
level of calcium and serum iPTH remained steady. In another
similar study'"*! maintenance hemodialysis (MHD) patients
were treated with sevelamer carbonate for 16 weeks. By the
end of treatment, compared with before treatment, the level
of serum phosphorus and calcium-phosphorus product sig-
nificantly decreased, while the serum levels of calcium and
iPTH had no significant change.

In some controlled trials, it was confirmed that sevelamer
had better efficacy than calcium carbonate in terms of reduc-
ing the serum level of phosphorus and calcium-phosphate
product.!!213 For example, Huang'? performed a 10-week
study in 62 Chinese patients undergoing MHD that evaluated
the efficacy of sevelamer hydrochloride in treating hyper-
phosphatemia. The patients were randomly assigned to two
groups, 31 cases in each group. The control group received
calcium carbonate D treatment and the treatment group
received sevelamer hydrochloride treatment. At week 10, the
serum levels of phosphorus (1.8440.51 mmol/L) and calcium-
phosphate product (4.17£1.73 mmol?/L?) of the treatment
group were lower than the control group (2.191£0.35 mmol/L
and 5.16%1.65 mmol?/L?, respectively, P<<0.05).

In the vast majority of research, the serum level of iPTH
of the patients in sevelamer treatment remained steady. !!+'2
However, in the study of He et al'® short-term efficacy on
four types of phosphate binders (calcium carbonate, seve-
lamer hydrochloride, lanthanum carbonate, and aluminum
hydroxide) in MHD patients was evaluated. The results
showed that iPTH decreased, but the decline of iPTH was not
due to sevelamer. That was because high-flux dialyzers which
can effectively remove PTH'S were used, and dialysis time
of 12—14 hours per week was ample. In addition, the serum
level of iPTH decreased in all four groups in this study.
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A review showed that sevelamer was at least as effec-
tive as calcium acetate and calcium carbonate at controlling
serum phosphorus, calcium-phosphorus product in patients
from other countries.!” However, as we saw from above
trials,'®1213 sevelamer had better efficacy than calcium car-
bonate in terms of reducing the serum level of phosphorus
and calcium-phosphate product. Food consumption in Chi-
nese individuals is characterized by a higher intake of whole
grains, legumes, vegetables, and fruits.'® In this plant-based
diet, phosphate is primarily stored in the form of phytate.'*
Phytate phosphate is almost unavailable. However, the use
of active vitamin D sterols increases the bioavailability of
phytate phosphate,”’* which can lead to an increase of
serum phosphorus. Fortunately, sevelamer was effective at
binding phytate phosphorus that is liberated by active vita-
min D.* Hence, sevelamer was more effective in People’s
Republic of China. Another reason is probably that the body
size of Chinese are generally smaller, so the drug dosage is
relatively enough.

Impact of sevelamer on the blood lipid
Sevelamer can reduce the levels of lipid parameters. It has
been proven that sevelamer can reduce low-density lipo-
protein (LDL) in Chinese patients on dialysis.* %24 When
compared with placebo, sevelamer carbonate treatment
resulted in statistically significant greater mean reductions
from baseline in serum total (—17.1 versus —3.3%) and
LDL cholesterol (-33.5 versus —7.6%) (P<<0.0001 for
both).® Compared with calcium-containing phosphorus
binders, sevelamer was more effective in reducing LDL
(Table 2).'? In the study of Lu et al"* not only LDL but also
total triglycerides and total cholesterol reduced under the
sevelamer treatment, while the serum level of high-density
lipoprotein had no significant change. Total cholesterol’s
reduction was also found in treatment with sevelamer
hydrochloride in Germans and Dutch.?’?® Sevelamer has
been shown to bind bile acids.” Bile acid binding by ion
exchange resins is a well-established method of lowering
serum cholesterol.®

Impact of sevelamer on the micro-

inflammatory state

Lu et al" conducted a study to explore sevelamer hydro-
chloride’s impact on the micro-inflammatory state. MHD
patients with diabetic nephropathy were given sevelamer
(800 mg three times a day with meals for 8 weeks), as a
result, the serum levels of inflammatory marker CRP, IL-6,
and TNF-o reduced.

