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Executive Summary
Indication: Sevelamer carbonate powder for oral suspension (Renvela®, Genzyme) is approved for the control of serum phosphorus in patients with chronic kidney disease (CKD) on dialysis.
Efficacy: An open-label, randomized, crossover trial of 31 patients with CKD on hemodialysis compared treatment with sevelamer carbonate powder and sevelamer hydrochloride (HCl) tablets (at a dose to maintain target of serum phosphorus 3.5 to 5.5 mg/dL), each for 4 weeks.  Treatment with sevelamer carbonate powder was found to be equivalent to sevelamer HCl tablets with a serum phosphorus of 5.0 + 1.5 mg/dL with sevelamer carbonate powder (mean daily dose 6.0 + 3.1 gm; divided three times daily) compared to 5.2 + 1.1 mg/dL with sevelamer HCl tablets (mean daily dose 6.4 + 3.3 gm; divided three times daily).  Another trial reported a reduction in serum phosphorus of 2.0 mg/dL with sevelamer carbonate powder (mean prescribed dose 9.2+4.0 gm/day; mean actual dose 6.9+2.7 gm/day) administered once daily compared to 2.9 mg/dL with sevelamer HCl tablets (mean prescribed dose 9.1+3.8 gm/day; mean actual dose 7.3+3.0 gm/day) administered three times daily.  Both treatments significantly reduced serum phosphorus compared to baseline; however, they were not shown to be noninferior.  Adherence was reported to be similar between treatment groups; however, more patients in the sevelamer carbonate powder treatment group did not complete the trial and experienced gastrointestinal related adverse events or complications with administration of the medication. 
Safety: Adverse events with sevelamer carbonate powder are similar to sevelamer HCl tablets, with the most common side effects including gastrointestinal complaints (nausea, vomiting, diarrhea, dyspepsia, abdominal pain, flatulence, and constipation).  More patients experienced gastrointestinal complaints including nausea and vomiting with sevelamer carbonate powder administered once daily compared to treatment with sevelamer HCl tablets divided three times daily.  Patients who received the total daily dose of the powder once daily also complained of stimulation of the gag reflex (3%) or disagreeable taste (1%).  Sevelamer carbonate is contraindicated in patients with bowel obstruction and should be used with caution in patients with dysphagia, swallowing disorders, severe gastrointestinal motility disorders including severe constipation, or major gastrointestinal tract surgery.  

Dosing: The recommended dosing for sevelamer carbonate powder in patients not previously prescribed a phosphate binder is 800 mg to 1600 mg three times daily with meals, based on the patient’s serum phosphorus.  Patients should be instructed to mix the contents of the packet with the recommended amount of water so as to suspend the medication (it will not dissolve); and to drink the entire contents within 30 minutes or resuspend the preparation immediately prior to consumption.  It is recommended that an approximate mg per mg conversion be used in patients being switched from calcium acetate.  A mg per mg conversion should be also used if switching patients from sevelamer HCl or sevelamer carbonate tablets.  
Conclusions: Sevelamer carbonate powder is effective in reducing and maintaining serum phosphorus in patients with CKD on hemodialysis and hyperphosphatemia and provides an alternative dosage form to sevelamer carbonate tablets, especially in patients with difficulty adhering to their treatment regimen due to the number of sevelamer carbonate tablets required or difficulty with swallowing the tablet dosage formulation.  Although once daily administration of sevelamer carbonate powder was shown to be effective in reducing serum phosphorus, this was not equivalent to the benefit seen with dividing the dose of tablets (i.e., sevelamer HCl) three times daily, and was not as well-tolerated.  As with the other available non-calcium, non-aluminum phosphate binders, sevelamer carbonate powder should be prescribed according to the VA criteria for use recommendations.

