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Summary
Abstract Methoxy polyethylene glycol-epoetin beta (Mircera®) is a continuous erythro-

poietin receptor activator, with a long half-life (approximately 130 hours). In
patients with anaemia associated with chronic kidney disease (CKD), both on and
not on dialysis, who had not previously received an erythropoiesis-stimulating
agent (ESA), methoxy polyethylene glycol-epoetin beta administered intra-
venously or subcutaneously once every 2 weeks resulted in a smooth and steady
rise in haemoglobin levels. The response rates were high (up to 97.5%) in these
patients at the end of the correction period; response rates with the comparator
ESAs (epoetin alfa or beta, or darbepoetin alfa) were up to 96.3%. Moreover,
patients with CKD on dialysis who had previously been treated with an ESA
maintained stable haemoglobin levels (within £1 g/dL of baseline and within a
range of 10-13.5 g/dL) when directly converted to methoxy polyethylene glycol-
epoetin beta administered intravenously or subcutaneously once every 2 or
4 weeks. Methoxy polyethylene glycol-epoetin beta is generally well tolerated,
with most adverse events being of mild to moderate severity, consistent with the
co-morbidities known to occur in this patient group and those reported with other
ESAs.

In conclusion, in patients with anaemia associated with CKD, subcutaneous or
intravenous methoxy polyethylene glycol-epoetin beta achieved a high haemo-
globin response rate (ESA-naive patients) when administered once every 2 weeks
and maintained stable haemoglobin levels (patients previously treated with ESAs)
when administered once monthly.

Pharmacological Methoxy polyethylene glycol-epoetin beta is a continuous erythropoietin receptor

Properties activator, with a slower association with, but slightly faster dissociation from, the
erythropoietin receptor than epoetin beta. Cell stimulation studies demonstrated
that this agent has a reduced in vitro, but an increased in vivo, specific activity
compared with epoetin beta.

Subcutaneous or intravenous administration of methoxy polyethylene glycol-
epoetin beta produced a dose-dependent reticulocyte response in patients with
CKD that was independent of the frequency of administration.

Following subcutaneous administration of methoxy polyethylene glycol-epoe-
tin beta to anaemic patients with CKD, both on and not on dialysis, maximum
serum concentrations (Cmax) occurred after a median 72.0 and 94.5 hours. Times
to Cmax after intravenous administration of this agent were 2.0 and 0.25 hours.
After subcutaneous administration, absolute bioavailabilities were 62% and 54%,
respectively. Haemodialysis had no effect on the serum concentrations of
methoxy polyethylene glycol-epoetin beta. Clearance was low (0.49-1.67 mL/h/
kg) and the mean terminal elimination half-life was long (77-142 hours) follow-
ing subcutaneous or intravenous administration.

Therapeutic Efficacy Six phase II.I trials havej Qemonstrated the efficacy pf methoxy polyethylene
glycol-epoetin beta administered subcutaneously or intravenously once every
2 weeks or once every 4 weeks in patients aged =18 years with anaemia associated
with CKD, both on and not on dialysis.
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In two phase III correction trials in ESA-naive patients with CKD on dialysis
(AMICUS study) or not on dialysis (ARCTOS study), haemoglobin response rates
in the correction/evaluation period were high (up to 97.5%) in recipients of
methoxy polyethylene glycol-epoetin beta administered intravenously (AMICUS)
or subcutaneously (ARCTOS) once every 2 weeks. The corresponding response
rates were 91.1% with epoetin alfa or beta in AMICUS and 96.3% with darbepoe-
tin alfa in ARCTOS. Methoxy polyethylene glycol-epoetin beta treatment resulted
in a smooth and steady rise in haemoglobin levels, with the median time to
response being 57 (AMICUS) and 43 (ARCTOS) days in methoxy polyethylene
glycol-epoetin beta recipients, 31 days in epoetin alfa recipients (AMICUS) and
29 days in darbepoetin alfa recipients (ARCTOS).

In four phase III maintenance studies (MAXIMA, PROTOS, STRIATA,
RUBRA) in patients with CKD on dialysis previously treated with other ESAs
(epoetin alfa or beta, or darbepoetin alfa), methoxy polyethylene glycol-epoetin
beta administered intravenously (MAXIMA, STRIATA, RUBRA) or subcutane-
ously (PROTOS, RUBRA) once every 2 or 4 weeks maintained haemoglobin
levels within =1 g/dL of baseline and within a range of 10-13.5 g/dL. The adjusted
mean change in haemoglobin level between baseline and the evaluation period
(weeks 29-36) in recipients of both methoxy polyethylene glycol-epoetin beta and
the comparators was close to zero, demonstrating that little change in haemo-
globin levels had occurred. The majority of methoxy polyethylene glycol-epoetin
beta recipients (66-76%) and comparator recipients (67-72%) maintained an
average haemoglobin level within +1 g/dL. and within a range of 10-13.5 g/dL
during the evaluation period. Blood transfusions were required by few recipients
of methoxy polyethylene glycol-epoetin beta (6-12%) or the comparator ESAs
(8-11%) during the titration/evaluation period.

Pharmacoeconomics Data obtained from an observational time and motion study conducted in the UK
and Germany were used to estimate the potential time and costs saved by
converting from comparator ESAs to methoxy polyethylene glycol-epoetin beta in
a hypothetical dialysis centre of 100 patients with CKD. With 100% conversion to
methoxy polyethylene glycol-epoetin beta, the estimated annual time savings
were 3743 days and annual costs (excluding drug acquisition costs) were
estimated to be reduced by up to 59%.

Tolerability In a pooled analysis of phase II and III trials in patients with anaemia associated
with CKD, treatment-related adverse event rates occurred in 6% of methoxy
polyethylene glycol-epoetin beta recipients, with hypertension, diarrhoea and
nasopharyngitis being the most commonly reported adverse events. Most adverse
events were mild to moderate in severity, and were consistent with the co-
morbidities known to occur in this patient group. Serious adverse events occurred
in a similar percentage of recipients of methoxy polyethylene glycol-epoetin beta
and comparator ESAs (37% vs 40%). The proportion of patients who died in the
randomized phase III population was 5.7% in the methoxy polyethylene glycol-
epoetin beta group and 6.1% in the comparator group.

Platelet levels were lower with methoxy polyethylene glycol-epoetin beta than
comparator treatment, but remained within the normal range. Platelet counts
<100 x 10%/L were reported in 7% of methoxy polyethylene glycol-epoetin beta
recipients and 4% of recipients of the comparators.

No clinically relevant changes in vital signs, iron levels or laboratory para-
meters were reported during the phase III studies. No antibodies to methoxy
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polyethylene glycol-epoetin beta were detected during the clinical trial pro-

gramme.

1. Infroduction

Anaemia is a common complication in patients
with chronic kidney disease (CKD). Anaemia is
typically associated with poor concentration, loss of
cognitive function and debilitating fatigue. If left
untreated, chronic anaemia may seriously impair the
patient’s health-related quality of life (HR-QOL)
and increase the risk of cardiac complications.[!?!

Although the pathogenesis of anaemia in patients
with CKD is multifactorial, the most probable rea-
son for a decline in haemoglobin levels is a decrease
in erythropoietin production.’”? Erythropoietin is
produced in the kidney and released into the blood
stream in response to hypoxia. Erythropoietin then
interacts with erythroid progenitor cells to increase
red blood cell production.!

