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Erythropoiesis-stimulating agents (ESA) reduce the need for trans-
fusions and improve the quality of life in patients receiving chemo-
therapy, but several clinical trials have suggested that ESA might
have a negative impact on survival. To evaluate the efficacy and
safety of ESA, epoetin beta and darbepoetin alfa, including their
impact on overall survival and thromboembolic events, we con-
ducted an individual data-based meta-analysis of three random-
ized, placebo-controlled trials studying Japanese patients with
chemotherapy-induced anemia. All trials were conducted in com-
pliance with Good Clinical Practice. A total of 511 patients with
solid tumor or lymphoma (epoetin beta or darbepoetin alfa,
n = 273; placebo, n = 238) were included. The ESA significantly
reduced the risk of transfusion (relative risk, 0.47; 95% confidence
interval, 0.29–0.76). No significant effect of the ESA on overall sur-
vival was observed (unadjusted hazard ratio, 1.00; 95% confidence
interval, 0.75–1.34). A prespecified subgroup analysis showed no
strong interaction between the baseline hemoglobin concentration
and the effect of ESA on overall survival. Among the ESA-treated
patients, the highest hemoglobin achieved during the treatment
period in each patient had no impact on mortality. No increase in
thromboembolic events was observed in the ESA-treated patients
(0.7% vs 1.7% placebo). The ESA reduced the risk of transfusion
without a negative impact on the survival of patients with chemo-
therapy-induced anemia. (Cancer Sci 2013; 104: 481–485)

A number of studies have reported that erythropoiesis-
stimulating agents (ESA) are effective in improving

anemia and that ESA decrease red blood cell (RBC)
transfusion needs and improve the quality of life in cancer
patients with chemotherapy-induced anemia (CIA).(1–3)

As an ESA, epoetin alfa was approved in the United States
of America (USA) for CIA in 1993 and in Europe, epoetin alfa
and epoetin beta were approved in 1994. Subsequently, darbe-
poetin alfa received European Union (EU) approval in 2001
and USA approval in 2002. Since then, ESA have been com-
monly used in clinical practice. However, in a clinical trial of
epoetin alfa administered to chemotherapy-treated patients with
metastatic breast cancer(4) and a clinical trial of radiation-trea-
ted head and neck carcinoma patients,(5) reduced survival
results of ESA groups compared with placebo groups were
reported. After these reports, similar findings from multiple tri-
als were published,(6–9) suggesting negative effects of ESA on
cancer patients’ prognosis.
In light of these reports, an Oncologic Drugs Advisory Com-

mittee met in 2004, 2007 and 2008 in the USA to discuss and

investigate the risks of ESA as a CIA treatment. As a result, a
boxed warning was added to the product label of each ESA
describing the risk of ESA worsening life prognosis and these
warnings have remained, with multiple revisions.
Preclinical studies suggested that tumor cells express eryth-

ropoietin receptors and that ESA activate these receptors to
induce or promote tumor growth.(10,11) However, technical
issues (such as anti-erythropoietin receptor antibody’s lack of
specificity for erythropoietin receptor) have limited the validity
of the findings.(12,13)

Several meta-analyses of randomized controlled trials
exploring the risk of worsening the life prognosis for cancer
patients on ESA have been reported.(14–19) However, the
majority of the clinical trials reviewed in these meta-analyses
were conducted with hemoglobin (Hb) concentrations higher
than the standard stated in the current package inserts of ESA
in the USA and the EU, that is, the Hb concentrations at the
beginning of ESA therapy to be 10 g ⁄dL or lower, and the
target Hb concentration of 10–12 g ⁄dL or the minimum level
to avoid RBC transfusion. Moreover, some clinical trials were
conducted with patients for whom treatments other than ESA
were indicated (i.e. patients not receiving chemotherapy).
Erythropoiesis-stimulating agents have been marketed in

Japan with indications for renal anemia, autologous blood
collection and anemia of prematurity; however, their use for
CIA is not yet approved. The present study analyzed three
placebo-controlled trials conducted from 2006 to 2009 as
developmental clinical trials in compliance with Good Clinical
Practice (GCP),(20–22) to investigate the possible effects of
ESA epoetin beta and darbepoetin alfa on survival using indi-
vidual patient data provided by Chugai Pharmaceutical Co.,
Ltd, and Kyowa Hakko Kirin Co., Ltd.

