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Abstract The aim of the study was to investigate the
effects of erythropoietin (epoetin beta) on red blood cell
(RBC) transfusions, hemoglobin (Hb) levels, and quality
of life (QOL) in patients with relapsed lymphoma treated
with an aggressive sequential salvage chemotherapy
(SSCT) regimen. Sixty patients with early or late relapsed
Hodgkin’s disease (n=39) or first relapse of aggressive
non-Hodgkin’s lymphoma (n=21) were randomized to

receive epoetin beta 10,000 IE subcutaneously three times
a week or no epoetin during salvage chemotherapy.
Patients in both study arms received two cycles of DHAP
(dexamethasone, high-dose cytarabine, cisplatin); patients
in partial remission (PR) or complete remission (CR) then
received cyclophosphamide, followed by peripheral blood
stem cell (PBSC) harvest, methotrexate plus vincristine,
and etoposide. The final myeloablative course was BEAM
(carmustine, etoposide, cytarabine, and melphalan) fol-
lowed by autologous stem cell support. The primary
endpoint of the study was the number of RBC units needed
during SSCT. In addition, Hb levels and QOL were
measured. The mean number of RBC units given in the
epoetin beta arm was 4.5 compared to 8.3 in the control
arm (P=0.0134). The mean Hb levels during therapy were
10.4 g/dl in the epoetin beta arm and 9.7 g/dl in the control
(P=0.018). From baseline until BEAM therapy QOL
(EORTC QLQ C30) and fatigue (MFI) assessment showed
little QOL worsening or stable levels in both arms with a
steeper increase of fatigue levels in the control group.
Patients with relapsed lymphoma undergoing aggressive
chemotherapy and stem cell support benefited from
epoetin beta therapy, with a decrease of RBC transfusion
requirements and lower rise of fatigue levels.
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Introduction

Cancer patients receiving highly myelosuppressive regimens
usually develop severe anemia, manifesting as fatigue,
dizziness, dyspnea, and a decreased quality of life (QOL).

Many factors have been identified that contribute to
anemia in those patients, including neoplastic bone
marrow infiltration, impaired hematopoiesis, chronic
inflammation, autoimmune hemolysis, treatment with
cytotoxic agents, and impaired endogenous erythropoietin
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production [18, 19, 24, 27, 33]. Endogenous erythropoi-
etin production mainly seems to be decreased by proin-
flammatory cytokines such as interleukin-1 (IL-1) and
tumor necrosis factor-alpha (TNF-a) [4, 7, 16, 23].

Traditionally, anemic patients are treated with multiple
red blood cell (RBC) transfusions. However, allogeneic
blood cell transfusions are associated with a number of
short- and long-term complications [13, 25] and high
financial costs [5, 10]. Effective therapies to increase the
number of autologous red blood cells could result in a
lower morbidity and mortality associated with RBC
transfusions.

Erythropoietin has been shown to prevent chemother-
apy-induced anemia, reduce the number of transfusions in
chemotherapy-induced anemia, increase hemoglobin (Hb)
levels, and improve QOL [11, 12, 15, 26, 30]. This study
evaluated the effects of epoetin beta on RBC transfusions,
Hb levels, and QOL in patients with relapsed lymphoma
treated with the Cologne high-dose sequential chemo-
therapy regimen [17].

Patients and methods

The study was a randomized multicenter study conducted in 23
German centers. The study was designed and conducted according
to the Guidelines for Good Clinical Practice and the Declaration of
Helsinki. It was approved by local ethical committees. All patients
gave their written informed consent before enrollment.

Patients

Patients with early or late relapsed Hodgkin’s disease (HD) or
patients with first relapse of aggressive non-Hodgkin’s lymphoma
(NHL), aged �18 and �65 years with Karnofsky performance
score >70% were included into this study. All patients were staged
according to the Ann Arbor staging system [14]. Histologic
diagnosis was confirmed in all cases. Exclusion criteria were
active infection, concurrent malignancy, and no presence of
inadequate renal or liver function.

