
Introduction
Darbepoetin alfa (Aranesp) is a long
acting synthetic form of erythro poi-
etin used in the treatment of
anaemia in patients with chronic 
kidney disease (CKD). Similar to
endogenous erythropoietin, it stimu-
lates erythropoiesis by direct action
on the erythropoietin receptors
(EPO-R) on erythroid precursor
cells. Production of erythropoietin is
impaired in patients with chronic
renal failure, resulting in erythro  -
poietin deficiency and anaemia.
Darbepoetin alfa is indicated for the
treatment of anaemia in patients with
CKD, whether on dialysis or not,
including patients with diabetes, but
only when other causes of anaemia
have been investigated and the
patient is iron replete. The aim of
treatment is to improve symptoms.
Darbepoetin alfa can also be used to
treat patients with chemotherapy
induced anaemia.

Pharmacology
Figure 1 outlines the pharmacologi-
cal action of darbepoetin alfa.
Produced by recombinant DNA
technology, it is a 37 kda, glycopro-
tein containing 165 amino acids and

five N-linked oligosaccharide chains,
whereas endogenous erythropoietin
(EPO) and the shorter-acting 
recombinant human erythropoietin
(rHuEPO) contain only three. Its 
distinct structure in its amino acid
sequence and carbohydrate content
results in a reduced receptor affinity
for the EPO-R, a prolonged half-life,
and enhanced biological activity.

Binding of darbepoetin alfa to
the EPO-R receptors activates a
complex series of intracellular 
signalling pathway (JAK-STAT signal
transduction pathway) that leads 
to proliferation, differentiation,
maturation of erythroid precursor
cells and inhibition of apoptosis of
mature red cells, with an increase in
haematocrit. Given by intravenous
(IV) or subcutaneous (SC) injection
bioavailability is 37% (range:
30–50%) by the latter route. The
half-life is approximately 70 hours
in non-dialysis patients and
46 hours in dialysis patients. With
once-weekly dosing, steady state 
is achieved within four weeks. 
The postulated mechanism of elimi-
nation is EPO-R mediated endocyto-
sis and subsequent degradation 
in lysosomes.
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Figure 1. The mechanism of action of darbepoetin alfa

NOTES. Darbepoetin alfa binds to erythropoietin-receptor monomers resulting in receptor dimerisation
and via phosphorylation cell activation of the JAK-2 (Janus kinase-2) intracellular signal transduction
pathway. This leads to proliferation, differentiation, maturation and by inhibition of apoptosis survival of
red blood cells (RBCs), with an increase in haematocrit.
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The most common adverse effect,
hypertension, occurs in as many as a
third of patients and if severe can 
lead to hypertensive encephalopathy.
Hypertension should be controlled
before starting therapy, blood pressure
monitored carefully during the first
three weeks after starting treatment
and any dose increment. Other
reported adverse effects include
peripheral oedema, injection site pain,
shortness of breath, cough, seizure,
risk of death from cardiovascular (CV)
events including myocardial infarc-
tion, congestive heart failure, throm-
bosis of haemodialysis access site and
other thromboembolic events, and
risk of tumour progression in patients
with known malignancy. Adverse 
CV events have been associated 
with haemoglobin (Hb) levels higher
than 13g/dL.

Trials of safety and efficacy
Clinical studies performed with 
darbepoetin alfa in treatment-naive
patients, and patients stabilised on
either SC or IV human recombinant
erythropoietin then switched to 
darbepoetin alfa, confirm that it is
effective in correcting anaemia and
that its effects are comparable to
recombinant human erythropoietin
(rHuEPO) in maintaining Hb level
in patients with CKD not on dialysis
and those on dialysis. Studies have
been done to look at efficacy when
using less frequent, once-monthly
dosing. In two separate studies, one
for patients not on dialysis and one
for patients on dialysis, a similar 
number of patients (83%) were
maintained within the predeter-
mined target (Hb range: 10–13g/dL)
with single monthly dosing of darbe-
poetin alfa.1,2 Comparative safety
studies conducted over a period of 24
months showed similar results, with
death occurring in 6% of patients in
both groups. Cardiac related events
occurred in 3% for the darbepoetin
alfa group as opposed to 5% in the
rHuEPO group.

