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Abstract: Phosphate control is still a great challenge in chronic kidney disease (CKD), and
in spite of the great improvements in dialysis techniques, achievement of the goals for mineral
metabolism control is still far from ideal. Aluminum hydroxide has been largely abandoned due to
the high risk of aluminum toxicity, while the use of calcium-based phosphate binders may cause
hypercalcemia, overzealous parathyroid suppression, and extraskeletal calcification. Sevelamer
hydrochloride has been introduced as an efficient medication for phosphate control, with a lower
risk of hypercalcemia and parathyroid suppression. Various clinical trials have compared the risk
of vascular calcification between sevelamer and calcium salts with inconsistent results. In spite
of these inconsistencies, the Kidney Disease Outcomes Quality Initiative (KDOQI) suggests
non-calcium phosphate binders as the preferred phosphate binder in dialysis patients with severe
vascular and/or other soft-tissue calcifications and in those with hypercalcemia or parathyroid
hormone (PTH) <150 mg/dL. The Kidney Disease Improving Global Outcome (KDIGO)
limits the use of non-calcium phosphate binders to patients with hypercalcemia. Regarding
the effect on mortality, the results of clinical trials are again inconsistent. The other important
aspect of using sevelamer is the issue of price, which is substantially higher than calcium-based
phosphate binders. Reviewing the studies on economic aspects shows that sevelamer increases
quality-adjusted life-years (QALY) and possibly life years, with a higher cost compared to
calcium-based phosphate binders. In conclusion, sevelamer is a very useful drug for phosphate
control, reduction of hypercalcemia, and lessening the risk of adynamic bone disease, with prob-
able reduction in vascular calcification and possible reduction in mortality rate. It has a higher
economic burden on health care systems compared to calcium-based phosphate binders. This
may affect its extensive use according to guideline recommendations, and will be influenced
by local health care budgets and the decision of health care strategists.

Keywords: sevelamer, phosphate binder, vascular calcification, hyperphosphatemia, QALY
per cost

Introduction

Great improvements have been made in the management of end-stage renal disease
(ESRD) during the last few decades, including better modalities of dialysis with modern
dialysis machines and high quality dialyzers. However phosphate control is still a major
challenge in this group of patients, and achievement of the goals provided by guidelines
has not been better than 53%—75% in patients on chronic hemodialysis or peritoneal
dialysis in different reports.!> Phosphorus retention, which starts early in chronic kidney
disease (CKD), is considered to be one of the main cardiovascular risk factors for patients
with CKD.? In these stages, phosphate retention leads to increased secretion of parathy-
roid hormone (PTH) and fibroblast growth factor-23 (FGF-23), which help to maintain
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normophosphatemia via increased urinary phosphate excretion.
FGF-23 also decreases 1,25 dihydroxy-D3 production and
suppresses intestinal phosphate absorption.* However these
mechanisms gradually become less efficient in maintaining
normal phosphate levels, which is at least partially due to resis-
tance of the kidneys and parathyroid glands to inhibit the effect
of FGF-23 on phosphate excretion and PTH secretion in the
context of Klotho and FGF receptor 1 downregulation in these
organs.>® Therefore, in the later stages of CKD, increased phos-
phate level, together with higher levels of calcium—phosphate
products, PTH, and FGF-23 levels, occur almost inevitably.
Increased phosphate levels have been attributed to the develop-
ment of vascular calcification in CKD patients.” Higher serum
phosphorus levels, even in the normal range, are correlated with
aortic valve sclerosis and aortic and mitral annular calcification
in the elderly population.®’

Due to these considerations, the 2009 Kidney Disease:
Improving Global Outcomes (KDIGO) clinical practice
guidelines recommend to keep serum phosphorus levels in the
normal range in patients with CKD stages 3—5 and toward nor-
mal in dialysis patients.'® By comparison, the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative
(NFK-K/DOQI) recommends that serum levels of phosphate
should be maintained between 3.5 and 5.5 mg/dL, which is a
more specific goal, assumed to be the inflection point above
which patient survival significantly deteriorates.*!!

