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Abstract: Objective: To comprehensively investigate the efficacy and safety of lanthanum carbonate in conjugation
with calcium carbonate combination in hemodialysis patients with hyperphosphatemia via a meta-analysis of ran-
domized controlled trials (RCTs). Method: We conducted a literature search in databases of PubMed, Embase, and
Web of Science for RCTs investigating the effect of lanthanum carbonate in combination with calcium carbonate
for treating hyperphosphatemia in hemodialysis patients. The search covered all studies from the inception of the
database until October 2023. Data extraction and quality assessment were performed on eligible studies, followed
by a meta-analysis using RevMan5.3 software. Results: Ten studies fulfilling the inclusion criteria were included,
with a sample size of 475 patients (256 in the experimental group who received lanthanum carbonate and calcium
carbonate; 219 in the control group who received calcium carbonate alone). The experimental group showed a
significantly higher clinical response rate compared to the control group [Relative Risk (RR) = 1.21, 95% Cl = (1.12,
1.30), P < 0.01]. Moreover, the serum phosphorus levels [MD = -0.34, 95% CI = (-0.39, -0.29), P < 0.01], serum
calcium levels [MD = -0.09, 95% CI = (-0.14, -0.05), P < 0.01], serum intact parathyroid hormone (iPTH) levels [MD
=-35.05, 95% Cl = (-45.31, -24.796), P < 0.01], and the incidence of adverse reactions [RR = 1.22, 95% Cl = (1.08,
1.39), P < 0.01] were all lower in the experimental group compared to those in the control group. The funnel plot ex-
hibited symmetrical distribution, and Egger’s and Begg’s tests did not reveal any evidence of significant publication
bias (all P > 0.05). Conclusions: The combined use of lanthanum carbonate and calcium carbonate demonstrates
a superior clinical efficacy in the management of hyperphosphatemia in hemodialysis patients, as compared to the
use of calcium carbonate as a standalone treatment. To corroborate these findings, it is essential to conduct ad-
ditional multi-center, RCTs with substantial sample sizes.
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Introduction

Hyperphosphatemia, characterized by elevated
phosphorus levels in the blood, is a common
concern for individuals undergoing dialysis [1].
This is primarily because the kidneys, the
organs responsible for filtering waste products
and excess minerals from the blood, are unable
to perform this function effectively in patients
with renal impairment [2]. Consequently, pa-
tients undergoing dialysis often struggle to
maintain normal phosphorus levels. To combat

hyperphosphatemia, several strategies are
employed, such as dietary modifications to
reduce phosphorus intake, the administration
of phosphate binders to facilitate the excretion
of excess phosphorus, and adjustments to dial-
ysis regimens, including increasing the frequen-
cy or duration of dialysis sessions [3, 4].
Additionally, vigilant monitoring and precise
adjustments of calcium, phosphorus, and para-
thyroid hormone levels, are essential for effec-
tive hyperphosphatemia management [5]. In
cases of severe hyperphosphatemia that can-
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not be controlled through non-pharmacolo-
gical measures, drug therapy or other more
invasive treatments may be necessary [6].
Consequently, the management of hyperphos-
phatemia in patients on dialysis necessitates a
holistic approach, considering the patient’s
overall health status and treatment goals. This
approach should be customized by healthcare
providers to optimize outcomes.

Oral phosphorus binders are a major treatment
strategy to reduce hyperphosphatemia. These
agents work by binding to phosphorus in food
within the gastrointestinal tract, thereby inhibit-
ing its absorption into the bloodstream [7]. This
action is crucial for mitigating the adverse
effects of elevated phosphorus levels. Com-
monly used oral phosphorus binders include
aluminum phosphate and calcium phosphate
[8]. Recently, there has emerged a clinical incli-
nation towards using non-calcium-phosphorus
binders combined with calcium-phosphorus
binders (such as lanthanum carbonate) for the
treatment of hemodialysis hyperphosphatemia
[9]. This combined approach aims to improve
the efficiency and effectiveness of phosphorus
binding, thereby achieving more effective con-
trol of serum phosphorus levels. Lanthanum
carbonate (LC), a non-calcium phosphorus
binder, effectively sequesters phosphorus with-
out disrupting calcium metabolism [10, 11].
Additionally, LC can reduce phosphorus absorp-
tion from food, resulting in lower blood phos-
phorus levels [12]. Recent studies suggest that
when LC is combined with calcium-containing
phosphorus binders like calcium acetate or cal-
cium carbonate, it can improve phosphorus-
binding efficiency and reduce phosphorus loss
during dialysis, leading to better management
of hyperphosphatemia [13, 14]. However, these
studies are constrained by limited sample sizes
and inconsistent evaluation criteria, which hin-
der broader clinical recommendations.

