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Background: Intravenous (IV) iron is often used to treat iron deficiency anemia in patients 

who are unable to tolerate or are inadequately managed with oral iron. However, IV iron treat-

ment has been associated with acute hypersensitivity reactions. The comparative risk of adverse 

events (AEs) with IV iron preparations has been assessed by a few randomized controlled trials, 

which are most often limited by small patient numbers, which lack statistical power to identify 

differences in low-frequency AE such as hypersensitivity reactions.

Materials and methods: Ferumoxytol versus Ferric Carboxymaltose for the Treatment of Iron 

Deficiency Anemia (FIRM) is a randomized, double-blind, international, multicenter, Phase III 

study designed to compare the safety of ferumoxytol and ferric carboxymaltose (FCM). The study 

includes adults with hemoglobin <12.0 g/dL (females) or <14.0 g/dL (males), transferrin saturation 

≤20% or ferritin ≤100 ng/mL within 60 days of dosing, and a history of unsatisfactory or nontoler-

ated oral iron therapy or in whom oral iron therapy is inappropriate. Patients are randomized (1:1) 

to ferumoxytol 510 mg or FCM 750 mg, each given intravenously on days 1 and 8. Primary end 

points are the incidence of moderate-to-severe hypersensitivity reactions, including anaphylaxis, 

and moderate-to-severe hypotension. All potential hypersensitivity and hypotensive reactions will 

be adjudicated by a blinded, independent Clinical Events Committee. A secondary safety end point 

is the composite frequency of moderate-to-severe hypersensitivity reactions, including anaphylaxis, 

serious cardiovascular events, and death. Secondary efficacy end points include mean change in 

hemoglobin and mean change in hemoglobin per milligram of iron administered from baseline to 

week 5. Urinary excretion of phosphorus and the occurrence of hypophosphatemia after IV iron 

administration will be examined as well as the mechanisms of such hypophosphatemia in a substudy.

Conclusion: FIRM will provide data on the comparative safety of ferumoxytol and FCM, two 

IV iron preparations with similar dosing schedules, focusing on moderate-to-severe hypersen-

sitivity reactions, including anaphylaxis, and moderate-to-severe hypotension. The study plans 

to enroll 2000 patients and is expected to complete in 2017.

Keywords: anaphylaxis, ferumoxytol, ferric carboxymaltose, hypersensitivity, hypotension, 

iron deficiency anemia

Introduction
Anemia is a common condition, with an estimated 1.6 billion individuals affected 

worldwide,1 of whom 500–800 million have the most common form, iron deficiency 
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anemia (IDA).2 The burden of disease is higher in under-

