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Introduction: Iron deficiency anemia (IDA) is common in patients with gastrointestinal (GI) 

disorders and can adversely affect quality of life. Oral iron is poorly tolerated in many patients 

with GI disorders. Ferumoxytol is approved for the intravenous treatment of IDA in patients 

with chronic kidney disease. This study aimed to evaluate the efficacy and safety of ferumoxytol 

in patients with IDA and concomitant GI disorders.

Patients and methods: This analysis included 231 patients with IDA and GI disorders 

from a Phase III, randomized, double-blind, placebo-controlled trial evaluating ferumoxytol 

(510 mg ×2) versus placebo in patients who had failed or were intolerant of oral iron therapy. 

The primary study end point was the proportion of patients achieving a $20 g/L increase in 

hemoglobin (Hgb) from baseline to Week 5. Other end points included mean change in Hgb, 

proportion of patients achieving Hgb $120 g/L, mean change in transferrin saturation, and 

patient-reported outcomes (PROs).

Results: Significantly more patients with IDA receiving ferumoxytol achieved a $20 g/L 

increase in Hgb versus placebo (82.1% vs 1.7%, respectively; P,0.001). Mean increase in 

Hgb (28.0 g/L vs −1.0 g/L, respectively; P,0.001) significantly favored ferumoxytol treat-

ment. Ferumoxytol-treated patients demonstrated significantly greater improvements than 

placebo-treated patients relative to their very poor baseline PRO scores posttreatment, including 

improvements in the Functional Assessment of Chronic Illness Therapy–Fatigue questionnaire 

and various domains of the 36-Item Short-Form Health Survey. Ferumoxytol-treated patients 

had a low rate of adverse events.

Conclusion: In this study, ferumoxytol was shown to be an efficacious and generally well-

tolerated treatment option for patients with IDA and underlying GI disorders who were unable 

to use or had a history of unsatisfactory oral iron therapy.

Keywords: hemoglobin, efficacy, inflammatory bowel disease, quality of life, patient-reported 

outcomes, intravenous iron

Introduction
Iron deficiency anemia (IDA) is common in patients with gastrointestinal (GI) disease. 

The anemia may be the result of chronic blood loss, malnutrition, or malabsorption 

of iron, and it often coexists with impaired utilization of endogenous iron in patients 

with chronic inflammatory disease. Chronic occult GI bleeding is a common cause 

of IDA, particularly among men and postmenopausal women.1–3 It is estimated that 

between 43% and 86% of patients with IDA have a GI pathology.4 GI-related causes 

of IDA include inflammatory bowel disease (IBD), colon cancer, or polyps,4 in addi-

tion to mucosal damage from use of aspirin or nonsteroidal anti-inflammatory drugs. 
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Patients with malabsorption syndromes (eg, celiac disease) 

and vascular abnormalities such as Osler–Weber–Rendu 

syndrome, or those who have undergone postgastric bypass 

or gastrectomy, are also at increased risk of developing IDA. 

IDA can substantially impair patients’ health-related quality 

of life (HRQoL), as assessed by patient-reported outcome 

(PRO) questionnaires, and their ability to work, with these 

patients often experiencing fatigue or impaired physical and/

or cognitive functioning.5–7

Diagnosis and correction of the underlying cause of IDA 

and repletion of iron stores are fundamental approaches to 

the management and treatment of these patients.4 While 

oral iron supplementation is recommended as a simple and 

safe first-line treatment for IDA, many patients, particularly 

those with comorbid GI disease, cannot take oral iron, do not 

tolerate it, or do not respond with adequate replenishment of 

iron stores. GI side effects including nausea, vomiting, and 

abdominal pain, or discomfort may be intolerable in these 

patients4,8 and may lead to an exacerbation of existing GI 

symptoms.9 In addition, oral iron supplementation typically 

takes at least 2–3 weeks to increase the hemoglobin (Hgb) 

concentrations and up to 2 months to achieve normal values; 

at least 6 months of compliant daily treatments are needed 

to replenish iron stores completely.4 Because patients are 

frequently noncompliant with oral iron treatment and dis-

continue it, many patients with IDA may live with chronic 

anemia and its related adverse effects on their quality of life. 

Therefore, the administration of intravenous (IV) iron may 

be the preferred treatment for IDA in many patients with GI 

disorders.4,9,10 Recent evidence-based international guidelines 

for the management of anemia in patients with IBD recom-

mend IV iron as more effective and better tolerated than 

oral iron.11 The efficacy of IV iron supplementation in the 

treatment of IDA has been studied in patients with a variety 

of underlying conditions, including chronic kidney disease 

(CKD), abnormal uterine bleeding, pregnancy, postpartum 

anemia, cancer, and GI disorders, including IBD and GI blood 

loss. However, few placebo-controlled studies have been 

conducted specifically in patients intolerant to oral iron.

In the USA, both iron dextran and ferric carboxymalt-

ose have a broad indication for the treatment of IDA in 

patients who do not respond to oral iron. The other available 

IV iron  products, such as iron sucrose, ferric gluconate, and 

ferumoxytol, are approved only for the treatment of IDA in 

patients with CKD.

