
Abstract. Background: The influence of two regimens of
erythropoetin β on haemoglobin level, quality of life (QoL)
and side-effects in patients with gynaecological malignancies
was assessed. Patients and Methods: A total of 119 patients
during chemotherapy were randomised to either standard
therapy with 10,000 IU erythropoetin β three times a week
(group A) or 20,000 IU twice a week (group B).
Haemoglobin level and QoL were measured. Characteristics
of the study population were analysed with descriptive
statistical methods. Analysis of variance for repeated
measurements was performed with haemoglobin level as
dependent variable, and time and study arms as factors.
Results: The rise in haemoglobin levels and QoL improvement
were significant, without any difference between study arms.
Adverse events were similar, except significantly more
thromboembolic events in group B (0 vs. 8 events; p=0.003).
Conclusion: Our results show similar improvements in
haemoglobin level and QoL, but raise the question whether
less frequent dosing regimes may result in increased rates of
thromboembolic events.

Of all paraneoplastic syndromes, anaemia is one of the most
common. The incidence of anaemia varies with tumour type,
stage and patient age; up to 40% of cancer patients are
anaemic at diagnosis (1, 2), and this frequency increases to
80% following chemotherapy (3).

Tumour hypoxia may contribute to tumour resistance to
chemotherapy and radiotherapy (4, 5). Increasing oxygen
delivery to tumour tissues may improve response rates and
overall survival. Indeed, cancer-associated anaemia was
shown to be an independent risk factor for survival regardless
of tumour type (6-8). Recombinant erythropoetin promises to
provide many of the benefits of blood transfusion and has
been widely embraced for this purpose as well as for having
an impact on cancer-related fatigue and quality of life (QoL)
(9, 10). Recently, however, several clinical trials involving
anaemic and nonanaemic cancer patients have raised
questions concerning the safety of recombinant erythropoetin
with respect to its potential for tumour promotion (11, 12)
and pro-thrombotic activity (11, 13, 14).

When the current study was planned in 2001, standard
erythropoetin therapy was either subcutaneous or intravenous
administration of 10,000 IU of recombinant human erythropoetin
three times a week as originally established in the treatment of
anaemia associated with renal failure. The purpose of the current
study was to compare various weekly erythropoetin dosages and
schedules because standard therapy is often inconvenient for
outpatients receiving chemotherapy and to assess the influence of
two regimens of erythropoetin beta (β) on haemoglobin (Hb)
level, QoL, transfusion requirements and safety.
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Patients and Methods

Study objectives. The primary objective of our study was to compare
two different dosing schedules of erythropoetin β, (NeoRecormon®;
Hoffmann-La Roche Ltd, Basel, Switzerland) namely 10,000 IU
three times a week (group A) versus 20,000 IU twice a week (group
B) in patients with anaemia (Hb <11.5g/dL) and the diagnosis of a
gynaecological or breast cancer. Secondary objectives included
assessment of response rates, transfusion rates and QoL in both
study groups. Additional efficacy variables included changes in Hb
from baseline to study completion as well as haematocrit,
erythrocyte and reticulocyte count, response rate and number of red
blood cell (RBC) transfusions.

Patients and study design. This open-label, randomised study was
conducted at 11 sites in Austria. Study protocol and amendments
were reviewed by independent ethics committees. The study was
conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice (GCP) guidelines. All patients provided written
consent for study participation. The study was conducted between
June 2002 and May 2004.

Patients ≥18 years of age who provided written informed consent
were enrolled if they met the following criteria: confirmed diagnosis
of a gynaecological malignancy including breast cancer, receiving
chemo- or radiotherapy, at least two cycles of chemotherapy
outstanding, Hb≤11.5 g/dl, platelets between 25 and 500×103/l,
Eastern Cooperative Oncology Group (ECOG) performance status 0
to 2 and a life expectancy ≥6 months. Patients were excluded if their
anaemia resulted from factors other than cancer or its treatment, if
they had a history of thrombovascular events (TVEs), uncontrolled
hypertension, serious hepatic or renal insufficiency, epileptic
disease, phenylketonuria or were pregnant. Patients were also
ineligible if they had received RBC transfusions within one week
before starting erythropoetin therapy.

