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INTRODUCTION

Cardiovascular disease is a leading cause
of death in the chronic kidney disease dialysis
population. In this group of patients cardiovas-
cular mortality is 20 times higher than in the
general population*2. Although highly prevalent
in the dialysis population, traditional risk factors
such as diabetes and hypertension cannot ac-
count for such a high burden of cardiovascular
events. There is very strong evidence indica-
ting that disturbances of the mineral metabo-
lism observed in patients with chronic kidney di-
sease undergoing haemodialysis treatment, play
an important role in the development of cardio-
vascular disease.

In recent years it has become clear that ele-
vated serum phosphorus levels are positively
associated with increased mortality®**. Hyper-

phosphatemia and elevated calcium-phospho-
rus product are associated with cardiovascular
calcification®®, which is an independent predic-
tor of mortality. Several authors have reported a
strong positive association between the pre-
sence and extent of vascular calcification and
both cardiovascular and all cause mortality”2°.
Raggi et al*® showed that previous myocardial
infarction, angina and known coronary artery dis-
ease were all more common in patients with ex-
tensive calcification.

Hyperphosphatemia is highly prevalent in
stage 5 chronic kidney disease patients. The
clinical consequences include secondary hyper-
parathyroidism, with renal bone disease, extra-
osseous calcification and increased mortality.

Hyperphosphatemia plays an important role
in the development of secondary hyperparathy-
roidism. Phosphorus has a direct effect on the
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parathyroid gland stimulating the secretion of
parathyroid hormone? and also inducing re-
sistance of the gland to the inhibitory effect of
calcitriol.

Itis very important to control phosphorus le-
vels in the Chronic Kidney Disease (CKD) popu-
lation. Therapeutic strategies to control it include
dietary restrictions, dialysis, and the use of phos-
phate binding agents. Dietary control with reduc-
tion of phosphate intake is often difficult for pa-
tients to mantain and is limited by the inherent
protein restriction. Phosphate is also difficult to
remove by dialysis. Increased dialysis length or
frequency may be effective, but it is often diffi-
cult to implement due to logistic problems and
poor patient acceptance. Until recently, the only
phosphate binders available were aluminium or
calcium based compounds. Although efficacious
they were associated with important side effects.
The use of aluminium-containing phosphate
binders may induce aluminium bone disease,
as well as haematologic and central nervous
system toxicity. The use of calcium-containing
phosphate binders is associated with increased
risk of hypercalcemia and cardiovascular calci-
fication®6813 |t is now known that serum cal-
cium levels are not accurate predictors of cal-
cium balance and accumulation. The excessive
amount of calcium ingested from the diet and
from calcium-containing binders has been as-
sociated with cardiovascular calcification, even
in the presence of recommended calcium se-
rum levels®5813 Sevelamer hydrochloride, the
new non-calcium non-metal containing and only
non-absorbed phosphate binder, provides an ef-
fective way to bind phosphorus in the gut with-
out the risks of hypercalcemia, soft tissue and
vascular calcifications, or heavy metal accumu-
lation.

SEVELAMER HYDROCHLORIDE: CLINICAL
DATA

Sevelamer is a cross-linked (allylamine hy-
drochloride) polymer. It contains multiple amines
linked by a single carbon atom to a polymer back-
bone. Chemically, sevelamer is known as
poly(allylamine-co-N,N‘-diallyl-1,3-diamino-2-
hydroxypropane)hydrochloride. Sevelamer
binds phosphate in the gut, preventing its sys-
temic absorption. Except for a fraction of its chlo-
ride content that is displaced by phosphorus,
the polymer is nonabsorbed. In the intestine, the
amines within the sevelamer polymer become
protonated and preferentially bind phosphate
through ion exchange and hydrogen bonding to
amino groups. The phosphate binding occurs
mostly in the duodenum and its maximal bin-
ding activity is probably at a pH of 7.

Sevelamer hydrochloride has been widely
studied and shown to be effective in reducing
phosphorus levels and calcium-phosphorus
product without causing hypercalcemia and soft
tissue calcification in stage 5 CKD patients on
haemodialysis. Moreover, sevelamer induces a
reduction in total cholesterol and low density li-
poprotein (LDL) cholesterol. With few side ef-
fects, this compound is very well tolerated. The
more frequently reported adverse effects are
diarrhoea, constipation, dyspepsia, nausea and
vomiting.