To achieve these goals, dietary phosphate restriction,
together with the use of phosphate binders may be started
in the relatively early stages of CKD and is actually implied
in almost all patients in CKD stages 4 and 5. Restricting
phosphate-containing foods, especially food additives and
fast foods, while keeping high biologic value proteins such
as meat and egg in the daily diet, can significantly decrease
serum phosphate level."> Even careful attention to food
labels describing the food additives, is effective in improv-
ing hyperphosphatemia.’* However, dietary phosphorus
restriction is usually not limited to food additives and usually
major protein restrictions are recommended to patients. This
may lead to protein malnutrition and decreased normalized
protein equivalent of total nitrogen appearance (nPNA), and
outweigh the benefits of controlled phosphorus, finally lead-
ing to greater mortality.!* Therefore, phosphate control gener-
ally needs a (number of) phosphate binder(s), especially in
patients in the later stages of CKD and those on dialysis.

Phosphate binders
To date, there have been many studies linking high serum
phosphate level to mortality; however, there are no randomized

studies showing the beneficial effect of the administration of
phosphate binders on patient survival. There is only one large
1-year prospective observational study on 10,044 incident
hemodialysis patients, which showed a significant survival
advantage with using phosphate binders compared with no
treatment.'> However, due to the large pool of data showing
the adverse effects of high phosphorus levels on skeletal and
cardiovascular morbidity of CKD patients, phosphate binders
are extensively used in these patients.

Phosphate binders are traditionally divided into calcium-
containing (calcium carbonate, calcium acetate) and non-
calcium-containing (sevelamer, lanthanum carbonate, and
rarely aluminum hydroxide and magnesium hydroxide)
types. Aluminum hydroxide has been largely abandoned
due to fear of aluminum toxicity with resultant osteomalacia,
dementia, myopathy, and anemia, though in severe (serum
phosphorus >7 mg/dL) and refractory hyperphosphatemia,
short courses of aluminum hydroxide (up to 4 weeks, one
time only) have been recommended, to be replaced by another
phosphate binder afterwards.!!” Magnesium hydroxide is
also generally avoided due to the risk of hypermagnesemia
and frequent occurrence of diarrhea.

Calcium-containing phosphate binders are cheap and
effective, and provide an important mineral, ie, calcium.
They can maintain a positive calcium balance along with
their phosphate-binding effect. A risk of hypercalcemia in
up to 50% has been reported with these agents, although it
seems that such a high risk has been due to the high doses
of calcium salts used in initial reports, together with high
dialysate calcium baths.'3!° On the other hand, there is a risk
of oversuppression of parathyroid hormone (PTH), adynamic
bone disease, and vascular calcification with these agents,
which cannot be overlooked.?*?! Hence the latest KDIGO
guidelines recommend to restrict the dose of calcium-based
phosphate binders in the presence of persistent or recur-
rent hypercalcemia and suggest the same restriction in the
presence of arterial calcification, adynamic bone disease, or
persistent low serum PTH.?

Sevelamer

Sevelamer hydrochloride (Renagel; Sanofi, Paris, France)
was the first synthetic non-aluminum, non-calcium, and
non-absorbable phosphate binder introduced and tested on
normal volunteers as well as dialysis patients in 1997.22
The primary pharmacologic effect of sevelamer was bind-
ing to bile acids, increasing fecal bile excretion, and LDL-
cholesterol lowering.?* Afterwards, in several open-label
studies, both on patients on dialysis or with renal failure,
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sevelamer was showed to be as effective as calcium-based
binders in lowering phosphate, but without the risk of hyper-
calcemia.?3% A decrease in serum LDL was also shown as
a beneficial co-effect.””*! Sevelamer carbonate (Renvela;
Sanofi) was introduced and approved by US Food and Drug
administration for control of hyperphosphatemia in dialysis
patients years later, ie, in 2007.

Different issues should be discussed regarding sevelamer,
including its effects on vascular calcification, bone disease
and mortality, biochemical effects, and expenses. In the fol-
lowing sections, we will address these issues according to
the existing evidence.

