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Executive Summary
Indication: Ferric carboxymaltose injection (INJECTAFER) is a two-dose non-dextran intravenous (IV) iron replacement product indicated for the treatment of iron deficiency anemia (IDA) in two groups of adult patients: those who have intolerance to, or an unsatisfactory response to oral iron therapy, and in those with non-dialysis dependent chronic kidney disease (CKD).
Efficacy: Approval of treatment with ferric carboxymaltose (up to 750 mg per dose, with two doses per treatment course) was based on results from two published, multicenter, randomized, active-controlled, open-label trials.  One trial was conducted in patients with IDA and intolerance or inadequate response to oral iron therapy (n=1011; 94% female).  In the comparison of patients with previous inadequate response to oral iron, the primary endpoint of mean change in hemoglobin (Hgb) was significantly higher in patients treated with ferric carboxymaltose compared to oral iron therapy (1.57 vs. 0.80 g/dL, respectively), with the conclusion that treatment with ferric carboxymaltose was safe and more effective in increasing Hgb levels compared to oral iron therapy in patients with previous inadequate response to oral iron.  This trial also included a secondary endpoint evaluating a treatment arm comparing ferric carboxymaltose to IV iron (selected at provider discretion) in patients unable to tolerate or considered inappropriate for oral iron therapy (refer to details in monograph).  A second trial comparing ferric carboxymaltose (96.8% with 2 infusions) and iron sucrose (91.6% with 5 infusions) in patients with IDA and CKD not on dialysis (n=2561 received treatment) reported the primary endpoint of mean change in Hgb with ferric carboxymaltose (1.13 g/dL) to be non-inferior to treatment with iron sucrose (0.92 g/dL), and concluded that ferric carboxymaltose is a safe and effective alternative to multiple doses of iron sucrose for treating patients with IDA and CKD not on dialysis.  
Safety: The most common adverse reactions with ferric carboxymaltose, occurring in > 2% of patients, include nausea, hypertension, flushing, hypophosphatemia, and dizziness.  Serious hypersensitivity reactions have been reported with ferric carboxymaltose, including anaphylactic reactions, with some reported as life-threatening or fatal.  It is recommended that patients be monitored for hypersensitivity during and at least 30 minutes after administration of ferric carboxymaltose, and until clinically stable.  Ferric carboxymaltose should only be administered when there are personnel and treatment available for immediate management of serious hypersensitivity reactions.  No test dose is required.  Hypertension has also been reported with transient increases in systolic blood pressure generally occurring immediately after receiving a dose of ferric carboxymaltose and resolving within 30 minutes.  It is recommended that patients be monitored for hypertension after each administration.  In clinical trials with ferric carboxymaltose, a transient decrease (i.e., weeks) in phosphorus levels (< 2 mg/dl) was reported in 27% of patients. 
Dosing: Recommendations for dosing ferric carboxymaltose are based on patient weight.  Patients > 50 kg (110 lb.) are recommended to receive two doses of 750 mg separated by at least 7 days (total cumulative dose not to exceed 1500 mg of iron per treatment course).  Patients < 50 kg (110 lb.) should receive two doses of 15 mg/kg separated by at least 7 days (total cumulative dose not to exceed 1500 mg of iron per treatment course).  Treatment with ferric carboxymaltose may be repeated if iron deficiency anemia recurs.  Ferric carboxymaltose is to be administered by the IV route, either as an undiluted slow IV push, or by infusion.
Conclusions: Treatment with ferric carboxymaltose has been shown to be safe and effective in increasing Hgb levels in patients with IDA and inadequate response to oral iron therapy. There was also a significant difference in the secondary endpoint of mean change in Hgb with ferric carboxymaltose vs. standard care IV iron (by post hoc comparison) in patients unable to tolerate or considered inappropriate for oral iron therapy.  Ferric carboxymaltose has also been shown to be noninferior to iron sucrose in patients with IDA and CKD not on dialysis, with the purported advantage of fewer administrations per treatment course.  Ferric carboxymaltose at the FDA approved dose has not been adequately studied in comparison to other available IV iron therapies; it is also not FDA approved for IDA and CKD on dialysis.  The safety of ferric carboxymaltose was similar to iron sucrose in a direct comparison although significantly more patients treated with ferric carboxymaltose experienced protocol-specific hypertension. There was also a higher incidence of potentially clinically significant hypophosphatemia with ferric carboxymaltose.  As with all other IV iron preparations, patients treated with ferric carboxymaltose should be monitored for hypersensitivity including hypotension, and should only be administered when there are personnel and treatment available for immediate management of serious hypersensitivity reactions.  It is also recommended that patients treated with ferric carboxymaltose should be monitored for hypertension after each administration. Additional data are required to determine the safety of ferric carboxymaltose compared to other IV iron preparations.  Choice of a particular preparation should consider the following: patient-specific factors and co-existing medical conditions, risk of adverse events, a patient's experience with a particular preparation, cost, and facility-specific resources (e.g., nursing and pharmacy personnel, time, and workload versus drug cost).  Specific patient populations or circumstances at a site may warrant preferential consideration for ferric carboxymaltose or ferumoxytol (due to economic considerations or convenience); this should be determined on a case by case basis at the local level.
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Introduction1-18
Ferric carboxymaltose injection (INJECTAFER), is a two-dose non-dextran intravenous (IV) iron replacement therapy, approved July 25, 2013 for the treatment of iron deficiency anemia (IDA) in two groups of adult patients: those who have intolerance to, or an unsatisfactory response to oral iron therapy, and in those with non-dialysis dependent (ND) chronic kidney disease (CKD).1-3
Anemia is a common disorder and frequently a result of iron deficiency, which can be due to underlying medical conditions including inflammatory bowel disease or heavy uterine bleeding, resulting in chronic blood loss; in women who are postpartum; and patients with chronic kidney disease.4-10  In general, iron replacement therapy is recommended in patients with IDA, with oral iron as initial therapy and parenteral iron in patients where oral iron is not tolerated or where there is an inadequate response.9 

