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 Introduction 

 Anemia, defined as a deficiency in the concentration 
of hemoglobin (Hb)-containing red blood cells (RBCs), is 
a widely prevalent complication among cancer patients. 
About 32% of patients present with anemia at diagnosis 
and about 54% of initially non-anemic cancer patients 
develop anemia during treatment  [1, 2] . Anemia is caused 
by either the cancer itself or by cytotoxic treatment  [3] . 
For affected patients, anemia can be a debilitating prob-
lem; it negatively influences their quality of life (QoL)  [4]  
and is associated with shorter overall survival  [5] . Ho-
mologous blood transfusion is the fastest method to al-
leviate symptoms caused by anemia; however, short- and 
long-term risks such as transmission of infectious dis-
eases, transfusion reactions and alloimmunization have 
to be faced  [6] . Short- and long-acting preparations of
recombinant human erythropoiesis-stimulating agents 
(ESAs) offer an alternative treatment option, reducing
the risk for infections and adverse events associated with 
RBC transfusions.

  Mainly three different recombinant erythropoietins 
are available to date: epoetin  �  (Procrit � , Johnson & 
Johnson; Epogen � , Amgen), epoetin  �  (NeoRecormon � , 
Roche) and darbepoetin  �  (Aranesp � , Amgen). Epoetins 
 �  and  �  consist of 165 amino acids, but they differ in their 
carbohydrate content. Darbepoetin has a longer half-life 
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 Abstract 
 Anemia associated with cancer and cancer therapy is a com-
mon and important issue in the treatment of patients with 
malignant disease. Conventionally, blood transfusions are 
used to treat severe cancer-related anemia. Short- and long-
acting preparations of recombinant human erythropoiesis-
stimulating agents (ESAs) offer an alternative treatment op-
tion. Multiple studies and subsequent meta-analyses have 
demonstrated that ESA treatment increases hemoglobin lev-
els and reduces the likelihood of transfusion for a proportion 
of treated patients. However, studies that attempted to eval-
uate whether ESAs improve tumor response and survival 
have generated conflicting evidence. Results of smaller trials 
reporting improved survival outcomes were contradicted by 
large randomized controlled trials that reported more deaths 
in patients receiving ESAs. In addition, there is strong evi-
dence that cancer patients receiving ESAs have an increased 
risk of thromboembolic and cardiovascular events. We herein 
review the main meta-analyses published in the field, their 
strengths and weaknesses, their contribution to patient man-
agement and future perspectives for systematic reviews. 
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compared to epoetin  �  and  � . The three erythropoetins 
have similar clinical efficacy  [7, 8]  and are considered as 
members of the same pharmacologic class  [9] . Other nov-
el molecules, i.e. the continuous erythropoietin receptor 
activator  [10, 11]  and biosimilars, including epoetin  � , 
epoetin  �  and epoetin  � , have been developed. Currently, 
epoetin  �  is approved for the treatment of chemotherapy-
induced anemia in patients with solid tumors, malignant 
lymphoma and multiple myeloma  [12, 13] . 

  Since ESAs were licensed for the treatment of anemia 
in cancer patients in 1993, more than 80 randomized con-
trolled trials (RCTs) on the effects of ESAs versus control 
were conducted in cancer patients. In order to systemati-
cally organize these studies, several systematic reviews 
and meta-analyses were done. The first meta-analysis 
was published in 1997  [14] . Ever since, more than 20 me-
ta-analyses and systematic reviews on the effects of ESAs 
in cancer patients have been published. We here discuss 
the main meta-analyses published in the field, their 
strengths and weaknesses, their contribution to patient 
management and future perspectives for systematic re-
views in this field. These issues will be structured by se-
lected clinical outcomes, i.e. RBC transfusions (RBCTs), 
thromboembolic events and survival. Systematic reviews 
and meta-analyses restricted to specific patient popula-
tions, i.e. patients with myelodysplastic syndrome  [16, 
17] , head-and-neck cancer  [18]  or specific outcomes, i.e. 
hematological response  [15]  or QoL  [19, 20] , will not be 
reviewed here. 

  Red Blood Cell Transfusions 

 ESAs efficiently increase Hb levels in cancer patients 
and reduce need for RBCTs. Up to now, more than 60 
RCTs evaluated the risk for transfusion in patients receiv-
ing ESAs compared to controls. The benefit of ESAs in 
terms of reduced risk for RBCTs was shown in the major-
ity of randomized trials, and most of these trials were suf-
ficiently powered to detect statistically significant differ-
ences between experimental and control arms. Besides, 
RBCT risk was evaluated in eleven meta-analyses  [14, 21–
30] . One of the first meta-analyses was commissioned by 
the Agency for Health Research and Quality and pub-
lished by Seidenfeld et al.  [21]  in 2001. This analysis was 
updated in a collaborative effort with the Cochrane He-
matological Malignancies Group in 2002  [22] . In 2004/
2005, these analyses were updated together with investi-
gators from the University of Birmingham  [23]  and the 
Agency for Health Research and Quality  [25] . Apart from 

this collaboration, several other meta-analyses reported 
results for RBCTs  [14, 26–30] .