Eligible patients were assigned at random to receive 10,000 IU
erythropoetin β subcutaneously (s.c.) three times (group A) or
20,000 IU erythropoetin β twice a week (group B). Randomisation
was stratified by centre, grade of anaemia (mild, Hb 10.1 g/dl-11.5
g/dl; moderate, Hb 8.1-10 g/dl; severe, Hb≤8 g/dl) and tumour
progression. Response was defined as an increase in haemoglobin
(Hb) of >2 g/dl versus baseline or Hb>12 g/dl after therapy.

Erythropoetin β dose was adjusted as follows: At a Hb level ≥12
g/dl dose was reduced to 20,000 IU erythropoetin β/week and
discontinued at a Hb level ≥14 g/dl until Hb was ≤12 g/dl again.
Further therapy was reduced to 50% of initial therapy. The dose was
also reduced to 50% if Hb increased more than 2 g/dl within the
first four weeks of erythropoetin therapy. If response to
erythropoetin therapy was insufficient, e.g. RBC transfusion was
needed, Hb level <8 g/dl or Hb increased by <1 g/dl, the dose was
raised to 60,000 IU/week. Oral iron supplementation was
recommended if transferrin saturation was less than 20% . RBC
transfusions were allowed when clinically indicated, but
recommended below a value of Hb<8 g/dl.

Study assessments. At baseline, a complete physical examination
and clinical laboratory tests were performed and ECOG
performance status was recorded. After one to two weeks of therapy,
an additional complete blood count (CBC) was taken. After each
cycle of chemotherapy, CBC was obtained and administered RBC
transfusions, details of chemotherapy (medication, dosing and

frequency), antihypertensive therapy, iron supplementation and
adverse events were recorded. These data were also collected at
study completion after six to eight weeks. Data on QoL were
collected using the standardized FACT (Functional Assessment of
Cancer Therapy) questionnaire, which comprises a general scale
(FACT-G; 27 questions) and an additional anaemia + fatigue
module (FACT-AN; 20 questions). Patients were asked to answer
the questions at baseline, after three to four weeks of therapy and
at study end. Safety was evaluated by continous AE reporting
throughout the study and regular evaluation of all clinical laboratory
tests taken at each visit.

Statistical analysis. Quantitative data are expressed as
mean±standard deviation (SD) or median, 25th and 75th percentiles
and range. Qualitative data are shown as absolute and relative
frequencies. Two-group comparisons were performed with the
unpaired Student’s t-test for normally distributed quantitative data
and the Mann-Whitney U-test for nonnormally distributed
quantitative data. Inter-group differences in categorical data were
analysed with the Chi-square test. Mean time to response was
estimated using the Kaplan-Meier method and differences between
the two groups were evaluated in a univariate analysis using the log-
rank test. Analyses of variance for repeated measurements (general
linear model) were performed with haemoglobin level and QoL as
dependent variables, and time and group as factors. Statistical
significance was defined as p<0.05. SPSS for Windows 11.5
software (Chicago, IL, USA) was used for all analyses.

Results

Patient disposition. A total of 119 women with gynaecological
malignancies, including breast carcinoma, were enrolled
(intention to treat, ITT population); 60 patients were randomly
assigned to receive erythropoetin β three times weekly and 59
patients to receive erythropoetin β twice a week. The patients’
flow chart is depicted in Figure 1.

Demographics, clinical and baseline characteristics. Patient
characteristics were equally distributed between groups
(Table I). For baseline disease characteristics see Table II. In
group A and B, 95% and 97% , respectively, had received
surgical therapy. A total of 97% of the patients in group A
and 90% in group B underwent chemotherapy. Only 25% of
group A and 15% of group B patients received radiotherapy
(not significantly different, n.s.)