An initial open label, randomized crossover
study was performed to compare the efficacy
and safety of this phosphate binder with calcium
acetate!®. After a two week washout period, 84
stable haemodialysis patients were started on
either sevelamer or calcium acetate. The doses
were titrated to achieve improved phosphate
control over a period of 8 weeks. After two weeks
of washout the patients were crossedover to the
alternate phosphate binder. There was a simi-
lar and significant decrease in serum phospho-
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rus levels with both compounds. Twenty two
percent of the patients developed hyper-
calcemia, defined as a serum calcium level
above 11 mg/dL, during treatment with calcium
acetate, compared to a 5% incidence with
sevelamer. The incidence of hypercalcemia
during treatment with sevelamer was similar to
the one seen during the washout period. Patients
treated with sevelamer also experienced a sig-
nificant and sustained decrease in serum LDL
cholesterol levels (mean - 24%).

In a randomized, open-label study of 114 pa-
tients, long-term treatment with sevelamer was,
for the first time, compared to calcium carbo-
nate, the most commonly used calcium-contai-
ning binder in Europe®®. Sevelamer effectively
reduced serum phosphorus without the pro-
gressive cardiovascular calcification seen in the
calcium carbonate treated patients. In this study
sevelamer reduced serum phosphorus to a
similar magnitude as calcium carbonate. How-
ever, calcium carbonate use was associated
with a significant increase in serum calcium le-
vels and more frequent episodes of hypercal-
cemia, when compared to sevelamer. Calcium
carbonate also induced over-suppression of in-
tact parathyroid hormone, with the majority of
calcium-treated patients presenting levels be-
low 150 pg/mL after 1 year. This occurred de-
spite reductions in vitamin D use, dialysate cal-
cium and binder dose in the calcium group, as
per protocol indication. Patients on sevelamer
required more binder when compared with pa-
tients on calcium carbonate, 5.9 g vs. 3.9 g per
day, respectively. Patients on sevelamer expe-
rienced a significant reduction in total and LDL
cholesterol compared to a nonchange in the
calcium carbonate group. Coronary arteries and
aorta calcifications were severe in both groups,
at baseline. However, by electron beam com-
puted tomography (EBCT) evaluation, the group
of patients treated with calcium carbonate had

significant progression of coronary arteries and
aorta calcifications after 26 and 52 weeks of
treatment, compared to no alteration in the
sevelamer-treated patients.

Chertow et al*® reported the results of a
randomized parallel design clinical trial compa-
ring sevelamer with the calcium-based phos-
phorus binders in 200 haemodialysis patients.
Study outcomes included the targeted concen-
trations of serum phosphorus, calcium, and in-
tact parathyroid hormone, as well as calcifica-
tion of coronary arteries and thoracic aorta using
an EBCT-derived score. Sevelamer and cal-
cium-based compounds provided similar con-
trol of serum phosphorus (Fig 1) and calcium-
phosphorus product. Compliance to the
prescribed dose of binder in the sevelamer and
the calcium groups was similar; 86 vs. 80%,
respectively. The group treated with sevelamer
received an average binder dose of 6.5+ 2.9 g
per day and the ones on calcium based binders
4.3 £ 1.9 g perday (4.6 g and 3.9 g per day of
calcium acetate or calcium carbonate, respec-
tively). The calcium-based group had more fre-
guent episodes of hypercalcemia when com-
pared to the sevelamer group 43% and 17%,
respectively. Suppression of PTH below the 150
to 300 pg/ml range was more common at the
end of the study in the calcium-based binders
group, 57 vs. 30%, despite the protocol speci-
fied reduction or cessation of vitamin D for in-
tact PTH below 150 pg/ml. Twelve percent of
subjects in the calcium group required rescue
therapy with aluminium containing binders for a
calcium-phosphorus product above 72 mg?/dL?,
compared to 4% of the patients in the sevelamer
group. The total and LDL cholesterol decreased
significantly in the sevelamer treated group com-
pared to a nonchange in the calcium binders
group. Of relevance, the EBCT performed at the
beginning of the study detected a coronary ar-
tery calcification prevalence of 83% and aortic

Revista Portuguesa de Nefrologia e Hipertens&o

119



Jodo M. Frazéo, Patricia Martins, Carla Santos-Araujo

calcification of 35% in the study population. There
was a significant progression of the coronary
artery and aortic calcification EBCT score at
week 26 and 52 in the calcium-treated treated
group, despite the use of an average dose of
calcium-containing binders of only 4.3 £+ 1.9 g
per day. There was no significant progression
in the sevelamer treated group (Fig 2). Rou-
tine biochemical safety parameters were simi-
lar between treatment groups, except for serum
bicarbonate levels. The bicarbonate levels were
slightly higher in the calcium-containing binders
group, 22.1 + 4.4 mEg/L, compared to the
sevelamer group, 19.2 + 4.3 mEqg/L (p=
0.0003), as calcium salts provide a base and
sevelamer does not.