  All meta-analyses demonstrated that ESAs reduce the 
risk for transfusions in a statistically and clinically mean-
ingful way. Results of these meta-analyses are shown in 
the upper part of  figure 1 . At first glance, the results re-
ported by Seidenfeld et al.  [21]  and by Ross et al.  [27]  are 
strikingly different from the other results. However, in 
these meta-analyses the odds ratio (OR) was used as ef-
fect measure whereas the risk ratio (RR) was used in the 
others. It is well known that OR and RR values can be 
very different if events are common  [31] . RBCT is a very 
common event in cancer patients. Accordingly, results 
for meta-analyses using OR as summary measure show 
very different results. A re-analysis of Bohlius et al.  [32]  
in 2006 using OR is shown in the lower part of  figure 1 . 
Their OR (0.43) is very similar to those reported by Sei-
denfeld et al.  [21]  (OR 0.38) and Ross et al.  [27]  (OR 0.44). 
All nine meta-analyses using RR as effect measure report 
very similar results (RR range 0.58–0.67).

  However, most meta-analyses on RBCTs show some 
or even substantial heterogeneity. This indicates varia-
tion between trials that cannot be explained by chance. 
To explore this heterogeneity, several working groups 
conducted meta-regression analysis. For example in a 
multivariate stepwise meta-regression analysis, Bohlius 
et al.  [24, 32]  revealed that ESA effect size was influenced 
by the type of underlying malignancy and source of data. 
Unpublished data show more conservative results than 
data taken from full-text or abstract publications. Fur-
thermore, in patients with hematological malignancies 
and myelodysplastic syndrome, the effect was similar, 
whereas the treatment effect was markedly different in 
patients with solid tumors. In summary, meta-regres-
sion analysis within a meta-analysis may help to identify 
factors that modify effect sizes and that may help to ex-
plain different effect sizes observed between different 
trials. 

  To avoid the perils of publication bias, additional un-
published or unreported data were requested from the 
clinical trial investigators and included in the meta-anal-
ysis published by Bohlius et al.  [22] . Including these ad-
ditional unreported data in the analysis generated a more 
conservative estimate. Thus, meta-analysis including un-
reported data may help to achieve more realistic esti-
mates of the effectiveness of drugs.

  Despite efforts to include unreported data in RBCT 
meta-analyses, some indication for publication bias still 
exists as tests for funnel plot asymmetry are significant 
in some meta-analyses. For example, a re-analysis of the 
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data of Bohlius et al.  [32]  using the test proposed by Har-
bord et al.  [33]  revealed a significant difference (p = 0.039). 
The funnel plot of these data is shown in  figure 2 a. Sta-
tistical methods to adjust for potential publication bias 
have been developed during the last decade. In this paper, 
we apply two prominent adjustment methods, the trim-
and-fill method  [34]  and the Copas selection model  [35] , 
to the data from Bohlius et al.  [32]  as a kind of sensitivity 

analysis. The results for these two adjustment methods 
are given in the lower part of  figure 1 ; the result for the 
trim-and-fill method is also shown in  figure 2 a. Both 
methods suggest that the effect estimate – adjusted for 
potential publication bias – is slightly smaller, i.e. closer 
to the null effect, but still highly statistically significant: 
OR 0.72 (trim-and-fill method) and OR 0.74 (Copas se-
lection model).
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  Fig. 1.  Forest plot of meta-analyses on the effects of ESAs on the risk of RBCTs. Columns report on the total 
numbers of studies in meta-analysis (Studies) and participants (Patients); on effect measure (RR) and its 95% 
CIs; summary measures used in meta-analysis (SM), and the meta-analysis model (Model: fixed and random 
effect models).  

  Fig. 2.  Funnel plot of studies on RBCTs in-
cluded in the Cochrane review by Bohlius 
et al.  [32] .  a  Original analysis.  b  Result of 
the trim-and-fill method applied to adjust 
for publication bias. 