Erythropoiesis-stimulating agents (ESAs) are
standard therapy for renal anaemia patients and have
been associated with improved HR-QOL and survi-
val.l'31 However, conventional ESAs, such as epoe-
tin (recombinant human erythropoietin) alfa and
beta, have short half-lives, and require frequent ad-
ministration in order to maintain haemoglobin levels
within the target range. Effective management of
renal anaemia is often labour intensive and time
consuming, with patients receiving ESA treatment
up to three times a week.

Methoxy polyethylene glycol-epoetin  beta
(Mircera®)! is an ESA with a long half-life (about
130 hours) and can be administered intravenously or
subcutaneously, allowing predictable stimulation of
erythropoiesis and a prolonged dosing interval. It is
often referred to by the descriptive name ‘continu-
ous erythropoietin receptor activator’ (C.E.R.A.).

This review focuses on the clinical use of
methoxy polyethylene glycol-epoetin beta (adminis-
tered intravenously or subcutaneously) in adult pa-
tients with anaemia associated with CKD, including
those on and not on dialysis.

2. Pharmacodynamic Properties

Methoxy polyethylene glycol-epoetin beta is a
covalent conjugate of epoetin beta (produced by
recombinant DNA technology) and methoxy poly-
ethylene glycol.* The resultant molecule has a
molecular weight (approximately 60 kDa) that is
twice that of epoetin and differs from recombinant
epoetin by integration of an amide bond between
methoxy polyethylene glycol-butanoic acid and
either the N-terminal amino group or the e-amino
group of lysine (predominantly lysine-52 or ly-
sine-45) present in epoetin beta.[*!

2.1 Binding Studies

Methoxy polyethylene glycol-epoetin beta has a
slower association with, but a slightly faster dissoci-
ation from, the erythropoietin receptor than epoetin
beta.

In competitive binding assays in UT-7 cells (a
human acute myeloid leukaemia cell line),’® the
concentration of half-maximal inhibition of binding
of 125I-epoetin-beta to UT-7 cell erythropoietin re-
ceptor sites was 200 nmol/L for methoxy polyethyl-
ene glycol-epoetin beta and 1.5 nmol/L for epoetin
beta.l®! In a surface plasmon resonance study, the
dissociation equilibrium constants for methoxy
polyethylene glycol-epoetin beta and epoetin-f3
were 140 and 2.9 nmol/L.1%! Closer analysis of the
equilibrium binding curves indicated that the differ-
ence in affinity between the two agents was mainly
due to a slower association of methoxy polyethylene
glycol-epoetin beta than epoetin beta with the ery-
thropoietin  receptor.>®!  Methoxy polyethylene
glycol-epoetin beta dissociation from the receptor
was ~1.5-fold faster than epoetin beta.®

2.2 In Vivo and In Vitro Cell
Proliferation Studies

Cell stimulation studies show that methoxy poly-
ethylene glycol-epoetin beta has a reduced in vitro,

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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but an increased in vivo, specific activity compared
with epoetin beta.

The effective concentrations required to stimu-
late half-maximal cellular proliferation with
methoxy polyethylene glycol-epoetin beta, com-
pared with epoetin beta, were approximately 10-fold
higher in UT-7 cells and approximately 43-fold
higher in CD34+ cells.[V However, the level of
maximal stimulation of both the UT-7 and CD34+
cells was similar for both agents.l”! Stimulation of
cellular proliferation was specific for erythroid pre-
cursors, as the differentiation of white blood cells
and megakaryocytes was not affected by methoxy
polyethylene glycol-epoetin beta or epoetin beta.[”!

In contrast, in vivo studies have demonstrated
that methoxy polyethylene glycol-epoetin beta is a
more potent stimulator of erythropoiesis than epoe-
tin both in the duration and magnitude of the res-
ponse. A single subcutaneous injection of methoxy
polyethylene glycol-epoetin beta 20 pg/kg in mice
resulted in an increase in mean reticulocytes (an
early marker of erythropoiesis) that was almost
twice that with the same dose of epoetin, with a
duration of response that was about 3 days longer.[®
Administration of methoxy polyethylene glycol-
epoetin beta 0.75 pg/kg once weekly for 12 weeks to
rats with surgically induced renal insufficiency pro-
duced increases in mean reticulocyte count that were
significantly different to those with saline control
(p < 0.05).1

2.3 Clinical Studies

Methoxy polyethylene glycol-epoetin beta pro-
duced dose-dependent reticulocyte responses in
healthy volunteers!!%!!l or in patients with CKD
including those on and not on dialysis.[>!?]

In phase I trials in healthy male volunteers
(n = 108),11% single doses of intravenous methoxy
polyethylene glycol-epoetin beta 0.4-3.2 pg/kg or
the subcutaneous formulation of this agent
0.8-3.2 ng/kg induced dose-dependent increases in
reticulocyte response that peaked within 10 days of
administration and returned to baseline values by
day 20.'"" At the highest dose administered, the
mean increase in reticulocytes was 334% with intra-
venous administration and 262% with subcutaneous
administration.['” In healthy volunteers (n = 42),

© 2008 Adis Data Information BV. All rights reserved.

subcutaneous administration of this agent in the
arm, thigh or abdomen (3.0 pg/kg) increased mean
reticulocyte count relative to baseline by 258%,
273% and 269%, respectively.l'!]

Similarly, in patients with CKD on peritoneal
dialysis (n = 16),5! a single subcutaneous (0.8 pug/
kg) or intravenous (0.4 pg/kg) dose of methoxy
polyethylene glycol-epoetin beta induced a reticulo-
cyte response that peaked at a median of 8 days after
administration and returned to baseline values by
day 20. There was no difference in the time course
for reticulocyte counts between the two routes of
administration. In multiple-dose studies in patients
with CKD on (n = 61) or not on (n = 65) dialysis,'?!
subcutaneous or intravenous methoxy polyethylene
glycol-epoetin beta (0.15-0.60 pg/kg) administered
once weekly, once every 2 weeks or once every
3 weeks produced dose-dependent reticulocyte re-
sponses, with the response being independent of the
frequency of administration.

3. Pharmacokinetic Properties

This section will focus on the pharmacokinetics
of methoxy polyethylene glycol-epoetin beta in
anaemic patients with CKD, including those on and
not on dialysis®!3! (summarized in table I). The
pharmacokinetics of this agent have also been stud-
ied in healthy volunteers.'"'* Data from the US
prescribing information, ! the Summary of Product
Characteristics (SPC)™! and the scientific discussion
from the review of the marketing application by the
European Medicines Agency (EMEA)!'3! have been
included in this section.

Following subcutaneous administration of
methoxy polyethylene glycol-epoetin beta to
anaemic patients with CKD on and not on dialysis,
maximum serum concentrations (Cmax) of this agent
occurred after a median 72.0 and 94.5 hours (table
I). Time to Cmax with intravenous administration
was 2.0 and 0.25 hours. With subcutaneous adminis-
tration, absolute bioavailability values (based on the
area under the concentration-time curve from day 1
to last measurement) were 62% and 54%.1413]

Haemodialysis had no effect on the serum con-
centrations of methoxy polyethylene glycol-epoetin
beta, according to data from a study in 41 patients

Drugs 2008; 68 (8)
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Table I. Pharmacokinetic parameters of a single dose of methoxy polyethylene glycol-epoetin beta in anaemic patients with chronic kidney

disease; mean values are presented unless otherwise indicated!'s]

Population Study Dose Cmax tmax AUCiast tiep CL Bioavailability
design (ug/kg) (ng/mL) (h)2 (ng ® h/mL) (h) (mL/h/kg) (%)

Patients on dialysis r, op, co IV 0.4 9.05 2.0 1028 134 0.49 100

(n =16) SC 0.8 4.6 72.0 1106 139 0.90 62

Patients not on dialysis r, op, pl IV 0.8 16.0 0.25 949 77 0.93 100

(n = 24) SC1.2 3.19 94.5 771 142 1.67 54

a Median value.