developed countries, but there are approximately 5 million 

people in the USA with IDA.2 IDA can result from insuffi-

cient iron absorption, inadequate dietary iron, blood loss, or 

an increased physiological requirement for iron (eg, during 

pregnancy).1 Although IDA frequently coincides with chronic 

kidney disease (CKD), it is associated with a number of 

other conditions, such as heavy menstruation, certain gas-

trointestinal diseases affecting iron absorption, and cancer.1 

Therapy with oral iron is not always suitable for managing 

IDA because of gastrointestinal side effects, poor absorption, 

and often poor adherence to treatment.3

Intravenous (IV) iron therapy is commonly used for the 

treatment of IDA as an alternative to oral iron to restore iron 

stores, raise hemoglobin levels, and reduce erythropoiesis-

stimulating agent doses in those receiving treatment.4 How-

ever, IV iron administration is associated with a number of 

safety concerns, including the potential for inducing iron 

overload, oxidative stress, an increased risk of infection, and 

hypersensitivity reactions.5 Of these safety issues associated 

with IV iron treatment, severe acute hypersensitivity reac-

tion – or reactions resembling hypersensitivity reactions – is 

one that concerns clinicians the most.4 Symptoms such as 

dyspnea or respiratory compromise and hypotension can also 

raise suspicion for hypersensitivity reactions, but true ana-

phylaxis may not be present. For example, while hypotension 

can be commonly encountered with IV iron administration, 

profound hypotension as a manifestation of hypersensitivity 

reactions is uncommon and rarely the only sign of this severe 

type of reaction.7 Of recent attempts to define anaphylaxis, 

the consensus model published by Sampson et al7 has gained 

acceptance because of its specific criteria for a range of clini-

cal settings.8,9 In addition, ancillary measurements of serum 

tryptase can be helpful in the diagnosis of severe hypersen-

sitivity reactions, particularly if measured 1–2 hours after 

symptom onset and compared with an appropriate baseline.9,10

The risk of hypersensitivity reactions appears to be 

highest with iron dextrans (0.6%–0.7%), particularly high 

molecular weight iron dextran,4 which has been withdrawn 

from the market due to safety concerns. Hypersensitivity 

reactions to high molecular weight iron dextran are generally 

believed to be mediated by immunoglobulin E;6 however, 

nonimmune mechanisms may be involved in acute reactions 

with more recently developed IV iron preparations in which 

immunoglobulin E antibodies have not been found. Alterna-

tive mechanisms include the induction of oxidative stress 

by release of free reactive iron and what has more recently 

been called complement activation-related pseudoallergy 

(CARPA),4,6,11,12 and differences in the ability of IV iron 

preparations to induce CARPA may exist.11

While hypersensitivity reactions, iron overload, oxidative 

stress, and infections have generally received the greatest 

attention,5,13 hypophosphatemia is a more recently recognized 

adverse event (AE) following treatment with a number of IV 

iron preparations.14–18 The incidence of hypophosphatemia, 

as reported from several clinical trials of patients with IDA 

treated with ferric carboxymaltose (FCM), ranged from 41% 

to 70%.19–21 While often transient and without apparent clini-

cal sequelae,19 symptoms of hypophosphatemia can include 

bone pain, confusion, and muscle weakness.14,16,18,22 A recent 

case report described a young woman who developed severe 

symptoms of fatigue and diffuse muscle pain and weakness 

associated with profound hypophosphatemia after receiving 

FCM 1000 mg.23

The mechanism of hypophosphatemia following admin-

istration of IV iron is not fully understood. However, recent 

data have shown that hypophosphatemia after IV iron infusion 

can be mediated by an increase in intact fibroblast growth 

factor 23 (FGF-23), which in turn reduces tubular reabsorp-

tion and leads to renal phosphate wasting.21,24,25 While the 

data implicating FGF-23, vitamin D, and bone metabolism 

in the development of hypophosphatemia following IV iron 

administration are of interest, a knowledge gap remains when 

encountering this potential AE in clinical practice.

There are limited data comparing rates of acute adverse 

reactions associated with various IV iron preparations. Prior 

direct comparative studies of IV iron preparations were 

generally small, open-label, or not statistically powered to 

detect small but meaningful differences in rare AEs between 

agents (Table 1).26–31 Conversely, a number of epidemiologic 

studies that retrospectively analyzed large claims databases 

have examined the relative risk of AEs with ferumoxytol 

versus other IV iron products (Table 1).32–34 For example, a 

retrospective cohort analysis of Medicare Part A and Part 

B claims for 2009–2012 found no significant difference in 

hypersensitivity symptoms (hazard ratio [HR], 1.04; 95% 

confidence interval [CI], 0.94–1.16) or hypotension (HR, 

0.83; 95% CI, 0.52–1.34) between non-CKD ferumoxytol 

users and matched users of other iron compounds; results 

were similar for patients with nondialysis-dependent CKD.34 

Data from an evaluation of the US Renal Data System found 

that patients receiving dialysis in clinics that switched from 

iron sucrose or ferric gluconate to ferumoxytol due to 

formulary reasons had similar incidences of major AEs as 
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those patients receiving dialysis in clinics that continued to 

