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Purpose: To update the American Society
of Clinical Oncology/American Society of
Hematology (ASCO/ASH) recommenda-
tions for the use of epoetin. The guideline
was expanded to address use of darbepo-
etin and thromboembolic risk associated
with these agents. Method: An Update
Committee (“Committee”) reviewed and
analyzed data published since 2002
through July 2007. MEDLINE and the Co-
chrane Collaboration Library databases
were searched. Recommendations: For
patients with chemotherapy-associated
anemia, the Committee continues to rec-
ommend initiating an erythropoiesis-
stimulating agent (ESA) as hemoglobin
(Hb) approaches, or falls below, 10 g/dL,
to increase Hb and decrease transfu-

sions. ESA treatment continues to be
recommended for patients with low-risk
myelodysplasia for similar reasons. There
is no evidence showing increased sur-
vival as a result of ESA treatment. Conclu-
sive evidence is lacking that, absent clini-
cal circumstances necessitating earlier
treatment, initiating ESAs at Hb levels
greater than 10 g/dL either spares more
patients from transfusion or substantially
improves their quality of life. Starting
doses and dose modifications based on
response or lack thereof should follow
the package insert. Continuing ESAs be-
yond 6 to 8 weeks in the absence of
response, assuming appropriate dose in-
crease has been attempted in nonre-
sponders as per US Food and Drug Ad-

ministration–approved label, does not
seem to be beneficial, and ESA therapy
should be discontinued. The Committee
recommends monitoring iron stores and
supplementing iron intake for ESA-treated
patients. ESAs should be used cautiously
with chemotherapy, or in clinical states,
associated with elevated risk for thromo-
embolic complications. The Committee
also cautions against ESA use for pa-
tients with cancer who are not receiving
chemotherapy, since recent trials report
increased thromboembolic risks and de-
creased survival under these circum-
stances. (Blood. 2008;111:25-41)
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and The American Society of Clinical Oncology

Special announcement

The US Food and Drug Administration (FDA) announced
revisions to erythropoiesis-stimulating agent (ESA) product
labels on November 8, 2007, when this guideline was in press.
These revisions warn that data are lacking to exclude the
possibility of shortened survival and tumor progression in
cancer patients when ESAs are dosed to reach a hemoglobin
(Hb) level between 10 and 12 g/dL. Clinicians are advised to
consider this warning, as discussed in recommendation IIIA
and section XI. For convenience, an additional table (Table 6A)
has been added to the Appendix to reflect the new dosing
contained in the FDA-approved label. The guideline panel
strongly supports additional research to more clearly define
risks of ESA use in anemic cancer patients receiving chemo-
therapy, and factors that determine those risks.

Introduction

The American Society of Clinical Oncology (ASCO) and the
American Society of Hematology (ASH) first published evidence-
based clinical practice guidelines for the use of epoetin in 2002.

1

ASCO guidelines are updated at intervals by an Update Committee
of the original Expert Panel. For the 2007 update, the ASCO/ASH
Update Committee (Appendix 1) expanded the scope of the
guideline to include recommendations to address the use of
darbepoetin alfa, and to address thromboembolic risk associated
with the use of epoetin and darbepoetin. See Table 1 for a summary
of the guideline recommendations.

Of note, the term “epoetin” is used in this document to refer to
both epoetin alfa and epoetin beta. (Epoetin beta is not commer-
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Table 1. Summary of recommendations

Recommendation
Category

Recommendation

2002 2007

1. General

recommendation

As in any medical situation, it is essential to give

consideration to other correctable causes of anemia

before proceeding to therapy with stimulants of

erythropoiesis. Therefore, it is advisable to conduct an

appropriate history and physical and to consider

relevant diagnostic testing aimed at identifying causes

of anemia aside from chemotherapy or underlying

hematopoietic malignancy. At a minimum, one should

take a thorough drug exposure history, carefully

review the peripheral blood smear (and in some

cases, the bone marrow), consider iron, folate, and

B12 deficiency where indicated, and assess for occult

blood loss. Coomb’s testing may be appropriate for

patients with chronic lymphocytic leukemia;

endogenous erythropoietin levels may predict

response in patients with myelodysplasia.

As in any medical situation, it is essential to consider other correctable causes

of anemia before initiating therapy with stimulants of erythropoiesis.

Therefore, it is advisable to conduct an appropriate history and physical and

to consider relevant diagnostic testing aimed at identifying causes of

anemia aside from chemotherapy or underlying hematopoietic malignancy.

At a minimum, one should take a thorough drug exposure history, carefully

review the peripheral blood smear (and in some cases, the bone marrow),

consider iron, folate, and B12 deficiency where indicated, and assess for

occult blood loss and renal insufficiency. Coomb’s testing may be

appropriate for patients with chronic lymphocytic leukemia, non-Hodgkin’s

lymphoma, and for those with a history of auto-immune disease;

endogenous erythropoietin levels may predict response in patients with

myelodysplasia. Consideration should be given to minimize use of

ESAs in patients with high risk of thromboembolic events, as further

discussed in Recommendation 4.

2. Special commentary

on the comparative

effectiveness of

epoetin and

darbepoetin*

Based on a comprehensive systematic review comparing outcomes of epoetin

and darbepoetin in patients with chemotherapy-induced anemia; and on

identical cancer-related indications, warnings, and cautions in the relevant

FDA-approved package inserts, the Update Committee considers these

agents to be equivalent with respect to effectiveness and safety.

3. Chemotherapy-

induced anemia

Threshold for initiating

ESA therapy, Hb

concentration

approaching or

� 10 g/dL

The use of epoetin is recommended as a treatment

option for patients with chemotherapy-associated

anemia and a Hb concentration that has declined to a

level of � 10 g/dL. RBC transfusion is also a treatment

option depending on the severity of anemia or clinical

circumstances.

The use of epoetin or darbepoetin is recommended as a treatment option for

patients with chemotherapy-associated anemia and a Hb concentration

that is approaching, or has fallen below, 10 g/dL, to increase Hb and

decrease transfusions. Red blood cell (RBC) transfusion is also an option

depending upon the severity of the anemia or clinical circumstances.

Initiation threshold,

� 10 g/dL but

� 12 g/dL

For patients with declining Hb levels but less severe

anemia (those with Hb concentration � 12 g/dL, but

who never have fallen below 10 g/dL), the decision of

whether to use epoetin immediately or to wait until Hb

levels fall closer to 10 g/dL should be determined by

clinical circumstances. RBC transfusion is also a

therapeutic option when warranted by severe clinical

conditions.

For patients with declining Hb levels but less severe anemia (those with Hb

concentration � 12 g/dL, but who have never fallen near 10 g/dL), the

decision of whether to use epoetin or darbepoetin immediately or to wait

until the Hb levels fall closer to 10 g/dL should be determined by clinical

circumstances (including but not limited to elderly individuals with

limited cardiopulmonary reserve, those with underlying coronary

artery disease or symptomatic angina, or substantially reduced

exercise capacity, energy, or ability to carry out activities of daily

living �ADLs�). RBC transfusion is also an option when warranted by

clinical conditions.

4. Thromboembolic risk* Clinicians should carefully weigh the risks of thromboembolism in patients for

whom epoetin or darbepoetin are prescribed. Randomized clinical trials and

systematic reviews of available randomized clinical trials demonstrate an

increased risk of thromboembolism in patients receiving epoetin or

darbepoetin. Specific risk factors for thromboembolism have not been

defined in these trials; therefore, clinicians should use caution and clinical

judgment when considering use of these agents. Established, general risk

factors for thromboembolic events include previous history of thromboses,

surgery, and prolonged periods of immobilization or limited activity. Multiple

myeloma patients who are being treated with thalidomide or lenalidomide

and doxorubicin or corticosteroids are at increased risk.18 There are no data

regarding concomitant use of anticoagulants or aspirin to modulate this risk.

5. Starting and escalating

doses

The recommendations are based on evidence from trials

in which epoetin was administered subcutaneously

thrice weekly. The recommended starting dose is 150

U/kg thrice weekly for a minimum of 4 wk, with

consideration given for dose escalation to 300 U/kg

thrice weekly for an additional 4 to 8 wk in those who

do not respond to the initial dose. Although supported

by less strong evidence, an alternative weekly dosing

regimen (40,000 U/wk), based on common clinical

practice, can be considered. Dose escalation of

weekly regimens should be under similar

circumstances to thrice weekly regimens.

The FDA-approved starting dose of epoetin is 150 U/kg TIW or 40,000 U

weekly subcutaneously. The FDA-approved starting dose of

darbepoetin is 2.25 �g/kg weekly or 500 micrograms every 3 wk

subcutaneously. Alternative starting doses or dosing schedules have

shown no consistent difference in effectiveness on outcomes

including transfusion and Hb response, although they may be

considered to improve convenience. Dose escalation should follow

FDA-approved labeling (Table 6); no convincing evidence exists to

suggest differences in dose escalation schedules are associated with

different effectiveness.
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cially available in the United States.) Although there are nopub-
lished comparative analyses of epoetin alfa and epoetin beta,
the US Food and Drug Administration considers these agents to be
members of the same pharmacologic class; biochemical differences

between the agents do not translate into differences in their
pharmacodynamic properties when they are used at the recom-
mended doses.

