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FDA-APPROVED INDICATIONS 

Drug Manufacturer FDA-approved Indications 
darbepoetin 
(Aranesp®)1 

Amgen 

 Treatment of anemia associated with chronic kidney disease (CKD) including patients 
on dialysis and patients not on dialysis 

 Treatment of anemia in patients with non-myeloid malignancies where anemia is due 
to the effect of concomitant myelosuppressive chemotherapy and, upon initiation,  a 
minimum of 2 additional months chemotherapy is planned 
 Darbepoetin is not indicated for patients receiving myelosuppressive therapy 

when the anticipated outcome is cure 
 Darbepoetin is not indicated for use in patients receiving hormonal agents, 

therapeutic biologic products, or radiotherapy unless receiving concomitant 
myelosuppressive chemotherapy 

 Darbepoetin is not indicated as a substitute for red blood cell (RBC) transfusion in 
patients who require immediate correction of anemia 

 Darbepoetin use has not been demonstrated in controlled clinical trials to 
improve quality of life, fatigue, or patient well-being 

PEG-EPO 
(Mircera®)2 

Vifor 

 Treatment of anemia associated with chronic renal failure (CRF) including patients on 
dialysis and patients not on dialysis 

 PEG-EPO use has not been demonstrated in controlled clinical trials to improve 
quality of life, fatigue, or patient well-being 

 PEG-EPO is not indicated for treatment of anemia in patients receiving cancer 
chemotherapy 

 PEG-EPO is not indicated as a substitute for red blood cell (RBC) transfusion in 
patients who require immediate correction of anemia 

rHuEPO 
(Epogen®)3 

Amgen 

 Treatment of anemia associated with CRF including patients on dialysis and patients 
not on dialysis to decrease the need for red blood cell (RBC) transfusion 

 Treatment of anemia related to therapy with zidovudine (≤ 4,200 mg per week) in 
HIV-infected patients with endogenous serum erythropoietin levels of ≤ 500 
mUnits/mL 

 Treatment of anemia in patients with non-myeloid malignancies where anemia is due 
to the effect of concomitant myelosuppressive chemotherapy and, upon initiation, 
hemoglobin < 10 g/dL and there is a minimum of 2 additional months of planned 
chemotherapy 

 Indicated to reduce the need for allogenic RBC transfusion among patients with 
perioperative hemoglobin > 10 to ≤ 13 g/dL who are at high risk for perioperative 
blood loss from elective, noncardiac, nonvascular surgery 

 rHuEPO is not indicated for use in patients receiving hormonal agents, 
therapeutic biologic products, or radiotherapy unless receiving concomitant 
myelosuppressive chemotherapy 

 rHuEPO is not indicated for patients receiving myelosuppressive therapy when 
the anticipated outcome is cure 

 rHuEPO is not indicated as a substitute for red blood cell (RBC) transfusion in 
patients who require immediate correction of anemia 

 rHuEPO is not indicated in patients undergoing cardiac or vascular surgery 

 rHuEPO is not indicated for patients who are willing to donate autologous blood 
pre-operatively 

 rHuEPO use has not been demonstrated in controlled clinical trials to improve 
quality of life, fatigue, or patient well-being 

rHuEPO 
(Procrit®)4 

Amgen 
(distributed by 

Janssen) 

PEG-EPO = methoxy polyethylene glycol epoetin beta; rHuEPO = recombinant human epoetin alfa; HIV = human 
immunodeficiency virus 
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OVERVIEW 

Anemia is a frequent complication, affecting over 3 million Americans, associated with a number of 
serious diseases, such as chronic kidney disease (CKD), diabetes, heart disease, and cancer, as well as 
chronic inflammatory conditions like rheumatoid arthritis or inflammatory bowel disease. These 
conditions can cause anemia by interfering with the production of oxygen-carrying red blood cells 
(RBCs).5 Sometimes, as in the case of cancer chemotherapy, anemia can be caused by the treatment 
itself. 

Erythropoietin is a glycoprotein produced in the kidneys that stimulates RBC production from bone 
marrow. Erythropoietin acts on the erythroid progenitor cells in the bone marrow to cause late 
differentiation and maturity of the RBCs.6,7,8 Endogenous production of erythropoietin by the kidney is 
normally regulated by the level of tissue oxygenation. Hypoxia and anemia generally increase the 
production of erythropoietin, which in turn stimulates erythropoiesis. In normal subjects, plasma 
erythropoietin levels range from 0.01 to 0.03 units/mL and may increase 100- to 1,000-fold during 
hypoxia or anemia.9 In contrast, patients with CKD have impaired production of erythropoietin, which 
is the primary cause of their anemia.10,11 Anemia in cancer patients may be related to the disease itself 
or the effect of concomitantly administered chemotherapeutic agents. 

The v2.2016 National Comprehensive Cancer Network (NCCN) guidelines state that erythropoiesis 
stimulating agents (ESAs) are associated with an increased risk of thrombosis, decreased survival, and 
shortened time to tumor.12 Physicians are advised to use the lowest ESA dose possible to maintain 
hemoglobin levels (Hb) sufficient to avoid blood transfusions, to prescribe according to Food and Drug 
Administration (FDA) guidelines using the REMS program, and to obtain patient consent. ESAs should 
be discontinued once the course of chemotherapy has been completed and anemia resolves. Use of 
ESAs is not recommended for the treatment of anemia related to myelosuppressive chemotherapy 
with curative intent.  

The American Society of Clinical Oncology (ASCO) and the American Society of Hematology (ASH) joint 
clinical practice guidelines for the use of ESAs in patients with cancer were released in 2010.13,14 The 
guidelines stated that, before initiating therapy for anemia in a patient with cancer, consideration 
should be given to the risks of thromboembolism, the possibility of death, and minimizing ESA use, 
particularly in patients with malignancy being treated with curative intent. While the FDA label now 
limits the indication for ESA use to patients receiving chemotherapy for palliative intent, no study has 
evaluated outcomes of ESA therapy by subgroups defined by chemotherapy intent. Based on the 
available evidence, the optimal Hb level at which to initiate ESA therapy in patients with 
chemotherapy-associated anemia and Hb between 10 and 12 g/dL cannot be definitively determined. 
As a result, the decision to initiate ESA therapy in patients with anemia and Hb between 10 and 12 g/dL 
should be guided by clinical judgment, consideration of the risks and benefits of ESAs, and patient 
preferences. When warranted by clinical conditions, RBC transfusion is an option. Because evidence 
does not exist to support improved effectiveness or safety with alternative starting doses, dose 
schedules, or dose-modifying schedules, starting and modifying doses should follow the FDA dosing 
guidelines outlined in the product information of each ESA. ESAs should be discontinued when 
chemotherapy is concluded. Assuming an appropriate dose increase has been attempted in non-
responders as outlined in the FDA-approved label, ESA therapy should be discontinued if there is less 
than a 1 to 2 g/dL increase in Hb or no decrease in transfusion requirements after 6 to 8 weeks of 
therapy. Non-responders should be investigated for underlying tumor progression, iron deficiency, or 
other etiologies for anemia. 



Page 4  | 
Erythropoiesis Stimulating Proteins Review – August 2016 
Proprietary Information. Restricted Access – Do not disseminate or copy without approval. 
© 2004-2016 Magellan Rx Management. All Rights Reserved.  

 

Hb may be increased to the lowest concentration needed to avoid transfusion and may vary by patient 
and condition. Since an optimal target Hb concentration cannot be determined based on available 
literature, reduction of the ESA dose is appropriate when Hb reaches a level sufficient to avoid 
transfusion or if the Hb increase exceeds 1 g/dL in any 2-week period. 

This joint guideline recommends against the use of ESAs for the treatment of anemia associated with 
malignancy in patients who are not receiving concurrent myelosuppressive chemotherapy, except for 
patients with lower risk of myelodysplastic syndrome to avoid transfusions. 

The ASCO and ASH Update Committee considers all ESAs to be equivalent with respect to effectiveness 
and safety; this recommendation remains unchanged from the 2007 guideline. National Kidney 
Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) updated 2007 guidelines state that 
each ESA is effective in achieving and maintaining target Hb levels.15 KDOQI recommends Hb of 11 to 
12 g/dL for dialysis or nondialysis patients with CKD with avoidance of Hb levels exceeding 13 g/dL. 

Responsiveness to rHuEPO therapy in HIV-infected patients is dependent upon the endogenous serum 
erythropoietin level prior to treatment. Patients with endogenous serum erythropoietin levels ≤ 500 
mUnits/mL, and who are receiving a dose of zidovudine ≤ 4,200 mg/week, may respond to rHuEPO 
therapy. Patients with endogenous serum erythropoietin levels > 500 mUnits/mL do not appear to 
respond to rHuEPO therapy.16,17 

In 2011, the FDA published a safety communication regarding a more conservative dosing approach to 
ESAs in patients with CKD due to increased risks of cardiovascular (CV) events. The FDA warned of an 
increased risk of death, CV events, and strokes in CKD patients when their HB levels were greater than 
11 g/dL. However, no clinical trials have been performed which have identified a HB target level or ESA 
dose that would not increase these risks.18 

Peginesatide (Omontys) is a synthetic ESA approved for the treatment of anemia due to CKD in adult 
patients on dialysis.19 Peginesatide was briefly on the market but all lots were voluntarily recalled on 
February 24, 2013, due to reports of anaphylaxis including 3 fatal cases.20 Until further notice, no new 
or existing patients should receive peginesatide and all health care providers should no longer 
prescribe it. 

Methoxy polyethylene glycol epoetin beta (PEG-EPO, Mircera) is approved for the treatment of anemia 
due to CKD in adult patients that are both receiving and not receiving dialysis. It is not indicated for the 
correction of anemia in cancer patients.21 

PHARMACOLOGY 

Recombinant human epoetin alfa (rHuEPO) is a glycoprotein manufactured by recombinant DNA 
technology that has the same biological effects as endogenous erythropoietin.22 It has a molecular 
weight of 30,400 daltons and is produced by mammalian cells into which the human erythropoietin 
gene has been introduced. Epogen and Procrit are identical rHuEPO products that contain the identical 
amino acid sequence of isolated natural erythropoietin. 

