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ABSTRACT

Anaemia is one of the most significant factors that lead to deteriorated quality of life and limited ther-
apeutic possibilities in cancer patients. When treating chronic anaemia associated with a neoplastic
disease, one should consider RBC transfusion or the use of recombinant human erythropoiesis-stim-
ulating agents (ESA).

In 2007, following the golden era of ESA at the beginning of the 215 century, the American Food and
Drug Administration (FDA) issued a number of warnings related to the use of ESAs. They concerned,
i.e., the increased risk of cancer progression, probability of venous thromboembolism (VTE), and re-
duced overall survival times. That has led to a decrease in the use of erythropoiesis-stimulating agents
in clinical practice. Results of the most recent studies and meta-analyses indicate the possibility of us-
ing ESA in patients undergoing palliative myelosuppressive chemotherapy, with haemoglobin levels
<10 g/dl, and without absolute iron deficiency, in order to avoid red cell concentrate transfusions, and
with the hope to improve the patient’s quality of life.
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INTRODUCTION

Anaemia is one of the most significant factors that lead to de-
teriorated quality of life and limited therapeutic possibilities in
cancer patients. Incidence of anaemia in cancer patients ranges
from 40% in the case of solid tumours, chiefly lung cancer and
gynaecological tumours, up to nearly 100% in hematologic ma-
lignancies [8].

Anti-cancer treatment and cytokines induced by the chronic in-
flammatory process inhibit erythropoiesis by means of reducing
erythropoietin production, amongst other mechanisms involved
[1, 2]. Other factors that may trigger anaemia and affect its in-
tensity include: congenital red cell structure and function abnor-
malities, malnutrition, iron, vitamin B, , and folic acid deficiencies,
elderly age, haemorrhages, hypersplenism, haemolysis, second-
ary bone marrow involvement, kidney diseases and radiotherapy
[1, 2]. Additionally, mutations or therapy-induced inhibition of
the intracellular c-kit domain may partially be to blame for re-
duced erythropoiesis. It is caused by a reduction in the c-kit-de-
pendent phosphorylation and in the intracellular interaction be-
tween c-kit and the tyrosine kinase domain of the erythropoietin

receptor [1].

Physiological consequences of low haemoglobin levels are sim-
ilar irrespectively of their origin, whereas their therapeutic man-
agement differs, depending on the degree of anaemia, intensity
of the symptoms involved, and the patient’s clinical situation,
including the type of anti-cancer therapy applied, the goal of
treatment, and presence of comorbidities.

Having eliminated causes of anaemia other than chronic dis-
ease-induced anaemia, one should consider a red cell concen-
trate transfusion or use of ESA. Transfusion of red cell concen-
trates is associated with risks such as hypervolemia, transmission
of viral or bacterial infections, iron overload, and transfusion-
-related acute lung injury (TRALI), which is why clinicians have
been greatly interested in using ESA.

RECOMBINANT ERYTHROPOIESIS-STIMULATING
AGENTS

Erythropoietin (EPO) is a glycoprotein peptide hormone, secret-
ed in the human body primarily by the kidneys (ca. 80% of EPO
synthesis), and to a lesser degree by the liver. Based on a closed-
-loop feedback mechanism, hormone expression depends on
tissue hypoxia, which stimulates renal cells to produce EPO. Once
the erythrocyte count increases, and tissue oxygenation rises,
hormone production drops. Erythropoietin is active upon bind-
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ing with the specific transmembrane erythropoietin receptor
(EpoR). Recombinant erythropoietin-stimulating agents behave
just like the human erythropoietin protein.

There are 3 products available on the market: epoetin a, epo-
etin § and darbepoetin a. The first 2 are analogues of their hu-
man counterparts, while the third one differs from them in that
it contains additional glycosylation sites, and thus has a longer
half-life.

ESAs are indicated in the treatment of anaemia resulting from
a chronic kidney disease, chemotherapy and some HIV treatment
methods. They are also used in order to lower the number of
blood transfusions during and after certain surgical procedures.

