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Purpose: Iron deficiency anemia (IDA) is common in cancer patients due to blood loss and
inflammation. Many do not tolerate oral iron or adequately respond. Intravenous (IV) iron is
commonly used as an adjunct to erythropoiesis-stimulating agents; data on the use of IV iron
monotherapy in these patients are limited. This study aimed to evaluate IV ferumoxytol for the
treatment of cancer patients with IDA with a history of unsatisfactory oral iron therapy or in
whom oral iron could not be used.

Patients and methods: This post hoc analysis of pooled data from two multicenter, random-
ized, controlled, Phase I1I trials evaluating IV ferumoxytol (510 mg x2) vs placebo or iron sucrose
(200 mg x5) included a subgroup of 98 patients with cancer that the investigator identified as
the primary cause of their IDA, or with cancer whose IDA was attributed to another comorbid
condition (ferumoxytol, n=75; iron sucrose, n=13; placebo, n=10). Gastrointestinal cancers were
most common (42), followed by breast (14), cervix (ten), and lung (nine). The primary endpoint
was the mean change in hemoglobin (Hgb) from baseline to week 5.

Results: At week 5, both ferumoxytol and iron sucrose produced significant increases in Hgb
from baseline (1.8 g/dL [P<0.0001] and 1.9 g/dL [P=0.002], respectively). During the studies,
45 patients received chemotherapy, 19 with platinum-based regimens. Erythropoiesis-stimulating
agent doses were neither increased >20% nor initiated in any treatment group. Overall rates of
adverse events and serious adverse events in the cancer subgroup mirrored those in the overall
study population.

Conclusion: Monotherapy with IV iron appears to be an effective option for cancer patients
with IDA who do not respond to or cannot tolerate oral iron therapy.
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Introduction

The National Comprehensive Cancer Network (NCCN) Guidelines for Cancer- and
Chemotherapy-Induced Anemia report that 32%—60% of patients with cancer have iron
deficiency.! Anemia is frequently observed as a comorbidity in patients with cancer,
and it is estimated that 30%—-90% of patients with cancer are also anemic.? Patients
with anemia have poorer rates of survival and local tumor control compared with
similar non-anemic cancer patients.” The causes of anemia in patients with cancer may
be difficult to evaluate as they are often multifactorial and may result from bleeding,
nutritional deficiencies, hemolysis, renal insufficiency, hereditary disease, anemia of
chronic disease, or a combination of these comorbidities.!*# In addition, malignant
cancer cells may exacerbate anemia through various mechanisms of action including
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direct suppression of hematopoiesis via bone marrow infil-
tration or cytokine-induced suppression of iron sequestra-
tion (ie, cancer-related inflammation).!* Anemia may also
result from anticancer therapies, including antineoplastic
drugs (via either direct myelotoxicity* or diminished renal
erythropoietin production because of nephrotoxicity [eg,
cisplatin]).*” Newer targeted therapies such as tyrosine kinase
inhibitors can also induce anemia, although mechanisms are
not fully established.® Possible explanations include an effect
on hematopoiesis via FLT3 and c-Kit receptor blockade,
chronic bleeding resulting from anti-angiogenic drugs, and
thrombotic microangiopathic hemolytic anemia.?®

Anemia is typically managed by the treatment of its
underlying cause, transfusion with packed red blood cells, or
the use of erythropoiesis-stimulating agents (ESAs), which
may be used in conjunction with iron supplementation.'
NCCN guidelines recommend considering supplementation
with intravenous (IV; preferred) or oral iron without an ESA
for patients with absolute iron deficiency, defined by the
NCCN as serum ferritin levels <30 ng/mL and transferrin
saturation (TSAT) levels <20%.! If oral iron is used and no
response is seen after 4 weeks, a trial of IV iron should be
considered. According to the NCCN guidelines, if hemoglo-
bin (Hgb) increases after 4 weeks, then periodic evaluation
(repeated ferritin and TSAT testing) is recommended. How-
ever, if Hgb does not increase after 4 weeks, then a diagnosis
of functional iron deficiency (defined by the NCCN as ferritin
30-800 ng/mL and TSAT 20%—50%) should be considered.!