Darbepoetin (Aranesp) is an erythropoiesis-stimulating agent similar to rHuEPO. It differs from rHuEPO 
by having 2 additional N-glycosylation sites which slow its clearance.23,24,25 

PEG-EPO (Mircera) is a synthetic, continuous erythropoietin receptor activator.26 It has a slowed 
clearance, similar to that of darbepoetin, due to the addition of the conjugated PEG polymer.27  
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PHARMACOKINETICS28,29,30,31 

Chronic Renal Failure Patients 

Drug 

Adults Children 

Half-Life 
(hours) 

SC  
Bioavailability  

(%) 

Half-Life 
(hours) 

SC 
Bioavailability  

(%) IV SC IV SC 

darbepoetin (Aranesp) 21 46-70 37 -- -- 54 

PEG-EPO (Mircera) 134 139 62 -- -- -- 

rHuEPO (Epogen, Procrit) 4-13 -- -- 4-13 -- -- 

In patients with chemotherapy-induced anemia, the half-life of subcutaneous darbepoetin is 74 hours. 
The pharmacokinetic profile of PEG-EPO shows that hemodialysis, hepatic impairment, and 
subcutaneous injection site had no effect on serum concentration. For rHuEPO, the pharmacokinetics 
in children and adolescents is similar to adults. Pharmacokinetic profiles for rHuEPO are not available 
for HIV-positive patients.  

CONTRAINDICATIONS/WARNINGS32,33,34,35 

Contraindications 

Darbepoetin, PEG-EPO, and rHuEPO are contraindicated in patients with uncontrolled hypertension 
and hypersensitivity to any of the components. Darbepoetin, PEG-EPO, and rHuEPO are 
contraindicated in patients with hypersensitivity to albumin (human) and mammalian cell-derived 
products and in Pure Red Cell Aplasia (PRCA) that begins after treatment with any recombinant DNA-
produced erythropoietin protein drugs. rHuEPO from multidose vials contains benzyl alcohol and is 
contraindicated in neonates, infants, pregnant women, and nursing women. Serious adverse events 
and death, especially in pediatric patients, have occurred with benzyl alcohol. When rHuEPO therapy is 
necessary for infants or neonates, use single-dose vials. Do not admix with bacteriostatic saline 
containing benzyl alcohol. 

Black Box Warnings 

The ESAs have several boxed warnings. 

Patients on ESAs are at increased risk of death, myocardial infarction, stroke, venous 
thromboembolism, thrombosis of vascular access, and tumor progression or recurrence. 

Patients with chronic kidney disease experienced greater risks for death, serious adverse CV reactions, 
and stroke when administered ESAs to target hemoglobin level of greater than 11 g/dL. No trial has 
identified a hemoglobin target level, darbepoetin, PEG-EPO, or rHuEPO dose, or dosing strategy that 
does not increase these risks. Use the lowest darbepoetin, PEG-EPO, or rHuEPO dose sufficient to 
reduce the need for RBC transfusions. 
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In cancer patients, ESAs shortened overall survival and/or increased the risk of tumor progression or 
recurrence in some clinical studies in patients with breast, non-small cell lung, head and neck, 
lymphoid, and cervical cancers. To decrease these risks, as well as the risk of serious cardio- and 
thrombovascular events, the lowest dose needed to avoid RBC transfusion should be used in patients 
receiving darbepoetin or rHuEPO. PEG-EPO is not indicated for use in cancer patients. Because of these 
risks, prescribers and hospitals must enroll in and comply with the ESA APPRISE Oncology Program to 
prescribe and/or dispense darbepoetin or rHuEPO to patients with cancer. To enroll in the ESA APPRISE 
Oncology Program, visit www.esa-apprise.com or call 1-866-284-8089 for further assistance. 
Darbepoetin or rHuEPO should only be used for treatment of anemia due to concomitant 
myelosuppressive chemotherapy and are not indicated for patients receiving myelosuppressive 
therapy when the anticipated outcome is cure. Darbepoetin or rHuEPO should be discontinued 
following the completion of a chemotherapy course.  

Additionally, rHuEPO (Epogen/Procrit) increased the rate of deep venous thromboses in perisurgical 
patients not receiving prophylactic anticoagulation. Deep venous thrombosis prophylaxis should be 
considered for perisurgical patients. 

Warnings 

Increased Mortality, Myocardial Infarction, Stroke, and Thromboembolism 

Patients with previous risk factors for thrombosis may be at higher risk for thrombosis with the use of 
ESAs. Patients should be evaluated for risk factors, such as history of thromboembolism, 
hypercoagulability, hypertension, heritable mutation, elevated pre-chemotherapy platelet counts, 
steroid use, prolonged immobilization, recent surgery, multiple myeloma treatments, and use of 
hormonal agents. The absolute risk of thrombotic events was 7.5% in patients using rHuEPO and 
darbepoetin and 4.9% in control patients.36 In clinical trials with patients with CKD comparing higher 
Hb targets (13 to 14 g/dL) to lower targets (9 to 11.3 g/dL), ESAs increased the risk of death, myocardial 
infarction, stroke, congestive heart failure, thrombosis of hemodialysis vascular access, and other 
thromboembolic events in the groups with higher Hb targets.37,38 Using ESAs to treat to a Hb level > 11 
g/dL increases the risk of adverse events and has not been shown to provide additional benefit. Use 
caution with ESAs in patients with coexistent CVD and stroke. Patients with CKD and an insufficient Hb 
response to ESAs may be at a greater risk for CV adverse effects and mortality than other patients. A 
rate of Hb rise of > 1 g/dL over a 2-week period may contribute to these risks. 

In clinical trials with patients with cancer, ESAs increased the risk of death and serious CV adverse 
effects, including myocardial infarction and stroke. 

In clinical trials, ESAs increased the risk of death in patients undergoing coronary artery bypass graft 
surgery (CABG) and the risk of deep venous thrombosis (DVT) in patients undergoing orthopedic 
procedures. Cancer patients receiving darbepoetin had more reports of pulmonary emboli, 
thrombophlebitis, and thrombosis compared to placebo controls. 
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Increased Mortality and/or Tumor Progression in Patients with Cancer 

ESAs resulted in decreased locoregional control/progression-free survival and/or overall survival in 
patients with metastatic breast cancer receiving chemotherapy, patients with head and neck 
malignancies receiving radiation therapy, patients with lymphoid malignancy receiving chemotherapy, 
and advanced non-small cell lung cancer or various malignancies not receiving chemotherapy or 
radiotherapy. ESAs, excluding PEG-EPO, should be used only to treat anemia that occurs in patients 
with cancer while they are undergoing chemotherapy and should be stopped when chemotherapy 
ends. 

Because of these risks, prescribers and hospitals must enroll in and comply with the ESA APPRISE 
(Assisting Providers and Cancer Patients with Risk Information for the Safe Use of ESAs) Oncology 
Program to prescribe and/or dispense darbepoetin or rHuEPO to patients with cancer. Additionally, 
prescribers and patients must provide written acknowledgment of a discussion of the risks associated 
with these agents.39 

Deep Venous Thrombosis (DVT) 

For the patients receiving rHuEPO pre-operatively for reduction of allogenic RBC transfusions, a higher 
incidence of DVT was documented in patients receiving rHuEPO who were not receiving prophylactic 
anticoagulation. In the SPINE study, 681 adults not receiving prophylactic anticoagulation and 
undergoing spinal surgery were randomized to rHuEPO and standard of care or standard of care alone. 
By duplex imaging or clinical symptoms, the rHuEPO group (4.7%) had a higher incidence of DVT than 
the standard of care group (2.1%). Additionally, 12 patients (3.5%) receiving rHuEPO and 7 patients 
(2.1%) receiving standard of care had other thrombotic events. Darbepoetin and PEG-EPO are not 
approved for this indication. 

Increased mortality was observed in a randomized placebo-controlled study of rHuEPO in adult 
patients who were undergoing coronary artery bypass surgery (7 deaths in 126 patients randomized to 
rHuEPO versus no deaths among 56 patients receiving placebo). Four of these deaths occurred during 
the period of study drug administration, and all 4 deaths were associated with thrombotic events. ESAs 
are not approved for reduction in allogeneic RBC transfusions in patients scheduled for cardiac surgery. 

Hypertension in Chronic Renal Disease Patients 

Patients with uncontrolled hypertension should not begin therapy with darbepoetin, PEG-EPO, or 
rHuEPO. Approximately 40% of patients with CRF receiving darbepoetin, 25% of patients on dialysis 
receiving rHuEPO, and 27% of dialysis and non-dialysis CRF patients may require initiation or 
intensification of antihypertensive therapy during the early phase of treatment when Hb is increasing. 
Hypertensive encephalopathy and seizures have been observed in patients with CRF treated with 
darbepoetin, PEG-EPO, or rHuEPO. Blood pressure should be closely monitored and carefully 
controlled in patients receiving ESAs. If blood pressure is difficult to control by pharmacologic or 
dietary measures, the dose of darbepoetin, PEG-EPO, or rHuEPO should be reduced or withheld. 

