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Abstract

Introduction: Phosphate binders are commonly used in patients receiving

kidney replacement therapy (KRT), aiming to reduce and maintain serum

phosphorus. Chronic kidney disease-mineral and bone disorder has been

linked to reduced lifespan and worsened quality of life. This study aims to

examine the efficacy and safety of sucroferric oxyhydroxide versus sevelamer

carbonate in patients receiving KRT.

Methods: The data sources examined were MEDLINE (PubMed), Scopus, and

the Cochrane Central Register of Controlled Clinical Trials with a search dead-

line of October 2023. We examined randomized controlled trials that com-

pared sucroferric oxyhydroxide versus sevelamer carbonate in the adult

population receiving KRT. We performed a meta-analysis combining the data

from trials, using R-studio.

Findings: Inclusion criteria were met by five randomized trials. There was no

statistically significant difference in the reduction of serum phosphorus

between the two groups (MD: �0.07 mmol/L, 95% CI-random effects: �0.15 to

0.02). In the same line, a non-statistically significant difference was observed

in serum i-PTH reduction between the two drugs (MD = �1.53 mg/dL, 95%

CI = (�4.45, 1.4), p = 0.26, random effects model). No statistically significant

difference was observed in all adverse events between the two groups (odds

ratio: 1.11, 95% CI: 0.65–1.88, random effects model). Further analysis of gas-

trointestinal adverse events revealed that sevelamer carbonate increases gas-

trointestinal adverse events by up to 60% (odds ratio: 1.60, 95% CI: 1.31–1.97,
common (fixed) effect model).
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Discussion: This meta-analysis of randomized trials showed that both drugs,

sucroferric oxyhydroxide and sevelamer equally and effectively controlled

serum phosphorus levels, whereas sucroferric oxyhydroxide revealed a better

profile in terms of gastrointestinal adverse events. Sucroferric oxyhydroxide is

a valuable option for patients receiving KRT when sevelamer carbonate is

more difficult to tolerate.

KEYWORD S
meta-analysis, randomized clinical trials, renal replacement therapy, sevelamer carbonate,
sucroferric oxyhydroxide

INTRODUCTION

Hyperphosphatemia is a common and clinically signifi-
cant complication in severe chronic kidney disease
(CKD), associated with higher cardiovascular adverse
events and higher mortality rates. In addition, it has
emerged as an important prognostic marker, with pub-
lished data to consistently demonstrate a correlation
between elevated phosphate levels and increased mortal-
ity in both CKD and non-CKD populations. Particularly,
individuals with elevated serum phosphate levels are at
increased risk of developing cardiovascular complica-
tions, including hypertension, left ventricular hypertro-
phy, atherosclerosis, vascular calcification, and cardiac
vascular calcification.1

Hyperphosphatemia and its management remain a
compelling challenge to attending nephrologist, espe-
cially in dialysis patients, requiring a sophisticated
approach in order to optimize phosphate control while
minimizing potential adverse effects. Among various
phosphate binders, sevelamer carbonate and calcium ace-
tate are currently the most prescribed.2

Sevelamer carbonate, a non-calcium-based phosphate
binder, has long been a mainstay in the armamentarium
against hyperphosphatemia. Its ability to bind phosphate
without affecting calcium levels, has made it a valuable
alternative, particularly in dialysis patients where cal-
cium balance is critically managed.3 Sucroferric oxyhydr-
oxide, an iron-based phosphate binder, has emerged as a
novel player in the field, offering an alternative approach
to phosphate control, also without impairing calcium
levels.4

As the landscape of phosphate binder options evolves,
a comprehensive understanding of the comparative effec-
tiveness, safety profiles, and patient outcomes associated
with these two, most prescribed, non-calcium phosphate
binders become imperative. This meta-analysis aims to
bridge current knowledge gaps by synthesizing data from
randomized clinical trials, systematically assessing and
comparing the impact of these two phosphate binders on

phosphate levels, treatment adherence, and adverse
events in dialysis patients.

