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Abstract

, Paige May, Elim Kuo, Preetika Pai, Katherine Boles, Ashley McGee,

Purpose: Iron deficiency anemia (IDA] is the most common type of anemia. A single dose
infusion of intravenous (IV) iron is a convenient treatment option. Ferumoxytol is an IV
formulation of iron that is typically given in two doses of 510 mg each. Utilizing a single dose
of 1020 mg over 15min has previously been described as safe and effective. In July 2018,

we began to administer a single 1020 mg dose of ferumoxytol to patients needing IV iron
replacement at the North Florida/South Georgia Veterans Health System. To evaluate the
impact of this change, a utilization review was conducted.

Methods: Outcomes of all patients who received ferumoxytol injections in the 6 months prior to
and after the dosing strategy change were analyzed. A total of 140 patients, who received 270
separate IV ferumoxytol infusions, were included in the analysis.

Results: No significant difference in safety was observed, with one infusion reaction occurring
in each group (p=1.00). Efficacy also appeared equivalent with no significant difference
between the change in hemoglobin for those who received a single 1020 mg dose versus those
who received two 510 mg doses (p=0.764). As expected, those who received a single total dose
infusion of 1020mg had less clinic utilization (p < 0.0001).

Conclusion: In summary, ferumoxytol administered as a 1020 mg single dose infusion was
more convenient and should be considered a safe and effective treatment option for IDA.
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Introduction

Iron deficiency anemia (IDA) is the world’s most
common type of anemia, comprising 50% of
cases of anemia.! In developed nations, iron defi-
ciency is often secondary to chronic blood loss.
Important less common causes of IDA include
decreased iron absorption, usually secondary to
celiac disease, proton pump inhibitors, atrophic
gastritis, Helicobacter pylori infection or bariatric
surgery.? Iron restricted erythropoiesis (anemia
of chronic disease) is seen with many conditions
including chronic renal failure, chronic heart
failure, malignancies, infections, and autoim-
mune diseases. Although patients are not total
body iron depleted, poor iron utilization in this
state leads to a functional iron deficiency.?
Treatment of iron deficiency involves both

identifying and addressing the cause of iron
deficiency, as well as replacing iron. There is a
variety of intravenous (IV) and oral iron replace-
ment formulations. Oral iron is widely available
and relatively affordable; however, it is associ-
ated with a variety of gastrointestinal side
effects, which may lead to poor adherence.* IV
iron does not cause such effects and is more
effective in patients with malabsorption syn-
dromes or gastric surgery. It also allows for the
full replacement of iron stores in a short amount
of time. However, there is a risk for adverse
events, including hypersensitivity reactions and
in very rare cases, anaphylactic shock.* The cost
of the drugs and need to obtain IV iron in an
infusion clinic may pose an additional disadvan-
tage for some patients.
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There are multiple different IV iron formulations,
which come in the form of iron-carbohydrate
complexes or colloids. The general structure con-
sists of a spheroidal particle with iron at its center,
surrounded by a carbohydrate shell which serves
to stabilize the molecule and slow the release of
free iron.> The choice of IV iron formulation is
highly individualized and dependent upon prod-
uct factors (i.e. infusion reaction rate and dosing
frequency), patient factors (i.e. coexisting condi-
tions and allergy history), formulary restrictions,
and prescriber preference. Table 1 outlines the
various available formulations of IV iron. Iron
dextran was one of the earliest studied formula-
tions. Currently, only low molecular weight iron
dextran is used, as high molecular weight iron
dextran has been associated with an increased
number of rare but serious allergic reactions.?
Ferric gluconate and iron sucrose both have
excellent safety profiles and are frequently used.
Iron sucrose is, in fact, the most widely used for-
mulation in the world.> However, these two for-
mulations consist of a smaller carbohydrate core
that binds iron less tightly than dextran, resulting
in significantly increased rates of free iron release.
This limits the amount of iron that can be given
as a single dose and thus requires multiple admin-
istrations to deliver the complete iron replace-
ment dose. Other formulations include ferric
carboxymaltose (FCM), which has been shown
to be beneficial in the heart failure population,®7
and ferric derisomaltose (formerly iron isomalto-
side), both of which are composed of iron tightly
bound to a carbohydrate moiety, which decreases
the risk of labile iron toxicity, enabling them to be
administered as a large one-time dose.8