Seizures 

Seizures have been reported in clinical trials involving CRF patients treated with ESAs, particularly 
during the first 90 days of therapy. Blood pressure and the presence of premonitory neurologic 
symptoms should be monitored closely during the first several months of therapy. 
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Pure Red Cell Aplasia 

Pure red cell aplasia (PRCA) and severe anemia, with and without other cytopenias, have been 
reported with darbepoetin, PEG-EPO, and rHuEPO. The presence of neutralizing antibodies has been 
observed. Most cases have been associated with ESAs given subcutaneously in patients with CRF, but 
PRCA has also been reported in patients receiving darbepoetin and rHuEPO and undergoing treatment 
for hepatitis C infection with interferon and ribavirin. Although the condition is considered rare, PRCA 
has been linked to the development of anti-erythropoietin antibodies in patients who received 
recombinant ESAs. Any patient demonstrating a sudden loss of response to darbepoetin, PEG-EPO, or 
rHuEPO with severe anemia and low reticulocyte count should be evaluated for the etiology of loss of 
effect. If anti-erythropoietin antibody-associated anemia is suspected, all recombinant DNA-produced 
erythropoietic agents (rHuEPO, PEG-EPO, darbepoetin) should be withheld.40,41,42 

Serious Allergic Reactions 

Serious allergic reactions, including anaphylaxis, angioedema, bronchospasm, skin rash, and urticaria, 
have been reported with darbepoetin, PEG-EPO, and rHuEPO. Additionally, patients receiving PEG-EPO 
have reported Stevens-Johnson syndrome/toxic epidermal necrolysis. Any patient showing signs of 
serious allergic reactions should immediately and permanently discontinue treatment with 
darbepoetin, PEG-EPO, or rHuEPO and receive appropriate therapy.  

Other Warnings 

rHuEPO contains albumin, a derivative of human blood. Based on effective donor screening and 
product manufacturing processes, it carries an extremely remote risk for transmission of viral diseases. 
A theoretical risk for transmission of Creutzfeldt-Jakob disease (CJD) also is considered extremely 
remote. No cases of transmission of viral diseases or CJD have ever been identified for albumin. Serious 
allergic reactions have been reported following ESA administration. 

Risk Evaluation and Mitigation Strategy (REMS) Program43,44,45 

The FDA requires that darbepoetin and rHuEPO be prescribed and used under a REMS program. A 
medication guide explaining the risks and benefits of darbepoetin and rHuEPO therapy must be 
provided to each patient receiving them. Prescribers and patients must provide written 
acknowledgement of the risks of darbepoetin and rHuEPO . 

The REMS program for darbepoetin and rHuEPO also requires healthcare professionals who prescribe 
darbepoetin and rHuEPO to patients with cancer to receive education and register with the Assisting 
Providers and Cancer Patients with Risk Information for the Safe use of ESAs (APPRISE) program. 
Important points of the education are the risks that ESAs shorten survival and/or increase the risk of 
tumor progression or recurrence. Prescribers should use the lowest effective dose of darbepoetin or 
rHuEPO to avoid blood transfusion. ESAs should only be used with concomitant myelosuppressive 
chemotherapy. ESAs are not indicated for patients receiving myelosuppressive chemotherapy when 
the anticipated outcome is cure. PEG-EPO is not indicated for use in patients receiving chemotherapy; 
therefore, it is not included in the REMS program. 

DRUG INTERACTIONS46,47,48,49 

No formal drug interaction studies have been performed with the ESAs. 
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ADVERSE EFFECTS50,51,52,53 

CRF Patients 

Drug 
Hypertension 

(%) 
Arthralgia 

(%) 
Medical Device 
Malfunction (%) 

Vascular Access 
Complication 

(%) 
Edema (%) 

darbepoetin (Aranesp)  
n=766 

31 nr nr 8 17 

PEG-EPO  
(Mircera)  
n=1,789 

13 nr nr 5 nr 

rHuEPO  
(Epogen, Procrit)  
n=148 on dialysis 
(placebo n=96) 

27.7 

(12.5) 

16.2 

(3.1) 

8.1 

(4.2) 

8.1 

(4.2) 
 nr 

rHuEPO  
(Epogen, Procrit)  
n=131 not on dialysis 
(placebo n=79) 

13.7 

(10.1) 

12.2 
(7.6) 

nr nr nr 

Adverse effects data are obtained from package inserts and are not meant to be comparative or all inclusive. Incidences for 
the placebo group are indicated in parentheses. 

For children with CRF receiving rHuEPO, adverse effects reported are similar to those reported in 
studies with adults. Studies have not evaluated the effects of darbepoetin or PEG-EPO when 
administered to pediatric patients as the initial treatment for the anemia associated with CRF. 

Cancer Patients Receiving Chemotherapy 

Drug 
Abdominal 

Pain  
(%) 

Nausea  
(%) 

Vomiting  
(%) 

Thrombotic 
Adverse Events  

(%) 

Myalgia 
(%) 

Edema 
(%) 

darbepoetin (Aranesp)  
n=1,203 
placebo n=909 

13.2 
(9.4) 

nr nr 
6.1 

(4.1) 
nr 

12.8 
(9.7) 

rHuEPO  
(Epogen, Procrit)  
n=168 
placebo n=165 

nr 
35 

(30) 

20 

(16) 

5 

(3) 

10 

(5) 
nr 

Adverse effects data are obtained from package inserts and are not meant to be comparative or all inclusive. Incidences for 
the placebo group are indicated in parentheses.  
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Zidovudine-treated HIV-infected Patients 

Drug 
Injection Site 
Irritation (%) 

Pyrexia  
(%) 

Urticaria  
(%) 

Cough  
(%) 

Rash (%) 

rHuEPO  
(Epogen, Procrit)  
n=144  
placebo n=153 

7 

(4) 

42 

(34) 

3 

(1) 

26 

(14) 

19 

(7) 

Adverse effects data are obtained from package inserts and are not meant to be comparative or all inclusive. Incidences for 
the placebo group are indicated in parentheses.  

Surgery Patients 

Drug 
Chills  
(%) 

Headache 
(%) 

Injection 
site pain (%) 

Nausea (%) 
Deep Venous 
Thrombosis 

(%) 

Vomiting 
(%) 

rHuEPO  
(Epogen, Procrit) 300 units/kg 
n=112 placebo n=103 

7 

(1) 

13 

(9) 

13 

(8) 

47 

(45) 

6 

(3) 

21 

(14) 

Adverse effects data are obtained from package inserts and are not meant to be comparative or all inclusive. Incidences for 
the placebo group are indicated in parentheses. 

SPECIAL POPULATIONS54,55,56,57 

Pediatrics 

There are limited data for ESAs available in neonates.58,59,60,61 Multidose vials of rHuEPO are formulated 
with benzyl alcohol so do not administer rHuEPO from multidose vials, or from single-dose vials 
admixed with bacteriostatic saline containing benzyl alcohol, to neonates or infants. When therapy 
with rHuEPO is needed in neonates and infants, use a benzyl alcohol-free formulation. 

Pharmacokinetic profiles of rHuEPO are similar in both adults and children. Both rHuEPO products are 
FDA-approved for the treatment of anemia in pediatric CRF patients 1 month of age to 16 years who 
require dialysis and for children with cancer ages 5 to 18 years for the treatment of anemia due to 
concurrent myelosuppressive chemotherapy. Additionally, data exist to support the use rHuEPO in 
patients 8 months to 17 years old with zidovudine-treated HIV infection. 

Safety and effectiveness of rHuEPO have been evaluated in a 16-week, double-blind, randomized trial 
for the treatment of chemotherapy-induced anemia in 222 pediatric patients ages 5 to 18 years.62 After 
week 4, patients in the rHuEPO group were significantly more likely than those in the placebo group to 
remain transfusion-free (38.7% versus 22.5%; p=0.01). There was no improvement in health-related 
quality of life with no evidence of effectiveness for fatigue, energy, or strength between the group 
receiving rHuEPO or placebo. Adverse events were similar between the 2 groups. 

Safety and efficacy of darbepoetin or PEG-EPO have not been established in the initial treatment of 
pediatric patients with CKD or in the transition from another erythropoietin to darbepoetin or PEG-EPO 
in pediatric CKD patients less than 1 year of age. Safety and efficacy of darbepoetin or PEG-EPO have 
not been established for pediatric patients with chemotherapy-induced anemia. 

A study of the conversion from rHuEPO to darbepoetin among pediatric CRF patients over 1 year of age 
showed similar safety and efficacy to the findings from adult conversion studies. Safety and efficacy in 
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the initial treatment of anemic pediatric CRF patients, or in the conversion from another erythropoietin 
to darbepoetin or PEG-EPO in pediatric CRF patients less than 1 year of age, have not been established. 
Maximum concentration and half-life in pediatric patients with CRF were similar to those obtained in 
adult CRF patients on dialysis. Following a single subcutaneous dose, the average bioavailability was 
54% (range: 32% to 70%), which was higher than that obtained in adult CRF patients on dialysis. 

Open-label use of darbepoetin in 33 children with CRF on dialysis has shown to be effective at a dose 
of 0.5 mcg/kg/week with over 75% of children receiving darbepoetin less than once weekly.63 Pediatric 
patients (age 1 to 17 years) with CRF receiving or not receiving dialysis were enrolled in an open-label, 
randomized study.64 Ten patients dropped out, none due to darbepoetin. Patients receiving stable 
doses of rHuEPO were randomized to either darbepoetin weekly (SC or IV) or to continue on the 
current rHuEPO regimen. A median weekly dose of darbepoetin 0.41 mcg/kg was required to maintain 
Hb in the target range. The proportion of patients with Hb values > 10 g/dL was 97% between weeks 8 
and 12, and 91% between weeks 20 and 24. Adverse effects reported were fever, headache, 
nasopharyngitis, hypertension, hypotension, cough, and injection site pain. Similar findings were 
reported in a group of 39 pediatric patients ages 11 to 18 years with CRF.65 Mean darbepoetin dose in 
the observational, prospective study was 0.63 mcg/kg/week to achieve target Hb of 11 to 13 g/dL. 

A randomized, open-label trial compared the efficacy and safety of darbepoetin and rHuEPO in 124 
children (age 1 to 18 years) with CKD.66 Patients were receiving stable doses of rHuEPO prior to study 
entry. Patients were either continued on the stable dose of rHuEPO or switched to darbepoetin and 
titrated to achieve Hb between 10 to 12.5 g/dL. The adjusted mean change in Hb from baseline was -
0.16 g/dL and 0.15 g/dL for rHuEPO and darbepoetin, respectively (95% confidence interval [CI],  
-0.45 to 1.07). Safety was comparable between the groups. 