To address these limitations, the present study
conducted a meta-analysis to evaluate the effi-
cacy and safety of combining LC with calcium
carbonate in treating hyperphosphatemia in
hemodialysis patients, aiming to offer a solid
theoretical basis for its clinical application.

Methods
Search strategy

Eligible publications were retrieved from
PubMed, Embase, and Web of Science from
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their inception up to October 2023. The search
was conducted using the following terms:
‘Lanthanum carbonate OR Lanthanum OR LC’
AND ‘Calcium Carbonate, Carbonate, Calcium
OR CC’ AND ‘Hemodialysis Solutions OR
Hemodialysis’ AND ‘Hyperphosphatemia OR
Hyperphosphatemias’. Two authors indepen-
dently performed a systematic search of the
databases, with an additional manual search
of all included studies to identify further rele-
vant literature. This Meta-analysis was regis-
tered with INPLASY (International Platform of
Registered Systematic Review and Meta-
analysis Protocols, 202470096).

Inclusion and exclusion criteria

Inclusion criteria: (1) Type of study: Randomized
controlled trials (RCTs). (2) Study population:
Patients undergoing continuous hemodialysis
with hyperphosphatemia (defined as a hemo-
dialysis duration exceeding 6 months and a
blood phosphorus level above 1.80 mmol/L).
Patients with other preexisting conditions that
might affect calcium, phosphorus, and parathy-
roid hormone metabolism were excluded. (3)
Interventions: The control group was given cal-
cium carbonate alone, while the observation
group was given a combination of lanthanum
carbonate and calcium carbonate (combined
medication). (4) Outcome indicators: Blood
phosphorus levels, blood calcium levels, immu-
noreactive parathyroid hormone (iPTH) levels,
clinical effective rate, and the incidence of
adverse reactions. Clinical efficacy was defin-
ed as follows: Significantly effective: Post-
treatment blood phosphorus levels decreased
obviously with levels < 1.80 mmol/L, showing
stability; Effective: Post-treatment blood phos-
phorus notably decreased, but with levels >
1.80 mmol/L; Ineffective: No significant change
in blood phosphorus levels post-treatment.
Clinical effective rate = (significant effective
cases + effective cases)/the total number of
cases x 100%.

Exclusion criteria: Retrospective research, ani-
mal studies, comprehensive reviews, confer-
ence abstracts or solicitations, and previously
published literature.

Data extraction

Two researchers (Fang and Chen) independent-
ly screened the literature based on the pre-
established inclusion and exclusion criteria and
completed individual literature information col-
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Figure 1. Flow diagram illustrating the selection process for studies included

in the meta-analysis. RCT, randomized controlled trial.

lection forms. Any discrepancies were resolved
through consensus. The extracted data includ-
ed the title, publication time, first author, study
design and methodology, intervention mea-
sures in the control group and observation
group, usage and dosage of the included drugs
(lanthanum carbonate and calcium carbonate),
outcome measures, and evaluation methods.

