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Abstract: Epoetin beta belongs to the class of erythropoiesis-stimulating agents (ESAs) that 

are currently available to treat anemic patients receiving chemotherapy. Chemotherapy-induced 

anemia affects a high percentage of cancer patients and, due to its negative effects on disease 

outcome and the patient’s quality of life, should be treated when first diagnosed. Initial trials 

with ESAs have shown efficacy in improving quality of life and reducing the need for blood 

transfusions in patients with chemotherapy-induced anemia. However, recent meta-analyses 

have provided conflicting data on the impact of ESAs on survival and tumor progression. Here 

we provide an overview of these recent data and review the role of epoetin beta in the treatment 

of chemotherapy-induced anemia over the past 20 years. 
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Introduction
Anemia, defined as a reduction in hemoglobin concentration to non-physiological 

levels, frequently occurs in cancer patients, in particular as a consequence of che-

motherapy (chemotherapy-induced anemia, CIA), and may negatively impact their 

disease outcome and quality of life.1 In 2004, a large European survey found that, at 

enrollment, 39.3% of all patients and 50.5% of those undergoing chemotherapy had 

hemoglobin 12 g/dL.2 Frequency, defined as the number of individuals who were 

anemic at least once during the 6-month study, was shown to be 67% for all patients 

(39.3% of whom with hemoglobin 10 g/dL) and 75% for those treated with a che-

motherapy regimen, being higher in lung and gynecological cancers (77% and 81.4%, 

respectively). In particular, it ranged from 1% in patients with metastatic breast cancer 

treated with the combination of 5-fluorouracil-doxorubicin-cyclophosphamide-metho-

trexate, to 80% in patients on a high-dose cyclophosphamide-mitoxantrone-etoposide 

regimen.1 Several studies also described severe/life-threatening CIA in 3%–6% of 

patients with colorectal cancer following different chemotherapy regimens (Table 1) 

and in 20%–42% of patients with small cell lung cancer (Table 2). With regard to 

the prevalence of anemia, the highest was observed among patients with leukemia, 

lymphoma/myeloma, and gynecological cancers (Figure 1).1 

As a consequence of chemotherapy, anemia may develop either by direct impair-

ment of red blood cell (RBC) production or because of renal tubular damage follow-

ing treatment with cytotoxic drugs.3,4 Other factors causing anemia in cancer patients 

are linked to tumor growth and development, eg, bleeding, hemolysis, bone marrow 

infiltration, and disruption of erythropoietin synthesis in the kidney, as a result of 

increased production of cytokines (eg, interferon-γ, interleukin-1, and tumor necrosis 

factor-α).5 A reduction in erythropoietin levels negatively affects RBC production 
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in the bone marrow, inducing anemia;6 accordingly, cancer 

patients with anemic have been shown to present abnormal 

erythropoietin levels.7 

Different strategies were adopted in the past to treat 

CIA, including allogeneic RBC transfusion, intravenous 

iron supplementation, and administration of erythropoiesis-

stimulating agents (ESAs), the last two often used in com-

bination. Here, we focus on the use of ESAs, particularly 

epoetin beta, in the management of CIA, and review data 

on its efficacy and safety. In addition, contrasting findings 

concerning the impact of epoetin beta on survival and pro-

gression are summarized. 

Impact of anemia on quality of life 
and survival in cancer patients
The severity of anemia is variable and can be classified accord-

ing to toxicity criteria. Two of the most common grading 

systems are those published by the National Cancer Institute 

and the World Health Organization (Table 3).1 Both agree on 

classifying severe and life-threatening anemia as hemoglobin 

levels in the range of 6.5–7.9 g/dL and 6.5 g/dL, respec-

tively; yet, for mild and moderate levels, differences can be 

observed. The National Cancer Institute classifies moderate 

anemia as hemoglobin levels of 8–10 g/dL and mild anemia 

as values between 10 g/dL and normal limits, while the World 

Health Organization indicates 8–9.4 g/dL and 9.5–10.9 g/dL 

as moderate and mild anemia, respectively (Table 3). 

Anemia affects nearly all major physiological systems, 

and symptoms may range from cold skin, dizziness, and 

palpitations to pulmonary edema, heart failure, depres-

sion, severe impairment of cognitive function, and fatigue, 

which can directly impact upon quality of life for patients.1,8 

Fatigue is one of the most debilitating symptoms of anemia 

and an important issue in cancer management, as it is the 

symptom most commonly reported by cancer patients,9 

who feel that fatigue has a worse impact than pain on their 

quality of life.9,10 A high percentage of oncologists over-

look this symptom even if current guidelines recommend 

routine screening and management of fatigue.9,11 A study 

conducted in anemic patients, non-anemic cancer patients, 

and the general population based on a questionnaire from 

the Functional Assessment of Chronic Illness Therapy 

Table 1 Colorectal carcinoma: chemotherapy-induced anemia

Chemotherapy Percentage with  
anemia grade 3/4

Capecitabine79 3
irinotecan + FU + folinic acid80 6
FOLFiRi81 0
FOLFOX82 3
Bevacizumab + iFL/FUFA83,84 0
Cetuximab85 3
Cetuximab + irinotecan85 5

Capecitabine + oxaliplatin86 3

Capecitabine + irinotecan87 0

Abbreviations: FU, fluorouracil; FOLFIRI, irinotecan + folinic acid + FU; FOLFOX, 
oxaliplatin + folinic acid + FU; IFL, bolus fluorouracil/leucovorin; FUFA, fluorouracil + 
folinic acid.

Table 2 Small cell lung cancer: chemotherapy-induced anemia

Chemotherapy Percentage with  
anemia grade 3/4

Topotecan88 42
Cisplatin + etoposide89 30

Cisplatin + doxorubicin + vincristine88 20

Cisplatin + irinotecan89 27

Figure 1 Hemoglobin level of patients at enrollment according to tumor type.
Notes: Data based on the evaluable population (n=14,912). Republished with 
permission of European Journal of Cancer, from The european Cancer Anaemia Survey 
(ECAS): a large, multinational, prospective survey defining the prevalence, incidence, 
and treatment of anaemia in cancer patients, Ludwig H, van Belle S, Barrett-Lee P, et al, 
40(15):2004; permission conveyed through Copyright Clearance Center, inc.2

Abbreviation: Gi, gastrointestinal. 