Pregnancy 

Products in this class are Pregnancy Category C. Regarding rHuEPO (Epogen/Procrit), single-dose vials 
should be used for pregnant women to avoid the administration of benzyl alcohol. 

Geriatrics 

No differences in overall safety or efficacy of darbepoetin have been observed between older and 
younger patients in clinical trials involving CRF patients or patients with cancer. 

For CKD patients on dialysis and patients undergoing elective surgery, no differences in safety or 
effectiveness for rHuEPO were observed between geriatric and younger patients in clinical trials. 
Insufficient numbers of patients age 65 or older were enrolled in clinical studies of rHuEPO for the 
treatment of anemia associated with pre-dialysis CRF, cancer chemotherapy, and zidovudine-
treatment of HIV infection to determine whether they respond differently from younger subjects.  

Additionally, insufficient numbers of CKD patients age 65 or older were enrolled in clinical studies of 
PEG-EPO to determine whether they respond differently from younger subjects.  
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DOSAGES67,68,69,70 

Drug 

CRF 
Zidovudine-treated 

HIV-infected Patients 
Chemotherapy-associated Anemia 

in Cancer Patients 
Surgery 

Starting 
Dose 

Starting 
Dose 

Starting 
Dose 

Target Hb 
(g/dL) 

Starting 
Dose 

darbepoetin 
(Aranesp) 

Dialysis: Adults: 0.45 
mcg/kg IV or SC once 

weekly or 0.75 mcg/kg 
every 2 weeks 

 

Pediatrics: 0.45 mcg/kg 
IV or SC once weekly 

Not on dialysis: Adults: 
0.45 mcg/kg IV or SC 

every 4 weeks 

 

Pediatrics: 0.45 
mcg/kg IV or SC once 

weekly or 0.75 mcg/kg 
every 2 weeks  

-- 
2.25 mcg/kg SC once 
weekly or 500 mcg SC 

every 3 weeks* 

sufficient to 
avoid RBC 

transfusion 
-- 

PEG-EPO 
(Mircera) 

All Adults: 0.6 mcg/kg IV or SC once every 2 
weeks 

-- -- -- -- 

rHuEPO (Epogen, 
Procrit) Dialysis: Adults: 50-100 

units/kg IV or SC 3 
times weekly 

 
Pediatrics: 50 units/kg 
IV or SC 3 times weekly 

Not on dialysis Adults: 
50-100 units/kg IV or 

SC 3 times weekly 

Adults: 100 units/kg IV or 
SC 3 times weekly  

Adults: 150 units/kg SC 
3 times weekly or 

40,000 units SC once 
weekly* 

 
Pediatrics: 600 units/kg 
IV weekly (max 40,000 

units weekly)* 

sufficient to 
avoid RBC 

transfusion 

Adults: 300 units/kg SC daily for 
10 days prior to surgery, day of 

surgery, and 4 days after 
surgery OR 600 units/kg once 
weekly starting 3 weeks prior 

to, and on day of surgery 

*Discontinue when chemotherapy completed. 
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Availability 

Drug Single-Dose Vials Multiple Dose Vials Prefilled Syringe and SureClick Autoinjectors 

darbepoetin 
(Aranesp)  

25, 40, 60, 100, 200, 300 mcg/mL in 1 mL vials  

-- 

10 mcg/0.4 mL, 25 mcg/0.42 mL, 40 mcg/0.4 mL, 60 
mcg/0.3 mL, 100 mcg/0.5 mL, 150 mcg/0.3 mL, 200 
mcg/0.4 mL, 300 mcg/0.6 mL, 500 mcg/1 mL  

PEG-EPO (Mircera) 
-- -- 

50 mcg/0.3 mL, 75 mcg/0.3 mL, 100 mcg/0.3 mL,  
200 mcg/0.3 mL 

rHuEPO* (Epogen, 
Procrit) 

2,000, 3,000, 4,000, 10,000 units/mL in 1 mL 
vials (Epogen) 

2,000, 3,000, 4,000, 40,000 units/mL in 1 mL 
vials (Procrit) 

10,000 units/mL in 2 mL vial** 

20,000 units/mL in 1 mL vial** 
-- 

* All formulations of rHuEPO contain albumin  

** Contains preservative   
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Dosing Considerations 

Prior to and during ESA therapy, patients’ iron stores, including transferrin saturation and serum 
ferritin, should be evaluated. Transferrin saturation should be at least 20%, and ferritin should be at 
least 100 ng/mL. Virtually all patients will eventually require supplemental iron to increase or maintain 
transferrin saturation to levels that will adequately support erythropoiesis stimulated by ESA. 

Hb should be monitored weekly until it has stabilized and the maintenance dose has been established. 

Chronic Renal Failure 

The dose of ESA should be individualized to maintain Hb levels sufficient to reduce the need for RBC 
transfusion. Do not increase the dose of ESA more than once per 4 weeks; however, reductions in ESAs 
may occur more frequently. 

For patients with CKD on dialysis, darbepoetin, PEG-EPO, or rHuEPO therapy may be initiated when Hb 
is less than 10 g/dL. When the Hb is increasing and approaching 11 g/dL, the dose of the ESA should be 
reduced by 25%. If the Hb continues to increase, the ESA should be withheld until the Hb begins to 
decrease. Reinitiate the ESA at 25% below the previous dose. If the Hb increases by more than 1 g/dL 
within a 2-week period, the ESA dose should be reduced by 25% or more. 

If the increase in hemoglobin is less than 1 g/dL over 4 weeks and iron stores are adequate, the dose of 
darbepoetin, PEG-EPO, or rHuEPO may be increased by approximately 25% of the previous dose. 
Further increases may be made at 4-week intervals until the specified Hb is obtained. Increases in dose 
should not be made more frequently than once a month. 

For patients whose Hb does not adequately respond despite the use of appropriate ESA dose titrations 
over a 12-week period, do not administer higher doses and use the lowest dose that will maintain a 
hemoglobin level sufficient to avoid the need for recurrent RBC transfusions. Evaluate for other causes 
of anemia, and continue to monitor response. 

For patients with CKD not on dialysis, darbepoetin, PEG-EPO, or rHuEPO, therapy may be initiated 
when Hb is less than 10 g/dL and the rate of Hb decline indicates that a RBC transfusion is likely and 
the goal is to reduce the risk of alloimmunization and/or other RBC transfusion-related risks. If Hb 
exceeds 10 g/dL, reduce or interrupt the dose of ESA and use the lowest dose of ESA sufficient to 
reduce the need for RBC transfusion. 

Chemotherapy-related Anemia 

Therapy with darbepoetin or rHuEPO should only be initiated if the Hb is <10 g/dL and if there is a 
minimum of 2 additional months of planned chemotherapy. The dose of darbepoetin or rHuEPO should 
be titrated for each patient to achieve and maintain the lowest Hb level sufficient to avoid the need for 
RBC transfusion. 

For either weekly or every 3 week dosing schedules of darbepoetin, the dose should be adjusted for 
each patient to maintain the lowest Hb level sufficient to avoid RBC transfusion. If the rate of Hb 
increase is more than 1 g/dL per 2-week period or when the Hb reaches a level needed to avoid 
transfusion, the dose should be reduced by 40% of the previous dose. If the Hb exceeds a level needed 
to avoid RBC transfusion, darbepoetin should be temporarily withheld until the Hb approaches a level 
where RBC transfusions may be required. Therapy should be reinitiated at a dose 40% below the 
previous dose. 
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For patients receiving weekly administration, if there is less than a 1 g/dL increase in Hb after 6 weeks 
of therapy and Hb remains less than 10 g/dL, the dose of darbepoetin should be increased up to 4.5 
mcg/kg. Discontinue darbepoetin if, after 8 weeks of therapy, there is no response as measured by Hb 
levels or if transfusions are still required. Discontinue darbepoetin following the completion of a 
chemotherapy course. 

Reduce rHuEPO dose by 25% when Hb reaches a level needed to avoid RBC transfusion or increases > 1 
g/dL in any 2-week period. rHuEPO should be withheld when Hb exceeds a level needed to avoid RBC 
transfusion. rHuEPO should be restarted at 25% below the previous dose when the Hb approaches a 
level where RBC transfusions may be required. rHuEPO should be discontinued following the 
completion of chemotherapy course. After the initial 4 weeks of rHuEPO, if the Hb increases by less 
than 1 g/dL and remains < 10 g/dL, increase rHuEPO dose to 300 units/kg three times per week in 
adults or 60,000 units weekly in adults or 900 units/kg (maximum of 60,000 units) weekly in children. 
If, after 8 weeks of rHuEPO therapy, there is no response as measured by Hb levels, or if RBC 
transfusions are still required, discontinue rHuEPO. 

Zidovudine-treated HIV-infected Patients 

Prior to beginning rHuEPO, it is recommended that the endogenous serum erythropoietin level be 
determined (prior to transfusion). Available evidence suggests that patients receiving zidovudine with 
endogenous serum erythropoietin levels greater than 500 mUnits/mL are unlikely to respond to 
therapy with rHuEPO. 

If Hb exceeds 12 g/dL, rHuEPO dose should be discontinued until the Hb is less than 11 g/dL. The 
rHuEPO dose should be reduced by 25% when treatment is resumed. 