Response and transfusion requirements. In group A, 25
patients (45% ) showed a response, whereas 31 patients
(56% ) in group B responded to erythropoetin (p=0.257). The
mean time to response was 52 (47-58) days in group A versus
42 (37-47) days in group B (p=0.022). Figure 2 shows the
course of Hb from baseline to study end (overall p<0.001).
No difference was found between study groups (Figure 2).
The median cumulative dose of erythropoetin β was 240,000
IU in group A and 320,000 IU in group B (p<0.001). Overall,
16 patients received at least one RBC transfusion: seven
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(12% ) patients in group A received one transfusion; in group
B five (9% ) patients received one, three (5% ) patients two
and one (1.6% ) patient three transfusions (n.s.).

Quality of life. The FACT-AN module showed a significant
time effect overall and for the sub-scale “Fatigue” (p<0.05),
but there was no significant difference between study groups
(mean value 51.2 to 55.2 for group A and 55.1 to 57.3 for
group B).

A significant improvement in the FACT-G subscale
“physical well-being” (18.2 to 20.7 in group A and 20.9 to
21.5 in group B, p<0.05 for both groups) was seen, whereas
none of the groups was superior to the other.

Adverse events. Table III shows the observed adverse events
of patients in the study groups. There were no on-study
deaths. However, one patient in group B with breast
carcinoma died two weeks after surgery for metastatic bone
disease. In group A, three patients (5% ) left the trial
prematurely because of an adverse event, one patient for
bone pain, one for paraesthesia and one patient was
suspected of having tumour infiltration of the bone marrow.
Of the seven (10% ) patients in group B who discontinued
the study because of an adverse event, one patient died as
described above, four patients experienced thrombosis, one
patient was hospitalised because of infarction of the median
cerebral artery and one patient experienced febrile
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Figure 1. Patient flow chart [intent to treat (ITT) population, n=119]. *Higher counts at 6 and 8 weeks are likely related to treatment cycles.



leukopenia and thrombopenia and failed to respond to
erythropoetin therapy. Overall, there were eight cases of
thrombosis in group B versus none in group A (p=0.003).
The sites of thrombosis are shown in Table IV. The dose of
erythropoetin was increased in three of the patients with
thrombosis and reduced in one patient. Of the patients with
thrombosis, three had ovarian carcinoma, two breast
carcinoma, two endometrial carcinoma and one patient had
primary peritoneal carcinoma. None of the patients with
thrombosis had progressive disease during erythropoetin
therapy; one patient had disease progression at the
beginning of therapy.

In four patients Hb values increased, namely from 10.1 to
11.5 g/dl within 20 days (premature end of study due to
adverse event), from 9.6 to 12.5 g/dl within 15 days (dose
reduced one day before diagnosis of thrombosis, patient
withdrew from the trial due to adverse event), from 11.2 to
12.8 g/dl within 20 days (study terminated because of
response on the day of adverse event diagnosis) and from 9.4
to 12.5 g/dl within 20 days (premature end of study due to
adverse event). In two patients with thrombosis, Hb values
remained stable, namely at 10.7 g/dl and 10.9 g/dl
(premature end of study in both due to adverse event). In
two patients, Hb values decreased before thrombosis was
diagnosed, namely from 11.2 to 9.2 g/dl within 29 days
(adverse event at study end, no dose increase) and from 10.2
to 8.5 g/dl within 34 days (dose increase because of lack of
response, adverse event at study end). There was no

association between baseline Hb level, target Hb, Hb
increase or dose change and incidence of thrombotic events
in this study. For all other adverse events, no significant
difference was noticed between groups.

Discussion

Anaemia is associated with reduced health-related QoL,
poor treatment outcome and reduced survival (6-8). Therapy
with erythropoetin has been consistently demonstrated to be
effective in treating anaemia and reducing the need for RBC
transfusion, and to have a positive effect on cancer-related
fatigue syndrome and QoL (10, 14-18). Various regimens of
erythropoetin administration have been described as being
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Table I. Patient demographics and baseline characteristics (ITT population,
n=119).