CLINICAL USE OF ESA - CONTROVERSIES
Before 2006, ESA use in anaemic patients undergoing anti-can-
cer treatment was considered safe and efficacious.

In 2003, a randomized controlled trial was carried out in 351
patients with head and neck tumours, whose baseline haemo-
globin levels were below 12 g/l in women and below 13 g/l in
male subjects. The patients received radiotherapy, and were ran-
domized to the subcutaneous placebo arm (n = 171) or to the
epoetin 3 arm (n = 180), administered 3 times a week, before and
during irradiation. Progression-free survival and overall survival
times were assessed. In the epoetin  group, overall survival time
was shorter, amounting to 605 days as compared to 928 days in
the placebo group (p = 0.02), and locoregional progression was
faster by nearly 2 months (p = 0.007). However, those critical of
the study design pointed out the high baseline haemoglobin lev-
els at which patients were started on EPO [5].

The unfavourable effect of ESA was also observed in a study of
2005, conducted by Leyland-Johnes et al. The impact of epoetin
a on patient survival and quality of life was compared to place-
bo in female patients with metastatic breast cancer, undergoing
first-line chemotherapy, with haemoglobin levels ranging from
12 to 14 g/dl. 12-month overall survival (OS) was the primary
endpoint of the study, and it amounted to 70% in the epoetin a
group, and 76% in the placebo arm (p = 0.01) [6]. In early 2007,
the American Food and Drug Administration (FDA) issued a num-
ber of warnings concerning ESAs as potential risk factors behind
tumour progression, development of venous thromboembolism
(VTE), and reduced patient survival. It all led to a considerable de-
crease in ESA use in the years 2007-2008. Interestingly enough,
blood transfusion numbers did not go up [10, 12].
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REVIEW OF THE MOST RECENT STUDIES

In 2013, Grant et al. updated the 2006 meta-analysis, presenting
the benefits and risks related to the use of erythropoietin-stimulat-
ing agents as well as strategies other than ESA in the treatment of
anaemia in patients subjected to chemotherapy and radiotherapy
for malignancies [4]. Amongst other factors, duration of therapy
and different baseline haemoglobin levels were taken into consid-
eration. 59 clinical studies were analysed in total. ESAs were found
to decrease the need for transfusion (RR 0.58; 95% Cl 0.53-0.64),
and increase the risk of VTE (RR 1.51; 95% Cl 1.30-1.74). During the
period of ESA use, mortality was higher (HR 1.17;95% Cl 1.04-1.31).
No differences were observed between epoetin and darbepoetin.
Adverse events, including fatal thromboembolic complications,
were less frequent, when ESA treatment was initiated at haemo-
globin values < 10 g/dl. The obtained data did not enable the de-
termination of the optimum treatment duration, though.

Cochrane review, published in 2004 for the first time, and updated
in 2012, was aimed at evaluating the impact of ESA on the preven-
tion or treatment of anaemia in cancer patients [3]. Data of over 19
thousand patients, involved in studies conducted between 1985
and November 2011, was analysed. The results were similar to those
rendered in Grant's meta-analysis. ESA use was found to significant-
ly reduce relative risk of red blood cell transfusion (RR 0.65; 95% CI
0.62-0.68). Patients who were treated with ESAs would receive, on
average, one unit of blood less than those in the control arm. On
the other hand, ESA use was associated with an increase in the risk
of thromboembolic complications and mortality during the treat-
ment period (HR 1.17; 95% Cl 1.06-1.29) as well as with reduced
overall survival times (HR 1.05; 95% Cl 1.00-1.11). Additionally,
convincing evidence was collected regarding ESAs as agents that
improve the quality of life, but increase the risk of hypertension [3].