Anemia is a common complication in patients with CKD and may develop early, with an increase in prevalence and severity as kidney function declines.5,6  Anemia in patients with CKD is primarily caused by decreased kidney production of erythropoietin.  Other causes of anemia in patients with CKD include blood loss, decreased red blood cell survival, iron deficiency, and chronic inflammation.  Iron deficiency is especially likely to occur in patients on hemodialysis (HD) due to frequent blood drawing or from the process of dialysis itself.7,8  Iron supplementation to correct iron deficiency in patients with CKD is recommended prior to or during administration of an erythropoietin-stimulating agent (ESA) to increase hemoglobin (Hgb) levels, enhance the responsiveness to ESA therapy, reduce the dose of ESA when prescribed, and to prevent the development of iron deficiency in patients treated with an ESA.8  In general, the recommendation for patients with CKD not on dialysis is that they may be treated with either the oral or IV formulation of iron for the management of anemia, with IV iron recommended in patients who do not respond to oral iron replacement therapy.5,8,11  
Treatment with iron replacement therapy is not without adverse effects.  Patients treated with oral iron often complain of gastrointestinal side effects,4,11 and replacement therapy with IV iron has been associated with hypersensitivity reactions or serious adverse events.12-14  Depending on the IV iron formulation and the indication, dosing may require multiple injections or infusions administered over a prolonged period of time to provide adequate iron replacement therapy while minimizing adverse effects.15-18
Clinical Pharmacology1,2,4 
Ferric carboxymaltose is considered a new complex of iron and not a new molecular entity.2  Ferric carboxymaltose is an iron complex comprised of a ferric hydroxide core with carboxymaltose, a carbohydrate shell, that allows for controlled delivery of iron into cells of the reticuloendothelial system.1,4  After IV administration of ferric carboxymaltose, it is removed from the plasma by macrophages that release the iron which is subsequently taken up by ferritin or serum transferrin.  The iron released after binding of transferrin to the erythroblast can be used for maturation of red blood cells and hemoglobin synthesis.4  Ferric carboxymaltose increases serum iron, serum ferritin and transferrin saturation, with an improvement in hemoglobin and replenishment of iron stores.1,4 
Based on data from single dose administration of 100 to 1000 mg of ferric carboxymaltose in patients with iron deficiency, maximum iron levels of 37 mcg/ml and 333 mcg/ml were achieved after 15 minutes and 1.21 hours, respectively.1,4  It is reported that ferric carboxymaltose is rapidly cleared from plasma with approximately 80% cleared over 8 hours, with the majority of uptake occurring in the bone marrow.4  The estimated volume of distribution was 3 liters, with a terminal elimination half-life of 7.4 to 12.3 hours and negligible renal elimination of iron.1,4   
FDA Approved Indication1
Ferric carboxymaltose injection (INJECTAFER) is an IV iron replacement therapy approved for the treatment of iron deficiency anemia in adult patients who have intolerance to, or unsatisfactory response to oral iron therapy, or who have non-dialysis dependent chronic kidney disease.1  
Potential Off-Label Uses1-4,19
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 (VA PBM Intranet site only).

Ferric carboxymaltose has been studied in patients with IDA using higher doses that were not approved by the FDA due to safety concerns; and in patients with IDA and CKD on hemodialysis, which did not receive FDA approval at the time of original submission.  Additional data in patients on hemodialysis were not submitted for the most recent FDA approval.1-4  Ferric carboxymaltose  has also been studied in patients with heart failure and iron deficiency, with or without anemia, to improve patient symptoms.19
Current VA National Formulary Alternatives
Iron replacement therapy is available as an oral or IV formulation.  Ferrous sulfate and ferrous gluconate are oral iron formulations listed on the VA National Formulary (VANF) and contain approximately 65 mg and 37.5 mg elemental iron per 325 mg tablet, respectively.  
Ferric carboxymaltose is among five IV iron products currently available in the U.S.  Of these, iron sucrose, sodium ferric gluconate (listed as ferric Na gluconate), and iron dextran (lower molecular weight or LMW) are included on the VANF.  Ferumoxytol is available nonformulary, and has special considerations for place in therapy in VA (i.e., specific patient populations or circumstances at a site may warrant consideration of the nonformulary use of ferumoxytol due to economic considerations or convenience [an initial dose administered over 17 seconds with a second dose given 3 to 8 days later];18 this should be determined on a case by case basis at the local level).  Refer to the table below for FDA approved indications for the IV iron formulations.
	FDA Indications1,15-18
	IDA CKD
	IDA ND CKD
	IDA HD CKD on ESA
	IDA after PO

	VANF
	
	
	
	

	Iron Sucrose
	Xa
	
	
	

	Sodium Ferric Gluconate
	
	
	Xc
	

	LMW Iron Dextran
	
	
	
	Xd

	Nonformulary
	
	
	
	

	Ferumoxytol
	Xa
	
	
	

	Ferric Carboxymaltose
	
	Xb
	
	X


CKD=chronic kidney disease; ESA=erythropoietin-stimulating agent; FDA=Food and Drug Administration; HD=hemodialysis;  IDA=iron deficiency anemia: LMW=low molecular weight; ND=non-dialysis dependent; PO=oral; VANF=VA National Formulary
a data available in IDA and CKD on dialysis as well as not on dialysis16,18 (also refer to https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Clinical%20Recommendations/Iron%20(Intravenous)%20in%20Chronic%20Kidney%20Disease,%20Clinical%20Recommendations.doc) 
b data in patients with IDA and CKD on dialysis at doses other than approved by FDA (original submission for indications including CKD on dialysis was not approved due to safety concerns)2-4
c limited data also available in IDA and CKD not on HD (refer to https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Clinical%20Recommendations/Iron%20(Intravenous)%20in%20Chronic%20Kidney%20Disease,%20Clinical%20Recommendations.doc) 
d for data in IDA and CKD on dialysis or not on dialysis refer to https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Clinical%20Recommendations/Iron%20(Intravenous)%20in%20Chronic%20Kidney%20Disease,%20Clinical%20Recommendations.doc
Dosage and Administration1 
General Recommendations 
Ferric carboxymaltose for injection is available as 750 mg iron in a 15 ml single-use vial (50 mg elemental iron per ml).  The single-use preparation does not contain preservatives and the unused portion should be discarded.  The patient should be monitored for extravasation, with discontinuation of administration at that site if extravasation occurs.  The product information states to avoid extravasation as it may result in long lasting brown discoloration at the site.1   
Dosing 
Recommendations for dosing ferric carboxymaltose are based on patient weight as follows:
> 50 kg (110 lb.): ferric carboxymaltose should be administered in two doses separated by at least 7 days. Each dose should be 750 mg for a total cumulative dose not to exceed 1500 mg of iron per treatment course.

< 50 kg (110 lb.): ferric carboxymaltose should be administered in two doses separated by at least 7 days.  Each dose should be 15 mg/kg body weight for a total cumulative dose not to exceed 1500 mg of iron per treatment course.

Treatment with ferric carboxymaltose may be repeated if iron deficiency anemia recurs.1  
Administration 

Ferric carboxymaltose is to be administered by the IV route, either as an undiluted slow IV push, or by infusion.1  

IV push: administer at a rate of approximately 100 mg (2 ml) per minute. 

IV infusion: dilute up to 750 mg of iron in no more than 250 ml of sterile 0.9% sodium chloride injection, USP.  The concentration should not be less than 2 mg of iron per ml and should be administered over at least 15 minutes.  IV infusions of ferric carboxymaltose prepared with 0.9% sodium chloride injection, USP at concentrations of 2 mg to 4 mg of iron per ml are stable for 72 hours stored at room temperature. 
Refer to table below for dosing comparison of the available IV iron products.