2
This is reflected in the product labeling. Thus,

the recommendations in this update regarding initiation, dosing,

Table 1. Summary of recommendations (continued)

Recommendation
category

Recommendation

2002 2007

6. Discontinuing therapy

for no response

Continuing epoetin treatment beyond 6 to 8 wk in the

absence of response (eg, � 1–2 g/dL rise in Hb),

assuming appropriate dose increase has been

attempted in nonresponders, does not appear to be

beneficial. Patients who do not respond should be

investigated for underlying tumor progression or iron

deficiency. As with other failed individual therapeutic

trials, consideration should be given to discontinuing

the medication.

Continuing epoetin or darbepoetin treatment beyond 6–8 wk in the absence of

response (eg, � 1–2 g/dL rise in Hb or no diminution of transfusion

requirements), assuming appropriate dose increase has been attempted

in non-responders as per the FDA-approved label, does not appear to be

beneficial and ESA therapy should be discontinued. Patients who do not

respond should be investigated for underlying tumor progression, iron

deficiency, or other etiologies for anemia.

7. Hb target Hb levels can be raised to (or near) a concentration of 12

g/dL, at which time the dosage of epoetin should be

titrated to maintain that level or restarted when the

level falls to near 10 g/dL. Insufficient evidence to date

supports the �normalization� of Hb levels to above 12

g/dL.

Hb can be raised to (or near) a concentration of 12 g/dL, at which time the

dosage of epoetin or darbepoetin should be titrated to maintain that level.

Dose and dose modification recommendations recorded in the

package insert as of March 2007 and approved by the FDA can be

found in Table 6 (and Table 6A, based on the November 8, 2007, FDA

labeling announcement). Dose reductions are also recommended

when Hb rise exceeds 1 g/dL in any 2 wk period or when the Hb

exceeds 11 g d/L. Risk of venous thromboembolism should also be

considered when determining dose reduction schedules.

8. Iron monitoring and

supplementation

Baseline and periodic monitoring of iron, total iron-

binding capacity, transferrin saturation, or ferritin

levels and instituting iron repletion when indicated

may be valuable in limiting the need for epoetin,

maximizing symptomatic improvement for patients,

and determining the reason for failure to respond

adequately to epoetin. There is inadequate evidence

to specify the optimal timing, periodicity, or testing

regimen for such monitoring.

There is no change to the recommendation from the 2002 guideline.

9. Anemia in patients not

receiving concurrent

chemotherapy

There is evidence from one well-designed, placebo-

controlled, randomized trial that supports the use of

epoetin in patients with anemia associated with

low-risk myelodysplasia, but there are no published

high-quality studies to support its use in anemic

myeloma, non-Hodgkin’s lymphoma, or chronic

lymphocytic leukemia patients in the absence of

chemotherapy. Treatment with epoetin for myeloma,

non-Hodgkin’s lymphoma, or chronic lymphocytic

leukemia patients experiencing chemotherapy-

associated anemia should follow the

recommendations outlined above.

There is evidence that supports the use of epoetin or darbepoetin in patients

with anemia associated with low-risk myelodysplasia. There are no

published high-quality studies to support its exclusive use in anemic

myeloma, non-Hodgkin’s lymphoma, or chronic lymphocytic leukemia

patients in the absence of concurrent chemotherapy. Analyses of primary

data from Study 20010103 (as yet unpublished) submitted to the FDA

in March of 2007, support a stronger recommendation against the use

of ESAs to treat anemia associated with malignancy, or the anemia of

cancer, among patients with either solid or non-myeloid

hematological malignancies who are not receiving concurrent

chemotherapy. This recommendation is consistent with the black-box

warning that was added to the prescribing information for both

epoetin alfa and darbepoetin in March of 2007, as follows: �Use of

ESAs increased the risk of death when administered to a target Hb of

12 g/dL in patients with active malignant disease receiving neither

chemotherapy nor radiation therapy. ESAs are not indicated in this

population.�

10. Treatment of anemia

in patients with non-

myeloid hematological

malignancies who are

receiving concurrent

chemotherapy

Physicians caring for patients with myeloma, non-

Hodgkin’s lymphoma, or chronic lymphocytic leukemia

are advised to begin treatment with chemotherapy

and/or corticosteroids and observe the hematologic

outcomes achieved solely through tumor reduction

before considering epoetin. If a rise in Hb is not

observed after chemotherapy, epoetin should be used

in accordance with the criteria outlined above for

chemotherapy-associated anemia if clinically

indicated. Blood transfusion is also a therapeutic

option.

Physicians caring for patients with myeloma, non-Hodgkin’s lymphoma, or

chronic lymphocytic leukemia are advised to begin treatment with

chemotherapy and/or corticosteroids and observe the hematologic

outcomes achieved solely through tumor reduction before considering

epoetin. If a rise in Hb is not observed following chemotherapy, treatment

with epoetin or darbepoetin for myeloma, non-Hodgkin’s lymphoma, or

chronic lymphocytic leukemia patients experiencing chemotherapy-

associated anemia should follow the recommendations outlined

above. Particular caution should be exercised in the use of epoetin or

darbepoetin concomitant with chemotherapeutic agents and diseases

where risk of thromboembolic complications is increased (refer to

Recommendation IV). Blood transfusion is also a therapeutic option.

Bold font indicates differences between the 2002 and 2007 guideline recommendations.
Abbreviations: Hb, hemoglobin; FDA, US Food and Drug Administration.
*This topic is new to the guideline.
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indications, benefits, and risks can be considered to apply to both
epoetin alfa and epoetin beta.

Update methodology

For the 2007 update, the ASCO/ASH Update Committee completed a
review and analysis of data published since 2002. The Update Commit-
tee’s literature review focused attention on available systematic reviews
and meta-analyses of published clinical trials. Computerized literature
searches of Medline and the Cochrane Collaboration Library were
performed. Searches of the English-language literature from 2002 to
July 2007 were conducted to address each of the original guideline
questions and two new questions concerning, respectively, the compara-
tive effectiveness of epoetin and darbepoetin, and thrombosis risk of
erythropoiesis-stimulating agents (ESAs). Relevant practice guidelines
from other oncology and national organizations were identified through
a search of Medline and of the National Guideline Clearinghouse Web
site. Details of the literature searches are provided in Appendix 2.

The Update Committee had a single face-to-face meeting to consider
the evidence for each of the 2007 recommendations. Additional
meetings were held via teleconference. The guideline was circulated in
draft form to the Update Committee, ASCO’s Health Services Commit-
tee, ASH’s Committee on Practice, ASH’s Subcommittee on Quality of
Care, and the ASCO Board of Directors and the ASH Executive
Committee for review and approval.

Summary of literature review results

The literature search conducted for this update identified a range of
relevant reports, including five comprehensive systematic reviews
and meta-analyses of randomized controlled trials: the 2006
Cochrane Review

3
; the 2006 Agency for Healthcare Research and

Quality–sponsored comparative effectiveness systematic review on
epoetin and darbepoetin

4
; the systematic review of epoetin alfa,

epoetin beta, and darbepoetin by Wilson et al, conducted to support
the National Institute for Health and Clinical Excellence appraisal
determination

5
; and the systematic reviews on, respectively, the

role of erythropoietin in the management of patients with nonhema-
tologic malignancies,

6
and the treatment for anemia with erythropoi-

etic agents in patients with nonmyeloid hematological malignan-
cies,

7
which were conducted to support Cancer Care Ontario (CCO)

guidelines on these topics. These five systematic reviews serve as
the primary evidence base for the guideline update. Tables 2 and 3
present the characteristics of the five systematic reviews; Table 4

summarizes data on the outcomes reported. Material presented at
the May 2004 and May 2007 Oncology Drugs Advisory Committee
meeting were also reviewed to identify additional data. Finally,
additional studies reviewed, which included relevant meta-
analyses, practice guidelines based on systematic reviews of the
literature, and randomized clinical trials, are described in the
literature update and discussion sections below, as appropriate.

It important to emphasize that guidelines and technology
assessments cannot always account for individual variation among
patients. They are not intended to supplant physician judgment
with respect to particular patients or special clinical situations, and
cannot be considered inclusive of all proper methods of care or
exclusive of other treatments reasonably directed at obtaining the
same result.

Accordingly, ASCO and ASH consider adherence to this
guideline assessment to be voluntary, with the ultimate determina-
tion regarding its application to be made by the physician in light of
each patient’s individual circumstances. In addition, this guideline
describes the use of procedures and therapies in clinical practice; it
cannot be assumed to apply to the use of these interventions
performed in the context of clinical trials, given that clinical studies
are designed to evaluate or validate innovative approaches in a
condition for which improved staging and treatment is needed. In
that guideline development involves a review and synthesis of the
latest literature, a practice guideline also serves to identify impor-
tant questions and settings for further research.

Differences between the 2002 and 2007 guideline recommenda-
tions appear in italicized text.