In 2016, the above mentioned author, Leyland-Johnes, and collab-
orators, published the results of a yet another study looking into
the use of epoetin a in metastatic breast cancer patients, but that
time, one of the inclusion criteria was haemoglobin level < 11.0 g/
dl.The primary endpoint of the study was progression-free survival
(PFS), and the secondary endpoints included overall survival, time
to tumour progression, overall response rate, number of RBC trans-
fusions, and thrombotic vascular events. 2098 patients were ran-
domly assigned to epoetin a or best standard of care. Median PFS
was the same for both groups, amounting to 7.4 months, based
on investigator assessment, and 7.6 months based on independ-
ent review (HR 1.089; 95% Cl 0.988-1.200), while median overall
survival was 17.2 months in the epoetin arm, and 17.4 months in
the control arm (HR 1.057; 95% Cl 0.949-1.117). Transfusions were
reported in 5.8% of patients as compared with 11.4% of patients,
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respectively (p < 0.001), and thrombotic vascular events affected
2.8% of the epoetin patients as compared to 1.4% of the patients
in the best standard of care group (p = 0.038). The authors con-
cluded that transfusion should thus be the management of choice

in the treatment of anaemia in that population of patients [7].

An interesting issue to consider is the relationship between
ESA-related complications and the type of cancer involved. That
subject matter is explored by a meta-analysis of 2016, conducted
by Sukrithan and Gralla, which involved patients suffering from
head and neck tumours, lung, breast and pelvic cancers. Despite
a comparable risk of thrombosis (OR 1.93) in all 4 tumour types,
there were significant differences in terms of survival rates. In the
case of breast cancer as well as the head and neck tumours, surviv-
al time was reduced in the ESA groups, with the OR of 1.2 and 1.23,
respectively. No such correlation was observed for other tumour
types. It would appear that the differences in survival times are not
associated with thrombotic complications, as the risk of thrombot-
ic events was the same in all of the tumour types under analysis.
The above findings indicate that in some tumours ESAs may play

arole in tumour promotion [11].

TABLE 1.
ESA-related complications and types of cancer.
Studies
(patients) OR (95%Cl) P
Thrombo-
embolic total 27 (8259) | 1.93(1.6-2.34) | <0.01
incidents
head and neck 3(794) | 2.17(0.89-5.3) | 0.09
tumours
breast cancer 8(4518) | 1.94(1.46-2.57) | <0.01
lung cancer 7(1747) | 1.82(1.35-2.48) | <0.01
pelvic tumours 9(1200) | 2.24(1.19-4.21) | 0.01
survival |, el 32(9692) | 1.09(0.98-12) | 0.12
time
head and neck 5(1397) | 1.23(0.98-1.53) | 0.07
tumours
breast cancer 9(4713) | 1.20(1.03-1.39) | 0.02
lung cancer 10(2417) | 0.94(0.73-1.2) 0.6
pelvic tumours 8(1165) | 1.06(0.85-1.33) | 0.6

CURRENT RECOMMENDATIONS

In 2010, the American Society of Clinical Oncology and the Amer-
ican Society of Haematology updated their guidelines on ESA use
in cancer patients. They have been binding and valid to this date.

In accordance with the guidelines, epoetin and darbepoetin agents
are considered equivalent with respect to effectiveness and safety.
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Their use may be considered in anaemic patients receiving chemo-
therapy, with haemoglobin levels < 10 g/dl, in order to reduce the
number of necessary transfusions, and to improve the patients’
quality of life. If there is no response to treatment, continuation of
epoetin or darbepoetin therapy beyond 6-8 weeks does not ap-
pear to be beneficial. Non-responders should be examined with
respect to primary disease progression, iron deficiency and oth-
er causes of anaemia. Recombinant erythropoiesis-stimulating
agents should be administered at the lowest dose necessary to
reach a haemoglobin level that prevents transfusion. One should
avoid administering ESAs in cancer patients who do not receive
concurrent chemotherapy, except for the low-risk myelodysplas-
tic syndromes. One should be cautious, when administering ESAs
together with chemotherapeutics in diseases associated with an
increased risk of thromboembolic complications [9].

SUMMARY
Based on the most recent studies and meta-analyses, the 2010
guidelines of the American Society of Clinical Oncology and the

American Society of Haematology are considered valid.
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