Table 3 Toxicity grading systems for anemia (hemoglobin levels 
in g/dL) 

Grade Severity NCI grading WHO grading

0 None Normal limits* 11
1 Mild 10– normal limits 9.5–10.9
2 Moderate 8–10 8–9.4
3 Severe 6.5–7.9 6.5–7.9
4 Life-threatening 6.5 6.5

Notes: *14–18 g/dL for men, 12–16 g/dL for women. Reproduced from Groopman 
Je, itri LM. Chemotherapy-induced anemia in adults: incidence and treatment. J Natl 
Cancer Inst. 1999;91(19):1616–1634 by permission of Oxford University Press.1 
Abbreviations: NCi, National Cancer institute; wHO, world Health Organization. 
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Measurement System showed that the worst fatigue scores 

corresponded to patients in the anemic cancer group.12 The 

authors further observed that the degree of anemia predicts 

the degree of fatigue in cancer patients, thus establishing a 

connection between low hemoglobin levels and increased 

fatigue.12

In addition to a negative effect on quality of life for can-

cer patients, anemia has been shown to affect survival and 

to be an independent prognostic factor for both treatment 

response and survival in subjects treated with chemotherapy 

or radiotherapy.13,14 Indeed, from a comprehensive literature 

review, it emerged that anemia increases the mortality risk in 

cancer patients by 65%.15 Anemic patients also showed reduced 

overall survival, disease-free survival, and relapse-free survival, 

compared with patients who had normal hemoglobin levels.15 

Subsequent studies have also demonstrated that anemia is one 

of the prognostic factors associated with short survival.16,17 

Patients developing anemia (hemoglobin 12 g/dL) during 

chemotherapy had significantly lower overall survival com-

pared with non-anemic patients,18 while the prechemotherapy 

hemoglobin level is an independent predictor of progression-

free survival and overall survival in ovarian cancer.19 A hemo-

globin level 10.5 g/dL is also an adverse prognostic factor 

for disease progression in Hodgkin’s disease.20 

Management of CIA
The negative impact of cancer-related anemia, and CIA in 

particular, on well-being and survival of cancer patients argues 

for the treatment of this comorbidity with the best therapies 

available. Until the late 1980s, the only therapy for anemia 

was RBC transfusion, which although being efficient in rap-

idly increasing hemoglobin levels in patients, implies high 

risks of clinical complications.21 Currently, RBC production in 

the bone marrow can be enhanced using ESAs, erythropoietin-

mimicking molecules that activate the erythropoietin receptor 

(EpoR) on erythrocytic progenitor cells.22,23 In clinical trials, 

ESAs have been shown to increase hemoglobin levels and 

improve anemia and quality of life in cancer patients.24–28 Of 

note, treatment with ESAs was able to reduce the number 

of RBC transfusions and decrease fatigue in CIA patients.29 

However, recent meta-analyses have highlighted possible 

safety issues regarding ESA exposure. Indeed, results from 

three large systematic reviews have shown increased mortality 

in patients receiving these agents.30–32 Subsequent meta-anal-

yses by Ludwig et al33 and Glaspy et al34 have not confirmed 

these data, as both studies failed to demonstrate a significant 

effect of ESAs on survival or disease progression. In addition,  

a few randomized clinical trials have analyzed the effect of 

ESA treatment on CIA patients and found no decrease of 

survival.35–37 However, collectively, these studies agree on 

the possibility of an increased risk of thromboembolic events 

upon ESAs. According to Bennett et al the risk of throm-

boembolic events in patients treated with erythropoietin and 

darbepoetin was 1.57 times higher than in the control group.30 

Such risk, however, seemed to depend on hemoglobin levels 

and not on the disease itself. It is therefore necessary not to 

exceed the hemoglobin levels recommended by guidelines, 

since the incidence of adverse events associated with ESAs 

(especially thromboembolic and cardiovascular events) is 

higher in patients with hemoglobin 13 g/dL.30 To clarify 

the role of ESAs on disease progression, Aapro recently 

reviewed published preclinical and clinical evidence and 

concluded that the available data do not argue for a role of 

ESAs in tumor progression, even if further studies are needed 

to clarify whether these effects can occur in certain subgroups 

of cancer patients.38 However, uncertainties regarding the 

safety profile of ESAs have prompted international clinical 

oncology groups to update current guidelines for their use in 

the treatment of anemia.3,39 

Guidelines for use of ESAs
While the efficacy of ESAs in enhancing hemoglobin levels 

in CIA patients is unquestionable, results for their safety are 

contradictory and point to the need for additional trials. The 

current National Comprehensive Cancer Network guidelines 

recommend to investigate the causes of anemia in cancer 

patients with hemoglobin levels 11 g/dL or 2 g/dL below 

the baseline.3 Following evaluation of risks/benefits and 

patient agreement, ESAs may be used in CIA patients under-

going palliative treatment, with the exception of patients 

with small cell lung cancer, given that the clinical data do 

not show an impact of these agents on disease progression.3 

The guidelines from the American Society of Clinical 

Oncology/American Society of Hematology state that until 

further safety data are collected, ESAs should be avoided in 

patients being treated with curative intent.39 For treatment 

of CIA (hemoglobin 10 g/dL), ESAs may be used but 

potential harm and benefit should be carefully evaluated.39 

For asymptomatic patients with risk factors for development 

of anemia and requiring transfusions, the clinical options are 

observation or treatment with ESAs if hemoglobin levels 

are 10 g/dL. Recommended doses are 10,000 IU three times 

weekly for epoetin alfa and beta, 30,000 IU once weekly for 

epoetin beta or 40,000 IU once weekly for epoetin alfa, or 

150 µg per week or 500 µg every 3 weeks for darbepoetin.40,41 

Administration of ESAs involves a high demand for iron 

as a consequence of the considerably increased erythropoi-

esis, which may result in RBC production exceeding iron 
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 mobilization from stores.42,43 Therefore, assessment of iron 

status is crucial for a proper therapeutic strategy.