	IV Iron 1,16-18
	FDA Indication
	Availability
	FDA Dosinga

	VANF

	Iron Sucrose
	IDA CKD
	20mg/ml (50 mg/2.5 ml; 100 mg/5 ml; 200 mg/10 ml vials)
	HD-CKD:100mg diluted in max 100ml 0.9% NaCl IV infusion over > 15 min or 100 mg undiluted slow IV inj over 2 to 5 min, per dialysis session 

ND-CKD: 200 mg undiluted slow IV inj over 2 to 5 min on 5 different occasions over 14 days (limited data with 500 mg diluted in max 250 ml 0.9% NaCl over 3.5 to 4 hrs on day 1 and 14)

PD-CKD: 300mg diluted in max 250 ml 0.9% NaCl IV infusion over 1.5 hrs, then again 14 days later, then 400 mg (diluted as above) over 2.5 hrs administered 14 days later

Usually require total tx course 1000mg; may be repeated if IDA recurs

	Sodium Ferric Gluconate
	IDA CKD HD on ESA
	12.5 mg/ml (62.5 mg/5 ml ampule or vial)
	125mg (10 ml) diluted in 100ml 0.9% NaCl IV infusion over 60 min or 

125 mg (10 ml) undiluted slow IV inj at rate up to 12.5 mg/min, per  dialysis session

Usually require 1000mg over 8 sessions for repletion; may be repeated if IDA recurs

	LMW Iron Dextran
	IDA after PO
	50mg/ml (100 mg/2 ml vial)
	Test dose: 25mg (0.5 ml) slow IV inj over > 30sec;  or 25 mg (0.5 ml) undiluted IMb
Refer to table in PI for IV iron requirement based on observed Hgb and LBW or calculation: 

Dose (ml) = 0.0442 (desired Hgb – observed Hgb) x LBW + (0.26 x LBW)

nmt 100mg (2 ml) slow IV inj  at rate nmt 50 mg (1 ml)/min or IMb, per day until total calculated amount is administered

	Non-formulary

	Ferumoxytol
	IDA CKD
	30 mg/ml (510 mg/17 ml vial)
	510 mg as undiluted IV inj at rate up to 1 ml/sec (30 mg/sec or 17 sec), 
or as IV infusion in 50 to 200 ml (0.9% NaCl or D5W) over > 15 min, 2nd inj 3 to 8 days later. May be repeated if IDA persists or recurs

	Ferric Carboxymaltose
	IDA after PO; IDA CKD ND
	50 mg/ml (750 mg/15 ml vial)
	Up to 750 mg (i.e., 750 mg if > 50 kg or > 110 lb.; 15 mg/kg if < 50 kg or <110 lb.) as undiluted slow IV push at rate of 100 mg (2 ml) per min (over 7.5 min), 2nd inj 7 days later; or by IV infusion, diluted up to 750 mg of iron in nmt 250 ml 0.9% NaCl, administered over > 15 min, 2nd infusion 7 days later. Total cumulative dose not to exceed 1500 mg iron per treatment course. May be repeated if IDA recurs


CKD=chronic kidney disease; ESA=erythropoietin-stimulating agent; FDA=Food and Drug Administration; HD=hemodialysis; Hgb=hemoglobin; hrs=hours; IDA=iron deficiency anemia: IM=intramuscular; inj=injection; IV=intravenous; LBW=lean body weight; LMW=low molecular weight; max=maximum; min=minute; ND=non-dialysis dependent; nmt=not more than; PD=peritoneal dialysis; PI=product information; PO=oral; sec=seconds; tx=treatment; VANF=VA National Formulary

a Refer to data in IDA CKD with alternate dosing that has been used (https://vaww.cmopnational.va.gov/cmop/PBM/Clinical%20Guidance/Clinical%20Recommendations/Iron%20(Intravenous)%20in%20Chronic%20Kidney%20Disease,%20Clinical%20Recommendations.doc) 
bAdministration by the IM route  is also included as an option per the PI;15 however, administration by the IM route has been discouraged8 (i.e., due to pain on injection, potential for permanent skin discoloration, unpredictable delivery)  
Efficacy1-4,20,21
A literature search was performed on PubMed/Medline using the search term ferric carboxymaltose through 24 Jan 2014.  The search was limited to clinical trials evaluating the dose approved by the FDA.1-4,20,21   Reference lists of review articles were searched for additional relevant information.  
Efficacy Measures20,21
Primary Endpoint

· IDA in patients with inadequate response or intolerance to oral iron therapy:20
· Mean change in Hgb from baseline to highest observed Hgb at any time up to Day 35 or intervention in patients with inadequate response to oral iron therapy (Cohort 1)
· IDA in NDD CKD:21 

·  Mean change in Hgb from baseline to highest observed Hgb at any time up to Day 56 or intervention
Secondary Endpoints

· IDA in patients with inadequate response or intolerance to oral iron therapy: 20
· Mean change in Hgb from baseline to highest observed Hgb at any time up to Day 35 or intervention in patients where oral iron therapy was not tolerated or was deemed inappropriate (Cohort 2)

· Proportion of patients with mean Hgb > 12 g/dL any time between baseline and Day 35

· Mean change in ferritin from baseline to highest level up to Day 35

· Proportion of patients with Hgb > 12 g/dL and increase in ferritin of > 160 ng/ml at any time between baseline and Day 35

· Proportion of patients with increase Hgb > 2 g/dL at any time between baseline and Day 35

· Mean change in Hgb, ferritin and TSAT from baseline to each scheduled visit    

· IDA in NDD CKD:21 

· Proportion of patients with increase Hgb > 1 g/dL at any time between baseline and Day 56

· Mean change in ferritin and TSAT from baseline to highest observed level at any time up to Day 56

Clinical Trial Data20,21
The efficacy and safety of ferric carboxymaltose, at the FDA approved doses, was evaluated in two multicenter, randomized, open-label, active-controlled trials.20,21 

Study 1: Patients with IDA (i.e., Hgb < 11 g/dL and < 12 g/dL after run-in; ferritin < 100 ng/ml or < 300 ng/ml when TSAT < 30%) entered a 2 week run-in phase of oral ferrous sulfate 325 mg three times daily (the dose was decreased to once daily in patients experiencing adverse effects that did not require discontinuation).  Patients with an inadequate response (i.e., increase Hgb < 1 g/dL) were enrolled in Cohort 1 (n=507) where patients were randomized to either ferric carboxymaltose (Group A) at a dose of 15 mg/kg (maximum 750 mg) on days 0 and 7, or oral iron (Group B) for an additional 14 days.  Patients who were unable to tolerate oral iron therapy (or if poorly tolerated) or in whom oral iron was considered inappropriate (i.e., baseline Hgb warranted rapid repletion of iron stores to avoid transfusion) were enrolled in Cohort 2 (n=504) where they were randomized to ferric carboxymaltose (Group C, dose and regimen as in Cohort 1) or standard care IV iron therapy (Group D) selected at the provider’s discretion (patients received 1 to 14 infusions, with 3 infusions being the most common; 89.8% received iron sucrose).20
The large majority of participants were female (94%), with the most common reason for IDA being heavy uterine bleeding (50% Cohort 1; 44% Cohort 2).  Patients were stratified by etiology of IDA, baseline Hgb, and baseline cardiovascular risk.  As per the table below, the primary endpoint of mean change Hgb (baseline to highest observed between baseline and Day 35 or time of intervention) was significantly higher in patients treated with ferric carboxymaltose (1.57 g/dL) compared to oral iron therapy (0.80 g/dL).  There was also a significant difference in the secondary endpoint of mean change in Hgb in Cohort 2 (ferric carboxymaltose 2.90 g/dL vs. standard care IV iron 2.16 g/dL; p=0.001 by post hoc comparison).  The additional secondary endpoints of  percent with Hgb > 12 g/dl, mean change in ferritin, mean change in TSAT, and percent with Hgb > 12 g/dl and increase in ferritin > 160 ng/ml, were reported to be significantly greater with ferric carboxymaltose vs. the respective comparison treatment groups.20  
Primary Endpoint 20
	Cohort 1
	n
	Mean Baseline 

Hgb g/dL (+SD)
	Highest 
Hgb g/dL (+SD)
	∆ Hgb

g/dL(+SD)
	p value

	Group A
	244
	10.59 (1.008)
	12.16 (1.112)
	1.57 (1.194)
	0.001

	Group B
	251
	10.62 (1.003)
	11.42 (1.181)
	0.80 (0.799)
	


