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Abstract

Background: Hyperphosphatemia is a great challenge for all countries, which
contributes to vascular calcification and is associated with all-cause mortality for
patients with chronic kidney disease. There are evidences showing the better
efficacy in mortality, hospitalization of non-calcium based phosphate binders
versus calcium-based phosphate binders. This study aims to provide scientific
evidence on economic evaluation between two new non-calcium based phosphate
binders, sevelamer and lanthanum, among end-stage renal disease patients in
China through cost-minimization analysis from a patient perspective.

Methods: A cost-minimization analysis comparing sevelamer and lanthanum
was conducted based on a review of current clinical evidence in treating
hyperphosphatemia in China. The local unit costs, the equivalent dose ratios,
estimated daily doses and survival extrapolation in published studies were applied.

Results: Our cost analysis indicates that sevelamer is likely to cost less than
lanthanum in the local context of China with potential savings of up to approximately
RMB 38,000 per patient over an estimated survival projection of 5.38 years for a
dialysis patient with hyperphosphatemia.

Conclusion: For the treatment of hyperphosphatemia in end-stage renal disease
patients in China, our analysis demonstrates sevelamer being likely a cost-saving
option compared to lanthanum, both non-calcium based phosphate binders that
provide more efficacious alternatives than calcium-based phosphate binders.
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In China, the guidance issued by national nephrology

society suggests that serum phosphate level should be

Hyperphosphatemia is a common complication in end-stage

renal disease (ESRD) in China with a prevalence of 57.4% in
hemodialysis patients and 47.4% in peritoneal dialysis patients
[1]. Due to the reduction in filtered phosphate from impaired
glomerular filtration rates, serum phosphate level increases
secretion of parathyroid hormone as a compensation, which
leads to calcium phosphate release from the bone and
therefore complications such as mineral and bone disorder and
cardiovascular calcification [2].

maintained between 1.13-1.78 mmol/L for ESRD patients
with hyperphosphatemia [3]. However, 27.4% of hemodialysis
patients and 25.0% of peritoneal dialysis patients with
hyperphosphatemia were reported in a national dialysis survey
not treated with any phosphorus binders [1]. Uncontrolled
hyperphosphatemia contributes to the development of
secondary hyperparathyroidism, renal osteodystrophy, vascular
calcification, and a graded increase of all-cause mortality in
dialysis patients [4-8]. Calcium-based binders, despite the
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effectiveness in decreasing serum phosphate level, were reported
potentially to increase the risk of hypercalcaemia therefore
increase risk for vascular calcification and intact parathyroid
hormone disorder [9]. Numerous studies demonstrated that the
daily calcium intake was correlated with the condition of vascular
calcification [10,11] which is a significant risk factor for and highly
correlated with cardiovascular diseases and mortality [12,13].
In response to these concerns, both international [14] and local
[3] guidelines recommend calcium-based binders are restricted
for hyperphosphatemia in patients with persistent/ recurrent
hypercalcaemia, calcification, persistently low PTH, and/or a
dynamic bone disease. Newer treatment options such as non-
calcium based binders including sevelamer and lanthanum are
also recommended for hyperphosphatemia in patients with
ESRD. The Dialysis Clinical Outcomes Revisited (DCOR) study
demonstrated that patients assigned to sevelamer were found to
have 15% risk decrease in length of hospital stay compared to
patients assigned to calcium based binders [15]. In a recent meta-
analysis, a significant lower risk of all-cause mortality by 12% was
concluded for chronic kidney disease (CKD) patients treated with
non-calcium based binders [16].

Non-calcium based phosphate binders such as sevelamer
carbonate (Renvela®) and lanthanum carbonate (Fosenol®) have
been available as self-pay items in China since 2013 and 2012
respectively. However, our review did not find any published
economic analysis of non-calcium based phosphate binders for
hyperphosphatemia in the local context of China. Both US and
one Canada based cost studies concluded that the conversion
from sevelamer to lanthanum was a potentially cost-saving
or cost-effective strategy [17,18] for achieving similar serum
phosphate reduction in patients with ESRD. A more recent cost-
minimization analysis showed that conversion to lanthanum from
sevelamer carbonate reduced drug costs and tablet burden in the
event where the total daily dose of sevelamer was 5,600 mg or
higher in the setting of the US [19]. It is worthwhile to note that as
the unit costs and the average daily doses of both products may
vary across different countries, any cost analysis and comparison
between different products should be locally specific.

Clinical studies conducted in overseas have shown comparable
efficacy for sevelamer and lanthanum in terms of serum
phosphate and calcium control, and both are safe and well-
tolerated in patients under hemodialysis [20,21]. Similar serum
phosphate relative reduction was also observed in separate
Chinese placebo controlled studies of sevelamer (-0.63 mmol/L)
[22] and lanthanum (-0.48 mmol/L) [23]. Therefore, based on a
conservative assumption of equivalent efficacy of both treatments,
we performed a cost-minimization analysis to compare sevelamer
and lanthanum in treating hyperphosphatemia among patients
with ESRD in China.