First author and year Studies Patients RR (95% CI) SM Model

Original meta-analyses
Quirt, 1997
Seidenfeld, 2001
Couture, 2005
Clark, 2002
Bohlius, 2005
Wilson, 2007
Bohlius, 2006
Seidenfeld, 2006 (epoetin)
Seidenfeld, 2006 (darbepoetin)
Ross, 2006
Tonelli, 2009
Ludwig, 2009
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934
1,896
3,069
4,613
6,510
5,210

950
2,520
5,321
2,004

0.64 (0.53–0.78)
0.38 (0.28–0.51)
0.58 (0.49–0.69)
0.61 (0.54–0.68)
0.67 (0.62–0.73)
0.63 (0.59–0.68)
0.64 (0.60–0.68)
0.63 (0.59–0.67)
0.61 (0.52–0.72)
0.44 (0.35–0.55)
0.64 (0.56–0.73)
0.46 (0.39–0.55)

RR
OR
RR
RR
RR
RR
RR
RR
RR
OR
RR
HR

random
random
fixed
fixed
fixed
fixed
fixed
fixed
fixed
random
random
fixed

Re-analysis of Bohlius, 2006
Bohlius, 2006 42 6,510 0.43 (0.38–0.49) OR random
Bohlius, 2006 42 6,510 0.63 (0.58–0.69) RR random
Trim-and-fill method 0.72 (0.65–0.80) RR random
Copas selection model 0.74 (0.68–0.81) RR random
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  In conclusion, various meta-analyses have fairly con-
sistently shown that the use of ESAs effectively reduces 
the RBCT risk. Inclusion of unreported data helped to 
generate a more conservative estimate. However, under 
constrained resources, efforts to obtain unreported data 
will most often only be an exception rather than a rule. 
Resource constraints apply to both investigators con-
ducting the meta-analyses as well as clinical trial investi-
gators who are requested to provide unreported data. Sta-
tistical adjustment methods can be useful to evaluate the 
sensitivity of results to potential publication bias.

  Thrombovascular Events 

 ESAs have the potential to increase thombogenic ac-
tivity either by augmented Hb levels or other mecha-
nisms. Healthy volunteers receiving recombinant ESAs 
demonstrate increased platelet reactivity and endothelial 
activation  [36] . In general, cancer patients are at increased 
risk to develop thrombovascular events (TVEs); never-
theless it is a rare event. Therefore, a large sample size is 
needed to achieve sufficient power to detect differences 
between ESA and control groups if they exist. None of the 

individual RCTs conducted to date was designed or pow-
ered to detect an increased risk for TVEs. In most studies, 
TVEs were evaluated as part of the general safety and ad-
verse event assessment only. Today, data for thromboem-
bolic events are available from about 50 RCTs comparing 
ESA with no ESA treatment in cancer patients. Although 
the majority of these studies showed an increased risk for 
thromboembolic events in ESA patients compared to 
controls, most studies failed to achieve conventional lev-
els of statistical significance. In this situation, a meta-
analysis may increase the statistical power and thus pre-
vent undue delays in the detection of beneficial or harm-
ful effects of medical treatments  [37] .

  TVEs were evaluated in nine meta-analyses  [22, 24–27, 
30, 38–40]  ( fig. 3 ). The first meta-analysis that evaluated 
TVEs was based on 12 studies including 1,738 patients  [22] . 
The overall estimate for RR to develop TVEs was increased 
by a factor of 1.58 (95% CI 0.94–2.66) for ESA-treated pa-
tients compared to controls  [22] . However, the observed 
effect did not reach conventional levels of statistical sig-
nificance. When this meta-analysis was updated in 2006, 
data from a total of 35 studies and 6,679 patients were an-
alyzed  [24] . In this updated analysis, the previously ob-
served effect size was confirmed and statistical signifi-

  Fig. 3.  Forest plot of meta-analyses on the effects of ESAs on the risk of thromboembolic events. Columns report 
on the total numbers of studies in meta-analysis (Studies) and participants (Patients); on effect measure (RR) 
and its 95% CIs; summary measures used in meta-analysis (SM), and the meta-analysis model (Model: fixed 
and random effect models).       

First author and year Studies Patients RR (95% CI) SM Model

Original meta-analyses
Bohlius, 2005 12 1,738 1.58 (0.94–2.66) RR fixed
Bohlius, 2006 35 6,769 1.67 (1.35–2.06) RR fixed
Seidenfeld, 2006 (epoetin) 30 6,092 1.69 (1.36–2.10) RR fixed
Seidenfeld, 2006 (darbepoetin) 1 314 1.44 (0.47–4.42) RR
Ross, 2006 11 2,029 1.41 (0.92–2.17) OR random
Bennet, 2008 38 8,172 1.57 (1.31–1.88) RR random
Ludwig, 2009 7 2,122 1.57 (1.10–2.25) HR fixed
Aapro, 2008 12 2,297 1.62 (1.13–2.32) HR fixed
Tonelli, 2009 13 3,420 1.69 (1.27–2.24) RR random
Glaspy, 2010 44 13,196 1.48 (1.28–1.72) OR random

Re-analysis of Bohlius, 2006
Bohlius, 2006 35 6,769 1.63 (1.28–2.07) OR random
Bohlius, 2006 35 6,769 1.52 (1.22–1.89) RR random
Trim-and-fill method 1.31 (1.06–1.62) RR random
Copas selection model 1.36 (1.09–1.70) RR random