AUCjast = area under the concentration-time curve from day 1 to the last measurement; Cmax = maximum serum concentration;
CL = clearance; co = cross-over; IV = intravenous; op = open-label; pl = parallel; r = randomized; SC = subcutaneous; tmax = time to

maximum serum concentrations; ti.p = terminal elimination half-life.

with CKD intravenously administered this agent
before and after haemodialysis. 3!

Following single-dose intravenous or subcutane-
ous administration of methoxy polyethylene glycol-
epoetin beta in patients with CKD on or not on
dialysis (table I), clearance was low (0.49-1.67 mL/
h/kg) and the mean terminal elimination half-life
(t,p) was long (77-142 hours).!*13!

Clearance, volume of distribution and bioavaila-
bility of methoxy polyethylene glycol-epoetin beta
remained stable with long-term (up to 21 weeks)
administration of this agent to patients with
CKD.['215] For example, mean clearance of this
agent was 0.798 L/day after an initial dose, 0.718 L/
day after 9 weeks of administration and 0.710 L/day
at week 19 or 21.0%]

According to an analysis of 126 patients with
CKD, there was no difference in the pharmacokine-
tic parameters between patients on and not on dialy-
sis.4

The pharmacokinetic profile of methoxy
polyethylene glycol-epoetin beta was unaffected by
the site of administration of a subcutaneous dose. In
a study in 42 healthy volunteers who were adminis-
tered a subcutaneous injection of methoxy polyeth-
ylene glycol-epoetin beta 3.0 png/kg to the abdomen,
arm and thigh, mean Cmax values were 15.7, 14.2
and 16.5 ng/mL, median time to maximum serum
concentration values were all 96 hours and mean
ty, values were similar (160-164 hours).['!]

Population pharmacokinetic analyses of methoxy
polyethylene glycol-epoetin beta demonstrated that
the co-variates of sex, race and peritoneal dialysis
status did not effect the population pharmaco-
kinetics of this agent. Although bodyweight in-
creased clearance and volume of distribution, these

© 2008 Adis Data Information BV. All rights reserved.

effects were not considered to be clinically rele-
vant.[13]

No pharmacokinetic studies have been conducted
in the elderly or paediatric patients. There are no
data available regarding the metabolism of methoxy
polyethylene glycol-epoetin beta, and the inter-
action of this agent with other drugs has not been
investigated in clinical studies.

4. Therapeutic Efficacy

Four dose-finding phase 1I''®!%! and six phase
[M1?%251 randomized, open-label, parallel-group,
multicentre trials (see table II for trial acronym
definitions) have investigated the efficacy of
methoxy polyethylene glycol-epoetin beta in pa-
tients aged 218 years with anaemia associated with
CKD, including those on and not on dialysis. This
section will focus on data from the phase III studies.

4.1 Phaose lll Correction Studies

Two phase III correction studies (table III) inves-
tigated the efficacy of intravenous?! or subcutane-
ous”!l methoxy polyethylene glycol-epoetin beta
administered once every 2 weeks in ESA-naive pa-
tients with anaemia associated with CKD who were
either on dialysis (AMICUS)! or not on dialysis
(ARCTOS).21]

Both studies consisted of an initial 2-week run-in
period, after which the patients were randomized to
methoxy polyethylene glycol-epoetin beta or com-
parator (epoetin alfa or beta [AMICUS?"] or darbe-
poetin alfa [ARCTOSP!)). In the AMICUS
study,’?”! patients then entered a 24-week correction
period. In the ARCTOS study,!! patients entered an

Drugs 2008; 68 (8)
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18-week correction period followed by a 10-week
evaluation period.

Study drugs were adjusted to achieve a haemo-
globin response (defined as a haemoglobin level
211 g/dL and an increase >21.0 g/dL from the pa-
tient’s baseline haemoglobin level).l?*2!l Following
achievement of a response in the ARCTOS trial,?!!
doses were adjusted to maintain the patient’s
haemoglobin within =1 g/dL of the response level
and within a target range of 11-13 g/dL. Dose
adjustments were performed no more frequently
than once monthly. The median dose of methoxy
polyethylene glycol-epoetin beta at the time of res-
ponse was 0.6 pg/kg administered once every
2 weeks.[?!]

Patients had CKD stages 3 or 4 (ARCTOS)"! or
stage 5 (AMICUS)PY and a baseline haemoglobin
level of 8-11 g/dL and adequate iron status (serum
ferritin 2100 ng/mL or transferrin saturation >20%
[or hypochromic red blood cells <10%]). Patients
were excluded if they had received an ESA within
the last 12 weeks or had a red blood cell transfusion
or a gastrointestinal bleed within the last 8 weeks.
Patients had no evidence of infection or inflamma-
tion as determined by history and laboratory data,
including C-reactive protein (>151!1 or >30?° mg/
L).

A primary endpoint in both studies was the
haemoglobin response rate during the correction
(AMICUS) or correction/evaluation (ARCTOS)
period in the intent-to-treat (ITT) population.?>2! In
addition, a coprimary endpoint in the ARCTOS
study was the change in haemoglobin levels be-

Table II. Acronyms of phase lll trials involving methoxy polyethyl-
ene glycol-epoetin beta

Acronym Full trial name

AMICUS C.E.R.A. adMinistered Intravenously for anemia
Correction and sUStained maintenance in dialysis

ARCTOS Administration of C.E.R.A. in CKD patients to treat
anemia with a Twice-monthly Schedule

MAXIMA Maintenance of hAemoglobin eXcels with IV
adMinistration of C.E.R.A.

PROTOS Patients Receiving C.E.R.A. Once a month for the
mainTenance Of Stable haemoglobin

RUBRA TaRgeting sUstained haemogloBin in dialysis with
IV and SC C.E.R.A Administration

STRIATA Stabilizing haemoglobin TaRgets in dialysis

following IV C.E.R.A. Treatment of Anaemia

© 2008 Adis Data Information BV. All rights reserved.

tween baseline and the evaluation period in the per-
protocol (PP) population.?!1

4.1.1 Study Results

Haemoglobin response rates were high (93.3%1
and 97.5%"?") in recipients of methoxy polyethyl-
ene glycol-epoetin beta administered subcutaneous-
ly (ARCTOS) or intravenously (AMICUS) once
every 2 weeks in both studies during the correc-
tion?"! or correction/evaluation!?!! period (see table
IIT). In both studies, the lower limit of the 95%
confidence interval (CI) for the response rate with
methoxy polyethylene glycol-epoetin beta was well
above the predefined value of 60% (p < 0.0001),
demonstrating that methoxy polyethylene glycol-
epoetin beta administered once every 2 weeks
corrected anaemia.

