
Abstract. Background: Erythropoietin corrects and prevents
anemia and decreases the need for red blood cell (RBC)
transfusions; its impact on quality of life (QOL) of cancer
patients receiving chemotherapy is not clear. Patients and
Methods: 399 patients with solid tumors and Hb level of ≤12
g/dl receiving chemotherapy were randomized to receive or
not 10,000 IU epoetin-α thrice weekly. QOL was measured
by the Functional Assessment of Cancer Therapy-Anemia
(FACT-An) scale and various subscales at baseline, at two
months and at the end of the study. Results: Changes in the
average QOL scores were similar in the two groups. The
improvement in Hb levels was significantly higher for the
epoetin-α group, with a decrease in transfusion requirements
compared to the control group. Conclusion: Epoetin-α does
not improve QOL of patients with solid tumors receiving
chemotherapy as assessed using FACT-An scale and various
subscales, despite improving Hb levels and reducing
transfusion requirements. 

The first study demonstrating that recombinant human
erythropoietin can improve anemia associated with cancer
was published 17 years ago (1). Since then many studies
have confirmed that erythropoietin can increase hemoglobin

(Hb) levels and reduce the need for red blood cell (RBC)
transfusions in various groups of cancer patients (2).

Several non-randomized trials demonstrated that the
benefits of erythropoietin extend to improvement in quality
of life (QOL) (3-6). This was confirmed by a randomized
double-blind placebo-control trial by Littlewood et al. (7).
A subsequent trial by Witzig et al. indicated that this QOL
benefit may be more modest than was initially believed (8).
These two latest trials suggested a trend toward improved
survival with the use of erythropoietin in cancer patients but
they were not powered to detect survival differences. On the
contrary, other studies produced inferior results concerning
survival for patients receiving erythropoietin (9, 10).

The Hellenic Cooperative Oncology Group (HeCOG)
published a prospective open-label randomized trial, which
confirmed the efficacy of erythropoietin in preventing
transfusions and significant anemia in patients with solid
tumors receiving platinum-based chemotherapy (11).
Assessment of the QOL was encouraged but was not a
prerequisite for study entry. As a result only two centers
assessed QOL rigorously. Based on data from this subgroup,
no significant improvement in QOL was detected in cancer
patients receiving erythropoietin.

HeCOG designed a randomized trial to directly address
this important question. This trial, as reported here, assessed
the effect of epoetin-α on QOL of cancer patients with solid
tumors, receiving platinum or nonplatinum chemotherapy. 

Patients and Methods

This was a multicenter prospective open-label randomized trial. The
study was approved by the Protocol Review Committee of HeCOG
and by the appropriate committees of the participating centers.
Informed consent was received by patients prior to study entry.
Inclusion criteria included histologically confirmed diagnosis of a
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solid tumor, age ≥18 years, Hb level of ≤12 g/dl, concurrent
administration of chemotherapy (with anticipated minimum duration
of 12 weeks), performance status of ≤2 according to the World Health
Organization Scale, and life expectancy of at least 6 months. Patients
with lymphomas or leukemia, uncontrolled hypertension, RBC
transfusion during the previous two weeks, active bleeding or chronic
illness associated with anemia (other than cancer) were excluded.

Patients receiving high-dose chemotherapy were not included. All
patients received conventional doses; in particular, cisplatin was
given at a dose of 60-100 mg/m2 every 3-4 weeks and carboplatin at
an area under the curve (AUC) 5-6 every 3-4 weeks. 

Patients were randomized to receive either epoetin-α (Eprex;
Janssen–Cilag, Buckinghamshire, UK) 10,000 IU thrice weekly
subcutaneously or no treatment. If the Hb increased to more than
14 g/dl, epoetin-α was discontinued until the Hb was less than 12
g/dl and then restarted at a dose of 10,000 IU twice weekly.