0.5 21
RR
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cance was reached (RR 1.67, 95% CI 1.35–2.06)  [24] . All
but one  [27]  subsequent meta-analyses confirmed the ob-
served highly statistically significant effect. This example 
emphasizes the advantage of meta-analysis to increase sta-
tistical power by pooling across several (small) studies. In 
addition, it illustrates that meta-analyses may help to in-
form patients, physicians and decision-makers in a more 
timely manner; an increased risk for thromboembolic 
events was demonstrated in cancer patients receiving ESAs 
and published in a medical journal in 2006 based on a me-
ta-analysis  [24] . In contrast, the first RCTs showing statis-
tically significant differences between ESA and control 
treatment were published in medical journals in 2008  [41, 
42] .

  Main limitations of these literature-based meta-analy-
ses are potential biases, e.g. outcome reporting and publi-
cation bias. Authors may highlight an increased risk of 
TVEs in ESA patients compared to controls but may be 
reluctant to report this if the opposite effect is observed, 
i.e. TVEs observed less frequently in the ESA group com-
pared to controls  [43] . The published literature may there-
fore represent a biased sample. A funnel plot for the data 
from Bohlius et al.  [32]  given in  figure 4 a suggests that 
negative results (in this case no thrombotic event) have 
been underreported  [32] . Accordingly, the Harbord test 
for funnel plot asymmetry  [33]  is significant with p =
0.021. A sensitivity analysis to evaluate the impact of bi-
ases using the trim-and-fill method  [34]  and the Copas 
selection model  [35]  results in smaller but still statistical-
ly significant effect estimates (lower part of  fig. 3 ,  fig. 4 b).

  The concern of reporting biases may be less of an issue 
in meta-analyses of individual-patient data (IPD). Data 
for this type of meta-analyses are taken directly from 
published and unpublished RCTs and not from publica-
tions or reports, thus, publication or reporting biases are 

less likely to occur. For ESAs, TVEs were evaluated in two 
IPD meta-analyses  [30, 39] . Both meta-analyses were re-
stricted to selected ESA products. Epoetin  �  was evalu-
ated in seven trials including 2,112 patients in one meta-
analysis  [39]  and darbepoetin in 12 trials including 2,297 
patients in the other meta-analysis  [30] . RR for TVEs was 
increased (RR 1.57, 95% CI 1.10–2.26  [30] , and RR 1.62, 
95% CI 1.13–2.31  [39] ). Thus, these IPD meta-analyses 
confirm the findings from previous literature-based me-
ta-analyses. 

  Nevertheless, another source of bias, i.e. detection 
bias, cannot be excluded. None of the RCTs evaluating 
ESA therapy in cancer patients investigated systematical-
ly TVEs including a prospective definition for TVEs and 
standardized screening and diagnostic procedures. Phy-
sicians treating cancer patients with ESAs might be more 
observant towards TVEs in patients receiving ESAs com-
pared to controls. Therefore, a risk for detection bias is 
inherent in each individual RCT included in the various 
meta-analyses. Since the quality of a meta-analysis is lim-
ited by the quality of the original studies, the quality of 
the primarily conducted RCTs remains the Achilles’ heel 
of any meta-analysis.

  Survival and Mortality 

 Researchers have also hypothesized that strategies to 
diminish cancer-related anemia might alleviate not only 
anemia-related symptoms and improve QoL but also im-
prove tumor response and possibly extend overall sur-
vival. This line of argument was mainly based on evi-
dence from in vitro and animal model studies indicating 
that anemia, with the consequence of increased tumor 
hypoxia, might result in a poorer response to radiother-
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  Fig. 4.  Funnel plot of studies on thrombo-
embolic events included in the Cochrane 
review by Bohlius et al.  [32] .  a  Original 
analysis.  b  Result of the trim-and-fill 
method applied to adjust for publication 
bias.  
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apy or oxygen-dependent chemotherapy  [44, 45] . Strate-
gies to improve tumor oxygenation could thus potential-
ly improve tumor control and survival  [46–50] . However, 
RCTs that have attempted to evaluate whether ESAs im-
prove tumor response and survival have generated con-
flicting evidence. An early study, not primarily designed 
to evaluate survival and tumor progression, showed im-
proved survival outcomes  [51] . This study was in con-
trast to large RCTs that reported more deaths in ESA 
patients compared to controls in various clinical set-
tings, i.e. patients with head-and-neck cancers undergo-
ing radiotherapy  [52, 53] , patients with metastatic breast 
cancer undergoing chemotherapy  [54, 55]  and patients 
with advanced-stage cancers not receiving chemothera-
py  [56] . These conflicting data prompted three Onco-
logic Drug Advisory Committee hearings of the Federal 
Drug Administration in 2004, 2007 and 2008 where the 
safety of ESAs was discussed  [9, 57, 58] . Several restric-
tions to ESAs were implemented following these hear-
ings. 