MATERIALS AND METHODS

Databases

Data sources included MEDLINE (PubMed), Scopus and
the Cochrane Central Register of Controlled Clinical Tri-
als with a search deadline of October 2023 (Figure 1). We
searched for randomized controlled trials comparing
sucroferric oxyhydroxide with sevelamer carbonate in the
adult population undergoing renal replacement therapy.
The algorithm used was (sucroferric oxyhydroxide OR
velphoro) AND (sevelamer carbonate) AND (dialysis)
combined with the Cochrane algorithm for identifying
randomized clinical trials: AND (“Clinical Trials as
Topic”[Mesh] OR “randomized controlled trial”[pt] OR
“controlled clinical trial”[pt] OR randomized[tiab] OR
placebo[tiab] OR randomly[tiab] OR trial[tiab]).

Study selection

Two blinded reviewers (C.G. and A.D.) screened titles
and abstracts according to the eligibility criteria, while a
third independent reviewer (A.K.) resolved any disagree-
ments that occurred with a third vote.

The inclusion criteria were, (1) randomized controlled
trials in the adult population (>18 years of age) receiving
KRT, both modalities, hemodialysis, and peritoneal dialy-
sis (2) articles published in English language.

The exclusion criteria were, (1) studies with patients
<18 years of age, (2) observational studies, and (3) system-
atic reviews.

All randomized trials that compared sucroferric oxy-
hydroxide versus sevelamer carbonate in the adult popu-
lation undergoing dialysis met the inclusion criteria and
were included in the qualitative synthesis.
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Data collection

Data from studies were extracted by two blinded
reviewers (C.G. and A.D.) and a third independent
reviewer (A.K.) resolved differences that occurred with a
third vote. Data extraction followed the PICOS protocol
(population, intervention, comparison, outcome, study
type).5

Outcome

The primary endpoint of this study is the change in the
serum phosphorus levels from baseline to end of treat-
ment. Secondary outcomes were the change in the serum
i-PTH levels from baseline to end of treatment as well as

the adverse events ratio during the treatment study
period. As gastrointestinal side effects are among the
most common for both drugs and a frequent cause for
drug discontinuation of patient non-adherence, a sepa-
rate analysis was performed regarding the adverse events
of gastrointestinal interest.

Statistical analysis

All extracted data analysis, as well as the plot formation
was conducted using R-studio (Version: 2023.09.1 + 494)
and the meta package.6 The effect size was estimated
using weighted mean differences for continuous out-
comes (serum phosphorus, i-PTH) and odds ratio for
dichotomous outcomes (adverse events).

F I GURE 1 PRISMA flow

diagram. PRISMA, Preferred

Reporting Items for Systematic

Reviews and Meta-Analyses.
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Statistically significant outcomes were considered
with a p-value <0.05.

According to recent evidence the random effects
model provides a more robust and conservative approach
to the result of the meta-analysis compared to the com-
mon effect model, especially in this meta-analysis were it
is to be expected for high heterogeneity between the
studies.

However, we decided to present both models in our
meta-analysis, since we believe that the presentation of
both models provides a better overall understanding
of the underlying heterogeneity.

The Hartung-Knapp method7 was applied to adjust
the confidence intervals of the random effects and com-
mon effect model, respectively.

Heterogeneity was assessed using the I2 and the
Q statistic8 whereas an I2 of 0%–30% was considered as
low heterogeneity, 30%–50% as medium heterogeneity
and >50% as significant heterogeneity.

A Q statistic with a p-value <0.1 was considered as
statistically significant for great heterogeneity.

Since only five studies were included in the overall
analysis, we were reluctant to perform sub-group analysis
or meta-regression since the Cochrane Handbook of sys-
tematic reviews and Interventions does not
recommend it.

Assessment of bias

The assessment for bias risk was performed by two inde-
pendent authors (C.G. and A.D.) using the Rob-2 tool9

(Figure 2).