2007 guideline recommendations

I. General recommendation

2007 recommendation

As in any medical situation, it is essential to consider other
correctable causes of anemia before initiating therapy with stimu-
lants of erythropoiesis. Therefore, it is advisable to conduct an
appropriate history and physical, and to consider relevant diagnos-
tic testing aimed at identifying causes of anemia aside from
chemotherapy or underlying hematopoietic malignancy. At a
minimum, one should take a thorough drug exposure history,
carefully review the peripheral blood smear (and in some cases, the

Table 2. Summary of systematic review characteristics

Study Time period

Study
designs
included ESA

Indication for ESA

CT-induced anemia
Anemia of

cancer MDS

Seidenfeld et al 20064 1985–2005 RCTs EPO-�, EPO-�, and DAR 59 studies (n � 11,757)

Bohlius et al 20063

(Cochrane);

Bohlius et al 2006

(JNCI) 39

Studies from January 1, 1985 to

December 31, 2001 for first

Cochrane review; January 1,

2002 to April 13, 2005

RCTs EPO-�, EPO-�, and DAR 57 studies (n � 9353)*

Quirt et al 20056 1966–2005 RCTs EPO-�, EPO-�, and DAR NR NR NR

Shehata et al 20077 1985–2005 RCTs EPO-�, EPO-�, and DAR-� NR NR NR

Wilson et al 20075 2000–2004 (EPO-� and

EPO-�); 1996–2004 (DAR)

RCTs EPO-�, EPO-�, and DAR

(collapsed into one ESA

category)

NR 4 studies

(n � 386)

3 studies

(n � 192)

Abbreviations: ESA, erythropoiesis-stimulating agent; CT, chemotherapy; MDS, myelodysplastic syndrome; RCT, randomized controlled trial; NR, not reported; EPO-�,
epoetin alfa; EPO-�, Epoetin beta; DAR, darbepoetin; DAR-�, darbepoetin alfa; NR, not reported.

*Represents total number of studies, not restricted to CT-induced anemia, although majority of these studies were in this population.
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bone marrow), consider iron, folate, and B12 deficiency where
indicated, and assess for occult blood loss and renal insufficiency.
Coomb’s testing may be appropriate for patients with chronic
lymphocytic leukemia, non-Hodgkin’s lymphoma, and for those
with a history of autoimmune disease; endogenous erythropoietin
levels may predict response in patients with myelodysplasia.
Consideration should be given to minimize use of ESAs in patients
with high risk of thromboembolic events, as further discussed in
Recommendation IV.

II. Special commentary on the comparative effectiveness of
epoetin and darbepoetin (Note: This topic is new to the
guideline.)

2007 update committee statement

Based on a comprehensive systematic review comparing outcomes
of epoetin and darbepoetin in patients with chemotherapy-induced
anemia; and on identical cancer-related indications, warnings, and
cautions in the relevant US Food and Drug Administration–
approved package inserts, the Update Committee considers these
agents to be equivalent with respect to effectiveness and safety.

Literature review and analysis

Since the original ASCO/ASH guideline was published in 2002, a
long-acting erythropoietic stimulant, darbepoetin alfa (“novel
erythropoiesis-stimulating protein,” or NESP) has been evaluated
in randomized clinical trials and approved by the US Food and
Drug Administration for the treatment of anemia associated with
cancer chemotherapy (and other indications).

In 2006, the Blue Cross and Blue Shield Association’s Technol-
ogy Evaluation Center, under contract to the Agency for Healthcare
Research and Quality (AHRQ), conducted a Comparative Effective-
ness Review (CER) of epoetin (alfa or beta) or darbepoetin for
managing anemia in patients receiving treatment for cancer.

4
The

AHRQ CER review compared available ESAs in terms of both
efficacy and adverse effects, including survival, hypertension,
thrombocytopenia and/or hemorrhage, thromboembolic events,
seizures, and rashes or similar symptoms. The methods and results
of the AHRQ CER are summarized in Tables 2 to 4.

The CER found no clinically significant differences between
epoetin and darbepoetin with respect to hematologic response rates,
transfusion rates, or thromboembolic events. The available evi-
dence was found to be insufficient to permit conclusions comparing
effects of either epoetin or darbepoetin on quality-of-life (QOL)
outcomes, tumor response or progression, or survival. Evidence
was also insufficient for conclusions regarding differential adverse
effects of epoetin and darbepoetin other than thromboembolic
events. There was no statistically significant difference between
epoetin and darbepoetin from a pooled analysis of three trials that
directly compared thromboembolic events rates between these
agents.

Based on their 2006 systematic review and meta-analysis of the
literature, Ross et al

8
similarly concluded that the available agents

did not differ with respect to transfusion rates, thromboembolic
events, or QOL. The authors considered a total of 40 studies,
including 28 randomized controlled trials representing a total of
8,323 patients. Of these 28 trials, 10 trials (5,514 patients) directly
compared epoetin and darbepoetin.

In summary, the Update Committee considers epoetin and
darbepoetin, used at dosages recommended in current US Food and
Drug Administration–approved package inserts, to be equivalent
with respect to effectiveness and safety based on the data presented

above and the current (July 2007) US Food and Drug Administra-
tion–approved package inserts for these products. Epoetin and
darbepoetin are identical with respect to: (a) indications for use in
chemotherapy-induced anemia, (b) hemoglobin (Hb) limits for
adjusting doses or discontinuing treatment, (c) warnings and
cautions to consider, and (d) increased rates of thromboembolic
events in the experimental arms of separate trials on each product
versus controls/placebo.

IIIa. Chemotherapy-induced anemia: Threshold for initiating
ESA therapy (Hb concentration approaching OR < 10 g/dL)

2007 recommendation

The use of epoetin or darbepoetin is recommended as a treatment
option for patients with chemotherapy-associated anemia and a Hb
concentration that is approaching, or has fallen below, 10 g/dL, to
increase Hb and decrease transfusions. RBC transfusion is also an
option depending on the severity of the anemia or clinical
circumstances.

Literature update and discussion

The 2002 guideline recommendation was based largely on an
earlier AHRQ-sponsored systematic review and meta-analysis
conducted by Seidenfeld et al,

9
which found that the strongest

evidence for the effects of epoetin therapy on transfusion and QOL
outcomes was from clinical trials in patients with a baseline Hb of
10 g/dL or less. This previous review also found insufficient
evidence to demonstrate that starting epoetin therapy at Hb levels
greater than 10 g/dL resulted in fewer transfusions and improved
QOL outcomes compared with trials that started epoetin therapy at
mean Hb levels of 10 g/dL or lower.

Overview of relevant clinical trials. Evidence published
10,11

or
presented

12
since the 2002 guideline relevant to a Hb threshold for

initiating epoetin or darbepoetin in asymptomatic patients undergo-
ing chemotherapy was addressed in the 2006 AHRQ CER. The
review identified three nonblinded randomized trials that compared
the effects of immediate versus delayed treatment at a Hb threshold
for initiating ESAs on transfusion rates, thromboembolic event rates,
survival, and QOL outcomes.

4
Patients in these trials were randomized

to one of two treatment arms: “immediate” or “delayed” treatment with
epoetin or darbepoetin after Hb fell to a prespecified threshold. If Hb did
not fall below the prespecified threshold in the “delayed” arm, no
epoetin or darbepoetin was administered. The results of these three
trials are summarized in Table 5.

In each of the three trials,
10-12

transfusion rates were higher in the
delayed versus the immediate arms; however, the differences were
not statistically significant in any of the trials. Straus et al reported a
statistically significant increase in thromboembolic events in the
immediate (11%) compared with the delayed treatment arm (3%).
There were no differences in thromboembolic event rates between
the two arms in the Rearden et al and Crawford et al trials. Finally,
Straus et al reported statistically significant differences favoring the
early therapy arm in mean scores on the physical and functional
well-being subscales of the Functional Assessment of Cancer
Therapy-General (FACT-G); in the total anemia scale (FACT-An)
and the fatigue subscale of the FACT-An; and in a range of
functional activity and productivity measures. The other two
studies (Rearden et al and Crawford et al) did not report statistically
significant differences between the immediate and delayed groups
on QOL measures.

Lyman and Glaspy
13

conducted a meta-analysis of five trials,
including the three reviewed above, to evaluate clinical benefits
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associated with initiating ESA therapy in mild (Hb � 10 g/dL)
versus moderate (Hb � 10 g/dL) anemia. Across these five trials, a
comparison between early and late ESA treatment showed that the
weighted summary relative risk of a transfusion with earlier ESA
treatment was 0.55 (95% CI, 0.42 to 0.73; P � .0001). Based on
their analyses, Lyman and Glaspy concluded that ESA treatment
among mildly anemic patients is associated with a significant
reduction in transfusion requirements as compared with treatment
at a lower Hb threshold.

The validity of combining data from the five trials considered
by Lyman and Glaspy is questionable, and thus make interpretation
of their results difficult. Differences across the three trials of
immediate versus delayed ESA treatment in mean Hb thresholds
for treatment resulted in marked differences in the proportion of
patients in the delayed arms of the trials who received ESA
therapy.

4
In the delayed arms of the Straus et al,

11
Rearden et al,

12

and Crawford et al
10

trials, 80.6%, 37.3%, and 54% of patients,
respectively, were not treated with an ESA at any time during the
study. Additionally, clinicians responsible for making decisions
regarding transfusion were not blinded to assigned treatment. This
could have resulted in a bias in favor of the immediate treatment
arms. The open-label design of these trials may also make
measurement of QOL subject to response bias.