Literature quality assessment

The quality of each study was evaluated using
the Cochrane risk of bias assessment tool,
which considers seven domains: selection bias
(randomization and allocation), performance
bias, detection bias, attrition bias, reporting
bias, and other forms of bias. Each study was
classified as having a low, high, or unclear risk
of bias. The Grading of Recommendations,
Assessment, Development, and Evaluation
(GRADE) framework was employed to evaluate
the quality of the evidence and to determine
the strength of the recommendations.
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Statistical methods

Meta-analysis was carried out
using RevMan 5.3 statistical
software to assess clinical
efficacy. The incidence of
adverse reactions were ana-
lyzed as categorical data and
expressed using the relative
risk (RR) and its 95% confi-
dence interval (95% Cl). The
blood phosphorus level, blood
calcium level, and iPTH level
after treatment were analyz-
ed as continuous data and
expressed using the mean
difference (MD) and its 95%
Cl. The heterogeneity across
the articles included in the
study was measured using
the x? test, and the level of
heterogeneity was measured
using |2 statistic. An 1?2 < 50%
indicated low heterogeneity
among studies, promoting a
fixed-effects model used in
meta-analysis; while an 1> >
50% suggested some hetero-
geneity among studies, and
thus a random effects model
was utilized. To assess the
sensitivity and specificity, we
employed a bivariate mixed

effects model. Statistical significance was set
at P < 0.05 for all analyses.

Results

Study identification and selection

The initial database search revealed a total of
371 related publications, and 19 records were
obtained through a manual search. 97 studies
were excluded due to duplication and other rea-
sons, and an additional 271 were excluded
based on their titles and abstracts. The remain-
ing 22 studies were evaluated in detail for
quantitative analysis. Finally, 10 RCTs were
included in the quantitative analysis. See
Figure 1 for the study selection flow chart.

Characteristics of included studies

The 10 included studies were conducted from
2010 to 2022, involving 475 patients. Among
these, 256 patients in the control group
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Table 1. Basic characteristics of included publications

Study Year Country Interventions Outcome Follow-up

Ogata et al. [25] 2021 Japan Experimental group: LC 750 mg/d + CC 1000 mg/d; Control: CC @ ® @ ®  3.16 years
1000 mg/d.

Kovesdy et al. [26] 2018 USA Experimental group: LC 500 mg/d + CC 1334 mg/d; Control: CC O @ & ® 12-month
1334 mg/d.

Takeuchi et al. [27] 2013 Japan Experimental group: LC 750 mg/d + CC 3000 mg/d; Control: CC O @ ® & ®  3-year
3000 mg/d.

Shigematsu et al. [28] 2012 Japan Experimental group: LC 750 mg/d (maximum 1000 mg/d)+CC O @ @ ® ® 16-month
3000 mg/d; Control: CC 3000 mg/d (maximum 3400 mg/d).

Chan et al. [29] 2010 United Kingdom Experimental group: LC 2200 mg/d + CC 3000 mg/d; Control: O @ ® ®  18month
CC 3000 mg/d.

Cui et al. [6] 2022 China Experimental group: LC 750 mg/d + CC 1000 mg/d; Control: CC O-® NA
1000 mg/d.

Wasilewska et al. [30] 2022 Poland Experimental group: LC 500 mg/d (maximum 1000 mg/d)+CC O @ @ ® ® 18-month

1000 mg/d; Control: CC 1000 mg/d.

Experimental group: LC 750 mg/d (maximum 1560 mg/d) + O ® @ ® ® 36-month
CC 650 mg/d (maximum 1030 mg/d); Control: CC 1000 mg/d
(maximum 1030 mg/d).

Experimental group: LC 750 mg/d (Adjust 250 mg each time O @ @ ® ® 12-month
based on biochemical indicators) + CC 600 mg/d (Adjust 250

mg each time based on biochemical indicators); Control: CC

600 mg/d (Adjust 250 mg each time based on biochemical

indicators).

Experimental group: LC 750 mg/d + CC 600 mg/d; Control:CC O @ @ & ® 18-month
1200 mg/d.

@ Serum calcium; @ Serum phosphorus; B) Serum calcium-phosphorus product; @ Serum iPTH; ® Clinical effective rate; ©) Incidence of adverse reactions. CC:
calcium carbonate; LC: lanthanum carbonate.

Gotoh [31] 2013 Japan

Yu [32] 2014 China

Li [33] 2019 China

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 25% 50% 75%  100%

. Low risk of bias |:| Unclear risk of bias . High risk of bias

Figure 2. Risk of bias graph.

received single calcium carbonate treatment,
and 219 patients in the experimental group
received combined treatment with lanthanum
carbonate combined and calcium carbonate.
The characteristics of the included publications
are demonstrated in Table 1.

