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Iron replacement therapy in cancer-related anemia
Introduction

David Baribeault and Michael Auerbach

Am J Health-Syst Pharm. 2011; 68(Suppl 1):S2-3

Most patients with cancer will 
develop anemia during the 
course of their illness. Anemia, 

which is defined by the World Health 
Organization as a hemoglobin (Hb) 
concentration of <13 g/dL in men 
and <12 g/dL in women,1 has been 
reported to occur in up to 90% of 
patients with cancer.2 Although its 
incidence and severity in patients 
with cancer is dependent on the stage 
of cancer, the treatment regimen, 
and other factors,3 the symptoms of 
anemia have been shown to affect 
overall function, quality of life, 
tolerance to treatment, and even 
survival.

The use of  erythropoiesis-
stimulating agents (ESAs) can 
increase hemoglobin levels, decrease 
the need for transfusions, and 
improve the quality of life of patients 
with chemotherapy-induced anemia. 
However, up to half of all patients  
who receive these drugs do not 
respond to treatment, typically due  

to absolute or functional iron 
deficiency. 4-8 Functional  iron 
deficiency occurs when iron is not 
released from iron stores or absorbed 
from nutritional sources quickly 
enough to meet the demands of 
erythropoiesis. 

Numerous studies have shown that 
i.v. iron supplementation can improve 
outcomes in ESA-treated patients 
with cancer-related anemia.9-13 
Accumulating evidence prompted 
the National Comprehensive Cancer 
Network (NCCN) to recommend 
the use of i.v. iron supplementation 
in patients with functional iron 
deficiency due to its superior efficacy 
compared with that of oral iron.14 
Despite these recommendations and 
the evidence supporting its use, i.v. 
iron therapy remains underutilized in 
patients with cancer-related anemia,15 
partly due to misinformation and 
misinterpretation of the clinical 
nature of adverse events. Based on 
available published evidence, more 

frequent use of i.v. iron in patients 
with absolute or functional iron 
deficiency is warranted. 

This supplement will review the 
incidence and etiology of cancer-
related anemia, as well as the most 
recent NCCN guidelines for its 
management. The current roles 
of i.v. and oral iron therapy in the 
treatment of cancer-related anemia 
will also be described.
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Iron replacement therapy in cancer-related anemia
David Baribeault and Michael Auerbach

Purpose. The incidence, etiology, and 
management of cancer-related anemia is 
reviewed and the role of i.v. iron therapy in 
its treatment is described. 
Summary. Between 30% and 90% of pa-
tients with cancer develop anemia due to 
direct effects of the disease, its treatment, 
underlying nutritional deficiencies, and  
the inflammation that characterizes  
chronic disease. Although the use of 
erythropoiesis-stimulating agents (ESAs) 
increases hemoglobin levels and de-
creases the need for transfusions, up to 
50% of patients do not to respond to 
these drugs, usually due to the presence 
of absolute or functional iron deficiency. 
Multiple clinical trials have demonstrated 
that i.v. iron supplementation in patients 
with cancer-related anemia improves the 
response rate to ESAs, reduces the time 
to target hemoglobin levels, decreases 
ESA requirements, reduces costs, and is 

David Baribeault, B.S.Pharm, BCOP, is Manager, Clinical Phar-
macy Services, and Director, Postgraduate Year 2 Oncology Pharmacy 
Residency Program, Boston Medical Center, Boston, MA. Michael 
Auerbach, M.D., FACP, is Clinical Professor of Medicine, George-
town University School of Medicine, Washington, DC, and Physician 
in private practice, Rosedale, MD.

Address correspondence to Mr. Baribeault at Boston Medi-
cal Center, One Boston Medical Center Place, Boston, MA 02118  
(baribeaultd@gmail.com).

Christopher Fritz, Pharm.D., and Nicole Cooper, are acknowl-
edged for their assistance with manuscript preparation.

Based on the proceedings of a symposium held March 24, 2010, 

during the Hematology/Oncology Pharmacy Association 6th Annual 
Conference in New Orleans, Louisiana, and supported by an educa-
tional grant from Watson Pharmaceuticals. 

Mr. Baribeault received an honorarium for participating in the 
symposium and preparing this article. Mr. Baribeault is a consultant 
and member of the speakers’ bureau for Watson Pharmaceuticals.  
Dr. Auerbach has declared no potential conflicts of interest.

Copyright © 2011, American Society of Health-System Pharma-
cists, Inc. All rights reserved. 1079-2082/11/0502-00S4$06.00.

DOI 10.2146/ajhp110039

more efficacious than oral iron. These ben-
efits are seen without increased toxicity. 
Nonetheless, i.v. iron remains underused 
in patients with cancer, partly due to mis-
information and misinterpretation of the 
clinical nature of adverse events. 
Conclusion. Intravenous iron is underuti-
lized in patients with cancer-related ane-
mia. Based on published evidence, i.v. iron 
supplementation in patients with absolute 
or functional iron deficiency can improve 
patient responses to ESAs and reduce ESA 
requirements and may also reduce the need 
for transfusions and improve quality of life. 

Index terms: Anemia; Blood; Drug admin-
istration; Hematopoietic agents; Injections; 
Iron preparations; National Comprehensive 
Cancer Network; Neoplasms; Protocols; 
Toxicity
Am J Health-Syst Pharm. 2011; 68(Suppl 
1):S4-14

In patients with cancer, the preva-
lence of anemia is between 30% 
and 90%, depending on the tu-

mor type, stage of the disease, and 
definition of anemia.1 In patients 
with lymphoma, lung cancer, and 
gynecologic or genitourinary tu-
mors, the prevalence can be as high 
as 60%, and as high as 70% to 90% in 
patients receiving myelosuppressive 
chemotherapy or radiation therapy.2,3

Anemia is defined by the World 
Health Organization as a hemoglo-
bin concentration of <13 g/dL in 
men and <12 g/dL in women.4 A vast 
body of evidence has demonstrated 
that anemia is associated with symp-
toms that affect overall function, 
quality of life, tolerance to treatment, 
and survival in patients with can-
cer. Increasing age and the presence 
of comorbid conditions may also 
increase a patient’s susceptibility to 
anemia and its complications.2,3,5

One of the most common and 
debilitating symptoms caused by 
cancer-related anemia is fatigue, 
which has a significant impact on 
the capacity for physical activity.6,7 
Fatigue is frequently associated with 
depression and possible reductions 
in cognitive function.6,7 Evidence 

suggests that fatigue is the symptom 
that has the greatest effect on pa-
tients’ everyday life.8

Pathophysiology of anemia in 
cancer

Cancer-related anemia can be 
caused by blood loss, hemolysis, im-
paired production of red blood cells, 

or a combination of these mecha-
nisms (Table 1).1,2,6,9 Blood loss can 
result from hemorrhage from the 
tumor itself (e.g., gastrointestinal, 
bladder, gynecologic), surgery, or 
even frequent venipunctures.2,6 Per-
haps most important, cancer and 
its treatments impair erythropoi-
esis. Erythropoiesis is controlled by 
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interactions between the kidneys, 
which synthesize erythropoietin, 
and the bone marrow. Erythropoi-
etin stimulates the proliferation and 
maturation of erythroid precursors 
in the bone marrow. Cancer can 
disturb erythrocyte production by 
directly affecting the bone marrow 
(e.g., infiltration of the tumor into 
the marrow), blunting the erythro-
poietin response, and reducing the 
synthesis and release of endogenous 
erythropoietin.2 Chemotherapy and 
radiation cause myelosuppression.6 
Cancer and its treatment may also 
result in the development of nutri-
tional deficiencies that can lead to the 
development of anemia. 