Ferumoxytol is a superparamagnetic iron oxide
nanoparticle with a low molecular weight semi-
synthetic carbohydrate coating. It was originally
developed as a contrast agent for magnetic reso-
nance imaging (MRI) before it was recognized as
an effective iron replacement strategy. Clinicians
should be aware of ferumoxytol’s properties as an
MRI contrast agent, as the radiographic findings
may appear contrast enhanced for the first
3 months after infusion. In addition, the iron par-
ticle can mimic iron overload states such as hemo-
chromatosis.!82224 It is otherwise an attractive
option due to its quick administration time and
low incidence of hypersensitivity reactions.

Ferumoxytol is typically given in two doses of
510mg each. The 1020mg dosing strategy was

first described by Auerbach er al. in a single arm
study of 60 patients treated with a single dose of
1020 mg of IV ferumoxytol and followed prospec-
tively for safety and efficacy.?5 In 2019, Karki and
Auerbach published their experience using this
replacement strategy on 176 consecutive patients,
finding it to be both safe and effective.26 This
dose has been described in the literature as the
maximum safe dose.?’?86 A one-time dose is
attractive due to the convenience of less travel
and infusion visits for patients and more efficient
utilization of infusion room space and staff. In
July 2018, we began to administer a single
1020 mg dose of ferumoxytol as our standard IV
iron replacement strategy at the North Florida/
South Georgia Veterans Health System in
Gainesville, Florida, USA. A retrospective chart
review was conducted to evaluate the effects of
this change in terms of safety, efficacy, and clinic
utilization.

Methods

Data were collected on patients who received fer-
umoxytol between 1 February 2018 and 31
January 2019 at the North Florida/South Georgia
Veterans Health System to capture approximately
6 months of data prior to, and after, a hospital-
wide transition from two doses of 510mg to a sin-
gle dose of 1020mg of IV ferumoxytol as the
standard iron replacement strategy at our institu-
tion. Our primary goal was to assess safety, effi-
cacy and clinic utilization when using a total dose
infusion of 1020 mg of ferumoxytol. Prior to com-
mencing, this project was determined to be qual-
ity assurance, as defined by the US Code of
Federal Regulations.?® Thus, it did not undergo
institutional review board review or require
informed patient consent. The single total dose
infusion was administered over 15min followed
by nursing observation for 15-30 min.

Patients were included if they received a dose of
IV ferumoxytol during the study period. Patients
were excluded if they had received IV iron in the
3 months prior to the study period. Patient demo-
graphics, number and dose of iron infusions
received, observed adverse reactions, and treat-
ment response were recorded. We separated our
analysis into two groups, one for safety and one
for efficacy. All patients and doses of IV ferumox-
ytol were included in an analysis of safety. Patients
were excluded from the efficacy analysis if they
had received both dosing strategies (1020mg and
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510mg) during the study period. Pre-treatment
laboratory values (baseline iron saturation, hemo-
globin, and ferritin) were included irrespective of
the duration of time that had elapsed prior to the
first infusion of IV iron. Response was assessed by
recording post-treatment laboratory studies
drawn within 12weeks from infusion. If more
than one value was available, the highest number
was recorded for each group.

The number of visits, baseline and change in
hemoglobin, ferritin and iron saturation were com-
pared using paired z-tests. The rate of infusion
reactions was compared using Fisher’s exact test.

Results

A total of 140 patients met the criteria for analy-
sis. Of these, 119 were included in the efficacy
analysis: 59 patients who received only 510mg
doses and 60 patients who received only the
1020 mg dose. Baseline characteristics were simi-
lar between the two groups and are summarized
in Table 2. The other 21 patients received both
510mg and 1020mg doses during the study
period, and were included in the safety analysis,
but not efficacy. A total of 270 separate infusions
of IV iron were given during the study period (96
infusions of 1020 mg and 174 infusions of 510 mg)
and were included in the safety analysis.

