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(57) Abstract: Disclosed herein is use of an active agent comprising a peptide derived from atrial natriuretic peptide (ANP) prohor -
mone or a mimetic thereof in the manufacture of a medicament for treating a disease in a subject. The medicament is administered
subcutancously in a multimodal dosage regime comprising at least an initial dosage stage and at least one maintenance dosage stage.
The initial dosage stage comprises infusing the active agent at an initial dosage rate for an initial period to achieve a target steady
state blood plasma concentration of the active agent or metabolite thereof. The maintenance dosage stage(s) comprise(s) adjusting
the dosage fate to a maintenance dosage rate for a maintenance period to substantially maintain said target steady state blood plasma
concentration of the active agent or metabolite thereof.
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DOSAGE REGIMEN FOR THERAPEUTIC METHOD

PRIORITY DOCUMENT

{0001} The present application claims priority from United States of America Provisional Patent
Application No. 61/789557 titled "DOSAGE REGIMEN FOR THERAPEUTIC METHOD" and filed

on 15 March 2013, the contents of which are hereby incorporated by reference in their entivety.

TECHNICAL FIELD

[0002] The present invention relates to methods and apparatus for treating subjects with peptides

dertved from atrial natriuretic peptide (ANF} prohormone or mimetics thereof.

BACKGROUND

[0003] Atrial natriuretic peptide {ANP) is a protein seereted by heart musele cells which rcgulates
blood pressure and maintains plasma volume tn healthy tndividuals by mediating natriuretic, diaretic
and hacmodynamic cffcets. Vessel ditator (VSDL) is a naturally occurring 37 amino acid cardiac
peptide consisting of amino acids 31-67 of the 126 amino acid ANP. The main biological activity of’
VSDL is to regulate blood pressure and maintain plasma volume in healthy individuals by mediating

natriveetie, divretic and haemodynamic effects (Vesely, 2003).

{0004] Investigations into the use of VSDL for the treatment of cardiac diseases suchas congestive
heart failure (CHF) have been conducted via both preclinical and human clinical studies. It has been
shown that VSDL ean significantly improve haemodynamic and renal parameters, sach as cardiac
index/outpur, pulmonary capillary wedge pressure, svstemic and pulmonary vascular resistance,
natrivresis, dinresis, and creafinine clearanee without any symptomatic side effects (Vesely, 1994 and
1998). VSDL 1s considered to be a safe and potential effective freatment by mediating benefictal
haemodynamic effects including, but not hmited to, beneficial natriuretiz, diuretic and renal effects,
through mechanisms of regulating plasma volume and blood pressure (BP) within clinically acceptable
ranges and without seriously adverse side effects. Accordingly, VSDL can be administered to subjects
with acute decompensated congestive heart failure (ADCHF). Morcover, VSDL has also been found
to have anticancer offects (Skelton et a/: 2011), and is a promising candidate in the treatment of acute
renal failure (Vesely, 2003). Accordingly, 1t will be appreciated that VSDL is a useful candidate for

the treatment of various diseases.
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[0005] The present applicant has surprisingly found that when a human subject is dosed with VSDL a
steady state blood plasma concentration (Css) of the active agent is not necessarily achieved in

accordance with classical pharmacokinetic dosage calenlations.

SUMMARY

[0006] The present invention arises from elinical studies during which VSDL was infused
subcutancously into subjects at'a dosage rate that was predicted, based on previous clinical data and
standard pharmacokinctic calculations, to provide a steady statc blood plasma concentration of VSDL
within 6 hours. However, what was clinically observed was that the blond plasma coucentration did
not.reach the calculated steady state concentration but rather, continued to increase beyond the steady
state concentration that wag caleulated would be achieved based upon the dosage rate administered. As
aresult of these clinical studies, the present applicant has developed a novel dosape regime for
admimstration of VSDL and related atrial natriuretic peptide (ANP) prohormone peptides. The dosage

regime fakes nto account the non-classical pharmacokinetic behaviour of VSDL,

[0007] Accordingly, in a first aspect the present invention provides the use of an active agent
comprising a pepfide derived from atrial natriuretic peptide (ANP) prohormone of a mimetic thercof in
the manufacture of a medicament for treating a disease in a subject, wherein said medicament is
administered subcutancousty in a multimodal dosage regime comprising at least an initial dosage stage
and at least one maintenance dosage stage, the initial dosage stage comprising infusing the active
agent-at an initial desage rate for an inttial period to achieve a target steady state blood plasma
congentration of the active agent or metabolite thereof, and the maintenance dosage stage(s)
comprising adjesting the dosage rate to a maintenance dosage rate for a maintenance period to
substantially maintain said target steady state blood plasma concentration of the active agent or

metabolite thereof.

[0008] In a second aspect, the present invention provides an apparatus for administering an active
agent comprising a peptide derived from ateial natriuretic pepride (ANP) prohormone or a mimetie
thereof to a subjeet in need of treatment of a disease, the apparatus comprising: (1) an infusion device
for delivery of the active agent fo the subject subcutanecusly; and (1) a conteol unit operated by a
series of commands, wherein the series of commands contains a set of instructions that couses the
device to administer the active agent to the subject ina multimodal dosage regime comprising at least
an initial dosage stage and at least one maintenance dosage stage, the initial dosage stage comprising
infustng the acttve ingredient at an initial dosage vate for an initiat period to achieve a target steady
state blood plasma concentration of the active agent or metabolite thereof, and the maintenance dosage

stage(s) comprising adjusting the dosage rate to a maintenance dosage rate for a maintenance period to
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substantially maintain said target steady state blood plasma concentration of the active agent or

metabolite thereof.

100091 In embodiments of the second aspect of the invention the apparatus further comprises (7i1) a
monitoring unit capable of adjusting the control unit to achicve the target steady state blood plasma

concentration.

[0010] In a third aspect, the present invention provides a peptide dentved from atrial natriuretic
peptide {ANP) prehormene or a mimetic thercof for usc in the treatment of a discasc in a subject,
wherein said peptide or mimetic thereof 1s administered subcutancounsly in a multimodal dosage
reghine comprising at least an initial dosage stage and at least one maintenance dosage stage, the initial
dosage stage comprising infusing the peptide or mimetic thereof at an initial dosage rate for an mitial
period to achieve atarget steady state blood plasma concentration of the peptide or mimetic thereof or
metabolite thereof, and the maintenance dosage stage(s) comprising adjusting the dosage rate to a
maintenance dosage rate for a maintenance period to substantally maintin said target steady state

blood plasma concentration of the peptide or mimetic thereof or metabolite thereof.

10011} In embodiments of the first, sccond and third aspects the disease 15 selected trom the group
consisting of cardio-renal syndromes and cancer. Cardio-renal syndvomes to be treated include, butare
not timited to, chronic congestive heart fatture (CHF), acute decompensated. congestive beart failure
(ADCHF), pulmonary areterial hypertension (PAH), acute venal failure, chronic renal filure, and

acute kidney mjury (AKI).

{00127 1In a fourth aspect, the present invention provides a method of treating a cardio-renal syndrome
or cancer in asubject, satd method comprising admintstering subcutangousty to the subject an
effective amount of an active agent comprising a peptide derived from atrial natriuretic peptide (ANP)
proliormone ora mimetie thereot tn a multimodal dosage regime comprising at least an initial dosage
stage and at ledst one maintenance dosage stage, the initial dosage stage coniprising infusing the active
agent at an initial dosage rate for an initial period to achicve a target steady state blood plasma
conceniration of the active agent of metabolite thereof, and the maintenance dosage stage(s)
comprising adjusting the dosapge rate to a2 maintenance dosage rate for a maintenance period to
substantially maintain said target steady state blood plasma concentration of the active agest or

metabolite thereof.

[0013] In emboduments of the first to fourth aspects, the multimodal dosage regime 1s a bimodal

regime comprising the initial dosage stage and a maintenance dosage stage.



WO 2014/138796 PCT/AU2014/000256

{0014} In a firth aspect, the present invention provides a diagnostic test comprising obtaining a test
sample of blood fromi a subject, determining the blood plasma concentration of the peptide derived
from afrial natriuretic peptide (ANP) prohormone or a mimetic thereof, and providing information on

the blood plasma concentration.

{0015} In embodiments of the fifth aspect, the method further comprises using the results of the blood
plasma concentration to adjust the dosage rate during administration of the peptide derived from amrial

natriuretic peptide (ANP) prohormone or a mimetic thereof to the subject.

[0016} In a sixtlraspect, the present invention provides & method of monitoring the blood plasma.
levels of a peptide derived from atrial natriuretic peptide (ANP) prohormonge or.a mimetic thercof in

ordet To optimise doging or schedulg, the method comprishag:

{1 contacting z test blood samplc obtained {yom a subjeet with a first capture binding agent
that binds to the peptide derived from atrial natriuretic peptide (ANP) prohormone ora

mimetic or fragmens thercof to form a first capture binding agent-pephide cornplex;

~

{il} contacting the first capture binding agent-peptide corplex with a second detection binding
agent that binds to the peptide derived from atrial natrintetic peptide (ANP) prohormone or
a mimetic or fragment thereof and is confugated to a Jetectable label to form 3 detection-

capiure binding agent-pepids coraplex:

{iii) determining the awount of the detection-captire binding agent-peptide complex formed by
detecting the deteciable Iabel, wherein the amount of the detection-capture binding agent-
peptide complex formned 1s the arsount of the peptide derived from atrial natriuretic peptide

{ANP) prohormone or a mimetic thercof contained in the test sample; and

{v) comparing the smount of the pepride derived from atrial nariuretic peptide (ANP)
prehormone or a mimetic thercof m the test sample determined in step (i) with g destred

tdood plasie level.

