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Abstract Many patients with solid tumours or haematological malignancies develop
anaemia, and the use of chemotherapy aggravates this condition. Red blood cell
transfusions are often necessary but are associated with many risks, including
immunosuppressive effects that may increase the risk of tumour recurrence.

Many clinical studies have shown that epoetin (recombinant human erythro-
poietin) therapy can ameliorate, or even prevent, the anaemia associated with
chemotherapy and cancer (including solid tumours as well as multiple myeloma
or lymphoma). Response, defined as a significant (>50%) reduction in the rate of
transfusions and/or a significant (>2 g/dl) elevation of haemoglobin levels, is
usually observed in about 60% of the patients, irrespective of the type of standard
chemotherapy given. The decrease in transfusion requirements is the major ob-
jective of epoetin therapy, because they are costly, inconvenient and are associ-
ated with potential adverse effects.

Epoetin therapy also brings about substantial improvements in various indices
of quality of life that are proportional to changes in haemoglobin level. However,
large dosages of epoetin are generally required and about 40% of patients do not
respond even to very high dosages.

A number of adverse effects of epoetin therapy have been observed in patients
with renal failure. The most prominent include hypertension, headaches, seizures
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and thrombotic events. These complications can also occur in patients with renal
failure who are not receiving epoetin. Their exact incidence has been assessed in
placebo-controlled studies, which have demonstrated that there is no increased
risk of thrombosis or seizure with epoetin. However, it is now generally accepted
that 10 to 20% of haemodialysis patients will experience an elevation of blood
pressure because of epoetin and there is no doubt that a rapid elevation of blood
pressure may cause generalised seizures.

In other settings, including anaemia associated with cancer, very few adverse
effects have been attributed to epoetin. However, close monitoring of blood pres-
sure should be implemented in patients with hypertension. There is no evidence
that epoetin stimulates tumour growth. With the dosages of epoetin currently
used, there is no evidence of stem cell competition, resulting in thrombocytopenia
or neutropenia, or of stem cell exhaustion, producing secondary anaemia when
treatment is stopped. Epoetin is a remarkably well tolerated drug that offers sig-
nificant benefits in patients with cancer.

Many patients with cancer, including those with
solid tumours or haematological malignancies, de-
velop anaemia that can be further worsened by the
use of chemotherapy. Clinical studies have shown
that epoetin (recombinant human erythropoietin)
therapy can ameliorate or even prevent the anaemia
associated with cancer and chemotherapy, reduce
the need for transfusions and improve quality of
life (QOL). A decrease in transfusion requirements
is the major objective of epoetin therapy, reducing
the cost, inconvenience and potential adverse ef-
fects of blood transfusions. However, large dos-
ages are generally required and many patients do
not respond even to very high dosages of epoetin.

A number of adverse effects of epoetin therapy
have been observed in patients with renal failure,
in particular hypertension, headaches, seizures and
thrombotic events. Because these complications
also occur in patients with renal failure not receiv-
ing epoetin, their exact incidence has been assessed
in placebo-controlled studies. These have demon-
strated that there is no increased risk of thrombosis,
seizures or other adverse effects, except hyperten-
sion and headaches, with epoetin. Therefore, in this
article we critically review the safety profile of
epoetin in renal failure and other indications, based
on placebo-controlled studies. We then discuss the
results of prospective randomised trials of epoetin
therapy in patients with cancer that have been pub-

lished in peer-reviewed journals. A few other pa-
pers have also been included if they provide spe-
cific information not available in the prospective
trials. Treatment in patients with a myelodysplastic
syndrome following haemopoietic stem cell trans-
plantation is not discussed because this particular
setting is quite different from that of anaemia asso-
ciated with cancer in general.

1. Treatment of Anaemia 
Associated with Cancer

1.1 Treatment Options

Based on our knowledge of the pathophysiology
of anaemia associated with cancer, it is clear that
the most useful approach is to treat the underlying
malignant disorder.[1,2] However, red blood cell
transfusions are commonly given to patients with
cancer[3] and the transfusion rate is highly depend-
ent on the type of cancer and baseline haemoglobin
level.[4] Aberrations, including transfusion reac-
tions, positive antibody screening necessitating
further investigation, and clinically significant an-
tibodies requiring antigen-negative units, occurred
in 22% of 219 cancer patients needing transfu-
sions.[5] There is controversy about who should re-
ceive red blood cell transfusions and who should
not. Prudent strategies for elective red blood cell
transfusion have been reviewed.[6] Whereas most
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clinicians would transfuse patients with a haemo-
globin level of <8 g/dl and aregenerative anaemia,
differences in clinical judgement make it difficult
to make definite recommendations for patients
with haemoglobin levels between 8 and 10 g/dl.[7]

