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ABSTRACT: 

 

Phosphorus plays a crucial role in various physiological functions, including skeletal development, mineral metabolism, cell 

membrane phospholipid function, mitochondrial metabolism, cell signalling, and platelet aggregation. The typical daily diet 

introduces about 1000–1400 mg of phosphorus. Two-thirds of this phosphorus is excreted in urine, while the remaining third is 

eliminated in stools. Kidney function significantly influences phosphorus excretion, making chronic renal failure the primary cause 

of hyperphosphatemia. Despite advancements, challenges persist in achieving and maintaining target phosphate levels, particularly in 

the context of modern diets rich in phosphate additives. A significant percentage of dialysis patients struggle to keep their phosphate 

levels within recommended ranges, emphasizing the need for ongoing innovations in phosphate management therapies. 
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I. INTRODUCTION: 

 

Phosphorus plays a crucial role in various physiological functions, including skeletal development, mineral metabolism, cell 

membrane phospholipid function, mitochondrial metabolism, cell signalling, and platelet aggregation. In the adult body, 

approximately 700 g of phosphorus is stored, with 85% in bones, 14% intracellular, and only 1% extracellular. Of extracellular 

phosphorus, 70% is organic within phospholipids, and 30% is inorganic, with 15% protein-bound and the remaining 85% circulating 

as free mono- or di-hydrogen forms or complexed with calcium, sodium, or magnesium. Only this latter 15% is freely circulated and 

measured.[1] 

 

The typical daily diet introduces about 1000–1400 mg of phosphorus. Two-thirds of this phosphorus is excreted in urine, 

while the remaining third is eliminated in stools. Kidney function significantly influences phosphorus excretion, making chronic 

renal failure the primary cause of hyperphosphatemia. Phosphate retention initiates early in renal failure due to reduced filtered 

phosphate load, becoming more pronounced in later stages. [1] 

 

Hyperphosphatemia is a major concern in chronic kidney disease patients in which the serum phosphorus level is elevated. 

People with Chronic Kidney Disease are at risk of developing cardiovascular disease and this in turn is the leading cause of death 

among people with chronic kidney disease. Hyperphosphatemia is present in the majority of dialysis patients and is associated with 

increased risk of cardiovascular mortality. [2] 
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Phosphate binders are the mainstay of hyperphosphatemia management in End Stage Renal Disease patients on maintenance 

haemodialysis. They help to prevent the progression of mineral bone disorders by reduction of elevated phosphorous levels. [3] 

 

The paracellular pathway, predominant with Western diets high in phosphorus, is the primary mechanism of intestinal 

phosphate absorption. [4] Elevated serum phosphorus levels are linked to cardiovascular issues, but concentrations exceeding 5.5 

mg/dL persist despite efforts like dietary restrictions, dialysis, and phosphate binders. Novel approaches, such as phosphate 

absorption inhibitors targeting the paracellular pathway, may offer improved phosphate control.[5] 

 

II. EVOLUTION OF PHOSPHATE MANAGEMENT THERAPIES:  

  

 The first phosphate binders are Aluminium Salts which were introduced in the year 1970. They reduce phosphate 

availability by forming coordination compounds with phosphate ions, creating insoluble aluminium phosphate precipitates in the GI 

tract. [6] 

 

Calcium-based phosphate binders, introduced in the mid-1980s as a potential replacement for aluminium-based binders, 

were initially effective, inexpensive, and widely used. [30] However, they were soon recognized for their potential contribution to 

vascular calcification and increased cardiovascular mortality due to the elevated calcium load associated with their use. Recognizing 

these adverse effects, guidelines were revised in 2017 to recommend restricting the dose of calcium-based phosphate binders in 

adults with CKD stages G3A to G5D. [7] 

 

In the 1980s, a combination of magnesium hydroxide and aluminium hydroxide proved effective for phosphate control 

without causing uncontrolled hypermagnesemia. [29] Calcium acetate/magnesium carbonate was also found to effectively lower 

phosphorus levels, with a study on dialysis patients showing reduced serum phosphorus without an increased risk of hypercalcemia.  