The pre-specified prospective composite safety outcome (death, non-fatal myocardial infarction, non-fatal stroke, congestive heart failure, unstable angina requiring hospitalization, arrhythmia, protocol-defined hypotension or hypertension) were reported as follows: Group A in 7 of 246  patients on ferric carboxymaltose (2.9%); Group B in 4 of 253 patients receiving oral iron (1.6%); Group C in 10 of 253 patients on ferric carboxymaltose (4.0%); Group D in  12 of 245 patients receiving standard care IV iron (4.9%).  Four deaths occurred during the trial: one patient on ferric carboxymaltose, two patients receiving oral iron, and one patient in the standard care IV iron treatment group.  None of the deaths were reported to be attributable to study drug according to investigators.  Serious adverse events were reported in 3.3% of patients in Group A (ferric carboxymaltose), 4.0% in Group B (oral iron), 6.7% in Group C (ferric carboxymaltose), and 6.5% in Group D (standard care IV iron).  Treatment-emergent adverse events were reported in 22.8% Group A, 6.3% Group B, 25.3% Group C, and 26.5% Group D.  The most common adverse events were reported as follows: hypophosphatemia Group A (ferric carboxymaltose) 9 patients or 3.7%, Group C (ferric carboxymaltose) 14 patients or 5.5%; nausea Group A (ferric carboxymaltose) 10 patients or 4.1%, Group D (standard care IV iron) 8 patients or 3.3%; protocol-defined hypotension Group D (standard care IV iron) 9 patients or 3.7%; and constipation Group B (oral iron) 8 patients or 3.2%.  Hypophosphatemia reported as potentially clinically significant occurred more frequently in patients receiving ferric carboxymaltose (Group A 53.1%, Group C 40.7%) compared to oral iron (Group B 0.4%) and standard care IV iron (Group D 0.9%).20    
Study 2: Patients with CKD (defined as 2 consecutive estimated glomerular filtration rate [eGFR] measurements of < 60 ml/min/1.73m2, or eGFR < 90 ml/min/1.73m2 on two occasions and urine abnormalities or cardiovascular [CV] risk) and IDA (i.e., Hgb < 11.5 g/dL [with average of 2 labs within  7 days and within 0.7 mg/dl] and ferritin < 100 ng/ml or < 300 ng/ml when TSAT < 30%) on a stable dose of an ESA (+ 20% for 4 weeks) were randomized (n=2584; 2561 received treatment; 2493 analyzed) to ferric carboxymaltose at a dose of 15 mg/kg (maximum 750 mg) on days 0 and 7, or IV iron sucrose 200 mg Days 0, 7, 14 plus 2 additional doses between Day 0 and 7, and Day 7 and 14 (5 doses IV push for a total 1000 mg).21  
Baseline characteristics included mean age 67.3yrs; 63.6% female; 25.7% black, 53.5% white; 17.9%  treated with an ESA; 5.7% CKD stage 2, 86.6% stage 3-4, 7.7% stage 5; mean eGFR 32.38 ml/min/1.73m2, TSAT 19.68%, and ferritin 74.03 ng/ml.  Patients were stratified by baseline Hgb, baseline CV risk, ESA use and CKD stage.  As per the table below, the primary endpoint of mean change Hgb (baseline to highest observed between baseline and Day 56 or time of intervention) with ferric carboxymaltose (1.13 g/dL) was non-inferior to treatment with iron sucrose (0.92 g/dL).  The secondary endpoints of percent of patients with an increase Hgb > 1 g/dl (48.6% ferric carboxymaltose vs. 41% iron sucrose), mean change in ferritin, mean change in TSAT were reported to be significantly greater with ferric carboxymaltose vs. iron sucrose.21  
Primary Endpoint 21
	Treatment
	n
	Mean Baseline 

Hgb g/dL (+SD)
	Highest 

Hgb g/dL (+SD)
	∆ Hgb

g/dL(+SD)
	95% CI

	Ferric Carboxymaltose
	1249
	10.31 (0.831)
	11.44 (1.185)
	1.13 (1.044)
	0.13-0.28a

	Iron Sucrose
	1244
	10.33 (0.825)
	11.25 (1.078)
	0.92 (0.917)
	


a non-inferiority lower limit 95% CI > -0.2
The pre-specified prospective composite safety endpoint (death, non-fatal myocardial infarction, non-fatal stroke, congestive heart failure, unstable angina requiring hospitalization or medical intervention, cardiac arrhythmia, protocol-defined hypotension or hypertension) were reported in 175 patients (13.71%) on ferric carboxymaltose and 156 patients (12.14%) receiving iron sucrose (1.57% difference, 95% CI -1.10 to 4.25).  Fifteen deaths occurred in patients treated with ferric carboxymaltose, and 18 in the iron sucrose treatment group.  One death due to cardiac arrhythmia was considered to be possibly related to study drug in an 86 year old patient with CKD and iron deficiency anemia, diastolic dysfunction, supraventricular/ventricular tachycardia, bradycardia, and type 2 diabetes mellitus who was found unresponsive one day after receiving treatment with ferric carboxymaltose.  At least one serious adverse event was reported in 15.8% of patients treated with ferric carboxymaltose and 15.3% in the iron sucrose treatment group; with the most common being congestive heart failure, reported in 2.4% on ferric carboxymaltose and 2.3% on iron sucrose.  Anemia requiring intervention was reported to occur more frequently in patients receiving ferric carboxymaltose compared to iron sucrose (1.1% vs. 0.3%; p=0.02).  Drug-related treatment-emergent adverse events were reported in 23.4% of patients receiving ferric carboxymaltose compared to 15.7% of patients treated with iron sucrose, with the most commonly reported events including nausea, hypertension, flushing, dizziness and dysgeusia.  Hypersensitivity was reported in 9 patients on ferric carboxymaltose and in 2 patients receiving iron sucrose.  Potentially clinically significant hypophosphatemia occurred in 18.5% (213 of 1154) of patients treated with ferric carboxymaltose compared to 0.8% (9 of 1131) of patients on iron sucrose.  The mean decrease in serum phosphorus from baseline to the lowest level was reported to be -1.28 mg/dl compared to -0.66 mg/dl (and -0.39 mg/dl vs. -0.09 mg/dl from baseline to Day 56) in the ferric carboxymaltose and iron sucrose treatment groups, respectively.21     

