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I write this editorial in deference to the many experts who devote 
their careers to this important field. In this editorial, I  simply 
report the journeyman route of a medical oncologist who is des-
perately trying to improve the outcomes of women suffering from 
breast cancer.

At the end of the 1990s, there was much hope that erythropoie-
sis stimulating agents (ESAs) would improve the survival of cancer 
patients. It was all so very obvious. Elegant partial oxygen pressure 
(pO2) histograms showed differential oxygenation between normal 
and malignant tissues, and patients with higher tumoral pO2 were 
demonstrated to have improved survival (1,2). Beverly Teicher had 
shown the oxygen-dependency of cancer and had published oxy-
gen enhancement ratios for the representative members of the key 
mechanistic classes of anticancer agents. Preclinical models had 
shown that erythropoietin restored the anemia-induced reduction 
in antineoplastic cytotoxicity, eg, cyclophosphamide (3). Hence, the  
ESAs, by raising hemoglobin levels, improving oxygenation, and 
increasing cytotoxicity of our antineoplastics, simply must improve 
survival!

ESAs even improved antitumor immune response (4) and 
increased radiosensitivity (5,6). Many of my friends and colleagues 
will remember slide sets that I showed, listing various references to 
the beneficial effects of ESAs on tumor regression in a variety of 
tumor types (7–10).

Then along came the famous Glaser et al. data (11) of epoetin 
increasing hemoglobin levels and improving prognosis in anemic 
patients with head and neck cancer and the Littlewood trial (12) 
that showed an improvement in 12-month survival from 49% to 
60% for epoetin vs placebo and even an increase in overall survival 
from 11 to 17 months.

Put all of this together and one could not have a better back-
ground for our own BEST INT76 (13) and Henke trials (14). 
Even the names were optimistic: Breast cancer Erythropoietin 
Survival Trial (BEST), the Breast Cancer-Anemia and the Value of 
Erythropoietin Trial (BRAVE). The rest is, as they say, history. So 
where do we stand now?

In August 2003, I wrote a letter to Lancet Oncology (15), refer-
encing the imbalance of risk factors between treatment groups and 
other issues in INT76 and documenting several methodological 
issues that hindered interpretation of both the BEST and Henke 
trials, with a conclusion that they “generated more questions than 
answers.”

Ten years later, in my humble opinion, there is no doubt: virtu-
ally all of the meta-analyses, including three of the most recent: 
the Tonelli et al. 2009 meta-analysis (16) of 52 trials that included 
12006 patients with a relative risk (RR) for all-cause mortality of 

1.15 (95% confidence interval [CI] = 1.03 to 1.29); the Glaspy et al. 
2010 meta-analysis (17) of 60 studies that included 15 323 patients 
with an odds ratio for mortality of 1.05 (95% CI = 0.97 to 1.15); 
and the Tonia et al. analysis (18) of 78 studies that included 19 003 
patients with a hazard ratio (HR) for overall survival of 1.05 (95% 
CI = 1.00 to 1.11) show worse survival.

One caveat to the above is design flaws, imbalance of risk fac-
tors between treatment groups (15) and trial quality (“the 52 trials 
were generally of poor to moderate quality”) (16) affecting much 
of the data base. Another observation is that adverse odds ratio 
for survival appears to be driven by eight of the 60 trials (17,19). 
Glaspy et al. (17) even notes that simply including the long-term 
follow-up of our BEST trial (ie, survival data collected beyond 
the 1-year treatment period) instead of the published data (13,20), 
reduces the mortality odds ratio in the meta-analysis to 1.02 (95% 
CI  =  0.94 to 1.11; I2  =  0%) using either the random-effects or 
fixed-effects model.

The Bohlius meta-analysis (21) included studies specifically 
designed to treat to a high-target hemoglobin concentration (ie, 
≥120 g/L) and nonchemotherapy studies. In the analysis of mor-
tality during the active study period for all 53 studies, the hazard 
ratio was 1.17, and the 95% confidence intervals excluded unity. To 
assess the effect of individual studies on the combined estimates, the 
Lancet authors excluded one study at a time from the pooled analy-
sis. Of note, when our BEST study was excluded, the hazard ratio 
for mortality during the active study period decreased to 1.03 from 
1.10, and the 95% confidence interval (0.90 to 1.18) included unity. 
Exclusion of other studies did not substantially affect the results.