For patients with functional iron deficiency, NCCN
guidelines recommend considering IV iron supplementation
as an adjunct to treatment with an ESA.' These guidelines
also state that insufficient data exist to routinely recommend
IV iron as monotherapy without an ESA for the treatment of
functional iron deficiency anemia (IDA).! Data from a meta-
analysis performed by Gafter-Gvili et al supports the NCCN
recommendation to consider the use of IV iron therapy. A
comparison of IV iron with no iron or oral iron for the treat-
ment of chemotherapy-induced anemia (CIA) demonstrated
that IV iron significantly increased hematopoietic response
rate (RR, 1.28; 95% CI, 1.125-1.45; seven trials with an ESA)
and decreased the rate of blood transfusions both in trials
with an ESA (RR, 0.76; 95% CI, 0.61-0.95; seven trials) and
without an ESA (RR, 0.52; 95% CI, 0.34-0.80; two trials).’

Ferumoxytol (Feraheme®; AMAG Pharmaceuticals Inc.,
Waltham, MA, USA) consists of a superparamagnetic iron
oxide core stabilized by a semi-synthetic carbohydrate shell,
composed of polyglucose sorbitol carboxymethylether (PSC),
designed to help isolate the bioactive iron core from plasma

components until the iron-PSC complex enters the reticu-
loendothelial system macrophages.!'? Ferumoxytol was
approved in June 2009 by the US Food and Drug Administra-
tion for the treatment of IDA in adult patients with chronic
kidney disease.!®* Given the limited data evaluating IV iron
monotherapy in patients with CIA or in those with cancer and
IDA from any mechanism, we sought to extract efficacy and
safety data on the use of ferumoxytol in patients with cancer
from two Phase III trials investigating the efficacy and safety
of IV ferumoxytol for treatment of IDA in patients with a
history of unsatisfactory oral iron therapy or in whom oral
iron could not be used.'*!* The patient populations in these
two studies were stratified into several predefined subgroups
based on the patients’ primary underlying cause of their IDA,
including cancer, as attributed by the investigators.'*!*> For
these prespecified subgroup analyses, the cancer subgroups
only included those patients whose cancer was attributed by
the investigators as the primary underlying cause of their
IDA; thus, the subgroups did not include patients with cancer
who had anemia attributed by the investigators to another
cause. Here, we report the results from a post hoc subgroup
analysis designed to provide information on all of the patients
with cancer who were enrolled in these studies. This includes
those whose cancer was identified as the primary cause of
their IDA as well as other patients with cancer whose IDA
was attributed to another condition by the investigators
(eg, gastrointestinal bleeding or abnormal uterine bleeding
[AUB]) but who also had a diagnosis of cancer.

Material and methods

Study design and medication

The safety and efficacy of IV ferumoxytol for the treatment
of IDA in patients with a history of unsatisfactory oral iron
therapy or in whom oral iron could not be used were evalu-
ated in two randomized, multicenter, global Phase III studies
(ClinicalTrials.gov identifiers: NCT01114139 [Study 1] and
NCTO01114204 [Study 2]). Study details have been previously
published.'*!> In brief, Study 1 was a double-blind trial that
randomized patients in a 3:1 ratio to receive either paren-
teral ferumoxytol (1.02 g course) or placebo (Figure 1)."
Patients received an IV injection of either ferumoxytol 510
mg (17 mL) or normal saline, administered as an IV injec-
tion of 17 mL at a rate not to exceed 1 mL/sec (generally in
under 1 minute) at baseline (day 1), with a second dose 2—8
days later. Study 2 was an open-label, active-controlled trial,*
conducted simultaneously with Study 1, in which patients
with the same entry criteria were randomized 2:1 to receive
either ferumoxytol, with a second dose 2—8 days later, or iron
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Figure | Study design of Study | and Study 2.

Abbreviations: EP, endpoint; ICF, informed consent; IV, intravenous; D-1, one day prior to randomization; D-14, 14 days prior to randomization.

sucrose, administered as five infusions or injections of 200 mg
on 5 nonconsecutive days over a 14-day period (Figure 1). For
both studies, blood sampling to assess Hgb was performed,
and the Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F) questionnaire was administered, at screen-
ing, baseline, and weeks 2, 3, 4, and 5. The primary efficacy
endpoint was the proportion of patients achieving a >2 g/dL
increase in Hgb at any time from baseline to week 5.