Therefore, alternative patterns of care should be
proposed for the management of cancer anaemia.
A wide range of options exist for surgery, of which
the most useful strategy would be to avoid transfu-
sions altogether by maintaining blood volume with
colloid preparations, by using scrupulous surgical
techniques and by giving pharmacological agents,
such as desmopressin, that are capable of reducing
blood losses.[7] The transfusion of autologous red
blood cells may take several forms including pre-
operative autologous blood deposit, perioperative
haemodilution, and intra- or postoperative blood
salvage.[7] In this context, epoetin may be of par-
ticular value in increasing the number of autolo-
gous units collected before surgery, as well as in
stimulating endogenous erythropoiesis, thereby
accelerating recovery from postoperative anae-
mia.[8,9] Epoetin is now routinely used for the treat-
ment of anaemia associated with renal failure and
has been widely tested in the treatment of cancer
anaemia in patients receiving or not receiving con-
comitant chemotherapy.[1,10-12]

1.2 Adverse Effects of Transfusions

Most of the reluctance for blood transfusions
stems from the known associated risks.[7,13] El-
derly patients may develop pulmonary oedema as
a result of fluid overload. The single biggest cause
of mortality remains transfusion of incompatible
blood resulting from mislabelling of the blood or
confusion of 2 patients at the time of transfusion.[7]

This causes acute intravascular haemolysis. Other
noninfectious complications of blood transfusion
include delayed haemolytic reactions, febrile non-
haemolytic reaction to donor white blood cells, al-
lergic reactions to donor proteins, transfusion-re-
lated acute lung injury and transfusion-associated
graft-versus-host disease.[14] The cellular immune
system, antigen-antibody interactions and cyto-
kines all play a role in the pathophysiology of these

reactions.[14] Another complication of transfusion
is the development of alloimmunisation to red
blood cell and platelet antigens,[13] resulting in
problems obtaining compatible blood and in re-
fractoriness to platelet transfusions. Progressive
iron overload is an inevitable consequence of mul-
tiple red blood cell transfusions, and iron toxicity
causes heart, liver and multiple endocrine abnor-
malities.[15] The risk of transmission of infection,
including bacterial infection,[16] cytomegalovirus
(CMV) infection,[17] hepatitis B or C infection,[18]

and HIV or other retrovirus infection[19] has been
of major concern. Donor selection to exclude high-
risk individuals, combined with serological
screening test, has dramatically reduced the risks
of HIV, hepatitis B and hepatitis C transmission by
blood transfusion, but these risks are still there.

Of particular concern for patients with cancer
are the immunomodulatory effects of transfu-
sion.[7,20-22] Although transfusions appear to in-
crease the generation of host suppressive activity,
the mechanism of immune modulation remains
poorly characterised.[20,21] Whereas this im-
munomodulatory effect of allogeneic blood trans-
fusion is beneficial for renal allograft recipients
and patients with some other selected conditions,
this could also be associated with an increased in-
cidence of postoperative bacterial infections and
stimulation of tumour growth.[20,21] Most of the
available clinical data are from analyses examining
the effect of perioperative allogeneic blood trans-
fusions on the recurrence rate and/or survival after
surgical treatment of colorectal carcinoma.

Two groups have carried out meta-analyses. Re-
sults of the first analysis showed that the cumula-
tive odds ratios for colorectal carcinoma recur-
rence, cancer-associated death and death from any
cause in patients transfused with allogeneic blood
products were 1.80, 1.76 and 1.63, respectively.[23]

The second analysis showed that allogeneic blood
transfusions were associated with a deleterious ef-
fect which increased the risk of cancer recurrence
by 37% (relative risk 1.37; 95% confidence inter-
val 1.20 to 1.56).[22] Although the authors of this
second analysis stated that this 37% increase was
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marginal and could be explained by confounding
variables that had not been accounted for, they
were unable to rule out a true effect of allogeneic
blood itself. Studies showing a significant transfu-
sion effect tended to involve more patients and
more multivariate analyses.[21] It is also notewor-
thy that among 27 retrospective or prospective, but
nonrandomised, studies involving about 10 000
patients, 16 found a deleterious effect of transfu-
sions, 11 detected no influence of transfusions, and
only one showed benefit from transfusions, which
is hardly compatible with a pure chance finding.

The use of autologous blood could theoretically
reduce the risk of cancer recurrence. A recent
randomised trial compared the prognosis of pa-
tients with colorectal cancer receiving autologous
or allogeneic blood at the time of surgery, and
found no difference in recurrence rates or cancer-
specific survival rates between the 2 groups.[24]

However, compared with untransfused patients,
autologous as well as allogeneic transfusions were
associated with a poor prognosis, probably because
of the circumstances that made transfusions neces-
sary.[25] Blood transfusions are more likely to be
associated with tumours with unfavourable charac-
teristics, and to be given to patients with other clin-
ical conditions that may adversely impact on survi-
val without increasing the risk of tumour
recurrence.[26] Indeed, in some studies the associa-
tion of increased risk of tumour recurrence and al-
logeneic blood existed for local tumour recurrence
but not for distant metastases.[27,28] In contrast, an-
other study of 120 patients with potentially curable
and resectable colorectal cancer, randomised to re-
ceive either allogeneic or autologous blood, con-
cluded that transfusion of allogeneic blood was an
independent adverse prognostic factor for recur-
rence rate.[29] Because 33% of patients allocated to
autologous blood required additional allogeneic
blood, this conclusion was not based on an inten-
tion-to-treat analysis but on an on-treatment multi-
variate analysis.