Adverse Events (Safety Data)1-4,20-22
Deaths and Other Serious Adverse Events2-4 

Previous FDA submissions for ferric carboxymaltose (2006, 2007) included approval for the treatment of iron deficiency anemia in heavy uterine bleeding, postpartum, inflammatory bowel disease, and hemodialysis patients, that received a non-approvable letter as a result of safety concerns due to increased deaths in patients receiving ferric carboxymaltose compared to controls.  There was also a higher rate of hypophosphatemia seen in the ferric carboxymaltose treatment groups compared to controls.2,3  In 14 trials completed prior to the more recent FDA submission, there were 10 deaths in 2080 patients (0.48%) in the ferric carboxymaltose treatment group compared to one death in 145 patients (0.7%) treated with iron sucrose, and no deaths in 834 patients who received oral ferrous sulfate.4 The FDA noted the imbalance in mortality in patients receiving ferric carboxymaltose vs. other iron treatments, as well as an increased rate of serious adverse events (3.2% vs. 2.5%), serious cardiac events (0.9% vs. 0.4%), and serious infections (0.9% vs. 0.4%) with ferric carboxymaltose vs. ferrous sulfate, respectively.  An increase in the rate of grade 3 hypophosphatemia (serum phosphorus > 1.0 but < 2.0 mg/dl) was also seen in patients with postpartum iron deficiency anemia or heavy uterine bleeding treated with ferric carboxymaltose (8 to 70%) compared to none in the ferrous sulfate treatment group.4  It was recommended the manufacturer provide additional safety data in clinical trials comparing treatment with ferric carboxymaltose with appropriate controls and suggested an alternate regimen utilizing a lower dose for single administration in order to deliver the total dose (i.e., most early trials utilized a dosage regimen of < 1000 mg over < 15 minutes, with the subsequent dose administered at 1 week intervals; whereas, more recent trials used a dose of < 750 mg with a second dose separated by 1 week, for a total cumulative dose not to exceed1500 mg per treatment course).1-3 
From June 18, 2011 through January 31, 2013, the sponsor reports an additional 257 cases of serious adverse events; with 16 deaths, 3 considered to be related to treatment with ferric carboxymaltose (dyspnea, agitation, bronchospasm, cardiopulmonary arrest 5 minutes after starting ferric carboxymaltose 100 mg over 15 minutes, expired several days later with neurologic damage due to severe ischemia; partial middle cerebral artery stroke with left hemiparesis presenting 6 hours after receiving ferric carboxymaltose 500 mg diluted in 250 ml administered over 30 minutes, with eventual death;  grade IV hypersensitivity and anaphylactic shock with dyspnea, hypotension, and bradycardia 3 minutes after beginning infusion, receiving ferric carboxymaltose 36 mg in 30 ml saline, with subsequent death).2  In pooled analysis of the two pivotal trials, mortality was similar in patients in the ferric carboxymaltose (16 of 1775; 0.9%) compared to controls (21 of  1783; 1.2%).3
Common Adverse Events1
The most common adverse reactions with ferric carboxymaltose, occurring in > 2% of patients, include nausea, hypertension, flushing, hypophosphatemia, and dizziness.  A comparison of adverse reactions occurring in > 1% of patients studied in two clinical trials are listed in the table below.1  
	Adverse Reactions
	Ferric Carboxymaltose (n=1775)
	Pooled Injectable 
and Oral Iron
(n=1783)
	Oral Iron

(n=253)

	Nausea
	7.2%
	1.8%
	1.2%

	Hypertension
	3.8%
	1.9%
	0.4%

	Flushing/Hot Flush
	3.6%
	0.2%
	0%

	Decreased Phosphorus
	2.1%
	0.1%
	0%

	Dizziness
	2.0%
	1.2%
	0%

	Vomiting
	1.7%
	0.5%
	0.4%

	Injection Site Discoloration
	1.4%
	0.3%
	0%

	Headache
	1.2%
	0.9%
	0%

	ALTa Increase
	1.1%
	0.2%
	0%

	Dysgeusia
	1.1%
	2.1%
	0%

	Hypotension
	1.0%
	1.9%
	0%

	Constipation
	0.5%
	0.9%
	3.2%


a ALT=alanine aminotransferase
Other Adverse Events1
Other adverse reactions include abdominal pain, diarrhea, increased glutamyl transferase, injection site reactions (pain, irritation), rash, paresthesia, and sneezing, occurring in > 0.5% of patients receiving ferric carboxymaltose.  In clinical trials with ferric carboxymaltose, a transient decrease in phosphorus levels (< 2 mg/dl) was reported in 27% (440 of 1638) of patients.1 
Post-marketing Reports of Adverse Events1,20-22
Urticaria, dyspnea, pruritus, tachycardia, erythema, pyrexia, chest discomfort, chills, angioedema, back pain, arthralgia, and syncope are the most common serious post-marketing adverse events reported with ferric carboxymaltose.  According to the manufacturer’s product information, there was also one case of hypophosphatemic osteomalacia in a patient who received ferric carboxymaltose at a dose of 500 mg every 2 weeks for 16 weeks, with partial recovery after discontinuation of treatment.1
One proposed mechanism for the hypophosphatemia seen with ferric carboxymaltose is due to a transient increase in the full-length form of fibroblast growth factor 23 (iFGF23), a hormone that regulates phosphate and vitamin D homeostasis and decreases renal tubular absorption of phosphate.  After administration of ferric carboxymaltose to women with a history of IDA and heavy uterine bleeding, iFGF23 levels increased significantly by Day 1 and remained elevated through Day 7 and 14, returning to baseline by Day 35.  In patients who received ferric carboxymaltose, serum phosphate levels significantly decreased by Day 7 (-0.6 mg/dL) and by Day 14 (-0.7 mg/dL), returning to normal by Day 35. It was reported that phosphate levels returned to the normal range by Day 80 in those patients with continued serum phosphate < 2.0 mg/dL at Day 35.20-22       
Comparison of Adverse Events with the IV Iron Products (per Manufacturer’s Product Information1,15-18)
	Adverse Event
	Ferric Carboxymaltose