In both of these studies, the patients’ primary underly-
ing cause of IDA was attributed by the investigators to one
of five subgroups (cancer, gastrointestinal disorders, AUB,
postpartum anemia, or other condition [included patients with
nutritional iron deficiency, heart failure, and/or rheumatoid
arthritis]). This post hoc analysis includes both patients whose
cancer was identified as the primary cause of their IDA as
well as other patients with cancer whose IDA was attributed
to another condition by the investigators (eg, gastrointestinal
bleeding or AUB) but who also had a diagnosis of cancer.

Patient population
A full description of the inclusion and exclusion criteria has
been published previously.'*" Briefly, eligible patients were

males and females aged =18 years with IDA defined as baseline
Hgb 7 to <10 g/dL, TSAT <20%, and history of unsatisfac-
tory oral iron therapy or intolerance to oral iron. Patients were
excluded if they had an estimated glomerular filtration rate
<30 mL/min/1.73 m?, serum ferritin >600 ng/mL, or history
of allergy to IV iron. Written informed consent was obtained
from all patients prior to study entry. The study protocols
were reviewed and approved by the institutional review boards
(IRBs) or ethics committees at each study site (names of each
approving IRB and ethics committee are provided in Supple-
mentary material). Both studies were conducted in accordance
with the ethical principles of Good Clinical Practice and in
compliance with the Declaration of Helsinki.

Assessments and endpoints

The primary efficacy endpoint of this subgroup analysis
was the mean change in Hgb from baseline to week 5. Other
efficacy endpoints included the mean change in Hgb from
baseline at earlier time points, receipt of blood transfusion,
and changes in patient-reported fatigue. Safety was assessed
throughout the 5-week follow-up period and included the
overall incidence of treatment-emergent adverse events
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(TEAES), serious adverse events (SAEs), study drug-related
adverse events (AEs) and SAEs, and AEs leading to study
drug discontinuation, as well as AEs of special interest (pre-
defined as moderate-to-severe hypotension occurring on the
day of dosing and moderate-to-severe hypersensitivity reac-
tions), composite cardiovascular AEs (predefined as nonfatal
myocardial infarction, heart failure, moderate-to-severe
hypertension, and hospitalization due to any cardiovascular
event), and deaths. AEs were assessed by the investigators for
severity (mild, moderate, and severe) and potential relation-
ship to study medication. AEs were considered “serious” if
they resulted in death, were life-threatening, resulted in hos-
pitalization or persistent or significant disability or incapacity,
or were considered an important medical event (ie, one that
was not immediately life-threatening but clearly jeopardized
the patient and/or required intervention). Laboratory and
safety data were pooled for this analysis.

Statistical methods

The safety population included all randomized patients who
had any exposure to the study drug and was based on actual
treatment received. The intent-to-treat (ITT) population
included any randomized patient who had any exposure to
the study drug (IV ferumoxytol, IV iron sucrose, IV saline
placebo) and was based upon randomized treatment assign-
ment. The safety and ITT populations were identical in this
analysis. Demographics and baseline characteristics were
compared between treatment groups using the Fisher exact
test for categorical variables (sex, race, type of cancer, history
of IV iron use, and Hgb category) and analysis of variance
for continuous variables (Hgb, TSAT, and serum ferritin). In
the overall study population, changes from baseline in con-
tinuous variables were compared between treatment groups
using analysis of covariance controlling for baseline Hgb
value, using an imputed value of 0 for change from baseline
for missing post-baseline values. In this cancer subgroup
analysis, within-group differences in change from baseline
Hgb and FACIT-F were analyzed with a paired f-test. The
incidence of blood transfusions and use of ESAs were sum-
marized using descriptive statistics.

Results

Patients

The ITT population of all 1413 patients who were exposed
to the study drug included 98 patients with cancer (feru-
moxytol, n=75; iron sucrose, n=13; placebo, n=10). Base-
line laboratory values and demographic information are
shown in Table 1. The majority of patients in this subgroup