  Several systematic reviews and meta-analyses had at-
tempted to evaluate survival and mortality. The majority 
of these meta-analyses were based on aggregated data 
published in the literature. The first literature-based sur-

vival analysis, supplemented with unpublished data, was 
published in 2005 by Bohlius et al.  [22] . Another seven 
literature-based meta-analyses were published during 
the following years  [23–27, 38, 40] .

  Intriguingly, the results of these meta-analyses changed 
over time ( fig. 5 , upper part). The first meta-analysis ad-
dressing survival  [22]  showed an overall survival benefit 
for ESA patients: unadjusted hazard risks (HRs) of 0.84 
(95% CI 0.69–1.02) and 0.81 (95% CI 0.67–0.99) when in-
cluding adjusted results for single studies. These results 
were contradicted by later meta-analyses showing effect 
estimates of 1.08 (95% CI 0.99–1.18)  [24] , 1.11 (95% CI 
1.00–1.22)  [25] , 1.10 (95% CI 1.01–1.20)  [38]  and 1.15 (95% 
CI 1.03–1.29)  [26]  in favor of patients not receiving ESA. 
 Figure 6  illustrates the shift of effect size in the cohort of 
studies published before 2002 (cutoff date for study inclu-
sion for the first review)  [22]  and 2002–2005 (cutoff date 
for study inclusion for the second, updated review)  [24] .

  Potential reasons for these observed changes can be 
found both at the level of the individual trials and at the 
level of the meta-analysis. Several characteristics of the 
clinical trials had changed between early and more re-
cent studies, including study design, patient character-
istics and ESA treatment schedules. For example, Hb 

First author and year Studies Patients HR (95% CI) SM Model

Meta-analysis based on aggregated data
Bohlius, 2005 19 2,805 0.84 (0.69–1.02) HR fixed
Wilson, 2007 26 5,308 1.03 (0.92–1.16) OR fixed
Bohlius, 2006 42 8,167 1.08 (0.99–1.18) HR fixed
Seidenfeld, 2006 (epoetin) 35 6,918 1.11 (1.00–1.23) HR fixed
Seidenfeld, 2006 (darbepoetin) 4 973 0.96 (0.78–1.18) HR fixed
Ross, 2006 17 3,048 1.14 (0.90–1.45) OR random
Bennet, 2008 51 13,611 1.10 (1.01–1.20) HR random
Tonelli, 2009 28 6,525 1.15 (1.03–1.29) RR random
Glaspy, 2010 60 15,323 1.06 (0.97–1.15) HR random

Meta-analysis based on IPD
Hedenus, 2005 4 1,129 0.95 (0.78–1.16) HR fixed
Aapro, 2006 9 1,413 0.97 (0.69–1.36) RR fixed
Ludwig, 2009 7 2,122 1.11 (0.84–1.47) HR fixed
Aapro, 2008 12 2,297 1.13 (0.87–1.46) HR fixed
Bohlius, 2009 53 13,933 1.17 (1.06–1.30) HR fixed

  Fig. 5.  Forest plot of meta-analyses on the effects of ESAs on the mortality risk. Columns report on the total 
numbers of studies in meta-analysis (Studies) and participants (Patients); on effect measure (HR) and its 95% 
CIs; summary measures used in meta-analysis (SM), and the meta-analysis model (Model: fixed and random 
effect models).       

0.75 1.51
HR
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Original studies
Kurz, 1997
Cascinu, 1994
Cazzola, 1995
Throuvalas, 2000
Dunphy, 1999
Dammacco, 2001
Del Mastro, 1997
Oberhoff, 1998
Thatcher, 1999a
Henry, 1995
Österborg, 1996b
Ten Bokkel, 1998
Littlewood, 2001
Abels, 1993
Coiffier, 2001
Case, 1993
Österborg, 2002
Thatcher, 1999b
Österborg, 1996a
Rose, 1994

Studies before 2002
HR 0.84 (95% CI 0.69–1.02)

Thompson, 2000

Subtotal (95% CI)

New studies since 2002
Hedenus, 2002
Vadhan-Raj J&J
P-174 J&J
Kotasek, 2003
Vansteenkiste Amgen

Studies after 2002
HR 1.16 (95% CI 1.04–1.29

GOG-0191 J&J
Chang, 2005
Savonije, 2004
Razzouk, 2004
EPO-GBR-7 J&J
Witzig, 2005
Henke, 2003 Roche
Hedenus, 2003 Amgen
Leyland-Jones J&J
Machtay, 2004
N93 004 FDA
INT-3 J&J
INT-1 J&J
Bamias, 2003
EPO-CAN-20 J&J
EPO-CAN-15 J&J
Smith, 2003
O’Shaughnessy, 2005