n=1775
	Ferumoxytol
n=605
	LMW Iron Dextran
	Sodium Ferric Gluconate

n=126
	Iron Sucrose
HD-CKD  ND-CKD  PD-CKD

n=231      n=139       n=75

	Diarrhea
	> 0.5%
	4.0%
	Reported
	NVD=35%
	5.2%
	7.2%
	8.0%

	Nausea
	7.2%
	3.1%
	Reported
	See diarrhea
	14.7%
	8.6%
	5.3%

	Dizziness
	2.0%
	2.6%
	Reported
	13%
	6.5%
	6.5%
	1.3%

	Hypotension
	1.0%
	2.5%
	Reported
	29%
	39.4%
	2.2%
	2.7%

	Constipation
	0.5%
	2.1%
	NR
	NR
	1.3%
	4.3%
	4.0%

	Peripheral edema
	NR
	2.0%
	NR
	Reported
	2.6%
	7.2%
	5.3%

	Headache
	1.2%
	1.8%
	Reported
	7%
	12.6%
	2.9%
	4.0%

	Edema
	NR
	1.5%
	Reported
	5%
	0.4%
	6.5%
	0%

	Vomiting
	1.7%
	1.5%
	Reported
	See diarrhea
	9.1%
	5.0%
	8.0%

	Abdominal pain
	> 0.5%
	1.3%
	Reported
	6%
	3.5%
	1.4%
	4.0%

	Chest pain/discomfort
	Reported
	1.3%
	Reported
	10%
	6.1%
	1.4%
	2.7%

	Cough
	NR
	1.3%
	NR
	6%
	3.0%
	2.2%
	1.3%

	Pruritus
	Reported
	1.2%
	Reported
	6%
	3.9%
	2.2%
	2.7%

	Pyrexia
	Reported
	1.0%
	Reported
	5%
	3.0%
	0.7%
	1.3%

	Back pain
	Reported
	1.0%
	Reported
	Reported
	2.2%
	2.2%
	1.3%

	Muscle spasm/ 

   cramps
	NR
	1.0%
	Reported
	25%
	29.4%
	0.7%
	2.7%

	Dyspnea
	Reported
	1.0%
	Reported
	11%
	3.5%
	3.6%
	1.3%

	Rash
	> 0.5%
	1.0%
	Reported
	Reported
	0.4%
	1.4%
	0%

	Hypertension
	3.8%
	1.0%
	Reported
	13%
	6.5%
	6.5%
	8.0%

	Ear pain
	NR
	NR
	NR
	Reported
	0%
	2.2%
	0%

	Conjunctivitis
	NR
	NR
	NR
	Reported
	0.4%
	0%
	2.7%

	Dysgeusia
	1.1%
	NR
	NR
	NR
	0.9%
	7.9%
	0%

	Asthenia
	NR
	NR
	Reported
	7%
	2.2%
	0.7%
	2.7%

	Fatigue
	NR
	NR
	NR
	6%
	1.7%
	3.6%
	0%

	Injection site 

   reactions
	> 0.5%
	NR
	Reported
	33%
	0%
	3.6%
	0%

	URI NOS
	NR
	NR
	NR
	6%
	1.3%
	0.7%
	2.7%

	Graft complication
	NR
	NR
	NR
	NR
	9.5%
	1.4%
	0%

	Cardiac murmur/ 

   arrhythmias
	NR
	NR
	Reported
	NR
	0.4%
	2.2%
	0%

	FOBT positive
	NR
	NR
	NR
	Reported
	0%
	1.4%
	2.7%

	Glycemic changes
	NR
	NR
	NR
	Reported
	0.4%
	3.6%
	4.0%

	Arthralgia
	Reported
	NR
	Reported
	Reported
	3.5%
	1.4%
	4.0%

	Pain in extremity
	NR
	NR
	NR
	NR
	5.6%
	4.3%
	2.7%

	Paresthesia
	> 0.5%
	NR
	Reported
	6%
	NR
	NR
	NR

	Syncope
	Reported
	NR
	Reported
	6%
	NR
	NR
	NR

	Hyperkalemia
	NR
	NR
	NR
	6%
	NR
	NR
	NR

	↓Phosphorus
	2.1%
	NR
	NR
	NR
	NR
	NR
	NR

	Abnormal 

   erythrocytes
	NR
	NR
	NR
	11%
	NR
	NR
	NR

	Seizures
	NR
	NR
	Reported
	Reported
	NR
	NR
	NR


CKD=chronic kidney disease; FOBT=fecal occult blood test; HD=hemodialysis; LMW=low molecular weight; ND=non-dialysis dependent; NR=not reported; NVD=nausea/vomiting/diarrhea; PD=peritoneal dialysis; URI NOS=upper respiratory tract infection not otherwise specified; VANF=VA National Formulary
Sentinel Events

No data. 

Contraindications1
Treatment is contraindicated in patients with hypersensitivity to ferric carboxymaltose or to any of its components. 
Warnings and Precautions1
Hypersensitivity Reactions 
Serious hypersensitivity reactions have been reported with ferric carboxymaltose, including anaphylactic reactions, with some reported as life-threatening or fatal.  Symptoms may include shock, clinically significant hypotension, loss of consciousness, and collapse.  It is recommended that patients be monitored for hypersensitivity during and at least 30 minutes after administration of ferric carboxymaltose, and until clinically stable.  Ferric carboxymaltose should only be administered when there are personnel and treatment available for immediate management of serious hypersensitivity reactions.  Serious anaphylactic reactions were reported in 0.1% patients treated with ferric carboxymaltose in clinical trials.  Additional potentially related serious/severe hypersensitivity reactions included pruritus, rash, urticaria, wheezing, or hypotension, that were reported in 1.5% of patients.1  

Comparison of Hypersensitivity Reactions with the IV Iron Products (per Manufacturer’s Product Information1,15-18)
	Ferric Carboxymaltose
	Serious hypersensitivity reactions reported, including anaphylactic reactions, with some reported as life-threatening or fatal.  In clinical trials, serious anaphylactic-type reactions reported in 0.1% (2 of 1775) of patients.  Other adverse reactions potentially associated with hypersensitivity (e.g., pruritus, rash, urticaria, wheezing, or hypotension) were reported in 1.5% (26 of 1775) of patients. Observe for hypersensitivity during and at least 30 minutes after administration, with personnel and treatment available if necessary.  

	Ferumoxytol
	Serious hypersensitivity reactions reported, including anaphylactic reactions, with some reported as life-threatening or fatal.  In clinical trials, serious hypersensitivity reported in 0.2% (3 of 1726) of patients.    Other adverse reactions potentially associated with hypersensitivity (e.g. pruritus, rash, urticaria, or wheezing) were reported in 3.7% (63 of 1726) of patients.  Observe for hypersensitivity for at least 30 minutes following administration, with personnel and treatment available if necessary.

	LMW Iron Dextran
	Administer test dose prior to first therapeutic dose.  Anaphylactic-type reactions (described as sudden onset respiratory difficulty and/or cardiovascular collapse), including death, have been reported, and have occurred after uneventful test doses as well as therapeutic doses.  Have personnel and treatment available for anaphylactic-type reactions, if necessary, during administration.  Observe patients for at least 60 minutes after administration of therapeutic dose.   

	Sodium Ferric Gluconate
	Serious hypersensitivity reactions reported, including anaphylactic-type reactions, some life-threatening or fatal, have been reported during post-marketing experience.  Signs and symptoms may include shock, clinically significant hypotension, loss of consciousness, or collapse.  Observe for hypersensitivity during and at least 30 minutes after administration, with personnel and treatment available if necessary.

	Iron Sucrose
	Serious hypersensitivity reactions reported, including anaphylactic-type reactions, with some reported as life-threatening or fatal.  Signs and symptoms may include shock, clinically significant hypotension, loss of consciousness, and/or collapse.  Observe for hypersensitivity during and at least 30 minutes after administration, with personnel and treatment available if necessary. 


Hypertension 
Hypertension was reported in 3.8% (67 of 1775) of patients in the two pivotal clinical trials.  Transient increases in systolic blood pressure were generally reported to occur immediately after receiving a dose of ferric carboxymaltose, resolving within 30 minutes.  Facial flushing, dizziness or nausea was also seen in 6% (106 of 1775) of patients experiencing these blood pressure elevations.  The manufacturer product information also recommends that patients be monitored for signs and symptoms of hypertension after each administration of ferric carboxymaltose.1  

Alterations in Laboratory Testing 
It is reported that laboratory assays of serum iron taken within 24 hours of administration of ferric carboxymaltose may overestimate iron and transferrin bound iron due to the potential for iron in ferric carboxymaltose to also be measured within this time period.1
Specific Populations1

Pregnancy  
Ferric carboxymaltose is Pregnancy Category C.  There are no well-controlled clinical trials of ferric carboxymaltose in pregnant human females.  In studies of animal reproduction, ferric carboxymaltose was found to cause fetal malformations and increased implantation loss in rabbits administered toxic doses.  Adverse effects were not seen in reproductive studies conducted in rats.  Ferric carboxymaltose should only be used during pregnancy if the potential benefit outweighs the potential risk to the fetus.1 
Nursing Mothers 
In a study conducted in lactating women with postpartum iron deficiency anemia, mean levels of iron in breast milk was found to be higher in the women treated with ferric carboxymaltose compared to those receiving oral ferrous sulfate.1  Mean levels of iron in human milk following a first dose of ferric carboxymaltose were about 3 times higher (1.447 mg/kg) than baseline iron levels in human milk (0.500 mg/kg).  One week after the maternal dose of ferric carboxymaltose, mean iron levels in human milk had returned to baseline (0.513 mg/kg).4,23  The rate of adverse events among breastfed infants (10.5 vs. 12%) was similar whether the mothers received or ferric carboxymaltose or oral iron supplementation, respectively.  The most frequent infant adverse reactions were erythema, constipation, diarrhea, and nasopharyngitis.4,23
Demographics (Age or Gender) 
Fifty percent of the 1775 patients who received treatment with ferric carboxymaltose in the two pivotal clinical trials were 65 years of age or older, with 25% > 75 years of age, with no reported differences in safety or effectiveness in older compared to younger patients.1 
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 three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Ferric carboxymaltose inj 

750 mg/15 ml
INJECTAFER
	Ferric gluconate
Ferumoxytol
None
	None
None
	None
None
	Ferric Hexacyanoferrate
Carboxymethylcellulose

Infergen                                                                                                                                   


Drug Interactions1
No formal drug interaction studies have been conducted with ferric carboxymaltose.1
Acquisition Cost

Refer to VA pricing sources for updated information.