Another critical caveat to the above is the target hemoglobin. 
Pertinent to the above discussion of the 2009 Lancet overview, the 
use of ESA treatment in our BEST study differed substantially 
from the currently labeled guidance, which states that treatment 
should be withheld if the hemoglobin concentration exceeds 
120 g/L. In our BEST study, the target hemoglobin concentration 
was high (120–140 g/L), subjects were started on ESA treatment at 
hemoglobin concentrations above the labeled guidance (130 g/L), 
and ESA treatment continued for up to 12 months regardless of 
whether subjects were still receiving chemotherapy. The Lancet 
data for the chemotherapy subset, excluding our BEST study, was 
consistent with the favorable benefit-risk profile seen when ESAs 
are used according to labeled guidance. Moreover, the Paladini 2008 
(22) meta-analysis of trials performed within label (17 studies, 3788 
patients, with baseline hemoglobin <11 g/dL) found no increase in 
mortality risk (RR = 0.95, 95% CI = 0.88 to 1.03; P = .22).

With regard to disease progression, this seems to be the most 
controversial area. In terms of the two most classical cell lines, 
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MDA-MB-231 and MCF-7, EpoR expression was localized to a 
cytosolic distribution and did not transduce a signaling cascade in 
tumors that leads to tumor growth (19) My own interpretation of 
the preclinical literature is that there are inconsistent reports of 
proliferation only seen with epoetin concentrations fivefold to 100-
fold greater than achieved clinically. The data from my own BEST 
trial is consistent with this lack of disease progression (HR = 1.00). 
With regard to the effect of ESAs on tumor response and disease 
progression, one of the challenges is that most of the evaluated 
studies to date were not designed to formally assess this outcome. 
In general, studies have not rigorously assessed the endpoint of 
tumor progression to the same standard that would be required to 
demonstrate the efficacy of a therapeutic agent.

At the combined epoetin alfa (Epogen/PROCRIT) and darbepoi-
etin Oncologic Drugs Advisory Committee meeting in March 2008 
(20), a meta-analysis of progression-related endpoints in 24 studies 
(n = 9197; 4640 ESA, 4557 control) yielded an odds ratio of 1.02 
(95% CI = 0.90 to 1.15). The Glaspy et al. 2010 meta-analysis (17) 
reported an odds ratio for disease progression for each of the eight 
studies of concern and concluded that use of ESAs does not consist-
ently impact disease progression, with the hazard ratios for disease 
progression ranging from 0.85 to 1.01. I  furthermore refer to our 
team’s article published in the British Journal of Cancer last year in 
which we concluded, “Preclinical data to date suggest that tumor cells 
either a) do not express EpoR, or, b) express low levels of EpoR mol-
ecules that are non-functional and/or are not present at the cell sur-
face. Although assessment and definition of disease progression vary 
across studies, the current clinical data suggest that ESAs may have 
little effect on disease progression in chemotherapy patients” (19).

To specifically address the effect of EPREX® (epoetin alfa) on 
tumor progression and mortality within the labeled indication, we 
are conducting study EPO-ANE-3010, an open-label, randomized 
and controlled trial in metastatic breast cancer patients specifically 
designed to measure progression-free survival (primary endpoint) 
and overall survival (secondary endpoint).

The last critical area is the well-recognized risk of thromboem-
bolic events. The Bohlius et al. 2006 Cochrane (23) and Journal of 
the National Cancer Institute (24) overview observed that treatment 
with epoetin or darbepoetin increased the risk of thrombo-embolic 
events (RR = 1.67, 95% CI = 1.35 to 2.06; 35 trials and 6769 patients). 
The Tonelli et al. (16) overview reported an increased risk of throm-
botic events (RR = 1.69, 95% CI = 1.27 to 2.24). The Glaspy et al. 
2010 overview (17) reported an increased risk for venous-thromo-
boembolic events (44 studies: OR = 1.48; 95% CI = 1.28 to 1.72). 
Bennett et al. (25) performed another meta-analysis of VTE asso-
ciated with ESAs in patients with cancer. There were 334 (7.5%) 
venous thrombo-embolism events reported for the 4610 subjects 
in the ESA group vs 173 (4.9%) venous thrombo-embolism events 
reported for the 3562 subjects in the control group (RR = 1.57, 95% 
CI = 1.31 to 1.87). Hence, this is one area where there would appear 
to be great consistency and lack of controversy.