[8] 

 

Sevelamer hydrochloride, approved in 2000, offered an advancement by decreasing phosphorus concentrations without 

increasing calcium load. A Cochrane systematic review found that, in patients on dialysis, sevelamer may lead to lower all-cause 

death and induce less hypercalcemia compared to calcium-based binders. [28] Despite these benefits, sevelamer hydrochloride was 

found to worsen metabolic acidosis, leading to the development of sevelamer carbonate as an alternative. [9] 

 

Lanthanum carbonate, approved in 2004, reduces phosphorus levels without increasing calcium load, potentially decreasing 

the risk of treatment-related hypercalcemia. [31] However, precautions are necessary due to reported serious gastrointestinal events. 

Accumulation of lanthanum carbonate in the liver has been observed in animal models, but conclusive evidence of hepatotoxicity 

related to lanthanum is lacking. [10] 

 

Non-calcium, iron-based binders like sucroferric oxyhydroxide (approved in 2013) and ferric citrate (approved in 2014) 

offer alternatives. Sucroferric oxyhydroxide effectively reduces phosphorus levels with a lower pill burden than sevelamer carbonate.  

[27] Ferric citrate, while effective in lowering phosphorus, causes significantly higher gastrointestinal side effects according to a meta-

analysis. Overall, these phosphate binders provide diverse options for managing hyperphosphatemia in patients with chronic kidney 

disease. [11] 

 

 

III. ORAL-PHOSPHATE BINDING DRUGS: 

 

Phosphate is increasingly recognized as a potential causal risk factor for chronic kidney disease (CKD) progression, 

observed in both experimental models and studies with CKD patients. Proteinuria, a risk for kidney failure, is adversely affected by 

high phosphate levels, particularly undermining the protective effect of renin-angiotensin system inhibitors. General population 

observations, regardless of CKD evidence, associate higher serum phosphate levels with albuminuria. [12] 

 

In managing serum phosphorus for kidney patients, goals are based on observational evidence, emphasizing simultaneous 

control of phosphorus and calcium levels to enhance life expectancy. [32]  

 

Lowering intestinal phosphate absorption through a low-phosphate diet is a crucial first step. Recent findings suggest dietary 

reduction may be more effective than relying solely on pharmacological interventions. [13] 

 

For haemodialysis (HD) patients, efficient removal of phosphate during dialysis is essential. Additionally, the use of foods 

or medications that bind with phosphorus, such as antacids or phosphate binders, is recommended. [26] The choice of phosphate 

binders becomes critical, considering historical issues with aluminium-containing agents. Calcium-based salts, while widely used, 

can lead to complications such as vascular calcification. [14] 

 

Sevelamer hydrochloride, a non-absorbable phosphate binder, shows promise in reducing phosphate levels without systemic 

accumulation. [33] It has been associated with delayed progression of coronary artery and aortic calcification, improved survival, and 

positive effects on inflammatory biomarkers. Lanthanum carbonate, another non-calcium-based binder, effectively controls 

hyperphosphatemia in short-term trials and is well-tolerated. [15] 

 

Lanthanum carbonate, a non-calcium-based phosphate binder, containing the rare earth element lanthanum, has proven 

effective and well-tolerated in patients with chronic kidney disease (CKD). [34] Clinical trials have demonstrated its usefulness for 

short- or long-term treatment, showing dose-related reductions in serum phosphorus levels. [16] 
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A systematic review and meta-analysis of 960 patients in seven placebo-controlled trials confirmed that lanthanum is well-

tolerated and effectively controls hyperphosphatemia during short-term trials. [31] This is consistent with a previous meta-analysis 

comparing non-calcium phosphate binders to calcium-based agents, where lanthanum significantly reduced end-of-treatment serum 

calcium and calcium-phosphorus product levels, with similar end-of-treatment phosphorus levels. [16] 

 

Despite observed trends, studies have not found statistically significant differences in cardiovascular mortality and coronary 

artery calcification between patients receiving calcium-based phosphate binders and those receiving non-calcium-based binders. [17] 

 

The potential explanation for the mortality decreases associated with non-calcium-based binders may be related to slowing 

vascular calcification. This hypothesis gains support from evidence suggesting that switching from calcium carbonate to lanthanum 

carbonate as a phosphate binder delayed the progression of calcium calcification in patients on haemodialysis. [18] 

 

OVERVIEW OF AVAILABLE PHOSPHATE BINDERS 

 