The deleterious effects of allogeneic blood on
cancer prognosis have been attributed to donor-
derived white blood cells. Animal studies have

shown that these adverse effects on recipients with
established tumours could be greatly reduced by
pre-storage, but not post-storage, leucodeple-
tion.[30] Compared with transfusions of packed red
blood cells, transfusions of whole blood adversely
affected disease-specific survival after curative re-
section of colorectal carcinoma.[26] However, a
controlled randomised trial comparing leucocyte-
depleted blood cells or packed cells without buffy
coat in 697 patients with colorectal cancer showed
no difference in survival, disease-free survival,
cancer recurrence rate or overall infection rate
showed no difference between these two types of
blood.[31] Nevertheless, patients who received
blood of any sort had a lower survival and a higher
infection rate than untransfused patients, but a sim-
ilar cancer recurrence rate.

To ensure homogeneity for all confounding
variables between treatment arms, it is important
to analyse data on an intention-to-treat basis. Based
on this principle, a meta-analysis of randomised,
controlled trials comparing buffy coat–depleted al-
logeneic red blood cells with autologous or leuco-
cyte-depleted red blood cells detected no associa-
tion between type of blood transfused and cancer
recurrence, death due to cancer, or postoperative
bacterial infection.[32] However, more than 50% of
the patients were not treated according to intention
because a large number of ‘drop-outs’ (patients
who did not receive a transfusion), ‘drop-ins’ (pa-
tients who received allogeneic transfusions who
were allocated to autologous blood), and also be-
cause of random assignment of ineligible patients
(non-neoplastic disease or advanced disease at sur-
gery), which blurred the picture considerably.

The influence of allogeneic blood on relapse
rate and survival has also been investigated in a
variety of other malignancies, including breast,
lung, prostate, stomach, kidney, head and neck,
cervix, vulva, bone and soft tissue cancer. Approx-
imately two-thirds of these studies reported an ad-
verse effect of allogeneic blood, with the remaining
ones showing no effect.[7,20] A prospective cohort
study of 37 337 cancer-free women 55- to 69-
years-old showed that previous blood transfusion
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may be a risk factor for non-Hodgkin’s lymphoma
and kidney cancer, but not for the most common
neoplasms such as breast, lung, ovary or colon can-
cer, or for all cancers considered together.[33] Pro-
spective, randomised studies are thus still most
needed in this area.

1.3 Epoetin Therapy for Anaemia
Associated with Cancer

A large multicentre, double-blind, placebo-
controlled trial has assessed the clinical utility of
epoetin in patients with anaemia and advanced can-
cer.[34-36] Three groups of patients were consid-
ered. Patients not receiving concomitant chemo-
therapy (n = 124) were randomised to receive
either epoetin 100 U/kg or placebo by subcutane-
ous injection 3 times a week for 8 weeks. Patients
receiving chemotherapy with (n = 132) or without
(n = 157) cisplatin received epoetin 150 U/kg or
placebo by subcutaneous injection 3 times weekly
for 12 weeks. Approximately two-thirds of the pa-
tients had solid tumours and one-third had
haematological malignancies excluding primary
myeloid malignancy or acute leukaemia. Baseline
haematocrit was <32%, and 50% of the patients
had received transfusions in the 2 to 3 months prior
to entry into the study.

From baseline to last value, the haematocrit of
epoetin-treated patients increased by a signifi-
cantly greater amount than the haematocrit in pla-
cebo-treated patients: +2.9% in the non-chemo-
therapy group, +5.8% in the chemotherapy group
and +4.7% in the cisplatin group. For epoetin re-
cipients, response (haematocrit increase ≥6%) and
complete response (haematocrit ≥38%) rates were
32 and 21% in the non-chemotherapy group, 58
and 40% in the chemotherapy group, and 48 and
36% in the cisplatin group, respectively. Whereas
there was no significant difference in the rate of
transfusions between placebo and epoetin during
the first month, the difference became highly sig-
nificant during the second and third months in the
chemotherapy and cisplatin groups: 28% of pa-
tients receiving epoetin required transfusion vs
46% of patients receiving placebo. Because of the

relatively low dosages of epoetin and the short du-
ration of treatment there was no difference in the
rate of transfusion during the second month in the
non-chemotherapy group. The response rate was
similar in patients with or without bone marrow
infiltration by the tumour, as well as in patients
with all categories of haematological malignancies
and solid tumours.