Ferumoxytol is a superparamagnetic iron oxide in a 

nondextran, semisynthetic, carbohydrate shell composed of 

polyglucose sorbitol carboxymethyl ether (PSC). The PSC 

coating was specifically engineered to help isolate the bioac-

tive iron cores from plasma components until the iron–PSC 

complex enters the reticuloendothelial system macrophages, 

to reduce potential toxicities. The formulation is isotonic with 

a neutral pH (6.0–8.0) and very low free iron.12,13 Ferumoxytol 

was approved for use by the US Food and Drug Administra-

tion for the treatment of IDA in 2009 in adults with CKD. 

Supplemental to the original drug application, ferumoxytol 

is also being investigated in patients for the broad indication 

of the treatment of IDA in those patients who have failed 

treatment with or who are intolerant of oral iron therapy.

A Phase III study comparing ferumoxytol with placebo 

was completed as part of an overall program evaluating feru-

moxytol for the treatment of IDA in patients with a history of 

unsatisfactory oral iron therapy or in whom oral iron could 

not be used (ClinicalTrials.gov identifier: NCT01114139).14 

In this study, the primary end point of a Hgb increase of 

$20 g/L at Week 5 was achieved in a statistically significantly 

greater proportion of ferumoxytol-treated patients compared 

with those receiving placebo (81.1% vs 5.5%, respectively; 

P,0.001). Patients in the ferumoxytol treatment group also 

experienced a statistically significantly greater mean change 

in Hgb from baseline to Week 5 (the alternative primary 

study end point) than those in the placebo group (27.0 g/L 

vs 1.0 g/L, respectively; P,0.001). In addition, ferumoxy-

tol treatment was associated with improvements in several 

quality of life scales and a low overall rate of adverse events 

(AEs). Therefore, we hypothesize that patients with IDA 

and concomitant GI disorders who had been unsuccessfully 

treated with or could not tolerate oral iron would tolerate feru-

moxytol treatment as satisfactorily as the overall population 

of patients with IDA and show clinically important improve-

ments in PROs and the correction of Hgb levels. Here, we 

report the efficacy and safety results from a prespecified 

secondary analysis of these Phase III clinical trial data that 

include the subgroup of patients with IDA and underlying GI 

disorders (IBD, malabsorption, and other causes of chronic 

GI blood loss).

Patients and methods
Study design and medication
The primary study was a Phase III, randomized, double-blind, 

placebo-controlled, multicenter trial conducted at 182 sites in 

the USA, Canada, Poland, Hungary, Latvia, and India from 

June 2010 through February 2012.14 Following a 2-week 

screening period, patients with IDA were randomized 3:1 to 

receive a 510 mg dose of ferumoxytol (AMAG Pharmaceuti-

cals, Waltham, MA, USA) (volume: 17 mL) or normal saline 
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placebo at the baseline visit (Day 1),  followed by a second 

dose 2–8 days later (Week 1). Patients were observed weekly 

until the end of the 5-week treatment period (Weeks 2–5). 

The study was conducted with adherence to and compliance 

with the Declaration of Helsinki and Good Clinical Practice 

Guidelines. The study protocol was reviewed and approved 

by an institutional review board (IRB) at each study center, 

and patients provided written informed consent prior to study 

start. As this was an analysis of a prespecified subgroup of 

the overall study described that had IRB approval, this sub-

sequent analysis did not require IRB approval.

Patient population
A full description of the inclusion and exclusion criteria has 

been published previously.14 Briefly, eligible patients were 

males and nonpregnant, nonbreastfeeding females $18 years 

of age with a serum Hgb level between 70 g/L and ,100 g/L 

and a transferrin saturation (TSAT) value ,20%. Eligible 

patients had either failed oral iron therapy or were intolerant 

to oral iron. Patients were excluded if they had a history of 

allergy to IV iron or serum ferritin .1,348 pmol/L, anemia 

due to other known causes excluding iron deficiency, hema-

tologic malignancy, or were on dialysis or had an estimated 

glomerular filtration rate ,30 mL/min/1.73 m2. Those who 

received parenteral iron therapy prior to screening, another 

investigational agent within 4 weeks, or oral iron or a blood 

transfusion within 2 weeks were also excluded.

Study assessments and end points
Blood samples were collected at screening, baseline, and 

