
Abstract. Background: Anaemia is a common complication
of chemotherapy (CT), including both non-platinum (Pt)-
based as well as Pt-based CT. Patients and Methods: Patients
from three controlled trials with solid tumours receiving either
Pt- or non-Pt-based CT, who had been randomised to
epoetin beta treatment or standard care, were included in this
meta-analysis (n=255, n=199, respectively), to see if epoetin
beta was equally effective in both CT types. The primary end-
point was haemoglobin (Hb) change. Secondary end-points
included transfusion requirement, adverse events (AEs),
survival, time to tumour progression and thromboembolic
events (TEEs). Results: All patients responded rapidly to
epoetin beta treatment, showing a median Hb increase of 
≥1 g/dl from baseline at week 4. A median Hb of 12.2, 12.5
and 11.8 g/dl was achieved in all patients, those receiving 
Pt-based CT and those receiving non-Pt-based CT,
respectively, after 16 weeks of treatment. Transfusion risk
reductions associated with epoetin beta treatment of 53%
(p<0.0001), 61% (p<0.0001) and 26% (non significant)
were observed for all patients, Pt- and non-Pt-based CT
patients, respectively. Overall, for all three populations, there
were no risks identified for tumour progression or overall
survival. There was a statistically non-significant incidence of
TEEs (5.9% versus 4.5%) and no marked differences were
observed between groups for frequency or type of AEs

reported. Conclusion: The type of CT has no impact on the
ability of epoetin beta to rapidly increase Hb in patients with
solid tumours and CT-induced anaemia.

Patients with cancer often experience anaemia as a
consequence of the malignancy or resulting from the
myelosuppressive effects of the chemotherapy (CT) they
receive. A recent survey revealed that 75% of patients with
solid or lymphoid malignancies who received chemotherapy
were anaemic (1). Anaemia is particularly common in
patients who receive platinum (Pt)-based CT, which has led
to a vast amount of research into the use of recombinant
human erythropoietin (rHuEPO) in patients receiving this
type of CT. However, anaemia is not exclusive to patients
receiving Pt-based CT and is, in fact, a common
complication of all forms of CT (2).

Anaemia may be temporarily corrected by red blood cell
(RBC) transfusions; although these are usually reserved for
patients with severe anaemia (haemoglobin [Hb] <8 g/dl).
Also, RBC transfusions are inconvenient and not without
complication, so that the introduction of rHuEPO has
improved the way in which anaemia is managed in patients
with cancer. Recently published guidelines from the
European Organization for Research and Treatment of
Cancer (EORTC) advocate early treatment of cancer-
associated anaemia with erythropoietic proteins at Hb levels
of 9–11 g/dl (3). The guidelines also suggest that the aim of
rHuEPO treatment should be to increase Hb levels to a
target range of 12–13 g/dl and then continue treatment so
that Hb is maintained at this level. Maintaining Hb levels of
between 11 g/dl and 13 g/dl has been shown to correlate
with a maximum benefit in quality of life (QoL) for the
patient (4).
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Many patients with solid and lymphoid tumours, receiving
either Pt-based or non-Pt-based CT, have benefited from
treatment with erythropoietic agents (5-15). Epoetin beta
has been shown to improve Hb levels rapidly and effectively,
reduce RBC transfusion requirements and improve QoL in
patients with solid and haematological malignancies (8, 9,
11, 13-15).

None of these studies have shown by direct comparison
how Pt-based and non-Pt-based CT affect the efficacy of
rHuEPOs. However, a study by Abels et al. (16) showed that
patients receiving epoetin were likely to respond, by a
change in haematocrit, in a similar manner whether
receiving cisplatin CT, non-cisplatin CT or no CT. In
addition, a retrospective sub-analysis of the studies by
Glaspy et al. (17) and Demetri et al. (7) showed increases in
Hb, reduction in RBC transfusion requirement and
improvements in QoL, regardless of the CT in patients with
solid and haematological malignancies (17). 

This meta-analysis investigated whether there is any
difference in efficacy resulting from the CT type (Pt-CT
versus non-Pt-CT), using the pooled results of three
controlled clinical trials (8, 9, 13) in patients with solid
tumours treated with epoetin beta. 

