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Abstract
Patients with cancer frequently develop a multifactorial anemia. 
The past decade has seen a dramatic improvement in understand-
ing of the biology of the anemia of chronic disease, which has 
increased interest in studies of parenteral iron or antihepcidin 
strategies in these patients. Randomized trials have shown that 
therapy with erythropoiesis-stimulating agents (ESAs) is associated 
with a reduction in transfusion rates in patients with cancer under-
going chemotherapy. More recently, some studies have suggested 
that ESA therapy may increase the risk of tumor progression or 
reduce survival in patients with cancer. This topic was extensively 
reviewed previously. This update supplements prior reviews with 
data generated over the past 4 years. During this interval, interest 
in thrombosis and its role in cancer biology has increased, and con-
cerns about the thrombotic risks of ESAs has moved to the fore-
front. Until additional safety data are forthcoming, ESAs should be 
used only to treat chemotherapy-induced anemia, with the goal of 
preventing transfusions. Patients and physicians should be aware 
of the safety data for these products. (JNCCN 2012;10:659–667)
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Learning Objectives
Upon completion of this activity, participants will be able to:

•	 Assess	the	pathogenesis	of	anemia	in	cancer
•	 Analyze	the	quality	of	trials	of	ESAs	among	patients	with	

cancer 
•	 Distinguish	the	benefits	of	ESAs	among	patients	with	cancer
•	 Evaluate	when	to	use	ESAs	among	patients	with	cancer

Anemia is frequently encountered in patients with 
cancer and is often multifactorial, with potential con-
tributing factors, including blood loss from surgery, 
tumor-associated bleeding, hemolysis or repeated phle-
botomy, nutritional deficiencies (iron, B12, or folic acid), 
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hepcidin-mediated disturbances in access to storage 
iron associated with underlying inflammation (so-
called anemia of chronic illness), relative endog-
enous erythropoietin deficiency, hemolysis, and the 
myelosuppressive effects of cytotoxic chemotherapy 
(Figure 1). Cancer-induced anemia can be associ-
ated with symptoms and a need for red blood cell 
transfusions, and it is logical to avoid or minimize 
it, if possible, through addressing ongoing bleeding, 
reducing unnecessary blood loss in phlebotomy, and 
evaluating and treating nutritional deficiencies. Al-
though many patients will remain anemic despite 
these simple but sometimes overlooked measures, 
this approach frequently reduces the degree of ane-
mia to a point at which symptoms and/or transfusion 
requirements diminish.

The recent elucidation of the mechanism un-
derlying anemia frequently observed in patients with 
chronic illnesses, including cancer,1–5 coupled with 
the development of parenteral iron preparations that 
have a more favorable safety profile than the early 
iron dextran products,6–8 has increased interest in the 
role of parenteral iron in managing anemia in patients 
with cancer. In some patients with inflammatory ill-
nesses, interleukin-6 induces the liver to produce hep-
cidin,9,10 a peptide that induces degradation of the iron 
transport molecule ferroportin,11 which is required for 
both the absorption of dietary iron in the gastroin-

testinal tract and mobilization of storage iron in the 
reticuloendothelial system. This has raised the ques-
tion of how frequently iron-restricted erythropoiesis 
is contributing to the anemia in some patients with 
cancer, even when sufficient storage iron exists to ad-
equately support red cell production in the absence of 
inflammation. It also suggests that parenteral iron may 
be more effective than oral iron in addressing absolute 
or functional iron deficiency in conditions in which 
increases in hepcidin levels are suspected.12–17 Clini-
cal trials are needed that are designed to determine 
whether parenteral iron has a role in the management 
of anemia in patients with cancer and, if so, what pre-
dictors of response, such as iron saturation, hepcidin 
levels, or red cell cytometry, can be identified.