Introduction1-8
Sevelamer carbonate powder for oral suspension (Renvela®, Genzyme) was approved by the U.S. FDA on August 12, 2009 for the control of serum phosphorus in patients with chronic kidney disease (CKD) on dialysis.1  Sevelamer carbonate powder is available in 2.4 gm and 0.8 gm (800 mg) packets.  The 800 mg packets became available approximately one year after FDA approval, with the availability of VA pricing only recently.
The approval for sevelamer carbonate is largely based on data with sevelamer hydrochloride (HCl), which is also indicated for controlling serum phosphorus in patients with CKD on dialysis (refer to the Drug Monograph for sevelamer HCl in the Archived document section on the PBM INTRAnet).  Sevelamer carbonate contains the same active ingredient as sevelamer HCl.  Sevelamer carbonate tablets were previously reviewed (refer to the Abbreviated Drug Monograph for sevelamer carbonate tablets on the PBM INTRAnet) and concluded that treatment with sevelamer carbonate was similar to sevelamer HCl in controlling serum phosphorus based on results of a cross-over trial of the two tablet formulations.2  Sevelamer carbonate was developed by the manufacturer to minimize the negative effect on serum bicarbonate that has been reported with sevelamer HCl;2-8 with anticipated removal of sevelamer HCl from  the market September 2009 (pending implementation by the manufacturer).   This abbreviated review will focus on the available data with sevelamer carbonate powder.  For additional information on the tablet formulations of sevelamer, refer to the Drug Monographs as indicated above.
 Therapeutic Alternatives on VANF 
The tablet dosage formulation of sevelamer carbonate is indicated for control of serum phosphorus in patients with CKD on dialysis and is listed on the VA National Formulary (VANF), restricted to the VA non-calcium, non-aluminum phosphate binder criteria for use.  Sevelamer HCl is not on the VANF in anticipation of its removal from the market.  Lanthanum carbonate is listed on the VANF and is a non-calcium, non-aluminum phosphate binder approved to reduce serum phosphorus in patients with end-stage kidney disease, and is restricted to the VA non-calcium, non-aluminum phosphate binder criteria for use.  

Potential Off-Label Uses
This section is not intended to promote any off-label uses.  Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

The tablet formulation of sevelamer carbonate has also been studied in CKD patients not on dialysis3 (refer to Abbreviated Drug Monograph for sevelamer carbonate tablets on the PBM INTRAnet).  It is anticipated that the powder formulation of sevelamer carbonate will be used to treat similar conditions as with the tablets. 

Dosage and Administration1
The recommended dosing for sevelamer carbonate tablets or powder in patients not previously prescribed a phosphate binder is 800 mg to 1600 mg three times daily with meals, based on the patient’s serum phosphorus.  The dose may be increased by 800 mg three times daily every 2 weeks, based on response (per the product information, the average daily dose of sevelamer carbonate prescribed in clinical trials was 7.2 gm/day).  The maximum dose studied was 14 gm/day in divided doses in patients with CKD on dialysis.  Doses should be administered with meals.  A mg per mg conversion should be used if switching patients from sevelamer HCl or from sevelamer carbonate tablets to the sevelamer carbonate powder.   
	Serum Phosphorus
	Sevelamer carbonate 
800 mg Tablets
	Sevelamer carbonate 
800 mg Powder Packet

	> 5.5 and < 7.5 mg/dL
	1 tablet 3 times daily with meals
	1 packet 3 times daily with meals

	> 7.5 mg/dL
	2 tablets 3 times daily with meals
	2 packets 3 times daily with meals


It is recommended that an approximate mg per mg conversion be used in patients being switched from calcium acetate.  

	Calcium acetate 
667 mg Tablets
	Sevelamer carbonate 
800 mg Tablets
	Sevelamer carbonate 
Powder Packet

	1 tablet 3 times daily with meals
	1 tablet 3 times daily with meals
	One 800 mg packet 3 times daily with meals

	2 tablets 3 times daily with meals
	2 tablets 3 times daily with meals
	Two 800 mg packets 3 times daily with meals

	3 tablets 3 times daily with meals
	3 tablets 3 times daily with meals
	One 2.4 gm packet 3 times daily with meals


Patients should be instructed to mix the contents of the packet with the amount of water as shown in the table below so as to suspend the medication (it will not dissolve); and to drink the entire contents within 30 minutes or resuspend the preparation immediately prior to consumption.   
	Sevelamer carbonate Powder
	Minimum amount of water per dose

	800 mg packet
	1 ounce (e.g., 30 mL or 6 teaspoons or 2 Tablespoons)

