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Keywords: ABSTRACT: Anaemia associated with chronic kidney disease (CKD)
affects the overall health of the patients leading to increased morbidity
and mortality. Erythropoietin stimulating agents (ESAs) have been the
standard of care for the treatment of such patients since last 20 years.
These agents have the potential to increase mean haemoglobin levels in
both pre dialysis and dialysis maintenance phases hence lowering the
cardiovascular complications and all-cause mortality. After epoetin and
darbepoetin, Peginesatide, a novel pegylated erythropoietin (EPO)
mimetic agent has recently been approved in March, 2012. Its better
stability, once a month administration and non-immunogenicity makes
this a preferable ESA. This review will elucidate the available evidence
on efficacy and safety of this drug after analyzing various studies
conducted in patients with renal anaemia. Searches of Pubmed,
Cochrane database, Medscape, Google and clinicaltrial.org were made
for terms like peginesatide, CKD, ESA and renal anaemia.
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INTRODUCTION: Chronic kidney disease (CKD) is
a major worldwide public health problem afflicting
approximately 13 % of the population in United
States (US). Number of patients eventually reaching
ESRD are increasing rapidly with estimated 450,000
in 2003 to 661,330 by the year 2010 * 2

According to the National Kidney Foundation
(NKF)of US, CKD is defined as an evidence of
kidney damage based on abnormal urinalysis results /
structural abnormalities or an absolute glomerular
filteration rate (GFR) <60 ml/min for three or more
months *.
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Kidney disease has been graded into five stages
depending upon transition from preserved GFR to
end stage renal failure.

Stage 1 occurs when the GFR is > 90 ml/min/1.73
m?. Stages 2, 3, and 4 CKD are defined by a GFR of
60-89 ml/min/1.73 m? 30-59 ml/min/1.73 m? and
15-29ml/min/1.73 m?, respectively. The final stage,
Stage 5, occurs when the GFR is < 15 ml/min/1.73
m? or when patients require dialysis *.

Anaemia is one of the morbid CKD associated
complications with an estimated prevalence of 50%
leading to profound impact on patients’ health and
quality of life. It increases proportionately with
worsening of renal functions.1/4 ™ of CKD stage 1
patients, 1/2 of stage 2, 3, 4 patients and 2/3" of end
stage patients needing dialysis suffer from anaemia.
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In a third National Health and Nutrition Examination
Survey (NHANES I11) done in US, 15,000 people in
general population were found to have inverse
relationship between GFR <60ml/min /1.73 m? and
prevalence of anaemia °. Type of anaemia generally
observed in CKD patients is normochromic,
normocytic and hypoproliferative as determined by
absolute reticulocyte count *.

NKF has defined anaemia as haemoglobin (Hb)
concentration <12 g/dl for females and, 13.5 g/dl in
males whereas European best practices guidelines for
managing anaemia in CKD patients defines anaemia
as Hb concentration <11.5 gm/dl in females, <13.5
gm/dl in males with age <70 years and <12 gm/dl in
males aged >70years > '. Among various etiologies
of anaemia in CKD patients(iron , folic acid and
vitamin B 1, deficiency, GIT bleeding, severe
hyperparathyroidism, systemic inflammation and
decrease RBC survival), most important cause is
erythropoietin (EPO) deficiency .

EPO is a 30,400 dalton glycoprotein which is
secreted by renal peritubular interstitial cells of
kidneys in adults and hepatocytes in foetus .
Progressive tubular interstitial fibrosis in CKD
patients impairs the synthesis of sufficient EPO by
kidneys hence resulting in deficiency state leading to
renal anaemia * 2.

Impact of Anaemia: Anaemia of CKD is not just
confined to symptoms like fatigue, dyspnoea,
reduced exercise tolerance, decreased cognitive
functions but can lead to cardiovascular
complications (left ventricular hypertrophy, left
ventricular systolic dysfunction, congestive heart
failure and coronary artery disease) and stroke.
These cardiovascular complications further worsen
renal functioning. Hence this vicious cycle of
‘Cardio-renal syndrome’ leads to progressive
deterioration  of patients’ health, increased
hospitalization and ultimately overall mortality * *°,

Due to progressive increase in anaemia with gradual
worsening of renal functions, early diagnosis and
accurate continuous management throughout CKD
continuum is the most challenging task. ‘Proactive
multimodel treatment strategy is essential for
management of morbid anemia with CKD to
improve outcome in such patients.
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Management of Anaemia in CKD: Queries have
surrounded the issue of deciding target haemoglobin
which is the first and foremost strategy for anaemia
management. Two randomized controlled trials -
Correction of Haemoglobin and Outcomes in Renal
Insufficiency (CHOIR) and Cardiovascular Risk
Reduction by Early Anemia Treatment with Epoetin
(CREATE) demonstrated that Hb > 13 g/dl carries
risk but no superior efficacy as compared to
<12gm/dl 11,12,13

Intensive ESA treatment has been found to be
associated with increased mortality risk in patients
with hematocrit > 36% or higher in a study done by
Brookhart . Kidney Disease Outcomes Quality
Initiative (KDOQI) in 2007 suggested that safer
strategy is partial correction of anemia by setting
target Hb to 11-12 to reduce the incidence of
thromboembolism *°.