Materials and Methods

Study selection and data collection. Five randomized placebo-
controlled trials investigating epoetin beta or darbepoetin alfa
were conducted in compliance with GCP. The trials enrolled
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Japanese patients who had solid tumors or lymphomas and
CIA. Three of the five trials were selected for this meta-analy-
sis. (Two studies on epoetin beta(23,24) were excluded from the
analysis because the survival period was not designated as one
of the study end-points in the protocols prior to the start of the
studies.)
Details of the three individual trials are summarized in

Table 1. The types of cancer were limited to patients with lung
or gynecological tumors receiving platinum-containing chemo-
therapy in the Fujisaka trial of epoetin beta(22) and the Katakami
trial of darbepoetin alfa.(20) The dose-finding study of darbe-
poetin, that is, the Suzuki trial,(21) enrolled patients with any
type of solid tumor or malignant lymphoma receiving chemo-
therapy (not limited to platinum-containing chemotherapy). In
the epoetin beta clinical trial,(22) inclusion criteria of the Hb
concentration was between 8.0 and 10.0 g ⁄dL, whereas in the
two darbepoetin alfa clinical trials,(20,21) the Hb concentration
standard at the time of study enrollment was initially 11.0 g ⁄
dL or lower. However, the Hb standard was changed to 10.0 g
⁄dL or lower during the Suzuki trial.(21) The standard for dis-
continuation of epoetin beta administration in the Fujisaka trial
was a Hb concentration exceeding 12.0 g ⁄dL. In the two dar-
bepoetin alfa trials, the discontinuation standard was initially a
Hb concentration exceeding 13.0 g ⁄dL; however, this standard
was amended during both trials to a Hb concentration exceed-
ing 12.0 g ⁄dL.
Individual patient data were provided to the University of

Tokyo, Tokyo, Japan, from Chugai Pharmaceutical Co., Ltd,
Tokyo, Japan, and Kyowa Hakko Kirin Co., Ltd., Tokyo,
Japan in a standardized format. All data were anonymized.

End-points. The efficacy end-points of the meta-analysis
were RBC transfusion and transfusion trigger during the period
from week 5 of the ESA treatment to the end of the treatment
period. The transfusion trigger is defined as either receiving
RBC transfusion or a Hb concentration below 8 g ⁄dL. The
maximum length of the ESA administration period was
12 weeks. The two end-points for safety were overall survival
starting from the beginning of ESA administration and throm-
boembolic events (TEE). The TEE include cerebral infarction,
cardiac infarction, pulmonary embolism, venous thrombosis,
deep-vein thrombosis, superior vena cava obstruction, arterio-
sclerosis obliterans and thrombophlebitis.

Statistical analysis. The analytical software SAS (version 9;
SAS Institute Inc., Cary, NC, USA) was used for all analyses,
using a full analysis set. Individual patient data were pooled
without stratification for study. For the efficacy end-points of
RBC transfusion and transfusion trigger, Kaplan–Meier esti-
mates of the cumulative incidence of each parameter were cal-
culated in the meta-analysis and a Z-test was conducted for
comparison between groups using the standard error based on
Greenwood’s formula. Moreover, for the rate of end-points

that occurred during the trials, the relative risk (RR) and its
95% confidence interval (CI) were determined.
For overall survival, we drew a Kaplan–Meier plot for all

patients without stratification and for each subgroup based on
background characteristics such as the trial, cancer type, Hb
concentration category at baseline and Eastern Cooperative
Oncology Group performance status. A Cox regression model
was used to determine the hazard ratio (HR) of the ESA-
treated group to the placebo-treated group and for interactions
between the effect of ESA and background factors. The tied
data were processed using the exact method.(25)

We also conducted a landmark analysis at 3 months for the
ESA-treated group and analyzed the average Hb concentration
and highest Hb concentration achieved during the 3-month
treatment period using a Cox regression model. Patients who
responded well to ESA treatments, with high levels of average
Hb concentrations during this 3-month period, might be the
patients with better prognoses; therefore, clinically important
factors such as baseline age, primary disease or metastatic
disease were included in the analyses as adjustment factors.