Cost-Effectiveness Analysis24-28
The FDA approved recommended administration of ferric carboxymaltose is two doses separated by at least 7 days, whereas other IV iron preparations may require a greater number of administrations, or longer administration times,  per treatment course.  Outside the U.S., several economic evaluations with ferric carboxymaltose compared to other IV iron formulations have been conducted.  Published analyses are available with the models demonstrating a favorable cost benefit with the use of ferric carboxymaltose compared to iron sucrose,24-27 as well as with low molecular weight iron dextran, depending on the estimated dose.27,28  As these evaluations were conducted outside the U.S., analyzing doses and administration regimens of ferric carboxymaltose other than approved by the FDA, it is difficult to compare the difference in value to the VA based on these published data. 
Conclusions

Treatment with ferric carboxymaltose has been shown to be safe and effective in increasing Hgb levels in patients with IDA and inadequate response to oral iron therapy.  There was also a significant difference in the secondary endpoint of mean change in Hgb with ferric carboxymaltose vs. standard care IV iron (by post hoc comparison) in patients unable to tolerate or considered inappropriate for oral iron therapy.  Ferric carboxymaltose has also been shown to be noninferior to iron sucrose in patients with IDA and CKD not on dialysis, with the purported advantage of fewer administrations per treatment course.  Ferric carboxymaltose at the FDA approved dose has not been adequately studied in comparison to other available IV iron therapies.  Ferric carboxymaltose is not FDA approved for use in patients with IDA and CKD on dialysis.   

The composite safety endpoint with ferric carboxymaltose was similar to patients treated with iron sucrose in a trial of patients with IDA and CKD.  Significantly more patients treated with ferric carboxymaltose experienced protocol-specific hypertension. There was also a higher incidence of potentially clinically significant hypophosphatemia with ferric carboxymaltose; although, the authors report this to have been transient and not associated with a serious adverse event.  As with all other IV iron preparations, patients treated with ferric carboxymaltose should be monitored for hypersensitivity including hypotension, and should only be administered when there are personnel and treatment available for immediate management of serious hypersensitivity reactions.  It is also recommended that patients treated with ferric carboxymaltose should be monitored for hypertension after each administration.  Additional data are required to determine the safety of ferric carboxymaltose compared to other IV iron preparations.  Choice of a particular preparation should consider the following: patient-specific factors and co-existing medical conditions, risk of adverse events, a patient's experience with a particular preparation, cost, and facility-specific resources (e.g., nursing and pharmacy personnel, time, and workload versus drug cost).  Specific patient populations or circumstances at a site may warrant preferential consideration for ferric carboxymaltose or ferumoxytol (due to economic considerations or convenience); this should be determined on a case by case basis at the local level.
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Appendix A: Pivotal Clinical Trials (Study 1)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results
	AEs/Conclusions

	Onken IDA (2013)21
MC, R, OL, AC  

Run-in: n=1497

R: n=1011
Length of F/U

Efficacy: Day 35

Safety: Day 120
U.S. 

Funded by Luitpold Pharmaceuticals
	Inclusion Criteria 

> 18 yrs; Hgb < 11 g/dL and < 12 g/dL after run-in; ferritin < 100 ng/ml or < 300 ng/ml when TSAT < 30%
Cohort 1: in addition to above, tolerated run-in oral ferrous sulfate 325 mg 3x/d X 14d (or once daily for 7d after initial 7d if AE other than severe V/C/D/abdominal pain) with inadequate response (i.e., increase Hgb < 1 g/dL)   

Cohort 2: in addition to general inclusion criteria, either poorly tolerated or unable to tolerate oral iron during run-in, or BL Hgb warranted rapid repletion iron stores to avoid transfusion   
Exclusion Criteria 

Hypersensitivity to FCM or ferrous sulfate; dialysis; 30d prior to screening or during study any off-label ESA, RBC transfusion, radiation or chemotherapy, surgical anesthesia; non-viral infection; AST or ALT >1.5 × ULN; active hepatitis; alcohol or drug abuse within past 6 months; hemochromatosis or other iron storage disorder; estimated life expectancy < 6 months or, for cancer patients, an ECOG Performance Status > 1; pregnant or unable or not willing to use acceptable form of contraception
	Endpoints

Primary: 
Cohort 1: mean change Hgb (BL to highest observed between BL and Day 35 or time of intervention)
Secondary: 
Cohort 2: mean change in Hgb (defined as above)
Cohorts 1 & 2:

% w/Hgb > 12 g/dl 
Mean change ferritin
% w/Hgb > 12 g/dl and increase in ferritin > 160 ng/ml 
% w/increase Hgb > 2 g/dl 
Mean change Hgb, ferritin, and TSAT from BL to each visit
Safety: 
% TEAE
Serious TEAE

Components of CSE

TEPCS lab values

Treatment

Cohort 1: 

Group A: IV FCM 15mg/kg (max 750 mg) Days 0 and 7 

Group B: oral iron 325 mg 3x/d X additional 14d
Cohort 2: 

Group C:IV  FCM 15mg/kg (max 750 mg) Days 0 and 7 

Group D: STC IV iron
	Baseline 

Cohort 1: Mean age 43yrs; 94% female; 39% black, 29% white, 28% Hispanic; etiology IDA: 50% HUB, 11% GI, 3% postpartum; TSAT 22%; ferritin 30 ng/ml    
Cohort 2: Mean age 43yrs; 94% female; 25% black, 55% white, 19% Hispanic; etiology IDA: 44% HUB, 23% GI, 16% postpartum; TSAT 11%; ferritin 20 ng/ml
Primary Endpoint (mITT)
Cohort 1

n

Mean BL Hgb g/dL (+SD)

Highest Hgb g/dL (+SD)

∆ Hgb

g/dL(+SD)
P value
Group A

(FCMa)

244

10.59 (1.008)
12.16 (1.112)

1.57 (1.194)

0.001

Group B

(oral iron)

251

10.62 (1.003)

11.42 (1.181)

0.80 (0.799)

Secondary Endpoint
Cohort 2

n

Mean BL Hgb 

g/dL (+SD)

Highest Hgb 

g/dL (+SD) 

∆ Hgb

g/dL(+SD)

P value

Group C

(FCMb)

245

9.12 (1.598)

12.02 (1.222)
2.90 (1.640)

0.001d
Group D

(STC IV ironc)
237

9.02 (1.465)

11.17 (1.256)