14
Finally, neither of

the other two trials in the meta-analysis randomized patients to
immediate versus delayed therapy.

Clinical significance of QOL effects. In the Straus et al trial,
11

the absolute changes in QOL scores from baseline, though statisti-
cally significant, were small. The authors noted that all observed
mean differences in QOL assessments exceeded the “clinically
meaningful thresholds” that Cella and colleagues have published.

15-17

The body of published research on ESA use and QOL is
extensive, but questions remain. Based on an analysis of data from
six trials that reported on the FACT-fatigue subscale, the AHRQ
CER review authors

4
concluded that some of the QOL improve-

ments observed in these trials are reported to be clinically
significant, with small effect sizes. Another systematic review of
the literature

5
considered the significance of changes in patients’

QOL using a vote-counting methodology. Wilson et al classified 20
QOL studies they identified through a literature search as showing a
“positive,” “negative,” or “neutral” effect. The net result was a
positive effect in favor of ESAs on health-related QOL, but Wilson
et al characterized the clinical importance of these effects as
“uncertain.”

Based on a 2004 meta-analysis of both published and unpub-
lished studies, Jones et al concluded that epoetin significantly
improved cancer patients’ QOL. Jones et al reported mean change
from baseline score of 4.6 for the FACT-fatigue scale after
adjustment for potential confounding factors. Among the limita-
tions of this meta-analysis are the inclusion of large single arm or
nonrandomized studies, and inclusion of studies where large
amounts of missing QOL data are not addressed in the meta-
analysis. The authors conducted secondary analyses excluding the
uncontrolled studies and adjusting statistically for the placebo
effect. They reported that the results in QOL improvement re-
mained statistically significant. However, the actual score, and its
clinical meaningfulness, were not reported for the secondary
analyses.

The AHRQ CER,
4

and the Cochrane 2006
3

review concluded
that data on the effects of ESAs on QOL outcomes should be
interpreted with caution. Each review was limited to the use of
published data, and neither performed meta-analyses of the QOL
outcomes. Published studies, particularly older clinical trials, didTa
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not commonly report the data (standard deviations or other
appropriate measures of variance) that are needed for meta-
analysis. QOL is more difficult to measure in clinical trials than Hb
or transfusion changes. For instance, in nine studies that reported
14 comparisons of ESA versus control using FACT-G, FACT-An,
or the FACT-fatigue subscale, the proportion of enrolled patients
omitted from QOL analyses ranged from 4% to 40%. When
possible, future clinical trials should strive to limit missing QOL
assessments, and should continue to report the data needed to
calculate effect sizes and clinically meaningful QOL changes.
(Interested readers are referred to Chapter 4 of the AHRQ CER for
a more detailed discussion of methodological issues.)

IIIb. Chemotherapy-induced anemia: Initiation threshold
> 10 g/dL BUT < 12 g/dL

2007 recommendation

For patients with declining Hb levels but less severe anemia (those
with Hb concentration � 12 g/dL, but who have never fallen near
10 g/dL), the decision of whether to use epoetin or darbepoetin
immediately or to wait until the Hb levels fall closer to 10 g/dL
should be determined by clinical circumstances (including but
not limited to elderly individuals with limited cardiopulmonary
reserve, those with underlying coronary artery disease or symptom-
atic angina, or substantially reduced exercise capacity, energy,
or ability to carry out activities of daily living [ADLs]). RBC
transfusion is also an option when warranted by clinical
conditions.

Literature update and discussion

There is no change to the recommendation from the 2002
guideline, except that substantially reduced exercise capacity,
energy, or ability to carry out ADL’s has been added as a clinical
circumstance. The use of ESAs in this context should continue to
be guided by clinical circumstances and judgment. The Update
Committee recognizes that there is a subset of patients for whom
initiating ESAs at a higher Hb may be worth considering. These
patients might include elderly individuals with limited cardiopulmo-
nary reserve, or those with underlying coronary artery disease or
symptomatic angina or those with impaired physical functioning
due to decreased energy or exercise capacity. Based on available
QOL studies, the best clinical opinion of the Update Committee is
that a trial of ESAs may be warranted for such patients. Clinicians
should very carefully weigh the risks and benefits of initiating
ESAs in this range of anemia as outlined elsewhere in this
guideline update (section IIIA and Table 5), and promptly discon-
tinue ESAs in patients who do not achieve the desired benefit in the
appropriate timeframe.

IV. Thromboembolic risk (Note. This topic is new to the
guideline.)

2007 recommendation

Clinicians should carefully weigh the risks of thromboembolism in
patients for whom epoetin or darbepoetin is prescribed. Random-
ized clinical trials and systematic reviews of available randomized
clinical trials demonstrate an increased risk of thromboembolism in
patients receiving epoetin or darbepoetin. Specific risk factors for
thromboembolism have not been defined in these trials; therefore,
clinicians should use caution and clinical judgment when consider-

ing use of these agents. Established, general risk factors for
thromboembolic events include previous history of thromboses,
surgery, and prolonged periods of immobilization or limited
activity. Multiple myeloma patients who are being treated with
thalidomide or lenalidomide and doxorubicin or corticosteroids are
at increased risk.

18
There are no data regarding concomitant use of

anticoagulants or aspirin to modulate this risk.

Literature review and analysis

Initial concern over increased thromboembolic event risk with
ESAs was raised in 2003 when three clinical trials with epoetin
were discontinued prematurely as a 25% rate of thromboembolic
events was noted.

2
A review of phase III licensing trials in the

United States and Europe in 2004 led to the addition of a warning to
the package inserts advising physicians of increased thromboem-
bolic event risks with ESAs in the oncology setting. There is now
strong and consistent evidence from meta-analyses of randomized
clinical trial data, that therapy with epoetin and darbepoetin
increases the risk of thromboembolic events. In the 2006 Cochrane
Collaboration meta-analysis of 35 trials (representing 6,769 total
patients) reported by Bohlius et al,

3
epoetin or darbepoetin

treatment was statistically significantly associated with increased
risk for thromboembolic events, including deep vein thromboses,
pulmonary emboli, strokes, myocardial infarctions, or transient
ischemic attacks (relative risk [RR], 1.67; 95% CI, 1.35 to 2.06). Of
note, the studies reporting thromboembolic events generally appear
to have low quality for the assessment of these events. Only a few
studies outlined a prespecified definition for thromboembolic
events in the available publications.

19,20
None of the studies

reported whether thromboembolic events were detected with active
screening and adjudicated by the means of an independent and
blinded panel.

Based on this analysis, the number needed to harm (NNH)
would be 74.63 (95% CI, 47.17 to 142.86) for a population with
baseline risk of a thromboembolic event of 2%. This means that
one thromboembolic event would occur for every 75 patients
treated with epoetin or darbepoetin. The NNH would be 7.5 (95%
CI, 3.1 to 15.6) for a population with a baseline risk of 20%. A
subset analysis limited to trials on chemotherapy-induced anemia
reported in the AHRQ CER provided very similar results.

4
The

AHRQ CER identified only one trial that reported the rates of
thromboembolic events from a comparison of darbepoetin versus
control. In a study of patients with lung cancer receiving chemo-
therapy (n � 320), Vansteenkiste and colleagues reported a
thromboembolic event rate of 4.5% in the darbepoetin arm and an
event rate of 3.1% in the control arm.

21
The difference between the

two arms was not statistically significant (RR, 1.44; 95% CI, 0.47
to 4.43). Additional data on thromboembolic event risk were
presented to the ODAC panel at the 2007 meeting.

22

It has become increasingly recognized that the transfusion-
sparing effects of ESAs are obtained at the cost of potentially
increased risk of thromboembolic complications. The Update
Committee urges caution in the use of these agents with patients
judged to be at high risk for thromboembolic events. Established
risk factors for thromboembolic events include previous history of
thromboses, surgery, and prolonged periods of immobilization or
limited activity. Additionally, multiple myeloma patients who are
being treated with thalidomide or lenalidomide are at increased
risk.

18
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V. Starting and escalating doses

2007 recommendation

The US Food and Drug Administration-approved starting dose of
epoetin is 150 U/kg three times per week or 40,000 U weekly
subcutaneously. The US Food and Drug Administration–approved
starting dose of darbepoetin is 2.25 �g/kg weekly or 500 �g every
3 weeks subcutaneously. Alternative starting doses or dosing
schedules have shown no consistent difference in effectiveness on
outcomes including transfusion and Hb response, although they
may be considered to improve convenience. Dose escalation should
follow US Food and Drug Administration–approved labeling
(Table 6); no convincing evidence exists to suggest that differences
in dose escalation schedules are associated with different
effectiveness.

Literature update and discussion

The US Food and Drug Administration–approved labeling for dose
and dose escalations are in the package inserts for both products,
and are reproduced in Table 6. There is no evidence published since
the 2002 guideline that would support alternatives to US Food and
Drug Administration-approved doses or dosing schedules. The
AHRQ systematic review identified 18 trials that evaluated the
effect of different dosing strategies on the safety and effectiveness
of epoetin and darbepoetin.