Risk of bias of included trials

All studies included in this meta-analysis
employed random allocation methods. Among
them, five studies used either random number
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tables or computerized randomization proce-
dures to mitigate selection bias. Additionally,
three studies employed blinded outcome
assessors. The data from all included studies
were comprehensive, with only one study
potentially displaying reporting bias. The quality
evaluation of the included studies is presented
in Figure 2. Overall, the randomization process
was conducted using either a random number
table or a computer-generated sequence, and
most studies were considered to have a low
risk of bias across all five domains.
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Experimental Control

Chan et al. 2010 31 34 26 34  9.4%
Cui et al. 2022 46 52 40 52 14.4%
Gotoh 2013 41 46 33 46  11.9%
Kovesdy et al. 2018 28 31 22 31 7.9%
Li 2019 28 33 21 33 7.6%
Ogata et al. 2021 38 45 30 45 10.8%
Shigematsu et al. 2012 44 50 35 50 12.6%
Takeuchi et al. 2013 26 30 23 30 83%
Wasilewska et al. 2022 24 28 20 28  7.2%
Yu 2014 30 40 28 40 10.1%
Total (95% Cl) 389 389 100.0%
Total events 336 278

Heterogeneity: Chi? = 2.31, df = 9 (P = 0.99); I? = 0%

Risk Ratio
1.19[0.96, 1.48]
1.15[0.96, 1.37]
1.24[1.01, 1.53]
1.27[0.99, 1.64]
1.33[0.99, 1.79]
1.27[0.99, 1.61]
1.26 [1.02, 1.55]
1.13[0.89, 1.44]
1.20[0.91, 1.59]
1.07 [0.82, 1.40]

1.21 [1.12, 1.30]

Risk Ratio

—
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Test for overall effect: Z =5.02 (P < 0.00001)

1.5 2
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Figure 3. Forest plot of the clinical effective rate for the two treatment groups.

Mean Difference
1V, Fixed, 95% Cl

Mean Difference

IV, Fixed. 95% CI

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Chan et al. 2010 1.14 0.24 34 141 038 34 12.6%
Cui et al. 2022 1.66 0.22 52 1.96 0.35 52 22.9%
Kovesdy et al. 2018 185 0.75 31 221 092 31 1.7%
Li 2019 1.82 0.74 33 202 0.85 33 2.0%
Ogata et al. 2021 165 047 45 1.88 0.53 45  6.7%
Shigematsu et al. 2012 1.7 0.24 50 2.13 0.33 50 22.6%
Takeuchi et al. 2013 1.72 027 30 2.04 037 30 10.7%
Wasilewska et al. 2022 1.78 0.26 28 214 043 28 8.3%
Yu 2014 1.69 0.32 40 2.1 0.37 40 12.6%
Total (95% Cl) 343 343 100.0%

Heterogeneity: Chi? = 6.27, df = 8 (P = 0.62); I* = 0%
Test for overall effect: Z = 12.44 (P < 0.00001)
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Figure 4. Forest plot of the serum phosphorus levels between the two groups.

Test for overall effect: Z = 4.38 (P < 0.0001)

o

1
Favours [control]
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl
Chan et al. 2010 242 027 34 258 025 34 11.4% -0.16[-0.28, -0.04]
Cui et al. 2022 212 0.23 52 223 022 52 23.3% -0.11[-0.20, -0.02] -
Gotoh 2013 241 0.32 45 252 0.48 46  6.2% -0.11[-0.28, 0.06] -
Kovesdy et al. 2018 2.35 0.39 31 247 04 31 4.5% -0.12[-0.32, 0.08] -
Li 2019 2.32 0.35 33 239 045 33 4.6% -0.07[-0.26,0.12] I
Shigematsu et al. 2012 246 0.38 50 257 044 50 6.7% -0.11[-0.27, 0.05] -
Takeuchi et al. 2013 225 049 30 243 05 30 2.8% -0.18[-0.43,0.07] I~
Wasilewska et al. 2022 211 0.12 28 215 0.15 28 34.5% -0.04[-0.11,0.03] .
Yu 2014 212 04 40 2.25 0.38 40 6.0% -0.13[-0.30,0.04] R
Total (95% Cl) 343 344 100.0% -0.09 [-0.14, -0.05] 2
Heterogeneity: Chi? = 4.26, df = 8 (P = 0.83); I2= 0% p _0‘5 0 0?5

Favours [control]

Figure 5. Forest plot of the serum calcium levels between the two groups.