Long before the discovery of hepcidin and expli-
cation of the disturbances in iron metabolism that can 
occur in patients with chronic illness, chronic inflam-
matory conditions, including cancer, were shown to 
be associated with a blunting of the normal eryth-
ropoietin response to a given level of anemia.18 This 
suppression of erythropoietin production is mediated 
by inflammatory cytokines (e.g., tumor necrosis factor, 
interleukin-1, interferon-gamma) other than interleu-
kin-6, and it is now understood that the pathophysiol-
ogy of the hypoproliferative anemia of chronic illness 
includes both iron-restricted erythropoiesis and inap-
propriately low endogenous erythropoietin levels.
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Figure 1 The pathogenesis of anemia in patients with cancer. Multiple factors result in 3 mechanisms of anemia: a reduced response of the erythron 
to erythropoietin, a relative deficiency of endogenous erythropoietin, and a decrease in red cell survival. Iron-restricted erythropoiesis, from either 
reduced iron stores or a diminished access to storage pools mediated by hepcidin, is frequently present in patients with cancer. 
Abbreviations: eEPO, endogenous erythropoietin; ESA, erythropoiesis-stimulating agent; IFN, interferon; IL, interleukin; RE, reticuloendothelial; 
TNF, tumor necrosis factor. 
From Glaspy JA. Erythropoietin in cancer patients. Annu Rev Med 2009;60:187; with permission.
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The advent of biotechnology was associated 
with the cloning and therapeutic application of sev-
eral human proteins, including erythropoietin. After 
recombinant human erythropoietin (rEPO) com-
pleted its development for the treatment of patients 
with renal failure, it was logical, given the previously 
identified blunting of the endogenous erythropoi-
etin response to anemia, to test it for the treatment 
of anemia in patients with cancer. These early tri-
als showed that rEPO therapy was associated with 
an increase in hemoglobin levels in patients with 
cancer-related anemia and, in those who were also 
receiving chemotherapy, treatment with erythropoi-
esis-stimulating agents (ESAs) was associated with a 
reduction in red cell transfusions. In 1989, the FDA 
approved epoetin alfa, the rEPO used in clinical tri-
als in the United States, for the treatment of patients 
with cancer-related anemia undergoing chemothera-
py based on the reported reduction in red cell trans-
fusions. Subsequently, another cloned erythropoietic 
protein, darbepoetin alfa, was approved for this in-
dication. For purposes of this update, epoetin alfa, 
darbepoetin alfa, and an rEPO developed outside the 
United States—epoetin beta—will be considered to-
gether as ESAs.

Although there are many points of contention 
regarding the efficacy and safety of ESAs in the treat-
ment of patients with cancer, the observation that 
ESA therapy is associated with a reduction in the rate 
of red cell transfusions in patients with cancer-related 
anemia who are receiving chemotherapy has stood 
the test of time. Although some investigators have re-
ported that these patients also have reduced symptoms 
or improved functional status or quality of life,19,20 this 
has not been a consistent observation and has not been 
accepted by regulatory authorities as a proven benefit 
of ESA therapy in this setting. Much of the current 
controversy and uncertainty regarding ESAs in oncol-
ogy surrounds their safety in patients with cancer, spe-
cifically their effect on tumor progression and survival. 
The remainder of this update addresses this safety is-
sue. For the sake of brevity, it will focus most on the 
limited data that have become available since the time 
of the previous, more-extensive reviews of this topic.

Limitations of the Available Safety Data
Because ESAs are cloned human proteins being ad-
ministered to supplement an already present endog-

enous hormone with the same mechanism of action, 
for more than a decade after FDA approval of an 
ESA for the treatment of anemia in patients with 
cancer receiving chemotherapy, the primary safety 
concerns were hypertension, the potential to “over-
shoot” and induce polycythemia, and the formation 
of cross-reacting antibodies causing pure red cell 
aplasia, which had been observed in a small number 
of dialysis patients.21 During those years, despite in-
creasing application of ESAs in oncology practice, 
no well-designed and adequately powered random-
ized clinical trials were performed to document the 
safety of ESAs with respect to survival when used 
to treat patients with cancer-related anemia and 
raise hemoglobin levels sufficiently to either address 
symptoms or eliminate transfusion risk. The attri-
butes of such a trial would include:

•	 Focus on a particular tumor type
•	 Use of stratification to balance the ESA and 

control groups at baseline for prognostic factors 
relevant to survival and tumor progression

•	 A randomized control arm not receiving ESAs
•	 Standardization of cancer treatments in the 

2 arms
•	 Adherence to ESA treatment in the active treat-

ment arm that mimics the use of the drug in cur-
rent oncology practice in terms of hemoglobin 
level at initiation, ESA dosing, and target he-
moglobin level

•	 Sufficient sample size to ensure the power to de-
tect a clinically meaningful effect on survival

•	 Efforts to follow all patients indefinitely, despite 
whether they remain on the study drug or cancer 
treatment, for survival outcomes

•	 Systematic collection of tumor response data un-
til progression is documented

•	 Efforts to minimize cross-over between study 
groups

Although it may be understandable that this bank 
of trials was not at least attempted, given the extreme 
difficulty and high cost of performing this type of trial 
in each of the common tumor types in which anemia 
is frequently observed and treated, it is, in retrospect, 
regrettable. Two such trials are ongoing, and the re-
sults will be critically important, but none have been 
reported to date. The randomized trials that have been 
performed and reported fall short on one or more of the 
criteria. The most common problems have been lack 
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of balance of the study arms at baseline for key prog-
nostic factors (usually, but not always, because tumor 
outcomes were not primary study end points), use of 
ESAs to increase hemoglobin concentration to levels 
higher than those targeted in oncology practice (in 
some cases significantly higher than normal), initiation 
of treatment in patients who were not anemic, inclu-
sion of multiple tumor types in both arms, and lack of 
standardization of anticancer treatments in the 2 arms. 
In the absence of high-quality, well-powered, random-
ized trials with survival as the primary end point, at-
tempts have been made to address the issue through 
meta-analysis. Except for increasing sample size and 
power, this approach cannot overcome the shortcom-
ings of the studies included and, unsurprisingly, it has 
led to very different results depending on which studies 
are included and whether the analysis is restricted to 
mortality during the brief period of ESA treatment or 
includes longer-term survival data. The safety of ESAs 
in patients with cancer remains an area of controversy 
because the inadequate data available regarding surviv-
al impacts are subject to varying interpretations.

Anemia, Tumor Cell Hypoxia, ESAs, 
and Survival in Patients With Cancer
Given that ESAs supplement an already present en-
dogenous hormone, and seemed to have manageable 
side effects, including hypertension, in randomized 
trials designed to study their effects on transfusions, 
they were initially assumed to have a neutral effect 
on cancer outcomes, such as survival and tumor pro-
gression.22 However, an interest was shown in the 
potential of ESAs to improve tumor outcomes based 
on preclinical data that suggested that tumor cell hy-
poxia would be associated with the development of 
a more aggressive phenotype and with resistance to 
treatments, such as radiation or chemotherapy, and 
on clinical data that suggested that anemia was as-
sociated with tumor cell hypoxia and with poorer 
outcomes.23 Several studies were conducted to test 
the hypothesis that optimization of tumor oxygen-
ation using ESAs would be associated with improved 
tumor response or enhanced survival.24–28 One seri-
ous flaw with these hemoglobin optimization trials 
is that none of them set hemoglobin targets that had 
been validated to enhance tumor oxygenation.

On the apparent assumption that more is al-
ways better, hemoglobin levels were increased above 

normal in the ESA arm in several trials. What 
little information exists suggests that the optimal 
hemoglobin for tumor oxygenation is in the 12 to 
13 g/dL range and that hypoxia increases when he-
moglobin levels fall below or rise above these levels.29 
Hence, the hypothesis that tumor outcomes can be 
improved through optimization of hemoglobin lev-
els has not been tested. The results of 2 hemoglobin 
optimization trials in which reduced tumor response 
or decreased survival was observed in the ESA arm 
became available in 2003.24,25 These unexpected re-
sults, and similar results subsequently reported in ad-
ditional trials, which were summarized previously in 
JNCCN,30 began a process of reassessing the safety 
of ESAs in patients with cancer and appropriate at-
tempts to fully understand the relationship of ESA 
therapy to cancer outcomes and to provide for opti-
mal safety and balancing of risk and benefit for pa-
tients while that process is occurring.