Conventional management of anemia involves
intravenous iron therapy, red blood transfusions and
erythropoiesis stimulating agents (ESAs) > *°. ESA
have been found to be the mainstay of treatment, if
used judiciously with frequent dose adjustments
according to target Hb, rate of change of Hb and the
clinical condition of patient *.

Since last 20 years, clinical use of ESAs has
dramatically improved the management of anaemia
associated with CKD, particularly in those who are
undergoing dialysis transfusion dependent, iron
overloaded and severely debilitated due to very low
Hb (6-7gm/dl) ,with continuous development and
research going on in this direction *’.

In addition to the efficacy and safety of ESAs, great
impact on economic status of anaemia treatment has
been witnessed with ESA use, as mean total cost
savings of $411 per patient per month in US had
been observed in a study reflecting reduced inpatient
and emergency department visits and costs, lower
inpatient mortality and longer time to dialysis 2.
Evoluting from first generation recombinant human
ESA — Epoetin o, second generation ESA —
darbepoetin and third generation ESA - Continuous
erythropoietin receptor activator (CERA) have been
developed and studied. Progressive generations differ
chemically in having more sialic acid residues which
make them more stable and longer acting leading to
less frequent administration.
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Epoetin o needs 1-3 weekly injections, darbepoetin
needs once weekly /2 weekly and CERA once every
two weeks injections. Focusing on the search of an
ESA with still longer action, less frequent
administration and temperature resistance, screening
of thousands of peptide molecules having affinity for
EPO receptors finally ended up with the discovery of
new potent EPO mimetic agent- Peginesatide. This
novel non immunogenic ESA has recently being
developed with similar efficacy, safety, more
stability and longer ty, as compared to conventional
ESA % |t is the first FDA approved (March 2012)
and marketed unique ESA which can be given once a
month by intravenous or subcutaneous route.

Peginesatide: Peginesatide is a synthetic, dimeric
peptide of molecular weight 5000amu conjugated to
a 40 kDa PEG (polyethylene glycol) moiety which
has amino acid sequence different from other already
existing ESA . Difference in chemistry escapes it
from enzymatic degradation hence makes this novel
agent longer acting (ty» - 47.9 hours) .Peg moiety
gives it stability and increased plasma persistence
due to decreased renal clearance translating in less
frequent administration and hence sustained action.
Difference in structure also provides the advantages
of non-immunogenicity and no cross reactivity with
EPO which otherwise is a problem with conventional
ESAs as anti EPO antibodies formed can halt red
blood cell production and worsen anemia *.

It has been synthesized by traditional solid-phase
synthesis followed by single site-specific conjugation
to PEG. Simple manufacturing process as compared
to genetic engineering and cell cultures for
recombinant ESAs is another advantage of this novel
agent 2°. Most important difference which makes it a
better option amongst ESAs is once a month
administration which seems to make treatment more
economical, comfortable and safe for the patient
hence increasing treatment adherence, saving time
and decreasing work load of health care providers %.

Mechanism of Action: Peginesatide though not
chemically related to EPO binds to and activates
EPO receptors (HUEPOTr) just like natural EPO
leading to regulation of bone marrow erythroid cell
proliferation, differentiation and survival. At
molecular levels action is mediated by receptor
dimerization, Janus kinase (JAK2) activation,
autophosphorylation of tyrosine residues and
phosphorylation of several signalling proteins ® .
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Preclinical and Clinical Studies of Peginesatide:
Regarding pharmacokinetics of peginesatide in
preclinical studies, t;, has been demonstrated to be
in the range of 30.7-92 hours in rats and monkeys *'.
Area under curve and maximum concentration was
seen to be greater by intravenous than subcutaneous
route in a rodent study projecting better
bioavailability by intravenous route but this
difference was not observed clinically %* %,

Peginesatide studies in animals demonstrated dose
dependent increase in RBC counts, haemoglobin and
hematocrit (Hct) levels with sustained circulatory
persistence. Pronounced and sustained polycythemia,
bone marrow hypercellularity and extramedullary
hyperplasia were also observed with peginesatide
administration in animals. Toxicity observed with the
study drug was found to be associated with
exaggerated pharmacology and secondary effects .