The clinical significance of this finding is still
not very clear. Bommer J. et al'®, studied the
association of predialysis serum bicarbonate
levels with mortality and hospitalization risk in
the Dialysis Outcomes and Practice Patterns
Study (DOPPS). This was an international, pros-
pective and observational study of haemodialy-
sis practices and associated outcomes. The
midweek predialysis serum bicarbonate level
averaged 21.9 mEg/l and correlated inversely
with nPCR, serum albumin, and serum phos-
phorus values. Before and after adjusting for 15
comorbidities, nutrition, and equilibrated KT/V,
a U-curve best represented the association be-
tween predialysis serum bicarbonate levels and
the risk of mortality or hospitalization. Patients
with midweek predialysis serum bicarbonate
levels of 20.1 to 22.0 mEg/L had the lowest risk
of mortality. The patients with serum bicarbo-
nate levels of 21.1 to 22.0 mEg/L had the lowest
risk of hospitalization. Levels of bicarbonate
above 27 mEg/L and below 17 mEqg/L were as-
sociated with increased risk of hospitalization
and mortality.

The high prevalence of vascular calcification
seen in the dialysis population in the Chertow
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Figure 1. Serum phosphoruslevelsduring 52 weeks of treatment
with sevelamer versus cal cium-based binders. Similar control of
phosphorus levels was obtained in each group, a value below
the K/DOQI recommended treatment target of 5.5.mg/dL. Data
from reference 13.
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Figure 2. Median percentage change in coronary artery
calcification scores obtained with EBCT scan at baseline and
week 52 of treatment with sevelamer versus cal cium-based
binders. * Indicates within the same treatment group p<0.0001;
between treatment groups p=0.02. Adapted from reference 13.

study?*® has been confirmed by other reports and
is of major concern due to the positive associa-
tion between the presence and severity of cal-
cification and mortality in this population. There
is also some evidence that most of the patients
develop vascular calcifications while on haemo-
dialysis treatment. In fact, a report from Spiegel
et al'” revealed that only 34% of patients with
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Figure 3. Median percentage changein aortic calcification cal-
cification scores obtained with EBCT scan at baseline and week
52 of treatment with sevelamer versus cal cium-based binders. *
Indicates within the same treatment group p<0.0001; between
treatment groups p=0.02. Adapted from reference 13.

advanced chronic kidney disease starting dialy-
sis had coronary artery calcifications scores that
placed them above the 90™ percentile for age
and sex. In this patient population initiating di-
alysis, 109 patients underwent baseline and at
least one additional measurement of coronary
artery calcification®®. At baseline, 37 % of the
patients that underwent treatment with sevelamer
and 31% of the patients on calcium-based bind-
ers had no evidence of calcification. The authors
reported that no patients with a zero coronary
calcium EBCT score progressed to > 30, in a
18 months period of time. Patients with a coro-
nary artery calcium score already over > 30 at
baseline, progressed in both arms during the
time of the study. Patients treated with calcium-
based binders showed a more rapid and severe
progression of calcification scores when com-
pared to the ones receiving sevelamer. It is note-
worthy that during this study all the patients were
maintained on dialysis with a calcium dialysate
concentration of 2.5 mEg/l. The authors con-

cluded that patients new to dialysis with no evi-
dence of coronary calcification showed little evi-
dence of disease development over a period of
18 months independently of the phosphate
binder used. Patients with even little evidence
of coronary calcification progressed with both
binders, however, the group treated with calcium
had a much more pronounced progression when
compared to the patients treated with seve-
lamer®®. This study, which has just been pub-
lished, is no doubt confirming the importance of
the K/DOQI clinical practice guideline for bone
metabolism and disease in CKD which recom-
mends that calcium-based binders should be
avoided in patients with evidence of severe cal-
cification.

Serum concentration of C-reactive protein
(CRP), a non-specific marker of inflammation,
is predictive of coronary artery disease events
in the general population?® and has also been
shown to be associated with an unfavourable
outcome in stage 5 CKD populations on haemo-
dialysis®®?L. Statin treatment to reduce LDL cho-
lesterol decrease coronary artery events and
serum CRP?Z, suggesting a possible relation-
ship between lipoprotein infiltration of the ves-
sel wall and the inflammatory process. Similar
mechanisms may be important in the dialysis
population. Sevelamer treatment has been
shown to reduce total and LDL cholesterol. A
recently published study compared the effect of
sevelamer and calcium carbonate on serum
lipoproteins, homocysteine, and markers of in-
flammation such as 32-microglobulin and high-
sensitivity CRP protein, as well as progression
of arterial calcification?®. After 1 year of treatment
the calcium score progressed from baseline in
the calcium acetate treated group compared to
anon-change in the sevelamer group. Total and
LDL cholesterol, apolipoprotein b, f2-micro-
globulin, and high-sensitivity CRP protein de-
creased significantly from the baseline values
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in the sevelamer treated group compared to a
no alteration in the calcium acetate patients, de-
spite the more frequent use of statins in the lat-
ter. These data confirm that sevelamer has fa-
vourable effects in lipids, but also suggest a
positive action in the inflammatory markers
with potentially useful antiatherogenic effects
in the haemodialysis population. In another
randomized clinical trial comparing sevelamer
and calcium-based phosphate binders, treat-
ment with sevelamer was associated with a sig-
nificant reduction in the serum uric acid levels?.