RESULTS

Selection of studies and characteristics

A total of 144 studies were identified in the initial search
(Figure 1). After removing 82 duplicate records, 62 articles
were screened. Of these, 42 articles were excluded based on
the evaluation of title or abstract, leaving a total of 20 studies
to be assessed for eligibility. Six studies were further
removed because they included duplicate data, in addition
to five systematic reviews, three studies of post-hoc analysis,
and one economic study, resulting in five studies being
included in the final analysis and qualitative synthesis.

All five studies were randomized trials, with each one
mentioning randomization, and three of them describing
the exact randomization process.10–12 The treatment
duration across these studies ranged from 6 to 28 weeks,
with a total of 2409 patients enrolled. All five studies
obtained a written informed consent from all
patients.13,14 There were no statistically significant differ-
ences in the basic characteristics of the patients between
the studies (age, sex, reason for inclusion in hemodialy-
sis, comorbidities, country of origin). In Wuthrich’s study
five different dosage regimens (1.25, 5, 7.5, 10.0, and
12.5 g) were used, each analyzed separately. The basic
characteristics of the studies included in the meta-
analysis are mentioned in Table 1.

Effects on serum phosphorus and i-PTH

No statistically significant difference was observed
between the two interventions (MD = �0.07 mg/dL, 95%

F I GURE 2 Risk of bias plot for assessing the risk of bias.
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CI = (�0.15, 0.02), p = 0.11, random effects model)
(Figure 3). Although no significant heterogeneity was
detected (I2 = 49%, p-value-Q statistic = 0.08), we believe
the random effects model provides a more robust and
conservative approach to these meta-analysis results. The
prediction interval, as provided by the meta package,
further confirms this outcome (95% CI = �0.20, 0.7), sug-
gesting that future studies are projected to yield non-
statistically significant differences in the reduction of
serum phosphorus between the two drugs.

In the analysis of serum i-PTH the random effects
model shows no statistically significant difference
between the interventions (MD = �1.53 pg/mL, 95%
CI = (�4.45, 1.4), p = 0.26). Despite the lack of signifi-
cant heterogeneity (I2 = 36%, p-value-Q statistic = 0.13),

the variance between the two models suggests heteroge-
neity between the studies. This is further confirmed by
the non-statistically significant prediction interval
(CI = �6.18, 3.12) (Figure 4).

Estimating safety

All adverse events

The analysis of all adverse events revealed no statistically
significant difference in the occurrence of adverse events
between the two drugs (odds ratio = 1.11, 95% CI =
[0.65, 1.88], p = 0.67, random effects model) (Figure 5).
Significant heterogeneity was observed (I2 = 88%,

TAB L E 1 Characteristics of included studies.

Author
No. of patients (sucrofferic
oxyhydroxide/sevelamer) Mean age Male (%) HD or PD

Duration-treatment
(weeks) Race

Floege11 1041 (694/347) 56.3 57.8 Both 24 Caucasian/African

Floege10 644 (384/260) 56.8 58.5 Both 28 Caucasian/African

Wüthrich13 150 (126/24) 60.5 63.5 HD 6 Caucasian

Koiwa12 192 (100/92) 61 60 HD 12 Asian

Liu14 286 (142/144) 49.7 60.2 Both 12 Asian

Abbreviations: HD, hemodialysis; PD, peritoneal dialysis.

F I GURE 3 Forest plot on weighted mean difference of serum phosphorus between sucrofferic oxyhydroxide and sevelamer carbonate.

Wuthrich’s study contained five different dosage regimens and were analyzed separately in the final analysis.
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p-value-Q statistic < 0.01), suggesting that the random
effects model is more appropriate for estimating the effect
size. Due to the very high heterogeneity, the prediction

interval is quite large and non-statistically significant
(CI = 0.22, 5.65). A list of all adverse events presented in
each study is depicted in Table 2.