at weekly visits (Weeks 2–5) to assess efficacy (Hgb, 

TSAT, and other iron measures). Three PRO questionnaires 

were administered at baseline (Functional Assessment of 

Chronic Illness Therapy–Fatigue [FACIT-Fatigue],15 the 

36-Item Short-Form Health Survey [SF-36],16 and the Linear 

 Analog Scale Assessment [LASA]).17 The FACIT-Fatigue 

is a 13-item patient-reported assessment of fatigue that is 

scored on a 0–4 response scale ranging from “Not at all” to 

“Very much so”. To score the FACIT-Fatigue, all items are 

summed to create a single fatigue score with a range from 

0 to 52, with higher scores representing better functioning 

or less fatigue. The SF-36 is a validated generic HRQoL 

instrument that includes 36 items assessing patient health 

across eight domains: bodily pain, general health perceptions, 

mental health, physical functioning, role limitations due to 

emotional health problems, role limitations due to physical 

health problems, social functioning, and vitality. From the 

individual subscales, two component summary scores are 

generated: the physical component summary (PCS) and 

the mental component summary (MCS). The scores for 

each subscale are converted to norm-based Z-scores (based 

on 1998 US general population), with a mean of 50 and a 

 standard deviation (SD) of ten. A score of 100 represents the 

best health. The LASA consists of three visual analog scales, 

one for each of the following domains: energy level, activities 

of daily living, and overall quality of life. Each visual analog 

scale consists of a 100 mm line with a left anchor representing 

the worst possible score (0) and a right anchor representing 

the best possible score (100), with higher scores indicative 

of better functioning or HRQoL.

The FACIT-Fatigue was administered weekly during 

Weeks 1–5, while the SF-36 and LASA were administered at 

Weeks 3 and 5. A clinically meaningful difference or minimal 

important difference (MID) in score has been reported from 

other studies as 3.0 for the FACIT-Fatigue,18,19 5.0 for SF-36 

domains,20 and 9.61, 8.74, and 9.81 for the LASA energy, 

activities of daily living, and quality of life domains, respec-

tively.17 Patients in this study were assessed for AEs through-

out the study and monitored for postadministration AEs, 

including hypersensitivity and hypotension, for a 60-minute 

period after each study drug administration. The severity 

of AEs and relationship to the study drug were assessed by 

study investigators. Additional safety assessments included 

vital signs, routine laboratory tests, concomitant medications, 

and physical examinations.

Efficacy end points of this GI subgroup analysis were 

the same as the overall original Phase III study.14 Two pre-

specified, separate primary efficacy analyses were planned 

to address the requests of various health authorities. For one 

analysis, the primary efficacy end point was the proportion 

of patients achieving a $20 g/L increase in Hgb at any time 

from baseline to Week 5. For the other preplanned analyses, 

the alternative primary end point was the mean change in 

Hgb from baseline to Week 5. Secondary end points included 

the proportion of patients achieving a Hgb $120 g/L at any 

time from baseline to Week 5 and the mean change in TSAT 

and FACIT-Fatigue from baseline to Week 5. Exploratory 

end points included PRO assessments that evaluated the 

mean changes in SF-36 and LASA domains from baseline 

to Week 5.

Safety assessments included the incidence of treatment-

emergent AEs (TEAEs), serious AEs (SAEs), severe AEs, any 

AEs leading to withdrawal of study treatment, AEs leading to 

study withdrawal, AEs leading to death, and two composite 

end points that were agreed upon a priori with regulatory 

agencies: AEs of special interest (AESIs;  predefined as 
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 moderate-to-severe hypotension occurring on the day of 

dosing, and moderate-to-severe hypersensitivity reactions 

occurring within 48 hours postdose) and a composite 

 cardiovascular end point (predefined as nonfatal myocardial 

infarction, heart failure, moderate-to-severe hypertension, 

and hospitalization due to any cardiovascular event).

Statistical methods
The intent-to-treat population and the safety population 

were identical and consisted of all randomized patients with 

exposure to study drug (ferumoxytol or placebo). Summary 

statistics (number of observations, mean, SD, and so on) 

were used to describe all continuous end points. Categorical 

end points were described by the frequency and percentage 

of patients. For the primary end point and the proportion of 

patients with Hgb $120 g/L at any time from baseline to 

Week 5, P-values were calculated by the Cochran–Mantel–

Haenszel test. P-values for the alternative primary end point 

and all other continuous efficacy end points were calculated 

using an analysis of covariance model, with baseline Hgb 

level included as a covariate. No adjustments were made 

for multiple comparisons (ie, potential for type I error). 

Statistical significance (and superiority) for all P-values was 

defined as P#0.05.

Results
The intent-to-treat subgroup of patients with IDA and an 

underlying GI disorder consisted of a total of 231 of the 

808 (28.5%) randomized patients from the primary study, 

with 173 patients randomized to receive ferumoxytol and 

58 patients randomized to receive placebo (Figure 1). 

Underlying GI conditions included gastric bypass (38.1%), 

gastroesophageal reflux disease (35.1%), IBD (21.2%), GI 

bleeding-related condition (16.0%), gastritis (15.6%), ulcer-

related condition (10.8%), and others (6.9%), with some 

patients having more than one condition. Eight patients with 

IBD (ferumoxytol, n=6; placebo, n=2) received therapy with 

an anti tumor necrosis factor alpha agent. Most baseline 

demographics were evenly distributed between the feru-

moxytol and the placebo treatment groups of the GI subgroup 

(Table 1). The mean baseline Hgb was similar in the two treat-

ment groups: 89 g/L for the ferumoxytol treatment group, 

compared with 87 g/L for the placebo treatment group.