Results

Description of trials. Our meta-analysis examined three
randomized, placebo-controlled trials with a total of 511 CIA
patients with lung cancer (n = 258), gynecological cancer
(n = 138), malignant lymphoma (n = 60) or other types of
cancer (n = 55) such as breast cancer, who were administered
epoetin beta or darbepoetin alfa (n = 273) or placebo
(n = 238). The imbalances in the numbers of patients assigned
to the ESA-treated group and the placebo-treated group and in
the proportions of cancer types between these two groups were
caused by the Suzuki(21) trial, which included two arms of
darbepoetin alfa. Details of the patients included in the
meta-analysis are summarized in Table 2. Except for type of
cancer, the baseline characteristics of the patients were
generally well balanced between the ESA-treated group and
the placebo-treated group.

Efficacy. The percentage of patients who received RBC
transfusions from week 5 until week 14 were 9% in the
ESA-treated group and 21% in the placebo-treated group
(P < 0.001; Fig. S1) and the risk of transfusion was reduced
in the ESA-treated group by 53% (relative risk [RR], 0.47;
95% CI, 0.29–0.76). The risk of transfusion for major cancer
types was RR 0.35 (95% CI, 0.17–0.73) for lung cancer and
RR 0.26 (95% CI, 0.08–0.87) for gynecological cancer. The
risk of transfusion trigger from week 5 was RR 0.50 (95% CI,
0.38–0.67; Fig. S2).

Overall survival. The median follow-up period for overall
survival of all patients was 13.3 months (min.–max., 1.1–
19.4 months). The unadjusted HR for overall survival of all

Table 1. Details of the three clinical trials examined in the meta-analysis

Study
n

(Total, 511)
Drug Dosage

Treatment

duration

Hemoglobin

at enrollment

Hemoglobin

ceiling
Cancer Chemotherapy

Katakami

et al. 2008(20)
207 Darbepoetin

alfa

2.25 mcg ⁄ kg
qw s.c.

Max.

12 weeks

� 11.0 g ⁄ dL 13.0 g ⁄ dL
12.0 g ⁄ dL†

Lung,

gynecological

Platinum

containing

Suzuki

et al. 2008(21)
123 Darbepoetin

alfa

4.50 mcg ⁄ kg
6.75 mcg ⁄ kg
q3w s.c.

Max.

12 weeks

� 11.0 g ⁄ dL
� 10.0 g ⁄ dL†

13.0 g ⁄ dL
12.0 g ⁄ dL†

Solid,

malignant

lymphoma

Any

Fujisaka

et al. 2011(22)
181 Epoetin beta 36 000 IU qw s.c. Max.

12 weeks

8.0–10.0 g ⁄ dL 12.0 g ⁄ dL Lung,

gynecological

Platinum

containing

†After amendment of protocol. qw, every week; q3w, every 3 weeks; s.c., subcutaneous injection.
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patients was 1.00 (95% CI, 0.75–1.34) and no influence of
ESA was identified (Fig. 1). The mortality results for all
patients and stratified by trials and baseline characteristics are
shown in Figure 2. None of the variables (including cancer
type and Hb concentration) influenced mortality. The majority

of deaths were cancer-related in both the ESA-treated group
95% (94 of 99) and the placebo-treated group 97% (85 of 88).
The mortality rate (i.e. number of deaths) during the treat-

ment period (the active study period) was seven patients in the
ESA-treated group and seven patients in the placebo-treated
group.
The landmark analysis at 3 months for the ESA-treated

patients (n = 256) indicated a tendency for patients with a
mean Hb concentration of 11–11.5 g ⁄dL during the 3-month
treatment period (n = 39) to have the lowest risk of mortality
(adjusted HR, 0.43; 95% CI, 0.17–1.07; reference, mean hemo-
globin <10 g ⁄dL). However, the highest Hb concentration
achieved during the ESA-treatment period in each patient
(mean, 11.7 g ⁄dL; min.–max., 7.7–15.4 g ⁄ dL) had no impact
on mortality.