According to covariate analysis of the ARCTOS
data (see table III),?" the mean difference in the
change in haemoglobin between the recipients of
methoxy polyethylene glycol-epoetin beta and dar-
bepoetin alfa was 0.16 g/dL (95% CI —0.05, +0.35;
p < 0.0001). The lower limit of the two-sided 95%
CI for the between-group difference was above the
pre-specified level of —0.75 g/dL, thus establishing
the noninferiority of methoxy polyethylene glycol-
epoetin beta to darbepoetin alfa in the correction of
anaemia.

Haemoglobin levels increased smoothly and
steadily with both treatments in the AMICUS
and ARCTOS studies.*2!! The median times to
treatment response were 57 (AMICUS) and 43
(ARCTOS) days with methoxy polyethylene glycol-
epoetin beta, 31 days with epoetin alfa (AMICUS)
and 29 days in darbepoetin alfa (ARCTOS).202!]

Fewer recipients of methoxy polyethylene
glycol-epoetin beta than recipients of the compara-
tor had at least one haemoglobin level >13 mg/dL
during the first 8 weeks of the ARCTOS trial (12.4%
vs 33.5%; p < 0.001).2) However, the between-
group difference was not significant in the AMICUS
trial (8.2% vs 17.4%).120]

Red blood cell transfusions were required by
2.5% of methoxy polyethylene glycol-epoetin beta
recipients and 6.8% of darbepoetin alfa recipients in
the ARCTOS study,”!! and by 5.2% of methoxy
polyethylene glycol-epoetin beta recipients and

Drugs 2008; 68 (8)
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Table Ill. Outcomes from phase IlI correction trials of methoxy polyethylene glycol-epoetin beta (C.E.R.A.) in adult patients (pts), aged >18
years, with anaemia associated with chronic kidney disease not previously treated with erythropoiesis-stimulating agents.?%2" Trials were
randomized, open-label, multicentre, parallel-group studies and involved a 2-week run-in period, a 24-week correction period?® or an

18-week correction period and a 10-week evaluation period?!

Trial Drug (ug/kg) regimen No. of pts  Mean baseline Hb response rate? Mean change in
Hb level (g/dL) (% pts) [95% CI] Hb level® (g/dL)

Pts on dialysis

Klinger et al.% IV C.E.R.A. 0.4 gq2w° 135 9.39 93.3 [87.7, 96.9]° 2.70

(AMICUS) IV epoetin alfa or beta 46 9.40 91.3 [79.2, 97.6]° 2.56

according to label tiw

Pts not on dialysis

Macdougall et al." SC C.E.R.A. 0.6 g2w 162 10.22 97.5 [93.8, 99.3]¢ 2.154

(ARCTOS) SC darbepoetin alfa 162 10.15 96.3 [92.1, 98.6]¢ 2.00¢

0.45 qw

a Anincrease >1 g/dL vs baseline and a concentration >11 g/L without blood transfusion in the intent-to-treat population; Hb levels

were to be within the targeted range of 11-13 g/dL.

b Mean change between baseline and the correctioni?’! or correction/evaluation?'! period in the per-protocol population; adjusted for

baseline Hb levels and geographic region.

c C.E.R.A was initiated at a dosage of 0.4 pug/kg g2w, with up-titration to a median dosage of 0.6 ug/kg g2w at the time of response.
d Primary or coprimary endpoint. Assessed at end of the correction period (24 weeks)?% or at the end of the correction/evaluation

period (28 weeks).[?']

Hb = haemoglobin; IV = intravenous; q2w = once every 2 weeks; qw = once every week; SC = subcutaneous; tiw = three times per week.

4.3% of epoetin beta recipients in the AMICUS
trial.[20]

4.2 Phase Il Maintenance Studies

The four phase III maintenance studies (MAXI-
MA,22l PROTOS, 2! STRIATA, > RUBRA®; see
table IV) investigated the efficacy of intrave-
nous?224231  or  subcutaneous?®?!  methoxy
polyethylene glycol-epoetin beta in maintaining
stable haemoglobin levels in patients with anaemia
associated with CKD on dialysis who had been
directly converted from another ESA (epoetin alfa
or beta,?>23231 or darbepoetin alfa®* administered at
a consistent interval for >8 weeks).

After a 4-week run-in period during which pa-
tients continued with their previous ESA, patients
were randomized to methoxy polyethylene glycol-
epoetin beta administered every second>?) or
fourth!?223] week or to continue with their current
ESA dose, schedule and route of administration (see
table IV). The initial methoxy polyethylene glycol-
epoetin beta dose was determined by the patient’s
previous weekly ESA dose (see table V). Patients
then entered a 28-week titration period, followed by
an 8-week evaluation period during which the dose
of the active agents was adjusted to maintain the
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patient’s haemoglobin level within 10-13.5 g/dL
and within £1 g/dL of the baseline haemoglobin
value. Dose adjustments were allowed no more fre-
quently than once every 4 weeks.

Patients had been receiving haemodialysis or
peritoneal dialysis for 212 weeks and had a stable
baseline haemoglobin of 10.5-13.0 g/dL and an
adequate iron status (defined as serum ferritin
2100 ng/mL or transferrin saturation >220% or hy-
pochromic red blood cells <10%). Patients were
excluded if they had active infection or inflamma-
tion (C-reactive protein >30 mg/L), poorly control-
led hypertension, a life expectancy <12 months, or
had experienced severe disease within the last
12 weeks, had received a red blood cell transfusion
or had a gastrointestinal bleed within the last
8 weeks.[?>>]

The primary endpoint in all studies was the mean
change in haemoglobin levels between baseline and
the evaluation period (week 29-36) in the PP popu-
lation. 222!

4.2.1 Study Results

The phase III maintenance studies demonstrated
that methoxy polyethylene glycol-epoetin beta ad-
ministered once every 2 or 4 weeks was noninferior
to epoetin alfa, epoetin beta (MAXIMA, PROTOS,

Drugs 2008; 68 (8)



Methoxy Polyethylene Glycol-Epoetin Beta: A Review

1147

RUBRA) or darbepoetin alfa (STRIATA) in main-
taining stable haemoglobin levels over the evalua-
tion period (weeks 29-36; table IV).[22-2]

The adjusted mean change in haemoglobin level
between baseline and evaluation in recipients of
both methoxy polyethylene glycol-epoetin beta and
the comparators was close to zero, demonstrating
that little change in haemoglobin levels had oc-
curred (see table 1V).?>23] In all studies, mean
haemoglobin levels during the evaluation period
were 11.5-12.1 g/dL.

The lower limit of the two-sided 97.5%!%>23] or
95%!4+231 CI for the between-group difference in the
adjusted mean change in haemoglobin level was
greater than the prespecified limit of —0.75 g/dL,
confirming the noninferiority of methoxy polyethyl-
ene glycol-epoetin beta administered intravenously

or subcutaneously once every 2 or 4 weeks to its
comparators (p < 0.0001 for all studies; see table
IV). Similar data were obtained in the ITT popula-
tion.