Since the authors’ last review of this subject in 
2008, the FDA and manufacturers of ESAs have es-
tablished a detailed risk management plan and edu-
cation program for patients and physicians to help 
manage ESA use in patients with cancer. However, 
only one trial of hemoglobin optimization, in pa-
tients with esophageal cancer,28 showed improved 
tumor response or enhanced survival using ESAs 
to achieve this goal, with the remainder of studies 
showing either no effect or a deleterious outcome. 
Hence, ESAs have no role in enhancing the response 
to radiation therapy or chemotherapy, or improving 
survival in current oncology practice.

Mechanisms Through Which ESAs 
Could Impact Cancer Outcomes
If ESAs can impact tumor progression and/or surviv-
al in patients with cancer, the mechanisms of action 
remain unknown and intensely debated (Figure 2). 
The authors previously reviewed this in more detail, 
but possibilities raised have included changes in he-
moglobin that adversely affect tumor oxygenation, 
the presence of erythropoietin receptors (EPO-R) on 
tumor cells, and effects of rEPO on thrombosis and/
or angiogenesis.31

Since the authors’ last review, no important 
progress has been made showing adverse effects of 
ESA-induced changes in hemoglobin level or the 
existence of functional EPO-R on human cancers. 
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It seems to be becoming increasingly likely that if 
ESAs have an adverse effect on tumor outcomes, 
this will prove to be from their effects on hemosta-
sis. One consistent finding of all the meta-analyses 
and randomized ESA trials is an increase in the in-
cidence of venous thrombosis associated with ESA 
use.32,33 Mounting data suggest that hemostasis can 
play a role in tumor progression,34,35 and even pro-
vocative indications that anticoagulation may im-
prove survival in patients with cancer.36,37

Anemia in Patients With Cancer 
Not Undergoing Chemotherapy
Although ESAs have been shown to increase he-
moglobin levels in patients with anemia of cancer 
(AOC), researchers have not been able to show that 
this translates into a reduction in transfusions in this 
population of patients. In this author’s opinion, the 
randomized trial of ESAs in patients with cancer that 
raised the greatest concern regarding safety was the 
one performed in this population of patients, because 
it was a large trial (N = 985) and involved the treat-
ment, rather than prevention, of anemia with a rea-
sonable, subnormal target hemoglobin level.38 The 
trial is not definitive; it was designed with transfusions 

as an outcome, all of the stratification was devoted to 
equalizing transfusion risks in the 2 arms, and it in-
cluded many different tumor types. Nevertheless, for 
patients with AOC, no benefit has been seen and a 
concerning safety signal has been noted. Accordingly, 
ESAs currently have no role in addressing AOC.

Update on Safety in Patients With 
Cancer Receiving Chemotherapy
The benefit of reduced transfusions has been clear-
ly shown with ESA treatment in patients with 
chemotherapy-induced anemia (CIA).39 Assessment 
of the risks in terms of tumor progression and surviv-
al is problematic, given the serious deficiencies of the 
available trials and their failure to model appropriate 
ESA use in oncology practice before 2004, wherein 
only patients with anemia sufficient to cause symp-
toms and place them at risk for future transfusion 
and treatment achieved targeted hemoglobin levels 
of 12 g/dL or less. The data available through 2007 
have been extensively reviewed.30,31 The intervening 
4 years have brought the following:
•	 Reassuring safety data for patients with small cell 

lung cancer: a previous randomized controlled 
trial showed that patients with extensive-stage 
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small cell lung cancer did not have an inferior re-
sponse to cytotoxic chemotherapy, even though 
they were started on treatment when hemoglo-
bin levels were already normal.40 In 2008, the 
results of a similar 600-patient randomized con-
trolled trial suggested no impact of ESA therapy 
on survival.26 Similarly, no effect of ESA on sur-
vival was observed in a smaller randomized con-
trolled trial in patients with limited-stage small 
cell lung cancer.41