Efficacy analyses
The proportion of patients with an increase in Hgb of 

$20 g/L from baseline to Week 5 (primary study end 

point) was 82.1% (n=142/173) for ferumoxytol-treated 

patients in the GI disorders subgroup compared with only 

1.7% (n=1/58) of patients in the placebo treatment group 

(treatment difference: 80.4%; P,0.001) (Table 2). These 

results paralleled those in the overall IDA study population 

(ferumoxytol: 81.1%, vs placebo: 5.5%; P,0.001).14 For 

the alternative primary end point analysis, mean Hgb  values 

in ferumoxytol-treated patients increased to 28 g/L from 

baseline to Week 5, compared with a decrease of 1.0 g/L for 

Patients randomized
N=231

Placebo
n=58

Ferumoxytol
n=173

Early withdrawal
n=10

Early withdrawal
n=3

Reasons:
(Lost to follow-up)
(n=1)
Withdrew consent
(n=2)

Reasons:
AEs (n=2)
Lost to follow-up
(n=1)
Withdrew consent
(n=6)
Others (n=1)

Patients completed
ferumoxytol

n=163

Patients completed
placebo

n=55

Patients completed study
N=218

Figure 1 Patient disposition for the subgroup of patients with IDA and GI disorders.
Abbreviations: IDA, iron deficiency anemia; GI, gastrointestinal; AE, adverse event.
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patients who received placebo (treatment difference: 29 g/L; 

P,0.001). The most rapid increase in mean Hgb values for 

ferumoxytol-treated patients occurred between baseline and 

Week 2, with  continued increases through Week 5 (Figure 2). 

There was little-to-no change in the placebo treatment group 

over the course of the study.

Secondary end points also significantly favored feru-

moxytol treatment. Fifty-one percent of ferumoxytol-treated 

patients achieved a Hgb level $120 g/L at any time from 

baseline to Week 5 compared to none of the patients who 

received placebo (treatment difference: 51.4%; P,0.001). 

In addition, the mean change in TSAT values from baseline 

to Week 5 was significantly greater for ferumoxytol-treated 

patients compared with placebo-treated patients (treatment 

difference: 11.2%; P,0.001), demonstrating the  successful 

repletion of iron stores with ferumoxytol. Mean TSAT 

 values in ferumoxytol-treated patients increased rapidly from 

 baseline through Week 2 and then declined slightly through 

Week 5 as the Hgb levels increased (Figure 3), likely due 

to iron utilization for hematopoiesis. There was little-to-no 

change in TSAT in the placebo treatment group.

PRO analyses
Baseline mean PRO values were similar between the feru-

moxytol and the placebo treatment groups for the FACIT-

Fatigue (Table 1), SF-36 domains (Figure 4), and LASA 

domains (Table 1). As expected for a population of patients 

with IDA, these baseline values were considerably lower 

than the preestablished US general population norms of 

Table 1 Baseline characteristics of the subgroup of patients with IDA and GI disorders (intent-to-treat population)

Baseline characteristics GI disorders subgroup Overall 
IDA group

Ferumoxytol  
(n=173)

Placebo  
(n=58)

Total  
(n=231)

Total 
(N=808)

Demographics
 Age (years), mean (SD) 47.4 (16.85) 52.1 (15.93) 48.6 (16.72) 45.1 (13.76)
Sex, n (%)
 Female 136 (78.6) 44 (75.9) 180 (77.9) 720 (89.1)
 Male 37 (21.4) 14 (24.1) 51 (22.1) 88 (10.9)
Race, n (%)
 Asian 33 (19.1) 6 (10.3) 39 (16.9) 130 (16.1)
  Black/African-American 16 (9.2) 5 (8.6) 21 (9.1) 202 (25.0)
 White 120 (69.4) 45 (77.6) 165 (71.4) 451 (55.8)
 Other/multiracial 4 (2.3) 2 (3.4) 6 (2.6) 25 (3.1)
Ethnicity, n (%)
 Hispanic/Latino 19 (11.0) 5 (8.6) 24 (10.4) 144 (17.8)
 Non-Hispanic/latino 154 (89.0) 53 (91.4) 207 (89.6) 664 (82.2)
Clinical, mean (SD)
 Baseline Hgb level (g/l) 89 (8.9) 87 (7.3) 88 (8.5) 89 (8.9)
 Baseline TSAT (%) 6.5 (12.97) 4.7 (3.53) 6.0 (11.67) 6.6 (11.51)
 Baseline FACIT-Fatigue 22.4 (11.7) 22.1 (11.4)
Baseline lASA, mean, (SD)
 Quality of life 46.1 (21.9) 43.4 (23.4)
 Activities of daily living 43.2 (22.3) 38.7 (22.9)
 Energy level 33.7 (20.3) 33.2 (22.2)

Note: Baseline values were obtained on Day 1 prior to injection of study drug.
Abbreviations: FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy–Fatigue; GI, gastrointestinal; Hgb, hemoglobin; IDA, iron deficiency anemia; lASA, linear 
Analog Scale Assessment; SD, standard deviation; TSAT, transferrin saturation.
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Figure 2 Mean Hgb values (g/l) from baseline to Week 5 in patients with IDA and 
GI disorders (intent-to-treat population).
Notes: #The first ferumoxytol dose was administered at baseline. *P,0.0001 for 
mean change from baseline.
Abbreviations: Hgb, hemoglobin; IDA, iron deficiency anemia; GI, gastrointestinal.
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43.6 for FACIT-Fatigue19 and 50.0 for SF-36 domain scores 

(Figure 4).16 No population norms are available for the LASA 

domains.