This editorial was invited to accompany the article by Moebus 
et al. (26) published in this issue of the Journal, which reports that 
epoetin alfa resulted in improved hemoglobin levels and decreased 
transfusions without an impact on disease-free survival or over-
all survival. Epoetin alfa avoided the decrease in hemoglobin level 
(no decrease in the epoetin alfa group vs –2.20 g/dL for the control 

group; P < .001) and statistically significantly reduced the percent-
age of subjects requiring red blood cell transfusion (12.8% vs 28.1%;  
P < .0001). After a median follow-up of 62 months, epoetin alfa treat-
ment did not affect overall survival (81% vs 83%; P = .89), relapse-
free survival (72% vs 71%; P = .86), or intramammary relapse (2.4% 
vs 1.2%; P  =  .26). But epoetin alfa did have a negative effect on 
patient outcome, resulting in an increased incidence of thrombotic 
events of 7% in the epoetin alfa arm vs 3% in the control arm. Hence, 
this article is consistent with the theme of no effect on disease-free 
survival, an increase in thrombotic events and, here, where the tar-
get hemoglobin was 12 to 13 g/dL and epoetin was withdrawn at  
14 g/dL, no adverse effect on overall survival at 5.2 years of follow-up.

So what do I personally conclude, having entered this path with 
such strong anticipation of positive ESA survival effect based upon 
the cumulative knowledge 12 years ago? At one of the ESA advi-
sory boards in 2004, my dear friend and colleague George Sledge 
made the comment, “It takes a fair amount of courage to say that a 
drug or idea is killed.” I now truly believe that the concept of ESAs 
improving the survival of breast cancer patients is killed. The con-
cept of pushing hemogloblin to 14 g/dL was wrong.

I remain to be convinced that ESAs have any negative effect 
on progression free-survival. In terms of overall survival, the meta-
analyses that include all trials trend in the negative direction, but if 
one limits the analyses to trials where ESAs are prescribed within 
label, the evidence suggests very little, if any, impact on overall sur-
vival. The most convincing and consistently negative effect of the 
ESAs seen across virtually all datasets is an increased risk of throm-
bosis, and this adverse effect was also observed the Moebus article 
published in this issue of the Journal (26).

I have many times commented, in private, that a great athlete 
can take an ESA and benefit from enhanced performance with little 
adverse effect; in contrast, if I were to give an ESA to my mother, 
the risks of adverse effects over the benefits would be high. In an era 
dominated by personalized medicine, I would beg us all to consider 
this mantra in every patient. The benefits of ESAs so very clearly 
demonstrated in the Moebus article (26) and in terms of quality of 
life are huge. On the other hand, the ESAs are powerful pharmaco-
logic tools and, especially in terms of the elevated risk of thrombosis 
and other side effects, should be treated with great respect.
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In this issue of the Journal, Moebus et  al. (1) reported that an 
erythropoiesis stimulation agent (ESA) can safely treat chemother-
apy-induced anemia in breast cancer patients receiving adjuvant 
therapy. Earlier evidence of a potentially negative effect on out-
comes has made this treatment controversial, and ESAs in general 
have not been indicated for use in the curative setting. The set-
ting for their report was an Arbeitsgemeinschaft Gynokologische 
Onkologie (AGO) phase III randomized trial that tested dose 
intensity and density for 1284 patients with 4 or more positive 
nodes. Half were randomly assigned to treatment with intense 
dose-dense (IDD) epirubicin (E at 150 mg/m2) × 3 → paclitaxel 
(T at 225 mg/m2) × 3 → cyclophosphamide (C at 2500 mg/m2) × 
3, all administered every 2 weeks with granulocyte colony stim-
ulating factor and the other half to EC (90/600 mg/m2)  ×  4  → 
P (175 mg/m2) × 4 every 3 weeks (2). At a median follow-up of 

5 years, the relapse-free survival (RFS; 70% vs 62%; P < .001) and 
overall survival (OS; 82% vs 77%; P =  .03) were in favor of IDD 
chemotherapy. Not surprisingly, there were more nonhematologic 
and hematologic toxicities with the IDD regimen. With a longer 
follow-up of 10 years, these benefits were still maintained (3).

To test epoetin alfa (Epo), the authors performed a second 
randomization among the 643 patients in the IDD ETC arm to 
receive Epo or not. Epo was given three times a week to maintain a 
hemoglobin (Hgb) level of 12.5 to 13 g/dL, stopped when the Hgb 
was greater than 14 g/dL, and restarted when it was less than 13 g/
dL. Patients with a Hgb of less than 9.0 g/dL were considered for 
transfusions on both arms of the study. The median duration of Epo 
administration was 18 weeks. The authors concluded that the use 
of Epo was beneficial because it prevented the otherwise typical 
2.2-g/dL Hgb drop from cycle 1 to cycle 9 of chemotherapy and 
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