provide iron sucrose or ferric gluconate. Specifically, the 

risks were similar in the ferumoxytol group compared with 

the iron sucrose/ferric gluconate group for all-cause (HR, 

0.95; 95% CI, 0.85–1.07), cardiovascular (HR, 0.99; 95% 

CI, 0.83–1.19), and infectious mortality (HR, 0.88; 95% CI, 

0.61–1.25).32 A third study assessed the risk of anaphylaxis 

at first administration among patients treated with various 

IV iron products from the Medicare claims database; iron 

dextran had a risk of 85 per 100,000 persons, while ferric 

gluconate, ferumoxytol, and iron sucrose had risks of 47, 34, 

and 16 per 100,000 persons, respectively.33 Although such 

retrospective epidemiologic studies may provide more rigor-

ous information than spontaneous reports of postmarketing 

surveillance data, they are often affected by various sources 

of confounding and bias, especially involving patient selec-

tion. Prospective investigations with substantial sample sizes 

are needed to precisely compare the incidence of important 

AEs among available IV iron products.

Ferumoxytol has been approved in the USA, Canada, and 

Europe for the treatment of IDA in adult subjects with CKD 

and is available under the trade name Feraheme® (ferumoxy-

tol) injection or Rienso®. The marketing of Rienso® has been 

discontinued in Europe and Canada for business reasons. 

FCM is currently registered in 46 countries and marketed 

in 37 countries worldwide and is also the only other IV iron 

approved in the USA that may deliver a complete course of 

therapy in two doses. The dose of FCM to be administered 

in this trial is 1.500 g (delivered as 2 × 750 mg), which is 

consistent with the approved and marketed doses of FCM in 

the USA (Injectafer®).

Currently, no large prospective comparative trials evaluat-

ing the risk of hypersensitivity reactions and/or hypotensive 

events with ferumoxytol versus other iron formulations have 

been published. The Ferumoxytol Compared to Ferric Car-

boxymaltose for the Treatment of Iron Deficiency Anemia 

(FIRM) study addresses this need.

Materials and methods/design
Main study
FIRM is a randomized, double-blind, parallel-design, Phase 

III study (ClinicalTrials.gov identifier: NCT02694978) 

taking place at approximately 130 study sites in North 

America (USA and Canada) and Eastern Europe (Latvia, 

Lithuania, Poland, and Hungary). The study plans to enroll 

approximately 2000 patients. The study duration will be 

approximately 9 weeks, which includes a screening period 

of up to 30 days and a treatment period of approximately 

5 weeks, with follow-up visits at weeks 2 and 5 (Figure 1). 

Male and female patients aged ≥18 years with IDA of any 

etiology, with the exception of dialysis-dependent CKD, for 

whom oral iron is unsatisfactory, not tolerated, or is medically 

inappropriate are eligible (Table 2). Exclusion criteria include 

known hypersensitivity to ferumoxytol or FCM, hemoglobin 

≤7.0 g/dL, or low blood pressure (BP).

This study is being planned in accordance with Good 

Clinical Practice guidelines, the Declaration of Helsinki, 

and any and all other applicable regulatory requirements. 

The majority of sites are utilizing a central Institutional 

Review Board (IRB), Quorum Review IRB, which reviewed 

and approved the protocol. A small number of sites (two in 

Canada, one in the USA) are using local IRBs (Joint Group 

Figure 1 Study design.
Abbreviations: FCM, ferric carboxymaltose; Hb, hemoglobin; IV, intravenous; TSAT, transferrin saturation.

