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METHODS FOR TREATING HYPOTENSION

Related Applications
This application clamms the benefit of priority to ULS. Provisional Patent Application

No. 62/022.054, filed July 8, 2014, which i3 hereby incorporated by reforcace m its entirety.

Backeround of the invention

Hypotension, 1f wncorrected, 1 life-threqtening and occurs as the result of various
wndertying conditions such as trauma, septic shock or drug reactions. The first line of
treatment is mtravenons fluids and if this fails to correct the hypotension they vasopressors
are deploved. The first line vasopressor is a catecholantine infusion. Catecholamings are
amines decived from the amine acid fvrosine, and they include epineplyine (adrenaline),
norepinephrine {noradrenaline), phenyiephring, and dopamune, which act as both hormones
and newotransmitters that increase blood pressure. While largely effective at treating
hypotension, some }mt‘i@ms il o respond o adequate doses and ave defined as
catecholamine-resistant. These paticats frequently bave a high mortality and no aceeptable
alternatives.

The use of high doses of catecholannines in patients with severe hypotension s
associated with poor outcomes,  For example, the in-paticrd, 90-day meortality rate 1s 50-
93% for paticnts who require norepinephrine as a vasopressor at doses that exceed 6.1
sedkeimin, and 94% of patients who require norepinephrine at doses above HIG pgdmin die.

Thas, altiernate methods of regadating blood pressere in pationts with catecholamine-

resistant hypotension are needed,

Summary of the uvention

Angiotensin Il is a peptide hotmone paturally produced by the body that regulates
blond pressure via vasoconstriction and soduan reabsorption. The hemodynanuc effocts of
angiotensin 11 adnunistration have been the subject of mumerous clinical studies,
demonstrating significant effcets on systemic and renal blood flow. The invention
disclosed herein describes methods of treating hyvpotension by adminstering angiotensin {f
to a patient, measuring the patient’s subsequent mean artenial pressure, and tirating the
catecholamine andfor angiotensin Il dosing bemng admimstered o the patient according to

the change W the patient’s blood pressure,

-1-



WO 2016/007589 PCT/US2015/039499

16

.
(e 2

20

30

in some aspects, the invention relates to methods of treating hypotension, such as
atecholanine-resistant hypotension, iy a patient in need thereof, comprising admmistering

to the paticnt a composition comprising angiotensin 1. The term “catecholanuine-resistant
hypotension”™ as used heremn refers © patients who require more than 15 pgdg/min of
dopanune, (.1 pg'kg/min norepinephrine, or 0.1 pgke/min epinephrine as a vasopressor.
Dopamine, norepinephrine, and epmephrine may be adounistered af rates higher than 15
pekeimin, 0.1 pwke'min, or 0.1 pg'kg/man, respectively, but elevated rates correlate with
ncreased mortality,

In some embodiments, the wvention rolates 1o methods of treating hyvpotension i a
hsman pationt receiving a catecholamne and having an mitial mean arterial pressure,
comprising: adbunistering to the patient a composition conmprising angiotensin 11; after a
period of thme, measaring the patient’s mean arterial pressure; and, if the measured mean
arterial pressure 15 at or above 7% mm Hg, decoreasing the rate at which catecholamine is
admunistered to the patient. In cortain such erubodiments, f the measured mean anterial
pressure is below 758 mm Hy, the method comprises increasing the rate of administration of
angintensin 1

The term “mean arterial pressure”™ or “MAP” refors to the average arterial prossune
durmg a single cardiac eycle.

The term “catecholamine™, as used berein, vefers to dopamune, norepinephrine,
phenviephrine, and epinephrine and thew prodrags, structural analogs, or devtvatives that
induce similar physiological effcets in humans, g, raise mean arterial pressure i healthy
human subjects. In certinn embodiments, the catecholanune may be dopanune,
norepinephring, or epinephring.