An oral daily dose of 200 mg of elemental iron was
recommended to all participating patients; in order to maintain
appropriate iron availability and iron stores. Adaptive blocked
stratified randomization balanced by center was performed centrally
at the HeCOG data office with stratification factor as the type of
chemotherapy (platinum or nonplatinum; patients receiving
oxaliplatin were allocated to the nonplatinum group). The primary
end point was to assess the effect of epoetin-α on the QOL of
cancer patients receiving chemotherapy, with secondary end points
being the assessment of the effect of epoetin-α on RBC transfusion
needs and anemia. 

QOL was evaluated at baseline, at two months and at the end of the
study using the Functional Assessment of Cancer Therapy-Anemia
(FACT-An) scale (12). The FACT-An instrument is a 55-item
questionnaire assessing the five major domains of QOL and also
providing some disease-specific information on cancer patients with
anemia. The FACT-General (FACT-G) subscale uses 27 items from
the FACT-An instrument and was also evaluated. It consists of 4
subscales: physical well-being (PWB), social/family well-being
(SFWB), emotional well-being (EWB) and functional well-being
(FWB). The FACT-An instrument includes two more subscales, also
evaluated in our study, relating to fatigue: the fatigue subscale (FATS)
and the non fatigue subscale (NFATS). Total anemia subscale score
(ANS) is the sum of FATS and NFATS. FACT-An total score is the
sum of PWB, SFWB, EWB, FWB and ANS. FACT fatigue total score
(TOTFAT) is the sum of PWB, SFWB, EWB, FWB and FATS.
Finally, trial outcome index (TOI) is the sum of PWB, FWB and ANS.
Full blood count, sodium, potassium, calcium, creatinine, bilirubin,
transaminases and alkaline phosphatase were assessed every 3 or 4
weeks, depending on the chemotherapy schedule. Transfusion of RBCs
was permitted during the study, at the discretion of the physician, but
was to be avoided in patients with an Hb level greater than 8.5 g/dl,
unless clinically indicated. Upon completion of chemotherapy,
response was assessed according to WHO classification criteria.

Statistical analysis. Patient and tumor characteristics as well as
outcome measures such as response, number of transfusions and
transfusion units were compared between treatment groups by
Fisher’s exact test or Wilcoxon rank sum test. 

Information on transfusions are reported for the first 6 cycles of
treatment. Mixed effect models were used to explore the effect of
treatment on the time progression of QOL measures and Hb level
(13). The models of the change from baseline with intercept as a
random effect, controlling for the stratification factor of

chemotherapy treatment (platinum vs. nonplatinum) and baseline
value, included treatment group (epoetin-α vs. control), time and
the respective interactions as covariates. FACT-An total score was
the primary QOL measure, while analysis was also performed for
each of the subscale scores (PWB, SFWB, EWB, FWB, FATS,
NFATS) and partial sums (FACT-G, ANS, TOTFAT, TOI). Other
covariates of interest included in the models were baseline Hb level
(Hb≤10.5 g/dl vs. Hb>10.5 g/dl).

The study was designed for a power of 80%  within each
platinum treatment category, for a two-sided test at a=0.05 to detect
a difference in mean standardized change (Delta) of a relatively
small magnitude of 0.30 in the primary measure, assuming a
correlation of 0.80 between observations at different time points
(176x0.26=46 patients per arm) (14, 15).

Best response to treatment is reported excluding these patients
who received adjuvant treatment or had non measurable or non
evaluable disease. Survival (S) was estimated from randomisation
date to the date of last follow-up or until the patient’s death. Time to
disease progression (TTP) was deemed as the time between
randomization and progression documented clinically and/or
radiologically. Patients who died from the disease without having
documented progression were considered as events at the estimate
of TTP. All tests were two-sided and performed at significance level
a=0.05. Nominal p-values are reported without adjustment for
multiple comparisons. The SAS statistical package was used for the
analysis (SAS Institute Inc., Cary, USA).

Results

Between November 1999 and October 2001, 399 patients with
various solid tumors were randomized to the study. Data from
337 patients were available for the analysis. Eighteen patients
had not completed the QOL questionnaire, 5 patients were
randomized with hemoglobin levels over 12 g/dl and one patient
had a PS 3. One center did not provide patients’ follow-up
information; the 27 patients of this center are excluded from the
analysis. Hematological data were missing for 11 patients with
available QOL data. From the 337 patients, 167 were
randomized in the epoetin-α group and 170 in the control group.
No significant differences between treatment groups were found
for the patient and tumor characteristics presented in Table I. 