Screening: Key patient inclusion criteria:
1:1 Randomization

N≈2000
≤30 days prior or on

day 1

Hb <12.0 g/L (female) or <14.0 g/L (male)

Ferumoxytol

FCM 750 mg

IV over

≥15 minutes

Follow-up

assessments

Weeks 2 and 5

Follow-up

assessments

Weeks 2 and 5

510 mg IV over

≥15 minutes

Days 1 and 8

Days 1 and 8

TSAT ≤20% or ferritin ≤100 ng/mL

Machanism of hypophosphatemia substudy

Duration: same as main study

N=180

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Blood Medicine 2017:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

159

Safety of ferumoxytol versus ferric carboxymaltose

Health Centre/Sault Area Hospital, Comité d’éthique de la 

recherche du CIUSSS de l’Est-de-l’Île-de-Montréal, and 

Brooke Army Medical Center, respectively) which also 

reviewed and approved. All patients will provide written 

informed consent before enrollment.

Hypophosphatemia substudy
A hypophosphatemia substudy that will enroll up to 180 

patients and be conducted at selected sites in the USA will 

enroll concurrently with the main study.

Study objectives
This study aims to examine the safety of IV ferumoxytol 

compared with IV FCM for the treatment of IDA. The 

primary safety objective is to assess the incidence of 

moderate-to-severe hypersensitivity reactions, including 

anaphylaxis, and moderate-to-severe hypotension with 

ferumoxytol versus FCM. The secondary safety objectives 

include assessing the incidence of the composite safety 

end point of moderate-to-severe hypersensitivity reactions, 

serious cardiovascular events, and death with ferumoxy-

tol versus FCM, as well as assessing the incidence of 

treatment-emergent serious AEs following administration 

of ferumoxytol or FCM. The primary efficacy objective is 

to measure the mean change in hemoglobin from baseline 

to week 5; an additional efficacy objective is to measure 

the mean change in hemoglobin per milligram of iron from 

baseline to week 5.

The objective of the substudy is to investigate the 

mechanism(s) associated with any increase in urinary 

 excretion of phosphorus and resultant hypophosphatemia 

following administration of ferumoxytol or FCM.

Randomization and interventions
After a screening period of up to 30 days, patients are random-

ized (1:1) to receive either ferumoxytol 1.02 g, administered 

as two doses of 510 mg, or FCM 1.50 g, administered as two 

doses of 750 mg, each delivered as an IV infusion over at 

least 15 minutes (Figure 1). Randomization is carried out via 

a centralized interactive web response system. The study drug 

is admixed by an unblinded test article preparer into a final 

volume of 250 mL of normal saline. Patients and study staff 

at the clinical sites remain blinded to study drug allocation. 

Doses are administered by blinded staff, with the second 

dose administered 7 days after day 1. Up to 180 patients who 

participate in the main study will participate in the optional 

hypophosphatemia substudy. Patients may discontinue and 

withdraw from the study at any time.

Study end points
Table 3 provides a complete description of study end points. 

The primary end point is to characterize the incidence of 

moderate-to-severe hypersensitivity reactions, including 

anaphylaxis, and moderate-to-severe hypotension. A sec-

ondary safety end point is the composite of moderate-to-

severe hypersensitivity reactions, including anaphylaxis, 

serious cardiovascular events, and death. Secondary efficacy 

end points will examine the mean change in hemoglobin 

and the mean change in hemoglobin per milligram of iron 

from baseline to week 5. The hypophosphatemia substudy 

Table 2 Key inclusion and exclusion criteria in the FIRM trial

Inclusion criteria Exclusion criteria

•	 Males and females aged ≥18 years
•	 IDA in whom iron therapy is indicated
	 Hemoglobin <12.0 g/dL for females and <14.0 g/dL for males within 

60 days of dosing “and”
	 Transferrin saturation of ≤20% “or” ferritin of ≤100 ng/mL within 

60 days of dosing
•	 History of unsatisfactory oral iron therapy or in whom oral iron cannot 

be tolerated or is considered medically inappropriate
•	 Capable of understanding and complying with the protocol 

requirements
•	 All patients (male and female) of childbearing potential who are 

sexually active and agree to routinely use adequate contraception from 
randomization throughout the duration of the study

•	 Known hypersensitivity to any component of ferumoxytol or FCM, 
history of allergy to an IV iron, or history of multiple drug allergies