	2.4 gm packet
	2 ounces  (e.g., 60 mL or 4 Tablespoons) 


Once daily dosing of sevelamer carbonate powder was also studied (Refer to Summary of Clinical Trial Data below); however, it was not found be noninferior compared to treatment with sevelamer HCl tablets divided three times daily.  In addition, more patients experienced gastrointestinal complaints with sevelamer carbonate powder administered once daily.9  Administration of once daily vs. three times daily sevelamer HCl tablets was studied in 21 patients on hemodialysis, with similar reductions in serum phosphorus.  The mean daily dose for both groups was 6.7+2.4 gm (e.g., ~ 8 tablets either once daily with the heaviest meal or divided three times daily with meals).  Adherence with the once daily regimen was reported to be 97%; 92% when the dose was divided three times daily.10
Summary of Clinical Trial Data9,11
Reduction in Serum Phosphorus (Refer to Appendix for details of Clinical Trials)
An open-label, randomized, crossover trial of 31 patients with CKD on hemodialysis compared treatment with sevelamer carbonate powder and sevelamer HCl tablets (at a dose to maintain target of serum phosphorus 3.5 to 5.5 mg/dL within a 4 week run-in period with sevelamer HCl tablets), each for 4 weeks.  According to the per-protocol set of patients (N=21), treatment with sevelamer carbonate powder was equivalent to sevelamer HCl tablets based on the mean time-weighted average serum phosphorus of 5.0 + 1.5 mg/dL with sevelamer carbonate powder (mean daily dose 6.0 + 3.1 gm; divided three times daily) compared to 5.2 + 1.1 mg/dL with sevelamer HCl tablets (mean daily dose 6.4 + 3.3 gm; divided three times daily).  Mean serum bicarbonate increased by 2.7 mEq/l after treatment with sevelamer carbonate powder compared to the end of the run-in phase with sevelamer HCl tablets (P=0.001).11  
Another trial reported a reduction in serum phosphorus of 2.0 mg/dL with sevelamer carbonate powder (mean prescribed dose 9.2+4.0 gm/day; mean actual dose 6.9+2.7 gm/day) administered once daily compared to 2.9 mg/dL with sevelamer HCl tablets (mean prescribed dose 9.1+3.8 gm/day; mean actual dose 7.3+3.0 gm/day) administered three times daily.  Both treatments significantly reduced serum phosphorus compared to baseline; however, they were not shown to be noninferior.  In addition, 54% of patients treated with sevelamer carbonate powder once daily achieved the serum phosphorus target of 3.5 to 5.5 mg/dL compared to 64% of patients who received sevelamer HCl tablets three times daily.  Adherence was reported to be similar between treatment groups; however, more patients treated with sevelamer carbonate powder once daily did not complete the trial, and more patients in this group experienced gastrointestinal related adverse events or complications with administration of the medication (e.g., reported stimulation of the gag reflex or disagreeable taste).9
Adverse Events (Safety Data)1
Deaths and Other Serious Adverse Events 

The product information for sevelamer carbonate does not include information on deaths or serious adverse events with sevelamer carbonate (powder or tablets).  
Common Adverse Events

The most common side effects reported with sevelamer carbonate tablets include nausea (3%) and vomiting (3%).  Per the product information, adverse events reported with sevelamer carbonate powder were similar to treatment with sevelamer carbonate tablets.  Refer to the Appendix for adverse events reported with sevelamer carbonate powder in the comparison trials with sevelamer HCl tablets.  

Postmarketing Safety Experience

Adverse reactions reported after approval of sevelamer HCl include:  pruritus, rash, abdominal pain, fecal impaction, ileus, intestinal obstruction and perforation.  The product information does not contain postmarketing reports of adverse reactions with sevelamer carbonate tablets or powder.  
Sentinel Events

No data.
Contraindications
Bowel obstruction. 
 Warnings and Precautions
Use caution in patients with dysphagia, swallowing disorders, severe gastrointestinal motility disorders including severe constipation, or major gastrointestinal tract surgery, as the safety and efficacy of sevelamer carbonate have not been established in these patients.