F I GURE 4 Forest plot on weighted mean difference of serum i-PTH between sucrofferic oxyhydroxide and sevelamer carbonate.

Wuthrich’s study contained five different dosage regimens and were analyzed separately in the final analysis.

F I GURE 5 Forest plot, odds ratio for all adverse events between sucrofferic oxyhydroxide and sevelamer carbonate. Wuthrich’s study
contained five different dosage regimens and were analyzed separately in the final analysis.
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Gastrointestinal adverse events

The analysis of the gastrointestinal adverse events revealed
a statistically significant result favoring sucroferric oxy-
hydroxide in reducing adverse events up to 60% (odds
ratio = 1.60, 95% CI = [1.31, 1.97], p < 0.001, common
effect model) (Figure 6). No heterogeneity was observed
(I2 = 0%, p-value-Q statistic = 0.94) and both the random
effects and common effect models provided almost identi-
cal results. The prediction interval further supports this
result (95% CI = 1.25–2.05), indicating that future studies
are projected to yield the same results.

Sensitivity analysis

We performed a sensitivity analysis by excluding the trial
with the greatest weight and observed no change in the
result of heterogeneity.

Publication bias

A funnel plot was examined thoroughly for both continu-
ous and dichotomous outcomes (Figure 7). Asymmetry in
the funnel plot suggests a high likelihood of a small study

TAB L E 2 List of treatment related adverse events per study.

Study name year population (sucrofferic
oxyhydroxide/sevelamer)

Floege11

(694/347)
Floege10

(384/260)
Wüthrich13

(126/24)
Koiwa12

(100/92)
Liu14

(142/144)

Diarrhea 21/3 32/15 7/3 27/3 17/4

Constipation 5/34 0/0 4/0 0/19 2/11

Vomiting 7/3 0/0 3/1 0/0 3/1

Nausea 7/6 23/11 0/0 0/0 9/7

Hypophosphatemia 0/0 22/14 20/3 0/0 0/0

Discolored feces 0/0 0/0 15/0 0/0 44/0

Abdominal pain 2/11 1/9 0/0 0/3 1/4

Pruritus 0/0 0/0 0/0 0/0 2/3

Death 0/0 7/7 0/0 0/0 1/0

F I GURE 6 Forest plot, odds ratio for gastrointestinal adverse events between sucrofferic oxyhydroxide and sevelamer carbonate.

Wuthrich’s study contained five different dosage regimens and were analyzed separately in the final analysis.
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effect as well as publication bias. However, Egger’s test
could not be performed due to the limited number of
studies (<10) included in the meta-analysis.

DISCUSSION

The outcomes of this meta-analysis provide vital insights
into the comparative efficacy and safety of sucroferric
oxyhydroxide and sevelamer carbonate in dialysis
patients, especially regarding the control of serum phos-
phorus and related adverse events. We synthesized data
from multiple randomized clinical trials, which revealed
no significant difference in reducing serum phosphate
and i-PTH levels between the two agents.

Two previous meta-analyses have investigated a simi-
lar primary outcome with our study. The first one, a net-
work meta-analysis performed by Palmer et al.15

suggested that iron-based binders may lower serum phos-
phorus more effectively. However, given that our meta-
analysis is a direct head-to-head comparison of the two
interventions, and includes two additional randomized
trials conducted between 2016 and 2023, we believe that
the present analysis, which relies on direct evidence,
yields a statistically more robust result. Our main finding
of similar efficacy in controlling serum phosphorus
between sucroferric oxyhydroxide and sevelamer carbon-
ate is also supported by a more recent meta-analysis per-
formed by Xie et al.16 that included four randomized

trials and compared the two interventions head-to-head
as well.

In the analysis of i-PTH, the random effects model
seems to provide the same results. No statistically signifi-
cant difference in the reduction of i-PTH between the
two interventions is observed. These findings suggest that
both agents are effective in addressing the primary goal
of managing hyperphosphatemia and associated mineral
and bone disorders in the dialysis population.