•	 Dialysis-dependent CKD
•	 Hemoglobin ≤7.0 g/dL
•	 Pregnant, intend to become pregnant, breastfeeding, positive serum/

urine pregnancy test, or not willing to use effective contraceptive 
precautions

•	 Systolic BP of ≤90 mmHg or diastolic BP of ≤60 mmHg
•	 Participation in another investigative clinical study
•	 Weight <50 kg (110 lbs)
•	 Any other condition or patient responsibility that may interfere with 

participation in the study

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; FIRM, Ferumoxytol versus Ferric Carboxymaltose for the Treatment of Iron Deficiency Anemia; FCM, 
ferric carboxymaltose; IDA, iron deficiency anemia; IV, intravenous.
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will examine changes in blood and urine markers of phos-

phate and bone metabolism, including fractional excretion 

of phosphate, parathyroid hormone (PTH), FGF-23, and 

vitamin D.

Assessments
Safety assessments
All events considered representing possible hypersensitivity 

reactions and hypotension will be adjudicated by an inde-

pendent, blinded Clinical Events Committee (CEC) using 

prespecified criteria described in the protocol. The CEC is 

composed of five clinicians familiar with IV iron therapy and 

its potential associated AEs, allergic/hypersensitivity reac-

tions, and adjudication of clinical events in trials. Each event 

considered to represent a possible hypersensitivity reaction or 

hypotension will have an adjudication packet created, which 

includes all relevant clinical information available from the 

case report forms, source documents (including the Targeted 

Hypersensitivity Questionnaire), and requested information 

(eg, hospitalization discharge summaries). For all patients 

with a possible hypersensitivity event, blood samples for mea-

surement of serum tryptase are collected 1–2 hours after the 

start of the event and collected again during the week 2 visit 

to obtain a baseline value, as tryptase levels are expected to 

normalize within 2 weeks following a hypersensitivity reac-

tion. Each event is adjudicated by two members of the CEC 

(one immunologist and one internal medicine specialist) as 

well as by the CEC Chair who is an allergist/immunologist. 

In the event, the members are not in agreement as to whether 

or not the event represents a hypersensitivity reaction and/

or hypotension, a teleconference will be held to review the 

case and achieve consensus of all available CEC members.

Hypersensitivity reactions will be recorded and adju-

dicated by the CEC. Hypersensitivity is defined as a local 

or generalized response following exposure to a putative 

allergen, which includes one or more objective signs and 

symptoms potentially suggesting hypersensitivity, includ-

ing generalized erythema or pruritus, urticaria (hives, welts, 

or wheals), flushing, dyspnea, wheezing, bronchospasm, 

tachypnea, stridor, rapid-onset edema (facial, laryngeal, or 

pharyngeal) syncope, and dizziness. Anaphylaxis is defined 

as a severe, systemic, potentially fatal allergic reaction with 

a sudden onset and will be categorized based on the criteria 

of Sampson et al7 (Table 4). Hypotension is defined as a 

>30% decrease from baseline in systolic BP or a decrease 

of >20 mmHg in systolic BP along with symptoms (eg, diz-

ziness/lightheadedness, fatigue, syncope, lack of conscious-

ness, or blurred vision).

Table 3 Study end pointsa

Main study
Primary end point •	 Incidence of moderate-to-severe hypersensitivity reactions, including anaphylaxis, and moderate-to-severe 

hypotension
Secondary end points •	 Incidence of the composite safety end points of moderate-to-severe hypersensitivity reactions, including 

anaphylaxis, serious cardiovascular events, and death
•	 Mean change in hemoglobin from baseline to week 5
•	 Mean change in hemoglobin per milligram of iron administered