10017} Ina seventh aspect. the present invention provides a-method of opiimising dosing of an active
agent comprising a peptide dertved trom atrial natriuretic peptide (ANP) prohormone or a mimetic

thereof to a subject, the method compnsing:

{i} administering subcutaneously to the subject an effective amount of the active agent ina
multimodal dosage regime comprising at least an inital dosage stage and at least one
maintenance dosage stage, the inttial dosage stage comprising infusing the active agent at an

minal dosage rate for an wminal period to aclieve a target steady state blood plasma
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concentration of the active agent or metabolite thercof, and the matntenance dosage stage(s)
comprising adjusting the dosage rate to a maintenance dosage rate for a maintenance period
to substantially maintain said target steady state blood plasma concentration of the active

agent of imctabolitc thercof;

determining the concentration of at least one renal fxction biomarker in a body fluid of the

G,

subiect at Two Of 1ere Hne POTEa;

{iii) comparing the concentrations of the at Jeast one renal function biomarker ai the two or moze

time poeints to ascortain whether renal function of the subject has improved over timeg;

{iv) using the data obtdined fram step (111} 1o defermine whether the dosage rafeof the active

agent should be adjusted; and

{v) if necegsary, adjusting the dosage rate of the active agent during the initial dosage siape

andfor the mainterance dosape stage(s) based on the determination made at step {iv).

f0018] In embodiments of the seventh aspect, the renal function biomarker is ereasining. {n these
embodiments, an increase in the concentration of creatunne tn the body fluid of the subject over time
ingdicates impatoment of reaal function whorens 2 decrease in the concentration of creatinine in the
body fluid of the subject over time indicates an improvement of resal function. Tn embodiments, the
rate of change tn the cansentration of creatining in the body finild of the subiect over time can be used

ta adjust the dosage rate of the active agent.
BRIEF DESCRIPTION OF THE FIGURES

[0019] Figure 1 shows a plot of time (h) after dose vs blood plasma VSDL coneentration (ng/ml) for
three subjecis. The black line and ribbon is the mean and 90% CI predicted for 1000 patients and the

symbols arc the observed data.

[6020] Figure 2 shows individual plois of time {h) after dose vs blood plasma VSDL congentration

(ng/ml) observed for all subjects. The tifles of each plot refer to the subject number.

j0G21] Figure 3 shows plots of time (h) after dose vs blood plasma VSDL concentration (ng/ml)
observed at doses of 52.5 pg, 105 ug, 210 g, 250 ug, 500 g, 5400 ug, and 10800 pg. The symbols

are the observed data and the lines are the population predicted data.
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[0022] Figure 4 shows plots of time (h) after dosc vs blood plasma VSDL concentration (ng/ml)
observed at doses of 52.5 pg, 105 pg, 210 pg, 250 pg, 500 we, 3400 pg, and 10800 pg, The symbols

are the observed data and the lines are the population predicted data.

[0023] Figure 5 shows plots showing the results of Visual Predictive Checks of the modet used in the
study. The observed data is shown with symbols (median) and black lines (90% CI) whilst the
sirmulated data is shown with red lines (median) and ribbon (90% CI). The green symbols show the

data from the present study.

{0024} Figure 6 shows plots showing the results of Visual Predictive Checks of the model used 1n the
study. The observed data is shown with symbols (median) and black lines (90% CI) whilst the
simulated data is shown with red Hnes (median) and ribbon (90% CI). The green symbols show the

data from the present study.

{0025] Figure 7 shows a plot of time {h) after dose vs bload plasma VSDL concentration {ng/ml) for
the three subjects from Example | and two subjects from Example 2. The black line and ribbon is the

mean and 90% Clpredicted for 1000 patients and the symbols are the observed data.

{0026] Figure 8 shows individual plots of timc (h).after dose vs blood plasnia V5DL concentration

(ng/mly observed for all subjects. The titles of each plot refer to the subject number.

{00271 Figure 9 shows individual plots of time (h) after dose vs blood plasiia VSDL: concentration

(ig/ml) observed for all subjects. The titles of cach plot refer to the subject nuimbier.

{0028} Figure 10 shows a plot of time (h) after dose vs bleod plasma VSDL concentration (ng/ml)
for patients eight subjects from Example 3. The black line and ribbon is the mean and 90% C1

predicted for 1000 patients and the symbols are the observed data.

[0029] Figure 11 shows plots of time (h} after dosc vs blood plasma VSDL. concentration (ng/ml) for

subjects from Example 2 (top graph) and subjcets from Example 2 (bottom graph).

[0030] Figure 12 shows a plot of Mean Cardiac Output in ADCHF and Stable CHF patients over

time.

{00311 Figure 13 shows a plot ef blood plasma VSDL concentration (ng/mi) vs estimated glomerular

filration rate {mL/min/1.73 m") for subjects from Example 3.

[0032] Figure 14 shows a plot of blood plasma VSDL cencentration {ng/ml) vs estimated glomerular

filtration tate tmL/mins1.73 m?) for subjects from Example 2.
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{0033} Figure 15 shows a plot of mean MAG3 clearances (percent basehing) for subjects from

Examples 2 and 3 pre- and post-treatment with VSDL.

10034] Figure 16 shows a plot of urine output (L) vs percent of subjects from Examples 2 and 3,

035} Figure 17 shows a plot of blood plasma VSDL concesiration (ng/ml) vs urine sodium

{mEq/L) for subjects from Examples 2 and 3.

[0036] Figure 18 shows a plot mean FENa(%) forthe 10ng/mL blood plasma VSDL concentration
subjects from Example 2 and the 20ng/mL blood plasma VSDL concentration subjecis from Example

3

DETAILED DESCRIPTION

10037} In a first aspect, the present invention provides the use of an active agent comprising a peptide
dertved froms atrial natriuretic peptide (ANP) prohonnene or a mumetic thereof n the manufacture of'a
medicament for treating a disease in a subject, wherein said medicament is administered
subcutaneously ina multimodal dosage regime comprising at least an initial dosage stage and af least
one maintenance dosage stage, the initial dosage stage comprising tnfusing the active agent-at an
initial dosage rate for an initial period to achieve a target steady state blood plasma concentration of
the active agent or metabolite thereof, and the maintenance dosage stage(s) comprising adjusting the
dosage rate to a maittenance dosage rate for a mainicnance period to substantially maintain said target

steady state blood plasma concentration of the active agent or metabolite thercof.

{0038] The multimodal dosage regime i3 not for a fixed time nor based on classieal pharmacokinetic
dosage calculations but rather the result of sophisticated modelling of hypothetical and observed

behaviour of VSDL, or other peptides from the ANP prohermone in the human body.

[0039] A “steady statc concentration” in a human subjeet receiving treatment is a concentration of the
peptide derived from atrial natriurctic peptide (ANP) prohonmonge or a mimetic or mctabolite thereof
that is at a dynamic equilibrium, fluctoating periodically within a reasonably predictable and periodic

range with the flyctuation determined by the desing schedule.

10040} In embodiments, the target steady state blood plasma ¢oncentration is greater than 10 ng/mi.
In some embodinients, the target steady state blood plasma concentration is greater than 15 ng/ml. In
some embodiments, the target steady state blood plasma concentration is from about 15 ng/mi to about
25 ng/ml. In embodiments, the target steady state blood plasma concentration is 15 ng/ml, 16 agiml,

17 ngiml, 18 ng/ml, 19 ag/ml; 20 ng/ml, 21 ng/ml, 22 ng/ml, 23 ng/ml, 24 ng/ml or 25 ng/ml.
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{0041] In some other embodiments, the dosage regime is a "low dosc™ regime and the target steady
state blood plasima concentration is from about 3 ng/ml to about 15 ng/ral. In some specific
embodiments of the Jow dose regime, the target steady state blood plasma concentration is from about
5 agiml to about 10 ng/ml. In embodiments, the target "low dose” steady state blood plasma
concentration Is 3 ng/ml, 4 ng/ml, 5 ng/ml, 6 ng/ml, 7 ng/ml, 8 ngmil, 9 ng/ml, 10-ng/ml, 11 ng/ml, 12
ngfml, 13 ng/ml or 14 ng/ml. In specific embodiments, the target "low dose” steady state blood plasma
concentration is about 5 ng/ml. In other specific emmbodiments, the tarpet "low dose” steady state blood
plasma concentration is about 10 ng/ml. In still other specific embodiments, the target "low dose”

steady state biood plasma concentration is about 15 ng/mi.