Table | Baseline patient demographics by treatment group

Baseline characteristics Treatment group

Ferumoxytol Iron Placebo
(n=75) sucrose (n=10)
(n=13)
Age, y, mean (SD) 58.5 (14.1) 66.7 (11.3)  53.4(14.0)
Female, n (%) 56 (75) 6 (46) 8 (80)
Height, cm, mean (SD) 161.5(8.2) 165.0 (10.3) 1523 (5.7)
Weight, kg, mean (SD) 68.4 (21.3) 73.8(188)  55.5(20.4)
History of IV iron 6(8) 2 (15) 1 (10)
exposure, n (%)
Hegb level, g/dL, mean (SD) 9.0 (0.8) 9.0 (0.9) 8.8 (I.1)
TSAT, %, mean (SD) 9.4 (10.7) 77 (34) 9.6 (7.3)
Serum ferritin, ng/mL, 120.8 (195.9)  151.3 (189.6) 80.8 (93.9)
mean (SD)
Baseline Hgb level, g/dL, n (%)
>7.0 to <8.5 22 (29) 4@31) 3 (30)
>8.5 to <10.0 53 (71) 9 (69) 7 (70)
Race, n (%)
White 47 (63) 13 (100) 4 (40)
Black/African American 6 (8) 0(0) 0(0)
Asian 22 (29) 0(0) 5 (50)
Other/multiracial 0(0) 0(0) I (10)
Type of cancer, n (%)
Gastrointestinal 31 (41) 8 (62) 3 (30)
Breast 12 (16) 1(8) 1 (10)
Other 9 (12) 2 (15) 0(0)
Cervix 709 0(0) 3 (30)
Lung 709 0(0) 2 (20)
Bladder 34 1(8) 0 (0)
Ovarian 34 0(0) I (10)
Pancreas 2(3) 0(0) 0(0)
Prostate I (1) 1 (8) 0 (0)

Notes: No significant difference between groups in sex, race, type of cancer,
history of IV iron use, Hgb category (Fisher exact test), baseline TSAT, or ferritin
(two sample t-test).

Abbreviations: Hgb, hemoglobin; IV, intravenous; TSAT, transferrin saturation.

were female (71%) and white (65%), with a median age of
60.5 years. Overall, gastrointestinal cancers were the most
common (43%), followed by breast (14%), cervix (10%),
and lung (9%) (Table 1). During the studies, 45 patients
received chemotherapy, including 19 patients with platinum-
based regimens, and seven patients received radiotherapy.
At baseline, mean TSAT was 9.2+9.7% and ferritin was
121+187 ng/mL, and approximately 30% (n=29) of patients
had Hgb >7.0 to <8.5 g/dL.

Efficacy

Treatment with both IV ferumoxytol and iron sucrose was
associated with a significant increase from baseline in Hgb
by the end of the study (ferumoxytol 1.8 g/dL [P<0.0001]
[Figure 2A] and iron sucrose 1.9 g/dL [P=0.002], paired
t-tests). Mean increase in Hgb from baseline to week 5 for the
total pooled populations was 2.7 g/dL for both ferumoxytol
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Figure 2 Mean change from baseline hemoglobin (A) and FACIT-F (B).
Notes: Bars represent 95% Cls, demonstrating within-group changes from baseline.
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Abbreviations: Hgb, hemoglobin; FACIT-F, Functional Assessment of Chronic lliness Therapy-Fatigue.
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Figure 3 Mean TSAT (A) and median ferritin (B) levels by treatment group.
Abbreviation: TSAT, transferrin saturation.

and iron sucrose treatment arms. TSAT and ferritin values
also increased over the study period for both IV ferumoxytol-
and iron sucrose-treated patients with cancer (Figure 3). The
changes among patients with cancer were generally similar
to those seen for the overall patient populations in these
studies for TSAT, while the changes for ferritin were some-
what greater among patients with cancer. Mean TSAT for
the total pooled populations in these studies increased from
6.7% at baseline to 20.9% at week 5 in the IV ferumoxytol
group and from 5.5% at baseline to 18.0% at week 5 in the
iron sucrose group, compared with a small change for those
in the placebo group (5.4% to 5.8%, respectively). For the
total pooled populations, median ferritin levels increased
from 4.5 ng/mL at baseline in both the IV ferumoxytol
and iron sucrose groups to 291.0 ng/mL and 145.0 ng/

700

~&-~ Ferumoxytol =4 Iron sucrose

**A* Placebo
600 -«

500

400 -

300 -

Median ferritin, ng/mL

200

100

Baseline Week 2 Week 3 Week 4 Week 5

mL, respectively, at week 2, decreasing to 73.1 ng/mL and
65.2 ng/mL, respectively, at week 5.