During the evaluation period, 66-76% of
methoxy polyethylene glycol-epoetin beta recipients
and 67-68% of recipients of epoetin alfa or beta
maintained an average haemoglobin level within
+1 g/dL of baseline values during the evaluation
period (see figure 1 for data from MAXIMA,
PROTOS and RUBRA).[22:23.25]

During the titration and evaluation period, blood
transfusions were required by 6—12% of patients
treated with methoxy polyethylene glycol-epoetin
beta and 8—11% of patients treated with the compa-

rator.[22-23]

Table IV. Outcomes from phase Il maintenance trials of methoxy polyethylene glycol-epoetin beta (C.E.R.A.) in adult patients (pts), aged
>18 years, with anaemia associated with chronic kidney disease previously treated with other erythropoiesis-stimulating agents (ESAs).[22251
Trials were randomized, open-label, parallel-group, multicentre studies and involved a 4-week screening period followed by a 28-week
titration period and an 8-week evaluation period. The per-protocol analysis data are presented

Trial Initial drug (ug) regimen No. Mean Mean change Difference between C.E.R.A.
of pts baseline in Hb vs comparator in mean change
Hb level level (g/dL)2.b in Hb level? (g/dL)
(g/dL) [97.5%?22%1 or 95%24251 Cl]¢
Levin et al.l?2 IV C.E.R.A. 60, 100 or 180 g2w¢ 188 11.99 —0.071 +0.004 [-0.215, 0.223]*
(MAXIMA) IV C.E.R.A. 120, 200 or 360 g4w¢ 172 11.86 -0.025 +0.051 [-0.173, 0.275]*
IV epoetin alfa or beta according to 180 11.96 —0.075
label tiw to qw
Sulowicz et al.?? SC C.E.R.A. 60, 100 or 180 g2w¢ 154 11.70 +0.032 +0.141 [-0.098, 0.380]*
(PROTOS) SC C.E.R.A. 120, 200 or 360 g4w? 153 11.58 —0.131 -0.022 [-0.262, 0.217]*
SC epoetin alfa or beta according to 167 11.64 —0.109
label tiw to qw
Canaud et al.?4 SC C.E.R.A. 60, 100 or 180 g2w¢ 123¢ 12.0 +0.0630¢1 +0.180 [-0.049, 0.408]*6!
(STRIATA) IV darbepoetin alfa according to label 126¢ 11.9 —0.116/28
qw or g2w
Spinowitz et al.?d! SC/IV C.E.R.A. 60, 100 or 180 q2w®f 123 11.80 +0.088 +0.118 [-0.116, 0.353]*
(RUBRA) SC or IV epoetin alfa or beta 133 11.88 —0.030

according to label tiw to qw'

a Between baseline and the evaluation period adjusted for covariates.

b Primary endpoint.

¢ Noninferiority was assumed if the lower limit of the two-sided 97.5% or 95% CI for the between-group difference was greater than

—0.75 g/dL.

d The initial dose of C.E.R.A. was based on previous epoetin dose; pts had previously received epoetin <8000 IU, 8000-16 000 or

>16 000 U, respectively.

e Data obtained from the scientific discussion of the European Medicines Agency.!'3

f  Administered in pre-filled syringes.

Hb = haemoglobin; IV = intravenous; g2w = every 2 weeks; g4w = every 4 weeks; qw = every week; SC = subcutaneous; tiw = three times

per week; * p < 0.0001 noninferior vs comparator ESA.
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Table V. Recommended starting dose of methoxy polyethylene
glycol-epoetin beta in patients with anaemia associated with chron-
ic kidney disease previously treated with erythropoiesis-stimulating
agents!

Previous weekly IV
or SC darbepoetin

Previous weekly IV Monthly IV or SC
or SC epoetin dose methoxy polyethylene

alfa dose (IU/week) glycol-epoetin beta
(ug/week) dose (ug/month)
<40 <8000 120

40-80 8000-16 000 200
>80 >16 000 360

IV = intravenous; SC = subcutaneous.

5. Pharmacoeconomics

Data (presented in an abstract) from an observa-
tional time and motion study suggest that once-
monthly administration of methoxy polyethylene
glycol-epoetin beta may reduce the overall time and
cost associated with anaemia management in pa-
tients with anaemia associated with CKD on dialysis
compared with the use of traditional ESAs.[?’! In
12 dialysis centres in the UK and Germany, a total
of 461 time and motion observations were collect-
ed.?”! Costs (2006) were calculated from the time
and supplies used for ESA administration (exclud-
ing drug acquisition costs) and national estimates of
wages for the healthcare workers involved. The
estimated average total annual costs for traditional
ESA treatment for a hypothetical centre of 100 dial-
ysis patients were €17 031 and £18 739 for the
German and UK centre.””! Assuming 100% conver-
sion from ESAs to once-monthly methoxy polyeth-
ylene glycol-epoetin beta in a hypothetical centre of
100 dialysis patients, the estimated time savings
were 37-43 days per year and the estimated reduc-
tion in annual costs were €9798 (-59%) for the
German centre and £6615 (—=35%) for the UK cen-
tre.127]

6. Tolerability

A pooled safety analysis of data from four phase
II and six phase III trials was reported in the Europ-
ean SPC, the scientific discussion of the EMEAI!3]
and the US prescribing information.['> This analysis
involved 2737 patients with anaemia associated
with CKD; 1789 were treated with methoxy poly-
ethylene glycol-epoetin beta and 948 were treated
with a comparator ESA (epoetin alfa, epoetin beta,
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or darbepoetin alfa). Methoxy polyethylene glycol-
epoetin beta was administered once every 2 or
4 weeks in most patients; for >12 months in
1144 patients and for >6 months in 1451 patients.!'”!
Approximately 85% of patients were receiving dial-
ysis. 13

According to this pooled analysis, overall ad-
verse event rates were 88.8% in recipients of
methoxy polyethylene glycol-epoetin beta and
90.9% in recipients of the comparator ESA; treat-
ment-related adverse events occurred in 6% and 3%
of patients, respectively.['*l Hypertension (13%), di-
arrhoea (11%) and nasopharyngitis (11%) were the
most commonly reported adverse events in recipi-
ents of methoxy polyethylene glycol-epoetin
beta.['>] Most adverse events were mild to moderate
in severity, and were consistent with the co-morbidi-
ties known in this patient group. Serious adverse
events occurred in 37% of methoxy polyethylene
glycol-epoetin beta recipients and 40% of recipients
of the other ESAs.['¥! Serious gastrointestinal haem-

B 1V or SC methoxy polyethylene glycol-epoetin beta g2w
@ IV or SC methoxy polyethylene glycol-epoetin beta g4w
O IV or SC epoetin alfa or beta qw to tiw

100
90 {

o]
o

60 {
50 {
40 {
30 {
20
10 {

Percentage of patients with mean haemoglobin
levels + 1.0 g/dL of baseline

MAXIMA PROTOS RUBRA

Fig. 1. Percentage of patients (intent-to-treat population) maintain-
ing mean haemoglobin levels within +1 g/dL of baseline values
during an evaluation period in three phase Il maintenance trials
(MAXIMA,?2l PROTOS®® and RUBRA9). Patients had anaemia
associated with chronic kidney disease and were undergoing dialy-
sis. Patients were administered intravenous (IV)?2251 or subcutane-
ous (SC)2325 methoxy polyethylene glycol-epoetin beta or compa-
rator (IVI22251 or SCI2325] epoetin alfa or beta). See table IV for
further details of study design, drug dosage and table Il for defini-
tion of study acronyms. g2w = every 2 weeks; q4w = every
4 weeks; qw = once a week; tiw = three times a week.
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orrhage occurred in 1.2% of methoxy polyethylene
glycol-epoetin beta recipients and 0.2% of recipients
of the comparators. Serious haemorrhagic adverse
events of all types occurred in a similar percentage
of patients in either treatment group (5% and
49%).151 The incidence of death in the randomized
phase III population was 5.7% in the methoxy poly-
ethylene glycol-epoetin beta group and 6.1% in the
comparator group.!!?