According to the European Medicines Agency’s Com-

mittee for Medicinal Products for Human Use, the benefits 

of using ESAs in approved indications (hemoglobin target 

range of 10–12 g/dL in CIA) continue to outweigh the asso-

ciated risks, including increased risk of tumor progression 

and venous thromboembolism and reduced survival.44 The 

guidelines do not provide indications on which ESA to use, 

since the three molecules on the market (epoetin alfa, epoetin 

beta, and darbepoetin) are considered equivalent in terms of 

activity, efficacy, and side effects.45 

Epoetin beta
Epoetin beta is a human recombinant erythropoietin synthe-

sized in Chinese Hamster Ovary cells, with identical amino 

acid structure, similar molecular weight, and equivalent 

characteristics to the human endogenous hormone.46–48 This 

glycoprotein is composed of an amino acid chain of 156 resi-

dues identical to that of the endogenous erythropoietin, and 

of four carbohydrate side chains that represent approximately 

40% of the molecular weight.49 Since 1990, epoetin beta has 

been licensed in Europe for the treatment of symptomatic 

anemia associated with chronic kidney disease and to treat 

CIA in cancer patients.44

Mode of action
Epoetin beta mimics the mechanism of action of endogenous 

erythropoietin and has the same biological activity.50 By 

binding to the EpoR on erythroid progenitors in the bone 

marrow, epoetin beta stimulates erythropoiesis, the process 

by which hematopoietic stem cells differentiate into eryth-

rocytes (Figure 2).6 However, EpoR may be expressed also 

on the surface of non-hematopoietic cells, of normal and 

malignant origin.51,52 This implies that, for example, the 

erythropoietin secreted by cancer cells binds to the EpoR 

expressed on endothelial cells, causing their proliferation 

and consequently increased angiogenesis which, in turn, 

promotes proliferation of tumor cells.53–55 Indeed, preclinical 

studies have pointed towards the role of erythropoietin in aug-

menting tumorigenesis, metastatization, and drug resistance 

at least in certain tumor types (eg, breast cancer), as it can 

activate important pathways (eg, AKT, ERK, JAK/STAT, 

antiapoptotic) targeted by current antineoplastic therapies, 

thus counteracting their effects.56–60 

A pharmacokinetic and pharmacodynamic evaluation 

of epoetin beta in healthy volunteers and uremic patients 

revealed a plasma elimination half-life of 12–28 hours after 

subcutaneous administration, compared with 4–12 hours 

± 

Figure 2 Schematic representation of the erythropoiesis process. 
Note: Republished with permission of Blood: American Society of Hematology, from 
From stem cell to red cell: regulation of erythropoiesis at multiple levels by multiple 
proteins, RNAs, and chromatin modifications, Hattangadi SM, Wong P, Zhang 
L, Flygare J, Lodish HF, 118(24):2011; permission conveyed through Copyright 
Clearance Center, inc.90

Abbreviations: CFU-GeMM, colony forming unit-granulocyte, erythrocyte, monocyte, 
megakaryocyte; BFU-e, burst-forming unit-erythroid; CFU-e, colony forming unit-
erythroid; iL, interleukin; GM-CSF, granulocyte macrophage-colony stimulating factor; 
SCF, stem cell factor; BMP, bone morphogenetic protein; epo, erythropoietin. 

after intravenous administration.61 The maximum serum 

concentration of subcutaneous epoetin beta was reached 

by 12–18 hours in patients with uremia, with a range of 

bioavailability between 23% and 52%. Although reduced 
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bioavailability and clearance were observed in patients 

compared with healthy volunteers, the half-life after subcu-

taneous administration was similar.61

The exact elimination route is still unknown (5% is 

excreted by renal clearance after intravenous administra-

tion [10–1,000 IU/kg] in healthy volunteers).62 However, 

endogenous erythropoietin as well as recombinant products 

are supposed to be degraded after EpoR-mediated cellular 

uptake (mainly in the bone marrow), and this could be the 

main route of elimination from the circulation.63

Clinical efficacy 
In cancer patients with CIA, the efficacy of epoetin beta 

in increasing hemoglobin levels has been demonstrated in 

numerous trials. In a multicenter, randomized, double-blind, 

controlled trial, 349 anemic patients (hemoglobin 10 g/dL) 

with low-grade non-Hodgkin’s lymphoma, chronic lympho-

cytic leukemia, or multiple myeloma received either epoetin 

beta 150 IU/kg or placebo subcutaneously three times weekly 

for 16 weeks.26 The majority of treated patients (67%) showed 

an increase in hemoglobin levels by 2 g/dL, while only 

27% of patients in the placebo group had a similar outcome 

(P0.0001); notably, quality of life was significantly better 

in the epoetin beta group (P0.05).26

The randomized NOW trial compared the effect of a 

new dose regimen of epoetin beta (30,000 IU once a week) 

with that of the established dose of 10,000 IU three times a 

week, for 16 weeks in anemic patients (n=241, hemoglobin 

9–11 g/dL) with lymphoid malignancies (multiple myeloma, 

low-grade non-Hodgkin’s lymphoma, chronic lymphocytic 

leukemia).64 The results showed that epoetin beta given 

weekly was as effective as the three times per week regimen 

(response rates of 72% versus 75%, respectively). Of note, 

90% of patients treated with 30,000 IU epoetin beta once 

weekly remained transfusion-free throughout the study.64

Another randomized trial comparing these two epoetin 

beta dose regimens (10,000 IU three times weekly versus 

30,000 IU once weekly) in 100 patients with head and neck 

cancer and hemoglobin 10 g/dL demonstrated improve-

ment in hemoglobin levels, energy levels, and quality of life 

to a similar extent on both regimens, along with comparable 

2-year overall survival.65 In addition, the efficacy of epoetin 

beta 30,000 IU once weekly was demonstrated in an observa-

tional, prospective study by Pirker et al.66 They evaluated the 

response to epoetin beta of anemic (hemoglobin 12 g/dL) 

lung cancer patients (n=40, 72.5% with non-small cell lung 

cancer and 27.5% with small cell lung cancer) receiving 

chemotherapy. By the second chemotherapy cycle, the major-

ity of patients (72.5%) required administration of epoetin 

beta, which induced a mean increase of 1.3 g/dL by week 4. 