Characteristic Group A Group B P-value
[median (range)] (3×10,000 IU) (2×20,000 IU)

n=60 n=59

Age (years) 54 (30-79) 62 (28-86) 0.100
Body mass index 24.2 (16.0-36.9) 24.1 (17.2-48.1) 0.760
ECOG PS* [n (% )]

0 16 (30% ) 13 (23% )
1 28 (52% ) 38 (68% )
2 10 (19% ) 5 (9% ) 0.178

Hb (g/dl, baseline) 10.3 (6.8-11.5) 10.5 (7.2-11.4) 0.541
Haematocrit (% ) 31.4 (24.0-41.0) 31.0 (22.0-37.0) 0.559
Red blood cells (106/l) 3.5 (2.5-5.8) 3.4 (2.0-4.5) 0.101
Platelets (103/l) 242 (65-523) 274 (27-706) 0.399
Reticulocytes (‰) 16.4 (1.0-83.8) 17.8 (1.0-51.0) 0.535
Ferritin (μg/l) 146 (7-664) 189 (5.4-1468) 0.172

*Number of patients does not equal ITT population because of missing
values. ITT, intent to treat; SD, standard deviation; ECOG PS, Eastern
Cooperative Oncology Group performance status; Hb, haemoglobin.

Table II. Baseline disease characteristics and therapy (ITT population,
n=119).

Erythropoetin β

3×10,000 IU 2×20,000 IU
(n=60) (n=59)

Characteristic No. of No. of
patients (% ) patients (% )

Tumour type
Breast carcinoma 18 (30) 10 (17)
Ovarian carcinoma 30 (50) 30 (51)
Cervical carcinoma 4 (7) 5 (8)
Endometrial carcinoma 5 (8) 7 (12)
Other+ 3 (5) 7 (12)

Primary tumour 24 (40) 28 (49)
Relapse 36 (60) 29 (51)

Clinical evaluation*
No evidence of disease 11 (19) 8 (14)
Remission 7 (12) 7 (12)
Stabilisation 9 (16) 10 (17)
Progressive disease 30 (53) 33 (57)

Tumour grade*
1 5 (19) 8 (27)
2 2 (7) 6 (20)
3 20 (74) 16 (53)

FIGO stage*
1 8 (4) 3 (5)
2 17 (33) 15 (27)
3 32 (63) 16 (62)
4 0 1 (2)

ITT, intent to treat; FIGO, International Federation of Gynecology and
Obstetrics. +Other tumours include carcinosarcoma of the uterus (n=1),
carcinoma of the vulva (n=2), carcinoma of the fallopian tube (n=4),
primary peritoneal cancer (n=2), borderline carcinoma of the ovary with
invasive implants (n=1). *Number of patients does not equal ITT
population because of missing values.



as effective as and more convenient for the patient than the
standard regimen with 10,000 IU recombinant human
erythropoetin administered three times weekly (19-22). A
primary objective of this study was to determine whether
administration of 20,000 IU of erythropoetin β twice weekly
is as efficient as the standard regimen of 3×10,000 IU of
erythropoetin β. Due to the fact that patients with mild
anaemia (Hb<11.5 g/dl) were enrolled into the study,
median Hb value at baseline was 10.3 g/dl in group A and
10.5 g/dl in group B. The median increase in Hb from
baseline was 1.6 g/dl versus 1.7 g/dl (p<0.001) with no
difference between the two study groups. Using a response
definition of 2 mg/dl, only 45% versus 56% of patients
responded (group A vs. group B, respectively; n.s.), which is
less than reported in other studies (18, 20, 23). This might
be due to the much shorter duration of therapy, six to eight
weeks, at which the full erythropoetic response might not
yet have occurred.