Adverse events reported in the MAXIMA trial in
recipients of methoxy polyethylene glycol-epoetin
beta or its comparator (epoetin alfa) are shown in
figure 2.12%)

Platelet levels were lower with methoxy
polyethylene glycol-epoetin beta than comparators,
but remained within the normal range. Platelet
counts <100 x 109 were reported in 7% of methoxy
polyethylene glycol-epoetin beta recipients and 4%
of recipients of other ESAs.[1]

Neutralizing antibodies to erythropoietin have
been reported in patients with pure red cell aplasia
and severe anaemia, with or without other cytopeni-
as, in patients receiving other ESAs during postmar-
keting experience. However, antibodies (assessed
using enzyme-linked immunosorbent assay) to
methoxy polyethylene glycol-epoetin beta or to
epoetin were not detected in 1789 patients treated
with this agent during the phase II or III clinical
trials.l'>15] No cases of red cell aplasia have been
reported in recipients of methoxy polyethylene
glycol-epoetin beta.!'8]

No clinically relevant changes in vital signs, iron
levels or laboratory parameters were reported during
the phase III studies.%->!

Less pain was associated with subcutaneous ad-
ministration of methoxy polyethylene glycol-epoe-
tin beta than subcutaneous administration of darbe-
poetin alfa in a randomized, placebo-controlled,
crossover study in 84 healthy volunteers.!”8! Pain
(assessed on a 100 mm visual analog scale [VAS]
immediately after drug administration) was 21.5 and
33.4 mm, respectively (p < 0.0001). Pain had almost
disappeared in all recipients 1 hour after drug ad-
ministration (pain VAS 0.26 mm with methoxy
polyethylene glycol-epoetin and 0.82 mm with dar-
bepoetin alfa).
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B |V methoxy polyethylene glycol-epoetin beta g2w (n = 221)
@ |V methoxy polyethylene glycol-epoetin beta gdw (n = 220)
O |V epoetin alfa or beta qw to tiw (n = 225)

20
18

16

Patients (%)

Adverse events

Fig. 2. Incidence of adverse events that occurred in 210% of recipi-
ents of intravenous (IV) methoxy polyethylene glycol-epoetin beta
or comparator (IV epoetin alfa) in the randomized, open-label, par-
allel-group, multicentre MAXIMA study in patients with anaemia
associated with chronic kidney disease.?? See section 4 for further
details of dosage and study design. g2w = once every 2 weeks;
qd4w = once every 4 weeks; qw = once weekly; tiw = three times a
week.

7. Dosage and Administration

Methoxy polyethylene glycol-epoetin beta is ap-
proved in Europe™ and in the US!"! for the treat-
ment of anaemia associated with CKD, including
those on and not on dialysis. The efficacy and safety
of this agent has not been established in other indica-
tions.™ This section will focus on administration
details approved for Europe.

Methoxy polyethylene glycol-epoetin beta may
be administered subcutaneously (into the abdomen,
arm or thigh) or intravenously.™ Following admin-
istration of this agent, haemoglobin levels should be
monitored every 2 weeks until they are stabilized
and then periodically thereafter.*!

In ESA-naive patients, the recommended starting
dose is 0.6 pg/kg, to be administered once every
2 weeks as a subcutaneous or intravenous injection
in order to reach a haemoglobin level >11 g/dL.[*! If
haemoglobin levels increase by <1.0 g/dL over a
month, then the dose may be increased by approxi-
mately 25%. Further increases of approximately

Drugs 2008; 68 (8)



1150

Curran & McCormack

25% may be made once monthly until the individual
target haemoglobin level is reached.*!

Patients currently being treated with ESAs can be
directly converted to methoxy polyethylene glycol-
epoetin beta administered once a month as a single
intravenous or subcutaneous injection. The starting
dose of this agent is based on the calculated weekly
equivalent dose of darbepoetin alfa or epoetin at the
time of conversion (see table V). The monthly dose
of methoxy polyethylene glycol-epoetin beta may
be adjusted by approximately 25% in order to reach
a haemoglobin level within the target range.!

In patients currently treated with ESAs and in
those naive to ESAs, if the haemoglobin level in-
creases by more than 2 g/dL in 1 month or if the
haemoglobin level is approaching 12 g/dL, then the
methoxy polyethylene glycol-epoetin beta dose
should be reduced by approximately 25%. If the
haemoglobin levels continue to increase, then
methoxy polyethylene glycol-epoetin beta adminis-
tration should be interrupted until haemoglobin
levels begin to decrease (a decrease of approximate-
ly 0.35 g/dL per week is expected). Therapy should
then be resumed at a dose approximately 25% below
the previously administered dose. Dose adjustments
should not be made more frequently than once a
month.®

No adjustment of the starting dosage of methoxy
polyethylene glycol-epoetin beta is required in pa-
tients aged >065 years. Clinical data regarding the use
of this agent in children or adolescents aged
<18 years are not available and so the use of this
agent in this patient group is not recommended.™

Supplementary iron therapy is recommended in
all patients with serum ferritin levels <100 pg/L or
transferrin saturation <20%. The patient’s iron sta-
tus should be evaluated prior to and during treatment
in order to ensure effective erythropoiesis.*!

Local manufacturer’s prescribing information
should be consulted for comprehensive dosage and
administration guidelines.
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8. Place of Methoxy Polyethylene
Glycol-Epoetin Beta in Patients with
Anaemia Associated with Chronic
Kidney Disease

The prevalence of CKD is reflected in the num-
ber of patients with end-stage renal disease.l**% In
the US, the incidence of end-stage renal disease is
estimated to be 347 patients per million population
(2005 data).®!l Varying incidences of end-stage re-
nal disease have been reported in Europe; for exam-
ple, the unadjusted incidence was 93 patients per
million population in Finland, Norway and England
and ranged up to 174 patients per million population
in Greece (2005 data).l*?! However, the number of
patients with end-stage renal disease probably un-
derestimates the total number of patients with CKD,
with up to 50-fold more patients estimated to have
earlier stages of the disease.l3!

CKD is characterized by a progressive reduction
in function of the renal parenchyma.[l33] CKD has
been defined as either kidney damage or a glomeru-
lar filtration rate <60 mL/min/1.73 m2, for
>3 months.[*3 Markers of kidney damage include
abnormalities in the composition of the blood or
urine, or abnormalities in kidney imaging tests. The
clinical course of this disease has also been divided
into a continuum of five stages based on glomerular
filtration rate.