Patients and Methods

The data were pooled from three controlled clinical studies of
epoetin beta (NeoRecormon®; performed by F. Hoffmann-La
Roche or Boehringer Mannheim) and included in this meta-
analysis. A summary of the studies included in the analysis is
provided in Table I. In these studies, patients were randomised to
epoetin beta treatment or standard care. Data on all randomised,
controlled patients with solid tumours and undergoing CT were
included in the analysis. Only those epoetin beta patients who had
received at least one dose of study medication were included in the
analysis. Patients were assigned to treatment groups according to
the treatment actually received.

Patients in the control group were treated according to standard
care, which included RBC transfusions. In one study (8), 29
patients received standard care in the first treatment phase and
were allowed to cross over to epoetin beta in the second phase.
These patients were censored at the time of initiation of epoetin
beta treatment (day 84). 

Efficacy measures. In all three studies, Hb was measured at regular
intervals and at the same time-points in both the epoetin beta and
control groups. Assessment of Hb was the primary end-point of the
current analysis. Baseline Hb was defined as the mean of all available
Hb values prior to baseline. For other analyses, baseline was defined
as the time of the first dose of epoetin beta in the epoetin beta
treatment group or the day of randomisation for the control group. 

Transfusions were carefully recorded in all studies as part of the
efficacy analysis. For this analysis, patients who did not receive a
transfusion were censored at the last entry in the drug log or the
last visit date (as defined by the last available Hb value) plus 28
days, in the knowledge that transfusions taking place in this time
frame would have also been recorded.

For the assessment of secondary end-points such as survival,
time to tumour progression and time to thromboembolic events
(TEEs), no further follow-up was performed beyond study
treatment plus a standard 28-day follow-up period, during which
serious adverse events (AEs) including deaths were recorded.
Deaths reported outside this period were not included in the
analysis. In order to assess the time to malignancy progression
retrospectively, all AEs were carefully reviewed for signs of
progression with reviewers blinded to the treatment assignment.
The onset date of the earliest of these events was used as the time
of the first sign of tumour progression. Events were included in the
analysis if observed during the study treatment or during the
standard 28-day follow-up period. Patients without events were
censored as they were for survival, at the time of last entry into the
drug log plus 28 days.

All AEs reported during the treatment period and for a further
28 days were included in the assessment. 

Statistical analysis. For statistical modelling, Hb post-baseline
values were summarised in the form of area under the curve
(AUC) values for an observed period, calculated by the trapezoidal
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Table I. Details of studies included in the meta-analysis.

Study Study design Diagnosis No. of patients  Epoetin beta Control Duration
included inanalysis dosage

(epoetin 
beta/control)

ten Bokkel Huinink R O PG; Ovarian cancer; anaemia 83/37 150 or 300 IU/kg body Standard 6 months
et al., 1998 (9) 3-arm (Hb <13 g/dl) weight 3 x weekly therapy only

Oberhoff R PG Solid organ tumours; anaemia 114/104 5,000 IU daily Standard 12 24 weeks
et al., 1998 (8) (Hb <11 g/dl) therapy only

Boogaerts R O PG Malignant disease; anaemia 131/128 150 IU/kg body weight Standard 12 weeks
et al., 2003 (13) (Hb <11 g/dl) 3 x weekly; adjusted therapy only

according to Hb

R=randomised; PG=parallel-group; O=open label; Hb=haemoglobin.



rule and standardised by baseline values and time. Analysis of
covariance (ANCOVA) was used with baseline and treatment as
additional factors in the HbAUC model. The hypothesis for HbAUC
was tested using an F-test (type 3). Overall, progression-free and
transfusion-free survival were analysed by Kaplan–Meier estimates,
log-rank testing and Cox regression analysis. TEEs were
summarised in terms of crude rates independently of onset. Three
general hypotheses were tested using the log-rank method.

Subgroup analyses were performed for three subpopulations: all
patients with solid tumours treated with Pt-based or non-Pt-based
CT; all patients with solid tumours treated with Pt-based CT; all
patients with solid tumours treated with non-Pt-based CT.

Results

The baseline demographics were mostly well matched and
are shown in Table II. In the pooled population, the two
treatment groups were well balanced with respect to race,
age and weight. Hb values at baseline were also well
balanced between the two treatment groups. A difference
seen in baseline gender was caused by a 2:1 randomisation,
favouring the epoetin beta treatment group, from the study
in patients with ovarian cancer (9). The patients underwent
treatment (plus follow-up) for a mean duration of 140 and
115 days in the epoetin beta and control treatment arms,
respectively. 