[(1042] As used herein, the term "abowt" when used in reference to a steady state blood plasma

concentration means the steady state blood plasma concentration is within =10% of the stated value.

10043] The gene encoding for the synthesis of the atnal natriuxetic peptide (ANP) prohormone
consists of three exons and two introns. Exon | encodes the signal peptide and the first 16 amine acids
of the ANP prohermone. These 16 amino acids form the N-ferminus of a peptide hormone named
long-acting natriuretie hormone (LANH). Exon 2 of the proANP gene encodes for three peptide
hormones, namely vessel dilator, kaliuretic hormone, and ANP. Therefore, asused hevein, the term
"pepiide denved from atrial natriuretic peptide (ANP) prohormone or-a mimetic thereof” mcludes
within its scope long-acting natriuretic hormone (LANH), vessel dilator (VSDL), kaliuretic hormone

(KP), and ANP.

[0044] In specific cmbodiments, the peptide derived from atrial natriurctic peptide (ANP)
prohormene ora mimetic thereof s vessel dilator (VSDL). VSDL is a naturally occurring 37 amino
acid (aa) peptide, which is produced in vive following processing of the 126 amine acid atxial
natriurctic peptide (ANP, also known as atrtal natrinretic factor (ANF)) prohormone (proANP; Vescly,
2003). VSDL consists of amino acids 31-67 of the ANP prohormone. The VSDL for usc lierein may

comprise the native amino acid sequence of human VSDL, namely
Glu-Val-Val-Pro-Pro-Gin-Val-Leu-Ser-Glu-Pro-Asn-Glu-Glu-Ala-Gly-Ala-Ala-Leu-
Ser-Pro-Leu-Pro-Glu-Val-Pro-Pro-Trp-Thr-Gly-Glu-Val-Ser-Pro-Ala-Gln-Arg
(SEQ IDNQ: 1).

[0045] Other suitable native VSDL peptides include:

Pongo pygmizes (Common orang-utan)
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Glu-Val-Val-Pro-Pro-Gln-Val-Lew-Ser-Glu-Gin-Asn-Glu-Glu-Ala-Gly-Ala-Ala-Lew-
Ser-Pro-Leu-Pro-Glu-Val-Pro-Pro-Trp-The-Gly-Glu-Val-Ser-Pro-Ala-Glin-Arg (SEQ ID NQ:

2.

Macaca murlatta (thesus monkey)
Glu-Val-Val-Pro-Pro-Gln-Val-Leu- Arg-Glu-Gin-Asn-Glu-Gle-Ala-Gly-Ala-Ala-Leu-
Ser-Pro-Leu-Pro-Glu-Val-Pro-Pro-Trp-Thr-Gly-Asp-Val-Ser-Pro-Ala-Glun-Arg (SEQ 1D NOG:
3

and

Felis catus
Glu-Val-Val-Pro-Pro-Gln-Val-Leu-Ser-Glu-Gln-Asn-Glu-Glu-Ala-Gly-Ala-Ala-Leu-
Ser-Pro-Leu-Pro-Glu-Val-Pro-Pro-Tip-Ala-Gly-Glu-Val-Asn-Pro-Als-Gln-Arg (SEQ 1D NO:
4).

{0046] The peptide may also be a variant of VSDL. As used herein, variants of the VSDL peptide
include derivatives or mimeties of a nattve VSDL peptide; which mnclude minor variations i the
amiino acid seguence, may be a suitable VSDL peptide for the method of the present invention
providing that such derivatives, variants or mimetics of said mative peptide do not result inany
substanttal decrease ot variation in biological activity. These variations may include conservative
amino acid substitutions as known to the person skilled in the art. Some specific examples of suitable
amine acid substitutions within the VSDL peptide may include Pro—Gln (especially at position 41 of
proANP; ie position 10 of the VSDL pepide}, Thi—Ala (especially at position 59 of proANP; 1e
position 28 of the VSDL peptide), Glu— Asp {especially at position 61 of proANP, ie position 30 of
the VSDIL peptide), and Ser—Asw (especially at position 63 of proANP, ie position 32 of the VSDL
peptide).

{0047] Pepides dertved from ANP prohiormone may be produced by any of the standard protem
synthesis methods known to the person skilled in the art or by recombinant techiiiques involving, for
example, the introduction of a palynucleotide molecule cncoding the particular peptide into a suitable
host cell (cg a host cell selected from bactenal eclls such as £ coff, Streptomycees and . typhimurivm,
fungal cells such as yeast cells; insect cells such as Drosophila §2 and Spodoptera S$19 cells; animal
cells such as Chinese hamster ovary (CHO), monkey kidney (COS) cells and human embryonic
kidney 293 (HEK 293) cells; and plant cells) and culturing the cell under conditions suitable for the

expression of the particular peptide.
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{0048] Typically, the peptide derived from ANP prohormone or a mumetie thercof will be
administered as a composition consisting of a solution or suspension of the peptide or mimetic ina
pharmaceutically-acceptable carrier. However, 1t will be readily appreciated by the person skilled in
the art, that the peptide or mimetic may be bound or associated with a carriet molecule (cg a carricr
protein or fusion partner such as human serum albumin (HSA) or 4 polysaccharide (eg Dextran) or
polyether (eg polyethylene plycol)) in ordet to modulate the biological activity and/or serum half-life

time of the peptide or mimetic.

{0049 The pharmaceutically-acceptable carnier may be any pharmaceurically acceptable solvent,
suspending agent or vehicle for delivering the peptide derived from ANP probormone or munetic
thereof to the subject. The carrier may include one or more pharmaceutical additives of a type
appropriate Tor subcutaneous adminisiration, such as excipients, preservatives, stabilisers, and the like,
Suitable carriers, excipients, preservatives, stabilisers and the like can be found in "Remington’s

Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991).

{00501 The pH of the composifion may be between about pH 3 and pH 11. For example, the
composifion may be pH 3, pH4, pH S5, pH 6, pH 7, pH &, pH 9, pH 10 arpH 11

[0051] The peptide derived from ANP prohonmone or a mimetic thereofmay be administered to the

subject in a combination therapy.

10052} 1n an earlier study, a steady state blood plasma concentration of VSDL of 10 ng/mi was
achieved; 1t was found that the subcutaneous dose required to be infused was consistent with the
known relationship

755 % Cl
Dose = —————

where Css is the: steady state concentration, Clis the clearance and F is the bioavailability.

[0053] Steady state occurs when the amownt of drug administered (in a given time period) is cqual to
the amount of drug eliminated in that same pertod. At stcady state, the plasma concentration of the

drug (Css) at any time dunng any dosing interval, as well as the peak and trough, are similar.

[0054] For the same active, doubling the dosc would be expected 1o double the Css in the same time:
However, when the dose was doubled in the clinical stdies, it was found that the Css reached 20
ng/mi (ie double the carlier study), but then did not plateau but continued to mncrease such that it

reached 30 ng/ml in some subjects.
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{00551 Taking into account the non-classical pharmacokinetics of VSDL, the present applicant has
developed a multimodal dosage regime comprising at least an initial dosage stage and a maintenance
dosage stage. This is a bimodal dosage regime. However, it-will be appreciated that the dosage regime
may also comprisc other dosage stages comptising admnisiration of the active agent at a dosage rate
and/or dosage pertod that is different fo the dosage rate and/or period of the initial and maintenance
dosage stages. The other dosage stages may be intenmediate stages between the hmtial and

maintenance dosage stages and/or they may follow the maintenance dosage stage.

{0056} In embodiments, the initial dosage rate is from about 20 ug/howr to about 2000 pg/hour. In
cmbodiments having a target steady state blood plasma concentration of about 10 ng/ml, the initial
dosage rate is about 900 pgrhour. In other embodiments having a target steady state blood plasma
concentration of about 20 ng/ml, the mitial dosage rate 1s about 1800 yg/hour. In embodiments having
a target steady state blood plasma concentration of about 5 ng/ml, the imtial dosage rate is about 450

pu/hour.

{0057] Inembodiments, the mitial period is from about 4 to about 6 times the balf-life of the active
agent. In the case of VSDL, the imtial period may be from about 4 hours to about 6 hours. In specific

emboduments, the mitial period is about S hours.

[0058] Inembodiments, the mamntenance dosage rate is trom about 450 pg/hour to about 1200
pg/hour. In embodiments having a target steady state blood plasma concentration of about 10 ng/ml,
the maintenance dosage rate 1 about 350 ughour. n other embodiments having a farget steady state
blood plasma concentration of about 20 ng/mi, the maintenanec dosage rate-is about 1080 wg/hour. In
cmbodiments having a target steady state blood plasma conecntration of about 3 ng/ml, the

maintenatice dosage rate is about 270 pg/hour.