Subtotal (95% CI)

  Fig. 6.  Subgroup analysis of studies reporting mortality data published before and after the year 2002, data 
taken from Bohlius et al.  [22]  published in 2005   and Bohlius et al.  [24]  published in 2006.     
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levels when ESAs had to be started and stopped were 
raised, and ESA dose as well as treatment duration was 
augmented. Moreover, studies included more patients 
with solid tumors and less often patients with hemato-
logical malignancies. At the same time, later studies re-
ported more often an increased risk for death in ESA 
patients compared to controls. However, based on sin-
gle RCTs and literature-based meta-analyses it was un-
clear whether detrimental effects observed were due to 
chance, bias, confounding or whether ESA patients are 
truly at a higher risk to die. In literature-based meta-
analyses methods to disentangle the effects of patient 
and study level covariates are limited and will be out-
lined below.

  Meta-regression can be used to explore the effect of 
study level characteristics on the result of a meta-analy-
sis  [59] . Study level characteristics refer to variables that 
apply to the entire population of a given study. For ex-
ample whether or not the study was placebo controlled 
or designed to assess a specific outcome. Meta-regres-
sion can investigate the impact of study level variables; 
however, the analysis of co-variates at patient level is 
problematic  [59] . These refer to characteristics of indi-
vidual patients in a given trial, such as age, sex, tumor 
stage and tumor type or Hb level at randomization. 
These data are usually aggregated per study arm when 
reported in the literature. However, aggregated mean or 
median values do not represent the individual patient. 
For example, to examine the association between Hb 
levels at randomization, ESA treatment and risk for 
death, the Hb value and the survival outcome must be 
known for each patient. Published literature usually 
provides only the mean Hb level of the whole study 
group as well as aggregated survival estimates. Regres-
sion analyses based on aggregated patient characteris-
tics represented as average values or percentages are 
prone to the ecological fallacy  [60, 61] . Thus, to explore 
the effect of risk factors at patient level, the use of IPD is 
strictly recommended  [59] .

  Besides, timing of survival assessment may vary 
across studies with some studies reporting mortality 
during ESA treatment only and others only during long-
term follow-up. This poses a problem if the death hazard 
changes over time. If ESA treatment increases mortality 
during administration but not thereafter the ability to 
analyze survival at different lengths of follow-up be-
comes crucial. In literature-based meta-analyses, au-
thors have to rely on reported results, with absent or in-
consistent reporting of survival. Survival may not have 
been reported at all, only during the study or for the last 

follow-up available. Particular strategies, e.g. conducting 
a separate analysis or combination of these different time 
points, may lead to bias such as potential over- or under-
estimation of the effects of ESAs on mortality. 

  Finally, bias at the meta-analysis level may have con-
tributed to the optimistic early meta-analysis results, 
too. There is evidence that positive results are published 
earlier than results showing neutral or detrimental ef-
fects  [62] . Thus, desirable results for survival when re-
ceiving ESAs may have been published earlier while neu-
tral or even unfavorable results of ESA studies were po-
tentially not reported or reported later. Of note, in a 
recently conducted IPD meta-analysis including both 
published and unpublished survival data, there was no 
evidence for a survival advantage in patients recruited 
early, i.e. before 2000 (HR 0.95, 95% CI 0.60–1.30 for pa-
tients randomized between 1990 and 1994, and HR 0.96, 
95% CI 0.60–1.32, for patients randomized between 1995 
and 1999)  [63] . This underlines the observation that 
more beneficial survival data might have been published 
earlier than less beneficial results, which in turn may 
have led to a bias regarding the effect of ESAs on sur-
vival in the first literature-based meta-analysis  [22] . 
Thus, literature-based meta-analyses are more prone to 
publication bias and delay of publication than IPD meta-
analyses. Ideally, these limitations should be overcome 
by timely publication of all study results independent 
from the effect sizes achieved. In the meantime, meta-
analyses of early studies should be judged with caution, 
and regular updates of literature-based meta-analyses 
are needed.

  In contrast to literature-based meta-analysis, IPD en-
able researchers to access both published and unpub-
lished data, harmonize outcome definitions and apply 
standardized analysis techniques across studies. In addi-
tion, time-to-event analyses based on IPD allow investi-
gating subgroups of interest and to explore potential con-
founders and effect modifiers both at patient and study 
level  [64] . Finally, IPD meta-analyses have larger power 
to find treatment interactions with co-variates at patient 
level  [59] .