The immune responses, which are observed in the
repeat dose toxicity studies conducted with the
currently marketed ESA, were not observed with
peginesatide “®. Antibodies to peginesatide were not
found to cross-react with EPO and vice versa. Hence
this new drug was able to correct antibody induced
anaemia in rat pure red cell aplasia in a rat study *. It
was also found to be non-mutagenic/clastogenic in
genotoxicity testing studies in transgenic mouse 3.

Peri/post natal safety in animals was observed in a
study which demonstrated negligible foetal exposue
with no effect on development, functioning, mating
and fertility end points in F1 generation after
administration of peginesatide in pregnant rats. No
effect was observed on lactation, partiruation and
mating behaviour of FO generation. Slight decrease
in 2-4 days post-partum viability and low birth
weight in F1 progeny was associated with
exaggerated polycythemia 2. Hence, results of this
study can be extrapolated to confirm safety of this
novel agent clinically also in pre/post natal phases.

A Phase | double blind, placebo controlled trial of
peginesatide was carried out in 28 healthy volunteers
to test the safety and pharmacodynamics of the single
intravenous dose of study drug. The trial results
demonstrated dose  dependent increase in
reticulocytes. 0.1mg/kg dose was associated with
significant increase in Hb than baseline as compared
to placebo (1.36+£0.39 versus 0.39+ 0.38; p<0.001)
which was sustained for more than one month.
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Also it was found to be well tolerated with mild
adverse effects like headache, nausea, abdominal
pain and dizziness *. A phase 2, multicenter, open
label, sequential dose finding study of peginesatide
was conducted in 139 non dialysis CKD patients
with anaemia. Patients were assigned to eight cohorts
depending upon starting dose, dosing frequency and
route of administration. Across all the cohorts, 96%
of patients achieved Hb response (increase of
>1gm/dl from baseline or hb>11gm/dl at any time)
.Mean increase in Hb at the end was 1.4gm/dl with a
dose response relationship. Final outcome of the
study (final median range 0.019-0.044mg/kg once a
month) confirmed that once a month peginestaide
can be started with dose of 0.025-0.04mg/kg for
further exploratory phase 3 studies >*.

An open-label, single-group trial enrolled 14 patients
with  CKD who had pure red-cell aplasia or
hypoplasia due to anti EPO antibodies. Peginesatide
was administered by subcutaneous injection at an
initial dose of 0.05 mg/kg every 4 weeks. Results of
this study demonstrated significant increase in Hb
from 9.0 g/dl before treatment to 11.4 g /dl at the
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time of the last administration. Transfusion
requirement diminished in 13 out of 14 patients in 12
weeks after first dose with 10 fold increase in peak
reticulocyte count and mild to moderate adverse
effects in majority of patients .Anti EPO antibodies
also declined over the course of the study and
became undetectable in six patients *°.

Four major phase Il trials were done involving
nondialysis (PEARL 1 and 2) and dialysis
patients(EMERALD 1 and 2) to compare efficacy
and tolerability of peginesatide once a month
injection with epoetin 1-3 times a week or
darbepoetin once every two weeks. PEARL 1 and
EMERALD1 studies were done in US whereas
PEARL 2 and EMERALD 2 studies were done in
Europe and US > * % The median duration of
follow-up for patients on study drug in the four trials
was 1.3 years. Results of these mega trials were
found sufficiently convincing by regulatory
authorities to approve this new drug with once a
month administration for management of anemia in
CKD patients on dialysis [Table 1, Table 2].

TABLE 1: RESULTS OF PEARL 1 AND PEARL 2 STUDIES %%

PEARL1
(groupl/group2/group3)

PEARL2
(groupl/group2/group3)

Mean change in Hb from baseline(gm/dI)
Treatment difference(Cl)

1.39/1.64/1.37, 0.03(-0.19, 0.26) and
0.26(0.04, 0.48). Pre-specified

criterion for non-inferiority was met
by peginesatide in both groups.

1.50/1.68/1.35, 0.14(-0.09, 0.36) and
0.31 (0.08, 0.54). Pre-specified

criterion for non-inferiority was met
by peginesatide in both groups.