Study procedures

Patients were randomly assigned to two treatment arms. The
randomization was stratified according to gender, age (<40 vs �
40 years), and Hb level before therapy (<10 vs �10 g/dl). Within
1 week before entering the study, each patient underwent assess-
ment of medical history that included the following: evaluation of
B symptoms and Karnofsky performance score; recording of
weight, height, blood pressure, and pulse rate; and measurement of
palpable or visually identified tumor lesions. All patients under-
went the following tests: complete blood cell counts, including a
differential count; blood chemistries (creatinine, blood urea nitro-
gen, bilirubin, alkaline phosphatase, alanine and aspartate trans-
aminase, glucose, electrolytes, calcium, total protein, and uric
acid); coagulation tests; urine analyses; and ECGs. During therapy,
Karnofsky performance score, weight, blood pressure, pulse rate,
and a complete blood cell count were obtained before each drug
infusion. Finally, a complete medical history that included assess-
ments of subjective (nonlaboratory) and objective (laboratory)
toxicities (according to WHO toxicity criteria) was obtained before
the start of each new cycle.

All patients received two cycles of DHAP (dexamethasone,
high-dose cytarabine, cisplatin); patients with partial remission or
complete remission received cyclophosphamide (CTX) 4 g/m2,

followed by peripheral blood stem cell harvest; methotrexate
(MTX) 8 g/m2 plus vincristine (VCR) 1.4 mg/m2; and etoposide
(VP-16) 2 g/m2. The final course was BEAM (carmustine 300 mg/
m2, VP-16 1200 mg/m2, cytarabine 1600 mg/m2, and melphalan
140 mg/m2) followed by autologous stem cell support. Patients in
the experimental arm additionally received 10,000 IE epoetin beta
subcutaneously three times a week from the start of therapy until
the end of VP-16 [17]. Blood transfusions were recommended
when Hb was less than 8 g/dl or at higher levels if marked anemic
symptoms were present. Oral iron supplement (200–300 mg/day)
was given if serum iron was <1 � normal or serum ferritin <1 �
normal or transferrin saturation <20%.

Efficacy assessment

The number of red blood cell transfusions was documented for each
cycle. Secondary parameters included the Hb level during treatment
(nadir and maximum in each cycle) and changes in QOL and
fatigue symptoms from baseline.

QOL was evaluated using the standard EORTC QLQ-C30
questionnaire [1]. The Multidimensional Fatigue Inventory (MFI)
was used for a differentiated assessment of fatigue (five subscales:
general fatigue, physical fatigue, mental fatigue, reduced activity,
reduced motivation) [32}. Both instruments are self-reporting
measures with known and established psychometric properties. The
German versions of the questionnaires were filled in by the patients
before start of treatment with DHAP (t0) and before high-dose
chemotherapy and stem cell transplantation (t1).

Statistical analysis

The study was conducted using a two-stage adaptive design
according to the technique proposed by Bauer and K�hne [2]. An
interim analysis was conducted after 22 patients were available for
the per protocol analysis. The sample size for the first stage was
chosen to yield 80% power to show a significant result. Neverthe-
less, in the interim analysis a reassessment of the sample size for
the second stage of the study was possible.

Using the adaptive test design, the null hypothesis can be rejected if
the (two-sided) P value in the interim analysis is lower than a1=0.0202.
Stopping for futility was intended if the experimental treatment arm
was inferior to the control treatment arm. The significance level a1 was
chosen to keep the global significance level a=0.05.

The unpaired t-test was used to compare different groups of
patients for categorical and continuous variables. Statistical anal-
ysis was performed using SPSS 10.0 for Macintosh (SPSS Inc.,
Chicago, Ill., USA).