The changes in QOL parameters were statisti-
cally significant in patients who responded to treat-
ment. The incidence of adverse events was not dif-
ferent in patients receiving epoetin or placebo,
except for shortness of breath, which was reported
more frequently in patients receiving placebo.
Overall, there was no difference in neutrophil and
platelet counts and the dosage of chemotherapy ad-
ministered was similar in epoetin or placebo-
treated patients.[34,36,37]

In a survey of 2030 patients with haematologi-
cal (23%) and nonhaematological (77%) tumours
receiving platinum (n = 796) or nonplatinum (n =
1224) chemotherapy, treatment with subcutaneous
epoetin was started at a dosage of 150 U/kg 3 times
a week and increased to 300 U/kg 3 times a week
after 8 weeks if necessary.[38] Whereas 37% of the
patients required transfusions before the study,
only 10% needed them by the third month of the
study and 58% became transfusion-independent
after the first month. However, 18% of those who
were transfusion-independent at baseline needed
transfusions in the first month on study. Self-rated
scores for energy level, activity level and overall
QOL improved significantly with therapy, and
changes in QOL correlated with changes in
haemoglobin level. Improvements in QOL and
haemoglobin level were important in patients en-
tering complete or partial remission of their under-
lying disease and negligible in those with progres-
sive disease (only noticeable in the few patients
showing a haemoglobin level increase >4 g/dl).
Despite similar increases in haemoglobin level,
changes in QOL were less prominent in patients
with no response or stable disease compared with
those experiencing remission. Similar improve-
ment in QOL was also noted in another smaller
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study,[39] but the results of large, randomised, pla-
cebo-controlled studies are awaited to definitively
confirm these important and very promising obser-
vations.

1.4 Epoetin Therapy for Patients with
Multiple Myeloma or Malignant Lymphoma

Rose et al.,[40] in a randomised, double-blind,
placebo-controlled trial that has only been publish-
ed in abstract form, investigated the effect of sub-
cutaneous epoetin 150 U/kg 3 times per week in
221 patients with anaemia and chronic lympho-
cytic leukaemia. After 3 months, haematocrit in-
creased by 5.7% in the epoetin group vs 1.5% in
the placebo group. In addition, 50 vs 15% had a
change ≥6% from baseline, and 30 vs 5% achieved
a haematocrit of ≥38%. Patients whose haematocrit
reached 38% showed significant improvements in
energy, self-rated health, physical function, emo-
tional function, social function and mental health.

Cazzola and colleagues[41] conducted a ran-
domised, controlled, multicentre study comparing
various dosages of epoetin ranging from 1000 to
10 000 U/day. Epoetin was administered subcuta-
neously for 8 weeks to 146 untransfused patients
with multiple myeloma or non-Hodgkin’s lym-
phoma and stable anaemia, of whom 79% received
chemotherapy during the study. Except in patients
receiving 1000 U/day, there was a dosage-depend-
ent elevation of haemoglobin levels, and the prob-
ability of response (haemoglobin increase ≥2 g/dl)
ranged from 31% at a dosage of 2000 U/day to
around 60% at dosages of 5000 or 10 000 U/day.
As approximately 75% of the patients presenting
with inappropriately low serum erythropoietin lev-
els responded while only 25% of those with ade-
quate erythropoietin levels did so, a low serum
erythropoietin level (≤50 mU/ml) or low observed-
to-predicted ratio (≤0.9) were the most important
predictive factors of response. As recommended by
the authors, the initial dosage should be 2000
U/day if the patient’s platelet count is normal (i.e.
indicating normal residual marrow function) or
5000 U/day if platelet count is reduced.

In a randomised controlled multicentre study,
Osterborg et al.[42] investigated the effect of subcu-
taneous epoetin on transfusion requirements in
transfusion-dependent patients with multiple my-
eloma or non-Hodgkin’s lymphoma. Patients were
randomised between no epoetin, a fixed dosage of
10 000 U/day and stepwise escalating dosages
from 2000 to 10 000 U/day, all given for 6 months.
Of 121 evaluable patients, 91% received chemo-
therapy during the study. The cumulative response
rate, defined as elimination of transfusion and an
increase in haemoglobin level of >2 g/dl, was 60%
in both epoetin groups versus 24% in the placebo
group. This translated into fewer transfusion re-
quirements. Response was delayed in the titration
group because only 14% of the patients responded
to the first dosage level. Multivariate regression
analysis showed that a low baseline serum erythro-
poietin level or a ratio of observed-to-predicted se-
rum erythropoietin level of <0.9 were the strongest
predictors of response. There was no significant
difference between multiple myeloma and non-
Hodgkin’s lymphoma patients.