4
A range of strategies has been studied;

interested readers are referred to the AHRQ CER for details of and
citation information for each study. Three trials compared different
weight-based doses of epoetin, and three compared different
weight-based doses of darbepoetin; five compared different fixed
doses of epoetin; one trial each compared weight-based versus
fixed doses for epoetin and darbepoetin, respectively; two com-
pared more versus less frequent dosing of epoetin; two compared
front-loaded versus reduced or constant dosing of darbepoetin; and
one compared titrated versus constant-dose regimens of epoetin.

The AHRQ review found remarkably few differences in safety
and efficacy outcomes among the dosing strategies tested in the 18
trials, although nearly all these trials were small and underpowered
to detect such differences. Reported benefits of doses that exceeded
US Food and Drug Administration–approved labeling, either
administered using weight-based dosing or fixed dosing, were
limited in magnitude. There were statistically significant but
modest differences in Hb response rates, but there were no
statistically significant differences observed between trial arms in
QOL or transfusion rates. Finally, some trials reported a greater
incidence of thromboembolic events at the highest doses studied,

but these differences also were not statistically significant. Given
the infrequent and incomplete reporting of adverse events across
the trials, it is not possible to reach conclusions concerning the
relative safety of the alternate dosing strategies.

VI. Discontinuing therapy for no response

2007 recommendation

Continuing epoetin or darbepoetin treatment beyond 6 to 8 weeks
in the absence of response (eg, � 1–2 g/dL rise in Hb or no
diminution of transfusion requirements), assuming appropriate
dose increase has been attempted in nonresponders as per the US
Food and Drug Administration–approved label, does not appear to
be beneficial, and ESA therapy should be discontinued. Patients
who do not respond should be investigated for underlying tumor
progression, iron deficiency, or other etiologies for anemia.

Literature update and discussion

Some studies have investigated early indicators of response, with a
view toward ending treatment sooner in nonresponders, while other
trials have investigated predictors of response, such as baseline
concentrations of endogenous erythropoietin.

4
A substantial num-

ber of studies has evaluated the use of baseline endogenous
erythropoietin levels to predict Hb response to ESAs. Though a few
of these studies report statistically significant higher baseline
erythropoietin levels in nonresponders compared to responders,
most reported no significant differences, and the predictive power
of such testing appears insufficient to be clinically useful, except in
myelodysplastic syndrome (MDS).

23
In all other settings, there are

insufficient data to support the use of endogenous erythropoietin
testing either to justify initiation of ESAs or to predict response to
ESAs.

VII. Hb target

2007 recommendation

Hb can be raised to (or near) a concentration of 12 g/dL, at which
time the dosage of epoetin or darbepoetin should be titrated to
maintain that level. Dose and dose modification recommendations
recorded in the package insert as of March 2007 and approved by
the US Food and Drug Administration can be found in Table 6 (and
Table 6A based on the November 8, 2007, FDA label announce-
ment). Dose reductions are also recommended when Hb rise
exceeds 1 g/dL in any 2 week period or when the Hb exceeds 11 g

Table 6. ESA dosing (The doses contained in the FDA label as of March 2007 [shown below] have been revised. The November 8, 2007,
FDA label is shown in Table 6A in the Appendix.)

Dose and
modifications Epoetin alfa Darbepoetin alfa

Initial dose 150 U/kg SC TIW 40,000 U SC weekly 2.25 mcg/kg SC weekly 500 mcg SC Q3W

Dose increase

Increase dose to 300 U/kg TIW if

no reduction in transfusion

requirements or rise in Hb

after 8 wk

Increase dose to 60,000 U SC weekly if

no increase in Hb by �1 g/dL after

4 wk of therapy, in the absence of a

RBC transfusion

Increase dose to 4.5 mcg/kg if there is

�1 g/dL increase in Hb after 6 wk

Dose reductions

Decrease dose by 25% when Hb approaches 12 g/dL or Hb increases �1 g/dL

in 2 wk

Decrease dose by 40% of previous dose when Hb exceeds 11

g/dL or Hb increases �1 g/dL in 2 wk

Dose withholding

If Hb exceeds 12 g/dL, withhold dose until Hb �11 g/dL; restart dose at 25%

below previous dose

If Hb exceeds 12 g/dL, withhold dose until Hb � 11 g/dL; restart

dose at 40% below previous dose

Abbreviations: ESA, erythropoiesis-stimulating agent; FDA, US Food and Drug Administration; SC, subcutaneous; TIW, three times per week; Q3W, every 3 weeks; Hb,
hemoglobin; wk, week.
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d/L. Risk of venous thromboembolism should also be considered
when determining dose reduction schedules.

Literature update and discussion

Since the 2002 guideline, there has been increasing attention to the
safety of ESA treatment in patients with cancer. Two placebo-
controlled phase III randomized clinical trials published in 2003
showed evidence of harmful effects of ESAs on survival and/or
tumor outcomes. Leyland-Jones et al

24
conducted a trial of 939

patients receiving chemotherapy for metastatic breast cancer.
Henke et al performed a randomized double-blinded trial in 351
patients with head and neck cancer undergoing radiotherapy.

25
Each

trial reported higher mortality in the epoetin arm than in the
placebo arm, and in the Henke et al study there was a significantly
shorter locoregional progression-free survival and time to locore-
gional progression in ESA-treated patients. Another more recent
trial

26
in patients with non–small-cell lung cancer (NSCLC)

unsuitable for curative therapy was terminated early after an
unplanned interim safety analysis showed a significant difference
in median survival in favor of the placebo arm. (Refer to the section
of the update, “Special Commentary on ESAs, Survival, and Tumor
Response” for a detailed description and analysis of these and other
trials.)

The Henke et al and Leyland-Jones et al trials, combined with
more recent clinical studies—the majority of which were con-
ducted in nonindicated patient populations and/or raised Hb to a
target above 12 g/dL—showed harms associated with ESA use in
cancer patients,

27
and prompted the US Food and Drug Administra-

tion to add a black-box warning to the prescribing information for
epoetin and darbepoetin in March 2007. The black-box warning
highlights the increased risk for death and for serious cardiovascu-
lar events when ESAs are administered to a target of more than
12 g/dL, and instructs that the “dose should be adjusted for each
patient to maintain the lowest Hb level sufficient to avoid the need
for RBC transfusion and not to exceed 12 g/dL.”

In May 2007, the US Food and Drug Administration convened
the ODAC to re-evaluate the safety and net clinical benefit of ESA
use in patients with cancer. The ASCO/ASH guideline recommen-
dations will be updated as needed in response to any changes made
by the US Food and Drug Administration to the product labeling
information based on information that the US Food and Drug
Administration received after the May 2007 Oncologic Drugs
Advisory Committee (ODAC) meeting.

VIII. Iron monitoring and supplementation

2007 recommendation

Baseline and periodic monitoring of iron, total iron-binding
capacity, transferrin saturation, or ferritin levels and instituting iron
repletion when indicated, may be valuable in limiting the need for
epoetin or darbepoetin, maximizing symptomatic improvement for
patients, and determining the reason for failure to respond ad-
equately to ESA therapy. There is inadequate evidence to specify
the timing, periodicity, or testing regimen for such monitoring.
There is no change to the recommendation from the 2002
guideline.

Literature update and discussion

Since the publication of the 2002 guideline, three randomized
controlled trials have examined the role of iron supplementation in

conjunction with ESA administration. All three studies were
open-label, multicenter trials, with two conducted in the United
States

28,29
and one in Sweden.

30

The earliest study, published in 2004,
28

randomized 157 patients
with solid tumors or hematologic malignancies being treated with
chemotherapy (patients with MDS were excluded) to one of four
arms; (1) no iron (n � 36); (2) oral iron 325 mg twice daily (n �
43); (3) iron dextran 100 mg IV bolus at each visit to the calculated
dose for iron replacement (n � 37); or (4) iron dextran total dose
infusion (TDI) (n � 41). For patients in arms 3 and 4, the total dose
of iron dextran was calculated with a formula to reach a desired
Hb level of 14 g/dL. Patients were required to have a Hb level
of � 10.5 g/dL and a serum ferritin concentration of � 450 pmol/L
or � 675 pmol/L with a transferrin saturation of � 19%. All
patients received epoetin alfa 40,000 U subcutaneously weekly;
dose escalation or reduction of epoetin was not permitted. Target
enrollment was 188 patients, but the study was closed before this
target was reached. Patients were followed for 6 weeks, with the
exception of those in the IV bolus arm, who were followed until the
end of their treatment course.

A total of 155 patients were included in the efficacy analyses.
All treatment groups showed significant increases in Hb level from
baseline to end point (P � .0001). For the no iron, oral iron, IV
bolus, and TDI groups, respectively, the mean increases (in g/dL)
were 0.9, 1.5, 2.5, and 2.4. For these same groups, the mean end
point Hb levels were 10.5, 11.2, 12.2, and 11.9, respectively. There
were statistically significant differences in mean end point Hb
levels between the IV bolus group and the no-iron and oral iron
groups (P � .05), and between the TDI group and the no-iron group
(P � .05). Mean Hb increases for both IV iron groups were
statistically significantly higher than the no-iron and oral iron arms
(P � .02), but there was no difference between the no-iron and oral
iron groups (P � .21).