Cancer-related anemia most close-
ly resembles the anemia of chronic 
disease. In anemia of chronic disease, 
cytokines alter iron homeostasis, ery-
throid progenitor cell proliferation, 
and erythropoietin production, all 
of which contribute to its pathogen-
esis.10 Proinflammatory states can 
affect erythropoiesis by stimulating 
the production of cytokines that can 
cause erythroid progenitor cell dam-
age,10 reduce erythropoietin produc-
tion, inhibit the release of iron from 
iron stores, and decrease duodenal 
iron absorption.2 The discovery of 
hepcidin, an iron regulatory peptide 
produced by the liver, has improved 
our understanding of anemia associ-
ated with cancer and other chronic 
inflammatory states.11,12 Hepcidin 
inhibits iron transport across cell 
membranes, decreases available iron 
from iron stores, and reduces gas-
trointestinal absorption of dietary 
iron by inactivating the only known 
exporter of iron, ferroportin.13 Hep-
cidin is upregulated in most chronic 
inflammatory conditions and cancer. 
Upregulation of hepcidin results in 
the sequestration of iron in mac-
rophages, reduction of iron levels 
in plasma due to decreased absorp-
tion from the intestinal epithelium, 
and a restricted delivery of iron 
to erythroid marrow. The result is 
the development of iron-restricted 

erythropoiesis, or functional iron 
deficiency.12,13 Functional iron de-
ficiency, a state in which iron is not 
released from iron stores or absorbed 
from nutritional sources quickly 
enough to meet the demands of 
erythropoiesis, is often observed in 
patients with cancer.12

Assessment of anemia and iron 
deficiency

Symptoms of anemia in patients 
with cancer include pallor, weak-
ness, fatigue, tachycardia, cognitive 
impairment, shortness of breath, 
depression, and dizziness. These 
symptoms are not pathognomonic 
for anemia because they may also be 
seen with malignancy, its treatment, 
or both.13,14

According to the most recent up-
date of the guidelines for managing 
cancer-induced and chemotherapy-
induced anemia published by the 
National Comprehensive Cancer 
Network (NCCN),5 patients with 
hemoglobin concentrations of ≤11 
g/dL or concentrations that are ≥2 g/
dL below their baseline level should 
undergo a complete blood count 
with iron indices and an evaluation 
of blood smear morphology.5 The 
NCCN also recommends checking 

the reticulocyte count and mean cor-
puscular volume. Stool guaiac tests 
and assessments of vitamin B

12
 and 

folate levels are also recommended.2,5 
Causes of anemia that should be 
considered include hemorrhage, 
hemolysis, nutritional deficiency, 
renal causes, and radiation-induced 
myelosuppression, as well as anemia 
due to an inherited illness (Table 1). 

Iron assessments in cancer
Functional iron deficiency in pa-

tients with cancer is characterized by 
hypoferremia, normal or decreased 
transferrin concentrations, and a 
low transferrin saturation (TSAT) 
value in the presence of normal fer-
ritin concentrations (≥100 ng/mL).15 
Absolute iron deficiency, defined by 
the NCCN as a ferritin concentra-
tion of <30 ng/mL and TSAT value 
of <15%,5 limits the body’s ability 
to produce hemoglobin because the 
iron values are inadequate for basal 
erythropoiesis. The most commonly 
ordered laboratory tests to deter-
mine the presence of absolute or 
functional iron deficiency include 
assessments of serum ferritin levels, 
a measure of iron stores; total iron-
binding capacity (TIBC), an indirect 
measure of the amount of iron on 

Table 1.
Causes of Cancer-related Anemia1,2,6,9

Direct effects of disease
 	 Bone marrow infiltration by malignant cells or fibrosis
 	 Blunted erythropoietin response
Blood loss
 	 Hemorrhage
 	 Surgery
 	 Phlebotomy
Effects of treatment
 	 Myelosuppression by chemotherapy or radiotherapy
 	 Hemolytic anemia
 	 Nephrotoxicity
 	 Thrombocytopenia or bleeding
 	 Neutropenia or infection
Iron, folate, or vitamin B

12
 deficiency

Inflammation or activation of the immune system, anemia of chronic disease
Autoimmune hemolysis
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circulating transferrin, which is the 
plasma protein responsible for iron 
delivery; and TSAT, the ratio of 
serum iron and TIBC, which is the 
most reliable indicator of iron avail-
ability.2 Unfortunately, ferritin acts 
as an acute-phase reactant and levels 
may be increased due to the physi-
ologic changes associated with the 
growth of malignancies.12,16 There-
fore, in the absence of levels below 
the lower limit of normal, ferritin 
assessments are not reliable markers 
of iron stores in patients with cancer 
or other chronic diseases, and are of 
limited clinical utility.

Treatment of chemotherapy-
related anemia

Erythropoiesis-stimulating agents 
(ESAs), epoetin alfa and darbepo-
etin alfa, are recommended for the 
treatment of chemotherapy-induced 
anemia when chemotherapy is given 
for a noncurative intent.5 This stipu-
lation of ESA use is related to revi-
sions in the Food and Drug Admin-
istration (FDA)-approved labeling 
of these drugs, based on the possible 
increased risk of tumor progression 
and shortened survival in patients 
with advanced breast, cervical, head 
and neck, lymphoid, and non-small-
cell lung cancers. ESAs should con-
tinue to be considered in patients 
with cancer and moderate or severe 
chronic kidney disease, those under-
going palliative treatment, and those 
with anemia caused by myelosup-
pressive chemotherapy.

Approximately 30–50% of cancer 
patients with chemotherapy-related 
anemia do not achieve a meaning-
ful response to ESAs (defined as a 2  
g/dL increase in hemoglobin concen-
tration or achieving a hemoglobin 
concentration of 12 g/dL without 
transfusion use), regardless of their 
baseline iron status.17-21 Several tri-
als have recently demonstrated that 
i.v. iron supplementation in patients 
receiving ESAs improves hemoglobin 
response rates in patients without 
absolute iron deficiency, confirming 

that functional iron deficiency may 
be responsible for the suboptimal 
response to ESAs often seen in this 
population.22-24

Management of iron deficiency in 
cancer

According to NCCN guidelines, 
iron supplementation is recom-
mended in patients with ferritin 
concentrations of <30 ng/mL and 
TSAT values of <15% (absolute iron 
deficiency).5 Intravenous iron sup-
plementation should be considered 
in combination with ESAs in those 
patients with ferritin concentrations 
of ≤800 ng/mL and TSAT values of 
<20% (functional iron deficiency).5 
The guidelines state that neither i.v. 
nor oral iron supplementation is 
needed in patients with serum fer-
ritin concentrations of >800 ng/mL 
or TSAT values of ≥20%. 

Oral iron is poorly absorbed 
and is commonly associated with 
gastrointestinal adverse effects and 
poor rates of patient adherence.2,25 
Intravenous administration of iron 
reduces gastrointestinal adverse ef-
fects associated with oral iron sup-
plementation and avoids problems 
with nonadherence to therapy.2 More 
important, i.v. iron effectively replen-
ishes iron stores and reduces ESA use. 