Results

Patients

A total of 60 patients were randomized into the study.
Three patients were subsequently withdrawn before
receiving study medication due to severe protocol viola-
tion. Of the remaining 57 patients the proportion between
males and females was balanced (28 vs 29). The median
age was 38 years (range: 19–65 years): 36 patients (63%)
had HD, 21 patients (37%) had aggressive NHL; 18
patients (32%) had stage I/II disease vs 39 patients (68%)
with stage III/IV. In total, 44 patients (77%) completed
the study receiving therapy until the end of VP-16 and
qualified for the per protocol analysis (Table 1). The
reasons for withdrawal were progressive disease (n=7),
death (n= 5), and protocol violation (n=1).
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Transfusion need

While the mean number of RBC transfusions was 4.5€4.1
(median: 3.0) in the epoetin beta arm, patients in the
control group received 8.3€5.6 units (median: 8.5,
P=0.0134). Five patients (25%) receiving epoetin needed
no transfusion as compared with two patients (8%) in the
control arm. Twelve patients (50%) in the control arm
received �8 red blood cell units compared to four patients
(20%) in the erythropoietin arm (Table 2). The differ-
ences in transfusion requirements were particularly high
during the VP-16 cycle (2.0 units €2.3, median: 2.0 vs 3.7
units €2.7, median: 4.0; P=0.037; Fig. 1).

Hb levels

The mean Hb levels during therapy were 10.4 g/dl
(median: 10.1 g/dl) in the epoetin-treated patients and
9.7 g/dl (median: 9.7 g/dl) in the control group (t-test:
P=0.018). After finishing a chemotherapy cycle Hb levels
were higher in the study arm (9.4 g/dl €1.3, median: 9.1 g/
dl vs 8.6 g/dl €0.6, median: 8.6 g/dl; P=0.009). In the
control group mean Hb levels dropped to WHO grade III
anemia (�8 g/dl) after CTX and VP-16 (Fig. 2).

QOL

From 36 patients (14 in the control group and 22 in the
epoetin beta group) QOL questionnaires were available at
time point t0 before the start of therapy. Before high-dose
therapy and stem cell transplantation (t1) 21 QOL
assessments were collected, 11 from the group without
epoetin and 10 from the group with epoetin beta.

Table 1 Patient characteristics of patients eligible for analysis
(n=44). EPO epoetin beta

Characteristics Total EPO Control

Patients (n) 44 20 24
Median age (range) (years) 36.5 (19–65) 41 (22–64) 33 (19–65)

Sex

Male 23 12 11
Female 21 8 13

Histology

Hodgkin’s disease 32 (73%) 12 (60%) 20 (83%)
Non-Hodgkin’s lymphoma 12 (27%) 8 (40%) 4 (17%)

Stage at relapse

I/II 13 (30%) 7 (35%) 6 (24%)
III/IV 31 (70%) 13 (65%) 18 (76%)
Bone marrow infiltration 8 (19%) 3 (16%) 5 (21%)

Hemoglobin before therapy

Mean (g/dl) 12.6 12.7 12.4
8–10 g/dl 3 (7%) 2 (10%) 1 (4%)
>10–12 g/dl 15 (34%) 5 (25%) 10 (42%)
>12 g/dl 26 (57%) 13 (65%)8 13 (54%)

Table 2 RBC units needed during course of treatment. EPO
epoetin beta

RBC units given EPO (n=20) Control (n=24)

Patients (n) % Patients (n) %

0 5 25 2 8
1–4 7 35 5 21
5–8 4 20 5 21

>8 4 20 12 50

Fig. 1 Mean RBC units given
per cycle 1.DHAP–VP-16. Test:
unpaired t-test, 95% confidence
intervals. EPO epoetin beta,
RBC red blood cell
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Selected examples of the QOL analysis refer to the 21
patients with complete assessments at t0 and t1. The
results show three functional scales (PF = physical
functioning, EF = emotional functioning, and GQL =
global quality of life) and the symptom scale “fatigue.”
Levels of functioning range from 0–100, 100 being the

maximum. For the symptom scale, the range is also 0–
100, 0 representing the complete absence of symptoms.

Among the patients in the control group, physical
functioning (PF) decreased from t0 to t1 from 75.8 to
58.2, emotional functioning (EF) from 57.6 to 42.4, and
GQL dropped from 46.2 to 39.3, and fatigue levels
increased from 30.3 to 69.7 (Fig. 3). Three of these

Fig. 2 Mean hemoglobin levels
(g/dl€SE) during chemotherapy
(n=44). EPO epoetin beta, Hb
hemoglobin