•	 Additional data for adjuvant treatment of breast 
cancer: for patients with metastatic breast can-
cer, a previous randomized controlled trial of 
ESAs in treatment-naïve nonanemic patients ob-
served increased early, but not late, mortality in 
the ESA arm.25 In 2011, the results of PREPARE 
were published, which was a 733-patient trial of 
dose-intense versus less-intensive chemotherapy 
that also included randomization to be at risk to 
receive ESA if hemoglobin levels decreased. Pa-
tients at risk to receive an ESA had a lower 3-year 
disease-free survival. One important issue is that 
the 3-year disease-free survival was apparently 
poorest for patients randomized to be at risk for 
receiving ESA but never received it.42 One of the 
survival studies launched when the survival signal 
occurred was in patients with breast cancer; this is 
one area in which more data are expected in the 
future. In contrast, the results of the randomized 
German trial (N = 1170) presented at the 2011 
San Antonio Breast Cancer Symposium showed 
no difference in progression-free or overall sur-
vival with ESA use.43

•	 Additional meta-analyses of available randomized 
controlled trials: 2 additional meta-analyses were 
published using patient level, rather than study 
level, data to improve the power to detect an 
impact. In the first, which included epoetin alfa 
and darbepoetin, randomized controlled trials 
enrolling 13,933 subjects (10,441 receiving che-
motherapy) chose to focus primarily on on-study 
mortality.44 This approach has an obvious ratio-
nale, but has the significant drawback of causing 
the 2 studies in which significant on-study mor-
tality occurred to contribute disproportionately 
to the conclusion. This analysis concluded that 
ESAs were associated with a reduced survival in 
patients with cancer overall; they were not able 
to statistically show or exclude a negative effect 

on survival for the subset of patients with CIA. 
In a second patient-level meta-analysis that was 
limited to darbepoetin trials in 2112 patients 
with CIA, no difference in rates of tumor pro-
gression or survival were observed between the 
ESA and placebo groups.33 This group sought but 
could not find any relationship between rates of 
hemoglobin rise, initiation hemoglobin level, 
or peak hemoglobin level and adverse cancer 
outcomes. Interestingly, both red cell transfu-
sions and ESA therapy were associated with an 
increase in rates of venous thrombosis, and sur-
vival outcomes were reduced for the subset of 
patients who received both ESA therapy and red 
cell transfusions.

•	 Additional data on patients with B-cell lympho-
ma and Hodgkin’s disease: some prior random-
ized controlled trials noted that ESAs had a pos-
sible deleterious impact on survival in patients 
with lymphoma.45 However, 2 large randomized 
controlled trials have since been completed, 
with stratification balancing progression risk and 
survival in the 2 arms. The German Hodgkin 
Study Group randomized 1379 patients to ESA 
or no ESA during chemotherapy46 and found no 
impact on progression or survival. A similar trial 
completed by the GELA group in large cell lym-
phoma, which was reported in abstract form and 
presented as a poster at ASCO,47 also found no 
difference in progression or survival.

•	 Additional data on patients undergoing radiation 
therapy for cancer of the head and neck: in some 
prior randomized controlled trials, patients with 
head and neck cancer receiving ESAs were ob-
served to experience increased tumor progression 
or decreased survival.24 A randomized controlled 
trial enrolling 301 patients showed no effect of 
ESA on tumor progression or survival.48 ESAs 
should not be used to enhance radiation response 
because of the absence of efficacy data and the ex-
istence of counterbalancing data suggesting a risk.