Specific evidence for use 
in diabetes 
TREAT (Trial to reduce cardiovascu-
lar Events with Aranesp Therapy)
was a large, multicentre, random -
ised, double-blind, placebo con-
trolled, event driven trial involving
4038 patients with type 2 diabetes

and CKD not on dialysis.3 Patients
were assigned to darbepoetin alfa or
placebo to achieve target Hb of
13g/dL, with rescue darbepoetin
alfa administered when Hb level fell
below 9g/dL. The primary outcomes
were the composite outcomes of
death or CV event (non-fatal myocar-
dial infarction, congestive heart fail-
ure, stroke or hospitalisation from
myocardial ischaemia) and of death
or end-stage renal disease. There was
no improvement in any of the pri-
mary outcome measures. Treatment
with darbepoetin alfa was associated
with a two-fold increase in the risk of
stroke, a higher rate of thromboem-
bolic episodes and a higher rate of
cancer related death in patients with
a previous history of cancer. There
was only a modest improvement 
in patient-reported fatigue in the
darbepoetin alfa group compared
with placebo.

Secondary analysis of the data
based on response to darbepoetin
alfa showed the poor responders
(change in Hb level <2%) had a
lower Hb despite a higher dose 
darbepoetin, and were at higher risk
of CV events and mortality. It is not
clear whether this was due to intrinsic
disease, increased doses of darbe po-
etin or both.

Further review of the TREAT data
confirmed the two-fold increase in
stroke with darbepoetin alfa, despite
correcting for baseline characteristics
and also taking into account post- 
randomisation variables of blood pres-
sure, Hb response, platelet count and
dose of darbepoetin.4 Analysis of pre-
dictors of fatal and non-fatal CV events
showed that CV events were predicted
by age, heart failure, C-reactive  
protein, and urine protein:creatinine
ratio.5 Raised cardiac biomarkers,
Troponin T and NT-proBNP, with
both in the highest tertile range were
shown to triple the risk of adverse 
CV events. In addition to these mark-
ers a previous history of coronary
artery disease, arrhythmias and low
serum albumin were associated with
increased event rates. 

Discussion
Anaemia is an independent risk fac-
tor for increased CV mortality in
patients with CKD and around 5% of
patients with CKD 3–5 are anaemic.
Anaemia is two to three times more

common and develops earlier in 
diabetes patients with CKD. 

Erythropoiesis stimulating agents
are licensed for use in patients with
CKD independent of dialysis state
when Hb falls below 110g/L.
Darbepoetin alfa has the advantage
that it has a prolonged duration of
action allowing for once-monthly
dosing. However, treatment of
anaemia with darbepoetin alfa does
not improve CV outcomes in
patients with diabetes. Indeed, treat-
ing to an Hb greater than 130g/L in
this population is associated with
increased CV mortality, including
stroke. Although the current recom-
mendations suggest aiming for a 
target Hb of 100–120g/L, it is advis-
able to individualise the target Hb
taking into account the potential
risks and benefits of treatment. 
This includes recommendations in
patients with type 2 diabetes with a
previous history of stroke to not
treat unless the Hb falls below
100g/L. Treatment is intended to
improve quality of life by alleviating
symptoms of anaemia rather than
improving CV outcome. Close moni-
toring of iron status during treat-
ment is important, and iron 
supplementation may be required. 
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l Darbepoetin alfa is indicated in diabetes
patients with CKD and anaemia with
the aim of improving quality of life, but
there is no evidence that it improves
cardiovascular outcomes

l Darbepoetin alfa has a structure that
results in a prolonged duration of
action conferring an advantage over
alternative agents due to the reduced
frequency of dosing 

l The decision to treat anaemia with
darbepoetin alfa should be taken after
discussion with the patient of the
potential benefits and risks, with
haemoglobin targets (normally aiming
for 100–120g/L) individualised
depending on comorbidities

Key points



References
1. Disney A, et al. Darbepoetin alfa administered

monthly maintains haemoglobin concentrations in
patients with chronic kidney disease: a multicentre,
open-label, Australian study. Nephrology (Carlton)
2007;12:95–101.

2. Jadoul M, et al. Darbepoetin alfa administered once
monthly maintains haemoglobin levels in stable
dialysis patients. Nephrol Dial Transplant 2004;
19:898–903.

3. Pfeffer MA, et al. A trial of darbepoetin alfa in type
2 diabetes and chronic kidney disease. N Engl J Med
2009;361:2019–32.

4. Skali H, et al. Stroke in patients with type 2 diabetes
mellitus, chronic kidney disease, and anemia
treated with darbepoetin alfa: the trial to reduce
cardiovascular events with Aranesp therapy (TREAT)
experience. Circulation 2011;124:2903–8.

5. McMurray JJ, et al. Predictors of fatal and nonfatal
cardiovascular events in patients with type 2 dia-
betes mellitus, chronic kidney disease, and anemia:
an analysis of the Trial to Reduce cardiovascular
Events with Aranesp (darbepoetin alfa) Therapy
(TREAT). Am Heart J 2011;162:748–55.

PRACTICAL DIABETES  VOL. 29 NO. 4 COPYRIGHT © 2012 JOHN WILEY & SONS   164a

Darbepoetin alfa

Drug notes