In the overall population, the median increase in Hb level
from baseline to week 16 was 1.5 g/dl in the epoetin beta

group compared with no change in the control group.
Similar findings were observed in patients receiving Pt-
based CT at week 16. In this subpopulation, the median
increase in Hb level was 1.4 g/dl in the epoetin beta group,
with a decrease in median Hb of 0.2 g/dl being observed
over this time-period in the control group. In patients
receiving non-Pt-based CT, there was a median increase in
Hb level at week 16 of 1.9 g/dl, compared with 0.6 g/dl in
the control group. Patients receiving epoetin beta achieved
median Hb levels after 16 weeks of treatment of 12.2, 12.5
and 11.8 g/dl in all patients and subpopulations receiving Pt-
based and non-Pt-based CT, respectively (Figure 1). In
contrast, Hb levels only reached 10.4, 10.3 and 10.6 in the
respective control groups. All patients responded rapidly,
showing a median increase of at least 1 g/dl in Hb from
baseline at week 4 (Figure 2).

For patients in the epoetin beta group compared with the
control, least square mean estimates of baseline-adjusted
mean change in Hb levels were significant in all patients
overall (1.1 versus 0.1 g/dl) and patients who received Pt-
based CT (1.1 versus –0.1 g/dl) and non-Pt-based CT (1.2
versus 0.6 g/dl). The model for all the groups analysed
contained both treatment and baseline Hb as factors, which
were statistically significant in all cases (p<0.05 for the
treatment effect). Changes in Hb levels in the epoetin beta
group were similar for all patients and the subpopulations.
Direct comparison of Hb levels between patients receiving
Pt-based and non-Pt-based CT by ANCOVA highlighted an
interaction term (p=0.043). However, least squares mean
assessment confirmed this to be an imbalance in the control
groups of the subpopulations. 

Fewer blood transfusions occurred in the epoetin beta
group than in the control group (Table III). Cox regression
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Table II. Baseline demographics for all patients with solid tumours.

Epoetin beta Control 
(n=255) (n=199)

Sex, n (%)
Male 40 (16) 46 (23)
Female 215 (84) 153 (77)

Median (range) age, years 57.0 (20-85) 58.0 (19-77)

Median (range) weight, kg 63.0 (42.0-105.0) 63.55 (38.5-114.0)
n 254 198

Median (range) height, cm 164.0 (142.0-190.0) 164.0 (142.0-186.0)
n 255 197

Chemotherapy, n (%)
Pt-based 195 (76.5) 137 (68.8)
Non-Pt 60 (23.5) 62 (31.2)

Median (IQR) Hb, g/dl 
All patients 10.3 (9.3-11.4) 10.1 (9.3-10.8)
Pt CT 10.5 (9.6-11.8) 10.2 (9.4-10.9)
Non-Pt CT 9.6 (8.4-10.6) 9.9 (8.8-10.4)

Hb=haemoglobin; Pt=platinum; 
CT=chemotherapy; IQR=interquartile range.

Figure 1. Median haemoglobin (Hb) levels of patients with solid tumours
and subpopulations of those receiving non-platinum (Pt)-based
chemotherapy (CT) and those with platinum-based chemotherapy at
baseline and after 16 weeks of treatment with epoetin beta.



analysis for all patients, patients receiving Pt-based CT and
patients receiving non-Pt-based CT showed transfusion risk
reductions of 53% (log-rank test p<0.0001), 61% (log-rank
test p<0.0001) and 26% respectively, associated with
epoetin beta treatment (Table III; Figure 3). 

For all three populations, no risks were identified with
regard to tumour progression or overall survival. Cox
regression analysis for all patients, and those receiving Pt-
based CT or non-Pt-based CT showed non-significant risk
reductions associated with epoetin beta treatment of 29%,

26% and 22%, respectively, for tumour progression, and
23%, 30% and 3%, respectively, for overall survival.

A total of 192 out of 255 patients (75%) in the epoetin
beta group and 142 out of 199 patients (71%) in the control
group reported at least one AE. No marked differences were
observed between the treatment groups in terms of the
frequency or types of AEs reported. An equal percentage of
patients in both the epoetin beta (73/255 patients; 29%) and
control (57/199 patients; 29%) groups experienced at least
one serious AE. There were no obvious differences in the
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Table III. Transfusion events stratified for patients with solid tumour and
chemotherapy type.

Patients Epoetin Control Relative p-value
beta riska

Overall, n 255 199

Number of events (%) 67 (26.3) 90 (45.2)
0.47 <0.0001

Pt CT, n 195 137

Number of events (%) 42 (21.5) 62 (45.3)
0.39 <0.0001

Non-Pt CT, n 60 62

Number of events (%) 25 (41.7) 28 (45.2)
0.74 NS

aRelative risk as assessed by Cox regression analysis.
Pt=platinum; CT=chemotherapy; NS=non significant.

