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Management of Chemotherapy-related Anaemia with
Low-dose Recombinant Human Erythropoietin in
Patients with Small Cell Lung Cancer
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We examined the efficacy of low-dose erythropoietin in the management of chemotherapy-related
anaemia in patients with small cell lung cancer (SCLC). We gave recombinant human erythropoietin
A (rHuEPO) to 63 SCLC patients, 30 with limited disease (LD) and 33 with extensive disease (ED)
who underwent chemotherapy with carboplatin, etoposide and ifosfamide and had previously received
blood transfusions for chemotherapy-related anaemia. rHuEPO was given at a dose of 2000 IU sub-
cutaneously three times per week for 2 weeks after every chemotherapy cycle, starting 48 h after the
end of chemotherapy. Before the use of rHuEPOQO, all patients in both groups had to be transfused after
a mean of 5.5 CT cycles. In 64 CT cycles following administration of rHuEPO, only 5/30 LD patients
(17%) had to be transfused in six cycles (9%). In 88 cycles following the use of rHuEPO, 7/33 ED
patients (21%) had to be transfused in 11 cycles (12.5%). Haemoglobin values in patients with ED (but
not those with LD) were significantly improved after rHuEPO administration on both day 14 and day
28 after chemotherapy. No adverse effects were recorded. rHuEPO considerably decreased the degree
of anaemia and the need for blood transfusion at doses markedly lower (25-30 IU/kg body weight) than
those reported in the literature so far (150IU/kg body weight), without toxicity. © 1997 Elsevier
Science Ltd.
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INTRODUCTION
ANAEMIA Is the most common haematological manifestation
of cancer. It may be due to many factors such as blood loss,
bone marrow infiltration by tumour, poor nutrition and
cachexia, hypersplenism, and immune haemolysis, but in
many cases no specific causative factor can be identified
(anaemia of chronic disease). The problem of anaemia is
compounded by the toxic effects of radiotherapy or chemo-
therapy, especially with high-dose, platinum-based regimens.
The use of aggressive combination chemotherapy has yielded
the best response rates and led to a significant improvement
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in the survival of patients with small cell lung cancer (SCLC)
[1]. The development of treatment-related anaemia may
delay the administration of chemotherapy, and this in turn
may decrease the efficacy of treatment or necessitate frequent
blood transfusions. It also probably contributes to the
impaired quality of life of these patients who already face the
many stresses of malignancy.

Erythropoietin (EPO) is a natural hormone that promotes
the proliferation and maintains the viability of erythroid pro-
genitor cells [2]. It was purified by Miyake [3] and its gene
has been cloned. The commercial production of recombinant
human erythropoietin (rHuEPO) led to the introduction of
this substance in clinical practice. Naturally enough,
rHuEPO was first used to manage the anaemia of chronic
renal failure, and produced dose-dependent erythropoietic
responses in doses of 15IU/kg upwards per administration
[4,5]. These responses were associated with highly significant
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improvements in the quality of life and functional status of
the patients [6]. Following this success, Erslev in 1987 [7]
predicted that in the future erythropoietin would probably be
investigated as a possible treatment for almost all types of
anaemia, and this prediction has been borne out in the last
few years. So far rHuEPO has been used for the management
of anaemia in rheumatoid arthritis [8], chronic disease [9],
AIDS [10], cancer [11,12] and inflammatory bowel disease
[13], with varying degrees of success. In the studies reported
in the literature rHUEPO has been given at doses ranging
from 50 to 3001U/kg body weight, producing a dose-
dependent response [2]. Such treatment has a considerable
cost, and this increases the financial burden of neoplastic
disease.

Over the last few years we have used rHuEPO at a lower
dose schedule in the management of chemotherapy-related
anaemia in patients with both SCLC and NSCLC. The
results achieved in the latter tumour have been presented
elsewhere [14]. In this paper we describe our experience with
this regimen in SCLC.

PATIENTS AND METHODS

We examined retrospectively our records for patients with
SCLC who had been given recombinant human erythropoie-
tin A (Eprex, Janssen-Cilag Pharmaceutica) at some time
during their chemotherapy. Each chemotherapy cycle con-
sisted of carboplatin (equivalent to an area under the curve
[AUC] of 7mg/ml.min) on day 1, ifosfamide 3.5 mg/m? plus
mesna on day 1 and etoposide 200 mg/m? given over days 1—
3. This was repeated every 28 days for up to eight cycles,
depending on patient response and tolerance.