Quality of Life. Mean scores across time for FACT-G, FATS,
NFATS ANS, FACT-An Total, TOTFAT and TOI scores are
presented in Table II and Figure 1 (a-d). Patients with only
two measurements had the last (second) measurement up to
4.3 months after baseline, while patients with three
measurements had their last measurement up to 6.2 months
after baseline. Based on the mixed effects models analysis,
from the four subscales of FACT-G (PWB, SFWB, EWB and
FWB), only the mean change in FWB was found to differ
significantly across time between the epoetin-α and control
groups regardless of whether the treatment included a
platinum or nonplatinum regimen (p=0.024). This result is
not significant when adjusting for multiple comparisons.
Mean changes in all other FACT-An scale scores were found
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to be insignificant. Baseline Hb level did not affect these
results, whether using the actual baseline Hb value in the
models, or looking at differences by category of Hb (<10.5
g/dl vs. >10.5 g/dl). We evaluated changes in QOL in Hb
responders, defined as an improvement of at least 1 g/dl
within 6 to 8 weeks of epoetin-α administration, excluding
transfused patients, and compared these results with those of
non-responders. No differential effect of epoetin-α on QOL
was detected between these two groups. 

Transfusion requirements. Sixteen patients in the epoetin-α
group (10% ) and 36 patients in the control group (21% ) were
transfused during treatment (p=0.0035). One thousand two
hundred and sixteen cycles of treatment were given (590 in the
epoetin-α group and 626 in the control group). Transfusion
was needed in 51 cycles (8% ) in the control group vs. 19
cycles (3% ) in the epoetin-α group (p<0.001). The mean

number of transfusion units needed per patient was 0.24 and
0.61 for the epoetin-α group and the control group, respectively
(p=0.003). Among transfused patients, the maximum needed
transfusion units was similar in the two groups (median=2).

Baseline Hb levels were 10.15 (±0.69) g/dl for the epoetin-
α group and 10.28 (±0.58) g/dl for the control group. Mean
Hb levels (g/dl) after each cycle of treatment for epoetin-α
and control group, separately for platinum and nonplatinum
regimens are shown in Figure 2. A mean increase of 5.12
(intercept, p<0.0001) was estimated for Hb levels according
to the model. Mean changes from baseline for Hb levels
differed significantly across time between the epoetin-α and
control groups (p=0.0005), adjusting for the corresponding
baseline value (p<0.0001) and whether the treatment included
a platinum or nonplatinum regimen. The improvement in
mean Hb levels was significantly higher in patients treated
with a nonplatinum regimen compared to those treated with
platinum (mean increase difference of 0.63 g/dl, p<0.0001),
as well as in patients in the epoetin-α group (mean increase
difference of 1.08 g/dl, p=0.002). 

Disease outcome. Patients who received adjuvant treatment and
those with nonmeasurable disease (n=69) were excluded from
response assessment. The two groups did not differ
significantly in terms of overall response rate (ORR) (26% vs.
22%  p=0.57). The median follow-up period was 14.3 months.

Median TTP was 6.82 (0.07-61.67+) months for the
epoetin-α group and 7.25 (0.03-59.61+) months for the
control group. No significant differences were observed in
terms of TTP between the two treatment groups (log rank:
p=0.86, Breslow: p=0.94, Tarone –Ware: p=0.99); this was
also true with or without adjustment for platinum/non-
platinum chemotherapy (log rank: p=0.88, Breslow: p=0.84,
Tarone – Ware: p=0.95) (Figure 3).