Henry et al
29

randomized 187 patients with various nonmyeloid
malignancies and planned chemotherapy to one of three arms:
(1) sodium ferric gluconate complex (FG), 125 mg IV once weekly;
(2) ferrous sulfate, 325 mg orally three times a day; or (3) no iron.
Patients were required to have a baseline Hb of less than 11, and a
serum ferritin level � 100 ng/mL or transferrin saturation � 15%.
Patients received study treatment (iron: oral, IV, or none) for
8 weeks, with a 4-week follow-up period. Epoetin alfa was given
for 12 weeks, at an initial dose of 40,000 U subcutaneously, and
dose escalation or reduction was allowed.

Of the 187 patients in the safety population, 154 completed the
study (82.4%). Twenty-five of these patients were excluded from
the evaluable population, mainly as a result of early transfusions or
discontinuations, leaving an evaluable population of 129 patients
(69% of all randomized patients). In the evaluable population, there
was a significantly larger increase in mean Hb from baseline to end
point in FG patients (2.4 g/dL; 95% CI, 2.1 to 2.7) compared to
patients on oral iron or no iron (P � .0092 and P � .0044,
respectively). Mean Hb increase was 1.6 g/dL (95% CI, 1.1 to 2.1)
in the oral iron arm, and 1.5 g/dL (95% CI, 1.1 to 1.9) in the no-iron
arm. The difference in Hb increase between these two arms was not
significant (P � .7695). The Hb response rates for patients in the
FG, oral iron, and no-iron groups were 73%, 45%, and 41%,
respectively, with statistically significant differences between the
FG and oral iron or no-iron groups (P � .0099 and P � .0029,
respectively), but not between the oral iron and no-iron groups
(P � .6687).

Hedenus et al
30

randomized 67 patients with lymphoprolifera-
tive malignancies not receiving chemotherapy to IV iron sucrose or
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no iron supplement. Iron sucrose was given at a dose of 100 mg
once weekly from weeks 0 to 6, and then at 100 mg every second
week from weeks 8 to 14. All patients received weekly epoetin beta
at 30,000 U subcutaneously once weekly for 16 weeks; dose
escalation and reduction were allowed. Patients had to be transfu-
sion-independent, have a Hb level of 9 to 11 g/dL, and have
stainable iron in a bone marrow aspirate. Patients were excluded if
they had a serum ferritin greater than 800 �g/L.

Sixty patients completed the study. Patients in both arms
showed a significant (P � .05) increase in mean Hb during the trial.
In the intention-to-treat (ITT) population, the difference in mean
Hb between the iron and no-iron arms at the end of treatment was
0.99 g/dL (95% CI, 1.61 to 0.37; P � .0023), and the mean change
in Hb from baseline was 2.76 g/dL in the iron group versus
1.56 g/dL in the no-iron group (P � .0002). Eighty-seven percent
of patients in the iron group achieved a Hb response, compared to
53% in the no-iron group (P � .0014).

Beginning at week 5 onwards there was a difference in mean
weekly epoetin dose administered, with patients in the iron arm
receiving less epoetin, but this difference was statistically signifi-
cant only at week 13 (P � .029). By week 15, there was still an
average difference of more than 10,000 U in favor of the iron
group, but this difference was not statistically significant. The mean
total cumulative patient dose of epoetin in the iron group was
511,400 U (per-protocol population) or 532,000 U (ITT popula-
tion), and in the no-iron group it was 626,600 U (per-protocol
population) or 629,000 U (ITT population). While there was a
smaller epoetin dose, it was not significant (P � .051, per protocol
population; P � .059, ITT population).

These studies suggest that IV iron given in conjunction with
ESAs may enhance Hb response to ESAs; however, limitations of
these studies should be considered when interpreting the results. In
the largest study conducted,

29
a three-arm study of IV versus oral

versus no iron, more than 30% of randomized patients were not
included in the final efficacy analyses. In the ITT population (n �
180), Hb increased by a mean of 1.6 g/dL, 1.2 g/dL, and 1.1 g/dL in
the FG, oral iron, and no-iron groups, respectively; the Hb response
rates were 53%, 36%, and 36%, respectively. These results can be
compared to the evaluable population, with a mean Hb increase of
2.4, 1.6, and 1.5 g/dL, and response rates of 73%, 45%, and 41%,
respectively. The study was not powered to detect a difference in
transfusion requirements, and no difference was seen. In the
second-largest study (n � 157),

28
the trial was closed before target

enrollment was met, and no statistical adjustment for multiple
comparisons was made. Finally, despite the increased hematopoi-
etic response to the combination of an ESA and iron, the one study

30

designed to test whether addition of iron would allow for a
decreased dose of epoetin showed a statistically significant differ-
ence in epoetin dose at only one weekly time point during a
16-week study, despite a clear trend in favor of a decreased dose in
the iron arm starting at week 5 of the study. Likewise, the mean
total cumulative patient dose of epoetin was not statistically
significantly different between the iron and no-iron arms.

The Auerbach and Henry studies both examined patients with
solid tumors undergoing chemotherapy (19% of the patients in the
Auerbach study were patients with hematologic malignancies), and
both examined different routes of iron administration (IV or oral)
versus none, in conjunction with ESA use. Results were consistent
across these studies, with patients who received IV iron showing a
significant increase in mean Hb concentrations compared to
no-iron controls. Of interest, both studies also showed no differ-
ence between the no-iron or oral iron groups. These results suggest

that, if iron is given to patients undergoing chemotherapy, the IV
route may be more efficacious than the oral route in enhancing
response to ESAs. The studies considered earlier herein each used a
different iron preparation and examined different study popula-
tions, which complicates cross-study comparisons. There is cur-
rently insufficient data to recommend one specific form of iron over
another.

The incidence of adverse effects was somewhat different across
the two studies, with seven patients (no more than 8% in any one
arm) in the Auerbach study experiencing adverse events related to
treatment. Henry et al reported that 15 FG patients (23.8%), 18 oral
iron patients (29.5%), and 16 no-iron patients (25.4%) experienced
serious adverse events; of these, two serious adverse events (angina
and dehydration, one in the FG group, one in the oral iron group)
were considered possibly related to study drug. Twelve drug-
related adverse events were reported by eight patients in the FG
group, and 38 drug-related adverse events were reported by
19 patients in the oral iron group. Drug-related adverse events led
to study discontinuation in six patients (two in the FG group, four
in the oral iron group).

IX. Anemia in patients not receiving concurrent chemotherapy

2007 recommendation

There is evidence that supports the use of epoetin or darbepoetin in
patients with anemia associated with low-risk myelodysplasia.
There are no published high-quality studies to support its exclusive
use in anemic myeloma, non-Hodgkin’s lymphoma, or chronic
lymphocytic leukemia patients in the absence of concurrent
chemotherapy. Analyses of primary data from Study 20010103 (as
yet unpublished) submitted to the US Food and Drug Administra-
tion in March 2007, support a stronger recommendation against
the use of ESAs to treat anemia associated with malignancy, or the
anemia of cancer, among patients with either solid or nonmyeloid
hematological malignancies who are not receiving concurrent
chemotherapy. This recommendation is consistent with the black-
box warning that was added to the prescribing information for both
epoetin alfa and darbepoetin in March 2007, as follows: “Use of
ESAs increased the risk of death when administered to a target
Hb of 12 g/dL in patients with active malignant disease re-
ceiving neither chemotherapy nor radiation therapy. ESAs are not
indicated in this population.”

Literature update and discussion

The recommendation related to ESA therapy for anemia associated
with low-risk myelodysplasia is unchanged from the original
guideline. The recommendation is based on a randomized, double-
blind, placebo-controlled trial of ESA therapy in patients with
low-risk MDS, which was reviewed in the 2002 guideline; and on a
second randomized open-label phase III clinical trial of EPO and
G-CSF versus best supportive care reported in 2004.

31
Additional

data on the benefits of ESAs in this population have been published
since the 2002 guideline; however, all but one of these the studies
were prospective observational studies, retrospective cohort stud-
ies, or single-institution reviews.

There is no evidence to support a recommendation for ESA
treatment of anemia associated with malignancy, or the anemia of
cancer, among patients not receiving chemotherapy. The updated
recommendation has been expanded to address ESA use for anemia
of cancer among patients with solid tumors; the prior recommenda-
tion was limited to patients with nonmyeloid hematological

36 RIZZO et al BLOOD, 1 JANUARY 2008 � VOLUME 111, NUMBER 1

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/111/1/25/1220044/zh800108000025.pdf by guest on 02 June 2024



malignancies. Several clinical trials
26,32–36

have been conducted
since 1993 regarding anemia of cancer. These trials have had
varying inclusion criteria and varying definitions of anemia of
cancer (eg, time since last chemotherapy). Most are small and
therefore underpowered to show statistical differences, and did not
have survival as a primary or secondary outcome. The exception is
Amgen study 20010103, the largest of these studies. A meta-
analysis that would address size and heterogeneity and further
inform this guideline has not been published in the peer-reviewed
literature. Data submitted by Amgen in 2007 to the US Food and
Drug Administration from Study 20010103, conducted in anemic
patients with nonmyeloid malignancies who were not receiving
concurrent chemotherapy or myelosuppressive radiation therapy,
have raised safety concerns about the use of ESAs in this
population.