Of note, 95% of patients did not require RBC transfusions 

during the study.66 Analogously, the efficacy of the same 

dose of epoetin beta was assessed by the multicenter, open-

label, prospective NAUTICA trial in patients with solid 

and non-myeloid hematological malignancies undergoing 

chemotherapy.67 Considering the intention-to-treat population 

(n=691), epoetin beta induced a hemoglobin response in 

60.4% of all patients and in 61.2% of those with baseline 

hemoglobin 11 g/dL. Of note, no difference in hemoglobin 

response was observed between patients with solid tumors 

and those with non-myeloid malignancies (60.5% versus 

60.2%).67

Clinical safety
In recent years, research has focused mainly on the safety 

of epoetin beta, due to the conflicting data concerning the 

adverse effects and/or reduced survival in ESA-treated cancer 

patients undergoing chemotherapy. The multicenter, double-

blind, randomized, placebo-controlled ENHANCE trial was 

conducted in 351 patients with head and neck cancer under-

going radiotherapy and receiving placebo (n=171) or epoetin 

beta 300 IU/kg three weekly (n=180).68 Results from the inten-

tion-to-treat population showed that anemia was corrected in 

individuals receiving epoetin beta versus placebo (82% versus 

15%), yet the former group experienced increased locore-

gional progression (relative risk [RR] 1.69; 95% confidence 

interval [CI] 1.16–2.47; P=0.007) and decreased survival 

(RR 1.39; 95% CI 1.05–1.84; P=0.02). Also, mortality due 

to cardiac and general disorders was higher among patients 

given epoetin beta versus those on placebo (ten versus five 

patients and nine versus no patients, respectively). The authors 

hypothesized that erythropoietin might impair disease control 

in patients undergoing radiotherapy.

Interestingly, in a subsequent study, samples from 

154 patients enrolled in the above trial were analyzed by 

immunohistochemistry for expression of EpoR;69 the results 

revealed that patients positive for EpoR and treated with epo-

etin beta had poorer locoregional progression-free survival 

compared with those given placebo (adjusted RR 2.07; 95% 

CI 1.27–3.36; P0.01), whereas epoetin had no effect on 

the outcome in EpoR-negative patients (adjusted RR 0.94; 

95% CI 0.47–1.90; P=0.86). Further studies provided evi-

dence for the expression of erythropoietin and EpoR by head 

and neck cancer cells, a role of erythropoietin in mediating 

cell invasion in vitro,70 and the correlation between EpoR 

 expression and aggressive tumor behavior, as well as a dismal 

prognosis.71 Of note, the per protocol analysis indicated no 

significant effect of epoetin beta on disease progression.68
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BRAVE, a multicenter, open-label, randomized controlled 

study, investigated the effect of epoetin beta therapy on sur-

vival in patients with metastatic breast cancer and hemoglobin 

levels 12.9 g/dL who were undergoing chemotherapy.72 The 

results showed no effect of epoetin beta on overall survival 

(hazard ratio [HR] 1.07; 95% CI 0.87–1.33; P=0.522) or pro-

gression-free survival (HR 1.07; 95% CI 0.89–1.30; P=0.448). 

Compared to control, epoetin beta induced an increase of 

median hemoglobin levels by 1.6 g/dL at 24 weeks, but also 

more thromboembolic events (13% versus 6%; P=0.012), 

despite a similar serious thromboembolic event rate was 

observed between the two groups (4% versus 3%).72

Finally, Fujisaka et al conducted the first randomized, 

placebo-controlled Phase III trial to assess the efficacy and 

safety of epoetin beta dosed according to the updated guide-

lines recommending treatment initiation when hemoglobin 

is 10 g/dL and without reaching levels 12 g/dL.73 The 

study involved 186 CIA patients with lung or gynecological 

cancer and confirmed the efficacy of epoetin beta in reduc-

ing RBC transfusions (4.5% versus 19.6%; P=0.002). No 

significant differences in quality of life, adverse events, 

and 1-year overall survival were observed between the 

epoetin beta and placebo groups.73 However, as the study 

was not powered to assess mortality, further studies are 

warranted.

Meta-analyses and systematic 
reviews
Various meta-analyses and systematic reviews have evalu-

ated the efficacy and safety of epoetin beta in CIA patients. 

The study by Boogaerts et al included results from three 

randomized controlled trials conducted in patients with solid 

tumors receiving different chemotherapy regimens (with or 

without platinum) and treated with epoetin beta (n=255) or 

standard of care (n=199).74 Upon administration of epoetin 

beta, a rapid increase in hemoglobin level and reduced 

transfusion requirement were observed. Transfusion-free 

survival was improved in the epoetin beta group (Figure 3), 

with no risk for tumor progression or overall survival.74 The 

frequency and types of adverse events as well as the fre-

quency of thromboembolic events were also similar between 

the groups (5.9% versus 4.5%).74 Another study based on 12 

randomized controlled studies (n=2,297 patients, 65% with 

solid tumors, and 35% with non-myeloid hematological 

malignancies) showed no significant effect of epoetin beta on 

overall survival of all patients (HR 1.13; 95% CI 0.87–1.46; 

P=0.355) and of those with baseline hemoglobin 11 g/dL 

(HR 1.09; 95% CI 0.80–1.47; P=0.579).75 Although treated 

and untreated individuals had a similar risk of progression,  

a trend for a reduction of such risk was seen overall (HR 0.85; 

95% CI 0.72–1.01; P=0.072) and in patients with hemoglo-

bin 11 g/dL (HR 0.80; 95% CI 0.65–0.99; P=0.041). On 

epoetin beta, the time to thromboembolic events was shorter 

(HR 1.62; 95% CI 1.13–2.31; P=0.008) and their frequency 

higher (7% and 4%, respectively, P=0.008). However, the 

frequency of thromboembolic event-related deaths was only 

1% in both treated and control patients.75

Following the updated recommendations for the use of 

ESAs only in patients with hemoglobin levels 10 g/dL to 

be kept 12 g/dL, Aapro et al performed a subanalysis and 

stratified patients by baseline hemoglobin. Results from this 

analysis showed that epoetin beta had no negative effect on 

survival or disease progression when therapy was initiated 

with hemoglobin levels 10 g/dL. On the contrary, when 

treatment was started with hemoglobin 11 g/dL, a negative 

effect on survival was observed. For all hemoglobin levels, a 

higher risk of thromboembolic events was reported in epoetin 

beta-treated patients.76

The Cochrane Collaboration experts recently published 

a systematic review on the use of erythropoietin and darbe-

poetin in cancer patients, which comprised the results from  

91 randomized controlled trials, representing a total of 

20,102 patients.77 This study confirmed the efficacy of ESAs 

in treating anemia. Indeed, on ESAs, patients had a decreased 

risk of RBC transfusions (RR 0.65; 95% CI 0.62–0.68; 