Results of meta-analysis

Clinical effective rate: All the included studies
assessed the clinical effective rate. The find-
ings of this meta-analysis indicate that the
observation group demonstrated a significantly
higher clinical effective rate compared to the
control group [RR = 1.21, 95% Cl = (1.12, 1.30),
P < 0.01, Figure 3].

Serum phosphorus levels: Nine articles men-
tioned serum phosphorus levels. The findings
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exposed that the serum phosphorus levels in
the observation group were lower than those in
the control group [MD =-0.34, 95% Cl = (-0.39,
-0.29), P < 0.01, Figure 4].

Serum calcium levels: Nine studies reported
serum calcium levels. The results showed that
the serum calcium level in the observation
group was lower than that in the control group
[MD =-0.09, 95% CI = (-0.14, -0.05), P < 0.01,
Figure 5].
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI 1V. Fixed. 95% CI
Cui et al. 2022 360.2 725 52 4095 823 52 11.8% -49.30[-79.11,-19.49]
Gotoh 2013 89.6 273 46 1152 3741 46 59.4% -25.60[-38.91, -12.29] -
Li 2019 120.5 102.3 33 1533 56.5 33 6.6% -32.80 [-72.67, 7.07] - B
Ogata et al. 2021 418.4 190.6 45 4554 153.8 45 2.1% -37.00 [-108.56, 34.56]
Shigematsu etal. 2012  495.3 65.2 50 553.5 74.9 50 13.9% -58.20 [-85.72,-30.68] -
Yu 2014 184.2 956 40 2324 924 40 6.2%  -48.20 [-89.40, -7.00]
Total (95% CI) 266 266 100.0% -35.05[-45.31, -24.79] L 4
Heterogeneity: Chi? = 5.94, df = 5 (P = 0.31); 12 = 16% t t t 1
e -200 -100 0 100 200
Test for overall effect: Z=6.70 (P < 0.00001) Favours [experimental] Favours [control]
Figure 6. Forest plot of the serum intact parathyroid hormone (iPTH) levels between the two groups.
Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weight IV, Fix % Cl IV, Fixed, 95% CI
Chan et al. 2010 225 0.58 36 2.31 0.56 35 7.0% -0.06 [-0.33, 0.21]
Cui et al. 2022 236 0.35 20 23 0.2 32 17.3% 0.06[-0.11, 0.23] .
Gotoh 2013 245 0.38 46 24 0.38 46 20.3% 0.05[-0.11, 0.21] ™
Ogata et al. 2021 241 0.59 46 214 0.52 45 9.4%  0.27[0.04, 0.50] =
Takeuchi et al. 2013 246 0.31 25 232 025 16 16.4% 0.14[-0.03, 0.31] T -
Wasilewska et al. 2022 235 025 28 229 0.24 28 29.7% 0.06 [-0.07,0.19] =
Total (95% Cl) 201 202 100.0% 0.08 [0.01, 0.15] ’
Heterogeneity: Chi? = 4.48, df = 5 (P = 0.48); I = 0% ! t + i
Test f Il effect: Z = 2.31 (P = 0.06 - 05 0 0.5 L
est for overall effect: Z = 2.31 (P = 0.06) Favours [experimental] Favours [control]
Figure 7. Forest plot of the serum calcium-phosphorus product between the two groups.
Experimental Control Risk Ratio Risk Ratio
- . o, | ’ 0,
Cui et al. 2022 12 20 15 32  7.5% 1.28[0.77, 2.14] ]
Gotoh 2013 10 34 8 33  53% 1.21[0.55, 2.69]
Kovesdy et al. 2018 28 46 22 45 14.5% 1.25[0.85, 1.82] 1
Li 2019 28 33 21 33 13.7% 1.33[0.99, 1.79] -
Shigematsu et al. 2012 44 50 35 50 22.8% 1.26 [1.02, 1.55] =
Takeuchi et al. 2013 12 25 6 16 4.8% 1.28[0.60, 2.72] v
Wasilewska et al. 2022 24 28 20 28 13.1% 1.20 [0.91, 1.59] N
Yu 2014 30 40 28 40 18.3% 1.07 [0.82, 1.40] B
Total (95% Cl) 276 277 100.0% 1.22 [1.08, 1.39] <>
Total events 188 155
it 2 — - - S12 =09 I + t d
Heterogeneity: Chi? = 1.39, df =7 (P = 0.99); I?= 0% 02 05 J 5 5