Median overall survival was 10.39 (0.07-61.67+) months
for the epoetin-α group and 14.59 (0.03-59.61+) months for
the control group. Patients treated with epoetin-α did not
have significantly worse overall survival based on the log-
rank test but they did when looking at tests that place more
weight on events happening in earlier time points (log-rank:
p=0.16, Breslow: p=0.02, Tarone-Ware: p=0.04). This result
remains after adjustment has been made for platinum/non-
platinum chemotherapy (log-rank: p=0.16, Breslow: p=0.03,
Tarone-Ware: p=0.04) (Figure 4). 

Discussion

Recombinant human erythropoietin has been shown in clinical
trials to correct or prevent anemia and to reduce the need for
RBC transfusion (1-8). Several large trials have demonstrated
that the benefits of recombinant human erythropoietin extend
to improvement in QOL of cancer patients receiving platinum
and nonplatinum chemotherapy (3, 4, 7).
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Table I. Basic patient and tumor characteristics.

EPO-A Control
(N=167) (N=170)

Age (years)
Median 61 63
Range 22-82 30-89

N (% ) N (% )

PS
0 62 (37) 71 (42)
1 81 (49) 84 (50)
2 24 (14) 15 (8)

Gender
Male 88 (53) 81 (48)
Female 79 (47) 89 (52)

Primary site of malignancy
Genitourinary 19 (11) 25 (15)
Gastrointestinal 45 (27) 52 (31)
Gynecologic 30 (18) 31 (18)
Breast 26 (16) 27 (16)
Lung 33 (20) 19 (11)
Head and neck 5 (3) 6 (3.5)
Unknown primary 8(5) 5 (3)
Other 1 (1) 5 (3)

History of transfusion (s) 
No 141 (84) 133 (78)
Yes 20 (12) 22 (13)
Unknown 6 (4) 15 (9)

Platinum based chemotherapy
No 102 (61) 108 (63.5)
Yes 65 (39) 62 (36.5)

Baseline hemoglobin (g/dL) 
Mean (±SD) 10.15 (±0.69) 10.30 (±0.58)

Baseline hematocrit (% )
Mean (±SD) 32.2 (±4.84) 32.6 (±2.78)

EPO-A: Epoetin-α, PS: performance status, SD: standard deviation.
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Figure 1. continued
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Figure 1. a) Functional well-being (FWB), b) FACT-General (FACT-G), c) Total anemia (ANS) and d) FACT-An total scores at baseline (1), at two
months (2) and at the end of the study (3). 



This was not in agreement with the findings of a study
published recently from our group (11). In that randomized
open-label study, the main endpoint was to assess the efficacy
of erythropoietin in preventing transfusions and significant

anemia in patients with solid tumors receiving platinum-based
chemotherapy. Assessment of the QOL was encouraged but
was not an objective of the study. Fifty-nine out of 144
patients had both baseline and termination QOL assessment.
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Table II. Mean (±SD) Fact-An scores at baseline (1), two months (2) and at the end of the study (3). 

Nonplatinum-based Platinum-based 
chemotherapy chemotherapy

1 2 3 1 2 3
(N=214) (N=168) (N=102) (N=132) (N=92) (N=53)

PWB
EPO-A 20.14 (±5.25) 20.38 (±5.80) 20.80 (±5.59) 17.48 (±6.14) 19.83 (±5.37) 19.88 (±5.39)
Control 20.06 (±5.43) 20.00 (±5.90) 19.46 (±6.80) 17.46 (±6.29) 17.16 (±7.11) 17.63 (±6.49)

(N=191) (N=150) (N=87) (N=107) (N=77) (N=44)
SFWB
EPO-A 21.68 (±4.0) 21.15 (±4.58) 22.19 (±3.99) 21.62 (±4.50) 20.27 (±5.07) 21.23 (±5.26)
Control 21.17 (±4.59) 21.05 (±4.05) 21.49 (±3.36) 21.48 (±5.15) 20.68 (±4.39) 19.91 (±5.44)

(N=205) (N=164) (N=99) (N=126) (N=92) (N=52)
EWB
EPO-A 17.18 (±5.26) 18.09 (±5.62) 18.63 (±5.17) 15.95 (±5.05) 16.40 (±5.66) 17.61 (±5.46)
Control 17.19 (±5.66) 17.97 (±5.45) 17.38 (±5.52) 15.19 (±5.64) 15.84 (±6.0) 16.15 (±4.89)