{00391 Tn our clinical studies, lead patients were dosed at 900 pg/h for 6 hours based on the standard
caleulation shown carlicr to rcach a target steady state blood plasma concentration of 10 ng/ml and
plasma levels of VSDL mcasured. Six hours is more than five half-lives for VSDL and, as such,
should result in a steady state blood plasma concentration. Having verified the target steady state
blood plasma concentration from lead patients, then Cohort 1 “Part 17" received 900 pg/h for 12 hours
so-as toachieve target steady state blood plasmia concentration. However, the farget steady state blood
plasma concentration was not observed and as such the dosing regime required modification. After
significant postulation and modelling of the hypothetical behaviour of VSDL the multimodal dosage
regime was developed. Cohort 1 “Part 2”7 was introduced using the bimodal dosing regime in an effort
to reach a steady state blood plasma concentration of 10 ng/mi. Cohort | “Part 27 patients received
VSDL at 900 ug'h (ie initial dosage rate) for 5 hours {ie initial pertod), followed by 550 ug/h for 7

hours {ic maintenance dosage raie).
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{0060} The dosing model was then used to caleulate the dosages reguired for a 20 ng/mil target steady
state blood plasima concentration and Cohort 2 “Part 27 will receive a dosing regime of 1800 pgh for
5 hours (inifal dose), followed by 1080 pg/l for 7 hours (maintenance dose} which is not staiply
“twice” that of the 10 ng/ml “low dosc™ as the model predicted the maintenance dose to be 1080 ug/hr

and not 1100 ug/hr.

[0061] In a second aspect, the invention provides an apparatns for administering an active agent
comprising a peptide derived from atrial natriuretic peptide (ANP) prohiormone or a mimetic thereof to
a subject in veed of treatment of a diseasc, the apparatas comprising: (1) an infusion deviee for
delivery of the active agent to the subject subcutaneously; and (i1} @ control unit operated by a series of
commands, where the series of commands contains a set of instructions that causes the device to
administer the active agent to the subject in a nuitimodal dosage regime comprising ot least an initial
dosage sfage and a maintenance dosage stage, the mitial dosage stage comprising infusing the active
agent at an initial dosage rate for an initial period to achieve a target steady state blood plasma
conceniration.of the active agent or metabohte thereof, and the maintenance dosage stage comprising
adjusting the dosage rate to a maintenance dosage tate for 2 maintenance period to substantially

maintain said target stcady state blood plasma concentration of the active agent or metabolite-thercof

[0062] In cimbodiments, the infusion device comprises an infusion pump and the sct of instructions
provides for administering the active agentto the subject via subeutancous infusion in a substantially

eontinpous or-continuous manner by the infusion pump.

[0063] Optionally, the infasion pump is an implantable infusion pump. An implantable infusion pump
ean be implanted at any suitable subcutancous implantarion site using methods and devices known in

the ait.

{0064] In embodiments, the set of tinstructions causes the infuston pump to (i) administer the active
agent o the subject subentancously at an initial dosage rate of from about 700 wg/hour to about 2000
pg/hour for an initial period of from about 4 hours to about 6 hours, and then (i) administer the active
agent to the subject subcutaneously at a maintenance dosage rate of from about 450 pg/hour to about

1200 pehour,

[0065] Typically, the infusion punp will be in fluid conncetion with a fluid reservoir containing the
active agent. The infusion pump may be provided within the reservoir or may otherwise be operably

connected therefo.

[6066] The infusion pump may be a mechanical oran clectromechanical pomy, exarples of whick
are described in United States patent Nos. 4,692,147; 4,360.019; 4,487,603; 4,360,019; 4,725,852;
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5.820,589; 5,643,207, 6,198,966; and the like. Osmotic pumps may be particularly suitable duc to
their consistent controlled release and relatively small size. Suitable implantable drug infusion pumps
melude an Alzet® osmotie pump (Durect Corporation, Cupertino CA, United States of America), a
Duros® devaee (Intarcia Therapeuties, Inc., Hayward CA, United States of America), and a

Paradigm™ device (Meduronic Australasia Pty Lid, Gladesville NSW, Australia).

[0067] The infusion device also comprises catheters, injection devices,.and the like, as is known in
the art. For example, the infusion device may comprise a standard catheter or implantable drug port

{eg a Port-a-Cath®; Smiths Medical MD, Inc., St. Paul MN, United States of Amgrica).

[0068] In embodiments, the control unit is not designed to aceept user input. In these embodiments,
the apparatus is manufactured with the control unit pre-set to admmister the nultimodal dosage
regime. In other embodiments, the control unit is designed to allow the user to select a deswred
muitimodal desage regime from two or more pre-prograramed multimodal dosage regimes. In other
embodinents, the control unit is designed to allow the user to (i) select a desired inihial dosage rate,
(11} select a desired mitial period, and/or (1i1) select a destred maintenance dosage rate. The desired
initial dosage rate, initial period, and‘or maintenance dosage rates may each be selected from a set of

values programmed into the control unit.

[0069] In embodiments, the apparatus may be designed to allow the user to select a desired steady
state concentration from a fixed set of values specified by the set of instructions. In these
embodrments, the set of instructions can be designed to calculate and cause the device to utilise
appropriate desage amounts, dosage rates and dosage times to achicve the desired steady state
concentration. For example, the apparatus may be designed to allow the user to select a steady state
concentration of 10 np/ml and the set of instructions can then caleulate and cause the device to
administer the active agent at an initial dosage rate of 900 ug/hour for an initial peciod of § hours and
then lower the dosage rate to a maintenance dosage rate of 550 pp/hour. Alternatively, the apparaias
may be designed to allow the user to select a steady state concentration of 20 ng/ml and the set of
instructions can then caleulate and cause the device to administer the active agent at an inifial dosage
rate of 1800 pg/hour for an nitial period of 3 hours and then lower the dosage rate to a maintenance

dosage rate of 1080 pg/hovr for 7 hours.

{00707 In the embodiments of the invention that allow user input, the apparatus comprises a.user
mierface foruser input that permits the user fo set.the apparatus as desired. The user interface may be
an inferactive, conmputer-controlled interface that prompts the user for mput. Alternatively, the user

interface may be a manual, switch-operated interface.
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{0071} In cabodiments, the apparatus further comprises a monitoring untt capable of adjusting the

control unit to achieve the target steady state blood plasma concentration.

10072} In athird aspect, the present nvention provides a peptide derived from atrial natriuretic
peptide (ANP) prohormone or 3 mimetic thereof for use in the treatment of a discase in a subject,
wherein said peptide or mimetic thereof is administered subcutancously in a multimodal dosage
fegime conipnsing at least an initial dosage stage and at least one maintenance dosage stage, the initial
dosage stage comprising infusing the peptide or mimetic thereof at an witial dosage rate for an initial
peried to achieve a target steady state blood plasma concentration of the peptide or mimetic thereof or
metabolite thereof, and the maintenance dosage stage(s) comprising adjusting the dosage rate fo a
maintenance dosage rate for a maintenance period to substantially maintain said target steady state

blood plasma concentration of the peptide or numetic thereof or metabolite thereof.

10073} In a fourth aspect, the present Invention provides a method of treating a cardio-renal syndrome
or cancer in a human subject, said method comprising administering subeutaneously to the subject an
effective amount of an active agent comprising a peptide derived from atrial natriurefic peptide (ANP)
prohormone or a mimetic thereof in a multimodal dosage regime comprising at least an nitial dosage
stage and at least one maintenance dosage stage, the mitial dosage stage compristng infusing the active
ingredient al an initial dosage rate for an nitial perind to achieve a target steady state blood plasma
congentration of the active agent or metabolite thereof, and the maintenance dosage stage(s)
comprising adjusting the dosage rate to a maintenance dosage rate for a maintenance period to
substantially maintain said target stcady staic blood plasma concentration of the active agent or

metabolite thereof.

{0074] The methods and uses described herein may be used in conjunction with a diagnostic test for
determining the blood plasma concentration of thie peptide derived from amial natriurctic peptide
(ANP) prohormonc or a mimictic thercof. The results of the test can then be used to alter the dosage
rate during the course of treatiment to assist in maintaining the target steady state blood plasma
concentration. The diagnostic test may be a companion diagnostic 'which is a privately used device that

has one or more disposable components for point-of-care and/or in-home use.

{0075 Thus, in a fifth aspect the present invention provides a diagnostic test comprising obtaining a
test sample of blood from a subject, determining the blood plasma concentration of the pepitde derived
from afrial natriuretic peptide (ANP) prohormone or a mimetic thereof, and providing information on
the blood plasma concentration. Preferably, the method further comprises using the results of the
blood plasma concertration to adjust the dosage rate during administration of the peptide derived from

atrial natriurehic peptide (ANP) prohormone or.a mimetic thereof to the subject,
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{0076} The test sample is preferably a blood sample taken from a sabject using methods known 1o the

art.

{00771 The step of determining the blond plasma concentration of the peptide derived from atrial
natriurctic peptide (ANP) prohormone or a mimetic thereof can be performed by protein assay
methods. Suitable protein assay methods are knowan in the art and comprise, for example,
imniuneassays involving bindrg of a labelled binding agent to the peptide derived from atrial
natriuretic peptide (ANP) prohormone or a mimgetic thercof, proteomic based or "protein chip” assays,

fibre optic in-sifu assays, and the like.

[0078] The labelled binding agent may be, for example, an antibedy, antibedy fragment, protein,

aptamer ot small-molecule binding agent.