Arterial calcification,

hypercalcemia, PTH level

Although the data are still inconsistent, there appears to be less
progression of arterial calcification with sevelamer compared
to calcium-based phosphate binders. In the “Treat-to-goal”
(TTG) randomized clinical trial, Chertow et al showed a lower
likelihood of hypercalcemia, lower levels of PTH, and less
progressive coronary and aortic calcification in 99 hemodialy-
sis patients on sevelamer compared to 101 patients on calcium
salts.3? Routine biochemical parameters were the same in both
groups, except for a lower level of bicarbonate in patients
on sevelamer. However, at the end of this study, patients
on sevelamer had lower total and LDL cholesterol, and the
question remained whether the lower calcium burden or the
lower LDL cholesterol were protective for the progression
of coronary artery calcification (CAC). In another study,
the same group showed that in patients on calcium-based
phosphate binders, progressive coronary artery and aortic
calcification, as measured by electron beam tomography,
were associated with higher time-averaged concentrations of
calcium, phosphorus, and the calcium—phosphorus product on
the one hand and lower PTH on the other.** Such a relation-
ship was not found in patients on sevelamer. In the “Renagel
in New Dialysis” (RIND) trial on new hemodialysis patients,
those with evidence of at least mild coronary calcification
had significant progression in calcification score at 6, 12, and
18 months.** Use of calcium-containing phosphate binders
resulted in more rapid progression of CAC than did use of
sevelamer hydrochloride. Subjects treated with sevelamer had
significantly lower mean corrected calcium, higher PTH, and
lower total and LDL cholesterol. In a recent randomized trial
on two parallel groups of hemodialysis patients, there was a
significantly smaller increase in the progression of the CAC
score in the sevelamer group compared to the calcium car-
bonate group after 6 months of follow-up.> Interestingly, an

increase in advanced glycation end products, as represented by
pentosidine, was seen in patients treated by calcium carbonate
but not by sevelamer.

There are other studies, however, such as the Calcium
Acetate Renagel Evaluation 2 (CARE-2) study, which do not
support the superiority of sevelamer in terms of the prevention
of vascular calcification.’® In this study, 200 hemodialysis
patients were randomized to either sevelamer or calcium
acetate for 1 year. Atorvastatin was added to achieve serum
LDL cholesterol levels <70 mg/dL in both groups. At 1
year, patients treated with either calcium acetate or seve-
lamer experienced similar progression of CAC. There were
a number of limitations in this study, however, including the
non-inferiority trial design with a wide a priori margin of 1.8,
a significant difference in end-of-study PTH levels between
the two groups, and large number of dropouts.**” Another
study from Brazil (the Phosphate Binder Impact on Bone
Remodeling and Coronary Calcification or BRiC study) also
did not show any difference between vascular calcification
score in dialysis patients receiving either calcium acetate or
sevelamer.*® In this study, in spite of similar dialysate calcium
concentrations between the two groups at the beginning of
the study, patients on sevelamer were treated with higher
dialysate calcium during the trial. This may have mitigated
any differences in vascular calcification score between the
treatment groups.’’

In a systematic review of phosphate binders in CKD which
examined 40 trials with 6,406 patients, there was a significant
decrease in end-of-treatment phosphorus and PTH levels with
calcium salts when compared with sevelamer and a significant
decrease in the risk of hypercalcemia (pooled data, relative
risk [RR]: 0.47; 95% confidence interval [CI]: 0.36-0.62)
with sevelamer compared with calcium-based agents.* The
findings of four trials which were examined in this systematic
review in terms of vascular calcification could not be pooled
due to different scoring systems for the assessment of vascu-
lar calcification, and had quite diverse results, with decreased
risk of vascular calcification in patients using sevelamer in
two trials and similar risk between sevelamer and calcium
salts in the other two.