Methods

Published international and local studies of non-calcium based
phosphate binders were searched and reviewed. Research written
in English or Chinese and published before June 2015 wasidentified
using PubMed, CNKI, and Wanfang Med database searches.
Assuming equivalent efficacy of both treatments, we conducted
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a Microsoft Excel based cost-minimization analysis between
the two non-calcium based phosphate binders, sevelamer and
lanthanum, among dialysis patients with hyperphosphatemia in
the setting of China. Published clinical studies on equivalent dose
ratios between sevelamer and lanthanum were searched and
extensively reviewed. Exclusion criteria included crossover study
of unidirectional design and high concomitant dose of calcium
based phosphate binders with daily intake of 500 mg and above.
Based on the findings in these studies, we estimated the likely
therapeutically equivalent doses of the two binders in controlling
and maintaining the recommended serum phosphate level among
Chinese patients with dialysis. As both the products are not
currently reimbursed by public payers, we conducted the analysis
from a patient perspective. Published local unit drug prices were
applied to estimate the daily cost of sevelamer and lanthanum.
The published survival projection for the same patient population
was referenced to complete the analysis on a lifetime horizon.
Sensitivity analysis was conducted to evaluate the impact of
projected survival duration. The analyses also conservatively
assumed no difference in complication and hospitalization rates
between the two binders. As such only the acquisition costs of
these two drugs were considered in our analysis.

Results

Four clinical studies investigating equivalent dose ratio of
sevelamerandlanthanumwereidentified. Spragueetal.compared
the reduction of serum phosphorus through a crossover study of
hemodialysis patients [21]. The primary analysis of data from this
study suggests that at the doses compared, lanthanum carbonate
(3,000 mg/day) and sevelamer hydrochloride (6,400 mg/day) are
effective phosphate binders that reduce serum phosphorus to a
similar degree. In a large cohort study of real world patients with
ESRD, the overall mean sevelamer hydrochloride/ carbonate:
lanthanum carbonate dose-relativity ratio of 2.27 (95% Cl, 2.04 to
2.52) [24] was reported in Keith et al. The unidirectional switching
study from lanthanum to sevelamer based on a post hoc analysis
by Wilson et al. was excluded [25]. The Japanese study by Satoshi
et al. was excluded for the average baseline calcium carbonate
dose of greater than 500mg daily (1,790 mg) which also probably
explains relatively lower daily sevelamer (2,971 * 1,464 mg) and
lanthanum doses (945 + 449 mg) [26].

For the cost-minimization analysis, the equivalent dose ratios in
both Sprague et al. (scenario 1) and Keith et al. (scenario 2) were
therefore used to estimate the therapeutically equivalent average
daily dose of sevelamer and lanthanum. In scenario 1, based on
the equivalent dose ratio of sevelamer/lanthanum at 2.13 [21],
the daily dose of sevelamer in Chinese patients was estimated
at 4,392 mg by using the average dose of 2,062 mg lanthanum
derived from an multi-center randomized controlled trial in China
[23]. Given that the retail pharmacy prices of RMB 14.53 per
tablet of Renvela® (sevelamer carbonate 800 mg) [27] and RMB
24.00 per tablet of Fosenol® (lanthanum carbonate 500 mg) [28],
the daily drug costs were RMB 79.77 and RMB 98.98 respectively
for sevelamer and lanthanum. This implies estimated daily cost
difference of RMB 19.21 and therefore annual cost difference of
RMB 7,012 as a potential total cost-saving for a patient treated
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with sevelamer. In scenario 2, using a different dose-relativity
ratio of 2.27, the daily drug cost of sevelamer (4,681 mg) was
estimated at RMB 85.01 compared to RMB 98.98 for daily dose
of lanthanum at 2,062 mg in China. Potential annual cost saving
of RMB 5,099 was estimated in the same comparison remains
despite smaller daily cost difference between the two non-
calcium based binders.

A potential lifetime cost savings of RMB 37,725 and RMB 27,437
were estimated in the two scenarios respectively for a patient
treated with sevelamer instead of lanthanum by applying the
estimated cost differences to an expected life year of 5.38 years
[28] that was projected in the cost-effectiveness analysis of
lifetime horizon by Bernard et al. The average lifetime cost saving
remains above RMB 20,000 for a sensitivity analysis of assuming a
similar expected life year of 4.33 years as projected in a separate
economic evaluation [29] (Table 1).