{00791 Immunpassays can be condueted using any fonmat known in-the art, such as, but not limited
to, a sandwich format, a competitive inhibition fornwat {including both forward or reverse competitive

inhibition assays) of i a fluorescence polarization format.

[O08G] Thuas, the present invention alse provides a method of monitoring the bleod plastna levels of a
peptide derived from atrial natrinxetic peptide (ANP) prohormonc of a mimctic thereof in crder ta

optimise dosing or scheduling, the method comprising

{1y contacting a tost blood sample obtained from a subject with & fivst captre binding agent
that binds to the peptide derived from atrial natriuretic poptide CANP) prohotmone or a

mimetic or fagment thereof to form a first capiure binding agent-peptide conplex;

{11} contacting the first capnue binding agent-peptide complex wath 2 second detection binding
agent that binds to the peptide derived from atrial natriuretic peptide (ANP) prohormone or
a mimetic of fragrient thercof and is conjugated 10 a detectable Iabel to form a dewetios-

capiuee binding ageni-peptide coraplex;

{iiiy determining the amourt of the detection-capture binding agent-pepiide complex formed by
detecting the detectable Iabel, wherein the amount of the detection-capiure binding agent-
peptide complex formed is the amount of the peptide derived from atrial natriuretic peptide

{ANP) prohormone or a mimetic thereof contained 0 the test sample; and

{iv} comparng the amount of the peptide derived from atrial natriuretic peptide (ANP)
prohormone or a mimetic theveof in the tost samphe determined 10 step (i) with a desived

blood plasma level,
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{0081} In some embodiments the method compriscs: 1) providing a substrate comprising the first
capture binding agent that binds to the peptide derived from atrial natriuretic peptide (ANP)
prohormone or a mimetic thereof; it) contacting the substrate with the test sample, 1ii) exposiag the
substrate to the sccond detection binding agent under condifions i which the bindiig agent-pepride
complex is bound by the detection binding agent, and iv) detecting the binding of the detection

binding agent to the binding agent-peptide complex.

{0082} The binding agent may be a suitable antibody, antibody fragment, protein, aptamer or small-
molecule binding agent that binds 10 the peptide derived from atrial natriurctic peptide (ANP)

prohornione or a mimetic thereof can be used. Monoclonal antibodies are preferred.

{0083] The binding ageni-peptide coniplexes formed in the assay can be detected using any suitable
technique. Any suitable Tabel can be used. The label must be capable of producing a detectable signal
either by itself or in conjunction with one or more additional substances. Useful detectable labels, their
attachment to binding agents and detection techniques therefore are known in the art. For examplg, the
detectable Iabel can be a radicactive label, such as *H, 'L S, 1%, 2P, ¥p, an enzymatic label, such
as horseradish peroxidase, alkaline peroxidase, glucose 6-phosphate dehydrogenase, ete., a
chemiluminescent label, such as, acridinium derivatives, luminol, isoluminel, thivesters, sulfonamides,
phenanthndintum esters, etc. a fluorescence label, such as, fluorescein (S-fluorescein, 6-
carboxyfluoresecin, 3'6-carboxylluoresecin, 5(6)-carboxyfluorescein, 6-hexachloro-fluorescein, 6-
tetrachlorofluoresecin, fluorcseein isothiocyanate, cte.), thodaniine, phycobiliproteins, R-
phycocrythrin, quanium dots {zing sulfide-capped cadmium selenide), a thermometric label or an

mmmuno-polymerase chain xeaction label.

[0084] The deicctable label can be bound to the binding agent cither dircetly or through a coupling
agent. An example of a coupling agent that can be used is EDAC (T-ethyl-3-(3-dimethylaminopropyl)
carbodiimide, hydrochloride) that is commcrcially avatlable from Sigma-Aldrich (St. Louis, Mo.).
Other coupling agents that can be used are known in the art. Methods for binding a detectable label to

binding agents such as antibodies are known inthe art.

{0085]  After formation of the detection~capture binding agent-peptide complex, the amount of label
in the complex is quantified using technigues known in the art. For example, if an enzymatie label is
used, the labelled complex is reacted with a substrate for the label that gives a quantifiable reaction
such as the development-of colour. It the label is a fluorescent label, the label is guantified by
siimulating the label with a light of one colour (which is known as the "excitation wavelength”) and
detecting another colour (which is known as the "emission wavelength") that1s emitted by the label in
response to the stimulation. If the label is a chemiluminescent label, the label is quantified detecting

the light emitted either visually ar by using luminometers, x-ray film, high speed photographic film, a
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CCD camera, cte. For solution phasc immunoassays, once the amount of the label 1 the cemplex has
been quantified, the concentration of peptide in the test sample is deterniined by use:of a standard
curve that has been generated uging serial dilutions of the peptide of known concentration. Other than
using sertal dilutions of the peptide, the standard curve can be generated gravimictrically, by mass

spectroscopy and by other techuiques known in the art.
10086} Preferably, the assays are cartied out 1 a lab-on-a~chip device and systeni.

[0087] The companion diagnostic test can be used with any of the methods and uses described herein.
The test may be particularly useful in conjunetion with the apparatus whereby the information on the
blood plasma concentration that is provided by the diagnostic test is fed back to the apparatus. This
could be manual or electronic feedback. A processor in the apparatiis can be programmed to adjust the
flow rate depending on the blood plasma. conceniration identified by the test, For example, if the
amount of the peptide derived from atrial natriuretic peptide (ANP) prohormone or a mimetic theyeof
detected 1n the test sample 15 less than the desired level the information may be fed back to the

appavatus and the processor way mwerease the dosage wafe accordingly.

10088} Data we have obtarned from subjects adiminstered the peptide derived from atrial natrinxesic
peptide (ANP) prohormone or a mimetic thereof shows that urine ouipuf and urinary sodium excretion
increases after adminisiration of the pepiide. Without intending to be bound by a specific theory, we
propose that the peptide derived from atrial natriuretic peptide { ANP) prohormone or a mimetic
thereof erenses Wa ™ secretion and water cimination in subjects treated with the peptide and, resulting
i1 3 concomitant improverment in renal function and alse in cardiac function. As Is known in the art,

renal Taoction can be wowitored by determining the concenteation of at least ond renal fanction

&

er i a body fluld, such as blood or urine. Thas, 8 chdnge 1o the concantration over time of at

afrial natrinretic peptide (ANP) prohormonc or a mimetic thereof tay be scd as an indicator of the

acy of the treatroent. Accordingly, in a seventh aspect, the present invention provides a method of
optinnsig dosing of an active agent comprising a peptide derived from atrial natriuretic peptide

(ANP) prohormione or a mimetie thereof to a subject, the method comprising:

{1} administering subeutaneously to the subject an effective amount of the active agent ina
muitimodal dosage regime comprising at least an initial dosage stage and at least one
maintenance dosage stage, the initial dosage stage comprising infusing the active agent at-an
initial dosage rate for an nitial period to achieve a target steady state blood plasima
concentration of the active agent or metabolite thereof, and the maintenance dosage stage(s)

comprising adjusting the dosage rate to a maintenance dosage rate for a maintenance period
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to substantiallymaintain said target steady state blood plasma concentration of the active
agent or metabolite thereof:

{11} determining the concontration of at least one renal function biomarker in a body fluid of the
subject at two or more time points;

{1y comparing the concentrations of the at least one renal function biomarker at the two of mote

tirie pots 1 ascertam whether renal function of the subject has wnproved over time;

{1v) using the data obiiined from step (i) to detenmne whethey the dosage rate of the active

agent sheuld be adjusted; and

{1 i necessary, adiusting the dosage rate of the active agept during the initial Josage stage

andior the maitenguce dosage stape(s) based on the determinaiion wade af step (iv),

{0089} Any of the renal funetion biomarkers krown in the art can be used, includiig creatimne, urea,
and electrolytes as an indicator of renal function. Alternatively, or in addition, markers such

as tnulin or sintstrin may be injecied oo the plasma of a subject and the glomerular filiratton

rate (GFR} can be measured over time and the measurement used as an indicator of renal function

(Israni eral., 2011).

J0090] 1In specific embodumerits, the concentration of ereatining in a body flaid of the subject is
measured overtime. In thess enbodiments, the body fluid may be blood or urise. Anincrease in the
concenation of creatining in the body fluid of the subject over time indicates imprinment of renal
fimction whercas a decrease tn the concenteation of creatinine in the body fhitd of the subijeet over
tirne indicares an improvement of renal function. In embodiments, the rate of change 1 the
conceniration of ereatinine in the body fluid of the subject over thme can be used 1o adjust the dosage

rate of the active ageut, For example, the dosage rate of the active agent may be increased if the

S

¢reatinine clearance rate has not decreased at a desired rate over a predetermined period of time.

[0091] The present invention also provides an infusion device when used in accordance with the

method of the fourth aspect of the invention.

EXAMPLES

[0092] The invention is hereinafier described by reference to the following non-limiting examples

and accompanying figurcs.