Thromboembolic events. The frequency of TEE was 0.7% in
the ESA-treated patients and 1.7% in the placebo-treated
patients. The TEE reported in the ESA group were one case
each of axillary vein thrombosis and pulmonary embolism and
in the placebo group, one case each of cerebral infarction, hem-
orrhagic cerebral infarction, superior vena cava obstruction and
arteriosclerosis obliterans. There was no death due to TEE.

Discussion

Our meta-analysis based on individual patient data with a med-
ian follow-up period of over 1 year did not identify an
increased risk of mortality due to the ESA, epoetin beta and
darbepoetin alfa. A meta-analysis published by the Cochrane
Collaboration, similarly based on the individual patient data of
all 13 933 patients (including those other than CIA) from 53
studies, reported an increased mortality risk of 17% (HR, 1.17;
95% CI, 1.06–1.30) by ESA administration based on overall
survival during the active study period.(14) However, that
meta-analysis found that when the analysis was limited to the
cases of 10 441 chemotherapy-treated patients from 38 studies,
an increase in the mortality risk was 10% (HR, 1.10; 95% CI,
0.98–1.24).(14)

Table 2. Baseline characteristics of patients with chemotherapy-

induced anemia

Background factor ESA (n = 273) Placebo (n = 238)

Sex (%)

Male 121 (44.3) 102 (42.9)

Female 152 (55.7) 136 (57.1)

Age (years) (%)

<65 155 (56.8) 148 (62.2)

� 65 118 (43.2) 90 (37.8)

Bodyweight† (kg) 53.8 � 9.5 53.6 � 9.4

Type of cancer (%)

Lung cancer 130 (47.6) 128 (53.8)

Gynecological cancer 68 (24.9) 70 (29.4)

Malignant lymphoma 40 (14.7) 20 (8.4)

Other 35 (12.8) 20 (8.4)

Tumor diagnosis (%)

Primary 184 (67.4) 173 (72.7)

Recurrent 89 (32.6) 65 (27.3)

ECOG performance status (%)

0 143 (52.4) 115 (48.3)

1 120 (44.0) 115 (48.3)

2 10 (3.7) 8 (3.4)

Hemoglobin (g ⁄ dL) (%)

� 9 84 (30.8) 71 (29.8)

>9–10 101 (37.0) 98 (41.2)

>10 88 (32.2) 69 (29.0)

Endogenous EPO† (mU ⁄mL) 86.4 � 151.5 85.1 � 83.3

†Mean � SD. ECOG, Eastern Cooperative Oncology Group; EPO, eryth-
ropoietin; ESA, erythropoiesis-stimulating agents; SD, standard devia-
tion.

Fig. 1. Overall survival. Kaplan–Meier curve for all
patients treated with erythropoiesis-stimulating
agents (ESA) or placebo. The median follow-up
period for overall survival of all patients was
13.3 months (min.–max., 1.1–19.4 months). The
unadjusted hazard ratio for overall survival of all
patients was 1.00 (95% confidence interval [CI],
0.75–1.34) with a 1-year survival rate of 64% for
the ESA-treated group and placebo-treated group.
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There are several differences between our analysis and that
of the Cochrane Collaboration. First, our analysis included
patients with CIA only, which is the approved indication for
ESA treatment in the EU and USA. Second, our analysis
examined randomized, placebo-controlled trials conducted in
compliance with GCP as developmental clinical trials by
pharmaceutical companies between 2006 and 2009, after
discussion of the possible contribution of ESA to decreased life
prognosis. Therefore, patient selection and ESA administration
in the three trials were conducted under close supervision and
observation by physicians throughout the study period. The
third difference is that all three trials analyzed the measured Hb
concentration at least once a week during the study period and
when the Hb concentration exceeded the set standard level the
ESA administration was discontinued immediately, as indicated
by the protocol. Thus, the increased risk associated with ESA
was not observed in our analysis of Japanese CIA patients who
were appropriately selected, underwent close Hb concentration
monitoring and received strict dosing adjustment of ESA.
The analysis for each background factor showed that no vari-