Haemoglobin (Hb) values were obtained before the onset
of chemotherapy (baseline) and on 14 (D14) and 28 days
(D28) of each cycle. If the value of Hb was lower than 10 g/dl
on day 28, blood transfusion was given along with the next
cycle of chemotherapy, which was thus not delayed.

On day 28 patients whose Hb fell below 10 g/dl were given
rHuEPO at a dose of 2000 IU subcutaneously three times per
week for 2 weeks after every subsequent chemotherapy cycle,
the first dose given 48 h after the end of chemotherapy.

(a) Limited disease
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Table 1. Mean haemoglobin levels before and after trearment with
rHuEPO

Extensive disease
HB (MeantS.D.; n=33)

Limited disease
HB (Mean £ S.D.; n=30)

Pre-EPO Post-EPO Pre-EPO Post-EPO
Baseline HB 12.48%£1.72 12.48+1.72 12.37+*1.7 12.37*1.7
Day 14 10.12£0.82 10.86+1.86 10.00£0.75 11.27£0.79
NS P<0.001
Day 28 10.25%£0.93 10.75+0.70 10.32+0.94 11.51+£0.85
NS P<0.001

For the purpose of this study we compared the D14 and
D28 Hb values obtained before and after the use of rHuEPO,
as well as the need for blood transfusion after the introduc-
tion of rHuUEPO. Statistical comparisons were made by use of
the unpaired z-test.

RESULTS

Between 1991 and 1995, we identified 63 SCLC patients
(Table 1), all male, 30 with limited disease (LD; mean
age £ S.D. 61.1 7.4 years; no bone metastases) and 33 with
extensive disease (ED; mean age*+S.D. 61.2% 6.4 years; 11
had bone metastases), who underwent chemotherapy in our
department and had to receive blood transfusions and subse-
quently rHUEPO. Before the use of rHuEPO, all patients in
both groups had to be transfused after a mean of 5.5 chemo-
therapy cycles. In 64 chemotherapy cycles after the intro-
duction of rHuEPO, only 5/30 LD patients (17%) had to be
transfused in six cycles (9%). In 88 cycles followed by the use
of rHuEPO, 7/33 ED patients (21%) had to be transfused in
11 cycles (12.5%). Granulocyte colony stimulating factor (G-
CSF) was also used after 17/64 cycles in LD and 28/88 cycles
in ED patients for concomitant neutropenia.

The values of Hb at baseline, D14 and D28 for both
groups before and after the use of rHUEPO are shown in
Table 1 and Figure 1. There was a significant improvement
after the introduction of EPO (P<0.001).

(b) Extensive disease
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Figure 1. Haemoglobin values (mean * S.D.) at baseline and after transfusion and rHuEPO.
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None of our patients had to stop rHUEPO because of drug
intolerance or technical difficulties. There were no reports of
untoward reactions and none of the recorded side-effects of
rHuEPO, such as hypertension and thrombocythaemia, were
observed. Most patients experienced mild to moderate influ-
enza-like symptoms (fever, myalgias, malaise), which were
prevented when oral paracetamol was taken 30 min before
injections.

DISCUSSION

In this study we observed a significant improvement in Hb
values both on day 14 and day 28 after the introduction of
rHuEPO in patients with extensive SCLC. This beneficial
effect of rHUEPO was not seen in patients with limited dis-
ease. Endogenous EPO levels vary widely in different sub-
jects, and cancer patients seem to have markedly depressed
EPO production. Also, the response rate in published studies
has been quite broad, ranging from 32% to 85% [2]. As we
did not assay EPO in our population, we can only speculate
that this factor may have been responsible for the lack of
response. However, in both groups there was a considerable
decrease in the need for blood transfusion.