Test for overall effect: Z =3.22 (P = 0.001)

Favours [experimental] Favours [control]

Figure 8. Forest plot of the adverse event incidence between the two groups.

Serum iPTH levels: Six articles mentioned
serum iPTH levels. The results showed that the
serum iPTH levels in the observation group
were lower than those in the control group [MD
=-35.05, 95% Cl = (-45.31, -24.796), P < 0.01,
Figure 6].

Serum calcium-phosphorus product: Six arti-
cles mentioned the serum contents of calcium-
phosphorus products. The consequences indi-
cated that there was no significant difference in
calcium-phosphorus product between the two
groups [MD = 0.08, 95% Cl = (0.01, 0.15), P >
0.05, Figure 71.

Incidence of adverse events: Eight articles
reported the adverse events. The primary
adverse events encompassed nausea, vomit-
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ing, abdominal discomfort, and feelings of dizzi-
ness. The results showed that the incidence of
adverse reactions was lower in the observation
group compared to the control group [RR =
1.22,95% Cl = (1.08, 1.39), P < 0.01, Figure 8].

Publication bias

The funnel plots of the included studies demon-
strated notable symmetry (Figure 9). Further
Egger's and Begg’s tests indicated the absence
of publication bias (all P > 0.05, Table 2).

Discussion
Calcium carbonate is commonly used as a cal-

cium-phosphate binder in the management of
hyperphosphatemia in patients receiving he-
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Figure 9. Publication Bias evaluation. A. Funnel plot of studies reporting clinical effective rate; B. Funnel plot of studies reporting serum phosphorus levels; C. Funnel
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Table 2. The publication bias provided by the
outcomes of Egger’s and Begg's tests

PE PB
Clinical effective rate 0.078 0.122
Serum phosphorus levels 0.059 0.273
Serum calcium levels 0.071 0.731
Serum iPTH levels 0.067 0.901
Serum calcium-phosphorus product 0.290 0.615
Incidence of adverse events 0.099 0.681

PE: P value for the Egger’s test; PB: P value for the Begg’s
test.

modialysis [15]. Hyperphosphatemia, marked
by elevated phosphate levels in the blood-
stream, is a common complication in individu-
als with chronic kidney disease (CKD), especial-
ly among those on hemodialysis [16]. Calcium
carbonate works by binding with dietary phos-
phate in the gastrointestinal tract, thereby
reducing its absorption into the blood. By doing
so, it aids in controlling blood phosphate levels
and managing hyperphosphatemia. Often, cal-
cium carbonate is prescribed concurrently with
dialysis therapy to regulate phosphate levels
and mitigate the progression of kidney disease
[17]. However, while calcium carbonate offers
some clinical benefits, it also carries potential
risks and limitations. One notable concern is its
association with hypercalcemia, particularly
when used without careful monitoring or in
patients with renal impairment. Excessive cal-
cium intake can raise blood calcium levels [18],
which may lead to complications such as vas-
cular calcification, soft tissue calcification, and
cardiac arrhythmias.