Figure 2. Change in median haemoglobin (Hb) levels after 4 weeks of
treatment for all patients and those receiving platinum (Pt)-based and
non-platinum-based chemotherapy (CT).

Figure 3. Kaplan-Meier curve showing transfusion-free survival in all patients.



types or frequencies of any particular serious AE between
the two groups. A slightly lower percentage of patients in the
epoetin beta group (21/255 patients; 8%) experienced an AE
leading to death compared with patients in the control group
(26/199 patients; 13%). There was a slight, though
statistically non-significant, difference in the incidence of
TEEs between groups. In all patients, 5.9% (15/255) of
patients in the epoetin beta-treated group experienced at
least one TEE compared with 4.5% (9/199) of patients in the
control group. Patients underwent treatment (excluding 28
days of follow-up) for a mean duration of 140 and 115 days
in the epoetin beta and control treatment arms, respectively,
which may explain why there were slightly fewer TEEs
measured in patients from the control group. 

Discussion

The results of this meta-analysis show that treatment with
epoetin beta resulted in statistically significant (p<0.05)
improvements in Hb in patients with solid tumours,
regardless of the CT these patients received. The magnitude
of the Hb increases observed was similar in patients overall
and in those receiving Pt-based CT or non-Pt-based CT.
Increases in Hb associated with epoetin beta treatment were
rapid; a change from baseline of at least 1 g/dl was seen
after 4 weeks in all populations analysed. Once-weekly
epoetin beta (30,000 IU) in patients with haematological
malignancies has also shown rapid improvements in Hb
level of a similar magnitude (14). Furthermore, in patients
following this once-weekly regimen, Hb continued to
improve, with a 2 g/dl increase being achieved at a median
time of 8.1 weeks.

As well as experiencing a rapid response, all patients in the
current meta-analysis achieved a mean Hb of approximately
12 g/dl after 16 weeks of epoetin beta treatment, regardless
of the CT type they received. It is important for patients to
achieve and maintain a Hb level of this magnitude so that
they have the opportunity of benefiting from maximum
improvements in QoL (4). Moreover, maintaining a Hb level
within the target range of 12–13 g/dl has been advocated by
the recent EORTC guidelines (3). 

Other than maintaining Hb levels within the target range
in order to improve overall QoL, another of the major goals
suggested by the EORTC guidelines, is to reduce
transfusion requirements (3). In this meta-analysis,
transfusion requirements were reduced in patients with solid
tumours, similar to previous epoetin beta studies in patients
with haematological malignancies (11, 14). 

For over a decade, patients have received the benefits
epoetin beta therapy offers in terms of improved Hb,
reduced transfusion requirements and, most of all, improved
QoL. However, there are some studies that have shown a
slightly higher incidence of TEEs in patients with cancer,

who are receiving erythropoietic proteins compared with
standard therapy (12, 18-21). Consequently, the occasional
occurrence of TEEs with erythropoietic proteins has been
reflected in the product labels for this class of drug. In this
study, the incidence of TEEs in the epoetin beta group was
low and similar to that of the control group. Further
evidence that TEEs do not appear to have a major impact in
patients taking epoetin beta is shown in a meta-analysis
from nine studies on epoetin beta (21). Slightly lower
percentages of patients with TEEs were seen in the current
study (5.9%, epoetin beta versus 4.5%, control), which only
considered patients with solid tumours rather than the wider
range of tumour types analysed previously (5.9 versus 4.2%
of patients with at least one event) (22). In addition, TEE-
related mortality in patients with cancer is not associated
with epoetin beta treatment (21). 

Epoetin beta has the same structure and function as
endogenous erythropoietin. Therefore, it is expected that
the mode of action of epoetin beta would be independent
of the CT type administered to the patient. The results of
this meta-analysis confirmed that epoetin beta is effective
and safe, regardless of the CT employed in anaemic patients
with solid tumours. In particular, there was no increase in
risk of tumour progression and overall survival.

In conclusion, epoetin beta, as shown previously (13, 15),
is effective at rapidly increasing Hb levels in patients with
solid tumours. Improvements in Hb levels were shown to be
irrespective of the type of CT received by this patient group.
Furthermore, this meta-analysis provides further evidence
on the safety of epoetin beta in patients with solid tumours.
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