The NCCN recommends the use 
of i.v. iron supplementation in pa-
tients with functional iron deficiency 
due to its superior efficacy compared 
to oral iron.5 For patients without 
functional or absolute iron deficiency 
before the initiation of ESAs, the pos-
sibility that functional iron deficiency 
occurred during ESA therapy should 
be considered if hemoglobin levels 
do not increase after four weeks of 
therapy, and appropriate treatment 
administered.5 For patients treated 
with ESAs who have functional iron 
deficiency, i.v. iron is recommended 
as first-line treatment.5

Oral iron preparations. Oral iron 
is a simple and convenient method 
of iron supplementation. Currently 
available oral iron formulations in-

clude ferrous sulfate, ferrous fuma-
rate, and ferrous gluconate. Despite 
their simplicity, these products are 
associated with poor absorption, 
significant adverse effects, and sub-
optimal patient adherence.2,25,26 For 
example, immediate-release oral 
iron products are taken three to four 
times daily and are often associ-
ated with gastrointestinal adverse 
effects, including abdominal pain, 
nausea, vomiting, and constipation, 
which can lead to nonadherence.2 
While reductions in gastrointestinal 
adverse effects have been observed 
with extended-release products, their 
use may result in decreased iron ab-
sorption.2 Newer oral preparations, 
such as carbonyl iron powder and 
polysaccharide-iron complex, may 
overcome some of these obstacles 
but remain untested in patients with 
chemotherapy-induced anemia.

Oral iron products are not recom-
mended in patients with functional 
iron deficiencies due to their lack 
of efficacy in this population,5 and 
the discovery of hepcidin has shed 
light on the reason for this.11 In a 
significant fraction of patients with 
cancer-related and chemotherapy-
related anemia, increased levels of 
inflammatory cytokines cause an 
upregulation of hepcidin.15 In such 
patients, orally administered iron is 
not sufficiently absorbed and there-
fore i.v. iron is recommended.

Intravenous iron preparations. 
Parenteral iron products currently 
available in the United States include 
high-molecular weight (HMW) 
iron dextran, low-molecular weight 
(LMW) iron dextran, sodium fer-
ric gluconate, iron sucrose, and 
ferumoxytol (Table 2).2,11,27 The 
FDA-approved labeling for both 
iron dextran formulations includes 
indications for use in patients with 
chronic kidney disease and cancer, 
whereas the labeling for sodium fer-
ric gluconate, ferumoxytol, and iron 
sucrose only include indications for 
use when chronic kidney disease is 
present.22 Adverse reactions from i.v. 
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iron replacement therapy include 
hypotension, nausea, vomiting, diar-
rhea, pain, hypertension, dyspnea, 
pruritus, headache, and dizziness. 
These reactions have been reported 
with all the i.v. iron formulations. 

Comparative efficacy of oral and 
i.v. iron in patients receiving ESAs

The introduction of recombinant 
human erythropoietin (epoetin alfa) 
in 1989 revolutionized anemia man-
agement.28 Because the efficacy of 
ESAs is blunted by both absolute and 
functional iron deficiency, the role 
of iron therapy in patients receiving 
ESAs has been carefully evaluated. As 
early as 1987, Eschbach et al.29 dem-
onstrated the clinical efficacy of i.v. 
iron dextran in patients with serum 
ferritin concentrations greater than 
500 ng/mL undergoing hemodialysis 
who did not respond to standard 
dosages of epoetin alfa.

In 1995, Fishbane et al.30 random-
ized patients undergoing dialysis 
and receiving epoetin alfa to receive 
iron dextran (100 mg administered 
as a two-minute i.v. bolus injection 
twice weekly during hemodialysis) 
or a continuous oral iron regimen 
(either ferrous sulfate 325 mg three 
times daily or polysaccharide-iron 
complex 150 mg twice daily) for the 
four-month study duration. At one 
month and at all subsequent time pe-
riods, patients receiving i.v. iron had 

aLMW = low-molecular weight; HMW = high-molecular weight; TDI = total-dose infusion.

Table 2.
Intravenous Iron Preparations2,11,27,a

Characteristic
LMW  

Iron Dextran
Iron  

Sucrose

Sodium 
Ferric  

Gluconate Ferumoxytol
HMW Iron 

Dextran

Test dose required	 Yes	 No	 No	 No	 Yes
Vial volume (mL)	 2	 5	 5	 17	 1 to 2
Elemental iron conc. (mg/mL) 	 50	 20	 12.5	 30	 50
Boxed warning	 Yes	 No	 No	 No	 Yes
TDI	 Yes	 No	 No	 No	 Yes
Premedication	 TDI only	 No	 No	 No	 TDI only
Preservative	 None	 None	 Benzyl alcohol	 None	 None
Molecular weight measured by manufacturer (Da)	 165,000	 34,000–60,000	 289,000–440,000	 750,000 	 265,000

higher mean ± S.D. hematocrit values 
(34.4% ± 0.7%) than patients receiv-
ing oral iron therapy (31.8% ± 0.4%) 
(p < 0.05 at four months). Both se-
rum ferritin levels and TSAT values 
were significantly higher in patients 
receiving i.v. iron than in those re-
ceiving oral iron at completion of the 
study. Additionally, the total dosage 
of epoetin alfa used was decreased 
by 46% in the i.v. iron group com-
pared with those receiving oral iron. 
Subsequently, the National Kidney 
Foundation recommended the use 
of iron supplementation in patients 
with chronic kidney disease, with 
i.v. iron as the preferred intervention 
in hemodialysis patients.31 Nearly 
all patients undergoing dialysis who 
receive an ESA also receive i.v. iron,28 
eliminating the need for transfusions 
in this population.

In patients with chemotherapy-
induced anemia, i.v. iron has dem-
onstrated superiority compared to 
oral iron in improving responses to 
ESAs.17,32 In a randomized, open-
label study comparing epoetin alfa 
with no iron, oral iron twice daily, or 
i.v. iron dextran, patients receiving 
i.v. iron had improved hemoglobin 
response and improved quality of 
life (based on scores using a visual 
linear analog self-assessment scale) 
compared to those in patients receiv-
ing oral iron or no iron.17 Study par-
ticipants (n = 157) were randomized 

into four treatment groups: no iron, 
ferrous sulfate 325 mg orally twice 
daily, iron dextran 100 mg i.v. by 
bolus injection at each visit until the 
calculated dosage for iron replace-
ment was reached, or a total-dose 
infusion of iron dextran. After six 
weeks of therapy or completion of 
the treatment regimen by patients re-
ceiving iron dextran by i.v. bolus in-
jection, hemoglobin levels increased 
in all groups (p < 0.001), but greater 
increases were observed in those pa-
tients receiving i.v. iron dextran than 
in those receiving oral iron or no iron 
(p < 0.02). Mean increases in hemo-
globin concentrations were 0.9 g/dL, 
1.5 g/dL, 2.5 g/dL, and 2.4 g/dL for 
the no iron, oral iron, i.v. bolus iron, 
and total-dose infusion iron groups, 
respectively. No significant differ-
ence in mean increase of hemoglobin 
levels was observed between the no 
iron group and oral iron group (p < 
0.21). Additionally, the proportion 
of patients who had a hematopoietic 
response was higher in the i.v. iron 
groups (68%) than in the no iron 
group (25%) and oral iron group 
(36%) (p < 0.01).

Another open-label study com-
pared the use of ESA therapy with 
no iron, sodium ferric gluconate 
(125 mg i.v. once weekly), or ferrous 
sulfate (325 mg orally three times 
daily) for 8 weeks in 187 patients 
with cancer-related anemia receiv-
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ing ESA therapy.32 Mean increases 
in hemoglobin concentrations were 
greater with i.v. sodium ferric glu-
conate (2.4 g/dL) than with oral 
iron (1.6 g/dL, p = 0.009) or no iron 
(1.5 g/dL, p = 0.004). Response rates 
were higher with i.v. iron (73%) than 
with oral iron (45%) (p = 0.01) or 
no iron (41%) (p = 0.003). In a sub-
group of 50 patients with a baseline 
TSAT value of <20%, the response 
rate was 81% for the sodium ferric 
gluconate group, while the response 
rates for the oral iron group and no 
iron group were 37% (p = 0.0091) 
and 27% (p = 0.0027), respectively. 
In a subgroup of patients (n = 
79) with a baseline TSAT value of 
≥20%, the response rate in patients 
receiving sodium ferric gluconate 
was 68%, while the response rates 
in patients receiving oral iron or no 
iron were 52% and 48%, respectively, 
but these differences were not sig-
nificant. These data suggest that iron 
supplementation may be indicated in 
patients with absolute or functional 
iron deficiency undergoing stimu-
lated erythropoiesis with ESAs.