Study 20010103 was a randomized phase III, double-blind,
placebo-controlled trial of darbepoetin. The trial randomized
989 patients with active disease to darbepoetin or placebo. The
most common cancers were NSCLC (18%), breast cancer (13%),
and prostate cancer (11%). Most patients (82%) had either stage III
or stage IV disease. The primary end point of the trial was the
proportion of blood transfusions; secondary end points were first
occurrence of a transfusion from week 5 to week 17 of the trial,
change in Hb concentrations, and the safety end points of overall
survival and adverse events. Based on analyses reported in the
Clinical Study Report submitted by Amgen and on the US Food
and Drug Administration’s analysis of primary data submitted in
March 2007, respectively, there was no evidence of a difference in
transfusion risk (hazard ratio [HR], 0.85; 95% CI, 0.62 to 1.17) and
overall survival was poorer in the darbepoetin versus control arm
(HR 1.30, 95% CI, 1.07 to 1.57, P � .008). The US Food and Drug
Administration analysis also revealed an increased incidence of
arterial and venous thromboembolic events in patients treated with
darbepoetin, 3.1% v 1.3%. The black-box warning added to the
prescribing information for epoetin alfa and darbepoetin in March
2007 references this trial and specifies that “ESAs are not indicated
for this population” of patients with active malignant disease
receiving neither chemotherapy nor radiation therapy.

X. Treatment of anemia in patients with nonmyeloid
hematological malignancies who are receiving concurrent
chemotherapy

2007 recommendation

Physicians caring for patients with myeloma, non-Hodgkin’s
lymphoma, or chronic lymphocytic leukemia are advised to begin
treatment with chemotherapy and/or corticosteroids and observe
the hematologic outcomes achieved solely through tumor reduction
before considering epoetin. If a rise in Hb is not observed following
chemotherapy, treatment with epoetin or darbepoetin for myeloma,
non-Hodgkin’s lymphoma, or chronic lymphocytic leukemia pa-
tients experiencing chemotherapy-associated anemia should follow
the recommendations outlined above. Particular caution should be
exercised in the use of epoetin or darbepoetin concomitant with
chemotherapeutic agents and diseases where risk of thromboem-
bolic complications is increased. (Refer to Recommendation IV.)
Blood transfusion is also a therapeutic option. This recommenda-
tion is essentially unchanged from the 2002 guideline. Slight
modifications to the recommendation appear in italics.

Literature update and discussion

Since the publication of the 2002 guideline, three systematic
reviews have considered data on ESA use in patients with
nonmyeloid hematological malignancies who are receiving concur-
rent chemotherapy. The systematic review performed by CCO
identified 13 trials of epoetin (12 unique trials) and two trials of
darbepoetin (Tables 2 to 4 provide details of the review). The CCO
review found no statistically significant differences in survival or
mortality outcomes in the epoetin and darbepoetin trials. For
transfusion outcomes in the epoetin trials reviewed, the absolute
risk reduction for the proportion of patients transfused ranged from
15% to 24%; the number needed to treat (NNT; to prevent one
transfusion) ranged from 4 to 6. For the darbepoetin trials
reviewed, the absolute risk reduction for the proportion of patients
transfused ranged from 17% to 30%; the NNT ranged from 3 to 6.
Six of seven trials included in the CCO review reported positive
effects on some measure of QOL. However, the CCO review
authors could not reach definitive conclusions about the effect of
ESAs on QOL in this population of patients with nonmyeloid
hematological malignancies, due to inconsistent reporting and
analysis. In particular, missing data occurred across the trials
reviewed. Of note, the authors of the CCO review chose not to
conduct pooled analyses of data across the trials. This was based on
the small amount of data available from the published reports,
variations in reporting, and the availability of the 2004 Cochrane
Review that had included updated patient data from six trials of
patients with hematological malignancies.

The AHRQ CER included subgroup analyses of, respectively,
six trials of epoetin (1,044 total patients) and two trials of
darbepoetin (410 total patients) in patients with nonmyeloid
hematological malignancies receiving chemotherapy. Results indi-
cated that patients treated with epoetin had a reduced risk of RBC
transfusion (RR, 0.74; 95% CI, 0.66 to 0.84), as did patients treated
with darbepoetin (RR, 0.66; 95% CI, 0.49 to 0.83). Meta-analyses
of the survival data from these epoetin and darbepoetin trials
showed no statistically significant difference between patients
treated with epoetin or darbepoetin and controls. The pooled hazard
ratio for the six epoetin trials was 1.02 (95% CI, 0.81 to 1.29) and
for the two darbepoetin trials, the hazard ratio was 1.36 (95% CI,
0.98 to 1.89). Finally, results of a pooled analysis of data from five
trials (898 total patients) showed that patients treated with epoetin
had an increased risk of thromboembolic events (RR, 3.00;
95% CI, 1.10 to 8.12).

XI. Special commentary on ESAs, survival, and tumor response

Since publication of the 2002 guideline, a number of published
studies on ESAs in cancer patients have raised safety concerns.
Additional studies have completed accrual or were terminated
prematurely and do not have complete data available. Much of the
non–peer-reviewed data in the public domain comes from briefing
documents made available in conjunction with US Food and Drug
Administration ODAC meetings in 2004 and 2007.

2,22
In this

commentary, we discuss those studies, both published and unpub-
lished, that showed a detrimental effect on survival or tumor
response.

Brief background on US Food and Drug Administration
regulatory activity

In May 2004, the US Food and Drug Administration convened a
meeting of its ODAC

2
to review the results of the BEST (EPO-INT-
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76) study,
24

the ENHANCE study,
25

and Study N93–004.
2
A number

of recommendations were issued by members of ODAC after
review of these studies, primarily concerning the design of future
trials needed to answer the questions raised by previous studies
with negative outcomes.

The US Food and Drug Administration reconvened ODAC in
May 2007, after the release of results from subsequent trials that
raised additional safety concerns. Before this meeting, in March
2007, the US Food and Drug Administration updated the Warning
Sections and “Black Box” warning of the approved labels for both
epoetin and darbepoetin, based on recently released study results.
At its May 2007 meeting, ODAC members issued an additional
series of recommendations. These recommendations included
setting a baseline Hb level at which to initiate ESA therapy in
asymptomatic patients, reassessing anemia at the start of each new
chemotherapy regimen, restricting ESA use to certain tumor types,
further restrictions to ESA indications on the US Food and Drug
Administration-approved label, and the conduct of future clinical
trials.

22

Review of relevant studies

Several randomized trials to date have demonstrated decreased
survival times in cancer patients receiving ESAs (BEST, EN-
HANCE, 20010103, 20000161, EPO-CAN-20), and two random-
ized trials have demonstrated poorer locoregional control or
progression-free survival in cancer patients receiving ESAs (EN-
HANCE, DAHANCA-10/SE 2002–9001). The BEST and EN-
HANCE studies were included in the meta-analysis by Bohlius
et al.

3
Three of these studies—BEST, ENHANCE, and EPO-CAN-

20
24-26

—have been published in peer-reviewed journals. The remain-
ing studies are not yet available as full reports, but data are publicly
available in ODAC briefing documents posted on the US Food and
Drug Administration Web site.

The BEST study
24

randomized 939 women with metastatic
breast cancer receiving first-line chemotherapy to epoetin alfa
versus placebo in a double-blind fashion. Epoetin alfa was initiated
if the baseline Hb was less than or equal to 13 g/dL, or when Hb
decreased below that point during the trial. Mean baseline Hb at
trial entry was 12.5 g/dL in both study arms. The target Hb was
12 to 14 g/dL; epoetin alfa was given for 12 months. Concurrent
radiotherapy and hormonal therapy were also allowed. The study’s
primary end point was one-year overall survival, and secondary
end points included objective tumor response rates and time to
disease progression. Following a recommendation from the data
monitoring committee, the study was terminated early (but after
enrollment was completed), due to higher mortality in the ESA-
treated arm. At the time of study termination, the analysis of
interim data showed that within 12 months of random assignment
there were 138 (28%) deaths in the ESA group, versus 111 (23%) in
the placebo group (P � .02). Final analysis of the one-year overall
survival rate for the ITT population showed a lower one-year
overall survival in the ESA-treated arm compared to the placebo
arm (70% versus 76%, respectively; HR 1.37, P � .01). There were
no significant differences between study groups in objective
response rates, time-to-progression, or duration of progression-free
survival.

The ENHANCE study
25

was a randomized, multicenter, double-
blind, placebo-controlled trial with a primary end point of locore-
gional progression-free survival (defined as time to locoregional
tumor progression or death). Secondary end points included overall
survival and time to locoregional tumor progression. The study
population consisted of 351 patients with advanced head and neck

cancer receiving definitive or postoperative radiotherapy (but
without chemotherapy). Patients were randomized to epoetin beta
or placebo throughout the duration of radiotherapy; the target Hb
was 14.5 g/dL for women and 15 g/dL for men. Median baseline Hb
at study entry was 11.8 g/dL for the placebo group and 11.7 g/dL for
the epoetin beta group. Study results published in 2003 showed
significantly shorter locoregional progression-free survival in ESA-
treated patients (HR, 1.62; 95% CI, 1.22 to 2.14, P � .0008); a
significantly shorter time to locoregional progression in ESA-
treated patients (HR, 1.69; 95% CI, 1.16 to 2.47, P � .007); and a
significantly shorter overall survival in ESA-treated patients (HR,
1.39; 95% CI, 1.05 to 1.84, P � .02).