1.5 Epoetin Therapy for Patients 
with Solid Tumours

Cascinu and colleagues[43] conducted a double-
blind, placebo-controlled, randomised trial in 100
patients with cisplatin-associated anaemia (haemo-
globin level <9 g/dl, down from at least 11 g/dl
before chemotherapy). All of them received cis-
platin with or without etoposide or fluorouracil.
The dosage of epoetin was 300 U/kg/week given
subcutaneously in 3 injections for 9 weeks. At 3, 6
and 9 weeks of therapy, haemoglobin levels were
significantly higher in the epoetin-treated group.
At the end of the study, 82% of treated patients had
a haemoglobin level of >10 g/dl whereas only 2%
of the patients in the placebo arm had a haemo-
globin levels that were that high. Only 20% of the
patients receiving epoetin required transfusions vs
58% in the placebo group.

Porter et al.[44] randomised 24 paediatric pa-
tients with solid tumours to receive either placebo
or epoetin together with oral iron for 16 weeks. The
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starting dosage of epoetin was 150 U/kg given in-
travenously or subcutaneously 3 times per week
and this dosage was escalated by 50 U/kg incre-
ments until transfusion independence or a maxi-
mum of 300 U/kg was reached. Almost all patients
needed red blood cell transfusions but require-
ments were cut by 70% in patients receiving
epoetin. Platelet transfusions were needed by 40%
of control patients versus none of the treated pa-
tients. There was no difference in neutrophil counts
between the 2 groups, but granulocyte colony-
stimulating factor was used in the majority of the
patients in both groups.

30 patients with anaemia (haemoglobin level
<11 g/dl) undergoing chemotherapy for primary
malignant bone tumours were randomised by
Wurnig et al.[45] to receive twice weekly intrave-
nous injections of either epoetin 600 U/kg or a pla-
cebo for 20 weeks. Although there was no differ-
ence in haemoglobin levels at any time, the number
of transfusions was significantly decreased in the
epoetin group from week 8 of therapy, and the ben-
efits became even more evident with continuation
of therapy. The number of red blood cell units
transfused was reduced on average by 6 per patient
in the treatment group. There was no difference in
platelet or white blood cell counts throughout the
study.

1.6 Epoetin Therapy for Prevention of
Anaemia in Patients with Solid Tumours

Welch and colleagues[46] investigated the ability
of epoetin to prevent the development of anaemia
in 30 patients with ovarian carcinoma who were
scheduled to receive chemotherapy with cisplatin
and/or carboplatin. Patients were randomised to re-
ceive either epoetin at a dosage of 900 U/kg/week
in 3 subcutaneous injections or supportive treat-
ment alone for up to 6 cycles of chemotherapy. A
highly significant difference in mean haemoglobin
levels between the 2 treatment groups became ap-
parent after cycle 1 of treatment and this difference
peaked after cycle 3. The difference was due to a
significant decrease in haemoglobin levels in the
control arm. Compared with 8 out of 15 control

patients, only 4 out of 15 patients in the treatment
group required red blood cell transfusions; how-
ever, this difference was not significant.

De Campos et al.[47] randomised 36 patients
with small-cell lung cancer onto a 3-arm trial com-
paring no additional treatment with either 150 or
300 U/kg epoetin administered subcutaneously 3
times a week for a maximum of 6 cycles of car-
boplatin-based chemotherapy. Haemoglobin lev-
els decreased in all patients, but the onset of anae-
mia was significantly delayed in patients receiving
epoetin and the total number of red cell transfu-
sions was decreased by 50% in these patients. No
differential effect was noted between the 2 dosages
of epoetin. There was also a nonsignificant trend
towards higher platelet counts and fewer platelet
transfusions in the epoetin group.

2. Adverse Effects of Epoetin Therapy

2.1 Patients with Renal Failure

The adverse events associated with administra-
tion of epoetin to patients with renal failure have
been well characterised.[48,49] In the early days, a
high incidence of hypertension, seizures and
thromboembolic complications was reported in
uncontrolled studies. Only 2 placebo-controlled
studies have been conducted in patients receiving
dialysis. The Canadian Erythropoietin Study
Group[50] reported that patients receiving epoetin
had a significant increase in diastolic blood pres-
sure. However, there was no difference in the in-
cidence of severe hypertension or hypertension-
related seizures between placebo-treated patients
(13%) and those receiving epoetin (14%). Ben-
nett[49,51] reported an 83% incidence of adverse
events in patients receiving haemodialysis treated
with epoetin. The most frequently reported events
were abdominal pain, chest pain, generalised
aches, diarrhoea, nausea, vomiting, insomnia, dys-
pnoea, hypertension and arteriovenous fistula clot-
ting. However, all these adverse reactions occurred
with the same frequency in placebo-treated pa-
tients, indicating that they related to the renal fail-
ure itself rather than to epoetin therapy. The only
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exception was headache, possibly an indirect sign
of intracranial hypertension, which occurred in
15% of epoetin-treated and none of the placebo-
treated patients.

There is only 1 placebo-controlled study in pre-
dialysis patients.[52] There was no statistically sig-
nificant difference for changes in either systolic or
diastolic blood pressure among patients treated
with 50, 100, 150 U/kg epoetin or placebo. How-
ever, there was a trend toward an increased number
of hypertensive events classified as an adverse ex-
perience by the investigator in the patients receiv-
ing epoetin 150 U/kg whose haematocrit rose rap-
idly. The degradation of renal function and the
incidence of all other adverse events, including
headaches and seizures, were not increased in
epoetin-treated patients.