Intravenous iron in iron-replete 
patients

Hedenus and colleagues33 enrolled 
67 patients with lymphoprolifera-
tive malignancies and hemoglobin 
concentrations of 9–11 g/dL who 
were not receiving chemotherapy or 
blood transfusions and had positive 
hemosiderin stains on a bone mar-
row aspirate. Patients were random-
ized to subcutaneous epoetin beta 
(30,000 international units once 
weekly for 16 weeks) with or without 
i.v. iron sucrose supplementation. 
There was a significant difference in 
the mean change in hemoglobin con-
centration from baseline in patients 
receiving iron (2.76 g/dL) compared 
with those who did not receive iron 
(1.56 g/dL) (p = 0.0002). Rates of 
treatment response, defined as an 
increase in hemoglobin concentra-
tion of ≥2.0  g/dL compared with 
baseline without transfusion, were 

93% in the i.v. iron group and 53% 
in the group that did not receive iron 
(p = 0.0012). In addition, in the per- 
protocol population, the median 
time to achieve a hemoglobin re-
sponse was 6 weeks in the iron group 
compared with 12 weeks in the no 
iron group. After 15 weeks of therapy, 
the mean weekly epoetin beta dose 
was more than 10,000 international 
units lower (>25%) in patients re-
ceiving iron supplementation, which 
translated to a saving of $100 per 
patient weekly, based on the value of 
the Swedish krona at the time of the 
publication.

Corroborating these findings, 
Pedrazzoli and colleagues23 evalu-
ated the use of darbepoetin alfa (150 
mg weekly) with or without i.v. so-
dium ferric gluconate in 149 patients 
without absolute or functional iron 
deficiency who were receiving che-
motherapy for the treatment of solid 
tumors. To exclude patients with ab-
solute or functional iron deficiency, 
patients with serum ferritin concen-
trations of <100 ng/mL and TSAT 
values of <20% were excluded from 
the trial. Darbepoetin alfa dosages 
were doubled at four weeks if the in-
crease in hemoglobin concentration 
was ≤1 g/dL. Patients receiving i.v. 
iron had higher hematopoietic re-
sponse rates (93%) compared to the 
control group (70%) (p = 0.0033).

A Phase II, double-blind, 2 × 2 
factorial study evaluating the efficacy 
and safety of fixed-dose darbepoetin 
alfa (300 mg or 500 mg every three 
weeks) with or without open-label 
LMW iron dextran (administered 
as five 400-mg infusions over 30 
minutes), reported similar findings.34 
Patients (n = 242) included in the 
trial had nonmyeloid malignan-
cies, hemoglobin concentrations 
of ≤10 g/dL, and no absolute iron 
deficiency. Because no evidence of 
a statistically significant interaction 
between ESA dosage and i.v. iron 
usage was observed, results were 
provided separately comparing ESA 
dosages and i.v. iron status. Although 

target hemoglobin concentrations 
(≥11 g/dL) were achieved by similar 
percentages of patients using either 
darbepoetin alfa dose (75% in the 
300-mg group and 78% in the 500-mg 
group), more patients who received 
i.v. iron achieved target hemoglobin 
levels (82%; 95% confidence interval 
[CI], 73–90%) compared with those 
who did not receive i.v. iron (72%; 
95% CI, 62–82%) (Figure 1). In an 
exploratory analysis, a slightly higher 
percentage of patients receiving 300 
mg darbepoetin alfa plus i.v. iron 
achieved target hemoglobin levels 
compared to those receiving 500 mg 
of darbepoetin alfa alone. None of 
the studies were powered to detect a 
difference in transfusion rates.

However, another study was pow-
ered to detect differences in trans-
fusion requirements. Bastit et al.24 
studied 396 patients with anemia 
(hemoglobin concentration of <11 
g/dL) who were receiving chemo-
therapy for nonmyeloid malignancies. 
In this open-label study, patients were 
randomized to receive darbepoetin 
alfa (500 mg once every 3 weeks) with 
i.v. iron (either as sodium ferric glu-
conate complex or iron sucrose) or 
standard care (no iron or oral iron) 
for 16 weeks. Hematopoietic response 
rates were higher in the i.v. iron group 
(86%) than in the standard care group 
(73%) (difference of 13%; 95% CI, 
3–23%; p = 0.011). More red blood 
cell transfusions were required in the 
standard care group (20%) compared 
with the i.v. iron group (9%) (p = 
0.005) (Figure 2).

These studies demonstrated that 
patients receiving i.v. iron had a 
greater hematopoietic response 
compared to those receiving oral 
iron.23,24,33,34 However, Steensma et 
al.35 reported that i.v. iron did not 
improve treatment response com-
pared to oral supplementation or 
placebo in patients (n = 502) with 
chemotherapy-associated anemia, 
hemoglobin concentrations of <11 
g/dL, ferritin concentrations of >20 
ng/mL, TSAT values of <60%, and 
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a Zubrod performance score of >2. 
The study met an early stopping 
rule due to a perceived increase in 
combined grade 3 or higher adverse 
events in patients receiving i.v. iron 
(54% versus 44% in the oral iron 
group and 46% in the oral placebo 
group, p = 0.16). Premedication with 
diphenhydramine was permitted at 
the discretion of the investigators, 
which may have been responsible for 
the perceived differences in reported 
adverse events. All principal out-
comes were similar between groups, 
including hemoglobin response, 
changes in hemoglobin levels, im-
provements in quality of life, and 
transfusion requirements. It should 
be noted that the administered doses 
of i.v. iron were significantly lower 
(by approximately 400 mg) than in 
other published trials. No explana-
tion for the less-than-planned dosing 
was provided in the paper. 

Despite evidence supporting the 
use of i.v. iron, it remains underused 
in the oncology setting, particularly 
compared to its use among nephrol-
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Figure 1. Kaplan-Meier time to target hemoglobin (Hb) levels (≥11 g/dL) by i.v. iron usage. Reprinted from reference 34, with permission. 
Copyright © 2010 Wiley. All rights reserved.

Figure 2. Kaplan-Meier proportion patients with chemotherapy-induced anemia who 
received transfusions during randomized, multicenter, controlled trial comparing the 
safety and efficacy of darbepoetin alfa administered every three weeks with or without 
i.v. iron.24 Results are reported for patients enrolled in the study for at least 29 days. CI 
= confidence interval. Reprinted from reference 24, with permission. Copyright © 2008 
American Society of Clinical Oncology. All rights reserved.
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ogists. In a retrospective chart review 
of 50 patients with hemoglobin con-
centrations of <11 g/dL who were re-
ceiving chemotherapy for a nonmy-

eloid malignancy, iron indices were 
measured in only 40% (n = 20).36 
Fourteen of these 20 patients were 
candidates for iron supplementation. 
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Of 5 patients receiving a prescription 
for oral iron supplementation, 3 were 
considered candidates and 2 were 
not. Although this was a small, retro-
spective, single-center chart review, 
none of the patients received i.v. iron 
therapy.