Conclusions
 Anemia is common and may result in symptoms and/
or red cell transfusions. In many patients, the anemia 
can be addressed through minimization of blood loss 
and correction of nutritional deficiencies. Recent 
advances in understanding of the biology of this ane-
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mia have raised interest in the use of parenteral iron 
to reduce the requirement for ESAs and also perhaps 
the risk of thrombosis.49,50 Until the definitive studies 
of the effects of ESAs on progression and survival are 
performed, ESA use should be restricted to patients 
with CIA who are at risk for transfusions, who have 
been fully informed of the available safety data, and 
in whom the benefits outweigh the risks. For patients 
with cancer- and chemotherapy-induced anemia 
whose hemoglobin levels are less than 10 g/dL and 
in whom other causes of anemia have been excluded, 
ESA use is safe and more often effective than nonuse 
in raising hemoglobin, reducing transfusion require-
ment, and perhaps reducing symptoms of anemia. 
Nevertheless, fewer than 50% of clinicians use ESAs 
in this fashion and continue to expose their patients 
to the risk and inconvenience of transfusion. 
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CME Activity: ESAs in CA

To obtain credit, you should first read the journal 
article. After reading the article, you should be able to 
answer the following, related, multiple-choice questions. 
To complete the questions (with a minimum 70% pass-
ing score) and earn continuing medical education (CME) 
credit, please go to www.medscape.org/journal/jnccn.

Credit cannot be obtained for tests completed on pa-
per, although you may use the worksheet below to keep a 
record of your answers. You must be a registered user on 
Medscape.org. If you are not registered on Medscape.org, 
please click on the New Users: Free Registration link on 
the left hand side of the website to register.

Only one answer is correct for each question. Once 
you successfully answer all post-test questions you will be 
able to view and/or print your certificate. For questions re-

garding the content of this activity, contact the accredited 
provider, CME@medscape.net. For technical assistance, 
contact CME@webmd.net.

American Medical Association’s Physician’s Recogni-
tion Award (AMA PRA) credits are accepted in the U.S. 
as evidence of participation in CME activities. For further 
information on this award, please refer to http://www.ama-
assn.org/ama/pub/category/2922.html. The AMA has deter-
mined that physicians not licensed in the U.S. who partici-
pate in this CME activity are eligible for AMA PRA Category 
1 Credits™. Through agreements that the AMA has made 
with agencies in some countries, AMA PRA credit may be 
acceptable as evidence of participation in CME activities. If 
you are not licensed in the U.S., please complete the ques-
tions online, print the AMA PRA CME credit certificate, 
and present it to your national medical association for review.

1. The activity supported the learning objectives.
 Strongly Disagree Strongly Agree
 1 2 3 4 5

2. The material was organized clearly for learning 
to occur.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

3. The content learned from this activity will 
impact my practice.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

4. The activity was presented objectively and free 
of commercial bias.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

Activity Evaluation

To obtain credit, visit Medscape online at http://www.medscape.org/journal/jnccn.

1.  You are seeing a 62-year-old woman with small cell lung 
cancer treated with chemotherapy. Her hemoglobin level 
is currently 9 g/dL, and she has no other obvious source of 
anemia beside cancer and the side effects of chemotherapy.
 What should you consider regarding the physiology of 
anemia in the setting of cancer?
A.  Higher levels of interleukin-6 induce the liver to pro-

duce hepcidin
B.  Higher levels of interleukin-6 are primarily respon-

sible for suppression of erythropoietin production
C.  Hepcidin increases the activity of ferroportin
D.  Oral iron therapy will be more effective than paren-

teral iron in cases of anemia due to cancer
2.   You consider whether to treat this patient with an erythro-

poiesis-stimulating agent (ESA). Which of the following 
is an important limitation in the research of ESAs in the 
treatment of cancer?
A.  Low target hemoglobin levels for ESA therapy

B.  Exclusion of patients without anemia 
C.  Excessive focus on patients with hematologic cancer
D.  Lack of standardization of anti-cancer treatment in 

the treatment arms
3.  Which of the following outcomes is most likely to be im-

proved by treating this patient with an ESA?
A.  Overall mortality
B.  Disease-free survival
C.  Quality of life
D.  The need for blood transfusions

4.  What is the best treatment option for this patient?
A. Treatment with an ESA now
B.  Treatment with an ESA if the hemoglobin level falls 

below 7.5 g/dL
C.  Treatment with an ESA if a trial of iron therapy for 3 

months fails to improve hemoglobin levels
D.  No treatment with an ESA given its associated risk of 

increased mortality