Ferumoxytol-treated patients demonstrated significantly 

greater improvements in FACIT-Fatigue and various domains 

of the SF-36 than placebo-treated patients (Table 2). The mean 

change in FACIT-Fatigue scores from baseline to Week 5 was 

11.1 for the ferumoxytol treatment group compared with 7.4 

for the placebo treatment group (least-squares mean [LSM] 

treatment difference: 3.6; P=0.031). This treatment differ-

ence was greater than the MID (3.0) previously reported for 

this PRO instrument. Values increased through Week 2 and 

continued to increase for ferumoxytol-treated patients, while 

scores decreased after Week 2 in the placebo treatment group 

(Figure 5). The mean change in SF-36 scores from baseline to 

Week 5 was significantly higher in the ferumoxytol treatment 

group compared with the placebo treatment group in six of 

Table 2 Efficacy end points in the subgroup of patients with IDA and GI disorders (intent-to-treat population)

Efficacy end point Treatment groups P-value

Ferumoxytol  
(n=173)

Placebo  
(n=58)

Primary end point
  Proportion of patients with $20 g/l Hgb increase  

at any time from baseline to Week 5, n (%)
142 (82.1) 1 (1.7) ,0.001

Alternative primary end pointa

  ΔHgb (g/l), mean 28.0 −1.0 ,0.001
Secondary end points

  Proportion of patients with Hgb $120 g/l at any  
time from baseline to Week 5, n (%)

89 (51.4) 0 ,0.001

  ΔTSAT (%), mean (SD) 11.5 (15.01) 0.2 (2.27) ,0.001
Patient-reported outcomes,a mean (SD)

  ΔFACIT-Fatigue score 11.1 (11.5) 7.4 (8.7) 0.031

  ΔSF-36-Physical functioning score 4.6 (9.5) 0.8 (7.8) 0.005

  ΔSF-36-Role-Physical score 5.6 (10.2) 2.6 (9.6) 0.045

  ΔSF-36-Bodily pain score 2.9 (9.3) 2.0 (11.0) 0.557

  ΔSF-36-General health score 3.4 (8.4) 0.7 (6.1) 0.023

  ΔSF-36-Vitality 9.7 (11.9) 3.9 (8.3) ,0.001

  ΔSF-36-Social functioning score 7.0 (12.5) 1.1 (9.5) 0.001

  ΔSF-36-Role-Emotional score 4.7 (12.8) 1.5 (12.9) 0.103

  ΔSF-36-Mental health score 5.8 (11.6) 0.6 (8.3) ,0.002

  ΔSF-36-Physical component summary score 3.7 (7.6) 1.7 (6.8) 0.071

  ΔSF-36-Mental component summary score 7.0 (12.1) 1.5 (9.5) 0.002

  ΔSF-36-6D score 0.10 (0.14) 0.03 (0.11) ,0.001

  ΔlASA-Energy level score 16.7 (26.2) 9.8 (19.0) 0.086

  ΔlASA-Activities of daily living score 13.4 (27.2) 9.8 (21.8) 0.385

  ΔlASA-Quality of life score 11.8 (27.7) 8.2 (18.0) 0.386

Note: aChange from baseline to Week 5 unless otherwise stated.
Abbreviations: FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy–Fatigue; GI, gastrointestinal; Hgb, hemoglobin; IDA, iron deficiency anemia; lASA, linear 
Analog Scale Assessment; SD, standard deviation; SF-36, 36-Item Short-Form Health Survey; TSAT, transferrin saturation.
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Figure 3 Mean TSAT values from baseline to Week 5 in patients with IDA and GI 
disorders (intent-to-treat population).
Notes: #The first ferumoxytol dose was administered at baseline. *P,0.0001 for 
mean change from baseline.
Abbreviations: IDA, iron deficiency anemia; GI, gastrointestinal; TSAT, transferrin 
saturation.
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the eight domains assessed ( Figure 6). The LSM treatment 

differences for these domains were physical functioning 

(3.9; P=0.005), role-physical (3.1; P=0.045), general health 

(2.7; P=0.023), vitality (5.8; P,0.001), social functioning 

(5.9; P,0.001), and mental health (5.2; P,0.002). There 

were also significantly greater improvements in ferumoxytol-

treated patients than in those who received placebo in the 

MCS (5.5; P=0.002) and in the SF-6D Index scores (0.07; 

P,0.001). The treatment differences between the ferumoxy-

tol and placebo treatment groups in MCS, SF-36-Vitality, 

and Mental health scores were greater than the previously 

reported MID for these domains (5.0).