Safety of i.v. iron preparations
Prior to 1992, HMW iron dextran 

(Imferon, Fisons, no longer mar-
keted) was the only i.v. iron product 
available to treat iron deficiency in 
the United States.15 In 1980, Hamstra 
et al.37 reported the results of a pro-

spective trial with i.v. iron dextran 
that included 471 patients. Whereas 
virtually all patients achieved clinical 
benefit, three serious acute and eight 
delayed adverse events occurred. All 
acute reactions were characterized as 
anaphylactoid. The authors conclud-
ed that i.v. iron should be reserved 
for those extreme clinical situations 
where oral iron was ineffective or 
poorly tolerated. In 1991, that iron 
dextran product (Imferon) became 
unavailable but, at the same time, 
LMW iron dextran (INFeD, Watson, 
Corona, CA) was marketed, and in 

1996, a second HMW iron dextran 
(DexFerrum, American Regent, 
Shirley, NY) became available for use 
in patients undergoing dialysis and 
receiving ESAs.

In 1999 and 2000, two iron salts, 
sodium ferric gluconate (Ferrlecit, 
Sanofi-Aventis, Bridgewater, NJ) 
and iron sucrose (Venofer, American 
Regent) rapidly replaced iron dex-
tran in the nephrology population, 
ostensibly due to increased safety.38,39 
An analysis of spontaneous reports 
of serious reactions to the iron dex-
tran products and non-iron dextran 
products to FDA and European drug 
agencies found a significantly higher 
rate of reactions with the iron dex-
tran products, as well as 31 deaths 
attributed to iron dextran and no 
deaths attributed to the other i.v. 
iron products.40 Michael et al.38 also 
found a low rate of reactions with 
sodium ferric gluconate in 2534 he-
modialysis patients in a double-blind 
controlled study. Investigators then 
compared the observed rate to that 
of a historical control, obtained from 
a meta-analysis of four publications 
evaluating iron dextran. Compared 
to the historical control of patients 
who received iron dextran, sodium 
ferric gluconate was associated with a 
93% risk reduction in life-threatening 
adverse reactions. These analyses did 
not attempt to differentiate the rate 
of reactions with HMW iron dextran 
compared with that of LMW iron 
dextran.15

However, analyses conducted by 
Chertow and colleagues41,42 to evalu-
ate FDA adverse drug event reporting 
data for reactions associated with all 
iron products indicated that HMW 
iron dextran products were involved 
in the majority of serious adverse 
events (Figure 3). These analyses 
included both currently available 
iron dextran products as well as the 
first iron dextran product (Imferon), 
which is no longer available. There 
were no significant differences in 
life-threatening or fatal serious ad-
verse events when LMW iron dextran 

Figure 3. Relative rates of reported serious adverse events with the four different pa-
renteral iron preparations. From FDA Medwatch reports (2001–2003), Chertow et al.41,42 
reported that high-molecular-weight iron dextran was associated with a 3.2-fold increase 
in odds of an adverse drug event and a 3.4-fold increase in odds of a life-threatening 
event. Reprinted from reference 11, with permission. Copyright © 2007 Elsevier. All rights 
reserved.
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was compared with sodium ferric 
gluconate and iron sucrose.42 Of an 
estimated 30,063,800 doses of i.v. 
iron administered, the total number 
of iron-related adverse effects was 
1,141 (approximately 38 per million 
doses).41 When comparing LMW 
and HMW formulations of iron 
dextran, total and life-threatening 
adverse events were significantly 
more frequent with the use of HMW 
iron dextran than LMW iron dextran 
or non-dextran iron formulations.  
When excluding adverse events at-
tributed to HMW iron dextran, the 
incidence of serious adverse events 
was less than 1 in 200,000 doses. 

However, Wysowski et al.43 concluded 
that using the current mechanisms in 
place to evaluate risk, it is impos-
sible to differentiate relative rates of 
adverse events between any of the 
i.v. iron products. Nonetheless, based 
on the preponderance of published 
evidence, albeit retrospective and 
observational, it appears prudent to 
use HMW iron dextran with caution. 

Two subsequent studies and one 
meta-analysis prospectively com-
pared the efficacy and safety of LMW 
iron dextran and iron sucrose, and 
found no differences in either ef-
ficacy or safety, but revealed cost 
and convenience advantages for 
LMW iron dextran.44-46 These re-
sults conflict with those of previous 
reports of lower reaction rates to 
non-dextran iron based on historical 
controls.15,44-47

Nonetheless, serious acute adverse 
events with i.v. iron can be a concern. 
Although they occur infrequently, 
acute myalgias (specifically chest and 
back tightness) without tachycardia, 
hypotension, wheezing, stridor, or 
periorbital edema have been re-
ported.11 Patients who experience 
these symptoms are often mistakenly 
thought to be experiencing anaphy-
laxis. Acute myalgias resolve spon-
taneously, do not require treatment 
with antihistamines or pressors, 
and rarely recur with rechallenge.11 
Antihistamines can cause sedation 

and vasoactive adverse effects (hypo-
tension, flushing, and tachycardia), 
which may in turn be attributed to 
i.v. iron, resulting in inappropri-
ate intervention and converting a 
harmless reaction to a more serious 
one.11,48 Consequently, routine pre-
medication is not recommended.

Current status of i.v. iron in cancer 
care

Currently, the only i.v. iron prod-
uct with FDA-approved labeling for 
use in oncology populations is iron 
dextran. Practitioners may avoid the 
use of any iron product for fear of 
serious adverse reactions. This fear 
may result in less-frequent use of i.v. 
iron in cancer-related anemia than in 
nephrology patients (Figure 4).49,50 A 
recent review by Glaspy51 suggested 
that oncologists use three times the 
amount of ESAs to achieve 50–60% 
of the benefit in transfusion reduc-
tion that is achieved by nephrologists 
treating dialysis-associated anemia. 

This marked difference in response 
rates is likely to be at least in part 
due to the near-universal use of iron 
supplementation in nephrology pa-
tients taking ESAs.28 The National 
Kidney Foundation KDOQI guide-
lines suggest that chronic kidney dis-
ease patients undergoing dialysis be 
treated with iron and ESAs to reach a 
hemoglobin concentration between 
11 and 12 g/dL,52 while the Centers 
for Medicare and Medicaid Services 
(CMS) determined that ESA therapy 
should be discontinued in chemo-
therapy-induced anemia at 10 g/dL.53 
In 2007, after reviewing evidence on 
safety concerns related to ESA use, 
such as thrombosis, cardiovascular 
events, tumor progression, and re-
duced survival, CMS concluded that 
cancer-related anemia is no longer an 
indication for ESA use.

These recommendations are re-
flected in the 2010 NCCN guidelines 
for managing cancer-induced and 
chemotherapy-induced anemia,5 
and may have significant public 
health consequences. Vekeman et 

al.54 evaluated the potential impact 
of a reduction in ESA use for treat-
ing chemotherapy-induced ane-
mia on blood supply. Results from 
this modeling simulation indicated 
that limiting ESA use in patients 
with chemotherapy-induced anemia 
would place considerable pressure 
on the U.S. blood supply. In fact, 
the model predicted that a 50–75% 
reduction in ESA use would prompt 
the use of 17–21% of the available 
2008 marginal blood supply (the 
margin between blood screened and 
blood demand). Concerns regarding 
ESA use and morbidity and mortal-
ity have not yet prompted similar 
recommendations in patients on 
dialysis. In fact, research on the use of 
ESAs in dialysis patients has provided 
historical evidence that higher ESA 
dosing is responsible for increased 
morbidity and mortality in hemodi-
alysis patients, even after adjustment 
for hematocrit values.55 However, 
in all studies published, addition of 
parenteral iron has decreased quanti-
ties of ESAs necessary for therapeutic 
response.