If a satisfactory response is not seen within 8 weeks of therapy, rHuEPO dose can be increased by 50 to 
100 units/kg three times weekly. Response should be evaluated every 4 to 8 weeks, and the dose 
adjusted accordingly by 50 to 100 units/kg increments 3 times weekly. If a patient has not responded 
to rHuEPO 300 units/kg three times weekly for 8 weeks, discontinue rHuEPO. 
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Dose Conversions 

FDA-labeled Dose Conversion of rHuEPO to darbepoetin for Patients with CKD on Dialysis 

Previous weekly rHuEPO 
(Epogen/Procrit) dose (units) 

Equivalent weekly darbepoetin 
(Aranesp) dose in adults  

(mcg) 

Equivalent weekly darbepoetin 
(Aranesp) dose in pediatric patients  

(mcg) 

< 1,500 6.25 
available data are insufficient to 

determine 

1,500 to 2,499 6.25 6.25 

2,500 to 4,999 12.5 10 

5,000 to 10,999 25 20 

11,000 to 17,999 40 40 

18,000 to 33,999 60 60 

34,000 to 89,999 100 100 

> 90,000 200 200 

Darbepoetin is administered once weekly for patients who received rHuEPO 2 to 3 times per week and 
once every 2 weeks for those who received rHuEPO once weekly; the same route of administration 
should be maintained. For patients with CKD not on dialysis, the above table does not accurately 
reflect the once monthly administration of darbepoetin. 

Clinical study results suggest that greater relative potency differences are seen between rHuEPO and 
darbepoetin alfa when the dosing intervals are longer and when rHuEPO dose requirements are higher. 
Although 200 units of rHuEPO contains the same peptide mass as 1 mcg of darbepoetin alfa, a fixed 
ratio of 200:1 does not necessarily predict an appropriate dose conversion between the 2 drugs across 
the entire spectrum of dose ranges. When converting patients with CRF from rHuEPO to darbepoetin 
alfa, dosing should be based on relevant clinical data. Appropriate guidance for conversion of patients 
with CKD from rHuEPO to darbepoetin alfa is provided in the approved package insert for darbepoetin 
alfa (Aranesp). In patients who are prescribed darbepoetin alfa, either by conversion from rHuEPO or 
as de novo treatment, therapy should begin according to recommendations in the package insert, after 
which, doses should be titrated individually according to each patient’s hemoglobin response.71 
Retrospective chart analyses have shown that the 2 most commonly used doses, rHuEPO 
(Epogen/Procrit) 40,000 units weekly and darbepoetin (Aranesp) 200 mcg every 2 weeks, result in 
similar hematologic outcomes with the higher Hb targets.72,73,74  
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FDA-labeled Dose Conversion of rHuEPO or darbepoetin to PEG-EPO for Patients with CKD 

Previous weekly rHuEPO 
(Epogen/Procrit) dose 

(units/week) 

Previous weekly 
darbepoetin 

(Aranesp) dose 
(mcg/week) 

Equivalent PEG-EPO (Mircera) dose in adults  
(mcg) 

Monthly PEG-EPO (Mircera) 
dose in adults  

(mcg) 

Once every 2 week PEG-EPO 
(Mircera) dose in adults  

(mcg/every 2 weeks) 

< 8,000 < 40 120 60 

8,000 to 16,000 40 to 80 200 100 

> 16,000 > 80 360 180 

PEG-EPO can be administered once monthly or once every 2 weeks for CKD patients with stabilized 
hemoglobin due to treatment with rHuEPO or darbepoetin; the same route of administration should 
be maintained. The dose of PEG-EPO is based on the total weekly dose of rHuEPO or darbepoetin. 
When converting patients with CKD from rHuEPO or darbepoetin to PEG-EPO, dosing should be based 
on the guidance for conversion provided in the approved package insert for PEG-EPO (Mircera) and 
doses should be titrated individually according to each patient’s hemoglobin response.  

CLINICAL TRIALS 

Search Strategy 

Studies were identified through searches performed on PubMed and review of information sent by 
manufacturers. Search strategy included the use of all drugs in this class for the FDA-approved 
indications used in the outpatient setting. Studies included for analysis in the review were published in 
English, performed with human participants, and randomly allocated participants to comparison 
groups. In addition, studies must contain clearly stated, predetermined outcome measure(s) of known 
or probable clinical importance, use data analysis techniques consistent with the study question, and 
include follow-up (endpoint assessment) of at least 80% of participants entering the investigation. 
Despite some inherent bias found in all studies, including those sponsored and/or funded by 
pharmaceutical manufacturers, the studies in this therapeutic class review were determined to have 
results or conclusions that do not suggest systematic error in their experimental study design. While 
the potential influence of manufacturer sponsorship and/or funding must be considered, the studies in 
this review have also been evaluated for validity and importance. 

Several comparative trials between rHuEPO and darbepoetin have been performed in an open-label 
manner in a variety of types of anemia.75,76,77,78,79,80,81,82,83,84,85,86,87,88,89 Retrospective analyses have also 
evaluated data from patients receiving darbepoetin and rHuEPO for a variety of anemia 
indications.90,91,92,93,94,95,96,97 

Use of erythropoiesis-stimulating agents in anemic patients with HIV that have been treated with 
zidovudine have not been demonstrated in controlled clinical trials to improve quality of life, fatigue, 
or patient well-being.98,99 
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Chronic Renal Failure 

rHuEPO (Epogen/Procrit) 3 times weekly versus darbepoetin (Aranesp) once weekly 

A randomized, double-blind, noninferiority study was conducted to determine whether darbepoetin is 
as effective as rHuEPO for the treatment of anemia in 507 hemodialysis patients when administered at 
a reduced dosing frequency.100 Patients receiving rHuEPO therapy were randomized to continue 
rHuEPO administered IV 3 times weekly or change to darbepoetin administered IV once weekly. The 
dose of darbepoetin or rHuEPO was individually titrated to maintain Hb concentrations within -1 to 
+1.5 g/dL of patients’ baseline values and within a range of 9 to 13 g/dL. Mean changes in Hb levels 
from baseline to the evaluation period (weeks 21 to 28) were 0.24 g/dL in the darbepoetin group and 
0.11 g/dL in the rHuEPO group. This difference was not statistically significant or clinically relevant 
despite the reduced frequency of darbepoetin administration. The safety profile of darbepoetin was 
similar to that of rHuEPO, and no antibody formation to either treatment was detected. 

PEG-EPO (Mircera) once every 4 weeks versus darbepoetin (Aranesp) once weekly or once every 2 
weeks 

A randomized, open-label, multicenter, parallel-group study was conducted to compare the safety and 
efficacy of PEG-EPO compared to darbepoetin for the correction of anemia in 307 non-dialysis, CKD 
patients.101 The patients consisted of ESA-naïve adults (≥ 18 years) with CKD Stage 3 or 4, an estimated 
glomerular filtration rate of 15 to 59 mL/min/1.73 m2, a baseline Hb concentration < 10.5 g/dL and 
adequate iron status defined as serum ferritin ≥ 100 μg/L or transferrin saturation (TSAT) ≥ 20% or < 
10% hypochromic red blood cells (RBCs), and were randomized (1:1) to receive 1.2 mcg/kg of PEG-EPO 
SC once every 4 weeks, darbepoetin 0.4 mcg/kg SC once weekly, or darbepoetin 0.75 mcg/kg SC once 
every 2 weeks for a 20-week correction period and an 8-week evaluation period. Hb response rate and 
change in average Hb concentration between baseline and evaluation were the 2 primary endpoints 
evaluated. The Hb response rate for PEG-EPO was 94.1% and darbepoetin was 93.5% (once weekly) 
and 95% (once every 2 weeks) showing the results to be comparable. PEG-EPO was shown to be non-
inferior to both dosing frequencies of darbepoetin, with similar mean Hb changes from baseline of 1.62 
g/dL and 1.66 g/dL, respectively, but did show a steady rise in Hb, with fewer patients (25.8%) above 
the target range during the first 8 weeks compared with darbepoetin (47.7%). Adverse event rates 
were comparable between the treatment groups. 

PEG-EPO (Mircera) once every 2 weeks versus rHuEPO (Epogen/Procrit) 3 times weekly 

A randomized, open-label, multicenter, parallel-group study was conducted to compare the efficacy of 
PEG-EPO to rHuEPO for Hb level correction in 181 ESA-naïve, CKD dialysis patients.102 The patients 
were randomized (3:1) to receive PEG-EPO administered IV once every 2 weeks compared to rHuEPO 
administered IV 3 times per week for a 24-week correction period. The Hb response rate for PEG-EPO 
was 93.3% and rHuEPO was 91.3% with mean change in Hb level from baseline to end of correction 
period of 12.28 g/dL for PEG-EPO and 12.19 g/dL with rHuEPO showing the results to be comparable. 
Both treatments were found to be generally well tolerated.  
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Chemotherapy-induced Anemia 

rHuEPO (Epogen/Procrit) versus placebo 

In a randomized, double-blind, placebo-controlled clinical trial, the effects of rHuEPO on transfusion 
requirements, hematopoietic parameters, quality of life (QoL), and safety in anemic cancer patients 
receiving nonplatinum chemotherapy were assessed.103 Three hundred seventy-five patients with solid 
or nonmyeloid hematologic malignancies and Hb levels less than or equal to 10.5 g/dL, or between 
10.5 and 12 g/dL after a Hb decrease of at least 1.5 g/dL per cycle since starting chemotherapy, were 
randomized to rHuEPO 150 to 300 units/kg or placebo 3 times per week for 12 to 24 weeks. The 
primary endpoint was proportion of patients transfused; secondary endpoints were change in Hb and 
QoL. The protocol was amended before unblinding to prospectively collect and assess survival data 12 
months after the last patient completed the study. Active treatment with rHuEPO significantly 
decreased transfusion requirements compared to placebo (24.7% versus 39.5%, respectively; 
p=0.0057) and increased Hb (2.2 versus 0.5 g/dL, respectively; p<0.001). Improvement of all primary 
cancer- and anemia-specific quality of life (QoL) domains, including energy level, ability to perform 
daily activities, and fatigue, were significantly (p<0.01) greater for rHuEPO patients. Adverse events 
were comparable between groups. 