70 trials, n=16,093), and more frequently experienced a 

hematological response (RR 3.93; 95% CI 3.10–3.71; 31 

Figure 3 Kaplan–Meier curve showing transfusion-free survival in all patients. 
Note: Copyright © 2006. The international institute of Anticancer Research. 
Reproduced from Boogaerts M, Oberhoff C, Ten Bokkel Huinink w, Nowrousian 
MR, Hayward CR, Burger HU. epoetin beta (NeoRecormon) therapy in patients 
with solid tumours receiving platinum and non-platinum che motherapy: a meta-
analysis. Anticancer Res. 2006;26(1B):479–484.74
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trials, n=6,413) and improved quality of life. However, dur-

ing the active study period, ESAs increased mortality (HR 

1.17; 95% CI 1.06–1.29; 70 trials, n=15,935) and decreased 

overall survival (HR 1.05; 95% CI 1.00–1.11; 78 trials, 

n=19,003). Also, the risk for thromboembolic events was 

higher in the treated group (RR 1.52; 95% CI 1.3–1.74; 57 

trials, n=15,498), compared with controls.77 More recently, 

a meta-analysis of three randomized placebo-controlled 

trials was carried out, representing 511 Japanese patients 

with solid tumors or lymphoma given ESAs (epoetin beta 

or darbepoetin alfa; n=273) or placebo (n=238).78 Notably, 

ESAs reduced the risk of transfusion (RR 0.47; 95% CI 

0.29–0.76), while having no significant impact on overall 

survival (unadjusted HR 1.00; 95% CI 0.75–1.34), mortal-

ity rate (2.6% and 2.9% of deaths reported in ESA-treated 

and placebo-treated groups, respectively), or frequency of 

thromboembolic events (0.7% and 1.7%, upon ESAs and 

placebo, respectively).78 Also, following a prespecified 

subgroup analysis (ie, ESA-treated patients at 3 months), 

only a tendency for the lowest risk of mortality was found 

for patients with hemoglobin of 11–11.5 g/dL, whereas no 

effect of the highest hemoglobin level achieved on ESAs 

was observed.78

Conclusion
CIA affects the vast majority of cancer patients. Since low 

hemoglobin levels in CIA patients have been shown to be 

associated with low quality of life and short survival, it is 

important not to under evaluate the presence of anemia in 

patients with cancer. Epoetin beta has proven efficacy in 

raising hemoglobin levels and reducing the requirement for 

RBC transfusions in CIA patients. However, uncertainties 

remain regarding its safety profile. Data from preclinical 

studies suggest that, at least in certain tumor types, ESAs 

may favor tumor proliferation, metastatization, and drug 

resistance by activating pathways targeted by current antican-

cer therapies. Some clinical trials have also reported a worse 

outcome in ESA-treated patients undergoing chemotherapy. 

Indeed, further preclinical studies exploring in depth the 

mechanisms of action of erythropoietin in cancer cells are 

warranted, along with long-term, large, randomized, placebo-

controlled trials with clearly defined endpoints and data on 

survival, in order to clarify the involvement of epoetin beta 

in survival and disease progression. Meanwhile, in light of 

the increased risk for thromboembolic events during treat-

ment with ESAs, epoetin beta should be used according to 

the current guidelines for treatment of CIA, as approved by 

regulatory authorities.

Disclosure
CR and CGE received fees for manuscript preparation on 

behalf of Primula Multimedia SRL. LG has no conflicts of 

interest to disclose. The writing of this manuscript was funded 

by Roche SpA, Italy. 

References 
 1.  Groopman JE, Itri LM. Chemotherapy-induced anemia in adults: 

incidence and treatment. J Natl Cancer Inst. 1999;91(19):1616–1634.
 2.  Ludwig H, Van Belle S, Barrett-Lee P, et al. The European Cancer 

Anaemia Survey (ECAS): a large, multinational, prospective survey 
defining the prevalence, incidence, and treatment of anaemia in cancer 
patients. Eur J Cancer. 2004;40(15):2293–2306. 

 3.  Rodgers GM 3rd, Becker PS, Blinder M, et al. Cancer- and chemotherapy-
induced anemia. J Natl Compr Canc Netw. 2012;10(5):628–653.

 4.  Wood PA, Hrushesky WJ. Cisplatin-associated anemia: an erythropoi-
etin deficiency syndrome. J Clin Invest. 1995;95(4):1650–1659. 

 5.  Bohlius J, Weingart O, Trelle S, Engert A. Cancer-related anemia and 
recombinant human erythropoietin – an updated overview. Nat Clin 
Pract Oncol. 2006;3(3):152–164. 

 6.  Spivak JL. The anaemia of cancer: death by a thousand cuts. Nat Rev 
Cancer. 2005;5(7):543–555. 

 7.  Miller CB, Jones RJ, Piantadosi S, Abeloff MD, Spivak JL. Decreased 
erythropoietin response in patients with the anemia of cancer. N Engl 
J Med. 1990;322(24):1689–1692. 

 8.  Ludwig H, Strasser K. Symptomatology of anemia. Semin Oncol. 
2001;28(2 Suppl 8):7–14.

 9.  Vogelzang NJ, Breitbart W, Cella D, et al. Patient, caregiver, and oncol-
ogist perceptions of cancer-related fatigue: results of a tripart assessment 
survey. The Fatigue Coalition. Semin Hematol. 1997;34(3 Suppl 2): 
4–12.

10.  Curt GA, Breitbart W, Cella D, et al. Impact of cancer-related fatigue 
on the lives of patients: new findings from the Fatigue Coalition. 
Oncologist. 2000;5(5):353–360.

11.  Howell D, Keller-Olaman S, Oliver TK, et al. A pan-Canadian prac-
tice guideline and algorithm: screening, assessment, and supportive 
care of adults with cancer-related fatigue. Curr Oncol. 2013;20(3): 
e233–e246.

12.  Cella D, Lai J-S, Chang C-H, Peterman A, Slavin M. Fatigue in cancer 
patients compared with fatigue in the general United States population. 
Cancer. 2002;94(2):528–538.

13.  Van Belle SJ-P, Cocquyt V. Impact of haemoglobin levels on the outcome 
of cancers treated with chemotherapy. Crit Rev Oncol Hematol. 2003; 
47(1):1–11.

14.  Blohmer J-U, Dunst J, Harrison L, et al. Cancer-related anemia: 
biological findings, clinical implications and impact on quality of life. 
Oncology. 2005;68 Suppl 1:12–21. 

15.  Caro JJ, Salas M, Ward A, Goss G. Anemia as an independent prognos-
tic factor for survival in patients with cancer: a systemic, quantitative 
review. Cancer. 2001;91(12):2214–2221.