Emerging i.v. iron products
Ferumoxytol (Feraheme, AMAG, 

Lexington, MA) is a novel i.v. iron 
with labeling approved by FDA in 
June 2009 for use in chronic kidney 
disease patients with anemia. The 
carbohydrate-coated, superpara-
magnetic iron oxide nanoparticle 
formulation includes little free iron, 
allowing for large doses (510 mg) 
to be administered in as little as 17 
seconds.56 A second dose is required 
three to eight days following the 
first dose. Clinical trials have dem-
onstrated the improved efficacy of 
ferumoxytol compared with oral iron 
therapy in patients with chronic kid-
ney disease.57,58 Adverse effects were 
similar to i.v. 0.9% sodium chloride 
injection and no cases of anaphylaxis 
were reported.56 However, on No-
vember 29, 2010, an announcement 
from the manufacturer updated the 
product labeling to include bolded 
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Figure 4. Trends in iron testing and i.v. iron dosing in cancer patients receiving chemotherapy and an erythropoiesis-stimulating agent 
compared to patients on dialysis; estimates are based on a 5% sample of general Medicare patients.50 Copyright © 2003. Reproduced with 
permission of the American Society of Hematology via the Copyright Clearance Center.
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warnings and precautions that de-
scribe events that have been report-
ed after administration in the post-
marketing environment, including 
life-threatening hypersensitivity re-
actions and clinically significant hy-
potension.27,59 Accompanying these 
warnings was a mandated increase in 
the observation period following ad-
ministration from 30 minutes to 60 
minutes to observe patients for signs 
and symptoms of hypersensitivity.

Iron carboxymaltose (Injectafer, 
Luitpold, Shirley, NY) and iron iso-
maltoside (MonoFer, Pharmacosmos 
A/S, Holbaek, Denmark) are cur-
rently in development in the United 
States and are marketed in Europe for 
the treatment of iron deficiency.28,60 
However, two years ago, FDA delayed 
approval of iron carboxymaltose due 
to concerns over observed hypophos-
phatemia at two weeks following 
administration and an imbalance in 
cardiovascular events and deaths in 
the treatment group compared with 
placebo. Further safety studies are 
currently under way.

Conclusion
Although i.v. iron is used almost 

universally in patients with dialysis-
associated anemia who are being 
treated with ESAs, its use in ESA-
treated patients with cancer-related 
anemia is limited, despite evidence 
demonstrating improved outcomes 
in these patients. Studies of i.v. iron 
supplementation during ESA therapy 
continue to demonstrate benefits on 
hematopoietic responses, including 
improved hemoglobin levels, im-
proved time to hemoglobin response, 
reduced ESA requirements, and re-
duced ESA costs, without significant 
toxicity. Intravenous iron may also 
reduce the need for transfusions.

A greater awareness of the benefits 
of i.v. iron use, as well as the relative 
safety differences among the avail-
able formulations, may result in a 
more widespread use of i.v. iron.

References
1.	 Knight K, Wade S, Balducci L. Prevalence 

and outcomes of anemia in cancer: a 
systematic review of the literature. Am J 
Med. 2004; 116(suppl 7A):11S-26S.

2.	 Schwartz RN. Anemia in patients with 
cancer: incidence, causes, impact, man-
agement, and use of treatment guidelines 
and protocols. Am J Health-Syst Pharm. 
2007; 64(suppl 2):S5-13.

3.	 Groopman JE, Itri LM. Chemotherapy-
induced anemia in adults: incidence 

and treatment. J Natl Cancer Inst. 1999; 
91:1616-34.

4.	 World Health Organization, Centers 
for Disease Control and Prevention. 
Worldwide prevalence of  anaemia 
1993–2005: WHO Global Database on 
Anaemia. http://whqlibdoc.who.int/ 
publications/2008/9789241596657_ 
eng.pdf (accessed 2010 Aug 16).

5.	 National Comprehensive Cancer Net-
work. NCCN clinical practice guidelines 
in oncology: cancer- and chemother-
apy-induced anemia, version 1.2011.  
www.nccn.org/professionals/physician_
gls/f_guidelines.asp (accessed 2011 Mar 28).

6.	 Grotto HZ. Anaemia of cancer: an 
overview of mechanisms involved in its 
pathogenesis. Med Oncol. 2008; 25:12-21.

7.	 Harper P, Littlewood T. Anaemia of can-
cer: impact on patient fatigue and long-
term outcome. Oncology. 2005; 69(suppl 
2):2-7.

8.	 Curt GA, Breitbart W, Cella D et al. Im-
pact of cancer-related fatigue on the lives 
of patients: new findings from the Fatigue 
Coalition. Oncologist. 2000; 5:353-60.

9.	 Spivak JL. Cancer-related anemia: its 
causes and characteristics. Semin Oncol. 
1994; 21:3-8.

10.	 Weiss G, Goodnough LT. Anemia of 
chronic disease. N Engl J Med. 2005; 
352:1011-23.

11.	 Auerbach M, Ballard H, Glaspy J. Clinical 
update: intravenous iron for anaemia. 
Lancet. 2007; 369:1502-4.

12.	 Henry DH, Dahl NV. Iron or vitamin 
B12 deficiency in anemic cancer patients 
prior to erythropoiesis-stimulating agent 
therapy. Commun Oncol. 2007; 4:95-101.

13.	 Ganz T. Hepcidin and its role in regulat-
ing systemic iron metabolism. Hema-



S13Am J Health-Syst Pharm—Vol 68  May 15, 2011  Suppl 1

SYMPOSIUM  Iron replacement therapy

tology Am Soc Hematol Educ Program. 
2006:29-35.

14.	 Cella D. Factors influencing quality of life 
in cancer patients: anemia and fatigue. 
Semin Oncol. 1998; 25:43-6.

15.	 Auerbach M, Coyne D, Ballard H. Intra-
venous iron: from anathema to standard 
of care. Am J Hematol. 2008; 83:580-8.

16.	 Feelders RA, Vreugdenhil G, Eggermont 
AM et al. Regulation of iron metabolism 
in the acute-phase response: interferon 
gamma and tumour necrosis factor alpha 
induce hypoferraemia, ferritin produc-
tion and a decrease in circulating trans-
ferrin receptors in cancer patients. Eur J 
Clin Invest. 1998; 28:520-7.

17.	 Auerbach M, Ballard H, Trout JR et al. 
Intravenous iron optimizes the response 
to recombinant human erythropoietin 
in cancer patients with chemotherapy-
related anemia: a multicenter, open-label, 
randomized trial. J Clin Oncol. 2004; 
22:1301-7.

18.	 Glaspy J, Bukowski R, Steinberg D et 
al. Impact of therapy with epoetin alfa 
on clinical outcomes in patients with 
nonmyeloid malignancies during cancer 
chemotherapy in community oncology 
practice. J Clin Oncol. 1997; 15:1218-34.

19.	 Demetri GD, Kris M, Wade J et al. 
Quality-of-life benefit in chemotherapy 
patients treated with epoetin alfa is in-
dependent of disease response or tumor 
type: results from a prospective commu-
nity oncology study. J Clin Oncol. 1998; 
16:3412-25.

20.	 Gabrilove JL, Cleeland CS, Livingston RB 
et al. Clinical evaluation of once-weekly 
dosing of epoetin alfa in chemotherapy 
patients: improvements in hemoglobin 
and quality of life are similar to three-
times-weekly dosing. J Clin Oncol. 2001; 
19:2875-82.