A double-blind, placebo-controlled trial with 344 patients with anemia after receiving chemotherapy 
evaluated the efficacy of rHuEPO 40,000 units SC weekly for 16 weeks. The mean increase in Hb was 
0.9 g/dL for placebo and 2.8 g/dL for rHuEPO (p<0.0001).104 Increases of ≥ 2 g/dL in Hb were observed 
in 31.7% and 72.7% of the placebo and rHuEPO groups, respectively (p<0.0001). Transfusions of RBCs 
occurred significantly less frequently in the rHuEPO group than with placebo (25.3% versus 39.6% in 
placebo group, p=0.005), and total transfused units were significantly lower in the active treatment 
group also (127 versus 256 units in placebo group, p<0.0001). The average QoL scores were similar 
between the groups. Patients who experienced an increase in Hb in either group had improvements in 
mean change in Functional Assessment of Cancer Therapy (FACT) fatigue score from baseline which 
was significantly greater than nonresponders (p=0.006). 

darbepoetin (Aranesp) versus placebo 

In a multicenter, double-blind, placebo-controlled trial, 320 patients with lung cancer and anemia were 
randomly assigned to receive darbepoetin 2.25 mcg/kg or placebo once weekly.105 By 12 weeks, 
patients receiving darbepoetin required about half as many blood transfusions (27 versus 52%, 
p<0.001) and nearly a third fewer units of blood (0.67 versus 1.92, p<0.001). Hematopoietic response, 
defined as a 2 g/dL rise in Hb or reaching a Hb of 12 g/dL, occurred more frequently in treatment 
patients (66 versus 24%, p<0.001). Treated patients also had more improvement in fatigue scores (56 
versus 44%, p=0.019) than patients receiving placebo. With regard to QoL, 56% of the patients in the 
darbepoetin group and 44% in the placebo group had an improvement in the FACT-fatigue cancer 
chemotherapy score (p=0.052). Adverse events were similar in each group. 

rHuEPO (Epogen/Procrit) once weekly or every 3 weeks versus darbepoetin (Aranesp) once every 3 
weeks 

In an open-label, multicenter, prospective trial, 239 patients with cancer chemotherapy-associated 
anemia (CAA) and Hb < 10.5 g/dL were randomized to receive rHuEPO 40,000 units SC once weekly, 
extended schedule rHuEPO (either 80,000 units every 3 weeks or 120,000 units every 3 weeks), or 
darbepoetin 500 mcg every 3 weeks for 15 weeks.106 The primary endpoint evaluated was the 
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proportion of patients achieving Hb ≥ 11.5 g/dL or increment of Hb > 2 g/dL from baseline without 
transfusion. Secondary endpoints were transfusion requirements, adverse events, and patient-
reported outcomes. It was determined that there were no significant differences in patients requiring 
RBC transfusions, adverse events, patient-reported outcomes, or between treatment arms in the 
proportion of patients achieving Hb response (68.9% for weekly rHuEPO, 61.7% for rHuEPO 80,000 
units every 3 weeks, 65.5% for rHuEPO 120,000 units every 3 weeks, and 66.7% for the darbepoetin 
arm; p>0.41 for all comparisons).  The median Hb increment from baseline was found to be higher in 
the weekly rHuEPO arm and the darbepoetin arm compared to the 2 extended schedule rHuEPO arms.  
Also, the Hb response was achieved more quickly in the weekly rHuEPO arm. The 2 FDA-approved 
dosing schedules tested (weekly rHuEPO and darbepoetin every 3 weeks) were reasonable options for 
CAA. 

META-ANALYSES 

Multiple meta-analyses have been conducted on these agents. However, meta-analyses evaluating 
head-to-head trials with clinical outcomes are limited. 

A Cochrane review 56 studies (n=15,596) of ESAs for the treatment of CKD found that each agent was 
superior to placebo in prevention of blood transfusions, but there was insufficient evidence to suggest 
that one agent is superior to another.107 While one meta-analysis suggests dose efficiency with 
darbepoetin compared to rHuEPO, another Cochrane review of ESAs in dialysis patients found that 
darbepoetin is non-inferior to rHuEPO in achieving hemoglobin targets.108,109 

A meta-analysis of 9 trials (n=2,024) comparing rHuEPO and darbepoetin in patients with CKD found no 
difference between agents in all-cause mortality (darbepoetin versus rHuEPO: odds ratio [OR], 1.33; 
95% CI, 0.88 to 2.01).110 In addition, a meta-analysis of 17 studies of ESAs in CKD patients (with or 
without dialysis) found that higher hemoglobin target resulted in no statistically or clinically significant 
differences in quality of life, as measured using the Short-Form Health Survey (SF-36) (95% CI crossed 0 
for all domains) or the Kidney Dialysis Questionnaire (KDQ) (95% CI crossed 0 for all domains in both 
measurements of quality of life [SF-36 or KDQ]).111 No clinically significant differences were found 
during subgroup analyses as well. A benefit on mortality (or difference between agents) or quality of 
life was not found in earlier meta-analyses as well.112,113 

Results in cancer patients using ESAs have been similar. Multiple meta-analyses have found a benefit in 
transfusion reduction, but no benefit in mortality or disease progression.114,115 One Cochrane review of 
53 studies (n=4,993) on the use of ESAs in patients using chemotherapy agents found worsened overall 
survival (hazard ratio [HR], 1.06; 95% CI, 1 to 1.12) and increased mortality (HR, 1.17; 95% CI, 1.06 to 
1.3) in patients using ESAs.116 Other meta-analyses in cancer patients have found similar 
results.117,118,119 

SUMMARY 

Based on available evidence, darbepoetin (Aranesp) and rHuEPO (Epogen/Procrit) appear to have 
comparable safety and efficacy in reducing the need for red blood cell transfusions in the treatment of 
chemotherapy-induced anemia in patients with cancer. In the patients with chronic renal failure on 
dialysis or pre-dialysis, darbepoetin (Aranesp), PEG-EPO (Mircera), and rHuEPO (Epogen/Procrit) are 
effective in achieving and maintaining Hb levels sufficient to avoid RBC transfusions. Darbepoetin 
(Aranesp), PEG-EPO (Mircera), and rHuEPO (Epogen/Procrit) have similar occurrences of adverse 
effects when used according to their labeling. 
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Darbepoetin (Aranesp), PEG-EPO (Mircera), and rHuEPO (Epogen/Procrit) product information contain 
boxed warnings regarding risk for increased mortality, serious cardiovascular and thromboembolic 
events, and increased risk of tumor progression or recurrence. 

To reduce risk, use the lowest dose of rHuEPO (Epogen/Procrit), PEG-EPO (Mircera), and darbepoetin 
(Aranesp) that will gradually increase the hemoglobin concentrations to a level sufficient to avoid the 
need for red blood cell transfusion. Additionally, therapy with rHuEPO (Epogen/Procrit), PEG-EPO 
(Mircera), and darbepoetin (Aranesp) for chronic kidney disease should not exceed target hemoglobin 
of greater than 11 g/dL. 



 

Page 22  | 
Erythropoiesis Stimulating Proteins Review – August 2016 
Proprietary Information. Restricted Access – Do not disseminate or copy without approval. 
© 2004-2016 Magellan Rx Management. All Rights Reserved.  

 

REFERENCES 

                                                 
1 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
2 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
3 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
4 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
5 American Society of Hematology. Anemia. Available at: http://www.hematology.org/Patients/Blood-Disorders/Anemia/5225.aspx. Accessed August 16, 
2016. 
6 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
7 Graber S, Krantz S. Erythropoietin alfa and the Control of Red Cell Production. Ann Rev Med. 1978; 29:51-66. 
8 Adamson JW. Regulation of red blood cell production. Am J Med. 1996; 101:4S-6S. 
9 Graber S, Krantz S. Erythropoietin alfa and the Control of Red Cell Production. Ann Rev Med. 1978; 29:51-66. 
10 Eschbach J, Adamson J. Anemia of End-Stage Renal Disease (ESRD). Kidney Intl. 1985; 28:1-5.  
11 Eschbach J, Egrie J, Downing M, et al. Correction of the Anemia of End-Stage Renal Disease with Recombinant Human Erythropoietin. NEJM. 1987; 
316:73-78. 
12 NCCN Cancer- and Chemotherapy-Induced Anemia panel. National Comprehensive Cancer Network (NCCN) clinical practice guidelines in oncology. 
Cancer- and Chemotherapy-Induced anemia. V2.2016 Available at: http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf. Accessed August 16, 
2016. 
13 Rizzo DJ, Brouwers M, Hurley P, et al. American Society of Clinical Oncology/American Society of Hematology Clinical Practice Guideline Update on the 
Use of Epoetin and Darbepoetin in Adult Patients with Cancer. J Clin Oncol. 2010; 28(33):4996-5010. Available at: 
http://jco.ascopubs.org/content/28/33/4996. Accessed August 16, 2016. 
14 Rizzo DJ, Brouwers M, Hurley P, et al. American Society of Clinical Oncology/American Society of Hematology Clinical Practice Guideline Update on the 
Use of Epoetin and Darbepoetin in Adult Patients with Cancer. Blood. 2010; 116(20):4045-4059. 
15 National Kidney Foundation. KDOQI Clinical practice guidelines and clinical practice recommendations for anemia of chronic kidney disease. Am J 
Kidney Dis. 2006; 47(suppl 3):S1-146. Available at: http://www2.kidney.org/professionals/KDOQI/guidelines_anemiaUP/. Accessed August 16, 2016. 
16 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
17 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
18 Available at: http://www.fda.gov/Drugs/DrugSafety/ucm259639.htm. Accessed August 18, 2016. 
19 Anon. Press Announcements – FDA approves Omontys to treat anemia in adult patients on dialysis. 2012. Available at: 
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm297464.htm. Accessed August 18, 2016. 
20 FDA. Available at: http://www.fda.gov/safety/recalls/archiverecalls/2013/ucm340893.htm. Accessed August 18, 2016. 
21 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
22 Egrie J, Strickland T, Lane J, et al. Characterization and Biological Effects of Recombinant Human Erythropoietin. Immunobiol. 1986; 72:213-224. 
23 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
24 Egrie J, Browne J. Development and characterization of novel erythropoiesis stimulating protein (NESP). British J Cancer. 2001; 84(Suppl 1):3-10. 
25 Nissenson A. Novel erythropoiesis stimulating protein for managing the anemia of CKD. Am J Kidney Dis. 2001; 38:1390-1397. 
26 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
27 Donck J, Gonzalez-Tabares L, Chanliau J, et al. Preservation of Anemia Control and Weekly ESA Dosage After Conversion from PEG-Epoetin Beta to 
Darbepoetin Alfa in Adult Hemodialysis Patients: The TRANSFORM Study. Adv. Ther. 2014; 31(11): 1155-1168. DOI: 10.1007/s12325-014-0161-5. Accessed 
August 18, 2016. 
28 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
29 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
30 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
31 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
32 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
33 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
34 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
35 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
36 NCCN Cancer- and Chemotherapy-Induced Anemia panel. National Comprehensive Cancer Network (NCCN) clinical practice guidelines in oncology. 
Cancer- and Chemotherapy-Induced anemia. V2.2016 Available at: http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf. Accessed August 18, 
2016. 
37 Singh AK, Szczech L, Tang KL, et al for the CHOIR Investigators. Correction of Anemia with Epoetin Alfa in Chronic Kidney Disease. N Engl J Med. 2006; 
355(20):2085-2098. 
38 Pfeffer MA, Burdmann EA, Chen CY, et al. A trial of darbepoetin alfa in type 2 diabetes and chronic kidney disease. N Engl J Med. 2009; 361(21):2019-32. 
39 Available at: http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200104.pdf. Accessed 
August 18, 2016. 
40 NCCN Cancer- and Chemotherapy-Induced Anemia panel. National Comprehensive Cancer Network (NCCN) clinical practice guidelines in oncology. 
Cancer- and Chemotherapy-Induced anemia. V2.2016 Available at: http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf. Accessed August 18, 
2016. 
41 U.S. Food and Drug Administration. FDA Oncologic Drugs Advisory Committee (ODAC) meeting transcript. U.S. Department of Health and Human 
Services. 2011. Available at: 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/UCM288717.pdf. 
Accessed August 18, 2016. 
42 Macdougall IC, Rossert J, Casadevall N, et al. A peptide-based erythropoietin-receptor agonist for pure red-cell aplasia. New England Journal of 
Medicine. 2009;361(19):1848–1855. 