EPO-CAN-20,
26

a randomized, multicenter, double-blind, pla-
cebo-controlled trial, was designed with QOL as the primary
outcome. At study entry, patients were initially required to have a
baseline Hb of less than 12 g/dL, with NSCLC unsuitable for
curative therapy. Patients were stratified by the concurrent planned
use or not of palliative radiotherapy. The protocol was later
amended to allow non–platinum-based palliative chemotherapy, as
the growing use of palliative chemotherapy was adversely influenc-
ing accrual. At the time of study publication, it was reported that
23% of patients had received prior systemic therapy (non–platinum-
based) and no patients received additional systemic therapy. Mean
Hb at baseline was 10.3 g/dL for both arms; target Hb was 12 to 14
g/dL. The proposed sample size was 300 patients, but reports of
thrombotic events in other trials led to an unplanned safety analysis
after 70 patients were randomized. The safety analysis, based on 66
patients, showed a significant difference in median survival in
favor of the placebo arm (63 v 129 days; HR, 1.84; 95% CI, 1.01 to
3.35, P � .04), and the trial Steering Committee terminated the
trial. At the time of the unplanned analysis, one patient in the ESA
arm and two patients in the placebo arm had experienced throm-
botic events; further follow-up on all 70 patients showed two
additional events, one in each arm of the study.

The DAHANCA 10 trial by the Danish Head and Neck Cancer
Group was a randomized, multicenter, open-label trial of darbepo-
etin use in head and neck cancer patients receiving radiotherapy.

37

(Published results of this study have been presented. Overgaard J,
Hoff C, Sand Hansen H, Specht L, Overgaard M, Grau C, Andersen
E, Johansen J, Andersen L, Evensen J. Randomized study of the
importance of Novel Erythropoiesis Stimulating Protein (Aranesp)
for the effect of radiotherapy in patients with primary squamous
cell carcinoma of the head and neck (HNSCC)–the Danish Head
and Neck Cancer Group DAHANCA 10 rand. Eur J Cancer
Supplements, Vol 5, No. 6, page 7, 2007.) Baseline Hb was �
14.5.22 The trial was temporarily stopped in October of 2006 due to
unexpected adverse events that seemed to be related to the presence
of epoetin receptors as tested for in the study. According to the
investigators, this trial suspension occurred almost simultaneously
with a planned interim analysis. The decision was made to suspend
accrual and await outcome of the planned analysis before making
any final decisions regarding trial disposition. The planned interim
analysis was made publicly available online, with authorship
attributed to Jens Overgaard, Principal Investigator of the
DAHANCA 10 protocol, and dated December 1, 2006.

37
At the

time of this analysis, the trial had randomized 522 patients of a
planned 600; a total of 484 patients were included in the interim
analysis. Only summary data were reported, which included
significantly poorer outcomes in the darbepoetin arm for the
primary end point of locoregional failure. Overall survival showed
a smaller and nonsignificant difference between the two study
arms.
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Study 20010103 has not been published in a peer-reviewed
journal, but summary results were reported in the US Food and
Drug Administration ODAC briefing document.22 Study 20000161
was published in 2003,

38
and an updated data set was provided to

US Food and Drug Administration in April of 2007. Neither study
had survival as a primary outcome. The primary end point for
Study 20010103 was transfusion rates, and for Study 20000161,
the primary end point was the proportion of patients achieving an
increase in Hb of � 2 g/dL. The following statistics are based on
US Food and Drug Administration analysis of primary data
submitted by the study sponsor before the May 2007 ODAC
meeting. Study 20010103 enrolled 989 patients with nonmyeloid
malignancies not receiving chemotherapy, with a baseline Hb
of � 11 g/dL. The target Hb was 12 to 13 g/dL. Overall survival
was poorer in the ESA versus control arm (HR, 1.30; 95% CI,
1.07 to 1.57, P � .008), with no difference in rates of transfusion
(HR, 0.85; 95% CI, 0.62 to 1.17). Study 20000161 enrolled
344 patients with lymphoproliferative malignancies receiving
chemotherapy, with a baseline Hb of � 11 g/dL. The target Hb was
more than 15 g/dL (males) or � 14 g/dL (females). Overall survival
was poorer in the ESA versus control arm (HR, 1.37; 95% CI,
1.02 to 1.83, P � .037). Progression-free survival was no different
between the two study arms (HR, 1.02; 95% CI, 0.80 to 1.30).

The Update Committee is also aware of additional studies
22

whose results have not been submitted for publication in peer-
reviewed journals. Some of these trials were closed early due to
safety concerns, while others have completed accrual. Much of this
evidence has been summarized by the US Food and Drug
Administration in its two previous briefings to ODAC.

2,22
The US

Food and Drug Administration’s analyses of these studies were
based on data submitted by the drug sponsors to the US Food and
Drug Administration.

Due to the designs of the trials discussed above, there is
difficulty in interpreting their results and applying them to current
clinical practice. All of the studies, with the exception of 20010103,
had a target Hb greater than 12 g/dL, and all enrolled patients with a
baseline mean or median Hb more than 10 g/dL (for studies
specifically reporting this parameter), although EPO-CAN-20
utilized criteria closest to currently recommended ASCO/ASH
guidelines, with a baseline Hb of 10.3 g/dL in each arm. The
ENHANCE

25
and DAHANCA-10

37
studies examined head and

neck cancer patients receiving only radiotherapy; Study 20010103
2

investigated ESA use in patients with active, nonmyeloid disease,
receiving no therapy; and the EPO-CAN-20

26
study population

consisted of patients with NSCLC not given concomitant systemic
therapy.

It is, therefore, unknown whether these results apply to a
population of chemotherapy-treated cancer patients receiving ESAs
at doses titrated to achieve and maintain a Hb level of close to 12
g/dL. Adequately-powered, well-designed trials designed to detect
differences in tumor response or survival are lacking in patients for
whom ESAs are prescribed to decrease the need for transfusion
secondary to myelosuppressive chemotherapy. While there is a
body of literature supporting the safety and efficacy of ESAs in
selected patients with MDS, randomized trials could further define
which patients are most likely to benefit from ESA use.

Research priorities

The literature-based systematic reviews and meta-analyses con-
ducted to date used published data from available randomized

controlled trials on ESAs, often averaged across heterogeneous
patient groups. A patient-level meta-analysis of completed trials on
ESAs could estimate potential benefits and harms in more homoge-
neous patient subgroups, and thus support more individualized
clinical decisions. Patient-level meta-analysis might also help
generate useful hypotheses on factors contributing to transfusion
and/or adverse event risks; or to faster tumor progression or shorter
survival in some ESA-treated patients; or provide a better under-
standing of effectiveness of ESAs for anemia not related to
chemotherapy (anemia of cancer) and thus help guide design of
new clinical trials.

Other priorities for future research include the following:

● more consistent and comprehensive assessment and reporting of
adverse events graded by severity, particularly from trials that
compare alternative dosing strategies;

● increased effort, using both basic laboratory and clinical re-
search, to understand the functional impact and clinical conse-
quences of exposing tumors with erythropoietin receptors to
exogenous ESAs;

● better evidence regarding the benefits of supplementing ESA
therapy with iron, including ESA dose-sparing effect, appropri-
ate dosing, and formulation of iron therapy;

● additional prospective trials regarding use of ESAs in MDS, to
better define factors predictive of response, appropriate duration
of treatment, and risks of treatment;

● better evidence on contribution of changes in Hb concentration to
changes in QOL outcomes by: more comprehensive research on
all causes of fatigue in cancer patients, and by testing prespeci-
fied hypotheses with a consensus set of core measures, compar-
ing blinded randomized controlled trial arms for absolute and
relative change from baseline, with measures of variance;

● collecting and reporting economic outcomes, particularly when
comparing doses, treatment frequencies, and alternative dosing
strategies.
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Appendix 2

For the 2007 update, pertinent information published was reviewed to
address each of the original guideline questions and the new topics. As
noted in the Introduction, five comprehensive systematic reviews and

meta-analyses of randomized controlled trials served as the primary
evidentiary basis for this update. Supplementary searches of the Medline
database (National Library of Medicine, Bethesda, MD) were conducted to
identify relevant information (2003 to 2007) from additional published
randomized clinical trials, systematic reviews, meta-analyses, and practice
guidelines for this update. A series of searches was conducted using the
medical subject headings or text words “erythropoietin, recombinant,”
“epoetin alfa,” “epoetin beta,” “darbepoetin alfa,” and “neoplasms,” and
variants thereof. (Details of the searches can be obtained from
guidelines@asco.org on request.) Search results were limited to human
studies and English-language articles. Editorials, letters, and commentaries
were excluded from consideration, as were systematic reviews and meta-
analyses that were limited to single agents given the US Food and Drug
Administration’s position that available ESAs are members of the same
pharmacologic class. The Cochrane Library was searched for available
systematic reviews and meta-analyses with the phrases, “erythropoietin,”
“epoetin,” “darbepoetin,” “cancer,” and “malignancies.” Directed searches
based on the bibliographies of primary articles were also performed.
Finally, Update Committee members and ASCO staff contributed articles
from their personal collections.
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