Efficacy was similar between the two dosing
strategies as shown in Table 3. The mean increase
in hemoglobin concentration was 1.96 g/dL. for
those who received two doses of 510mg and
2.00g/dL for those who received one dose of
1020 mg (p=0.726). The mean increase in ferri-
tin was also similar in the two groups, 114 ng/mL
and 120ng/mL, respectively (p=0.820). The
mean rise in iron saturation was 13.6% and
14.3%, respectively (p=0.781). All response
assessments were done within 12weeks; two
patients (one in each group) did not have a start-
ing ferritin.

Administering the 1020mg dose significantly
reduced the number of infusion room visits
required, with an average of two visits for those
receiving 510 mg and one visit for those receiving
1020mg (p<<0.0001).

When evaluating the infusion reaction rate, all
doses of iron during the study period were

included in the safety analysis (n=270); 174 indi-
vidual infusions of the 510mg dose of IV feru-
moxytol and 96 infusions of the 1020 mg dose of
IV ferumoxytol were given during the study
period. The rate of infusion reactions was not
increased, with only one reaction occurring in
each group: pruritis (0.57%) and nausea with
vomiting (1.04%), respectively (p=1.00). Both
reactions were mild to moderate in nature and
were managed with treatment interruption in
both cases, and IV steroids in the case of pruritus.
All were discharged from the infusion clinic on
the same day.

Discussion

The single total dose infusion of 1020 mg of IV
ferumoxytol led to a decrease in the number of
infusion room visits, without significantly increas-
ing the rate of infusion reactions or compromising
efficacy, as compared to the traditional dosing of
two infusions of 510 mg of ferumoxytol adminis-
tered 1 to 2 weeks apart. Single dose infusion is an
attractive option as it is more convenient and
reduces the number of visits to the infusion room.

Many patients who receive IV iron for IDA
require repeated administration due to either
ongoing blood loss or chronic poor absorption.
Although the risk of infusion reactions remains a
concern, the risk of serious adverse effects remains
very low with newer IV iron formulations.* The
safety and efficacy among the various IV iron for-
mulations, including low molecular weight iron
dextran, ferumoxytol, ferric derisomaltose, and
FCM, has been found to be comparable when
administered as single infusions among a variety
of settings.%3% Recently, ferumoxytol adminis-
tered as two doses of 510mg demonstrated non-
inferiority to FCM in terms of safety and efficacy
in a randomized double-blind comparison.3! The
use of IV iron may prevent the requirement for
red blood cell transfusions, which is associated
with a high side effect profile.32

The present report is the first retrospective review
of its kind directly comparing the two dosing
strategies of IV ferumoxytol. This review substan-
tiates prior literature published by Auerbach ez al.
demonstrating the safety and efficacy of a single
1020mg dose.?> In the Auerbach study, the
adverse event rate was high at 43.3%, although all
reactions were mild and transient. In the present
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Table 2. Baseline characteristics.

Variable 510 mg (n=59) 1020 mg (n=60) Significance (p-value)
Age [years)

Mean 67 64 p=0.265

Range (38-92) (25-94)
Gender [no. (%]

Male 43(72.9) 46 (76.7) p=0.638

Female 16 (27.1) 14 (23.3)

Cause of iron deficiency [no. (%]]

Gastrointestinal bleeding 37 (62.7) 33 (55) p=0.192
Heavy menses 6(10.2) 11(18.3)

Poor absorptive state 0 (0) 2(3.3)

Unknown 16 (27.1) 14 (23.3)

Baseline hemoglobin (g/dL)

Mean 9.8 9.7 p=0.726
Range (6.7-14.6) (6.7-13.3)
Distribution [no. (%]]
<70 3(5.1) 3(5.0)
7.1-9.0 15 (25.4) 18 (30.0)
9.1-11.0 30(50.8) 29 (48.3)
>11.0 11(18.7) 10 (16.7)

Baseline ferritin (ng/mL)

Mean 38.2 26.2 p=0.292
Range (3-415) (4-417)
Distribution [no. (%]]
<30 40 (67.8) 45 (75.0)
30-100 14 (23.7) 13 (21.6)
100-200 2(3.4) 0(0)
>200 2(3.4) 1(1.7)
Not checked 101.7) 1(1.7)

Baseline iron saturation (%)

Mean 9.0 1.4 p=0.216
Range (3-28) (3-78)
Distribution [no. (%]]
<10 37(62.7) 39 (65.0)
10-20 20 (33.9) 16 (26.7)
20-30 2 (3.4) 3(5.0)
>30 0(0) 2(3.3)

journals.sagepub.com/home/tah 5
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Table 3. Comparison of efficacy.