Lanthanum carbonate is a novel, calcium-free
phosphorus binder that lowers serum phospho-
rus levels without causing hypercalcemia. It
also prevents the excretion of toxic substances
in urine and inhibits the activation of mononu-
clear macrophages in the urine [19]. These
properties endow lanthanum carbonate with
distinct clinical advantages in managing phos-
phorus metabolic disorders in patients. How-
ever, the cost of lanthanum carbonate is rela-
tively high, and the dosage of the medication
must be incrementally adjusted according to
the patient’s blood phosphorus levels, which
could pose an additional financial burden on
patients. Theoretically, the combination of lan-
thanum carbonate with calcium carbonate
could potentially reduce the risk of hypercalce-
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mia and alleviate the economic burden for
patients.

Currently, there is a lack of definitive, authorita-
tive guidelines for the combined use of calci-
um-based and non-calcium phosphorus bind-
ers for managing hyperphosphatemia in hemo-
dialysis patients. Our study revealed a marked
increase in clinical effectiveness in patients
received combination medications compared
to those treated with calcium carbonate alone.
This underscores the considerable clinical ben-
efits achieved through combination therapy.
Emerging evidence suggests that the combina-
tion therapy can mitigate the risk of drug re-
sistance or adverse effects commonly associ-
ated with monotherapy. By utilizing a combina-
tion of medications, treatment becomes more
effective, with fewer complications, ultimately
improving patients’ quality of life. The findings
provide important guidance for medical prac-
tice, encouraging doctors to consider the
potential benefits of combination drug therapy
when developing treatment plans and to incor-
porate these strategies into clinical practice
[20]. Future studies should further explore the
effects of different drug combinations to refine
treatment protocols and provide superior
patient care.

The findings from our study provide compelling
evidence supporting the benefits of combina-
tion treatment over calcium carbonate alone.
Notably, our analysis revealed significant reduc-
tions in serum phosphorus, calcium, and iPTH
levels in the group receiving the combined
treatment, as compared to the group receiving
calcium carbonate alone. Elevated serum phos-
phorus levels are often associated with in-
creased cardiovascular risk and mineral bone
disorders, particularly in individuals with CKD.
Lowering phosphorus levels can help to miti-
gate these risks and improve overall health out-
comes [21]. Furthermore, maintaining the cal-
cium balance is crucial for diverse physiological
processes, including bone health, muscle func-
tion, and neural transmission. The combined
treatment, by lowering serum calcium levels,
may help prevent complications associated
with hypercalcemia, while still ensuring suffi-
cient calcium intake [22]. Moreover, the ob-
served decrease in iPTH levels is noteworthy,
as elevated iPTH levels are indicative of para-
thyroid gland dysfunction, commonly seen in
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conditions like secondary hyperparathyroidism.
By effectively lowering iPTH levels, the combi-
nation treatment may contribute to better cal-
cium and phosphorus homeostasis, thereby
reducing the risk of bone disease progression
and related complications [23]. Furthermore,
the lower incidence of adverse reactions in the
combination treatment group highlights the
favorable safety profile and tolerability of this
therapeutic approach. Minimizing such adverse
events is crucial for ensuring patient adherence
and overall treatment effectiveness [24]. Our
findings highlight the superior efficacy and
safety of combination treatment compared to
calcium carbonate alone in managing serum
mineral levels and reducing adverse reactions.
These results have significant implications for
clinical practice, offering guidance to health-
care providers on refining treatment protocols
for patients suffering from mineral metabolism
and bone health.

The included literature comprised RCTs, which
are essential in reducing bias, balancing
unknown confounding factors, and offering a
high level of recommendation. However, cer-
tain limitations should be acknowledged. First,
the sample size of the literature included is
fairly small. Second, variations in the usage,
dosage, and treatment duration across differ-
ent studies may contribute to the heterogeneity
observed in blood phosphorus levels, blood cal-
cium levels, and iPTH levels.

In conclusion, the therapeutic efficacy of lan-
thanum carbonate in conjunction with calcium
carbonate for the management of hyperphos-
phatemia in hemodialysis patients was su-
perior to that of calcium carbonate alone.
Furthermore, it exhibited enhanced safety pro-
files and significantly improved prognosis.
However, this study is constrained by the scope
of the included literature. Therefore, future
research should focus on conducting high-qual-
ity RCTs with larger sample sizes and multiple
centers to further validate these findings.
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