There are also a number of meta-analyses examining the
difference in the progression of vascular calcification between
sevelamer and calcium-containing phosphate binders, with
conflicting results. Two recent meta-analyses by Jamal et al,
including five trials on CAC, and Zhang et al, including 14
studies, do not find a significant difference in CAC score
between the patients on sevelamer or calcium-containing
phosphate binders. 04!
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Overall, the results are still inconsistent and the differences
in study design and population, dialysate calcium concentra-
tion, PTH control targets, and use of vitamin D (analogs)
may all have affected the findings. Furthermore, according
to statistical probability, when several small clinical trials are
performed, the null hypothesis will not be rejected in some
cases even when true differences exist.”’

In spite of the inconsistencies between the results of
clinical trials and meta-analyses, the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative
(NKF-KDOQI) has provided recommendations which may
help in the clinical management of hyperphosphatemia in
CKD patients. They state that both calcium-based- and non-
calcium-, non-aluminum-, and non-magnesium-containing
phosphate binders are effective in lowering serum phospho-
rus levels and may either be used as the primary therapy,
or in combination.!! The total dose of elemental calcium
provided by the calcium-based phosphate binders should not
exceed 1,500 mg/day and calcium-based phosphate binders
should not be used in dialysis patients who are hypercalcemic
or whose plasma PTH levels are <150 pg/mL. Non-calcium
phosphate binders are preferred in dialysis patients with
severe vascular and/or other soft-tissue calcifications. On the
other hand, the Kidney Disease Improving Global Outcome
(KDIGO) group believes that in the absence of hypercalce-
mia, there is no indication to prescribe phosphate binders that
are less cost-effective than calcium-based agents. '

Mortality

There are again conflicting results regarding the effect of
sevelamer on mortality, either alone or when compared to
calcium salts.

In a post-hoc analysis of the RIND study, at a median
follow-up of 44 months, mortality was significantly lower
in patients on sevelamer compared to those on calcium salts
(5.3/100 versus 10.6/100 patient years, P=0.05) which per-
sisted after multivariable adjustment (P=0.016, hazard ratio
[HR]: 3.1).** In addition, in subjects new to hemodialysis,
the baseline CAC score was a significant predictor of all-
cause mortality, and treatment with sevelamer was associated
with a significant survival benefit as compared to the use of
calcium-containing phosphate binders.

In a recent study, 212 CKD stage 3—4 patients were non-
blindly randomized to either sevelamer or calcium carbonate
and the patients were followed for 36 months.* In patients
randomized to sevelamer, all-cause mortality and the com-
posite endpoint were lower but there were no advantages in
dialysis inception.

The DCOR (Dialysis Clinical Outcomes Revisited)
trial was a randomized, open-label, parallel design and an
effectiveness trial, which compared all-cause and cause-
specific mortality among hemodialysis patients treated with
calcium-based phosphate binders or sevelamer, in a prevalent
dialysis population.* A total of 2,103 patients were initially
randomized to treatment and 1,068 patients completed the
study. All-cause mortality rates and cause-specific mortality
rates were not significantly different between the two groups.
Only in patients >65 years of age was there a significant
effect of sevelamer in lowering the all-cause but not car-
diovascular mortality rate. The authors suggested that their
findings in older subjects could be because older hemodi-
alysis patients tend to have greater calcification burden than
younger patients, and therefore, calcium could affect them
over a shorter follow-up period. They explained the lack
of difference in cardiovascular mortality between the two
groups by the fact that the study was not powered to detect
differences on cardiovascular or other causes of mortality in
design. A secondary analysis of the results of the DCOR study
showed that compared with calcium salts, treatment with
sevelamer did not affect overall or cause-specific mortality,
morbidity, or first or cause-specific hospitalization, but that
there was evidence for a beneficial effect on multiple all-cause
hospitalizations and hospital days.* A systematic review on
clinical efficacy and safety of sevelamer in dialysis patients
showed that compared with calcium-based phosphate binders,
sevelamer was associated with similar to slightly higher levels
of phosphate, similar calcium—phosphate product levels, and
slightly lower serum calcium levels.* There was no evidence
that sevelamer reduced all-cause mortality, cardiovascular
mortality, the frequency of symptomatic bone disease, or
health-related quality of life (QOL).