  To date, five meta-analyses on the effects of ESAs on 
survival were based on IPD  [30, 39, 63, 65, 66]  ( fig. 5 , 
lower part). Four of the studies were conducted or fund-
ed by pharmaceutical companies manufacturing ESAs 
 [30, 39, 65, 66]  and one was conducted by an indepen-
dent working group  [63] . Two of the manufacturers’ me-
ta-analyses were restricted to specific erythropoiesis-
stimulating drugs such as epoetin  �   [39, 66]  or darbepo-
etin  [30, 65] , which led to the omission of detrimental 
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studies  [52, 55]  and reduced the statistical power of the 
meta-analyses. The meta-analysis on epoetin  �   [39, 66]  
was recently updated, including new analyses but no ad-
ditional study data  [67] . 

  The independent IPD meta-analysis included 53 stud-
ies with 13,933 patients  [63] . Access to IPD allowed dif-
ferentiating study mortality, defined as treatment period 
plus 30-day follow-up, from overall survival, defined as 
last follow-up available. The risk for death during the 
study period was increased in ESA patients compared to 
controls: HR 1.17 (95% CI 1.06–1.30). For overall survival, 
the detrimental effects of ESAs were smaller: HR 1.06 
(95% CI 1.00–1.12). Similar results were generated in the 
other IPD meta-analyses conducted  [30, 39] . These meta-
analyses did not reach conventional levels of statistical 
significance which in part might be due to a lack of pow-
er because only selected drugs, i.e. epoetin  �  or darbepo-
etin, were considered. 

  Another potential advantage of IPD meta-analyses is 
the ability to identify effect modifiers indicating wheth-
er certain subgroups of patients are either at increased or 
decreased risk to die when receiving ESAs compared to 
controls. The independent IPD meta-analysis conducted 
by Bohlius et al.  [63]  generated some evidence for such 
subgroups. ESA-treated patients with low hematocrit at 
baseline ( ! 23.5%) had an increased risk of death com-
pared with other subgroups. A low hematocrit might be 
a marker for advanced cancer and increased susceptibil-
ity to the detrimental effects of ESAs. Patients with pre-
vious thromboembolic events being treated with ESAs 
were less likely to die when receiving ESAs. Hypotheti-
cally, prophylactic anticoagulation during cancer treat-
ment in patients with previous thromboembolic events 
might have protected them against the thrombogenic ef-
fects of ESAs. Lastly, patients with increased frequency 
of ESA treatments had a reduced likelihood of death 
compared with others, and the association was con-
founded by other study characteristics. For other covari-
ates such as Hb concentration at baseline, target Hb or 
planned ESA doses, there was no evidence for an interac-
tion. Overall, it was not possible to identify with certain-
ty a group of patients that is either at increased or de-
creased risk to die when receiving ESAs compared to 
other patients. Although these are disappointing find-
ings, they illustrate that IPD meta-analyses can help to 
generate new hypotheses which then need to be tested in 
clinical trials. 

  There is an ongoing debate whether ESAs increase 
mortality in patients undergoing chemotherapy. From a 
clinical point of view, patients receiving concurrent che-

motherapy may reach lower Hb levels under ESA treat-
ment compared to patients not receiving chemotherapy. 
This may translate into a lower risk for lethal TVEs and 
impaired tumor control. When comparing the two most 
recent meta-analyses of IPD addressing this issue, both 
meta-analyses  [30, 63]  found an increased risk for on-
study mortality in cancer patients undergoing both che-
motherapy and ESA treatment compared to controls 
(HR 1.11, 95% CI 0.84–1.47, n = 2,112  [30] , and HR 1.10, 
95% CI 0.98–1.24, n = 10,441  [63] ). In both meta-analyses 
the observed effect for on-study mortality was not statis-
tically significant. Assuming a mortality rate of 10% dur-
ing an average trial duration of 16 weeks in cancer pa-
tients receiving chemotherapy, the HR for on study mor-
tality of 1.10 is equivalent to an absolute risk difference 
of 1%. In order to detect this difference in a clinical study 
with an  �  level set at 5% and  �  of 20%, about 30,000 pa-
tients would be needed to reach sufficient statistical pow-
er to detect this difference. Thus, even current meta-
analyses of IPD on 2,122  [30]  and 10,441  [63]  patients do 
not provide sufficient power to detect this small differ-
ence.

  However, it is questionable whether restriction to a 
specific subgroup of interest is the most adequate ap-
proach to explore the effects of ESAs in cancer patients 
receiving chemotherapy. An alternative approach utiliz-
ing all available data is to compare different subgroups of 
patients, i.e. patients undergoing radiotherapy, radio-
chemotherapy, chemotherapy or no anticancer treatment 
when receiving ESAs, using an interaction test.  Figure 7  
shows the results of different treatment subgroups and 
the test for interaction  [63] . Importantly, the test for in-
teraction between subgroups was not statistically signifi-
cant (p = 0.42). Thus, from a statistical point of view, the 
HR to die when receiving ESAs compared to controls did 
not differ between subgroups. Currently, an increased 
risk to die cannot be excluded in ESA patients undergoing 
chemotherapy compared to other subgroups receiving 
other anticancer interventions. 