Thirty-four MHD patients comprised the controlled study
conducted by Deng et al.3® All patients received Caltrate D
(900 mg qd [daily]) treatment at baseline. The treatment
group received sevelamer hydrochloride (800 mg tid
[three times a day]) and the control group received calcitriol
(0.25 ng qd). After 12 weeks, there were more reductions in
CRP, IL-6 concentration in the study group compared to the
control group. The results of the study suggested that seve-
lamer hydrochloride was superior to calcitriol in improving
the micro-inflammatory state.

Impact of sevelamer on cardiovascular

disease of dialysis patients

Zhao et al'> measured serum FGF23, fetuin-A and
high-sensitivity-CRP in 60 dialysis patients who completed
an 8-week, controlled, randomized study. Thirty patients
received sevelamer carbonate and 27 patients received
calcium acetate. After 8-week treatment, the serum high-
sensitivity-CRP had a lower change in sevelamer carbonate
group than in calcium acetate group [(—3.28+1.23) versus
(=0.03+0.21) mg/L, respectively, P<<0.05]. The serum
fetuin-A had a higher change in sevelamer carbonate
group than in calcium acetate group [(0.0910.04) versus
(0.0053+0.16) g/L, respectively, P<<0.05]. The changes
of FGF-23 are —0.17£7.64 ng/L and 0.017+12.06 ng/L,
respectively, P>0.05, without statistical significance. CRP
predicted all-cause and cardiovascular mortality in HD
patients.>! Fetuins account for roughly half of the capacity of
serum to inhibit salt precipitation.>? Therefore, the results of
the study indicated that sevelamer can attenuate the vascular
calcification and improve cardiovascular outcomes through
the reduction of CRP and the increase of fetuin-A. Similarly,
another study reported slower progression of coronary, aor-
tic, and heart valve calcification with use of sevelamer in
comparison to calcium acetate by using the Agatston scoring
system in European and American MHD patients (seven in
the US, seven in Germany, and one in Austria).* In contrast,
a study reported there was no difference in coronary artery
calcification progression between the calcium and sevelamer
groups in Brazil.** Meta-analysis also showed existing data
were insufficient to conclude a differential impact of any
phosphate binder on cardiovascular mortality.>

Combination therapy

Sevelamer has been assessed in several trials when combined
with other treatments such as traditional Chinese medicine,
active vitamin D pulse therapy, or different dialysis model
in Chinese patients on dialysis.
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Combination treatment of sevelamer

and traditional Chinese medicine

Cuttlebone is a traditional Chinese medicine that lowers
serum phosphate®*3# and its major component is calcium
carbonate (87.3%~91.8%). In the study conducted by Zhu
et al*? 90 cases of uremia in HD were randomly divided into
the cuttlebone treatment group (group 1), the cuttlebone
combined with sevelamer treatment group (group 2) and
the sevelamer treatment group (group 3). After treatment
for 8 weeks, serum phosphate decreased in all groups, but
its reduction is more obvious in group 2 and group 3 than in
group 1. Serum phosphate was reduced to normal in 47.2%
of patients through the combination treatment of sevelamer
and cuttlebone, moreover, calcium-phosphate product, LDL,
and iPTH were lowered.

Cuttlebone is one of the traditional Chinese medicines
whose major component is calcium carbonate. Cuttlebone
had efficacy on reducing the serum level of phosphorus,
with little effect on serum calcium.***! As a phosphate
binder, cuttlebone is rich in natural calcium. Perhaps calcium
granules in cuttlebone are big, thus not easily absorbed by
the body when taken orally, so cuttlebone had little effect
on serum calcium. Besides being rich in calcium carbonate,
cuttlebone contains elements such as Mg and Fe, which also
blocked phosphorus absorption. Furthermore, the side effect
of constipation in cuttlebone group was less than in calcium
carbonate group.* Therefore, the combination treatment
of sevelamer and traditional Chinese medicine has great
prospects for development.