We observed a significant improvement in the Overall
FACT-AN Score, for the FACT-AN Anemia subscale and the
FACT-G subscale physical well-being but not in the other
subscales. Other authors reported similar results (14, 22, 24,
25). Littlewood et al. (10) reported a significant improvement
in all dimensions (FACT G/AN and CLAS) in the
erythropoetin group as compared to the placebo group. A
subsequent placebo-controlled study, however, indicated a
more modest QoL benefit. Witzig et al. (18) found no
significant improvement in QoL between patients treated with
erythropoetin and placebo. However, patients who responded
to erythropoetin therapy experienced a significant improvement
in the FACT-AN fatigue subscale.

By the time the present trial was initiated, erythropoetin was
beginning to be widely used in oncological practice. The
standard dosing schedule was 10,000 IU erythropoetin
administered three times weekly. In the context of recently
published data (11, 12), this study again takes a critical view
of the use of erythropoetin in light of the rate of thrombosis
observed during this trial. The aim of the Breast Cancer
Erythropoetin Survival Trial (BEST) conducted by Leyland-
Jones et al. (11) was to determine the effect erythropoetin had
on survival by maintaining a normal haemoglobin level with
recombinant erythropoetin in metastatic breast cancer patients
receiving first-line chemotherapy. The trial was terminated
prematurely because of early increase in mortality in the
erythropoetin-treated patients due to disease progression or
thrombosis during the first 12 months. Most of the excess
deaths in the BEST trial seemed to be the result of early
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Table III. Observed adverse events.

Erythropoetin β

3×10,000 IU 2×20,000 IU

Adverse event No. of cases No. of cases

Neutropenia grade
1-2 9 1
3-4 7 7

Febrile neutropenia 2 3
Anaemia grade 3 1 0
Thrombopenia 1 3
Pain 4 3
Dizziness 3 0
Peripheral neuropathy 2 2
Urinary infection 2 1
Erysipelas 1 2
Other infection 4 2
Nausea 2 1
Hypertension 1 1
Death 0 1
Thrombosis/embolism 0 9*

*One patient experienced a deep venous thrombosis and a pulmonary
embolism.

Figure 2. Haemoglobin course from baseline to study end (week 8);
(p<0.001 for response); Group A (3×10,000 IU), median 10.3 g/dl
(baseline) –11.9 g/dl (study end); Group B (2×20,000 IU), median 10.5 g/dl
(baseline) –12.2 g/dl (study end).

Table IV. Site of thrombosis.

Site of thrombosis Frequency

Deep venous 5
Pulmonary embolism 3
A. cerebri media infarction 1

Total 9*

*One patient experienced a deep venous thrombosis and a pulmonary
embolism.



disease progression, although there was also an imbalance in
deaths as a result of chemotherapy toxicity and
thromboembolic events (14 suspected clots in the
erythropoetin arm versus four in the placebo arm). Imbalances
in treatment populations were discussed as one reason for this
surprising result. A retrospective study by Wun et al. (13)
compared patients without erythropoetin therapy with patients
receiving either 3×10,000 IU or 2×20,000 IU recombinant
human erythropoetin and found a significant difference in the
incidence of symptomatic venous thrombosis (17 versus 2 for
patients without erythropoetin, p=0.003).

In our study, there were significant clinically relevant
differences in the safety profiles observed between the two
dosing regimens used: in eight patients in group B (14% ), a
thromboembolic event was observed, whereas no
thromboembolic event was recorded in group A (0% ,
p=0.003). The reason for this finding could not be
determined sufficiently and might be a chance finding
caused by the small sample size of the study, which was not
powered to detect significant differences in adverse events.
Both groups seemed well-balanced in age, body mass index,
tumour stage and blood cell count, and no significant
difference was seen between the patients with or without
thrombosis with respect to thrombocytes, tumour type and
primary tumour or relapse. The increase in haematocrit in
all patients who experienced a thromboembolic event was
not significant (32.1-35.0% ). Patients known to be at high
risk for thromboembolic events, i.e. those with a history of
a thromboembolic event or thrombocythaemia, were not
included in our study. Since laboratory tests for
thrombophilic predisposition were not performed routinely
because the number of thromboses was not a predefined
endpoint of this study, underlying thrombophilic risk factors
may have been distributed unevenly among the
consecutively treated patients. An increase in the red blood
cell mass is associated with increasing whole blood
viscosity. However, our study did not demonstrate an
association between mean or peak Hb and risk for
thrombosis. A systematic review performed by Shehata et
al. (26) also did not find an association between the rate of
thrombembolic events and an increased concentration of
hemoglobin. Neither baseline Hb level, target Hb, Hb
increase nor dose change was seen to be associated with the
incidence of thrombotic events in this study.