The effect of treatment on LASA-Energy, LASA-Quality 

of life, and LASA-Activities of daily living scores are sum-

marized in Figure 7. Scores for these domains increased 

through Week 3 and remained steady until Week 5 in both 

the ferumoxytol and the placebo treatment groups. Changes 

from baseline to Week 5 for LASA domain scores were not 

significantly different between the two treatment groups 

(Figure 7). However, the mean change in LASA-Energy 

scores from baseline to Week 5 was 16.7 (95% confidence 

interval [CI]: 12.3–21.0) for ferumoxytol-treated patients and 

9.8 (95% CI: 4.6–15.1) for placebo-treated patients (LSM 

treatment difference: 6.8; P=0.086). The lower bound 95% 

CI of the mean change score was greater than the previously 

reported MID (9.61) for the ferumoxytol treatment group, but 

12.0

M
ea

n
 c

h
an

g
e 

fr
o

m
 b

as
el

in
e

(F
A

C
IT

-f
at

ig
u

e 
sc

o
re

)

2.0

0.0
0

0

5.8
5.1

8.3

9.1
9.7

7.9 7.7 7.4

11.1 11.1*

4.0

6.0

8.0

10.0

1 2 3 4 5

Ferumoxytol

Placebo

Week

Figure 5 Patient-reported outcomes at baseline and Week 5 in patients with IDA 
and GI disorders (intent-to-treat population).
Notes: The figure shows mean change from baseline in Functional Assessment 
of Chronic Illness Therapy (FACIT)–Fatigue scores. *P,0.05 vs placebo. The first 
ferumoxytol dose was administered at baseline. FACIT-fatigue score is 0-52, based 
on 13 questions scored 0-4.
Abbreviations: IDA, iron deficiency anemia; GI, gastrointestinal.

60

55

US norm
50

45

40

M
ea

n
 b

as
el

in
e 

S
F

-3
6 

sc
o

re

35

30

25
Physical

functioning
Role-

physical
Bodily pain General

health
Vitality Social

functioning
Role-

emotional
Mental
health

Mental subscalesPhysical subscales

Physical
component
summary

Mental
component
summary

1 S
D

Figure 4 SF-36 domain scores at baseline in patients with IDA and GI disorders (intent-to-treat population).
Abbreviations: IDA, iron deficiency anemia; GI, gastrointestinal; SF-36, 36-item Short-Form Health Survey; SD, standard deviation.

Clinical and Experimental Gastroenterology 2016:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

157

Ferumoxytol in patients with GI disorders and iron deficiency anemia

Powered by TCPDF (www.tcpdf.org)

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


Table 3 Summary of TEAEs in patients with IDA and GI disorders (safety population)

AE category Treatment group Total (N=231)

Ferumoxytol (n=173) Placebo (n=58)

Events,  
n

Patients,  
n (%)

Events,  
n

Patients,  
n (%)

Events,  
n

Patients, 
n (%)

All TEAEs 188 84 (48.6) 60 26 (44.8) 248 110 (47.6)
Treatment-related AEs 37 20 (11.6) 4 2 (3.4) 41 22 (9.5)
SAEs 6 5 (2.9) 2 2 (3.4) 8 7 (3.0)
Treatment-related SAEs 1 1 (0.6) 0 0 1 1 (0.4)
Protocol-defined AEs of special interesta 7 6 (3.5) 1 1 (1.7) 8 7 (3.0)
Composite cardiovascular AE end pointb 0 0 0 0 0 0
AEs resulting in temporary discontinuation of study drug 0 0 0 0 0 0
AEs resulting in permanent discontinuation of study drug 9 5 (2.9) 0 0 9 5 (2.2)
AEs resulting in study discontinuation 4 2 (1.2) 0 0 4 2 (0.9)
Death 0 0 0 0 0 0
TEAEs reported in $2% of patients
 Headache 9 8 (4.6) 3 3 (5.2) 12 11 (4.8)
 Nausea 10 9 (5.2) 2 2 (3.4) 12 11 (4.8)
 Dizziness 7 6 (3.5) 2 2 (3.4) 9 8 (3.5)
 Diarrhea 5 5 (2.9) 2 2 (3.4) 7 7 (3.0)
 Urinary tract infection 5 5 (2.9) 1 1 (1.7) 6 6 (2.6)
 Nasopharyngitis 5 5 (2.9) 2 2 (3.4) 7 7 (3.0)
 Peripheral edema 5 5 (2.9) 1 1 (1.7) 6 6 (2.6)
 Vomiting 5 5 (2.9) 0 0 5 5 (2.2)
 Back pain 4 4 (2.3) 1 1 (1.7) 5 5 (2.2)
 Fatigue 3 3 (1.7) 2 2 (3.4) 5 5 (2.2)
 Pain in extremity 4 4 (2.3) 0 0 4 4 (1.7)
 Abdominal pain 3 3 (1.7) 3 2 (3.4) 6 5 (2.2)
 Dyspnea 5 5 (2.9) 1 1 (1.7) 6 6 (2.6)
 Anemia 1 1 (0.6) 2 2 (3.4) 3 3 (1.3)