Look-alike/Sound-alike (LA/SA) Error Risk Potential

As part of a Joint Commission standard, LA/SA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LA/SA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Sevelamer Carbonate Powder
Renvela®
	Savella
Reglan, Regonol, Renagel, Renal Caps
	None
None
	None
None
	None
Renagel
	Other forms of sevelamer, colesevelam, cevimeline, selegiline, saquinavir
Revia, Relenza


VA Pricing 

	Sevelamer Carbonate
	2.4 gm powder
	0.8 gm powder
	800 mg tablet

	Price/Unita
	$3.21
	$3.21
	$1.07


aPrices current as of 06072011 per Low2000; refer to PBM pricing sources for updated prices

Conclusions
Sevelamer carbonate powder is effective in reducing and maintaining serum phosphorus levels in patients with CKD on hemodialysis and hyperphosphatemia and provides an alternative dosage form to sevelamer carbonate tablets, especially in patients with difficulty adhering to their treatment regimen due to the number of sevelamer carbonate tablets required or difficulty with swallowing the tablet dosage formulation.  Although once daily administration of sevelamer carbonate powder was shown to be effective in reducing serum phosphorus, this was not equivalent to the benefit seen with dividing the dose of tablets (i.e., sevelamer HCl) three times daily, and was not as well-tolerated.  As with the other non-calcium, non-aluminum phosphate binders available on VANF (e.g., sevelamer carbonate tablets and lanthanum carbonate tablets), sevelamer carbonate powder should be prescribed according to the VA criteria for use recommendations.  
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Appendix
	Sevelamer carbonate powder vs. Sevelamer HCl tablets in patients on HD

	Trial
	Methods
	Treatment
	Results
	Withdrawals/Adverse Events

	Fan S, et al 200911
R, OL, CO, MC 

7 Nephrology centers in England
N=31
Supported by Genzyme Corp; authors financial disclosure Genzyme Corp
	Inclusion Criteria 

> 18 yrs; HD x > 3 months; sevelamer HCl alone or w/other PB; Phos > 5.5 mg/dL after PB wash-out; normal Ca (8.5-10.3 mg/dL); iPTH < 800 pg/mL
Exclusion Criteria
Severe GI motility disorders; uncontrolled DM; HTN or other clinically unstable condition
Primary Endpoint

Control of Phos SCP vs. SH (PPS; N=21)
	Wash-Out

2wks
Run-In

SH x 4 wks to maintain Phos 3.5-5.5mg/dL
Tx Phase
Fixed-dose SCP or SH TID w/meals x 4wks,CO x 4wks
	Baseline
Mean age 53yrs; 68% male; 71% Caucasian; time on dialysis 7yrs; 58%SH, 36% SH + Ca; 81% IV or oral vitamin D
Labs

SCP
SH

LSM (90% CI)
 Phos (mg/dL)
5.0+1.5
5.2+1.1
0.95 (0.87-1.03)
Bicarb* (mEq/L)

↑ 2.7
↑ 0.1
P=0.001 

* Change from baseline

No significant difference between Tx groups for Ca, iPTH, TC, LDL, HDL, TG
Mean daily dose: SCP 6.0+3.1g/d; SH 6.4+3.3g/d
Adherence: SCP (86%); SH (84%)

Study Conclusions
Treatment with SCP and SH were equivalent in controlling serum phosphorus in patients on HD
	75 enrolled/31 randomized/24 completed Tx
 Withdrawals

N=7: AEs 2; withdrew consent 5

Adverse Events

SH Run-in: 26% Tx related AEs (9 AEs in 7 pts; dyspepsia, abdominal distention, abdominal pain, diarrhea, gastritis, nausea, stomach discomfort)

SH Tx: No Tx related AEs 
SCP: 9.7% Tx related AEs (4 AEs in 3 pts; nausea and vomiting, nausea, constipation)

No Tx related serious AEs or deaths during the trial

Study Limitations
Open-label due to dosage formulation

Distribution of PPS not reported

Short duration and RCT setting may not uncover potential difference in adherence between powder and tablet formulation 

	Sevelamer carbonate powder once daily vs. Sevelamer HCl tablets three times daily in patients on HD