Anaemia is a common complication of patients
with CKD.P#* It is already observed in many patients
with early stages of CKD, and in most patients once
CKD has progressed to stage 5.1°! The early initia-
tion of anaemia management in patients with CKD,
prior to dialysis, may slow the progression of kidney
disease,3%! delay the initiation of renal replacement
therapy,®! reduce the risk of cardiac disease and
improve survival.?7l The management of anaemia
also improves HR-QOL and reduces transfusions
and hospitalizations.3®

According to the European Best Practice Guide-
lines (EBPQG), all patients with CKD, irrespective of
the stage of the disease, should be investigated for
possible anaemia treatment.l'! A work-up for diag-
nosis of anaemia should be considered if haemo-
globin levels are <11.5 g/dL in adult females,
<13.5 g/dL in adult men aged <70 years and <12.0 g/
dL in adult men aged >70 years (Europe),!!! or
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<12.0 g/dL in females and <13.5 g/dL in males
(US).2

Prior to the mid-1980s, blood transfusion was the
only available treatment option in patients with
anaemia associated with CKD; however, since this
time, the development of epoetin has transformed
the management of these patients.’’! Epoetin alfa is
available in both the US and Europe, while epoetin
beta is available in Europe only. A modified recom-
binant erythropoietin, darbepoetin alfa, is also avail-
able in both Europe and the US. Methoxy polyethyl-
ene glycol-epoetin beta is an ESA that is available in
Europe and has recently been approved for use in the
Us.

The US National Kidney Foundation Kidney
Diseases Outcomes Quality Initiative (NKF-
KDOQI) Clinical Practice Guideline and Clinical
Practice Recommendations,>*! the EBPG!!! and
National Institute for Health and Clinical Excellence
guidelines!*’! recommend ESAs for the treatment of
anaemia in patients with renal insufficiency.

ESAs are glycated proteins with a peptide core of
165 amino acids; differences in carbohydrate con-
tent are responsible for their different half-lives and

Table VI. Half-lives of erythropoiesis-stimulating agents (ESAs)
ESA Population Mean half-life (h)

intravenous  subcutaneous
administration administration
Epoetin alfa Healthy 6.8 19.4
volunteersll
Epoetin beta Healthy 8.8 24.2
volunteersll
Darbepoetin alfa CKD pts not on 69.6
dialysist?!
CKD pts on 25.3 48.8
dialysisi3
Methoxy CKD pts not on 77 142
polyethylene dialysis'3P
glycol-epoetin ~ CKD pts on 134 139
beta? dialysis!'3P
Healthy 133 137

volunteers!'?!
a Small pt numbers and high inter-pt variability may have
contributed to the wide numerical range obtained for the half-
lives.

b There was no difference in the pharmacokinetic parameters
of pts on and not on dialysis in an analysis of 126 pts with
CKD.™

CKD = chronic kidney disease; pt(s) = patient(s).
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consequent dosing frequency (see table VI).[*?l A
major limitation of epoetin, the first ESA to be
marketed, is that it is usually administered by injec-
tion two or three times weekly. In order to develop a
longer-acting erythropoietic agent, additional N-
linked glycosylation sites were introduced by site-
directed mutagenesis into erythropoietin./** The re-
sulting 37.1 kDa glycoprotein, darbepoetin alfa, is
larger and heavier, with a half-life 3-fold that of
epoetin (see table VI). This characteristic has al-
lowed less frequent administration, with most pa-
tients receiving injections once weekly or once eve-
ry 2 weeks.!*>%1 In addition, once monthly adminis-
tration of darbepoetin alfa is indicated during the
maintenance phase (European label) for patients not
on dialysis who have achieved target haemoglobin
levels with administration of this agent once every
2 weeks.) The integration of a long linear chain of
methyl polyethylene glycol into glycosylated ery-
thropoietin resulted in the generation of methoxy
polyethylene glycol-epoetin beta (see section 2).
The agent has a longer half-life than other ESAs (see
table VI) and allows administration to occur once
every 2 weeks during the correction phase or once
every 4 weeks during the maintenance phase in
CKD patients both on or not on dialysis.

Iron deficiency may occur with ESA administra-
tion because of the increase in erythropoiesis and the
increased demand for iron. Sufficient iron should
also be administered to maintain serum ferritin
levels >100 pg/L and transferrin saturation
>20%.11:3)

Other potential therapies used in the management
of anaemia include carnitine, androgens, gluta-
thione, ascorbate (vitamin C) and tocopherol (vita-
min E) supplements. However, these agents are not
recommended for general or routine use, as data
supporting their use are inconclusive.[!:?]

Control of haemoglobin levels within evidence-
based targets is important with ESA treatment.[ 647!
Haemoglobin levels below the target range re-
present a loss of therapeutic benefit, increased
risk of hospitalization and increased risk of mor-
tality 859 A retrospective study, in 159 720
haemodialysis patients receiving epoetin therapy
demonstrated that persistently and transiently low
haemoglobin levels and highly variable haemo-
globin levels were associated with increased risk of
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death. Further analysis of the results indicated that
the amount of time spent with a low haemoglobin
level was a key factor, with Bayesian modelling
indicating that patients with =3 months with haemo-
globin levels <11 g/dL have the highest mortality
rates.[46471

Controversy exists as to what upper limit of the
target haemoglobin levels represents maximum HR-
QOL benefits, but minimum ESA-related adverse
effects. In the CHOIR (Correction of Hemoglobin
and Outcomes in Renal Insufficiency)®!! trial that
enrolled 1432 patients with stage 3 and 4 CKD,
there was an increased risk (34%; p = 0.03) of the
composite endpoint (death, myocardial infarction,
heart failure and stroke) with a higher haemoglobin
target of 13.5 g/dL than in those with a lower target
(11.3 g/dL)."! In the CREATE (Cardiovascular
Risk Reduction by Early Anaemia Treatment with
Epoetin Beta) trial that enrolled 605 patients with
CKD,B% the incidence of a cardiovascular events
was 58 events in patients with a target haemoglobin
level of 13.0-15.0 g/dL and 47 events in those with a
target of 10.5-11.5 g/dL; the between-group differ-
ence was not significant. A recent meta-analysis of
nine randomized clinical trials in anaemic patients
with CKD treated with erythropoietin demonstrated
that there was a 17% increased risk of all-cause
mortality (p = 0.03) and a 16% increased risk of
arteriovenous access thrombosis (p = 0.001) in pa-
tients with a higher target haemoglobin level
(12-16 g/dL).*” However, the methodology, de-
sign, execution and analysis of the CHOIR and
CREATE trials have been questioned.’3** More-
over, the pathogenesis of the adverse effects asso-
ciated with the higher haemoglobin levels in these
trials is not clear, and may involve the effect of
achieving the higher haemoglobin level itself or
other mechanisms such as the dose of the ESAs, use
of iron supplementation, increased blood pressure or
ESA hypo-responsiveness.[ 6!

Arguably, it may not be until the results of larger,
adequately powered, well designed trials such as
TREAT (Trial to Reduce Cardiovascular Events
with Aranesp Therapy), which is examining the
effects of normalizing haemoglobin in patients with
type 2 diabetes mellitus, and chronic kidney failure
and anaemia, become available that a clear picture
of the impact of ESAs and target haemoglobin levels
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will emerge.P>* It has been recommended that
such future large-scale controlled trials should be
accompanied by relevant laboratory correlative
studies (e.g. pretreatment and post-treatment platelet
and coagulation function tests) and appropriate
study endpoints (including survival, cardiovascular
endpoints and HR-QOL).*¥ In contrast, other au-
thors have argued that on the basis of the currently
available data, further trials to determine haemo-
globin target levels are no longer required, should be
stopped or, at least, the reasons for their continua-
tion should be made fully available.53! They suggest
that future trials should focus on assessing the im-
pact of ESA dose (rather than haemoglobin level) on
mortality and cardiovascular endpoints.