http://www.hematology.org/Patients/Blood-Disorders/Anemia/5225.aspx
http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf
http://jco.ascopubs.org/content/28/33/4996
http://www2.kidney.org/professionals/KDOQI/guidelines_anemiaUP/
http://www.fda.gov/Drugs/DrugSafety/ucm259639.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm297464.htm
http://www.fda.gov/safety/recalls/archiverecalls/2013/ucm340893.htm
http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200104.pdf
http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/UCM288717.pdf


 

Page 23  | 
Erythropoiesis Stimulating Proteins Review – August 2016 
Proprietary Information. Restricted Access – Do not disseminate or copy without approval. 
© 2004-2016 Magellan Rx Management. All Rights Reserved.  

 

                                                                                                                                                                         
43 Available at: http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200104.pdf. Accessed 
August 18, 2016. 
44 Available at: http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM297628.pdf. Accessed 
August 18, 2016. 
45 Available at: http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200105.pdf. Accessed 
August 18, 2016. 
46 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
47 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
48 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
49 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
50 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
51 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
52 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
53 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
54 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
55 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
56 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
57 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
58 Arif B, Ferhan K. Recombinant human erythropoietin therapy in low-birth weight preterm infants: a prospective controlled study. Pediatr Int. 2005; 
47(1):67-71. 
59 Reiter PD, Rosenberg AA, Valuck R, et al. Effect of short-term erythropoietin therapy in anemic premature infants. J Perinatol. 2005; 25(2):125-129. 
60 Ohlsson A, Aher SM. Early erythropoietin for preventing red blood cell transfusion in preterm and/or low birth weight infants. Cochrane Database Syst 
Rev. 2006; 3:CD004863. 
61 Aher SM, Ohlsson A. Early versus late erythropoietin for preventing red blood cell transfusion in preterm and/or low birth weight infants. Cochrane 
Database Syst Rev. 2006; 3:CD004865. 
62 Razzouk BI, Hord JD, Hockenberry M, et al. Double-blind, placebo-controlled study of quality of life, hematologic end points, and safety of weekly 
epoetin alfa in children with cancer receiving myelosuppressive chemotherapy. J Clin Oncol. 2006; 24(22):3583-3589. 
63 Geary DF, Keating LE, Vigneux A, et al. Darbepoetin alfa (Aranesp) in children with chronic renal failure. Kidney Int. 2005; 68(4):1759-1765. 
64 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
65 André JL, Deschênes G, Boudailliez B, et al. Darbepoetin, effective treatment of anaemia in pediatric patients with chronic renal failure. Pediatr Nephrol. 
2007; 22(5):708-714. 
66 Warady BA, Arar MY, Lerner G, et al. Darbepoetin alfa for the treatment of anemia in pediatric patients with chronic kidney disease. Pediatr Nephrol. 
2006; 21(8):1144-1152. 
67 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
68 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
69 Mircera [package insert]. South San Francisco, CA; Hoffman-La Roche c/o Vifor International; May 2016   
70 Aranesp [package insert]. Thousand Oaks, CA; Amgen; April 2016. 
71 Scott SD. Dose conversion from recombinant human erythropoietin to darbepoetin alfa: recommendations from clinical studies. Pharmacotherapy. 
2002; 22:160S-165S. 
72 Schwartzberg L, Shiffman R, Tomita D, et al. A multicenter retrospective cohort study of practice patterns and clinical outcomes of the use of 
darbepoetin alfa and epoetin alfa for chemotherapy-induced anemia. Clin Ther. 2003; 25:2781-2796. 
73 Thames WA, Smith SL, Scheifele AC, et al. Evaluation of the U.S. Oncology Network’s recommended dosing guidelines for therapeutic substitution with 
darbepoetin alfa 200 mcg every 2 weeks in both naïve patients and patients switched from epoetin alfa. Pharmacotherapy. 2004; 24:313-323. 
74 Patton J, Reeves T, Wallace J. Effectiveness of darbepoetin alfa versus epoetin alfa in patients with chemotherapy-induced anemia treated in clinical 
practice. The Oncologist. 2004; 9:451-458. 
75 Allon M, Kleinman K, Walczyk M, et al. Pharmacokinetics and pharmacodynamics of darbepoetin alfa and epoetin in patients undergoing dialysis. Clin 
Pharmacol Ther. 2002; 72:546-555. 
76 Vanrenterghem Y, Barany P, Mann JF, et al. Randomized trial of darbepoetin alfa for treatment of renal anemia at a reduced dose frequency compared 
with rHuEPO in dialysis patients. Kidney Int. 2002; 62:2167-2175. 
77 Brunkhorst R, Bommer J, Braun J, et al. Darbepoetin alfa effectively maintains haemoglobin concentrations at extended dose intervals relative to 
intravenous or subcutaneous recombinant human erythropoietin in dialysis patients. Nephrol Dial Transplant. 2004; 19:1224-1230. 
78 Glaspy J, Jadeja J, Justice G, et al. Darbepoetin alfa given every 1 or 2 weeks alleviates anemia associated with cancer chemotherapy. Br J Cancer. 2002; 
87:268-276. 
79 Glaspy J, Tchekmedyian N. Darbepoetin alfa administered every 2 weeks alleviates anemia in cancer patients receiving chemotherapy. Oncology. 2002; 
16(10 Suppl 11):23-29. 
80 Locatelli F, Olivares J, Walker R, et al. Novel erythropoiesis stimulating protein for treatment of anemia in chronic renal insufficiency. Kidney Int. 2001; 
60:741-747. 
81 Schwartzberg LS, Yee LK, Senecal FM, et al. A randomized comparison of every-w-2eek darbepoetin alfa and weekly epoetin alfa for the treatment of 
chemotherapy-induced anemia in patients with breast, lung, or gynecologic cancer. The Oncologist. 2004; 9:696-707. 
82 Vanrenterghem Y, Baraby P, Mann JF, et al. Randomized trial of darbepoetin alfa for treatment of renal anemia at a reduced dose frequency compared 
with rHuEPO in dialysis patients. Kidney Int. 2002; 6(6):2167-2175. 
83 Locatelli F, Canaud B, Giacardy F, et al. Treatment of anaemia in dialysis patients with unit dosing of darbepoetin alfa at a reduced dose frequency 
relative to recombinant human erythropoietin (rHuEPO). Nephrol Dial Transplant. 2003; 18:362-369. 
84 Glaspy J, Vadhan-Raj S, Patel R, et al. Randomized comparison of every-2-week darbepoetin alfa and weekly epoetin alfa for the treatment of 
chemotherapy-induced anemia: The 20030125 Study Group Trial. J Clin Oncol. 2006; 24(15):2290-2297. 
85 Waltzman R, Croot C, Justice GR, et al. Randomized comparison of epoetin alfa (40,000 units weekly) and darbepoetin alfa (200 mcg every 2 weeks) in 
anemic patients with cancer receiving chemotherapy. Oncologist. 2005; 10(8):642-50. 

http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200104.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM297628.pdf
http://www.fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/UCM200105.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Arif%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ferhan%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Pediatr%20Int.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Reiter%20PD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rosenberg%20AA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Valuck%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Perinatol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ohlsson%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aher%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Cochrane%20Database%20Syst%20Rev.');
javascript:AL_get(this,%20'jour',%20'Cochrane%20Database%20Syst%20Rev.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aher%20SM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ohlsson%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Cochrane%20Database%20Syst%20Rev.');
javascript:AL_get(this,%20'jour',%20'Cochrane%20Database%20Syst%20Rev.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Razzouk%20BI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hord%20JD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hockenberry%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Oncol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Andr%C3%A9%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Desch%C3%AAnes%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boudailliez%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Pediatr%20Nephrol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Warady%20BA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Arar%20MY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lerner%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract


 

Page 24  | 
Erythropoiesis Stimulating Proteins Review – August 2016 
Proprietary Information. Restricted Access – Do not disseminate or copy without approval. 
© 2004-2016 Magellan Rx Management. All Rights Reserved.  