16.  Nisman B, Barak V, Hubert A, et al. Prognostic factors for survival 
in metastatic breast cancer during first-line paclitaxel chemotherapy. 
Anticancer Res. 2003;23(2C):1939–1942.

17.  Hauser CA, Stockler MR, Tattersall MHN. Prognostic factors in patients 
with recently diagnosed incurable cancer: a systematic review. Support 
Care Cancer. 2006;14(10):999–1011. 

18.  Waters JS, O’Brien MER, Ashley S. Management of anemia in patients 
receiving chemotherapy. J Clin Oncol. 2002;20(2):601–603.

19.  Di Maio M, Pisano C, Tambaro R, et al. The prognostic role of pre-
chemotherapy hemoglobin level in patients with ovarian cancer. Front 
Biosci. 2006;11:1585–1590.

20.  Hasenclever D, Diehl V. A prognostic score for advanced Hodgkin’s dis-
ease. International Prognostic Factors Project on Advanced Hodgkin’s 
Disease. N Engl J Med. 1998;339(21):1506–1514. 

 
O

nc
oT

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

03
-J

ul
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

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


OncoTargets and Therapy 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

590

Galli et al

21.  Klein HG, Spahn DR, Carson JL. Red blood cell transfusion in clinical 
practice. Lancet. 2007;370(9585):415–426. 

22.  Egrie JC, Strickland TW, Lane J, et al. Characterization and biological 
effects of recombinant human erythropoietin. Immunobiology. 1986; 
172(3–5):213–224. 

23.  Egrie JC, Dwyer E, Browne JK, Hitz A, Lykos MA. Darbepoetin alfa 
has a longer circulating half-life and greater in vivo potency than recom-
binant human erythropoietin. Exp Hematol. 2003;31(4):290–299.

24.  Littlewood TJ, Bajetta E, Nortier JW, Vercammen E, Rapoport B; 
Epoetin Alfa Study Group. Effects of epoetin alfa on hematologic 
parameters and quality of life in cancer patients receiving nonplati-
num chemotherapy: results of a randomized, double-blind, placebo-
controlled trial. J Clin Oncol. 2001;19(11):2865–2874.

25.  Gabrilove JL, Cleeland CS, Livingston RB, Sarokhan B, Winer E, 
Einhorn LH. Clinical evaluation of once-weekly dosing of epoetin alfa 
in chemotherapy patients: improvements in hemoglobin and quality of 
life are similar to three-times-weekly dosing. J Clin Oncol. 2001;19(11): 
2875–2882.

26.  Osterborg A, Brandberg Y, Molostova V, et al. Randomized, double-
blind, placebo-controlled trial of recombinant human erythropoi-
etin, epoetin beta, in hematologic malignancies. J Clin Oncol. 2002; 
20(10):2486–2494.

27.  Boogaerts M, Coiffier B, Kainz C; Epoetin Beta QOL Working Group. 
Impact of epoetin beta on quality of life in patients with malignant 
disease. Br J Cancer. 2003;88(7):988–995. 

28.  Mäenpää J, Puistola U, Riska H, et al. Impact of epoetin-beta on ane-
mia and health-related quality of life in cancer patients: a prospective 
observational study using the generic 15D instrument. Anticancer Res. 
2014;34(5):2325–2329.

29.  Vansteenkiste J, Pirker R, Massuti B, et al. Double-blind, placebo-
controlled, randomized phase III trial of darbepoetin alfa in lung cancer 
patients receiving chemotherapy. J Natl Cancer Inst. 2002;94(16): 
1211–1220.

30.  Bennett CL, Silver SM, Djulbegovic B, et al. Venous thromboembolism 
and mortality associated with recombinant erythropoietin and darbe-
poetin administration for the treatment of cancer-associated anemia. 
JAMA. 2008;299(8):914–924. 

31.  Bohlius J, Schmidlin K, Brillant C, et al. Recombinant human erythro-
poiesis-stimulating agents and mortality in patients with cancer: a meta-
analysis of randomised trials. Lancet. 2009;373(9674):1532–1542. 

32.  Tonelli M, Hemmelgarn B, Reiman T, et al. Benefits and harms of 
erythropoiesis-stimulating agents for anemia related to cancer: a meta-
analysis. CMAJ. 2009;180(11):E62–E71. 

33.  Ludwig H, Crawford J, Osterborg A, et al. Pooled analysis of individual 
patient-level data from all randomized, double-blind, placebo-controlled 
trials of darbepoetin alfa in the treatment of patients with chemotherapy-
induced anemia. J Clin Oncol. 2009;27(17):2838–2847.

34.  Glaspy J, Crawford J, Vansteenkiste J, et al. Erythropoiesis-stimulating 
agents in oncology: a study-level meta-analysis of survival and other 
safety outcomes. Br J Cancer. 2010;102(2):301–315. 

35.  Engert A, Josting A, Haverkamp H, et al. Epoetin alfa in patients 
with advanced-stage Hodgkin’s lymphoma: results of the random-
ized placebo-controlled GHSG HD15EPO trial. J Clin Oncol. 2010; 
28(13):2239–2245.

36.  Moebus V, Jackisch C, Lueck H-J, et al. Intense dose-dense sequential 
chemotherapy with epirubicin, paclitaxel, and cyclophosphamide com-
pared with conventionally scheduled chemotherapy in high-risk primary 
breast cancer: mature results of an AGO phase III study. J Clin Oncol. 
2010;28(17):2874–2880.

37.  Untch M, Fasching PA, Konecny GE, et al. PREPARE trial: a ran-
domized phase III trial comparing preoperative, dose-dense, dose-
intensified chemotherapy with epirubicin, paclitaxel and CMF versus a 
standard-dosed epirubicin/cyclophosphamide followed by paclitaxel ± 
darbepoetin alfa in primary breast cancer – results at the time of surgery.  
Ann Oncol. 2011;22(9):1988–1998. 

38.  Aapro M. Emerging topics in anaemia and cancer. Ann Oncol. 2012;23 
Suppl 10:x289–x293. 

39.  Rizzo JD, Brouwers M, Hurley P, Seidenfeld J, Somerfield MR, Temin S. 
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 Oncol Pract. 2010;6(6):317–320. 

40.  Canon J-L, Vansteenkiste J, Bodoky G, et al. Randomized, double-blind, 
active-controlled trial of every-3-week darbepoetin alfa for the treat-
ment of chemotherapy-induced anemia. J Natl Cancer Inst. 2006;98(4): 
273–284. 