2.16 (1.252)

a 95.1% received 2 infusions; b 92.9% received 2 infusions; c 89.8% iron sucrose; d Post hoc comparison
Select Additional Secondary Endpoints
Group
A
B
C
D

Hgb > 12 g/dL
57%a
29.1%
50.6%b
24.5%
Δ Ferritin (ng/ml)
264.21a
-3.83
218.15b
74.65
a p=0.001 Group A vs. B; b p=0.001 Group C vs. D
	Group
A
B
C

D

CSE
2.9%
1.6%
4.0%
4.9%
Deatha
0
2
1
1
TEAE
22.8%
6.3%
25.3%

26.5%

SAE

3.3%

4%

6.7%

6.5%

DC AE

2

3

5

4

HTN

4

0

7

6

HS
3
0
2
6
↓ Phosb
53.1%
0.4%
40.7%
0.9%
a None thought due to study drug 
b TEPCS Phos
Study Assessment
· Efficacy evaluation mITT

· Patients stratified by etiology IDA, BL Hgb, BL CV risk

· Adherence assessed by pill count: threshold > 67%

· Primary endpoint comparison of FCM vs. oral iron in patients w/previous inadequate response to oral iron

· IV iron comparison treatment at provider’s discretion; post hoc analysis of secondary endpoint 

· 3 of the authors listed as employees of the drug company sponsor of the trial; 3 additional authors listed as consultants to the same company
Study Conclusions
Treatment with 2 courses of FCM (750 mg) were safe and more effective in increasing Hgb levels compared to oral iron therapy in patients with IDA and previous inadequate response to oral iron. 


AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; C=constipation; CSE=composite safety endpoint; CV=cardiovascular; d=day; D=diarrhea; DC=discontinuation; ECOG=Eastern Cooperative Oncology Group; ESA=erythropoiesis stimulating agent; FCM=ferric carboxymaltose; F/U=follow-up; Hgb=hemoglobin; HS=hypersensitivity reaction; HTN=hypertension; HUB=heavy uterine bleeding; IDA=iron deficiency anemia; IV=intravenous; MC=multicenter; mITT=modified intent-to-treat; n=number of patients; Phos=phosphorus; R=randomized; RBC=red blood cell; SD=standard deviation; STC=standard care; TEAE: treatment-emergent adverse events;  TEPCS=treatment-emergent potentially clinically significant; TSAT=transferrin saturation; ULN=upper limit normal; V=vomiting; yrs=years
Appendix A: Pivotal Clinical Trials (Study 2)
	Trial
	Inclusion/Exclusion
	Endpoints/Treatment
	Results
	AEs/Conclusions

	Onken CKD (2013)22
MC, R, OL, AC  

R: n=2584
RTx: n=2561 
Length of F/U

Efficacy: Day 56
Safety: Day 120
U.S. 

Funded by Luitpold Pharmaceuticals
	Inclusion Criteria 

> 18 yrs; Hgb < 11.5 g/dL (average 2 labs w/in 7d and w/in 0.7 mg/dl) ; CKD (2 consecutive eGFR < 60 ml/min/1.73m2 or eGFR < 90 ml/min/1.73m2 X 2 and urine abnormalities or CV risk; ferritin < 100 ng/ml or < 300 ng/ml when TSAT < 30%; stable dose ESA (+ 20% X 4 wks)
Exclusion Criteria 

Hypersensitivity to FCM or iron sucrose; dialysis; RBC transfusion, radiation or chemotherapy, surgical anesthesia in past 30d; non-viral infection; AST or ALT >1.5 × ULN; active hepatitis; alcohol or drug abuse within past 6 months; hemochromatosis or other iron storage disorder; estimated life expectancy < 6 months or, for cancer patients, an ECOG Performance Status > 1; pregnant or unable or not willing to use acceptable form of contraception
	Endpoints

Primary: 
Mean change Hgb (BL to highest observed between BL and Day 56 or time of intervention)
Secondary: 
% w/increase Hgb > 1 g/dl 
Mean change ferritin, and TSAT (from BL to highest)
Safety: 
% > 1 TEAE in a CSE
% death

% TEAE

% TESAE

Time to 1st event CSE 
TEPCS lab values and VS
Treatment

IV FCM 15mg/kg (max 750 mg) Days 0 and 7 

IV iron sucrose 200 mg Days 0, 7, 14 plus 2 additional doses between Day 0 and 7, and Day 7 and 14 (5 doses IVP for total 1000 mg) 
	Baseline 

Mean age 67.3yrs; 63.6% female; 25.7% black, 53.5% white; 17.9% ESA use; CKD 5.7% stage 2, 86.6% stage 3-4, 7.7% stage 5; eGFR 32.38 ml/min/1.73m2; TSAT 19.68%; ferritin 74.03 ng/ml    
Primary Endpoint (mITT)
Tx
n

Mean BL Hgb g/dL (+SD)

Highest Hgb g/dL (+SD)

∆ Hgb

g/dL(+SD)

95% CI
FCMa
1249
10.31 (0.831)

11.44 (1.185)

1.13 (1.044)

0.13-0.28c
Iron sucroseb
1244
10.33 (0.825)

11.25 (1.078)

0.92 (0.917)

n=patients RTx and had post-baseline Hgb and stable pre-randomization ESA dose

a 96.8% received 2 infusions

b 91.6% received 5 infusions

c non-inferiority lower limit 95% CI > -0.2
Secondary Endpoints
% w/increase Hgb > 1 g/dl: FCM 48.6% vs. iron sucrose 41.0% (95% CI 3.6 to 11.6)  
Mean change ferritin and TSAT (from BL to highest value by Day 56) reported to be significantly greater with FCM vs. iron sucrose 
	AE
FCM
Iron sucrose
CSE
13.7%
12.1%
Deatha
15
18
> 1 TEAE
23.4%
15.7%
> 1 SAE

15.8%

15.3%

HTN

7.5%
4.4%
↓ BP

1.8%

3.2%

HS

9
2
↓ Phos

18.5%

0.8%

a One death thought possibly related to study drug (cardiac arrhythmia with FCM)  
Study Assessment
· Efficacy evaluation mITT

· Patients stratified by etiology BL Hgb, BL CV risk, ESA use, CKD stage
· Study not designed to determine superiority
· Length of F/U 120 days inadequate to compare long-term safety and efficacy

· 3 of the authors listed as employees of the drug company sponsor of the trial; 2 additional authors listed as consultants to the same company
Study Conclusions
Treatment with 2 courses of FCM (750 mg) is a safe and effective alternative to multiple doses of iron sucrose for treating patients with IDA CKD not on dialysis. 


AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; CI=confidence interval; CKD=chronic kidney disease; CSE=composite safety endpoint; CV=cardiovascular; d=day; ECOG=Eastern Cooperative Oncology Group; ESA=erythropoiesis stimulating agent; FCM=ferric carboxymaltose; F/U=follow-up; Hgb=hemoglobin; HS=hypersensitivity reaction; HTN=hypertension; IDA=iron deficiency anemia; IV=intravenous; IVP=IV push; MC=multicenter; mITT=modified intent-to-treat; n=number of patients; Phos=phosphorus; R=randomized; RBC=red blood cell; RTx=received treatment; SD=standard deviation;  TEAE: treatment-emergent adverse events;  TEPCS=treatment-emergent potentially clinically significant; TESAE=treatment-emergent serious adverse events; TSAT=transferrin saturation; ULN=upper limit normal; VS=vital signs; wks=weeks; yrs=years
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