The association between cancer and an increase in the risk
for thrombosis is well documented and thought to be related
to advancing age, surgery, decreased activity, use of venous
catheters and therapies such as tamoxifen and chemotherapy
(27). There was no difference in these factors between our
study groups. Cancer alone was associated with a 4.1-fold
risk for thrombosis, whereas chemotherapy increased the risk
to 6.5-fold (28). Overall, in 119 patients (ITT population),
we observed a thromboembolic event in 6.7% , which is

within the range reported in the literature (29). Bohlius et al.
(29) recently performed a systematic meta-analysis based on
6,769 participants in 35 trials. The group observed a higher
risk for a thromboembolic event in the erythropoetin group
than in the placebo group (4.5% versus 1.4% , p<0.001).
Overall, the data evaluated in that review did not show
statistically significant differences in relative risks for a
thromboembolic event among various subgroups as defined
by pre-specified variables.

Recent results were published with the BRAVE (Breast
cancer – Anaemia and the Value of Erythropoetin) trial
conducted by Aapro et al. (30). The investigators observed
thromboembolic events in 13% of the 231 patients receiving
30,000 IU epoetin β once a week versus 6% in the control
group not receiving epoetin β therapy (n=232). The
percentage of patients who experienced a serious
thromboembolic event was comparable between the two study
arms: 3% in the control group versus 4% in the epoetin β
group. Another study published by Aapro et al. (31) describes
a slightly higher frequency of thromboembolic events (5.9% )
versus controls (4.2% ) but thromboembolic-related mortality
was identical in both groups (1.1% ). Very recent results
published by Smith et al. (32) also indicate an increased risk
of cardiovascular and thromboembolic events in patients with
active cancer not receiving chemotherapy as did the review of
Bennett et al. (33) in which a 1.57-fold increased risk for
venous thrombembolism in cancer patients receiving
erythropoetin is described.

In evaluating the risks and benefits of erythropoetic agents,
dose and schedule of recombinant erythropoetin therapy
could matter, as might the course of the Hb level and the rate
of Hb increase during treatment, even though we did not
observe this. The results of our study show that both
treatment schedules used in this protocol result in a
significant and similar increase in Hb and QoL. The overall
rate of thromboembolic events in this study (6.7% ) is within
the known adverse event profile of erythropoetic agents in
cancer patients. Although there was a significant difference
in thrombotic events between the two study groups (8 versus
0, p=0.003), we could not find any clinical parameters or
routine laboratory tests to identify those patients who
developed thrombosis. In fact, Hb response was similar in the
two study arms.

In conclusion, our study did not not show any difference in
Hb increase or other investigated markers of efficacy of
epoetin therapy such as response rates, transfusions or QoL
between the two dosing regimens. However, a significantly
higher rate of thromboembolic events was observed in the
higher-dosed group than in the lower- (standard)-dosed group.
We were not able to explain this difference by imbalances in
risk factors in the two groups, nor did we find any potential
association with Hb or haematocrit increase and occurrence of
the thromboembolic events.
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Conlusion

We do, however, believe that these findings warrant particular
attention with respect to using higher doses of epoetin at
reduced dosing frequencies in patients with gynaecological or
breast cancer who are, by their disease status, at an increased
risk of experiencing thromboembolic complications.
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