Overall, it seems that in spite of more than 15 years of
experience with sevelamer and decades of experience with
calcium-based phosphate binders, there is still room for
more studies on targeted endpoints and achievement of more
clear-cut results before we can achieve any consensus on the
different aspects of the clinical efficacy of these drugs.

Safety issue: metabolic acidosis

A number of adverse effects have been associated with seve-
lamer, especially metabolic acidosis. A study on 16 hemodi-
alysis patients was performed with 2 weeks of washout from
calcium carbonate and 6 weeks of subsequent sevelamer
therapy.’ At the end of the washout period, the serum bicar-
bonate level decreased from 20.142.6 to 18.243.1 mmol/L and
further to 17.3%£3.2 mmol/L in the first week of treatment with

submit your manuscript

164

Dove

International Journal of Nephrology and Renovascular Disease 2014:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Clinical and economic aspects of sevelamer therapy

sevelamer HCI. Bicarbonate levels remained stable during the
following weeks of treatment, and during the 2-week washout
after discontinuation of sevelamer. They concluded that reduc-
tion of serum bicarbonate was dependent on the withdrawal of
calcium carbonate and the consequent reduced intake of alkali,
rather than on treatment with sevelamer HCI. On the other
hand, sevelamer is a non-absorbable polymer chain which con-
tains 17% chloride by weight, as amine hydrochloride. Brezina
et al believe that it may inherently cause metabolic acidosis
by three potential mechanisms.*® The first suggested mecha-
nism is release of one molecule of hydrochloric acid from the
amine resin for each molecule of phosphate bound in the gut
and subsequent production of HCIL. The second mechanism is
sequestration of bile acids by sevelamer in exchange for the
release of chloride, and again resultant production of one HCI
molecule for every molecule of bile acid bound. Also, there is
alocal concentration of 100—-120 mEq/L of bicarbonate in the
small intestine from pancreatic secretions which may bind to
sevelamer in exchange for chloride and lead to the formation
of loose stools containing carbonated sevelamer with ensuing
metabolic acidosis similar to chronic diarrhea. A number of
other studies have confirmed the risk of metabolic acidosis with
sevelamer.*!#>* To overcome this risk in the already acidotic
dialysis patients and its subsequent adverse effects on bone,
reformulation of sevelamer hydrochloride was suggested and
led to the production of sevelamer carbonate (Renvela).*! This
drug has been shown to be equivalent in controlling serum
phosphorus and lipids in hemodialysis patients with increased
serum bicarbonate levels when compared to Renagel.>? It
should be mentioned that there are some concerns about the
name of sevelamer “carbonate”, as the resin dissociates into
free sevelamer and sevelamer “bicarbonate” in the acidic pH
of gastrointestinal tract, which is well below the isoelectric pH
of sevelamer “carbonate”.

The other side effect of sevelamer is increased risk of gas-
trointestinal upset, including abdominal bloating, diarrhea,
and constipation compared with calcium salts (RR: 1.39).*°

Effect on bone

There does not seem to be a major difference between seve-
lamer and calcium-based phosphate binders in terms of bone
histology, although the results of the studies are not consistent.
Barreto et al randomized 101 hemodialysis patients with simi-
lar baseline characteristics to either to sevelamer or calcium
acetate.® After 1 year, the 71 patients who concluded the study
had similar levels of calcium and phosphorus, with a higher
PTH, bone alkaline phosphatase and deoxyproline, and lower
LDL cholesterol in the sevelamer group. Progression of CAC

and bone histological diagnosis at baseline and 12 months
were similar in both groups. Patients with baseline low bone
turnover disease had an improvement in bone formation
rate on either drug; however, those with baseline high bone
turnover disease had an increase in bone resorption if on
sevelamer. The authors concluded that there was no difference
in CAC progression or changes in bone remodeling between
the calcium and the sevelamer groups; however, the finding
of increased bone resorption with sevelamer in high bone
turnover disease needs special consideration and studies with
larger sample sizes.