{0093] Example 1



WO 2014/138796 PCT/AU2014/000256

{0094] Formulation

[009S] VSDL in the form of a white lyophifised powder {(synthesised using standard protein synthesis
method by Auspep Pty Ltd, Parkville, VIC, Anstralia), stored in an ultra fow freezer {-80°C), was
reconstituted in a vial with 10 mi of 0.9% saline (preservative frec) and aseptically transferred into a

20 ml syringe (that conneets to a patient cannula) before use.

[0096] Study Popislation

[0097] Test adult subjects, both male and female, showing either acute exacerbations of chronic CHF
or ADCHF (1¢ in mdividuals who had not previously shown beart failure), were recruited for the
study. All subjects used in these studics also underwent existing standard of care treatmenis for the
condition for which they presented. These trcatments were typically diuretic therapy (eg loop diuretic
especially furosemide) and an antihypertensive drug (cg an Angiotensin Converting Enzyme (ACE)

inhibitor}.

[0098] A cohort of 10 subjects with stable CHF and undergomng standard of care treatment was

treated with the formulation as follows:

i) 2 sentinel subjects were treated with a one stage 6 hour se infusion of VSDL at 900

pg'h (Subjects | and 3)

i) 5 subjects were treafed with a one stage 12 hour sc infusion of VSDL at 900 pg'h
{Subjeets 102, 103, 104, 105 and 106); and

i) 3 subjects were treated with a bimodal se infusion of VSDL at 900 pg'h for § hours

and then 550 pg/h for 7 hours (Subjects 111, 112 and 114).

[0099] Dose regimen

{00100} The dose regimen for this trial was designed using a pharmia¢okinetic model! for

VSDL based on prior data.

{00101 The final model was used to simulate the median and 90% prediction intervals for
1600 panients given VSDL at 900 pg/h for 5 h then 530 pg/h for 7 h. This dose repimen targeted a

population value of 10 ng/ml for the period 6-12h after the start of the infusion.

{00102 The predictions of the mode! were compared to observed VSDL concentration data

from the three subjects referred to at 1) abave.
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{00103} Kesults
[00104] The parameters of the final pharmacokinetic model ave shown in Table 1.
[Q0T05] Table 1
Parameter  Desaiption " popvalue  Unit  se(%] BSV | Unit  se(%]
CL Clearance 158 t/h fixed 39.66 b2 32.86
S Vo entralvolume b 893 L Lo 8OO L. 4699 | %...|.3828
LGT1 Logit Fvalue -1.05 11.80 0.77 additive 43.47
F Bioavailability 0.259 . . . . .
S KA Absorption rate constant |} { 0.265 1 Yh | . 1980 | 4882 1 % | 2707
vz 'Multiolier of V far sc bolus 1.5556 . 37.8
.......... V2 [Multigherof viorscinfusion {3342 4 . L FL o4 b L]
KARATE Effect of infusion rate-of KA -0.135 . 20.2
KAvVOL Effect of infusion volumsz on KA 0.222 . 58.9
RUVADD  |Residual Error (Additive)

[00106] The actual and predieted VSDL plasma concentrations are shown in Figure 1 and the

observed data 1s shown in Figure 2.

1601071 Patients 111 and 114 had concentrations in the 6-12 h window at the upper level of

predictions (Figure 1; grey ribboun).

{00108} Patient 112 had concentrations i the 6-12 b window at the lower level of predictions

(Figure 1; grey ribbon).

{00109} Only Paticnt 111 appeared to be at steady-state in the 6-12h window.
001 10] The post-infusion concentrations declined quicker than mode! predictions, as the new

paticnts appeared to have a shorter pertod of sustained concentrations once the infusion was stopped.

{00111 The obgerved and mdividual predicted VSDL cancentrations are shown in Fignres 3

and 4 in which the data labeled MADED3 is from the present study.

{001 12] A model where infuston rate (ml/h) and delivered volume (ml) affected KA was an
ageeptable empirical description of the data. This medel reproduced the observed increase in VSDL
concentrations at the end of a subcutancous infusion. The net effect was generally that KA mereased

with time during subcutaneous infusions,
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{00113} The results of Visual Predictive Cheeks of the final model are shown in Figures 5 and
6.
{001 14] A final model where nfusion rate {iml/h) and delivered volume ¢mil) affected KA was

an acceptable empirical description of the data. The final modcl had acceptable predictive performance

bascd on the Visual Predictive Checks (allowing for low nwuber of subjects).

[D0115] The final model can be used to design a dose reghmen targeting a constant VSDL
concentration.

[00116} Example 2 — Dosing subjects io achieve a target- Css of 10 ngiml.

[00117] The materials and dosage protocols used in Example T were used to treat two patients,

201 and.202. Each subject received s¢ VSDL at 900 pg/h for 5 b then 550 ug/h for 7 h.

[00118} Method

{00119} The dose regimen was designed using the pharmacokinetic model discussed in
Example 1. The final model was used to simulate the median and 90% prediction intervals for 1000

patients given VSDL at. 900 pg/h for S h then 550 pg/h for 7 h.

1001204 This dose regimen targeted a population value of 10 ng/ml for the period 6-1Zh after

the start of the mtusion.

{00121} The predictionts of the niodel were compared to observed VSDL coneentration data

from the two patients and the data arfe shown in Figures 7 to 9.

{00122} Example 3 - Dosing subjects to achieve a target Css of 20 ng/mL

100123] The materials used in Example were-used to treat six subjects. Each subjeet reccived
se VSDL at 1800 pg/h for 5 h then 1080 ug/h for 7 h.

[00124] Results - Css

[O125] The observed VSDL concentration data for subjects treated aceording to Example 3
are shown in Figure 10. The concenirations of VSDL achieved in subjects treated according to

Example 2 (top graph) and Example 3 (bottom graph) are alse shown in Figure 11.

[00126] Results - Cardiac Paramieters
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{00127} Regression of cardiac output on time accommodating repeated measures demonstrated
that patients treated with VSDL had a significant increase in cardiac output which equates to an
merease on average of 0.000472L/min above baseline (1=3.16; p<0.05) (Figure 12). Additionally,
there were no severe adverse evenis reported and all reported adverse events were selt-limiting,

recovering without need for intervention.
[00128] Resulis - Renal Parameters

[00129] There was a significant increase in eGFR in the Stable UHF patient group (Bascline =
37+ 11 mL/min/1.73m%; 10netke = 42+15 mL/min/1. 73m’; 20ng/kg =45+ 9 mL/min/1.73n7,
p=<0.05) (Figure 13). However, since the patient cohert ini the ADCHF included patients with relatively
well preserved renal function and since the patient numbiers were small the increases m eGFR wete not
significant but the same trend was also evident in this group {(unireated=>59+3 mL/min/1.73m’; treated:
60+2 ml/min/1.73m°) (Figure 14). The improvement in renal function was also demonstrated by a
17% increase in 99Te-MAG3 clearances in the VSDL treated proup (Figure 15), Similarly, there was
an‘increase in 24-hour urine outputin the Stable: CHF groups (10ag'kg = 2898 +335mls; 20ng/kg =
3028 + 302mils) (Figure 16). This mcreased urine output was accompanied by an increase of fractional
extraction of sodium from 2.2 + 0.3% at baseline to 3.3 +0.8% in the 10ng/ml group and from 1.6 +
0.3% to 2.4 + 0.9% in the 20ng/ml group at 6-12hrs post treatments (Figures 17 and 18). This
concomitant increase in sodium and water exeretion demonstrates that the water loss was not due to
aberrant water reabsorption. These results indicate a strong renal protective role for VSDL in the

sctting of congestive heart failure.

[00130] Results - Vasodilation
[O0131] There was a significant drop in systolic and diastolic blood pressures in the stable

CHF group (Table 2). However, none of these resulted in symptomatic hypotension.

100132} Table 2 - Blood Pressures in patients treated with MP3167 in Stuble
Congestive Heart Failure (p<0.05)

Baseline 10ng/kyg 20ng/kg

Systolic Blood Pressure )
119+ 15 122410 115+ 19
{mmHg)
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Diastolic Blood Pressure
, 65+ 10 6447 65+6
(mmHg)
[00133} Example 4 — Monitoring plasma VSDL fevals
{00134} Monoclonal antibodies (Mabs) to VSDL can be produced using techniques known in

the art such as, for example, the procedure exemplified in US Patent No. 4,196,265, incorporated

herein by reference.

160135} To produce detection substrates, the antibodie(s) of interest can be bound to a sohd
support such ag for example glags, polyearbonate. polytetrafluorocthylene, polystyrene, siticon oxide,
metal or siltcon mitride. This immobilization can either be direct (e.g. by covalent linkage, such as, for
example, Schiff s base formation, disialfide hnkage, or amide or urea bond formation) or indirect.
Methods of generating protein chips are known in the art and are described in for example U.S. Patent

Application No. 20020136821, 20020192654, 20020102617 and (J.S. Patent No. 6,391,625,

[00136] Specifically, a NUNC plate can be coated with a serial dilution of the selected anti-
VSDL capture antibody and meubated overnight at 4°C. After blocking, the plate can be incubated
with various dilutions of the test peptide followed by HRP-conjugated secondary detection antibody.
The plate can be washed between each addition. The immune reaction can be stopped by the addition
of H;S0; after an appropriate time based on visual examination of colour, and the OD read ina

microplate reader at wavelengths of 450nm and 620nm.