Notes: aIncludes moderate-to-severe hypotension requiring medical intervention or hospitalization, acute decreases in systolic blood pressure from baseline of $30% 
during the 60-minute postdose observation period, hypotension associated with symptoms, systemic allergic reactions (anaphylaxis/anaphylactoid reactions), and milder 
symptoms of hypersensitivity. bIncludes myocardial infarction, heart failure, moderate-to-severe hypertension, and hospitalization due to any cardiovascular cause. 
Abbreviations: AE, adverse event; GI, gastrointestinal; IDA, iron deficiency anemia; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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not for the placebo treatment group. Improvements in these 

domain scores were also generally similar to those seen in 

the overall study population.14

Safety analyses
Overall, the incidence of AEs in the subgroup of patients 

with IDA and underlying GI disorders mirrored those seen 

in the overall IDA study population in the original Phase III 

study. The incidence of TEAEs is summarized in Table 3, 

with no individual TEAE occurring in .5.2% of patients 

in either treatment arm of the GI subgroup. The most com-

mon TEAEs occurring in the ferumoxytol treatment group 

included nausea (5.2%), headache (4.6%), and dizziness 

(3.5%). Overall, TEAEs occurred in more patients in the 

ferumoxytol treatment group (11.6%; n=20/173) compared 

with the placebo group (3.4%; n=2/58). However, the rate of 

AEs that resulted in discontinuation of study drug was low 

in both the ferumoxytol and placebo treatment groups (2.9% 

vs 0.0%, respectively).

Rates of SAEs were similar in the ferumoxytol (2.9%) 

and placebo (3.4%) groups, and there was only one treatment-

related SAE in a ferumoxytol-treated patient. One patient 

developed symptoms of itching, facial edema, and stridor 

(without hypotension) within minutes of receiving the first 

dose of ferumoxytol; the patient responded to treatment 

(IV steroids and fluids) within minutes, the event resolved, 

and the patient was sent home the same day. The rate of 

protocol-defined AESIs (ie, hypotension and hypersensitivity) 

was higher in ferumoxytol-treated patients (3.5%; n=6/173) 

compared with placebo-treated patients (1.7%; n=1/58). There 

were no cardiovascular composite end point AEs or deaths in 

either treatment arm of the GI disorders subgroup.

Discussion
This analysis focused on the subgroup of patients with IDA 

and an underlying diagnosis of a GI disorder from within a 

large, randomized, placebo-controlled study of patients with 

IDA and a history of unsatisfactory oral iron therapy or in 

whom oral iron could not be used. IV iron was delivered 

as two IV doses of 510 mg each of ferumoxytol, which 

was shown to be superior to placebo for all hematologic 

outcomes, including the primary end point of the propor-

tion of patients achieving a $20 g/L increase in Hgb at any 

time from baseline to Week 5. Importantly, the majority of 

analyzed PRO-related end points also showed statistically 

significant improvements in ferumoxytol-treated patients 

compared with those who received placebo. These efficacy 

results were consistent with the results achieved in the over-

all Phase III IDA study population.14 Also consistent with 

the overall IDA study population, similar rates of AEs were 

observed in the ferumoxytol and placebo groups for the 

majority of AE categories, although treatment-related AEs 

and AESIs were numerically higher in ferumoxytol-treated 

patients in both the overall population and in patients with 

underlying GI disorders. Overall, the incidence of reported 

AEs in this study was consistent with the safety information 
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previously reported from studies of ferumoxytol in patients 

with CKD.14,21

Ferumoxytol is not the only IV iron that has been inves-

tigated in the treatment of patients with GI disorders and 

IDA; however, the magnitude of the observed Hgb increase 

tended to be higher with ferumoxytol (28 g/L at Week 5 after 

administration) than that reported with other IV products 

administering similar or greater amounts of elemental iron. 

For example, in a single-arm study, 4 weeks of treatment with 

low-molecular-weight iron dextran (LMWID) for patients 

with IBD (n=50) was associated with a mean Hgb increase 

of 17 g/L after the administration of total iron doses ranging 

from 800 mg to 1,600 mg.22 In another case-matched study 

in patients with IBD, 8 weeks of treatment with LMWID 

(mean total iron dose: 949 mg) was associated with a mean 

Hgb increase of 20 g/L, which was significantly greater than 

the results from oral iron (6 g/L; P,0.01).23 The increases in 

Hgb in this study with ferumoxytol were accomplished with 

a treatment duration of 3–8 days compared with a treatment 

duration of 4–8 weeks in studies with LMWID.

In a randomized controlled trial in patients with IBD, 

ferric carboxymaltose (median dose: 1,405.5 mg; range: 

927–2,102 mg) was found to be noninferior to oral ferrous 

sulfate (100 mg twice daily for 12 weeks).24 Hgb increased 

from 87 g/L at baseline to 123 g/L at the Week 12 end 

point in the ferric carboxymaltose treatment group (median 

increase: 37 g/L; range: –18 g/L to 93 g/L) and from 91 g/L 

to 121 g/L in the ferrous sulfate treatment group (median 

increase: 28 g/L; range: –12 g/L to 84 g/L); however, the 

difference between the two groups was not statistically sig-

nificant (P=0.70).