Exploratory end points •	 Proportion of patients reporting treatment-emergent AEs (overall and related to study drug)
•	 Proportion of patients reporting treatment-emergent serious AEs (overall and related to study drug)
•	 Incidence of treatment-emergent AEs (including clinically significant laboratory results and vital signs)
•	 Incidence of serious AEs
•	 AEs leading to study drug discontinuation
•	 Mean change in blood phosphorus and urinary phosphorus excretion from baseline to week 2
•	 Incidence of hypophosphatemia defined as a blood phosphorus level of <2.0 mg/dL (<0.6 mmol/L)

Mechanisms of hypophosphatemia substudy

Exploratory end points In addition to incidence of hypophosphatemia: 
•	 Changes in blood and urine markers of phosphate and bone metabolism, including:
•	 Blood and urine phosphorus
•	 Fractional excretion of phosphate
•	 Blood calcium
•	 Blood PTH
•	 Blood C-terminal FGF-23
•	 Blood intact FGF-23
•	 Blood 25-hydroxyvitamin D
•	 Blood 1,25-dihydroxyvitamin D

Note: aIncidences of AEs and distributions of biochemical end points will be compared statistically to determine whether the data differ by treatment product.
Abbreviations: AEs, adverse events; FGF-23, fibroblast growth factor 23; PTH, parathyroid hormone.
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AEs are collected while the patient is present in the 

clinic during the 1-hour postdosing observation period and 

at follow-up visits at weeks 2 and 5. Postdose vital signs are 

obtained at approximately 5, 10, and 30 minutes following 

completion of the infusion. AEs are assessed by the investi-

gator for severity and relationship to study medication; any 

signs or symptoms potentially representing hypersensitivity 

reactions, even if felt to be unlikely, are captured and adju-

dicated by the independent CEC.

Laboratory tests
Laboratory tests including chemistry, hematology, iron panel, 

and spot urine (for creatinine, phosphorus, albumin, and glu-

cose) are obtained at baseline and at specific follow-up visits.

Assessments are completed on day 1 (dose 1), day 

8 (dose 2), week 2, and week 5. The end points for the 

hypophosphatemia substudy are the temporal associations 

of C-terminal and intact FGF-23, 25-hydroxyvitamin D, 

1,25-dihydroxyvitamin D, and PTH, with changes in blood 

phosphorus and fractional excretion of phosphate. Patients 

participating in the substudy will have an additional sample 

of serum obtained at the time of the routine blood draws for 

the main study on day 1, day 8, week 2, and week 5.

Statistical analyses
The safety population will include any randomized patient 

who received any amount of study drug. All safety analyses 

will be performed on the safety population; the treatment 

group is based on actual treatment received. The intention-

to-treat population will include all randomized patients who 

had any exposure to study drug and will serve as the primary 

efficacy analysis population. The evaluable population will 

include all randomized patients who met all inclusion criteria 

and did not violate any exclusion criteria or have any sig-

nificant protocol violations/deviations considered to impact 

study integrity.

For the primary and secondary end point analyses, the 

proportion of patients who meet the criteria of treatment-

emergent moderate-to-severe hypersensitivity reactions 

including anaphylaxis and/or hypotension for the primary 

end point, and the composite safety end point of moderate-

to-severe hypersensitivity reactions including anaphylaxis, 

serious cardiovascular events, and deaths for the secondary 

end point, will be presented by treatment group. Based on 

an assumed AE rate of 3.3% for the primary safety end point 

in both treatment groups, a sample size of 2000 patients will 

provide approximately 90% power for the  noninferiority test 

using a noninferiority margin of 2.64%. The assumed AE rate 

for the primary end point is based on the rate of these events 

that occurred in two earlier pivotal randomized controlled 

trials conducted in a similar population of patients who 

were unable to tolerate or had inadequate response to oral 

iron therapy. Noninferiority with respect to the primary end 

point will be concluded if the upper limit of the 95% CI for 

the difference in rates (ferumoxytol minus FCM) does not 

exceed the noninferiority margin of 2.64%.