Effect on secondary hyperparathyroidism
(SHPT)

SHPT is one of the major complications of uremia. Pulse
doses of active vitamin D was usually used for SHPT treat-
ment, but it is frequently accompanied by hypercalcemia,
hyperphosphatemia, and metastatic calcification. The
combination treatment of sevelamer, pulse doses of active
vitamin D, and other treatments can significantly decrease
iPTH for SHPT patients, with little occurrence of hypercalce-
mia, hyperphosphatemia, and metastatic calcification.**#¢
In the study by Zhao et al** 34 MHD patients, with iPTH
levels of 33—55 pmol/L, were treated with calcitriol (1.0 pug
twice a week) pulse therapy. Eighteen of the patients (the
study group) were treated with oral Renagel (800 mg, tid),
and 16 of the patients (the control group) were treated with
calcium carbonate 900 mg/d. Serum phosphate and iPTH
levels 2 months after treatment in the study group were sig-
nificantly lower than those before treatment. The levels of

serum phosphate in the study group were significantly lower
than those in the control group (P<<0.05). Sevelamer was
more effective in improving the hyperphosphatemia in MHD
patients with SHPT in calcitriol pulse therapy. Consistent
with the above study, in the study by Ding et al** even in
severe SHPT (iPTH >1,000 pg/mL) patients, the combina-
tion therapy was still obviously effective, meanwhile, serum
levels of uric acid also lowered.

Liu et al*® conducted a 6-month trial to observe the
effect of the combination treatment of low calcium dialysate
(1.25 mmol/L), active vitamin D, and sevelamer hydrochlo-
ride on SHPT in chronic renal failure patients with MHD.
As compared with those before the treatment, serum phos-
phate, calcium-phosphorus product, and iPTH decreased
after treatment for 3 months, and decreased further after the
treatment for 6 months. Serum iPTH varied dramatically.
In the 30 cases who were recruited before the treatment,
after the treatment for 3 months and for 6 months, serum
iPTH was 650.80£119.40 pg/mL, 376.10+£117.40 pg/mL,
and 211.90£109.40 pg/mL, respectively. This combination
therapy prevents hypercalcemia and metastatic calcification,
and it is effective in renal osteopathy of high transport type.

Effect on renal osteodystrophy

Renal osteodystrophy is a highly prevalent complication in
patients on dialysis, causing pain and significant fracture-
associated morbidity and mortality. The usual management
of renal osteodystrophy involves the use of active vitamin D
and phosphate binders, even surgical removal of parathyroid
glands, but the clinical curative effect is not very satisfac-
tory. The combination treatment of sevelamer and other
treatment methods has obvious curative effects on renal
osteodystrophy.*#

Xu et al*’ conducted a 3-month trial to investigate the
effect of the combination treatment of sevelamer hydrochlo-
ride and hemodiafiltration on renal osteodystrophy. A total of
69 cases with renal osteodystrophy were divided into three
groups according to the treatment, 23 cases in each group,
the control group A received sevelamer hydrochloride oral
treatment, the control group B received hemodiafiltration and
the treatment group received sevelamer hydrochloride and
hemodiafiltration. The efficacy and common biochemical
parameters before and after treatment of the three groups
were compared. The total effective rate of the treatment
group was significantly higher than that of the control
group A and control group B, with statistical significance
(P<<0.05).The serum phosphorus, calcium-phosphorus prod-
uct, ALP, B-MG, and PTH were lower than before treatment,
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with statistical significance (P<<0.05). Serum phosphorus,
calcium-phosphorus product, ALP, B-MG, and PTH were
lower in the treatment group than the control group A and
control group B, with statistical significance (P<<0.05). The
effect of the combination treatment of sevelamer and hemo-
diafiltration on renal osteodystrophy is obvious.