ables (including baseline Hb concentration) influenced mortality.
Thus, we conducted a landmark analysis starting from the
3-month time point for the relationship between Hb concentra-
tion after ESA administration and mortality (the subjects for the
analysis were the patients with a follow up of 3 months or
more). This analysis revealed that the highest Hb levels achieved
during the ESA-treatment period for each patient were within
the range of 7.7–15.4 g ⁄dL and the Hb level did not influence
mortality. This finding indicates that a temporary rise in Hb con-
centration to a high level does not negatively affect mortality.
Moreover, as an exploratory investigation, we used a model

for predicting the patients whose Hb concentrations respond
well to ESA administration using the patients’ background fac-
tors. We defined good responders as those with a >0.5 g ⁄dL
increase in Hb concentration when the average first-month Hb
was compared with the baseline. With this model, we extracted
the patients who were expected to be good responders from
the placebo-treated group and matched them with ESA-treated

patients with good responses. This matching was implemented
with randomly sorted ESA-treated patients and the HR was
estimated after one-to-one matching. For the sensitivity analy-
sis, the above analysis was iterated 10 times and the range of
estimated HR was 0.54–0.83 (standard error [SE], 0.30–0.32)
for the good responders and 0.82–1.10 (SE, 0.19–0.20) for the
remainder (the non-good responders). If the response to ESA
affects mortality and overall survival is improved in the good
responders, the HR would be <1; conversely, if the ESA have
a negative influence on the non-good responders, the HR
would be over 1. However, we found no significant difference
between these two subgroups and therefore the results suggest
that the level of Hb concentration response to ESA does not
change the degree of influence of ESA on mortality.
In the present study, no increase in TEE was observed in the

ESA-treated patients (0.7% vs 1.7% placebo). Due to the low
incidence of TEE and the lack of a structured approach for
identifying TEE we could not conduct a detailed analysis, but
in general the incidence of TEE in Japanese patients is consid-
ered to be low.(26) Previous studies of ESA (not included in
the present study) showed that few Japanese CIA patients trea-
ted with ESA or placebo experienced TEE.(23,24,27,28)

As in previous reports,(17,18) the present analysis further
confirms that ESA reduce the need for RBC transfusions
(RR, 0.47). However, none of the trials in the present study
showed any significant difference in quality of life between
the ESA-treated and placebo-treated groups. Although a higher
percentage of patients received RBC transfusions in the pla-
cebo-treated group than in the ESA-treated group, the mean
changes in the Functional Assessment of Cancer Therapy-
Anemia total fatigue subscale score were better in the ESA-
treated group.
In conclusion, treatment with the ESA epoetin beta and dar-

bepoetin alfa reduced the risk of transfusion without a negative
impact on overall survival in Japanese patients with CIA
where appropriate patient selection, monitoring of Hb concen-
tration and strict dosing adjustment were conducted. Further
investigations regarding Hb concentrations after ESA adminis-

Fig. 2. Mortality risk stratified by trials and patient
characteristics. Forest plots of the hazard ratio (HR)
for overall survival from the three trials for all
patients and stratified by trial and baseline
characteristics. The position of each diamond
indicates the HR estimate. Horizontal lines indicate
the 95% confidence interval (CI). None of the
variables (including cancer type and hemoglobin
concentration) influenced patient mortality. *Test
for interaction. ECOG, Eastern Cooperative Oncology
Group.
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tration are needed, as is a cohort study on the relationship
between the response to ESA administration and mortality.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:

Fig. S1. Kaplan–Meier curve of the time to first red blood cell transfusion during the period from week 5 of treatment to the end of the treatment
period for all patients treated with erythropoiesis-stimulating agents or placebo.

Fig. S2. Kaplan–Meier curve of the time to transfusion trigger during the period from week 5 of treatment to the end of the treatment period for
all patients treated with erythropoiesis-stimulating agents or placebo.
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