A posthoc analysis of a 52 week randomized
trial conducted in adult haemodialysis patients
evaluated the effect of calcium-based binders
and sevelamer on thoracic vertebral attenuation
by computed tomography and markers of bone
turnover®. When compared to the ones treated
with sevelamer, subjects randomized to calcium
salts experienced a significant reduction in
trabecular bone attenuation and a trend towards
reduction in cortical bone attenuation, in asso-
ciation with higher concentrations of serum cal-
cium, lower PTH values, as well as, reduced
total and bone-specific alkaline phosphatase.
These results suggest that the use of calcium
salts to treat hyperphosphatemia may paradoxi-
cally decrease bone mineral density in haemo-
dialysis patients.

In a case-controlled study of 152 Medicare
haemodialysis patients, Collins et al*® showed
that the benefits of treatment with sevelamer
may result in a decreased number of hospita-
lizations. In this analysis, the risk of hospitaliza-
tion was, in fact, 46-54% less in patients treated
with sevelamer compared with a matching con-
trol group. This reduced risk was primarily due
to the lower incidence of hospitalizations due to
cardiovascular and vascular access complica-
tions.

A three-year trial involving more than 2,100
patients, the largest outcomes study ever con-

ducted in the haemodialysis population, has just
been communicated (Genzyme CO press re-
lease, July 28, 2005): this study compared the
difference in mortality and morbidity outcomes
for patients receiving sevelamer and those on
calcium-containing phosphate binders. It showed
that the patients treated with sevelamer expe-
rienced a reduction of 9 percent in the risk of
death from all causes when compared to patients
treated with calcium-based phosphate binders,
but this value didn’t reach statistical significance
(p=0.3). However, patients aged 65 years old or
more were 22 % less likely to die when treated
with sevelamer, compared to the treatment with
calcium-based binders. Moreover, patients on
sevelamer for more than two years had a 34%
reduction of the risk of mortality from all causes
compared to those treated with calcium-contai-
ning binders. Patients of 65 years old or more,
who were treated with sevelamer for over two
years, presented a mortality risk reduction of 54%
when compared to the ones treated with cal-
cium-containing compounds.

The current National Kidney Foundation
K/DOQI clinical practice guidelines for bone me-
tabolism and disease in chronic kidney disease?”
state clearly that clinical use of sevelamer is re-
commended as an important first-line treatment
option for the control of hyperphosphatemia and/
or an elevated CaxP product in stage 5 CKD
patients. The use of calcium from phosphate
binders is recommended to be limited to 1.5 g
of elemental calcium per day. Given the most
recent evidence of calcification progression with
similar quantities of calcium?®?, this value could
be decreased in a future revision of this recom-
mendation. Patients with hypercalcemia (cor-
rected serum calcium > 10.2 mg/dL), or with
plasma intact PTH levels below 150 pg/mL on
two consecutive measurements, or with severe
vascular calcification and/or other soft tissue cal-
cification, should also be treated with sevelamer
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as a phosphate binder. These recommenda-
tions were very much in line with the available
data at the time but perhaps in view of all the
data here presented they should be soon revised
to include even a larger universe of haemo-
dialysis patients for treatment with sevelamer.

Sevelamer, a cross-linked, non-absorbed,
calcium and metal-free polymer, effectively re-
duces phosphorus levels, in the haemodialysis
population without the burden of hypercalcemia
or calcium load. Sevelamer is associated with
a beneficial effect in lipid profile, inducing reduc-
tions in the total and LDL cholesterol. The posi-
tive effect of reducing CRP levels - an inflam-
matory marker - has also been observed with
the use of this compound. When compared to
calcium-based binders, sevelamer slows coro-
nary artery and aortic calcification progression.
Of most importance is yet the upcoming evi-
dence of the association between sevelamer
use and reduction of mortality and morbidity in
the dialysis population. Sevelamer hydrochloride
has become the standard of care in hyper-
phosphatemia control, with beneficial effects
undoubtedly surpassing phosphate manage-
ment.
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