Among the cancer subgroup, one patient in the IV feru-
moxytol and one patient in the placebo group continued
to receive treatment with an ESA (epoetin alfa) during the
study. However, the doses remained unchanged through-
out the study. Blood transfusions were received by 8%
(n=6) of the ferumoxytol-treated patients, 23% (n=3) of
the iron sucrose-treated patients, and none of the placebo-
treated patients. Among the full study population, 1.4% of
ferumoxytol-treated patients, 2.0% of iron sucrose-treated
patients, and 2.5% of placebo-treated patients received
transfusions.

Among the ferumoxytol treatment group the mean
FACIT-F score was 29.0 at baseline. This increased
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significantly over baseline at all time points to 36.9 at week 5
(P<0.0001, paired t-test) (Figure 2B).

Safety

Summaries of the frequency and severity of AEs among
patients in the cancer subgroup and the full study population
are provided in Table 2. Overall rates of AEs and SAEs in
the cancer subgroup; mirrored those reported in the overall
study population. The overall rate of AEs was 63% among
the cancer subgroup, the incidence of AEs was 64.0% for
IV ferumoxytol. Given the small numbers of patients with
cancer in the iron sucrose and placebo groups, comparisons
regarding the relative rates of AEs are not appropriate. The
large majority of events were not considered by investigators
to be related to study treatment (Table 2).

SAEs were reported in 9.3% of patients receiving IV
ferumoxytol, 7.7% receiving iron sucrose, and 10.0%
receiving placebo in the cancer subgroup. This compares
to rates of SAEs of 3.3%, 2.5%, and 3.0%, respectively, for
IV ferumoxytol, iron sucrose, and placebo in the overall
pooled study population. Two SAEs (hypersensitivity and
anaphylactic reaction) in IV ferumoxytol-treated patients
with cancer were considered drug related. There was one
patient death in the ferumoxytol treatment group (duodenal
obstruction secondary to pancreatic tumor) that was consid-
ered by the investigator to be unrelated to treatment. There
was also one patient death in the placebo group (malignant
lung neoplasm) which was considered by the investigator to
be unrelated to treatment.

The most frequently occurring TEAEs are listed for the
patients in the cancer subgroup and the pooled overall study
population in Table 3. The most commonly occurring AEs
among ferumoxytol-treated patients were abdominal pain,
diarrhea, and nausea (5.3% for each) in the cancer subgroup,
and headache (5.3%), nausea (3.8%), and dizziness (3.3%)
in the overall pooled study population.

Table 3 Treatment-emergent adverse events

AE preferred term,
n (%)

Treatment groups

TEAEs occurring in >1 ferumoxytol-treated patient in the
cancer subgroup

Ferumoxytol Iron sucrose Placebo

(n=75) (n=13) (n=10)
Abdominal pain 4(5.3) 0 (0.0 0 (0.0)
Diarrhea 4(5.3) 0 (0.0) 1 (10.0)
Nausea 4(5.3) 1(7.7) 0 (0.0)
Cough 3 (4.0) 0 (0.0 0 (0.0)
Dizziness 3 (4.0) 0 (0.0 0 (0.0)
Hypokalemia 3 (4.0) 0 (0.0 0 (0.0)
Leukopenia 3 (4.0) 0 (0.0 0 (0.0
Neutropenia 3 (4.0) 0 (0.0 2 (20.0)
Vomiting 3 (4.0) 0 (0.0 0 (0.0
Back pain 2(27) 0 (0.0 0 (0.0
Constipation 2(27) 1(7.7) 0 (0.0
Dry mouth 2(27) 0 (0.0 0 (0.0
Dysgeusia 2(2.7) 0 (0.0) 0 (0.0)
Iron deficiency anemia 2(2.7) 0 (0.0) 0 (0.0)
Malignant neoplasm 2(2.7) 0 (0.0) 0 (0.0)
progression
Pain in extremity 2(2.7) 0 (0.0) 0 (0.0)
Pyrexia 2(27) 0 (0.0 | (10.0)
Urinary tract infection 2(2.7) 0 (0.0 0 (0.0

TEAEs occurring in 21.5% of ferumoxytol-treated patients in
the pooled overall study population

Ferumoxytol Iron sucrose Placebo

(n=1,014) (n=199) (n=200)
Headache 54 (5.3) I1(5.5) 12 (6.0)
Nausea 39 (3.8) 7 (3.5) 5(2.5)
Dizziness 33 (3.3) 3 (1.5) 7 (3.5)
Diarrhea 21 (2.1) 0 (0.0) 6 (3.0)
Urinary tract infection 19 (1.9) 3 (1.5) 6 (3.0)
Nasopharyngitis 18 (1.8) 2 (1.0 4(2.0)
Dysgeusia 18 (1.8) 13 (6.5) 1 (0.5)
Back pain 17 (1.7) | (0.5) 2 (1.0)
Vomiting 16 (1.6) 4 (2.0 2 (1.0)
Abdominal pain 15 (1.5) 3 (1.5) 5(2.5)
Fatigue 15 (1.5) 2 (1.0 3 (1.5)

Abbreviations: AEs, adverse events; TEAEs, treatment-emergent adverse events.