In another randomized study on 119 hemodialysis patients
with adynamic bone disease as the most common baseline
bone histology, there were no changes in mineralization lag
time or measures of bone turnover after 1 year in either the
calcium carbonate or sevelamer groups.** Osteoid thickness
significantly increased in both groups, with no significant
difference between them. Bone formation rate per bone sur-
face, however, significantly increased from baseline only in
the sevelamer group (P=0.019) and trabecular architecture
improved with sevelamer in those with abnormal trabecular
structure. The latter findings raise the possibility that seve-
lamer may increase bone formation rate during the treatment
of' adynamic bone disease, an effect that might be more obvi-
ous in a larger, more homogeneous sample size.”’

Comparing the results of these studies, can we conclude
that sevelamer may increase bone resorption in high bone
turnover disease and increase bone formation rate in low
bone turnover disease? Can we make a choice of the type of
phosphate-binding agent according to bone histology?

In a trial on 29 pediatric patients with secondary hyper-
parathyroidism (2°HPT) and osteitis fibrosa, both sevelamer
and calcium carbonate improved the skeletal lesions of
2°HPT, with similar control of serum phosphorus, lower
calcium concentration, and higher PTH level in the sevelamer
group.” However, in patients on sevelamer, the dose of active
vitamin D sterols was increased during the study and reduc-
tion in PTH and alkaline phosphatase levels occurred late,
largely during the last 4 months of the study. This shows
that the children treated with sevelamer may have needed
a higher dose of active vitamin D sterols for the control of
2°HPT. The group of children on sevelamer ingested a smaller
than recommended dose of calcium, suggesting that, at least
in children, insufficient calcium intake may exacerbate the
mineralization defect.?’

Overall, it seems that we still need further randomized tri-
als, especially based on bone histology, to give more definite
answers to the above questions.
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Economic aspects

Apart from clinical issues, an important concern in the regular
use of sevelamer as a substitution for calcium-based phosphate
binders is the cost of the medication and the economic burden
on health care systems. The cost of each 800 mg tablet of
Renagel is about US$4.79 and Renvela US$3.83, compared to
US$0.84 for 667 mg calcium acetate (PhosLo; Fresinius Med-
ical Care North America, Waltham, MA, USA) and US$0.06
for 750 mg calcium carbonate (Tums; GlaxoSmithKline,
St Louis, MO, USA).*® In many countries, sevelamer is not
under insurance coverage and it may actually be impossible
for the majority of patients to get the drug.

Clearly, sevelamer is much more expensive than calcium-
containing phosphate binders. However, if it can reduce medi-
cal services including hospitalization costs, this higher price
may be worth it. There are a number of studies examining
the different economic aspects of sevelamer.

A systematic review of sevelamer in ESRD, which ana-
lyzed its potential economic impact in Canada and the US in
2004, showed that at least 51% and 64% of dialysis patients
in the Canadian and US cohorts, respectively, would meet K/
DOQI criteria for use of sevelamer and that this would require
approximately US$26 and US$780 million per year in these
two countries.’” They concluded that given the potential bud-
getary impact, future nephrology clinical practice guidelines
should consider resource use, in addition to clinical data. The
same group did another study examining the quality-adjusted
life-years (QALY) per cost, based on data of patients from
the Canadian Organ Replacement Registry (CORR), the
United States Renal Data System (USRDS), and the DCOR
study.’® Their study showed that the cost per QALY gained
for treating all dialysis patients with sevelamer exceeded the
acceptable amount, even after excluding the costs of dialy-
sis and transplant from the calculations. For patients >65
years, considering the survival benefit gained by sevelamer
in the DCOR study, the strategy remained economically
unattractive.*® Pointing to a trend towards a reduction in hos-
pitalization rates (which would generate cost savings), in the
DCOR study, they concluded that assuming no difference in
survival, the risk of hospitalization would have to be lowered
by 30% to offset the additional medication cost of sevelamer.>
As in this study many cost inputs were estimated due to
unavailability of actual costs, another study was performed as
a secondary economic analysis of the DCOR trial, in which
Medicare costs for most of the study participants could be
directly evaluated.” They evaluated the Medicare total, inpa-
tient, outpatient, skilled nursing facility, and other costs for
sevelamer- versus calcium-treated patients, in addition to the