[0037] The resulting data can be recorded for data analysis. A standard curve can be plotted
using an X-Y graph with the mean OD +8D (0D = ODy:0 1 - ODg20.00 ) o0 the Y axis and the peptide

concentration (eg, ng/mL) on the X axis (logarithmic scale).

[OO138] Example § — Monitoring renal function
[00139] Blood or urine samples can be collected at set time points from subjects undergoing

treatment according fo Examples 2 or Example 3. The creatinine levels 1 the blood or urine at each
time point can be determined nsing methods described in Tsrani et al. (2011).

[o0140} The dosage rate of the VSDL may be increased if the rafe of decrease in creatinine

levels in the blood or urine over time is not as high as required.
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[0 146} Throughout this specification the word "comprise”, or variations such as "comprises”

or "comprising”, will be understood to imply the inclusion of a stated clement, integer or step, or
group of clements, tutegers or steps, but not the cxelusion of any other clement, integer or step, or

group of elements, integers or steps.

[00147] All publications mentioned in this specification are herein incorporated by reference.
Any discussion of documents, acts, materials. devices, articles or the like which has been included in
the present specification is solely for the purpose of providing a context for the present invention. It.is
not to be taken as-an admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field refevant to the present invention as it existed in Australia or

elsewhere before the priority date of'each claim of this application.

[00148] Tt will be appreciated by persons skilled in the art that numerous vanations and/or
moditications may be made to the invention as shown in the specific embodiments without departing
from the spirit or scope of the invention as broadly described. The present embodiments are, therefore,

to be considered in all respects as illusirative and not restrictive,
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CLAIMS

1. Use of an active agent comprising a peptide derived from atrial natriuretic peptide (ANP)
prohormone or a mimetic thereof in the manufacture of a medicament for treating a discase in a
subject, wherein satd medicament is administered subeutancously in a multimodal dosage regime
comprising at east an initial dosage stage and at least one maintenance dosage stage, the initial dosage
stage comprising infusing the active agent at an initial dosage rate for an initial peried to achieve a
targersicady state blood plasma concentration of the active agent-or nietabolite thercof, and the
maintenance dosage stage(s) comprising adjusting the dosage rate to a maintenance dosage rate for a
maintenance period to substantially maintain said target steady state blood plasma concentration of the

active agent or metabolite thereof,

2. The use according to claim 1, wherein the disease 1s selected from the group consisting of

cardio-renal syndromes and cancer.

3. The use according fo claim 2, wherein the cardio-renal syndrome is chronic congestive heart
failure (CHF), acute-decompensated congestive heart faiture (ADCHF}, pulmonary hypertension,

acute and chronicrenal fatlure or acute kidney tnjury.

4. The use according to any one of the preceding claims, wherein the multimedal dosage regime

is a bimodal regime consisting of the initial dosage stage and a maintenance dosage stage.

5. The use according to any one of the preceding claiims, wherein the active agent comprises
vessel dilator (VSDL).

6. The use according to claim 5, wherein the VSDL comprises the amino acid sequence shown as
SEQ IDNO: 1.
7. The use according to any one of the preceding claims, whercin the initial dosage rate is from

about 700 pg'hour to about 2000 pgrhour.

8. The usc aceording to any onc of the preceding elaims, whercin the maintenance dosage mfc is

from about 450 pg/hour to about 1200 pg/hour.

9. The use according 1o any onc of the preceding claims, whercin the target steady state blood

plasma concentration is from about 3 ng/ml to about 15 ng/ml.
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1L The use according to any one of the preceding claims, wherein the target steady state blood
plasma concentration is about 16 ng/ml.
It The use according to claim 10, wherein the initial dosage rate is about 900 pgrhour.
12. The use according to either claim 10 or claim 11, wherein the maintenance dosage rate is
about 550 pg/hour.
13, The usc according to any one of claims | to 8, whercin the target steady state blood plasma
concentration is about 20 ng/ml.
14, The use according to claim 13, wherein the initial dosage rate is about 1800 pg/hour.
15. The use according te either claim 13 or claim 14, wherein the maintenance dosage rate is
about 1080 pgshonr,
16. The use according to any onc of claims 1 to 9, wherein the target steady state blood plasma
concentration is about 15 ng/ml.
17. The use according to any one of the preceding claims, whergin the initial period is about 4 1o
about 6 times the half-life of the active agent.
8. The use according to any one of the preceding claims, wherein the initial period is from about
4 hours to about 6 hours.
19, The use according to clatm 17, whevein the initial period is about 5 hours.
20, The usc according to any onc of the preceding claims. whercin the maintenance period is from
about 6 hours to about 8 hours.
21 The usc according to claim 19, wherein the maintenance period is about 7 hours.
22. An apparatus for administering an active agent comprising a peptide derived from atrial

natriurctic peptide {ANP) prohormione of a mimetic thercof te a subjeet in need of treatment of a
digease, the apparatus comprising: (i) an infusion device for delivery of the active agent o the subject
subcutancously; and (ii) a countrol unit operated by a series of commands, where the series of
commands contains a sct of instructions that causes the-device to administer the active agent fo the
subject in a multimodal dosage regime comprising at least an initial dosage stage and at least one
maintenance dosage stage, theinitial dosage stage comprising infusing the active agent at an initial

dosage rate foran initial period to achieve a target steady state blood plasma concentration of the
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active agent or metabolite thercof, and the maintenance dosage stage(s) comprising adjusting the
dosage rate to a maintenance dosage rate for a maintenange period to substantially maintain said target

steady state blood plasma concentration of the active agent or metabolite thereof.

23. The apparatus according to claim 22, wherein the apparatus further comprises a monitoring

unit capable of adjusting the centrol unit to achicve the target steady state blood plasma concentration.

24, The apparatus according to any one of claims 22 to 23, wherein the active agent is contained

within a reservoir provided within the device or which is otherwise operably contiected thereto.

25. The apparatus according to claim 24, wherein the infusion device comprises an infusion pump

in fluid connection with the reservoir.

26, The apparatus according to any one-of claims 22 to 23, whercin the medicament compriscs

vessel dilator (VSDL).

27. The apparatus according to any one of claims 22 to 26, wherein the control wnit is
programmed to operate the infusion device af an mitial dosage rate of from about 700 pg/hour to about

2000 pug'hour,

28, The apparatus according to any one of elains 22 to 27, wherein the coutrol nnit is
programmed to operate the infusion device at a maintenance dosage rate of from about 450 wg/hour fo

about 1200 ng/hour.

29. The appartatus according to any one of claims 22 to 28, wherein the control unit is
programmed to operate the infusion device to achicve a target steady state blood plasma concentration
of from about 3 ng/ml to about 15 ng/ml.

30. The apparatus according to claim 29, wherein the target steady state blood plasma

concentration is about 10 ny/ml.

31. The apparatus according to claim 30, wherein the control unit is programmed to operate the

infusion device at an initial dosage rate of about 900 pgthour.

32 The apparatus according to either claim 30 or claim 31, wherein the control unit is

programmed to operate the infusion device at-a mamicnance dosage rate of about 550 pg'hour.

33, The apparatus according to claim 29, wherein the target steady state blood plasma

concentration is about 20 ng/ml.
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34. The apparatus according to claim 33, wherein the control unit is programmed to operate the

infusipn device at an initial dosage rate of about 1800 ugfhour.

35 The apparatus according to either claim 33 or claim 34, wherein the control uait is

programmied to operate the infusion device at a maintenance dosage rate of about 1080 pgthour.

36. The apparatus according to claim 29, wherein the target steady state blood plasma

concentration is about 15 ng/ml.

37. The apparatus aceording to any one of claims 22 to 36, wherein control unit is programmed to

operate the infusion deviee for an nitial period of from about 4 hours to about 6 hours.

38. The apparatus according to claim 37, wherein contrel unit is programmed to operate the

infusion deviee for an mitial period of aboat 5 hours.

39. The apparatus according to any ong of claims 22 to 36, wherein conirol unit is programmed to

operate the infusion device for a maintenance period of from about 6 hours to about 8 hours.

40. The apparatus according to claim 39, wherein control unit is programmed {0 operate the

infusion device for a maintenance period of about 7 hours.

41. A peptide derived from afrial natriuretic peptide (ANFP) prohormone or a mimetic thereof for
use in the treatment of a disease in a subject, wherein said peptide or mimetic thereof is administered
subcotaneousty m a multimodal dosage regime comprising at least an intial dosage stage and at least
onemaintenance dosage stage, the initinl dosage stage comprising infusing the pepiide or mimetic
thercof at an inttial dogage rate for an initial period to achieve a tarpet steady state blood plasma
coneentration of the peptide or mimetic thercof or mictabolite thereof, and the matitenanec dosage
stage(s) comprising adjusting the dosage rate to a maintenance dosage rate for a maintenance peried fo
substantially nraintain said target steady state blood plasma concontration of the peptide or mimetic

thereof or metabolite thereof.