In the light of this currently available data, the
US FDA has issued a ‘black box’ warning under-
scoring the risks for ESAs.[6I The US label contains
a warning that patients with renal failure treated
with ESAs experienced greater risks for death and
serious cardiovascular events when higher versus
lower haemoglobin levels (13.5 vs 11.3 g/dL; 14 vs
10 g/dL) were targeted in two clinical trials.!'>! The
‘black box’ also warns that methoxy polyethylene
glycol-epoetin beta is not indicated for the treatment
of anaemia in patients with cancer.!'

The FDA recommends that for anaemic patients
with chronic renal failure haemoglobin levels
should be maintained within 10-12 g/dL.%! These
recommendations differ somewhat from other cur-
rent US!>*! and European!!*%! guidelines for anae-
mia management in patients with CKD, which
recommend the maintenance of haemoglobin levels
211 g/dL. The 2007 update of the NKF-KDOQI
haemoglobin target recommends that selection of
the haemoglobin target and selection of the haemo-
globin level at which ESA therapy is initiated in the
individual patient should include consideration of
potential benefits (including improvement in HR-
QOL and avoidance of transfusion) and potential
harms (including the risk of life-threatening adverse
events).?! In dialysis and non-dialysis CKD pa-
tients treated with ESAs, the selected haemoglobin
target should generally be 11-12 g/dL. These updat-
ed guidelines also recommend that in dialysis and
non-dialysis CKD patients receiving ESA therapy,
the haemoglobin target should not be above 13.0 g/
dL.B EBPG recommends setting individual targets
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for each patients with the upper limit set according
to co-morbid conditions."! A haemoglobin level
>12 g/dL is not recommended in patients with se-
vere cardiovascular disease (New York Heart Asso-
ciation class III-IV). However, it should be noted
that these guidelines were published before the re-
sults of the CREATE and CHOIR trials became
available.

Even when haemoglobin levels reach the target
level, there can be substantial variation with the use
of epoetin, with patients cycling in and out of the
therapeutic range.”’"! In one study in 281 dialysis
patients treated with epoetin, although mean haemo-
globin levels (11.8 g/dL) were within the target
range, more than 90% of patients experienced cy-
cling (=1 cycle of amplitude >1.5 g/dL of >8 weeks
duration). Patients in this study experienced about
three excursions per year and required about six
dose adjustments per year.

An ideal ESA should thus not only be capable of
achieving target haemoglobin levels, but also of
ensuring that the levels reached remain stable over
an extended period of time. Methoxy polyethylene
glycol-epoetin beta has a pharmacological profile
(see sections 2 and 3) that allows administration
over longer intervals (up to 1 month). Potentially,
this agent should stimulate erythropoiesis at a more
constant rate (rather than the intermittent stimula-
tion provided by traditional ESA), thus ensuring
more constant and stable haemoglobin levels.

Phase III correction trials (AMICUS and
ARCTOS) demonstrated that methoxy polyethylene
glycol-epoetin beta administered intravenously or
subcutaneously once every 2 weeks was associated
with a smooth and steady rise in haemoglobin levels
in patients with CKD (both on and not on dialysis)
who had not previously received ESA. Response
rates were high (93.3-97.5%), with the change in
mean haemoglobin level between baseline and the
evaluation period being noninferior to darbepoetin
alfa in the ARCTOS study (see section 4). Phase III
maintenance trials in patients previously treated
with an ESA also demonstrated that methoxy poly-
ethylene glycol-epoetin beta once every 2 or
4 weeks maintained stable haemoglobin levels
(within £1 g/dL of baseline and within a range of
10-13.5 g/dL) over the evaluation period (weeks
29-36) when patients on dialysis were directly con-
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verted from other ESAs that were administered one
to three times per week (see section 4). Consistent
with the similar t»3 values achieved when methoxy
polyethylene glycol-epoetin beta is administered via
either the intravenous or subcutaneous route of ad-
ministration (see table I), the route of administration
had no impact on the primary efficacy results, with
haemoglobin levels remaining stable with both
routes of administration of this agent. Moreover, the
phase III studies demonstrated the non-inferiority of
this agent to its comparators (see section 4). The
effect of maintaining haemoglobin levels within the
recommended USP* and European!!! target range on
mortality and cardiovascular endpoints has yet to be
investigated in long-term trials.

Methoxy polyethylene glycol-epoetin beta was
generally well tolerated in the phase II and III trials,
with most adverse events being of mild to moderate
severity, consistent with the co-morbidities known
to occur in this patient group and similar to those
reported with other ESAs (section 6). Hypertension,
diarrhoea and nasopharyngitis were the most com-
monly reported adverse events. Serious adverse
events occurred in a similar percentage of recipients
of methoxy polyethylene glycol-epoetin beta and its
comparators (38% vs 42%). Hypertension is com-
monly associated with use of ESAs and results from
multiple mechanisms (including expansion of blood
volume, increased blood viscosity and reversal of
hypoxic vasodilation).[*"!

Pure red cell aplasia and severe anaemia, with or
without other cytopenias, have been associated with
the development of neutralizing antibodies to ery-
thropoietin in patients treated with other ESA (gen-
erally with subcutaneous administration or with for-
mulations of epoetin available outside the US).[60:61]
No red cell aplasia has been reported in phase III
trials involving methoxy polyethylene glycol-epoe-
tin beta. No clinically relevant changes in vital sig-
ns, iron levels or laboratory parameters were report-
ed during the phase III studies.

Given that erythropoietin receptors may be ex-
pressed on the surface of a variety of tumours, there
is a concern that ESAs may stimulate the growth of
malignancies. In November 2007, the FDA ap-
proved new labelling strengthening the warnings
regarding the use of epoetin alfa and darbepoetin
alfa based on the outcomes of six studies showing
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decreased survival and/or tumour progression in
patients with cancer receiving an ESA.[621 A dose-
ranging phase II trial in patients with anaemia asso-
ciated with chemotherapy for advanced non-small
cell lung cancer was suspended because there were
significantly more deaths in recipients of methoxy
polyethylene glycol-epoetin beta than recipients of
other ESAs.[1563]

Pharmacoeconomic studies suggest that treat-
ment of anaemia associated with CKD to recom-
mended targets may result in savings of costs and
healthcare resources.l! A retrospective claims
analysis of US health plan members demonstrated
that in 26 244 patients with anaemia associated with
CKD, ESA use was associated with mean total cost
savings of $US411 per patient per month. This cost
saving reflected reduced inpatient and emergency
department visits and costs, and was associated with
lower inpatient mortality and a longer time to dialy-
sis. The longer-acting methoxy polyethylene glycol-
epoetin beta has the potential to further reduce the
cost associated with drug administration. Data ob-
tained from an observational time and motion study
conducted in the UK and Germany were used to
estimate the time and costs saved by a hypothetical
conversion from traditional ESAs to methoxy poly-
ethylene glycol-epoetin beta in a dialysis centre of
100 patients. Annual costs (excluding drug acquisi-
tion costs) were estimated to be reduced by as much
as 59% as a result of conversion to the longer-acting
ESA (see section 5). However, the real cost-benefit
of methoxy polyethylene glycol-epoetin beta cannot
be determined until the price of this agent is taken
into consideration.

In conclusion, in patients with anaemia asso-
ciated with CKD, subcutaneous or intravenous
methoxy polyethylene glycol-epoetin beta achieved
a high haemoglobin response rate (ESA-naive pa-
tients) when administered once every 2 weeks and
maintained stable haemoglobin levels (patients pre-
viously treated with ESAs) when administered once
monthly.
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