41.  20030125 Study Group Trial, 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. 

42.  Means RT Jr, Krantz SB. Progress in understanding the pathogenesis 
of the anemia of chronic disease. Blood. 1992;80(7):1639–1647.

43.  Gangat N, Wolanskyj AP. Anemia of chronic disease. Semin Hematol. 
2013;50(3):232–238. 

44.  European Medicines Agency. Neorecormon. Available from: http://www.ema.
europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000116/
human_med_000921.jsp&mid=WC0b01ac058001d124. Accessed 
February 1, 2015.

45.  Rizzo JD, Somerfield MR, Hagerty KL, et al. Use of epoetin and dar-
bepoetin in patients with cancer: 2007 American Society of Clinical 
Oncology/American Society of Hematology clinical practice guideline 
update. J Clin Oncol. 2008;26(1):132–149. 

46.  Jacobs K, Shoemaker C, Rudersdorf R, et al. Isolation and characteriza-
tion of genomic and cDNA clones of human erythropoietin. Nature. 
1985;313(6005):806–810.

47.  Recny MA, Scoble HA, Kim Y. Structural characterization of natural 
human urinary and recombinant DNA-derived erythropoietin. Identifi-
cation of des-arginine 166 erythropoietin. J Biol Chem. 1987;262(35): 
17156–17163.

48.  Jelkmann W. Physiology and pharmacology of erythropoietin. Transfus 
Med Hemother. 2013;40(5):302–309. 

49.  Davis JM, Arakawa T, Strickland TW, Yphantis DA. Characterization 
of recombinant human erythropoietin produced in Chinese hamster 
ovary cells. Biochemistry. 1987;26(9):2633–2638.

50.  Ludwig H. Epoetin beta in oncology: examining the current evidence. 
Future Oncol. 2006;2(1):21–38. 

51.  Acs G, Acs P, Beckwith SM, et al. Erythropoietin and erythropoi-
etin receptor expression in human cancer. Cancer Res. 2001;61(9): 
3561–3565.

52.  Szenajch J, Wcislo G, Jeong J-Y, Szczylik C, Feldman L. The role 
of erythropoietin and its receptor in growth, survival and therapeutic 
response of human tumor cells. From clinic to bench – a critical review. 
Biochim Biophys Acta. 2010;1806(1):82–95.

53.  Okazaki T, Ebihara S, Asada M, Yamanda S, Niu K, Arai H. Erythro-
poietin promotes the growth of tumors lacking its receptor and decreases 
survival of tumor-bearing mice by enhancing angiogenesis. Neoplasia. 
2008;10(9):932–939.

54.  Ribatti D, Nico B, Perra MT, et al. Erythropoietin is involved in angiogene-
sis in human primary melanoma. Int J Exp Pathol. 2010;91(6):495–499.

55.  Nico B, Annese T, Guidolin D, Finato N, Crivellato E, Ribatti D. Epo is 
involved in angiogenesis in human glioma. J Neurooncol. 2011;102(1): 
51–58.

56.  Hedley BD, Chu JE, Ormond DG, et al. Recombinant human eryth-
ropoietin in combination with chemotherapy increases breast cancer 
metastasis in preclinical mouse models. Clin Cancer Res. 2011;17(19): 
6151–6162.

57.  Hedley BD, Allan AL, Xenocostas A. The role of erythropoietin and 
erythropoiesis-stimulating agents in tumor progression. Clin Cancer 
Res. 2011;17(20):6373–6380.

58.  Todaro M, Turdo A, Bartucci M, et al. Erythropoietin activates cell 
survival pathways in breast cancer stem-like cells to protect them from 
chemotherapy. Cancer Res. 2013;73(21):6393–6400.

59.  Zhou B, Damrauer JS, Bailey ST, et al. Erythropoietin promotes breast 
tumorigenesis through tumor-initiating cell self-renewal. J Clin Invest. 
2014;124(2):553–563.

 
O

nc
oT

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

03
-J

ul
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000116/human_med_000921.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000116/human_med_000921.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000116/human_med_000921.jsp&mid=WC0b01ac058001d124


OncoTargets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the 
management of cancer patients. The journal also focuses on the impact 
of management programs and new therapeutic agents and protocols on 

patient perspectives such as quality of life, adherence and satisfaction. 
The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

OncoTargets and Therapy 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

591

epoetin beta and chemotherapy-induced anemia

60.  Liang K, Qiu S, Lu Y, Fan Z. Autocrine/paracrine erythropoietin 
regulates migration and invasion potential and the stemness of human 
breast cancer cells. Cancer Biol Ther. 2014;15(1):89–98.

61.  Jensen JD, Madsen JK, Jensen LW, Pedersen EB. Reduced production, 
absorption, and elimination of erythropoietin in uremia compared with 
healthy volunteers. J Am Soc Nephrol. 1994;5(2):177–185.

62.  Flaharty KK, Caro J, Erslev A, et al. Pharmacokinetics and erythro-
poietic response to human recombinant erythropoietin in healthy men. 
Clin Pharmacol Ther. 1990;47(5):557–564.

63.  Chapel S, Veng-Pedersen P, Hohl RJ, Schmidt RL, McGuire EM, 
Widness JA. Changes in erythropoietin pharmacokinetics following 
busulfan-induced bone marrow ablation in sheep: evidence for bone 
marrow as a major erythropoietin elimination pathway. J Pharmacol 
Exp Ther. 2001;298(2):820–824.

64.  Cazzola M, Beguin Y, Kloczko J, Spicka I, Coiffier B. Once-weekly 
epoetin beta is highly effective in treating anaemic patients with lym-
phoproliferative malignancy and defective endogenous erythropoietin 
production. Br J Haematol. 2003;122(3):386–393.

65.  Gupta S, Singh PK, Bhatt MLB, et al. Clinical benefits of two differ-
ent dosing schedules of recombinant human erythropoietin in anemic 
patients with advanced head and neck cancer. Biosci Trends. 2010;4(5): 
267–272.

66.  Pirker R, Lehnert M, Minar W. Once-weekly epoetin beta (30,000 IU) 
in anemic patients with lung cancer receiving chemotherapy. Lung 
Cancer. 2007;55(1):89–94.