Response assessment? 510mg (n=59)

1020 mg (n=60) Significance (p-value)

Change in hemoglobin (g/dL])

Mean 2.0

Range (-0.8-5.9)
Change in ferritin (ng/mL)

Mean 14

Range (-92-496)
Change in iron saturation (%)

Mean 13.6

Range (=14-47)

2.0 p=0.764
(-1.0-5.7)
120 p=0.820
(-8-1012)
14.3 p=0.781
(-49-173)

aMeasured within 12weeks of infusion.

review, the adverse event rate was very low
(0.57% and 1.04% in 510mg and 1020 mg arms,
respectively), with only one reaction in each arm.
Both events occurred during the first couple of
minutes of infusion and were treated with inter-
ruption of the infusion and administration of res-
cue medications. Both would be classified as
grade II using the Ring and Messner hypersensi-
tivity reaction grading scale.33 As per the revised
Sampson er al. criterial® of anaphylaxis, neither
patient developed anaphylaxis. Rampton er al.
have published an excellent clinical review on the
management of iron hypersensitivity reactions.3*
Our review did not follow patients after discharge
from the clinic and this may have contributed to
the relatively low number of adverse events in our
study compared to that of Auerbach er al
However, the causality of such subjective adverse
events happening up to 8 weeks post-discharge in
Auerbach er al. may be difficult to establish and
their significance may have been overstated. In
the follow-up study published in 2019, 7.4% of
patients reported minor reactions.2°

A potential barrier to other institutions imple-
menting a total dose infusion of ferumoxytol is
the variability of medical insurance coverage of
this off-label dosage. However, many major med-
ical insurance carriers are now covering the single
total dose.2% As this review was conducted within
the Veterans Health Administration, providers
did not need to work with private medical insur-
ances to gain approval for payment.

This review has several limitations. As a quality
assurance project, our goal was to assess safety,
efficacy, and efficiency of this dosing change.
Therefore, we did not impose strict inclusion cri-
teria to ensure uniformity of the population. As
noted in the table of efficacy (Table 3), some of
our population had a decrease in their measured
iron stores after IV iron. This may have happened
due to the study design. We included any baseline
hemoglobin, ferritin and percentage saturation,
regardless of the time that lapsed prior to the
actual IV infusion. We also did not impose strict
post-treatment inclusion criteria and any labora-
tory data collected within 12 weeks were included
as response assessment. There was large hetero-
geneity in patients’ pre-treatment and post-treat-
ment laboratory measurements.

Our review was not targeted to specific popula-
tions, such as those with chronic kidney disease.
Furthermore, we did not define iron deficiency
as part of our inclusion criteria. Most of our
patients met laboratory criteria for iron defi-
ciency; however, some did not and likely did not
actually need or benefit from an IV iron infu-
sion. As practice patterns vary widely in the
real-world setting, these findings are likely to be
more representative of actual clinical practice
data. We also did not attempt to explore factors
that may have influenced results, such as the
number of patients who received blood transfu-
sions or who were receiving oral iron during the
study period.
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We performed our data analysis after the inter-
vention had been performed, which may have led
to bias. Our small sample size may have led to an
inability to detect small differences in efficacy
between the two dosing strategies. We did not
detect any serious infusion reactions during man-
ual chart review. Mild reactions were recorded
when documented in the medical record. The
actual rate of mild reactions may have been higher
but were missed because of the study design.
Because serious infusion reactions are rare, a
much larger sample size would be needed to
detect significant differences between the two
groups in terms of safety.

Implementation of a single total dose infusion of
1020 mg of ferumoxytol was safe and effective.
Administering ferumoxytol as a one-time dose
reduced the number of infusion room visits
without increasing infusion reactions or com-
promising efficacy. Ultimately, this strategy of
implementing a one-time outpatient total dose
infusion of 1020mg of ferumoxytol could be
considered at other institutions to improve infu-
sion room access, patient convenience, and
reduce costs.
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