It is now generally accepted that 10 to 20% of
patients receiving haemodialysis will experience
an elevation of blood pressure because of epoetin
treatment.[53] Risk factors for the development or
worsening of hypertension may include pre-exist-
ing hypertension, the presence of native kidneys, a
rapid increase in haematocrit, a low baseline
haematocrit, high dosages of epoetin and the intra-
venous route of administration.[54] The pathophys-
iology of hypertension could relate to increased
blood viscosity, loss of hypoxic vasodilation with
consequent increased peripheral resistance, activa-
tion of neurohumoral systems, as well as direct vas-
cular effects of the drug, including increased cell
calcium uptake, imbalance in local vasoactive
agents (increased synthesis of endothelin, shift in
the balance of constrictor and relaxant pro-
stanoids), mitogenic effect on smooth muscle cells
and enhanced platelet reactivity.[48,54,55]

Seizures associated with epoetin therapy appear
to be a form of hypertensive encephalopathy, but
their incidence is similar in placebo-treated pa-
tients as well as in a series of untreated dialysis
patients.[55] However, there is no doubt that a rapid
elevation of blood pressure following epoetin ther-
apy may cause generalised seizures, and blood
pressure should thus be assessed prospectively in
these patients.

Although epoetin therapy usually produces an
increase in blood viscosity and an improvement in
the haemostatic defect of uraemia requiring a 10 to
20% increment of the dosage of heparin, the inci-
dence of thromboembolic events is not changed
compared with placebo.[48,53,56] The higher oxygen
transport capacity due to elevated haematocrit is
not offset by decreased tissue perfusion due to in-
creased peripheral resistance, resulting in no more
episodes of myocardial, cerebral or peripheral isch-
aemia.[53]

Finally, flu-like symptoms[48] and pain after
subcutaneous injection[56] relate more to the mode
of administration and the vehicle used than to
epoetin itself.

2.2 Nonrenal Settings

The experience in patients with renal failure em-
phasises the need to rely on placebo-controlled
studies to assess the toxicity of epoetin therapy in
other settings as well. Repeated administration of
intravenous or subcutaneous injections of epoetin
in healthy volunteers was not associated with any
more adverse reactions compared with placebo.[57]

When either placebo or epoetin therapy was given
to patients in combination with repeated phleboto-
mies, epoetin was not associated with any signifi-
cant clinical or laboratory adverse effects, even af-
ter a detailed analysis of coagulation and blood
pressure parameters.[58] The only exception was a
significant, though clinically irrelevant, elevation
of platelet counts, also encountered in haemodialy-
sis patients.[59] Numerous placebo-controlled stud-
ies have demonstrated that epoetin is well tolerated
and effective in increasing preoperative deposit of
autologous blood, thus reducing the need for expo-
sure to allogeneic blood during surgery.[60-62] Sim-
ilarly, perioperative epoetin treatment in elective
hip replacement was not associated with more
thrombotic (screened for by venography or ultra-
sonography) or other adverse events than pla-
cebo.[63] Detailed investigation of haemostasis, fi-
brinolysis and blood rheology in autologous blood
donors treated with epoetin showed no evidence of
prothrombotic changes.[64] However, the preopera-
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tive occurrence of thrombotic events in placebo-
and epoetin-treated patients suggests that these
events may be associated with aggressive autolo-
gous blood removal, implying that this practice
may be unwise in high-risk cardiac patients.[65]

Combined analysis of 4 randomised, double-
blind, placebo-controlled clinical trials in patients
with AIDS who were receiving zidovudine therapy
showed no difference among placebo- or epoetin-
treated patients in the incidence of adverse effects
or opportunistic infections.[66] In the anaemia of
prematurity, tolerance to epoetin has been excel-
lent with no serious adverse effects attributed to
treatment.[67] Although a significant decrease in
neutrophil counts has been observed in small un-
controlled studies, this complication has not been
encountered in randomised trials. Elevation of
blood pressure in nonrenal patients is only mar-
ginal and is never associated with malignant hyper-
tension or seizures.

2.3 Patients with Cancer

The largest placebo-controlled study in patients
with cancer has been published as 3 sub-trials,[34,36]

including patients receiving no chemotherapy,
nonplatinum-based chemotherapy[35] or platinum-
based chemotherapy. The incidence of adverse
events in epoetin-treated patients was not different
from the incidence in placebo-treated patients, ex-
cept for shortness of breath, which was seen twice
as frequently in patients receiving placebo. The in-
cidences of thrombotic events, seizures, death, dis-
ease progression or treatment discontinuation were
also comparable between treatment and placebo
groups. Hypertension was noted in 5.2% of
epoetin-treated patients and 3.5% of placebo-
treated patients, and it was never malignant nor
associated with hypertensive encephalopathy. Al-
though the difference was not significant, individ-
ual case histories suggested that a rapid rise in
haematocrit might be associated with hypertension
in a few patients. There was no difference between
the placebo and epoetin arms in neutrophil and
platelet counts throughout therapy. In the subgroup
of patients receiving chemotherapy without cis-

platin, an increased occurrence of diarrhoea and
diaphoresis was noted with epoetin.[35] As this has
never been reported in any other trial of epoetin for
any indication, it is probably a chance finding.