Other factors that might be involved in the anaemia would
be iron deficiency and bone marrow infiltration. Iron studies
were not routinely done in our patients, but the red cell indi-
ces (mean corpuscular volume and haemoglobin concentra-
tion) were mostly normal. None of our patients used iron
supplements. Again, bone marrow aspiration was not part of
our routine screening procedure, although bone metastases
were detected before chemotherapy in 11 of the patients with
extensive disease. However, it has been documented that
tumour type, bone marrow involvement or previous chemo-
or radiotherapy do not significantly influence patients’
response to EPO [2].

One might argue that the appearance of significant anae-
mia after a median of 5.5 cycles would have very little impact
in the administration of further chemotherapy if patients were
to receive only six cycles of treatment. At the time of the
study all patients were planned to receive eight cycles of che-
motherapy followed by irradiation of the primary site and
prophylactic cranial irradiation in the responders. There are
data showing that progression-free interval in SCLC patients
is improved in those receiving more cycles of chemotherapy
[15]. A large proportion of the patients attending our
department have extensive disease, and we elect to give
eight cycles as standard treatment if there is no other contra-
indication. There have also been reports of improved quality
of life and performance status in patients who responded
to EPO [2], and this concurs with the observations in
chronic renal failure [6]. As we did not assess these parame-
ters in our patients, we can only speculate that responding
patients had an improved quality of life with increased Hb
levels.

Transfusion practice varies in oncological centres, and
some authorities might consider a haemoglobin level of 10 g/dl
quite adequate for chemotherapy purposes. Our experience
suggested a more favourable course when patients were
transfused at a higher Hb level. The decision to transfuse
each individual patient was made after consideration of fac-
tors such as distance from the treatment centre and the
nearest facility where patients could have their scheduled
blood tests, as well as their social circumstances and previous
state of health. We did not encounter any patients with
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religious objections to blood transfusion, for whom rHuEPO
might represent a useful and acceptable alternative.

None of the adverse effects recorded in the literature were
observed or reported by our patients. This may be related to
the lower dose of rHUEPO we used. In particular, there was
no occurrence of thrombotic episodes, nor was there a dif-
ference in platelet counts before and after the introduction of
rHuEPO. In anaemic patients dependent on dialysis, rHuEPO
has been found to promote proliferation of both multipotent
and myeloid progenitor cells [16,17]. However, no sig-
nificant changes in white cell or platelet count were observed
as a consequence of EPO therapy in cancer patients [2]. In
fact, an rHuEPO-related increase in the platelet count might
even be beneficial, as thrombocytopenia is also a common
problem in such patients, and its management can be more
difficult than that of anaemia.

A significant finding in this study was the efficacy of
rHuEPO at dose levels much lower than those so far reported
in the literature. On average, the dose we used corresponded
to 25-301U/kg body weight, while in the studies previously
published doses of 50-300 IU/kg body weight have been used
[2], producing a dose-dependent response. For purely prac-
tical reasons we used a fixed dose of 2000IU per injection,
rather than a body weight based regimen. This lower dose
regimen may have considerable cost implications as well as be
responsible for the absence of troublesome side-effects from
our patients. Ludwig [12] used a dose of 300I1U/kg body
weight in cancer patients who did not respond to 150 IU/kg
of rHUEPO after 6 weeks of treatment, and the higher dose
produced additional responses. We did give a dose of
10000 IU of rHuEPO per injection to some of the initial non-
responders, but we do not have sufficient data to draw any
conclusions.

We can only speculate whether the results would be similar
in cases of anaemia due to cancer alone and not to chemo-
therapy. Certainly the experience with rHuEPO in renal fail-
ure might be different as patients with non-functioning
kidneys may have no endogenous EPO production. We did
not estimate this production in our patients, who all had to
have a normal serum creatinine level to be eligible for che-
motherapy.

This study was a retrospective analysis of practice in our
department, and its results obviously do not carry the weight
of a randomised controlled trial. The use of rHUEPO in a
fixed, low-dose regimen significantly improved chemo-
therapy-related anaemia in patients with extensive SCLC,
and may be a useful alternative to blood transfusion. The
choice of one or the other method will have to based not only
on financial cost, but also on the availability of blood donors
or the recombinant product, local facilities and patient cir-
cumstances and possibly personal beliefs or objections to
blood transfusion. We believe that the use of rHuEPO in this
context merits more detailed study.
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