Proportion of patients who received blood 6.2/7.3/4.9 11.4/10.4/4.9. Statistically significant
transfusions (%0) No statistically significant difference difference in group 1 and group 3
Proportion of patients with a mean Hb in 93/94/94 91/93/95

target range during evaluation period (%)

No statistically significant difference

No statistically significant difference

Mean Hb during evaluation period (gm/dl)

11.5/11.6/11.5
No statistically significant difference

11.6/11.7/11.4
No statistically significant difference

Proportion of patients with serious adverse
events (%)

48/46/43
No statistically significant difference

52/49/43
No statistically significant difference

TABLE 2: RESULTS OF EMERALD 1 AND EMERALD 2 STUDIES 3%

EMERALD1 EMERALD 2
Group 1/group 2 Group 1/group 2
Mean change in Hb from baseline(gm/dl) -0.24/-0.09 -0.07/-0.17

Treatment difference(Cl)

-0.15(-0.29,-0.01)
pre-specified criterion for non-
inferiority was met by peginesatide

0.10(-0.05,0.26)
Pre-specified criterion for non-
inferiority was met by peginesatide

Proportion of patients who received blood 10.3/8.6 7.6/9.9
transfusions (%) No statistically significant difference  No statistically significant difference
Proportion of patients with a mean Hb in 63/71.7 63.5/65.9
target range during evaluation period (%0) Statistically significant difference No statistically significant difference
Mean Hb during evaluation period (gm/dl) - 11'.1/1.123 - - 11'.1/1.121 n
No statistically significant difference  No statistically significant difference
Proportion of patients with serious adverse 58/63 49/52

events (%0)

No statistically significant difference

No statistically significant difference
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Study Details of PEARL and EMERALD: PEARL
1(490)and PEARL  2(493) studies  were
interventional, randomized, open label, parallel
group safety/ efficacy studies done in patients with
chronic renal failure not on dialysis and not on ESA.
Patients were randomized to three groups (1:1:1).
Group 1 was given peginesatide subcutaneous once a
month with a starting dose of 0.025 mg/ kg. Starting
dose of peginesatide was fixed at 0.04 mg/kg in
group 2 and group 3 was given darbepoetin
subcutaneous every 2 weeks with a starting dose of
0.75 mcg /kg for >52 weeks. Doses of all the drug
groups were titrated to achieve target Hb to 11-12
gm/dl. Primary outcome measure was mean change
in Hb from baseline to 25-36 weeks. Secondary
outcome measures were proportion of patients who
received RBC transfusion/achieved Hb response
above baseline (0 to 36 weeks).Hb response was
defined as increase in Hb by >1gm/dl above baseline
and Hb>11gm/dl without RBC transfusion in
previous 8 weeks %,

EMERALD 1(n=803) and EMERALD 2 (n=823)
studies were also interventional, randomized, parallel
group, open label safety/ efficacy studies done in
patients with CRF undergoing haemodialysis for 3
months or more and on maintenance therapy with
epoetin since 8 weeks or more before randomization.
Patients were randomized in two groups (2:1).Group
1 was given peginesatide and group 2 was
administered epoetin. Staring dose of peginesatide
was adjusted based on epoetin dose during last week
of screening before randomization and titrated to
achieve target Hb.

Primary outcome measure was mean change in Hb
from baseline to 36 weeks. Secondary outcome
measures were proportion of patients who received
RBC transfusion whose mean Hb level is within the
target range of 10.0 - 12.0 g/dI during 8 weeks *°.

In all the four studies, peginesatide met the statistical
criterion for non-inferiority for therapeutic efficacy
and cardiovascular composite safety endpoint (CSE)
[death, stroke, myocardial infarction, congestive
heart failure, unstable angina, and arrhythmia] with
hazard ratio (HR) 1.06, 90 percent confidence
interval (Cl) 0.91 — 1.22. Whereas, in EMERALD
studies frequency of CSE was similar in both groups
(23% versus 24%)[(HR 0.95, 90 percent CI 0.79 -
1.13), In PEARL trials, frequency of CSE was found
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to be higher (21.6%) in study group as compared to
control group (17.1%) [HR 1.34, 90 percent Cl 1.03
— 1.73] *®*, These results are not the confirmation
for non-inferiority of peginesatide in non-dialysis
patients because it is thought that certain imbalances
in the baseline characteristics must have influenced
the study results. Hence, more exploratory trials in
future are needed to confirm the safety of this agent
in non-dialysis patients. **

CONCLUSION: In conclusion, Peginesatide as
once monthly injections is an equally efficacious,
safe and non-immunogenic ESA with good
haemoglobin stability in anemia associated with
CKD patients on dialysis. It will be too early to mark
it more superior as compared to epoetin and
darbepoetin, but its once monthly convenient dosing
certainly makes this novel agent preferable than the
existing agents. More exploratory head to head
comparative clinical trials are warranted in future to
clinically elucidate its efficacy and safety as
compared to the existing ESASs.
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