In a placebo-controlled study published by Os-
terborg et al.,[42] the incidence of general and seri-
ous adverse effects was 84 and 57%, respectively,
in epoetin-treated patients, and 65 and 45% in con-
trol patients, respectively. The differences were
due to a higher incidence of infectious complica-
tions in the epoetin-treated groups. Median neutro-
phil and platelet counts in all groups did not change
during the study. Nonserious hypertension and
bone pain were also more frequent in epoetin-
treated patients compared with patients in the con-
trol group. The rates of tumour progression and
death from all causes were similar in treated and
control patients, but more patients treated with
epoetin died from infection. However, all events
leading to death were classified as unrelated to
epoetin therapy.

In a placebo-controlled trial conducted by
Cazzola et al.,[41] the incidence of serious adverse
events (14 vs 13%) as well as that of any adverse
event of special interest, such as hypertension, an-
gina pectoris, cerebral ischaemia, or malignancy
progression, was identical in the epoetin and con-
trol groups. The number of deaths was even higher
in the control (10.3%) versus the treated (3.4%)
groups. No data are available on the evolution of
platelet and neutrophil counts.

In the study published by Welch and colleagues
in patients with ovarian carcinoma,[46] the inci-
dence of adverse experiences was similar in
epoetin-treated and control patients, with more
headaches in the treatment arm and more flu-like
symptoms and epistaxis in the control arm. Over-
all, mean systolic and mean diastolic blood pres-
sure decreased throughout the study, although 3
episodes of transient hypertension that occurred in
3 different patients were possibly related to epoetin
therapy. One of the patients receiving epoetin de-
veloped deep vein thrombosis.

In the trial conducted by Porter et al.,[44] in pae-
diatric patients with solid tumours, toxic effects of

Risk-Benefit Assessment of Epoetin 277

 Adis International Limited. All rights reserved. Drug Safety 1998 Oct; 19 (4)



epoetin were minimal with no cases of hyperten-
sion, seizures or thrombosis. In the trials published
by Rose et al.,[40] de Campos et al.,[47] Wurnig et
al.[45] and Cascinu et al.,[43] there was no particular
toxicity reported with epoetin compared with con-
trols, but few details are available.

Finally, a small number of animal studies have
pointed to the possible occurrence of a transient
exhaustion of erythropoiesis after cessation of in-
tensive stimulation by epoetin,[68] and of potential
competition between different cell lineages when
one is preferentially and intensively stimulated.[69-72]

These preliminary observations remain to be con-
firmed in other animal, as well as in human, stud-
ies. However, even if these animal studies em-
ployed high dosages of epoetin, lower dosages may
exert similar effects in situations of limited residual
haemopoiesis, as may be the case after multiple
courses of chemotherapy. This implies that careful
consideration should be given before using high
dosages of haemopoietic growth factors and that
follow-up studies after cessation of treatment with
epoetin are warranted in patients with cancer.

2.4 Epoetin and Neoplastic Cell Growth

When treating patients with cancer using
epoetin, it is important to make sure that epoetin
does not stimulate clonogenic cell proliferation. In
vitro stimulation of clonogenic cell proliferation
was first described in a patient with acute poorly
differentiated leukaemia.[73] Two classes of spe-
cific erythropoetin receptors were demonstrated at
the surface of cells from an erythroleukaemic cell
line whose growth was stimulated in the presence
of erythropoetin.[74] Antisense oligomers corre-
sponding to erythropoetin or its receptor caused
marked suppression of several cell lines of erythro-
leukaemic cells, suggesting an internal autocrine
regulatory mechanism.[75] In another study of leu-
kaemic progenitors obtained from 5 patients with
erythroblastic leukaemia, spontaneous autono-
mous colonies were always obtained.[76] Leukae-
mic erythroid progenitors from 2 de novo leukae-
mias responded primarily to erythropoietin,
whereas those of 3 blast crises of chronic myeloid

leukaemia responded maximally to the combina-
tion of erythropoietin plus granulocyte-macro-
phage colony-stimulating factor (GM-CSF).
Growth of erythroid colonies derived from the
chronic myeloid leukaemia clone is in fact inde-
pendent of erythropoietin only in the presence of
stem cell factor.[77] In another study, epoetin alone
had no effect on the growth of clonogenic leukae-
mic blood cells from 10 patients with acute myelo-
blastic leukaemia.[78] However, in the presence of
phytohaemagglutinin-stimulated lymphocyte con-
ditioned medium (PHA-LCM), leukaemic blast
colonies increased with epoetin in 2 of the 10 pa-
tients. This effect was observed with GM-CSF or
interleukin-3 (IL-3) but not with G-CSF. Kimata
and colleagues[79] investigated the effect of epoetin
and IL-6 on immunoglobulin production and cell
proliferation in 2 human plasma cell lines. Both
epoetin and IL-6 induced cell proliferation and en-
hanced immunoglobulin production by inde-
pendent mechanisms.