Similarly, IV iron sucrose has also been studied in patients 

with IDA and GI disorders. In a randomized 20-week study 

of patients with IBD (n=91), more patients treated with iron 

sucrose (mean dose: 1,708 mg) achieved a Hgb increase 

$20 g/L compared with oral iron, but again this difference 

was not statistically significant (66% vs 47%, respectively; 

P=0.07).25 By comparison, 82.1% of patients treated with 

ferumoxytol in the analysis reported here achieved an Hgb 

increase $20 g/L after 5 weeks of follow-up. A recently pub-

lished Phase III study (NCT01114204) compared ferumoxy-

tol to iron sucrose for the treatment of IDA in adult patients 

without CKD.21 Among the subgroup of 204 patients with an 

underlying GI disorder in that study, ferumoxytol was shown 

to be noninferior for the proportion of patients with a .20 g/L 

increase in Hgb (ferumoxytol, 80.4%; iron sucrose, 80.3%, 

with the lower bound of the 95% CI [1.5%] above the pre-

defined noninferiority margin [15%]) and for the mean change 

in Hgb at any time from baseline to Week 5 (27 g/L increase in 

Hgb with ferumoxytol vs 25 g/L with iron sucrose).21,26

Results of this analysis of patients with IDA and GI dis-

orders demonstrated that IDA is associated with very poor 

PRO scores in patients who had failed oral iron therapy, and 

that treatment of their IDA is associated with not only an 

improvement in laboratory parameters but also meaningful 

changes in most PRO scores. These results were consistent 

with the results achieved in a full analysis of patients’ HRQoL 

in the overall IDA study population. Analysis of HRQoL 

outcomes in the overall IDA study population also showed 

very poor baseline HRQoL scores and treatment with feru-

moxytol resulted in clinically meaningful improvements in 

HRQoL outcomes, across all HRQoL domains, compared 

with placebo.27 Thus, improvements in Hgb status and iron 

stores appear to be associated with improvements in PROs. 

The baseline levels of patient-reported fatigue as measured 

by the FACIT-Fatigue scale were .15 points (SD =1.5) below 

the population norm, with three points considered to indi-

cate a clinically meaningful decrement. This level of fatigue 

is in line with that previously reported in anemic cancer 

patients (mean =23.9; SD =12.6).19 Likewise, the baseline 

LASA-Energy mean scores were similar to those reported 

by cancer patients with anemia (mean =37.2–39.6)28 and 

the SF-36-Vitality domain scores were .10 points (SD =1) 

below the population norm. The superiority of ferumoxytol 

over placebo for reducing patient fatigue (FACIT-Fatigue) and 

increasing physical functioning, physical role, general health, 

vitality, social functioning, and mental health represents a 

clinically significant benefit for this group of patients who 

had been previously treated with and failed oral iron treat-

ment. Of importance, the increase in three of the PRO scores 

(MCS, vitality, and mental health) associated with ferumoxy-

tol treatment in the GI disorders subgroup met or exceeded 

the established MIDs for those instruments. This suggests 

that the effect may be greater for mental quality of life than 

for physical quality of life in this patient population. While 

the differences between treatment groups in LASA-Energy, 

-Activity, and -Quality of life scores between ferumoxytol- 

and placebo-treated patients were of similar magnitude to 

those seen in the overall IDA study population, they were 

only statistically different for the overall population.27

The rates of TEAEs, treatment-related TEAEs, and 

AESIs (ie, hypotension and hypersensitivity reactions) for 

ferumoxytol in patients with IDA and GI disorders were 

similar to those in the overall IDA study population.14 Notably, 

the rates of SAEs were low for both treatment groups in both 

the overall study population as well as in the GI disorders 
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subgroup (2%–3%). From a safety perspective, these data sug-

gest that the patients with GI disorders tolerated ferumoxytol 

treatment similarly well to the overall population of patients 

with IDA. This observation is important as a large proportion 

of patients with IDA also have underlying GI disorders.1,2

These data demonstrate the utility of ferumoxytol as a 

potential treatment option for the management of IDA in 

patients with GI disorders who fail treatment with or who 

cannot tolerate oral iron therapy. Ferumoxytol demonstrated 

the ability to correct Hgb levels (defined as an increase in 

Hgb of $20 g/L) in .80% of these patients in two treatment 

visits (two doses of 510 mg). Furthermore, this analysis found 

that patients with IDA secondary to GI disorders, who had 

been unsuccessfully treated with or could not tolerate oral 

iron, had very poor baseline quality of life scores and that 

treatment with ferumoxytol, in addition to increasing Hgb, 

resulted in clinically significant improvements in multiple 

measures of quality of life for these patients.

A potential limitation of this study is that it is a subgroup 

analysis from a larger study.14 Although this may be conside-

red a weakness of this study, it is important to note that the GI 

disorders subgroup analysis was prespecified as part of the 

larger study. A potential strength of this study is the use of 

placebo-controlled PROs, which is important because of the 

potential for large placebo response effects in PRO studies.

Conclusion
In this study, ferumoxytol was shown to be well tolerated and 

efficacious in the treatment of patients with IDA and underly-

ing GI disorders who had a history of unsatisfactory oral iron 

therapy or in whom oral iron could not be used. Ferumoxytol 

may provide an additional option for the treatment of IDA in 

patients with an underlying GI disorder.
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