  Discussion 

 From a methodological and clinical point of view, 
systematic reviews and meta-analyses have several ad-
vantages over single studies or narrative reviews  [37]  
and can help to improve patient management. In the 
case of ESAs, literature-based meta-analyses convinc-
ingly helped to inform patients and caregivers about the 
beneficial effects of ESAs by reducing the RBCT risk. 
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Inclusion of unreported data helped to obtain a more 
conservative and realistic estimate of the expected treat-
ment effect. Based on the large number of studies and 
patients included in the ESA meta-analyses, smaller 
risks associated with ESAs could be detected, which 
were not observed in single studies. For example, an in-
creased risk for thromboembolic events could be identi-
fied based on the analysis of  1 6,600 patients from 35 
trials  [24] .

  Drawbacks of literature-based meta-analyses include 
inconsistent and incomplete reporting of outcomes 
across trials. Therefore, literature-based meta-analyses 
were not particularly suited to quantify the mortality 
risks associated with ESAs. In this situation, IPD meta-
analyses helped to standardize and harmonize out-
comes and analyses across trials. Nevertheless, even 
with a large-scale IPD meta-analysis it was not possible 
to identify with certainty patient groups that were at ei-
ther increased or decreased risk to die when receiving 
ESAs  [63] .

  Meta-analyses of IPD have some capacity to explore 
causal pathways of treatment actions. However, these are 
in principle of observational nature only and help to gen-
erate hypotheses on the causal pathways which then need 
to be tested in subsequent clinical trials. The main limita-
tion of these meta-analyses are barriers to the access of 
clinical trial data and resource constraints both at the 
side of the meta-analysis team and the original investiga-
tor. In the case of ESAs, a large collaboration between 
manufacturers, clinical trialists and a meta-analysis team 
was established, which enabled to conduct an IPD meta-
analysis on the effects of ESAs in cancer patients  [63] . 

Given that IPD accumulated in meta-analyses offer a rich 
source for further analyses, in certain situations these ef-
forts are worthwhile and should be encouraged. Suffi-
cient independent funding and formal agreements on 
data sharing with the principal investigators of the re-
spective studies constitute key factors for any IPD meta-
analysis.

  Considerations for Patient Treatment 

 The findings of several meta-analyses on ESAs in can-
cer patients demonstrate that ESAs reduce the risk for 
RBCT and increase the risk for TVEs and mortality. 
There is an ongoing debate whether or not ESAs increase 
mortality in cancer patients receiving chemotherapy as 
well. However, the currently available data are insuffi-
cient to exclude an increased risk for death in cancer pa-
tients undergoing chemotherapy and receiving ESAs. In 
clinical practice, the increased risks of death and TVEs 
should be balanced against the benefits of treatment with 
ESAs, taking into account each patient’s clinical circum-
stances and preferences. 

  Considerations for Further Systematic Reviews and 
Meta-Analyses 

 Further literature-based systematic reviews and meta-
analyses should focus on adjacent topics such as iron sup-
plementation with ESAs and different ESA management 
schedules. Given that ESAs are widely used in cancer pa-

ESA arm
n/N

Control arm
n/N

HR (95% CI) p

All cancer patients 865/7,634 665/6,299 1.17 (1.06–1.30)
Treatment population 0.42

Chemotherapy 605/5,676 490/4,765 1.10 (0.98–1.24)
Radio-chemotherapy 31/368 20/369 1.50 (0.85–2.63)
Radiotherapy 19/408 12/391 1.52 (0.74–3.14)
Other 17/175 7/91 1.53 (0.63–3.69)
None 193/1,007 136/683 1.33 (1.06–1.66)

0.5 21
Control worse ESA worse

  Fig. 7.  Subgroup analysis of different treatment groups in the meta-analysis by Bohlius et al.  [63] . The p value 
for interaction is based on Cox regression stratified by study. n = Number of deaths; N = number of patients.         
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tients and considering the possible detrimental effects on 
important clinical outcomes, such as risk for thromboem-
bolic events and death, a better understanding of the po-
tential benefits of ESAs in cancer patients is urgently need-
ed. Currently, there is no consensus whether ESAs improve 
QoL in cancer patients. An IPD meta-analysis on the ef-
fects of ESAs on QoL in cancer patients would provide a 

unique opportunity to gather appropriate data from a large 
number of RCTs to define the potential impact of ESAs on 
QoL in cancer patients and to better define the risk-benefit 
ratio of ESAs in cancer patients. Definite results concern-
ing the risks and benefits would help patients, physicians, 
guideline committees and health authorities to make in-
formed decisions about the use of ESAs.
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