(N=214) (N=167) (N=101) (N=128) (N=92) (N=52)
FWB
EPO-A 13.48 (±5.80) 14.41 (±6.19) 15.85 (±6.35) 12.97 (±6.48) 13.86 (±5.96) 15.46 (±5.38)
Control 14.62 (±5.88) 14.59 (±5.51) 14.0 (±6.19) 12.47 (±6.0) 12.86 (±5.95) 12.69 (±5.96)

(N=182) (N=147) (N=85) (N=103) (N=72) (N=44)
FACT-G
EPO-A 73.24 (±15.95) 73.55 (±17.61) 78.06 (±17.38) 67.92 (±17.0) 70.26 (±17.51) 72.64 (±17.69)
Control 74.16 (±16.70) 73.07 (±16.57) 75.0 (±16.4) 66.06 (±17.19) 66.09 (±18.64) 66.18 (±17.16)

(N=215) (N=166) (N=102) (N=130) (N=93) (N=51)
FATS
EPO-A 32.63 (±11.66) 32.27 (±13.46) 36.17 (±12.38) 29.12 (±12.03) 32.09 (±11.16) 33.68 (±11.86)
Control 31.95 (±11.89) 33.40 (±11.82) 31.69 (±14.14) 27.49 (±12.15) 26.82 (±13.27) 30.19 (±11.07)

(N=215) (N=166) (N=102) (N=130) (N=93) (N=50)
NFATS
EPO-A 20.87 (±3.61) 20.74 (±4.63) 21.90 (±4.06) 19.74 (±4.19) 20.23 (±4.18) 20.79 (±5.27)
Control 20.52 (±4.57) 21.69 (±3.81) 20.92 (±3.98) 19.08 (±4.44) 19.10 (±4.38) 19.50 (±3.47)

(N=215) (N=166) (N=102) (N=130) (N=93) (N=51)
ANS
EPO-A 53.5 (±14.51) 53.01 (±17.14) 58.07 (±15.57) 48.86 (±14.85) 52.30 (±14.83) 53.64 (±16.78)
Control 52.48 (±15.59) 55.10 (±14.60) 52.61 (±17.35) 46.54 (±15.24) 45.90 (±17.02) 49.69 (±13.92)

(N=183) (N=145) (N=85) (N=103) (N=73) (N=41)
FACT-An
TOTAL SCORE
EPO-A 127.18 (±28.73) 126.64 (±32.99) 136.92 (±31.37) 116.08 (±29.94) 121.61 (±30.74) 126.40 (±34.19)
Control 127.46 (±29.53) 128.19 (±29.24) 129.57 (±31.02) 110.81 (±29.02) 111.14 (±32.95) 113.14 (±28.18)

(N=183) (N=145) (N=85) (N=103) (N=73) (N=42)
TOTFAT
EPO-A 106.47 (±25.97) 106.06 (±29.47) 114.92 (±28.39) 96.39 (±27.58) 101.16 (±27.21) 106.29 (±28.60)
Control 106.85 (±26.17) 106.63 (±26.39) 108.28 (±28.17) 92.0 (±26.50) 92.26 (±29.60) 93.95 (±25.43)

(N=213) (N=165) (N=101) (N=126) (N=89) (N=50)
TOI
EPO-A 87.22 (±23.62) 88.14 (±27.02) 94.61 (±26.17) 79.61 (±25.04) 86.39 (±24.71) 89.60 (±25.52)
Control 87.34 (±24.49) 89.84 (±24.0) 86.75 (±28.04) 76.11 (±24.37) 76.25 (±28.80) 78.84 (±24.45)

EPO-A: Epoetin-α, SD: standard deviation, PWB: physical well-being, SFWB: social/family well-being, EWB: emotional well-being, FWB:
functional well-being, FACT-G: functional assessment of cancer therapy-general, FATS: fatigue subscale, NFATS: non-fatigue subscale, ANS: anemia
subscale score, FACT: functional assessment of cancer therapy-anemia, TOTFAT: fatigue total score, TOI sum of PWB, FWB, ANS.