 

DRUG 

 

INITIAL US APPROVAL 

 

 

MECHANISM 

 

 

 

Calcium acetate 

(PHOSLO) 

 

 

 

1990 

Combines with dietary phosphate to form 

an insoluble calcium phosphate complex, 

which is excreted in faces, resulting in 

decreased serum phosphate concentration 

 

 

Sevelamer carbonate 

(RENVELA) 

 

 

2000 

By binding phosphate in the GI tract and 

decreasing absorption, sevelamer 

carbonate lowers the phosphate 

concentration in serum 

 

 

 

Lanthanum carbonate 

(FOSRENOL) 

 

 

 

2004 

Reduces absorption of phosphate by 

forming insoluble lanthanum phosphate 

complexes that pass through the GI tract 

unabsorbed 

Reduces both serum phosphate and 

calcium phosphate product by reducing 

dietary phosphate absorption 

 

Sucroferric oxyhydroxide 

(VELPHORO) 

 

2013 

In the GI tract, phosphate binding takes 

place by ligand exchange between 

hydroxyl groups and/or water in 

sucroferric oxyhydroxide and phosphate 

in the diet. The bound phosphate is 

eliminated with feces. 

 

 

 

 

Ferric citrate (AURYXIA) 

 

 

 

 

2014 

Ferric iron binds dietary phosphate in the 

GI tract and precipitates as ferric 

phosphate. This compound is insoluble 

and is excreted in the stool 

By binding phosphate in the GI tract and 

decreasing absorption, ferric citrate 

lowers the phosphate concentration in the 

serum. 

 

 

Recent meta-analyses comparing non-calcium-based binders to calcium-based ones indicate a reduction in all-cause 

mortality and vascular calcification with the former. [25] Lanthanum, specifically, demonstrates positive outcomes in serum PTH, 

calcium-phosphorus product, and cardiovascular markers compared to calcium-based binders. These findings underscore the 

importance of tailored phosphate binder selection in managing CKD patients, with potential benefits in slowing vascular calcification 

and improving overall outcomes. [19] 

 

The association with aluminium toxicity, particularly in dialysis patients, leading to bone disease and encephalopathy. [24] 

Subsequently, calcium-based phosphate binders became the standard choice. These binders, predominantly calcium carbonate and 

calcium acetate, reduce phosphate absorption by forming insoluble complexes in the gastrointestinal tract.  [20] 

 

However, concerns emerged over calcium-based binders contributing to vascular calcification and other complications in 

patients on haemodialysis. To address this, non-calcium-based phosphate binders like sevelamer hydrochloride and lanthanum 

carbonate were developed. [23] Sevelamer acts by binding phosphate without adding calcium, proving effective in delaying vascular 

calcification and offering cardiovascular benefits. [35] Lanthanum, a rare earth element, presents an alternative non-calcium option, 

showing efficacy in controlling hyperphosphatemia. [22] 
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Despite advancements, challenges persist in achieving and maintaining target phosphate levels, particularly in the context of 

modern diets rich in phosphate additives. A significant percentage of dialysis patients struggle to keep their phosphate levels within 

recommended ranges, emphasizing the need for ongoing innovations in phosphate management therapies.  [20] 

 

IV. CONCLUSION: 

 

Hyperphosphatemia develops in most patients with ESRD. It has been addressed as a factor playing an important role in the 

increased cardiovascular morbidity of these patients, which remains the major cause of death in ESRD and dialysis patients. 

Treatment with phosphate binders to decrease phosphorous level is therefore required. 

 

Treatment with phosphate binders has achieved this need. The traditional aluminium- and calcium-based phosphate binders 

have been used, and calcium-based phosphate binders in particular are still currently used, but treatment with these compounds is not 

free from complications such as aluminium retention and/ or hypercalcaemia. The efforts to search for a non- aluminium and non-

calcium phosphate binder has led to the introduction of two compounds, sevelamer hydrochloride and lanthanum carbonate, which, 

together with other recently developed compounds, the trivalent iron preparations, represent without doubt a step forward in the 

management and treatment of hyperphosphatemia. 

 

REFERENCES: 

 

[1] Moe SM. Disorders involving calcium, phosphorus, and magnesium. Prim 2008; 35:215. 