Fig. 3 Selected quality of life
scales (EORTC QLQ C30).
Group means with 95% CI
(€EPO) at time points t0/t1 on a
0–100 scale. EPO epoetin beta
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changes are potentially of substantial nature representing
17.6 (PF), 15.2 (EF), and 39.4 (fatigue) points on the 0–
100 scale. The group of patients receiving epoetin beta
did report a slightly lower decrease in levels of subjective
functioning and less elevated levels of fatigue; EF even
showed a small increase of about 1.6 points (PF: 86.0 to
73.3, EF: 50.0 to 51.6, GQL: 64.2 to 49.2, fatigue: 28.9 to
47.8). For the functional scales the values at time point t0
were consistently (except EF) higher (and lower for
fatigue) in the group receiving epoetin compared to the
patients without epoetin (PF: 86.0 vs 75.8, EF: 50.0 vs
57.6, GQL: 64.2 vs 46.2, fatigue: 28.9 vs 30.2). In
particular the difference in GQL of 18 points was high.

Discussion

The following findings emerge from this study:

1. Epoetin beta reduces blood transfusion requirements in
patients with relapsed lymphoma treated with a highly
myelotoxic chemotherapy regimen.

2. Mean Hb levels of patients receiving epoetin beta are
significantly higher over the course of therapy.

3. QOL (EORTC QLQ C30) and fatigue (MFI) assess-
ment showed similar QOL changes in both groups and
a steeper increase in fatigue levels in patients not
receiving epoetin.

Our current knowledge suggests a key role of eryth-
ropoietin in the development of cancer-related anemia.
The normal inverse relationship between erythropoietin
and Hb level is absent in this type of anemia. For
example, an inadequate erythropoietin production is
found in 50% of multiple myeloma (MM) patients and
nearly all cancer patients with renal impairment [3]. On
the cellular level, increased levels of cancer-related
cytokines such as IL-1, TNF-a, and interferon-gamma
show a negative effect on differentiation of erythroid
precursor cells and on their response to erythropoietin
[22]. Erythropoietin has been shown to promote the
proliferation and survival of erythroid progenitor cells.
Treatment with erythropoietin can increase Hb and
hematocrit level in cancer patients with anemia [22].

A number of randomized phase III studies investigated
the effects of erythropoietin in cancer patients treated
with chemotherapy and/or radiotherapy. Del Mastro et al.
evaluated erythropoietin in the prevention of chemother-
apy-induced anemia in a phase III trial in 62 breast cancer
patients. Mean Hb decreased by 3.1 g/dl at the end of
chemotherapy in the control group. In contrast, the mean
Hb in the erythropoietin group decreased by 0.8 g/dl
(P<0.005). Anemia (Hb �10 g/dl) occurred in 16 patients
(52%) in the control arm and in no patient in the
erythropoietin arm (P<0.001) [11].

In a population involving anemic cancer patients
(n=153) with solid tumors (59%) or hematologic malig-
nancies (41%), the use of erythropoietin was associated
with a significant Hb increase. Patients received cyclic

combination chemotherapy in a prospective multicenter,
double blind, placebo-controlled trial. The Hb increase
was significantly lower in the control arm (0.33 g/dl vs
2.3 g/dl, P<0.0001) while the difference in patients
transfused was not significant (34% control vs 25% in the
erythropoietin arm). There was also a trend to signifi-
cance (P=0.056) in the difference of RBC units needed. A
mean of 1.6 RBC units were transfused in the control arm
compared to 0.9 units in the erythropoietin arm [6].

In particular, platinum-based chemotherapies often
cause severe anemia, partly due to their nephrotoxic
effects. Thatcher et al. treated a total of 130 non-anemic
small cell lung cancer patients treated with a platinum-
based regimen. Patients were randomized to receive no
additional treatment (n=44), erythropoietin 150 IU/kg
(n=42), or erythropoietin 300 IU/kg s.c. three times a
week (n=44). Significantly fewer (P<0.05) erythropoie-
tin-treated patients experienced anemia (Hb �10 g/dl)
during the course of chemotherapy (300 IU/kg: 39%,
150 IU/kg: 48%, untreated: 66%). A significantly lower
number of erythropoietin-treated patients were transfused
(300 IU/kg: 20%, 150 IU/kg: 45%, untreated: 59%). The
number of transfused RBC units was significantly
decreased (300 IU/kg: 2.1 units, 150 IU/kg: 3.8 units,
untreated: 6.1 units) [34].