An improvement in confinement to bed, which is part of the
physical functioning scale, and in the global health status was
only observed in patients receiving epoetin-α, but no
significant differences between epoetin-α and control groups
were found.

The present study had as primary endpoint the assessment
of the efficacy of epoetin-α on QOL of cancer patients
receiving chemotherapy. QOL was assessed at baseline, at
two months and at the end of the study using the FACT-An
scale. No significant differences were found between the
epoetin-α and the control group for the various subscales of
FACT-An e.g. FACT-G, FATS, NFATS, ANS. Only the FWB
subscale was significantly better between the two groups
across time, a finding that can be attributed to the limitations
of multiple testing.

There are several potential reasons for this lack of effect.
First, RBC transfusions were permitted at the physician’s
discretion and therefore the increased transfusion rate in the
patients of the control arm have masked the true difference in
QOL effects between the two arms. Second, the QOL of the
cancer patient is determined by various factors such as Hb
level, type of cancer, type of treatment, type of metastases,
level of pain and psychological state of the patient and epoetin
corrects only one of these. Third, a mixed population of cancer
patients was included in our study: patients with various
tumors and stages of disease, receiving adjuvant chemotherapy
or chemotherapy for metastatic disease, heavily pretreated and
chemo-naive patients. In particular, the inclusion of both
patients on adjuvant and these on palliative cancer treatment is
a conceptual problem when QOL is studied. Finally, patients
with an Hb level close to 12 g/dl may enjoy relatively good
QOL making it impossible to improve QOL. The selection of
Hb ≤12 g/dl as the cut-off level for starting treatment with
erythropoietin is no longer acceptable, but at the time our
study was conducted, this was common practice.

Several nonrandomized trials demonstrated that
erythropoietin positively affects QOL (3-6). However, a
systematic review of the effectiveness of erythropoietin with
regard to QOL questioned the validity and reliability of the
data reported in the literature (16). One major limitation
described is the lack of masked testing of patients. Other
pitfalls included lack of definition of QOL and adequate
power calculations, as well as incomplete reports on methods
for handling missing data. These findings have been
supported by two systematic reviews (2, 17). There are three
large randomized studies in the literature with the QOL
assessment in patients receiving human recombinant
erythropoietin as endpoint (7, 8, 18). In the first study by
Littlewood et al., QOL assessment was a secondary endpoint
(7). QOL was measured using FACT-An and the Cancer
Linear Analog Scale (CLAS, also known as LASA).
Significant differences for epoetin-α over placebo were
found for all cancer- and anemia-specific QOL measures that
were reported (FACT-G, FATS, Anemia Subscale of FACT-
An, CLAS, overall QOL). In the second randomized trial by
Witzig et al., QOL assessment was a primary endpoint, as it
was in our study (8). The QOL instruments used in that
study were the Unicscale, the anemia subscale of the FATS,
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Figure 2. Changes in Hb levels over time for epoetin-α (______) and
the control (- - - -) group in nonplatinum- (a) and platinum-treated (b)
patients. Values are means ±95%  confidence interval.



the general subscale of FACT-An and a symptom distress
scale (SDS). Patients treated with epoetin-α had some
improvement in the QOL score, measured with the above
scales and subscales, but these differences did not reach
statistical significance. Therefore our findings are in
accordance with these.

Finally, Wright and colleagues recently published a
multicenter randomized, double-blind placebo-controlled
trial to evaluate the impact of epoetin-α on the primary
endpoint of QOL in patients with non-small cell lung cancer
and disease-related anemia (18). Patients receiving high-dose
thoracic radiation or platinum-based chemotherapy were
excluded, with the intent to focus on patients whose anemia
was not related to systemic treatment. The planned sample

size was 300 patients. Due to reports of thrombotic events in
other epoetin trials, an unplanned safety analysis after the
first 70 patients revealed a significant difference in the
median survival in favor of the group of patients in the
control group. The steering committee decided to close the
study. No significant differences were seen in terms of QOL
endpoints, which were complicated by the small sample size
and a baseline imbalance in FACT-An score. 