Table 2 Adverse event summary: cancer subgroup and overall study population

AE category, n (%) Cancer subgroup

Pooled overall study population

Ferumoxytol Iron sucrose Placebo Ferumoxytol Iron sucrose Placebo

(n=75) (n=13) (n=10) (n=1,014) (n=199) (n=200)
All AEs 48 (64.0) 6 (46.2) 8 (80.0) 467 (46.1) 88 (44.2) 86 (43.0)
Related AEs? 6 (8.0) 0 (0.0) I (10.0) 147 (14.5) 32 (l6.l) 15 (7.5)
Serious AEs 7(9.3) 1(7.7) 1 (10.0) 33 (33) 5(2.5) 6 (3.0)
Related serious AEs 2(2.7) 0 (0.0) 0 (0.0) 6 (0.6) 0 (0.0) 0 (0.0)
AEs of special interest® 4(5.3) 1(7.7) 0 (0.0) 33 (3.3) 10 (5.0) 2 (1.0)
AEs resulting in study discontinuation 0 (0.0) 0 (0.0) 0 (0.0 6 (0.6) 2 (1.0) 2 (1.0)
Death® 1 (1.3) 0 (0.0) I (10.0) 3(0.3) 0 (0.0 | (0.5)

Notes: *Classified by the investigator as related to study drug. *Protocol defined — including hypotension and hypersensitivity. ‘Assessed as unrelated by the investigator.

Abbreviation: AEs, adverse events.
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Discussion

This post hoc analysis focused on the subgroup of patients
who had both IDA and cancer from two randomized, multi-
center, global Phase III studies that evaluated the safety and
efficacy of IV ferumoxytol in patients with a history of unsat-
isfactory oral iron therapy or in whom oral iron could not be
used. The results indicate that cancer patients with IDA, who
had not tolerated or responded to oral iron, responded to both
IV ferumoxytol and iron sucrose with a significant increase
from baseline in Hgb (1.8 g/dL and 1.9 g/dL, respectively).
Similar to the overall study population, the increase in Hgb
was accompanied by a significant improvement in patient-
reported fatigue. Among the ferumoxytol treatment group,
the lower bound CI of change from baseline (mean, 6.3;
95% CI, 3.8, 8.8); P<0.001) was above the 3-point minimum
important difference for the FACIT-F scale, suggesting a
clinically meaningful improvement.

The increase in mean Hgb at week 5 was somewhat
lower in the current post hoc analysis of the pooled cancer
patient subpopulation for patients receiving IV ferumoxy-
tol (ie, 1.8 g/dL) than that observed for the total patient
population in the original Studies 1 and 2 (2.7 g/dL in
each).'*!* Similar results were seen for patients receiving
iron sucrose with a smaller, but still substantial, mean
increase in Hgb of 1.9 g/dL from baseline to week 5 for the
cancer patient subpopulation compared with an increase
of 2.4 g/dL for the total patient population in the original
Study 2 publication.'*

In general, cancer patients with anemia of inflamma-
tion! are expected to achieve a much smaller increase in
Hgb than other patient groups. Notably, mean serum ferritin
levels among those in the cancer subgroup receiving feru-
moxytol were substantially higher at baseline (121 ng/mL)
compared with levels in the overall populations in Study
1 (22.6 ng/mL)" and Study 2 (24.5 ng/mL)." The higher
baseline ferritin values in patients with cancer reflects the
fact that ferritin is an acute-phase reactant that can be artifi-
cially elevated in inflammatory conditions and underscores
its limited utility as a marker of IDA in patients with chronic
disease.