Okuno et al.[80] demonstrated that erythropoie-
tin dosage-dependently stimulated the prolifera-
tion of a human myeloma cell line by interacting
with saturable specific binding sites. In a similar
study, whereas erythropoietin alone did not induce
leukaemic colonies, the combination of erythropoi-
etin and PHA-LCM significantly increased the
number of leukaemic colonies in 9 out of 12 cases
of acute myeloid leukaemia other then erythroleu-
kaemia.[81] Incubation with PHA-LCM induced
expression of erythropoietin receptors that were
not present on fresh leukaemic blasts. The addition
of erythropoietin also increased the self-renewing
capacity of leukaemic blasts.

Rosti et al.[82] reported that epoetin did not af-
fect either in vitro colony formation or the percent-
age of cells in S phase in 10 different cell lines
derived from both solid tumours and haematologi-
cal malignancies, including acute myeloblastic leu-
kaemia and erythroleukaemia. Similarly, Berdel et
al.[83] observed no significant stimulation of clonal
growth in 22 different cell lines derived from a
wide range of human solid tumours following ex-
posure to epoetin. In addition, epoetin had no ad-
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ditive effect on those cell lines responsive to IL-3
and GM-CSF. These studies suggest that apart
from a few instances in which epoetin stimulated
clonogenic growth of erythroleukaemic blasts,
there is no independent effect of erythropoietin on
tumour cell growth. Epoetin might have some syn-
ergistic effect on the growth of myeloblasts when
used with GM-CSF or IL-3. However, there is no
report that treatment with epoetin can accelerate
cancer progression in animals or in humans. Al-
though there are reports in which progression of
multiple myeloma[84,85] or occurrence of acute my-
eloid leukaemia[86] coincided with treatment with
epoetin, there was no indication of a causal rela-
tionship. In rats bearing an intraperitoneal carci-
noma, epoetin caused no enhancement of tumour
growth, but rather inhibited tumour growth in non-
anaemic animals.[87] There is also the case of a pa-
tient with erythroleukaemia in whom it was first
confirmed in vitro that epoetin could produce dif-
ferentiation of leukaemic cells.[88] Then subcutane-
ous epoetin was administered at a dosage of 12 000
U/day to the patient, who was refractory to conven-
tional chemotherapy. A complete remission was
obtained which lasted for 3 months, but, following
a relapse, the patient’s condition did not respond to
further treatment.

3. Conclusions

Epoetin is effective in correcting the anaemia,
reducing the risk of exposure to allogeneic blood,
and improving overall QOL in patients with cancer
who are either receiving or are not receiving plat-
inum- or nonplatinum-based chemotherapy. A de-
crease in transfusion requirements is a major ob-
jective of epoetin therapy, thereby reducing the
cost, inconvenience and potential adverse effects
of blood transfusions, which include a possible risk
of increasing the rate of recurrence for specific tu-
mours. However, the immunosuppressive impact
of transfusions cannot be considered as proven and
other adverse reactions can be minimised by care-
ful transfusion practice. On the other hand, large
dosages of epoetin are generally required and

many patients do not respond even to these high
dosages.

A number of adverse effects of epoetin therapy
have been reported in patients with renal failure,
including hypertension, headaches, seizures and
thrombotic events. Because these complications
also occur in patient, with renal failure who are not
receiving epoetin, placebo-controlled studies have
demonstrated that there was indeed no increased
risk of thrombosis or seizures with epoetin. How-
ever, 10 to 20% of haemodialysis patients will ex-
perience hypertension as a result of epoetin therapy
and there is no doubt that a rapid elevation of blood
pressure may cause generalised seizures. Very few
adverse effects have been conclusively attributed
to epoetin in patients with cancer receiving
epoetin. However, many studies have excluded pa-
tients with a history of hypertension and close
monitoring of blood pressure should be imple-
mented in patients with hypertension.

Neither clinical nor in vitro studies have shown
that epoetin could stimulate tumour growth, except
in rare instances of erythroleukaemia. However,
induction of differentiation has also been attributed
to epoetin in this setting. Animal studies have in-
dicated that high dosages of epoetin may cause
stem cell competition, resulting in thrombocyto-
penia or neutropenia during the course of epoetin
therapy, as well as stem cell exhaustion, producing
secondary anaemia when treatment is stopped.
Fortunately, this has not been a clinical problem so
far with the dosages used. Epoetin is a remarkably
well tolerated drug that offers significant benefits
in patients with cancer.
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