Not surprisingly, we found that transfusion requirements
were significantly reduced in the epoetin-α group of our
study, which is consistent with all the previous trials. Only
10%  of patients were transfused in the epoetin-α group as
compared to 21%  of patients in the control group, while
the mean number of transfusion units needed was
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Figure 3. Time to progression (TTP) for EPO-A (- - - -) and the control
(______) group (p=0.88) in non platinum - (a) and platinum - (b)
treated patients.

Figure 4. Survival for EPO-A (- - - -) and the control (______) group
(p=0.16) in non platinum - (a) and platinum - (b) treated patients.



significantly higher in the control group (0.24 vs. 0.61,
p=0.003). The improvement of hemoglobin levels (g/dl)
was significantly higher for the epoetin-α group. These
findings are consistent with the results seen in two large
open-label nonrandomized studies enrolling over 4,000
cancer patients with various tumor types under
chemotherapy (3, 4). Both studies tested the same dose
and schedule of epoetin-α, namely 10,000 IU three times
per week, subcutaneously. Both studies showed a rise in
the average Hb level of ~2 g/dl resulting in a reduction in
the number of transfusions of 50%  and 80%  respectively.
These results have also been confirmed in a randomized
study by Littlewood et al. (7). Compared with patients
receiving placebo, transfusion needs in the epoetin-α
group were significantly reduced (25% vs. 40% ). 

Since low serum ferritin levels and low transferin
saturation before the start of epoetin-α treatment might
impair efficacy, we gave oral iron to all patients included in
our study, according to the clinical practice at the time trial
was initiated. Owing to the elevation in iron metabolism of
cancer patients, the prophylactic application of iron might
have had a positive effect in both groups of patients. 

Concerning disease outcome, no difference was detected
in ORR or TTP, while the median overall survival was 10.39
months in the epoetin-α group and 14.59 months in the
control group. Based on the log-rank test, no significant
effect of epoetin-α on survival was found. Of note, using
other tests with more weight on events happening the earlier
time period, the overall survival of patients receiving
epoetin-α was significantly worse as compared to that of the
control group. This result should be viewed with skepticism,
as survival was not the primary endpoint of this study using
a heterogeneous population of patients i.e., patients with
various solid tumors, receiving chemotherapy in the adjuvant
or metastatic setting were included. Nevertheless, six other
studies have produced inferior results concerning survival
and/or progression-free survival for the group receiving
human recombinant erythropoietin [BEST, ENHANCE,
20010103, 20000061, EPO-CAN-20, DAHANSA (9, 10, 18-
21)]. Four of these studies – BEST, ENHANCE, EPO-CAN-
20 and DAHANSA – have been published in peer reviewed
journals while the other two are not available as full reports
but data are available in ODAC briefing documents posted
on the US Food and Drug Administration Website. Clinical
outcomes might represent a balance between effects of
erythropoietin on anemia, adverse effects of the drug (e.g.
thromboembolism), direct effects of erythropoietin on tumor
cells (e.g. oxygenation, tumor growth due to erythropoietin
receptors on diverse tumor cells). Some of these effects
could promote tumor growth and others could inhibit it. Dr
Henke and colleagues explored the possible relationship
between erythropoietin receptors in patients with head and
neck cancer and their poor survival and concluded that

erythropoietin might adversely affect prognosis if cancer
cells express erythropoietin receptors (22). The complex
biology of the signaling process, the variation in in vitro
models, as well as the importance of determining not only
the presence but the function of epo-receptors, will be a
critical part of ongoing preclinical and clinical investigation. 

Finally, we would like to report that pure red cell aplasia
(PRCA), a rare complication of epoetin-α found in patients
with chronic renal failure (23), was not observed in any
patients in this study.

In conclusion, our study did not detect significant QOL
benefit in patients receiving epoetin-α, while it confirmed
that transfusion requirements are reduced and Hb levels are
increased with epoetin-α. 
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