costs of the medications themselves. The results of DCOR
had shown no difference in overall mortality, but suggested a
significantly lower hospitalization rate and number of hospital
days for patients using sevelamer versus calcium carbonate.*
Thus, in this study, the authors intended to understand whether
the increased cost of therapy is offset by decreased medical
costs.” They showed that Medicare costs were US$2,388
less for sevelamer-treated than for calcium-treated patients,
mainly due to lower hospitalization costs. Outpatient costs
were similar for the sevelamer and calcium groups despite
outpatient monthly intravenous vitamin D costs of US$82 per
patient higher for sevelamer-treated than for calcium-treated
patients. However, once the costs of the phosphate binders
were included, overall monthly medical costs were greater for
sevelamer-treated than for calcium-treated patients by US$81
per patient using average wholesale price and US$25 per
patient, using wholesale acquisition costs.”

In another study, Thompson et al in the UK used data
from the INDEPENDENT-CKD study, to estimate total life
years (LYs), QALYs, and costs, for patients treated with
sevelamer or calcium carbonate.**® Incremental costs per
LY gained (LYG) and cost per QALY gained for sevelamer
versus calcium carbonate, were evaluated, using a Markov
decision analytic model. Over a lifetime horizon, sevelamer
treatment resulted in a gain of 2.05 LYs and 1.56 QALYs
per patient, an increase of £37,282 in total costs per patient
versus calcium carbonate, and a per-patient cost of £18,193/
LYG and £23,878/QALY gained. The probabilistic sensitivity
analysis showed that sevelamer was cost-effective compared
to calcium carbonate in 93% of simulations, at a willingness-
to-pay threshold of £30,000/QALY gained.® It should be
noted that the patient cohort on INDEPENDENT- CKD study
were in stage 3 and 4 of CKD and not dialysis patients, for
whom the extra costs of dialysis should be included.

Another study that used the UK National Health Service
(NHS) perspective and final results of the DCOR study,
showed that the use of sevelamer resulted in a gain of ~0.73
LYs and 0.44 QALYs per patient. Total per-patient costs
were higher for sevelamer, resulting in an incremental cost of
£22,157 per QALY gained and £13,427 per LYG (in £2009).
Increasingly favorable cost per QALY ratios were observed
with increasing age. They concluded that in dialysis patients,
treatment of hyperphosphatemia with sevelamer offers good
value for money compared with calcium-based binders.*!

Finally, Taylor et al found an incremental gain of 0.24
QALYs in CKD patients receiving sevelamer compared to
calcium salts and almost similar cost per QALY with an
incremental cost per QALY of £27,120 and an incremental
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cost per LYG of £15,508 for sevelamer, which was similar
to calcium acetate.®” They concluded that together with the
unique morbidity and mortality benefits, treatment with
sevelamer confers clinical benefits with a modest investment
of additional economic resources.

Overall, examining all of these studies, it seems that
sevelamer increases QOL and possibly LYs, with a higher
cost compared to calcium-based phosphate binders, and it
will be a decision of health care strategists whether to accept
these extra costs or not.

Conclusion

Sevelamer is a very useful drug for phosphate control, reduc-
tion of hypercalcemia, and lessening the risk of adynamic
bone disease and vascular calcification, which could possibly
lower mortality among CKD and dialysis patients. It has a
higher economic burden on health care systems, which may
partially be offset by a lower rate of hospitalization compared
to calcium-based phosphate binders. It increases quality
adjusted LY's, and although this may not be cost-beneficial in
some societies, the great achievement of increased LY's and
QOL cannot be undermined. Sevelamer is recommended in
major CKD guidelines at least in special medical conditions.
The situation may be totally different in developing countries
with lower health care budgets and should be studied accord-
ing to local socioeconomic and budget conditions.
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