67.  Spaëth D, Desablens B, Rodon P, et al. Epoetin beta once-weekly 
therapy in anemic patients with solid tumors and non-myeloid hema-
tological malignancies receiving chemotherapy. Oncology. 2008;74 
(1–2):112–118. 

68.  Henke M, Laszig R, Rübe C, et al. Erythropoietin to treat head and neck 
cancer patients with anaemia undergoing radiotherapy: randomised, double- 
blind, placebo-controlled trial. Lancet. 2003;362(9392):1255–1260.

69.  Henke M, Mattern D, Pepe M, et al. Do erythropoietin receptors 
on cancer cells explain unexpected clinical findings? J Clin Oncol. 
2006;24(29):4708–4713.

70.  Lai SY, Childs EE, Xi S, et al. Erythropoietin-mediated activation of 
JAK-STAT signaling contributes to cellular invasion in head and neck 
squamous cell carcinoma. Oncogene. 2005;24(27):4442–4449.

71.  Lin Y-T, Chuang H-C, Chen C-H, et al. Clinical significance of 
erythropoietin receptor expression in oral squamous cell carcinoma. 
BMC Cancer. 2012;12:194.

72.  Aapro M, Leonard RC, Barnadas A, et al. Effect of once-weekly epoetin 
beta on survival in patients with metastatic breast cancer receiving 
anthracycline- and/or taxane-based chemotherapy: results of the Breast 
Cancer-Anemia and the Value of Erythropoietin (BRAVE) study. J Clin 
Oncol. 2008;26(4):592–598.

73.  Fujisaka Y, Sugiyama T, Saito H, et al. Randomised, phase III trial of 
epoetin-β to treat chemotherapy-induced anaemia according to the EU 
regulation. Br J Cancer. 2011;105(9):1267–1272.

74.  Boogaerts M, Oberhoff C, Ten Bokkel Huinink W, Nowrousian MR, 
Hayward CR, Burger HU. Epoetin beta (NeoRecormon) therapy in 
patients with solid tumours receiving platinum and non-platinum che-
motherapy: a meta-analysis. Anticancer Res. 2006;26(1B):479–484.

75.  Aapro M, Scherhag A, Burger HU. Effect of treatment with epoetin-beta 
on survival, tumour progression and thromboembolic events in patients 
with cancer: an updated meta-analysis of 12 randomised controlled 
studies including 2301 patients. Br J Cancer. 2008;99(1):14–22.

76.  Aapro M, Osterwalder B, Scherhag A, Burger HU. Epoetin-beta 
treatment in patients with cancer chemotherapy-induced anaemia: the 
impact of initial haemoglobin and target haemoglobin levels on survival, 
tumour progression and thromboembolic events. Br J Cancer. 2009; 
101(12):1961–1971.

77.  Tonia T, Mettler A, Robert N, et al. Erythropoietin or darbepo-
etin for patients with cancer. Cochrane Database Syst Rev. 2012;12: 
CD003407.

78.  Ohashi Y, Uemura Y, Fujisaka Y, et al. Meta-analysis of epoetin beta 
and darbepoetin alfa treatment for chemotherapy-induced anemia and 
mortality: individual patient data from Japanese randomized, placebo-
controlled trials. Cancer Sci. 2013;104(4):481–485. 

79.  Van Cutsem E, Twelves C, Cassidy J, et al. Oral capecitabine compared 
with intravenous fluorouracil plus leucovorin in patients with metastatic 
colorectal cancer: results of a large phase III study. J Clin Oncol. 2001; 
19(21):4097–4106.

80.  Douillard JY, Cunningham D, Roth AD, et al. Irinotecan combined with 
fluorouracil compared with fluorouracil alone as first-line treatment for 
metastatic colorectal cancer: a multicentre randomised trial. Lancet. 
2000;355(9209):1041–1047.

81.  André T, Louvet C, Maindrault-Goebel F, et al. CPT-11 (irinotecan) 
addition to bimonthly, high-dose leucovorin and bolus and continuous-
infusion 5-fluorouracil (FOLFIRI) for pretreated metastatic colorectal 
cancer. GERCOR. Eur J Cancer. 1999;35(9):1343–1347.

82.  De Gramont A, Figer A, Seymour M, et al. Leucovorin and fluorouracil 
with or without oxaliplatin as first-line treatment in advanced colorectal 
cancer. J Clin Oncol. 2000;18(16):2938–2947.

83.  Hurwitz HI, Fehrenbacher L, Hainsworth JD, et al. Bevacizumab in com-
bination with fluorouracil and leucovorin: an active regimen for first-line 
metastatic colorectal cancer. J Clin Oncol. 2005;23(15):3502–3508.

84.  Kabbinavar F, Hurwitz HI, Fehrenbacher L, et al. Phase II, randomized 
trial comparing bevacizumab plus fluorouracil (FU)/leucovorin (LV) 
with FU/LV alone in patients with metastatic colorectal cancer. J Clin 
Oncol. 2003;21(1):60–65.

85.  Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy and 
cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal 
cancer. N Engl J Med. 2004;351(4):337–345. 

86.  Pfeiffer P, Sørbye H, Ehrsson H, et al. Short-time infusion of oxaliplatin 
in combination with capecitabine (XELOX30) as second-line therapy 
in patients with advanced colorectal cancer after failure to irinotecan 
and 5-fluorouracil. Ann Oncol. 2006;17(2):252–258. 

87.  Kim TW, Kang WK, Chang HM, et al. Multicenter phase II study of 
oral capecitabine plus irinotecan as first-line chemotherapy in advanced 
colorectal cancer: a Korean Cancer Study Group trial. Acta Oncol. 
2005;44(3):230–235. 

88.  Von Pawel J, Schiller JH, Shepherd FA, et al. Topotecan versus cyclo-
phosphamide, doxorubicin, and vincristine for the treatment of recurrent 
small-cell lung cancer. J Clin Oncol. 1999;17(2):658–667.

89.  Noda K, Nishiwaki Y, Kawahara M, et al. Irinotecan plus cisplatin 
compared with etoposide plus cisplatin for extensive small-cell lung 
cancer. N Engl J Med. 2002;346(2):85–91. 

90.  Hattangadi SM, Wong P, Zhang L, Flygare J, Lodish HF. From stem 
cell to red cell: regulation of erythropoiesis at multiple levels by 
multiple proteins, RNAs, and chromatin modifications. Blood. 2011; 
118(24):6258–6268. 

 
O

nc
oT

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

03
-J

ul
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