It is widely known that non-calcium containing phos-
phate binders compared with calcium containing binders
reduce mortality among patients with CKD. A meta-
analysis performed by Jamal et al.17 reported lower all-
cause mortality among patients randomly assigned to
receive non-calcium-based binders compared with
calcium-based binders. This analysis included patients on
dialysis and those with non-dialysis CKD, showing simi-
lar reductions in mortality. Another meta-analysis per-
formed by Patel et al.18 also showcased a lower all-cause
mortality in the sevelamer carbonate group when
compared to calcium-based phosphate binders. These
findings regarding mortality could derive from the well-
known effect of vascular calcification of calcium-based
phosphate binders leading to increased morbidity.19

Within the broader context of safety outcomes, our
meta-analysis uncovers an intriguing pattern. While
there was no statistically significant difference in the
overall occurrence of adverse events between sucroferric
oxyhydroxide and sevelamer carbonate, a notable

F I GURE 7 Funnel plot, assessing for small study effect and publication bias.
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distinction arises when specifically examining gastroin-
testinal adverse events. While sucroferric oxyhydroxide
does in fact present a greater percentage of diarrhea
events, when all gastrointestinal adverse events were ana-
lyzed, a marked safety advantage emerged, reducing all
gastrointestinal side effects by up to 60% compared to
sevelamer carbonate. The improved safety profile of
sucroferric oxyhydroxide in mitigating side effects could
potentially lead to better treatment adherence and greater
patient tolerability. The preferential reduction of gastro-
intestinal adverse events with sucroferric oxyhydroxide
may be particularly relevant for patients who have previ-
ously experienced challenges or intolerances with other
phosphate binders, including sevelamer carbonate.
Improved tolerability is not only pivotal for patient com-
pliance but also has implications for long-term treatment
success and the overall quality of life in individuals on
dialysis. The negative impact of hyperphosphatemia and
uncontrolled CKD-mineral and bone disorder on the
quality of life in hemodialysis patients is highlighted in a
cross-sectional study by Luo et al.20

Adding to the similar efficacy and better gastrointesti-
nal safety profile of sucrofferic oxyhydroxide, another
advantage of this drug is its lower pill burden compared
to sevelamer carbonate, as highlighted in Floege’s and
Wuthrich’s studies.

In conclusion, the findings of this meta-analysis
provide a comprehensive view of the comparative effi-
cacy and safety of sucroferric oxyhydroxide versus
sevelamer carbonate in dialysis patients. Especially in
patients that struggle with gastrointestinal adverse
events, our meta-analysis indicates that sucroferric
oxyhydroxide may provide an overall better safety pro-
file. The comparable efficacy in controlling phosphate
and i-PTH levels, along with the superior safety profile
of sucroferric oxyhydroxide for gastrointestinal adverse
events, offers valuable insights for clinicians in making
informed decisions about phosphate binder selection,
tailoring treatment approaches aligned with patient
preferences.21–41

Limitations of the study

While this meta-analysis offers valuable insights into the
comparative efficacy and safety of the intervention’s stud-
ies, it is crucial to interpret the findings within the con-
text of its inherent limitations. The limited inclusion of
only five studies may affect the generalizability and
robustness of the results, consequently limiting the statis-
tical power and precision of the observed effects. The lack
of subgroup analysis or meta-regression, due to the small
sample size further, restricts our ability to explore

potential sources of heterogeneity and identify subtle pat-
terns within the data. Moreover, the open-label design of
the included studies may introduce performance and
detection bias, which could influence both the reported
outcomes and the interpretation of adverse events. The
presence of a small study effect and publication bias also
raises concerns about the reliability of the observed effect
sizes, as smaller studies with significant findings may be
overrepresented in the literature. Further research with
larger, more diverse cohorts is necessary to strengthen
the evidence base.
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