21.	 Littlewood TJ, Bajetta E, Nortier JW et 
al. Effects of epoetin alfa on hemato-
logic parameters and quality of life in 
cancer patients receiving nonplatinum 
chemotherapy: results of a randomized, 
double-blind, placebo-controlled trial. J 
Clin Oncol. 2001; 19:2865-74.

22.	 Auerbach M, Ballard H. Intravenous iron 
in oncology. J Natl Compr Canc Netw. 
2008; 6:585-92.

23.	 Pedrazzoli P, Farris A, Del PS et al. 
Randomized trial of intravenous iron 
supplementation in patients with  
chemotherapy-related anemia without 
iron deficiency treated with darbepoetin 
alpha. J Clin Oncol. 2008; 26:1619-25.

24.	 Bastit L, Vandebroek A, Altintas S et al. 
Randomized, multicenter, controlled 
trial comparing the efficacy and safety of 
darbepoetin alpha administered every 3 
weeks with or without intravenous iron 
in patients with chemotherapy-induced 
anemia. J Clin Oncol. 2008; 26:1611-8.

25.	 Markowitz GS, Kahn GA, Feingold RE 
et al. An evaluation of the effectiveness 
of oral iron therapy in hemodialysis 
patients receiving recombinant human 
erythropoietin. Clin Nephrol. 1997; 
48:34-40.

26.	 Macdougall IC, Tucker B, Thompson J 
et al. A randomized controlled study of 
iron supplementation in patients treated 
with erythropoietin. Kidney Int. 1996; 
50:1694-9.

27. 	 Feraheme (ferumoxytol injection for in-
travenous use) prescribing information. 
Lexington, MA: AMAG Pharmaceuticals; 
2009.

28.	 Shander A, Spence RK, Auerbach M. Can 
intravenous iron therapy meet the unmet 
needs created by the new restrictions on 
erythropoietic stimulating agents? Trans-
fusion. 2010; 50:719-32.

29.	 Eschbach JW, Egrie JC, Downing MR et 
al. Correction of the anemia of end-stage 
renal disease with recombinant human 
erythropoietin. Results of a combined 
phase I and II clinical trial. N Engl J Med. 
1987; 316:73-8.

30.	 Fishbane S, Frei GL, Maesaka J. Reduction 
in recombinant human erythropoietin 
doses by the use of chronic intravenous 
iron supplementation. Am J Kidney Dis. 
1995; 26:41-6.

31.	 National Kidney Foundation. KDOQI 
clinical practice guidelines and clinical 
practice recommendations for anemia in 
chronic kidney disease. Am J Kidney Dis. 
2006; 47(suppl 3):S1-145.

32.	 Henry DH, Dahl NV, Auerbach M et al. 
Intravenous ferric gluconate significantly 
improves response to epoetin alfa versus 
oral iron or no iron in anemic patients 
with cancer receiving chemotherapy.  
Oncologist. 2007; 12:231-42.

33.	 Hedenus M, Birgegard G, Nasman P et al. 
Addition of intravenous iron to epoetin 
beta increases hemoglobin response and 
decreases epoetin dose requirement in 
anemic patients with lymphoproliferative 
malignancies: a randomized multicenter 
study. Leukemia. 2007; 21:627-32.

34.	 Auerbach M, Silberstein PT, Webb RT et 
al. Darbepoetin alfa 300 or 500 mg once 
every 3 weeks with or without intrave-
nous iron in patients with chemotherapy-
induced anemia. Am J Hematol. 2010; 
85:655-63.

35.	 Steensma DP, Sloan JA, Dakhil SR et al. 
Phase III, randomized study of the effects 
of parenteral iron, oral iron, or no iron 
supplementation on the erythropoietic 
response to darbepoetin alfa for patients 
with chemotherapy-associated anemia. J 
Clin Oncol. 2011; 29:97-105.

36.	 Shord SS, Cuellar S. Chemotherapy-
induced anemia at an urban academic 
medical center: iron studies and supple-
mentation. J Am Pharm Assoc. 2008; 
48:487-93.

37.	 Hamstra RD, Block MH, Schocket AL. 
Intravenous iron dextran in clinical 
medicine. JAMA. 1980; 243:1726-31.

38.	 Michael B, Coyne DW, Fishbane S et 
al. Sodium ferric gluconate complex in 
hemodialysis patients: adverse reactions 
compared to placebo and iron dextran. 
Kidney Int. 2002; 61:1830-9.

39.	 Coyne DW, Adkinson NF, Nissenson AR 
et al. Sodium ferric gluconate complex 
in hemodialysis patients. II. Adverse 

reactions in iron dextran-sensitive and 
dextran-tolerant patients. Kidney Int. 
2003; 63:217-24.

40.	 Faich G, Strobos J. Sodium ferric gluco-
nate complex in sucrose: safer intrave-
nous iron therapy than iron dextrans. Am 
J Kidney Dis. 1999; 33:464-70.

41.	 Chertow GM, Mason PD, Vaage-Nilsen 
O et al. Update on adverse drug events 
associated with parenteral iron. Nephrol 
Dial Transplant. 2006; 21:378-82.

42.	 Chertow GM, Mason PD, Vaage-Nilsen O 
et al. On the relative safety of parenteral 
iron formulations. Nephrol Dial Trans-
plant. 2004; 19:1571-5.

43.	 Wysowski DK, Swartz L, Borders- 
Hemphill BV et al. Use of parenteral 
iron products and serious anaphylactic-
type reactions. Am J Hematol. 2010; 85: 
650-4.

44.	 Critchley J, Dundar Y. Adverse events as-
sociated with intravenous iron infusion 
(low-molecular-weight iron dextran and 
iron sucrose): a systematic review. Trans-
fus Altern Transfus Med. 2007; 9:8-36.

45.	 Sav T, Tokgoz B, Sipahioglu MH et al. Is 
there a difference between the allergic 
potencies of the iron sucrose and low 
molecular weight iron dextran? Ren Fail. 
2007; 29:423-6.

46.	 Moniem KA, Bhandari S. Tolerability 
and efficacy of parenteral iron therapy 
in hemodialysis patients, a comparison 
of preparations. Transfus Altern Transfus 
Med. 2007; 9:42.

47.	 Prakash S, Walele A, Dimkovic N et al. 
Experience with a large dose (500 mg) 
of intravenous iron dextran and iron 
saccharate in peritoneal dialysis patients. 
Perit Dial Int. 2001; 21:290-5.

48.	 Barton JC, Barton EH, Bertoli LF et al. 
Intravenous iron dextran therapy in pa-
tients with iron deficiency and normal 
renal function who failed to respond to 
or did not tolerate oral iron supplementa-
tion. Am J Med. 2000; 109:27-32.

49.	 Auerbach M, Ballard H. Intravenous iron 
as standard of care in oncology: opportu-
nity lost. J Am Pharm Assoc. 2008; 48:455-
7.

50.	 Collins A. Trend in iron testing and IV 
iron dosing in cancer patients receiving 
chemotherapy and ESA versus dialysis 
patients. Paper presented at American 
Society of Hematology 45th Annual 
Meeting. San Diego, CA; 2003 Dec.

51.	 Glaspy JA. The development of erythro-
poietic agents in oncology. Expert Opin 
Emerg Drugs. 2005; 10:553-67.

52.	 National Kidney Foundation. KDOQI 
clinical practice guideline and clinical 
practice recommendations for anemia 
in chronic kidney disease: 2007 update 
of hemoglobin target. Am J Kidney Dis. 
2007; 50:476-530.