	Trial
	Methods
	Treatment
	Results
	Withdrawals/Adverse Events

	Fishbane S, et al 20109
R, OL, PG, MC  

29 Nephrology centers in U.S.
N=217 

No funding support; authors financial disclosure Genzyme Corp 
	Inclusion Criteria 

> 18 yrs; HD x > 3 months; Phos > 5.5 mg/dL after PB wash-out; iPTH < 800 pg/mL
Exclusion Criteria

Severe GI motility disorders; uncontrolled DM; HTN or other clinically unstable condition

Primary Endpoint

Change from baseline in Phos (noninferiority PPS; N=148)
	Wash-Out

2wks
Tx Phase
(N=144) SCP 4.8gm QD w/meal  (titrated by 2.4gm pkt increments to Phos 3.5-5.5 mg/dL) x 24wks

OR

(N=73) SH 4.8gm divided TID w/meals (titrated by 800mg TID  increments to Phos 3.5-5.5 mg/dL) x 24wks
	Baseline 
Mean age SCP 57yrs, SH 59yrs; SCP 62%, SH 58%male; 54% African American; time on dialysis SCP44 months, SH 53 months; 85% on vitamin D 
Labs

SCP (N=97)
SH (N=51)
95% CI
 Phos (mg/dL)
Baseline
7.3+1.3
7.6+1.3
Change

↓ 2.0+1.8
↓ 2.9+1.3
0.39-1.5*
* Upper bound CI > 1.0mg/dL; SCP QD vs. SH TID not noninferior
Target Phos (3.5-5.5 mg/dL): SCP 54%; SH 64%
Greater ↓ SH vs. SCP Ca X P (P=0.01); TC (P<0.001); LDL (P<0.001)

Mean prescribed daily dose: SCP 9.2+4.0g/d; SH 9.1+3.8g/d

Mean actual daily dose: SCP 6.9+2.7g/d; SH 7.3+3.0g/d

Adherence: SCP (90%); SH (91%)

Study Conclusions
Treatment with SC powder once daily significantly reduced serum phosphorus in patients with CKD on HD, but was not as effective in reducing serum phosphorus as SH tablets administered three times daily 
	217 randomized/155 completed Tx

Withdrawals

SCP (N=51): AEs 18; withdrew consent 18; protocol noncompliance 4; death 1; lost to f/u 1; other 9
SH (N=11): AEs 4; withdrew consent 2; death 2; lost to f/u 1; other 2
AE

SCP (N=141)

SH (N=72)

Pts N (%)

Events

Pts N (%)

Events

Any Tx AE
43 (30.5)

72

13 (18.1)

26
Any GI
32 (22.7)

58
8 (11.1)

18
Diarrhea
12 (8.5)

17

4 (5.6)

5
Nausea
14 (9.9)

18
2 (2.8)

4
Vomiting
8 (5.7)

8
1 (1.4)

1
Constipation

1 (0.7)

1
4 (5.6)

4
Gag reflex/

Dislike taste
6 (4.3)

6
0
0
Study Limitations
Open-label due to dosage formulation

Difficult to accurately assess adherence with powder as unable to determine if all the product was consumed


AE=adverse event; Bicarb=serum bicarbonate; Ca=calcium; Ca X P=calcium phosphorus product; CI=confidence interval; CKD=chronic kidney disease; CO=crossover; d=day; DM=diabetes mellitus; f/u=follow-up; GI=gastrointestinal; HD=hemodialysis; HDL=high density lipoprotein cholesterol; HTN=hypertension; iPTH=intact parathyroid hormone; ITT=intent to treat; LDL=Low density lipoprotein cholesterol; LSM=geometric least square mean ratio; MC=multicenter; N=number of patients; OL=open-label; PB=phosphate binders; PG=parallel group; Phos=serum phosphorus; pkt=packet; PPS=per-protocol set; pts=patients; QD=once daily; R=randomized; RCT=randomized controlled trial; SCP=sevelamer carbonate powder; SH=sevelamer HCl; TC=total cholesterol; TG=triglycerides; TID=three times daily; Tx=treatment; vit=vitamin; wk=week; yrs=years
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