A study was performed to evaluate the effect of triple
therapy on renal osteodystrophy. Forty-four cases with
renal osteodystrophy were divided into the study group and
the control group. The study group received triple therapy
(the combination treatment of hydrochloride sevelamer and
low calcium dialysate and calcitriol pulse therapy) and the
control group received calcitriol (2 pug, qod [every other
day]) and aluminum hydroxide gel, which was replaced by
calcium carbonate when calcium-phosphorus product was
less than 60 mg?/dL2. After treatment for 3 months, calcium-
phosphorus product and iPTH were significantly lower in
the study group than the control group. Besides, the serum
levels of IL-6 and IL-12 declined in the two groups, and the
degree is bigger in the study group, which showed clearly
that triple therapy had anti-inflammatory effects on renal
osteodystrophy.*® A similar result was found by Liu et al.*
Calcitriol can inhibit the synthesis and secretion of PTH.>® It
has been the main treatment for renal osteodystrophy, but it
often causes complications such as hypercalcemia, the rise
of calcium-phosphorus product so that the treatment has to
be discontinued. Sevelamer can effectively decrease serum
phosphorus and rarely cause a rise in serum calcium and
calcium-phosphorus product.*® Thus, as an ideal drug com-
bination, sevelamer has a unique advantage on renal osteo-
dystrophy, which has been proven by above studies.*

Safety and tolerability

In the studies reviewed above, the side effects of sevelamer
often occurred, but there were no serious adverse events.
The common side effects reported in People’s Republic of
China were mild-to-moderate GI disorders, such as constipa-
tion, flatulence, abdominal distension, dyspepsia, vomiting,
nausea, etc, the most commonly observed was constipa-
tion. While, in the study of patients (n=200) from the US,
Germany, and Austria, the most common adverse events
after 52 weeks of treatment with sevelamer were vomiting
(22%), nausea (20%), diarrhea (19%), and dyspepsia (16%).*
In the study conducted by Fang et al’ the incidence rate of
GI symptoms of sevelamer hydrochloride was 68.1%, higher
than in European and American people, while the incidence
was 57.4% in Japanese people,’’ which suggests that it was
apt to occur in Asian patients. GI symptoms disappeared

after proper treatment. Chen et al® reported that adverse
events experienced by patients in the sevelamer carbonate
and placebo treatment groups were similar and consistent
with their underlying renal disease, with the exception of
constipation, which was more frequent in the sevelamer
carbonate group.

He et al reported that the incidence of side effects in
four groups (the calcium carbonate group, the sevelamer
hydrochloride group, the lanthanum carbonate group, and
the aluminum hydroxide group) did not show statistically
significant difference (P>0.05). In the study of Huang,'
the incidence of side effects in the sevelamer hydrochloride
group (77.4%) was higher than in the calcium carbonate group
(35.5%). However, it is interesting that when combined with
calcitriol pulse therapy, the incidence of side effects in the
sevelamer hydrochloride group (30.0%) is lower than in the
calcium carbonate group (85.0%).* Other side effects such
as hypercalcemia, hypocalcemia were also reported during
the clinical studies in People’s Republic of China,”!*# while
pruritus, rash was not reported in Chinese trails. Sevelamer
was well tolerated. In Chen et al’s study, sevelamer carbonate
was well tolerated with 96% adherence compared with 97%
adherence in the placebo arm.? Studies with small samples did
not provide enough information on safety and tolerability of
the drug, so evidence-based and high-quality medicine data
are required in Chinese patients.

Patient focused perspectives

Sevelamer is a novel option for dialysis patients with hyper-
calcemia. Sevelamer is more expensive than the commonly
used phosphate binders for most patients and it is not paid by
medical insurance, so its awareness was low in low-income
groups. Meanwhile, patients dislike its disadvantages such
as large dose burden, the strict direction to be taken three
times daily with meals, and GI side effects.

Conclusion

Sevelamer is effective in reducing the serum level of phos-
phorus, calcium-phosphate product and lipid levels without
increasing serum calcium levels in Chinese dialysis patients
both as a monotherapy and as an agent combined with other
treatment.

When sevelamer was combined with other treatments,
especially active vitamin D pulse therapyi, it elicited superior
effects on calcium phosphorus metabolism, SHPT, and renal
osteodystrophy in Chinese patients on dialysis. Combination
treatment of sevelamer and traditional Chinese medicine has
the unique advantage.
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The population studied are mainly patients on HD and

came from developed cities or provincial capitals. At pres-

ent, most of the sevelamer studies in Chinese patients are

single-center, short-term, and open-labeled. Therefore, more

well-designed, large-scale, and long-term trials are needed

to successfully assess the benefits and harms of sevelamer in

CKD patients on dialysis in People’s Republic of China.
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