42 The peptide according to claim 41, wherein the diseasc is sclected from the group consisting

of cardio-renal syndromes and cancer.

43, The peptide according to claim 42, wherein the cardio-renal syndrome is chronic congestive
heart fatlure (CHF), acute decompensated congestive heart fatture (ADCHE), pulmonary hypertension,

acufe arid chronte renal fatlure or acute kidney injury.
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44. The peptide according to any one of claims 41 to 43, comprising vesscl dilator (VSDL).
45, The peptide according to claim 44, wherein the VSDL comprises the amino acid sequence
shown as SEQ ID NO: 1.
46. The peptide according to any one of claims 41 to 45, wherein the initial dosage rate 1s from
about 700 pg/hour to about 2000 ggrhour.
47 The peptide according to any one of claims 41 to 48, wherein the maintenance dosage rate is

from about-450 yg/hour to about 1200 pg/hour,

48. The peptide according to any one of claims 41 to 47, wherein the target steady state blood

plasma coneeatration is from about 3 ng/ml to about 15 ng/mi.

49. The peptrde aceording to any one of claims 41 to 48, wherein the target stcady state blood

plasmia concentration 1s about 10 ng/ml.
50. The peptide according to claim 49, wherein the initial dosage rate is about 900 wg/hour.

51. The peptide according to either claim 49 or claim 50, wherein the maintenance dosage rate is

about S50 pg/hour.

52. The peptide according to any onc of claims 41 to 47, wherein the targer steady state blood

plasma concentration 1s about 20 ng/ml.

53. The peptide according to claim 52, wherein the initial dosage rate 13 about 1800 ug/hour.
54. The peptide according to gither claim 52 or claim 53, wherein the maintenance dosage rate 1§

about 1080 pp/hour.

S5, The peptide acenrding to any onc of claims 41 te 48, wherein the target steady state blond

plasma concentration 1s about 15 ng/ml.

56. The peptide according to any one of claims 41 to 35, wherein the initial period is about 4 to

about 6 times the half-life of the active agent.

57. The peptide according to any one of claims 41 to 56, wherein the initial period is from about 4

hours to about 6 hours.

58. The peptide according to claim 57, wherein the initial period is about 5 hours.
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59, The peptide according to any one of claims 41 to 58, wherein the maintenance period is from
about & hours to about 8 hours.
6. The peptrde according to claim 59, wherein the maintenance penod 1s'about 7 howurs.
61. A method of treating a cardio-renal syndrome or ¢ancer in a subject, said method comprising

administering subeutaneously to the subject-an effective amount of an active agent-comprising a
peptide derived from atrial natrivrctic pepfide (ANP) prohormone or 2 mimetic thercof ina
multimodal dosage regime comprising at least an initial dosage stage and af least one maintenance
dosage stage, the inutial dosage stage comprising infusing the active agent at an initial dosage rate for
an initial period to achieve a target steady state blood plasma coneentration of the active agent or
metabolite thereof, and the mamtenance dosage stage(s) comprnising adjusting the dosage rate to a
mamtenance dosage raie for a maintenance period to substantially maintain sard target steady state

blood plasma concentration of the active agent or metabolite thereof.

62. The method according to claim 61, wherein the active agent comprises vessel dilator (VSDL).
63. The method according to elaim 62, wherein the VSDL. compnses the amino acid sequence

shown as SEQ ID NQ: 1.

64, The method according to any ong of ¢laims £1 to-63, wherein the initial dosage rate is from

about 700 ng/hour to about 2000 py/hour.

65. The method aceording to any one of claims 61 to 64, wherein the maintenance dosage rate i3

from about 450 we/hour to about 1200 py/hour,

66, The method according to any ong of ¢laims 61 t0-65, wherein the target steady state blood

plasma concentration is from about 3 ng/mi to about 15 ng/ml.

67, The method according to any one of claims 61 t0-66, wherein the target steady state blood

plasma concentration is about 10 ng/ml.

63, The method according to ¢claim 67, wherein the nitial dosage rate 1s about 900 pg/hour.
69, The method according to either claim 67 or claim 68, wherein the maintenance dosage raie is

about 550 g/hour.

70. The method according to any one of elaims 61 o 65, wherein the target steady state blood

plasma concentration 1s about 20 ng/ml.
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71 The method according to claim 70, wherein the initial dosage rate is about 1800 ug/hour.
72. The method according to either ¢laim 70 or ¢laim 71, wherein the maintenance dosage rate 1s
about 1080 pgrhour.
73. The method acecording to any one of claims 61 o 66, wherein the target steady state bload
plasma cencentration is about 15 ng/ml.
74. The method according to any onc of claims 61 to 73, wherein the initial period 1s about 4 to
about 6 times the half-life of the active agent.
75. The method according to any one of clabus 61 to 74, wherein the initial pertod 1s from about 4
hours to about 6 hours.
76. The method according to clatm 75, wherein the initial period is about 5 hours,
77. The method according to any one of claims 61 to 76, whercin the maintenance period is from
about 6 howrs to about 8 hours.
78. The method according to claim 77, wherein the maintenance period is about 7 hours.
79. A diagnostic test comprising obtaining a test sample of blood from a subject, determining the

blood plasma councentration of the peptide derived from atrial natrinretic peptide (ANP) probormone

or a mimetic thereof, and providing mnformation on the blood plasma concentration.

80, The diagnostic test acecording to claim 79, further compnising using the results of the blood
plasma concentration to adjust the dosage rate during administration of the peptide derived from atrial
natrivretic peptide (ANP) prohiormonce or a mimetic thereof to the subject.

81, A method of mouiforng the blood plasma levels of a peptide derived fram atrial natrinretic
peptide (ANP) prohormone or a mimetic thereof in order 1o optimise dosing or scheduling; the method

cempasing:

{1} contacting 4 test blood sample obtained from o subjoet with o firat captase binding agent
that binds to the peptide derived from atnal natriuretie peptide (ANP) prohormone ora

mimetic or fragment thereof to form a first capture binding agent-peptide complex:

¥

{i} contgcting the firsi capture binding agent-peptide comwplex with a second detection binding

P

aguat that binds {o the peptide derived from atrial natrinretic peptide (ANP) prohormone or
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a mimetic or fragment theroof and s conpugated to a deteatable label to fonm a detection-

capture binding agent-peptide complex;

{hityderermining the amount of the detection-capture binding agent-papiide complex formed by
detecting the detectable label, wherein the amount of the detection~capture binding apent-
peptide complox formed is the amount of the peptide derived from atrial natriuretic peptide

{ANP) prohormone or a mimetic thereo comtained in the test saimple; and

{iv} comparing the amount of the peptide derived from airial natriuretic peptide (ANP)
prohormone or a niimetic thercof 1 the test sample determined in step (13) with a destred

blood plasma level,

82. A method of oprimising dostag of an active agent comprising a peptide derived from atrial

natriurctic peptide (ANP) prohormone or a mimetic thercof to a subject, the methed comprising:

{1y administering subcutancously to the subjeet an effective amount of the active agent ina
multimodal dosage regime comprising at least an initial dosage stage and at least one
maintcnance dosage stage, the initial dosage stage comprising infusing the active agent at an
initial dosage rate for an initial period to achicve a target steady state blood plasma
concentration of the active agent or metabolite thereof, and the maintenance dosape stage(s)
corprising adjusting the dosage rate to a maintenance dosapge rate for a matnfenance period
to substantially miaintain said target steady state blood plasma concentration of the active

agent or metabolite thereof,

determimug the concentration of af {eagt one ronal Runerion romiarker in 3 body flatd of the

-
=353
fety

4

subicet at two or more tiwe poinis;

Gifycomparing the concentrations of the at feast one ol function biomarker at the two or more

time points fo ascertain whether repal function of the subject has Invproved over tinc;

(v ishag the data obitained fromy step (i3} to-defermmne whether the dosage rate of the settve

agent should be adjusted; and

(v} if nocessary, adjusting the dosage tate of the aetive agent during the initial dosage stage

£

andior the manttenance dosage stage(s) based on the deteratnasion made at siep {1v).
83. The method according to elaim $2, wherein the renal function bionwarker Is crcatinine.

84. The method according to claim §3, wherein body fluid is blood o urine.
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85, The method according to claim 84, wherein the mate of change io the copcenteation.of
creatinine inthe body fluid of the subject over time is used to adjust the dosage rate of the aciive

agent.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. m Claims Nos.: 61-78,82-85
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 61-78, 82-85 pertain to methods for treatment of the human body by therapy and thus relate to a subject matter which
this International Searching Authority is not required, under PCT Article 17(2)(a)(i) and Rule 39.1(iv), to search.

2. 1] Claims Nos.: 6,11,14,19,21,30-31,33-34,36,38.40,50,53,58,60,68,71,76,78
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claims 6, 11, 14, 19, 21, 30-31, 33-34, 30, 38, 40, 50, 53, 58, 60, 68, 71, 76, 78 are unclear since they refer to claims which are
not searchable due to not being drafted in accordance with Rule 6.4(a).

3. Claims Nos.: See extra sheet.
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2014/000256

(Continuation of Box No. II)
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