[2] Arjun Sekar et al; Phosphorous Binders: The New and the Old, and how to choose; Cleveland Clinic Journal of Medicine; 

August 2018. 

[3] Samuel Chan et al; Phosphate binders in patients with chronic kidney disease, 2017 Feb. 

[4] Bodil Jahren Hjema’s et al; Interventional study to improve adherence to phosphate binder treatment in dialysis patients 

Nephrology, (2019)  

[5] Syed Arman Rabbani et al; Use of phosphate binders in end-stage renal disease: An experiance from a secondary care 

hospital in UAE, 2019 Apr-Jun. 

[6] Turner NN, Lameire N, Goldsmith DJ, Winearls CG, Himmelfarb J, Remuzzi G. Oxford Textbook of Clinical Nephrology. 

Oxford University Press; 2015. 

[7] Shaman AM, Kowalski SR. Hyperphosphatemia management in patients with chronic kidney disease. Saudi Pharm J. 

2016;24(4):494-505. 

[8] Block GA, Hulbert-Shearon TE, Levin NW, Port FK. Association of serum phosphorus and calcium x phosphate product 

with mortality risk in chronic hemodialysis patients: a national study. Am J Kidney Dis. 1998;31(4):607-617. 

[9] Davis   GR,   Zerwekh   JE,   Parker   TF,   Krejs   GJ,   Pak   CY, Fordtran JS. Absorption of phosphate in the jejunum of 

patients with chronic renal failure before and after correction of vitamin D deficiency. Gastroenterology. 1983;85(4):908-

916. 

[10] Kno€pfel  T,  Himmerkus  N,  Günzel  D,  Bleich  M,  Hernando  N, Wagner CA. Paracellular transport of phosphate along 

the in- testine. Am J Physiol Gastrointest Liver Physiol. 2019;317(2): G233-G241. 

[11] Sabbagh Y, O’Brien SP, Song W, et al. Intestinal npt2b plays a major role in phosphate absorption and homeostasis. J Am 

Soc Nephrol. 2009;20(11):2348-2358. 

[12] McClure ST, Chang AR, Selvin E, Rebholz CM, Appel LJ. Dietary sources of phosphorus among adults in the United States: 

re- sults from NHANES 2001-2014. Nutrients. 2017;9(2):95. 

[13] Marks J, Lee GJ, Nadaraja SP, Debnam ES, Unwin RJ. Exper- imental and regional variations in Na+-dependent and Na+-

independent phosphate transport along the rat small intestine and colon. Physiol Rep. 2015;3(1):e12281. 

[14] National Kidney Foundation. K/DOQI clinical practice guide- lines for bone metabolism and disease in chronic kidney dis- 

ease. Am J Kidney Dis. 2003;42(4).(suppl 3):S1-S201. 

[15] King AJ, Siegel M, He Y, et al. Inhibition of sodium/hydrogen exchanger 3 in the gastrointestinal tract by tenapanor re- 

duces paracellular phosphate permeability. Sci Transl Med. 2018;10(456):eaam6474. 

[16] Fouque D, Vervloet M, Ketteler M. Targeting gastrointestinal transport proteins to control hyperphosphatemia in chronic 

kidney disease. Drugs.2018;78(12):1171-1186. 

[17] Saurette M, Alexander RT. Intestinal phosphate absorption: the paracellular pathway predominates? Exp Biol Med. 

2019;244(8): 646-654. 

[18] Salusky IB. A new era in phosphate binder therapy: what are the options? Kidney Int Suppl. 2006:S10–S15. https://doi.org/ 

10.1038/sj.ki.5001997 

[19] Malindretos P, Cozzolino M. Phosphate binders, past - pre- sent - future. A critical appraisal. Expert Opin Pharmacother. 