For ferumoxytol-treated patients, the overall incidence
of AEs was somewhat higher in the cancer subgroup com-
pared with the pooled overall study population; however,
treatment-related AEs tended to be lower among those in the
cancer subgroup. There were too few patients in the cancer
subgroup receiving either iron sucrose or placebo to make
meaningful comparisons regarding relative rates of AEs
between treatment groups. There was a higher incidence of

serious AEs overall in the cancer subgroup, although most
of these events were not considered related to study treat-
ment. Similarly, a slightly greater proportion of patients with
cancer receiving ferumoxytol or iron sucrose had AEs of
special interest, defined as hypotension or hypersensitivity,
compared with patients in the pooled overall study popu-
lation, although the absolute numbers were small. Rates
of individual AEs for patients receiving IV ferumoxytol
were generally similar between the cancer subgroup and
the pooled overall study population, with abdominal pain,
diarrhea, and nausea (all 5.3%) most common in the cancer
subgroup and headache, nausea, and dizziness (5.3%, 3.8%,
and 3.3%, respectively) most common in the pooled overall
study population.

Although ESAs are recommended for the treatment of
CIA, only 40%—70% of patients have been shown to respond
to ESAs with a substantial increase in Hgb.!'¢ In addition, ESA
therapy is associated with an increased risk of developing
venous thromboembolism.!” The mechanism underlying this
increased risk has not been established; however, results from
a study by Henry et al suggest that ESA-associated venous
thromboembolism in patients with CIA may be related, at
least in part, to the thrombocytosis caused by ESA-induced
iron-restricted erythropoiesis, and that this effect may be
countered by IV iron supplementation.'®

Several clinical trials have shown that IV iron improves
response rates when coadministered with an ESA and may
avoid iron-restricted erythropoiesis.'®!** However, there are
few randomized studies evaluating the use of IV iron mono-
therapy in patients with anemia and cancer. Two randomized
studies evaluated the use of iron monotherapy (iron sucrose)
in patients with anemia and gynecologic cancer; however,
these were very small, including a total of 52 patients receiv-
ing iron therapy.”* In one study, treatment with IV iron
sucrose was shown to reduce the incidence of red blood cell
transfusion among patients with anemia and gynecologic
cancer receiving platinum-based chemotherapy compared to
patients receiving oral iron (5/22 vs 14/22 patients [22.7%
vs 63.6%], respectively; P<0.05).2 Significantly higher mean
Hgb and hematocrit levels were reported after the first week of
treatment among patients receiving IV iron sucrose compared
with those receiving oral iron therapy, which persisted until
the next cycle of chemotherapy. Similar results were shown in
an earlier study evaluating monotherapy with IV iron sucrose
in 30 patients with anemia and cervical cancer undergoing
chemoradiotherapy compared with 45 patients receiving no
iron therapy.?! In that study, administration of IV iron sucrose
resulted in reduced red blood cell transfusions (P=0.04) and

Journal of Blood Medicine 2017:8

submit your manuscript

205

Dove


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

Vadhan-Raj et al

Dove

reduced mean transfusion volume (P=0.04). A randomized
controlled trial comparing the efficacy and safety of IV iron
isomaltoside with oral ferrous sulfate in patients with cancer
and anemia found that iron isomaltoside was noninferior to
oral iron in change in Hgb concentration from baseline to
week 4 (difference estimate 0.016, 95% CI —0.26 to 0.29,
P<0.001), with no significant difference in the proportion of
patients experiencing an adverse event noted between treat-
ment groups (72% [165/229] in the iron isomaltoside group
vs 70% [78/112] in the oral iron group).”® Results from the
current study provide additional evidence of the efficacy and
safety of IV iron therapy in cancer populations.

Limitations of this study include the retrospective
design and the small number of patients in the iron sucrose
and placebo groups, which limits the ability to draw any
comparative conclusions. A strength of this study is that the
vast majority of patients (98%) did not receive concomitant
ESAs. While none of the published clinical trials of IV iron
in cancer-related anemia have shown any increase in tumor
progression among patients receiving IV iron treatment,
long-term follow-up data are still lacking. Larger, longer
term studies are needed to confirm the efficacy and safety
results and further define the responses achievable with iron
monotherapy.

Conclusion

The results of the current study indicate that cancer patients
with IDA, who had not tolerated or responded to oral iron,
respond to both IV ferumoxytol and iron sucrose with a
significant increase in Hgb. Based on these findings, IV
iron monotherapy may offer a potentially effective treatment
option for the management of IDA in patients with cancer
who do not respond to or cannot tolerate oral iron therapy
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