Descriptive statistics, graphic approach, and statistical 

modeling methods will be used for the exploratory analysis of 

treatment-related hypophosphatemia and the temporal asso-

ciation of C-terminal and intact FGF-23, 25-hydroxyvitamin 

D, 1,25-dihydroxyvitamin D, and PTH with changes in blood 

and urine phosphorus and fractional excretion of phosphate.

Discussion
The relative safety of IV iron preparations regarding acute 

infusion-related hypersensitivity reactions is not well 

characterized. As described previously, a few retrospective 

epidemiological studies have explored the relative risks of 

Table 4 Clinical criteria for anaphylaxis7

Anaphylaxis is likely when any one of the three criteria are filleda

(1) Acute onset of an illness (minutes to hours) with involvement of:
•	 Skin/mucosal tissue (eg, hives, generalized itch/flush, or swollen 

lips/tongue/uvula)
“and” at least one of the following
•	 Airway compromise (eg, dyspnea, wheeze/bronchospasm, 

stridor, or reduced PEF)
“or”
•	 Reduced BP or associated symptoms (eg, hypotonia or syncope)

(2) Two or more of the following that occur rapidly after exposure to 
a likely allergen for that patient (minutes to several  hours):
•	 History of severe allergic reaction
•	 Skin/mucosal tissue (eg, hives, generalized itch/flush, or swollen 

lips/tongue/uvula)
•	 Airway compromise (eg, dyspnea, wheeze/bronchospasm, 

stridor, or reduced PEF)
•	 Reduced BP or associated symptoms (eg, hypotonia or syncope)
•	 In suspected food allergy: gastrointestinal symptoms (eg, 

cramping abdominal pain or vomiting)
(3) Hypotension following exposure to known allergen for that patient 

(minutes to hours):
•	 Infants and children: low systolic BP (age-specific) or >30% drop 

in systolic BP
•	 Adults: systolic BP of 100 mmHg or >30% drop from their 

baseline

Note: aFor the FIRM study, only the first criteria were applicable because patients 
with a prior allergic reaction to either study medication were excluded. FIRM, 
Ferumoxytol versus Ferric Carboxymaltose for the Treatment of Iron Deficiency 
Anemia. Adapted from J Allergy Clin Immunol, 117(2), Sampson HA, Munoz-Furlong 
A, Campbell RL, et al, Second symposium on the definition and management of 
anaphylaxis: summary report – Second National Institute of Allergy and Infectious 
Disease/Food Allergy and Anaphylaxis Network symposium, 391–397, Copyright 
(2006), with permission from Elsevier.7

Abbreviations: BP, blood pressure; PEF, peak expiratory flow.
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serious AEs associated with ferumoxytol and various IV iron 

products.32–34 However, while such analyses provide useful 

information, the data may be prone to known and unknown 

confounding and ultimately require confirmation in prospec-

tive randomized controlled studies.

The FIRM study will provide a direct comparative 

assessment of the relative risks of hypersensitivity reactions 

and hypotension associated with ferumoxytol and FCM, 

two commonly used IV iron products that have a similar 

dosing schedule. In addition, data will be generated on the 

relative efficacy of these agents for improving hemoglo-

bin concentrations. The study differs from other previous 

comparative trials in that its main focus is a comparison of 

hypersensitivity reactions and hypotension with two IV iron 

agents in a large-scale randomized controlled trial. Another 

major strength of this study will be the use of an independent 

CEC that will review all reported hypersensitivity reactions 

and deaths in a blinded fashion using prespecified criteria. 

Finally, the hypophosphatemia substudy will provide data 

on the incidence of IV iron-related hypophosphatemia and 

contribute to understanding the mechanisms implicated in 

the development of this condition.

The FIRM study will provide valuable data regarding 

the association between IV irons and hypersensitivity reac-

tions, hypotension, and hypophosphatemia in IDA of any 

etiology among patients with nondialysis-dependent CKD, 

as well as contribute to the comparative safety literature on 

IV iron products.
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