Patients with hematological malignancies including
NHL and MM often show inadequately low endogenous
erythropoietin concentrations [8, 28]. Up to 62% of these
patients treated with erythropoietin responded (Hb in-
crease �2 g/dl), even if most of the patients (79–88%)
received concomitant chemotherapy during erythropoietin
treatment [8, 28].

Recently, �sterborg et al. reported a benefit of
erythropoietin treatment in severely anemic and transfu-
sion-dependent patients with advanced MM, NHL, and
chronic lymphocytic leukemia (CLL) with elimination of
severe anemia and transfusion need, and improvement in
QOL. Transfusion-free and severe anemia-free survival
were significantly greater in the erythropoietin group,
giving a relative risk reduction of 43% and 51%,
respectively [29]. As our study was not placebo con-
trolled, the difference of transfusion requirements might
have been biased by the treating physician’s decision to
transfuse a patient or not. However, treating physicians
were clearly advised to transfuse when Hb was less than
8 g/dl or at higher levels if marked anemic symptoms
were present. The impact of this effect is not clear and
could only be elucidated by a placebo-controlled study.

To our knowledge, there are no published studies
involving patients with relapsed aggressive NHL and HD
receiving chemotherapy and erythropoietin before bone
marrow ablation. This is the first randomized study
investigating the effects of erythropoietin in this patient
group. In our trial, epoetin beta treatment was stopped
before bone marrow ablation with BEAM. Chao et al.
reported that patients with Hodgkin’s disease and non-
Hodgkin’s lymphoma undergoing autologous bone mar-
row transplantation (BMT) showed no decrease in RBC
transfusions when receiving erythropoietin before and
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after BMT [9]. Seidenfeld et al. [31] identified six
controlled trials enrolling in total 321 patients receiving
erythropoietin after bone marrow ablation prior to autol-
ogous stem cell transplantation. Erythropoietin adminis-
tration had no beneficial effect on RBC engraftment, RBC
transfusion, or length of hospital stay outcomes for the
entire population and among subpopulations. Erythropoi-
etin given after autologous stem cell transplantation
seems to shorten the period of dependency on RBC
transfusions [20].

In our study, a clinically meaningful decrease in QOL
and an increase in fatigue between t0 and t1 were seen in
both groups of patients. Patients receiving epoetin
reported a lower rise in fatigue levels between t0 and
t1. These findings were consistent throughout all QOL
scales and the fatigue scales of the MFI. However, several
studies reported a statistical improvement in QOL
attributable to erythropoietin [15, 21, 30]. In these studies
patients’ baseline hemoglobin levels were �10 g/dl.
Seidenfeld et al. reported that only those studies showed a
QOL improvement which enrolled patient groups with
mean baseline hemoglobin concentrations of 10 g/dl or
less. As the baseline level in this study was >12 g/dl, this
might be one reason why epoetin beta did not have a clear
effect on QOL. In contrast to the studies mentioned
above, patients in this study received a highly aggressive
sequential chemotherapy. This might be responsible for
the overall decline of QOL in both groups. Unexplained
remain the marked differences in baseline QOL levels
between the groups. In that respect, our findings from the
QOL and fatigue analyses have to be viewed with caution,
especially due to the fact that this study was not placebo
controlled and the results might be affected by bias. From
our point of view, a stratification according to QOL and
fatigue might be helpful in future studies. A conservative
interpretation of the QOL results could be that epoetin
beta may have contributed to stabilizing QOL levels and
to the prevention of fatigue increase.

This is the first randomized study investigating the
effects of epoetin beta in patients with relapsed aggressive
lymphoma receiving aggressive sequential chemotherapy
prior to autologous stem cell transplantation. In conclu-
sion, epoetin beta reduced the need of transfusions for
patients while mean Hb levels were significantly higher.
Epoetin beta also seemed to contribute to more stable
QOL levels. To achieve the most efficient use of this
costly drug, future investigations are needed to identify
baseline characteristics that predict responsiveness and
early indicators of response.
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