Discussion

Apart from health issues caused by disease, the medication and
relevant healthcare costs are important concerns to healthcare
system for all countries. In countries such as China, accessibility is
a valid challenge for treatments which are available as fully self-
pay items [30]. In addition, affordability is an important factor
affecting adherence [31].

New generation phosphate binders, both sevelamer and
lanthanum are now available in China. Published evidence has
shown that non-calcium phosphate binders are efficacious
and well tolerated for the treatment of hyperphosphatemia
in hemodialysis and peritoneal-dialysis patients. Outcomes
improvements such as reduced hospitalization rate and lower
mortality risk were also demonstrated for non-calcium based
phosphate binders such as sevelamer in comparison to calcium
based phosphate binders [15,16].

Although non-calcium based phosphate binders are more
costly than calcium based binders, their benefits in reducing
hospitalization and mortality could be translated to economic
benefits considering not only drug acquisition cost but also
other medical costs in a cost-effectiveness analysis from both
payer and societal perspectives for the local context in China.
Overseas, a number of economic evaluations on non-calcium
based phosphate binders for treatment of hyperphosphatemia
have been published in the context of various countries by
applying the relative risk data shown in relevant clinical studies or

Table 1 Cost analysis on sevelamer versus lanthanum.
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meta-analysis for different patient groups of interest [32-35]. For
example, a cost-effectiveness analysis concluded that sevelamer
offered good value for money compared with calcium-based
binders for treatment of hyperphosphatemia among CKD patient
on dialysis from the perspective of the National Health Services
in UK [30]. Nevertheless, the economic benefits such as reduced
hospitalization and mortality should be investigated among the
Chinese patients.

Our cost-minimization analysis using a simple illustration for
a treatment period of slightly over 5 years shows an estimated
total cost savings of RMB 38,000 for a patient treated with
sevelamer instead of lanthanum. However, the uncertainty in this
analysis lies within the variability of dose-relativity ratio between
sevelamer and lanthanum. Based on the current retail prices of
Renvela® and Fosenol® in China, the inflection point is slightly
below 2.65, at which where there is no daily cost difference
between the two non-calcium phosphate binders. In other
words, the cost of a daily dose of 5,464 mg of sevelamer would
be equivalent to that of a daily dose of 2,062 mg of lanthanum.
This is far above the mean dose-relativity ratio of 2.13 as shown
in the clinical study by Sprague et al. and 2.27 in the recent study
using real world observational data in US by Keith et al. [24]. On
a separate note, a dose relativity ratio of 2.08 for sevelamer:
lanthanum could be derived based on the relative phosphate
binding coefficients estimated for sevelamer (0.75), lanthanum
(2.0), calcium carbonate (1.0) and calcium acetate (1.4) in a
review by Daugirdas et al. in dialysis patients [36]. In addition,
a local double blind, placebo controlled and randomized clinical
study of 205 dialysis patients with hyperphosphatemia reported
an average sevelamer dose of 4.5 g [37] within the range of
above estimated sevelamer daily doses from two different
dose-relativity ratios. In reference to this average daily dose of
sevelamer, the dose relativity ratio for sevelamer dose subgroup
2,400 to 4,800 mg daily was 2.1 in Wilson et al. similar to the ratio
of 2.13 (6,400 mg/3,000 mg) reported by Sprague et al. [21]. In
fact, a lower ratio of 1.45 was estimated for the same sevelamer
dose subgroup in Keith et al. [24]. Therefore, we believe that our
analysis has been conservative in concluding the potential saving
of patients treated with sevelamer in the context of China.

However, we recommend that a clinical study on dosing
conversion between sevelamer and lanthanum to be conducted
among the Chinese patients as the dose-relativity ratio may vary
by race. Furthermore, serum phosphate level and hence the dose

. scenaiol _______ Scenaio2 |

Equivalent Dose Relativity Ratio

Derived Daily Dose of Sevelamer

Daily Dose of Lanthanum

Daily Cost of Sevelamer (Renvela® 800 mg @ RMB 14.53)
Daily Cost of Lanthanum (Fosenol® 500 mg @ RMB 24.00)
Estimated Daily Cost Difference (sevelamer vs. lanthanum)
Estimated Annual Cost Difference (sevelamer vs. lanthanum)

Estimated Total Cost Difference — Average Life Years of 5.38 (sevelamer vs.
Estimated Total Cost Difference — Average Life Years of 4.33 (sevelamer vs. lanthanum)
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of the binders are subject to dietary intakes which tend to be
different due to race, culture and geographical region.

Conclusion

For the treatment of hyperphosphatemia in ESRD patients in
China, our analysis demonstrate sevelamer being likely a cost-
saving option compared to lanthanum, both non-calcium based
phosphate binders that provide more efficacious alternatives
than calcium-based phosphate binders.
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