2016;17:297–300. https://doi.org/10.1517/14656566.2016.113 3593 

[20] Hutchison AJ. Oral phosphate binders. Kidney Int. 2009;75: 906–914. https://doi.org/10.1038/ki.2009.60 

[21] Alfrey AC, LeGendre GR, Kaehny WD. The dialysis encepha- lopathy syndrome. Possible aluminum intoxication. N Engl J 

Med. 1976; 294:184–188. https://doi.org/10.1056/NEJM19760 1222940402 

[22] Wills MR, Savory J. Aluminium poisoning: dialysis enceph- alopathy, osteomalacia, and anaemia. Lancet. 1983;2:29–34. 

https://doi.org/10.1016/s0140-6736(83)90014-4 

[23] Mohammed IA, Hutchison AJ. Phosphate binding therapy in dialysis patients: focus on lanthanum carbonate. Ther Clin Risk 

Manag. 2008; 4:887–893. https://doi.org/10.2147/tcrm.s1555 

[24] Hercz G, Kraut JA, Andress DA, et al. Use of calcium car- bonate as a phosphate binder in dialysis patients. Miner 

Electrolyte Metab. 1986; 12:314–319. 

[25] Slatopolsky E, Weerts C, Lopez-Hilker S, et al. Calcium car- bonate as a phosphate binder in patients with chronic renal 

failure undergoing dialysis. N Engl J Med. 1986;315:157–161. https://doi.org/10.1056/NEJM198607173150304 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2024 IJCRT | Volume 12, Issue 1 January 2024 | ISSN: 2320-2882 

IJCRT2401595 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e949 
 

[26] Salusky IB, Coburn JW, Foley J, Nelson P, Fine RN. Effects of oral calcium carbonate on control of serum phosphorus and 

changes in plasma aluminum levels after discontinuation of aluminum-containing gels  in  children  receiving  dialysis. J 

Pediatr. 1986;108:767–770. https://doi.org/10.1016/s0022- 3476(86)81064-2 

[27] Rizk R, Hiligsmann M, Karavetian M, Evers SM. Economic evaluations of interventions to manage hyperphosphataemia in 

adult haemodialysis patients: a systematic review. Nephrology (Carlton). 2016; 21:178–187. https://doi.org/10. 

1111/nep.12584 

[28] London GM, Guérin AP, Marchais SJ, et al. Arterial media calcification in end-stage renal disease: impact on all-cause and 

cardiovascular mortality. Nephrol Dial Transplant.2003;18:1731–1740. https://doi.org/10.1093/ndt/gfg414 

[29] Guérin AP, London GM, Marchais SJ, Metivier F. Arterial stiffening and vascular calcifications in end-stage renal dis- ease. 

Nephrol Dial Transplant. 2000;15:1014–1021. https://doi.org/10.1093/ndt/15.7.1014 

[30] Chertow GM, Burke SK, Raggi P. Treat to Goal Working Group. Sevelamer attenuates the progression of coronary and 

aortic calcification in hemodialysis patients. Kidney Int.2002;62:245–252. https://doi.org/10.1046/j.1523-1755.2002.00434.x 

[31] Kidney Disease: Improving Global Outcomes (KDIGO) CKD- MBD Update Work Group. KDIGO 2017 clinical practice 

guideline update for the diagnosis, evaluation, prevention, and treatment of chronic kidney disease–mineral and bone 

disorder (CKD-MBD) [published correction appears in Kidney Int Suppl (2011). 2017;7:e1]. Kidney Int Suppl (2011). 

2017;7: 1–59. https://doi.org/10.1016/j.kisu.2017.04.001 

[32] Guillot AP, Hood VL, Runge CF, Gennari FJ. The use of magnesium-containing phosphate binders in patients with end-

stage renal disease on maintenance hemodialysis. Nephron. 1982;30:114–117. https://doi.org/10.1159/000182446 

[33] de Francisco ALM, Leidig M, Covic AC, et al. Evaluation of calcium acetate/magnesium carbonate as a phosphate binder 

compared with sevelamer hydrochloride in haemodialysis patients: a controlled randomized study (CALMAGstudy) 

assessing efficacy and tolerability. Nephrol Dial Transplant. 2010;25:3707–3717. https://doi.org/10.1093/ndt/gfq292 

[34] Neven E, De Schutter TM, Dams G, et al. A magnesium based phosphate binder reduces vascular calcification without 

affecting bone in chronic renal failure rats. PLoS One. 2014;9:e107067. https://doi.org/10.1371/journal.pone.0107067 

[35] RENVELA (sevelamer carbonate). Prescribing information. Genzyme Corp; 2000. Accessed January 12, 2022.  

https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/02212 7s011lbl.pdf 

 

 

 

 

http://www.ijcrt.org/