53.	 Centers for Medicare and Medicaid 
Services. Decision memo for erythropoi-
esis stimulating agents (ESAs) for non-
renal disease indications (CAG-00383N)  
www.cms.gov/determinationprocess/
downloads/id203d.pdf (accessed 2011 
Apr 8).



S14 Am J Health-Syst Pharm—Vol 68  May 15, 2011  Suppl 1

SYMPOSIUM  Iron replacement therapy

54.	 Vekeman F, Bookhart BK, White J et 
al. Impact of limiting erythropoiesis-
stimulating agent use for chemotherapy-
induced anemia on the United States 
blood supply margin. Transfusion. 2009; 
49:895-902.

55.	 Zhang Y, Thamer M, Stefanik K et al. 
Epoetin requirements predict mortal-
ity in hemodialysis patients. Am J Kidney 
Dis. 2004; 44:866-76.

56.	 Schwenk MH. Ferumoxytol: a new 
intravenous iron preparation for the 

treatment of iron deficiency anemia in 
patients with chronic kidney disease. 
Pharmacotherapy. 2010; 30:70-9.

57.	 Provenzano R, Schiller B, Rao M et al. 
Ferumoxytol as an intravenous iron 
replacement therapy in hemodialysis 
patients. Clin J Am Soc Nephrol. 2009; 
4:386-93.

58.	 Spinowitz BS, Kausz AT, Baptista J et al. 
Ferumoxytol for treating iron deficiency 
anemia in CKD. J Am Soc Nephrol. 2008; 
19:1599-605.

59.	 AMAG Pharmaceut ica l s . AMAG 
P h a r m a c e u t i c a l s  a n n o u n c -
es update to Feraheme label. http://
i r . a m a g p h a r m a c e u t i c a l s . c o m / 
p h o e n i x . z h t m l ? c = 6 1 5 9 6 & p = 
irolnewsArticle&ID=1500531&highlig
ht= (accessed 2011 Apr 11).

60.	 MonoFer (iron isomaltoside 1000) sum-
mary of product characteristics. Holbaek, 
Denmark: Pharmacosmos A/S; 2010.



Continuing Education

S15Am J Health-Syst Pharm—Vol 68  May 15, 2011  Suppl 1

Continuing Education

Iron replacement therapy in cancer-
related anemia

Article 204-999-11-001-H01P
Knowledge-based activity

Qualifies for 1.5 hours (0.15 CEU) of continuing-education credit

Learning objectives

After studying these articles, the reader 
should be able to

1.	 Summarize recent clinical findings 
that highlight the importance of 
treating iron deficiency.

2.	 Identify cancer patients who would 
benefit the most from iron replace-
ment therapy.

3.	 Discuss current oral and i.v. iron 
replacement therapies for cancer-
related anemia.

4.	 Discuss monitoring parameters and 
adverse effects associated with iron 
replacement therapy.

Self-assessment questions

For each question there is only one best 
answer.

1.	 Anemia is defined by the World 
Health Organization as a hemoglo-
bin concentration of 

a.	 <13 g/dL in women, <12 g/dL in 
men.

b.	 <13 g/dL in men, <12 g/dL in 
women.

c.	 <12 g/dL in men, <12 g/dL in 
women.

d.	 <13 g/dL in men, <13 g/dL in 
women.

2.  	In patients with cancer, the preva-
lence of anemia is

a.	 10–30%.
b.	 20–60%.
c.	 30–60%.
d.	 30–90%.

 3.	Which of the following may con-
tribute to cancer-related anemia?

a.	 Chemotherapy.
b.	 Radiation.
c.	 Nutritional deficiencies.
d.	 All of the above.

4.	 Cancer-related anemia can be 
caused by which of the following?

a.	 Blood loss.
b.	 Hemolysis.
c.	 Impaired production of red 

blood cells.
d.	 A combination of the above 

mechanisms.

5.	 Patients presenting with anemia 
may experience all of the following 
except

a.	 Fatigue.
b.	 Pallor.
c.	 Bradycardia.
d.	 Shortness of breath.

6.	 According to National Compre-
hensive Cancer Network (NCCN) 
treatment guidelines, patients with 
anemia and cancer should receive 
erythropoiesis-stimulating agents 
(ESAs) for only which of the fol-
lowing indications?

a.	 Chemotherapy-induced anemia 
where chemotherapy was given 
for a noncurative intent.

b.	 Significant blood loss.
c.	 Hemoglobin concentrations of  

<8 g/dL.
d.	 Metastatic breast, cervical,  and 

head and neck cancers.

7.	 Which of the following tests is not 
a reliable indicator of iron stores in 
individuals with cancer?

a.	 Transferrin saturation (TSAT).
b.	 Serum ferritin.
c.	 Total iron-binding capacity 

(TIBC).
d.	 None of the above.

8.	 Absolute iron deficiency is charac-
terized by all of the following except

a.	 Low serum ferritin  
concentration.

b.	 Low hemoglobin concentration.
c.	 Falsely elevated serum ferritin 

concentration.
d.	 Low TSAT value.

9.	 Functional iron deficiency is char-
acterized by which of the following?

a.	 Hypoferremia.
b.	 Normal or decreased transferrin 

level.
c.	 Low TSAT value in the presence 

of normal ferritin levels.
d.	 All of the above.

10.	 Several trials have demonstrated 
that functional iron deficiency may 
be responsible for the suboptimal 
response to ESAs that often occurs 
in patients with cancer-related 
anemia.

a.	 True.
b.	 False.

11.	 For patients treated with ESAs 
with functional iron deficiency, 
the NCCN recommends oral iron 
supplementation as first-line  
treatment.

a.	 True.
b.	 False.

12.	 Which of the following formula-
tions is not FDA-approved for man-
aging cancer-related anemia in the 
absence of chronic kidney disease?

a.	 Low-molecular weight (LMW) 
iron dextran.
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b.	 Sodium ferric gluconate.
c.	 Iron sucrose.
d.	 B and C.

13.	 Intravenous iron administration in 
conjunction with ESAs

a.	 Increases the risk of venous 
thromboembolism.

b.	 Decreases the risk of disease 
progression.

c.	 Increases ESA efficiency.
d.	 Does not improve outcomes.

14.	 In the clinical trials reviewed in this 
article, the addition of iron to ESA 
therapy  demonstrated all of the 
following except

a.	 More rapid improvement in 
hemoglobin levels.

b.	 Decreased need for blood  
transfusions.

c.	 Reduction in ESA dose required 
to produce response.

d.	 Increased total expenditures.

15.	 Which of the following i.v. iron 
preparations has been associated 
with the majority of reported seri-
ous adverse events?

a.	 Sodium ferric gluconate.
b.	 Iron saccharate.
c.	 High-molecular weight (HMW) 

iron dextran.
d.	 LMW iron dextran.

16.	 Routine premedication with  
antihistamines

a.	 Is routinely recommended.
b.	 May be associated with vasoac-

tive adverse events, including 
flushing and tachycardia.

c.	 Increases the risk of anaphylaxis.
d.	 Improves hemoglobin response.

17.	 A recent analysis demonstrated that 
the rate of serious adverse events 
with parenteral iron, excluding 
those seen with HMW iron dextran, 
was approximately

a.	 1 in 100.
b.	 1 in 1000.
c.	 1 in 20,000.
d.	 1 in 200,000.

18.	 How does ESA use differ between 
nephrologists and oncologists?

a.	 Oncologists use 3 times the 
amount of ESAs as nephrologists.

b.	 Oncologists achieve 50% to 60% 
of the benefit in reducing trans-
fusion requirements compared 
to nephrologists.
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c.	 Nephrologists practice near-
universal iron supplementation 
with ESA use.

d.	 All of the above.
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