 

                                                                                                                                                                         
86 Glaspy J, Vadhan-Raj S, Patel R, et al. Randomized Comparison of Every-2-Week Darbepoetin Alfa and Weekly Epoetin Alfa for the Treatment of 
Chemotherapy-Induced Anemia: The 20030125 Study Group Trial. J Clin Oncol. 2006; 24(15): 2290-2297. 
87 Senecal FM, Yee L, Gabrail N, Charu V, et al. Treatment of chemotherapy-induced anemia in breast cancer: results of a randomized controlled trial of 
darbepoetin alfa 200 microg every 2 weeks versus epoetin alfa 40,000 U weekly. Clin Breast Cancer. 2005; 6(5):446-454. 
88 Mann J, Kessler M, Villa G, et al. Darbepoetin alfa once every 2 weeks for treatment of anemia in dialysis patients: a combined analysis of eight 
multicenter trials. Clin Nephrol. 2007; 67(3):140-148. 
89 Chen HH, Tarng DC, Lee KF, et al. Epoetin alfa and darbepoetin alfa: effects on ventricular hypertrophy in patients with chronic kidney disease. J 
Nephrol. 2008; 21(4):543-549. 
90 Thames WA, Smith SL, Scheifele AC, et al. Evaluation of the US Oncology Network’s Recommended Guidelines for Therapeutic Substitution with 
Darbepoetin 200 mcg every 2 weeks in both naïve patients and patients switched from epoetin alfa. Pharmacotherapy. 2004; 24(3):313-323. 
91 Schwartzberg L, Shiffman R, Tomita D, et al. A multicenter retrospective cohort study of the practice patterns and clinical outcomes of the use of 
darbepoetin alfa and epoetin alfa for chemotherapy-induced anemia. Clin Ther. 2003; 25(11):2781-2796. 
92 Herrington JD, Davidson SL, Tomita DK, et al. Utilization of darbepoetin alfa and epoetin alfa for chemotherapy-induced anemia. Am J Health-Syst 
Pharm. 2005; 62:54-62. 
93 Duh MS, Mody SH, McKenzie RS, et al. Dosing patterns and treatment costs of erythropoietic agents in elderly patients with pre-dialysis chronic kidney 
disease in managed care organizations. Drugs Aging. 2006; 23(12):969-976. 
94 Patton J, Reeves T, Wallace J. Effectiveness of darbepoetin alfa versus epoetin alfa in patients with chemotherapy-induced anemia treated in clinical 
practice. Oncologist. 2004; (4):451-458. 
95 Papatheofanis FJ, McKenzie RS, Mody SH, et al. Dosing patterns, hematologic outcomes, and costs of erythropoietic agents in predialysis chronic kidney 
disease patients with anemia. Curr Med Res Opin. 2006; 22(5):837-842. 
96 Linde T, Furuland H, Wikström B. Effect of switching from subcutaneous to intravenous administration of epoetin-alpha in haemodialysis patients: 
results from a Swedish multicentre survey. Scand J Urol Nephrol. 2005; 39(4):329-333. 
97 Bradbury BD, Wang O, Critchlow CW, et al. Exploring relative mortality and epoetin alfa dose among hemodialysis patients. Am J Kidney Dis. 2008; 
51(1):62-70. 
98 Epogen [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
99 Procrit [package insert]. Thousand Oaks, CA; Amgen; March 2016. 
100 Nissenson A, Swan S, Lindberg J, et al. Randomized, controlled trial of darbepoetin alfa for the treatment of anemia in hemodialysis patients. Am J 
Kidney Dis. 2002; 40:110-118. 
101 Roger S, Locatelli F, Woitas R, et al. C.E.R.A. once every 4 weeks corrects anaemia and maintains haemoglobin in patients with chronic kidney disease 
not on dialysis. Nephrol Dial Transplant. 2011; 26(12):3980-3986. DOI: 10.1093/ndt/gfr160. Accessed August 18, 2016. 
102 Klinger M, Arias M, Vargemezis V, et al. Efficacy of intravenous methoxy polyethylene glycol-epoetin beta administered every 2 weeks compared with 
epoetin administered 3 times weekly in patients treated by hemodialysis or peritoneal dialysis: a randomized trial. Amer J Kidney Diseases. 2007; 50(6): 
989-1000. DOI: 10.1053/j.ajkd.2007.08.013. Accessed August 18, 2016. 
103 Littlewood T, Bajetta E, Nortier J, et al. Effects of rHuEPO on hematologic parameters and quality of life in cancer patients receiving nonplatinum 
chemotherapy: results of a randomized, double-blind, placebo-controlled trial. J Clin Oncol. 2001; 19:2865-2874. 
104 Witzig TE, Silberstein PT, Loprinzi CL, et al. Phase III, randomized, double-blind study of epoetin alfa compared with placebo in anemic patients 
receiving chemotherapy. J Clin Oncol. 2005; 23(12):2606-2617. 
105 Vansteenkiste J, et al. Darbepoetin alfa Reduces anemia and fatigue in lung cancer. Natl Cancer Inst. 2002; 94:1211-1220. 
106 Steensma DP, Dakhil SR, Novotny PJ, et al. A randomized comparison of once weekly epoetin alfa to extended schedule epoetin or darbepoetin in 
chemotherapy-associated anemia. Am J Hematol. 2015 Oct;90(10):877-81. DOI: 10.1002/ajh.24110. Accessed February 15, 2016. 
107 Palmer SC, Saglimbene V, Mavridis D, et al. Erythropoiesis-stimulating agents for anaemia in adults with chronic kidney disease: a network meta-
analysis. Cochrance Database Syst Rev. 2014; 12: CD010590. DOI: 10.1002/14651858.CD010590.pub2. 
108 Forbes CA, Worthy G, Harker J, et al. Dose efficiency of erythropoiesis-stimulating agents for the treatment of patients with chemotherapy-induced 
anemia: a systematic review. Clin Ther. 2014; 36(4): 594-610. DOI: 10.1016/j.clinthera.2014.02.007. 
109 Hahn D, Cody JD, Hodson EM. Frequency of administration of erythropoiesis-stimulating agents for the anaemia of end-stage kidney disease in dialysis 
patients. Cochrane Database Syst Rev. 2014; 5: CD003895. DOI: 10.1002/14651858.CD003895.pub3. 
110 Wilhelm-Leen ER, Winkelmayer WC. Mortality risk of darbepoetin alfa versus epoetin alfa in patients with CKD: systematic review and meta-analysis. 
Am J Kidney Dis. 2015; 66(1): 69-74. DOI: 10.1053/j.ajkd.2014.12.012. 
111 Collister D, Komenda P, Hiebert B, et al. The effect of erythropoietin-stimulating agents on health-related quality of life in anemia of chronic kidney 
disease: a systematic review and meta-analysis. Ann Intern Med. 2016 Feb 16. DOI: 10.7326/M15-1839. [Epub ahead of print] 
112 Palmer SC, Saglimbene V, Craig JC, et al. Darbepoetin for the anaemia of chronic kidney disease. Cochrane Database Syst Rev. 2014; 3: CD009297. DOI: 
10.1002/14651858.CD009297.pub2. 
113 Vinhas J, Barreto C, Assuncao J, et al. Treatment of anaemia with erythropoiesis-stimulating agents in patients with chronic disease does not lower 
mortality and may increase cardiovascular risk: a meta-analysis. Nephron Clin Pract. 2012; 121(3-4): c95-101. DOI: 10.1159/000345158. 
114 Hedenus M, Osterborg A, Tomita D, et al. Effects of erythropoiesis-stimulating agents on survival and other outcomes in patients with 
lymphoproliferative malignancies: a study-level meta-analysis. Leuk Lymphoma. 2012; 53(11): 1251-2158. DOI: 10.3109/10428194.2012.684347. 
115 Vansteenkiste J, Glaspy J, Henry D, et al. Benefits and risks of using erythropoiesis-stimulating agents (ESAs) in lung cancer patients: study-level and 
patient-level meta-analyses. Lung Cancer. 2012; 76(3): 478-485. DOI: 10.1016/j.lungcan.2011.12.015. 
116 Bohlius J Schmidlin K, Brillant C, et al. Erythropoietin or darbepoetin for patients with cancer – meta-analysis based on individual patient data. 
Cochrane Database Syst Rev. 2009; 3: CD007303. DOI: 10.1002/14651858.CD007303.pub2. 
117 Tonia T, Mettler A, Schwarzer G, et al. Erythropoietin or darbepoetin for patients with cancer. Cochrane Database Syst Rev. 2012; 12: CD003407. DOI: 
10.1002/14651858.CD003407.pub5. 
118 Bohlius J, Schmidlin K, Brillant C, et al. Recombinant human erythropoiesis-stimulating agents and mortality in patients with cancer: a meta-analysis of 
randomised trials. Lancet. 2009; 373(9674): 1532-1542. DOI: 10.1016/S0140-6736(09)60502-X. 
119 Bennett CL, Silver SM, Djulbegovic B, et al. Venous thromboembolism and mortality associated with recombinant erythropoietin and darbepoetin 
administration for the treatment of cancer-associated anemia. JAMA. 2008; 299(8): 914-924. DOI: 10.1001/jama.299.8.914. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Senecal%20FM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yee%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gabrail%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Charu%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mann%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kessler%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Villa%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Linde%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Furuland%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wikstr%C3%B6m%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bradbury%20BD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Critchlow%20CW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Am%20J%20Kidney%20Dis.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Witzig%20TE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Silberstein%20PT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Loprinzi%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Clin%20Oncol.');