In some embodiments, the invention relates to methods of treating hypotension ina
hman patient receiving a catecholanune and having an initial mean arterial pressure,
comprising: administering to the patient a composition comprising angiotensin I after a
period of thme, measaring the patient’s mean arterial pressure; and i the measured mean
arferial pressure 1s af or above a throsheld value (e 30, 51, 32, 53, 34, 35, 56, 57, 58, 39,

60, 61, 62, 63, 64, 65, 66, 67, 68 &8 TO 71, 72,73, 74, 75, 76, 77,78, 79, 80, R], 82, 83,

&3 kS

34, or 85 mm Hy), deoreasing the rate at which catecholanune is administered to the
patient. In certain such embodiments, if the measured mean arterial pressure s below the
threshold value, the method comprises mereasing the rate of administration of angiotensin

1L
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in other embodiments, the mventon relates to methods of treating hypotension in a
tusman patient receiving a catecholamine and having an tutial mean arterial pressure,
comprising: administering to the pationt a composition comprising angiotensin Ii; after a
period of time, measuring the patient’s mean arterial pressore; and if the measured mean
avterial prossure is at least 1O num Hg hugher than the mitial mean artenal pressure,
decreasing the rate ai which catecholanune is admimstered to the patient. Inr certain such
embodiments, i the measured mean arterial pressure is loss than [0 mm Hy higher than the
initial mean artenal pressure, the method comprises mereasing the rate of adpunistration of
angiotensin 11

In other embodiments, the mvention relates to methods of treating hypotension in a
human patient receiving a catecholamine and having an mitial mean arterial pressure,
comprising: adoninistering to the patient a composition comprising angiotensin I, after a
period of thne, measaring the paticat’s mean arterial pressure; and if the measured mean
arterial pressure is higher {e.g., atleast 1,2, 3,4, 5,6, 7,8, 9, 1), 1112, 13, 14, 15, 16, 17,

18,19, 20, 21, 22,23, 2425 26, 27,28, 2930, 31, 32,33, 34, 35,36, 37.38_ 39, 40, 41,

42, 43, 44, 45 mum Hg higher) thao the mitial mean arterial pressare, decreasing the rate at
which catecholamine is adnunistered to the patient. In certain sach cmbodiments, if the
measured mean arterial prossure is at or below the intial mean arterial pressure, the method
comprises increasing the rate of admimstration of angiotensin 1L

Those of skill in the ant will recognize that in the context of the present invention,
anti-hypoteasive therapeutics can be administered in any suttable way, but are typically
adnunistered by continvous infuston. Accordingly, increasing or decreasing a rate of
adnunistration can he accomplished by changing the rate of flow of an intravenous drip,
changing the concentration of the agent in an infravenous deip, ote, However, the manner in
which the rate of administration 15 changed will depend on the mode of admiusiration of
the therapeutic. Where the therapeutic is administered transmucosally or vansdermally, the
rate may be increased by changing to a ligher-release-rate patch or transdermal
compaosition for example. Where the therapeutic is adounistered orally, the rate may be
mereased by swiiching & a higher-dose form, admuinistering additional doses, or
adnunistering controfled-release dosage forms with a bigher rate of release, for example.
Where the therapeutic is administered by inhalation, the rate may be increased by
administering additional boluses, a more concendrated bolus, or a faster-release bolus, for

example. Other modes of admimstration {via subcutaneous mjection plmp, SUPPOSHOLY,
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ete.) can be modulated 1 analogous fashions, and deereasing the rate of administration can
be accomplished by doing the opposite of an action that would increase the rate of
adounistration of the therapeutic,

Angiotensin H may be particularly uscful for paticots who require potentially
harmfud doses of vasopressors. Thus, in some embodiments, the mvention relates o
methads of freating bypotension, wherein, prior to adounistening the composition, the
patient is receiving dopamine, dobutamine, norepinephuine, epinephrine, phenylephrine,
terlipressin, vasopressin, or midodrine as a vasopressor.

In some embodiments, the wvention rolates 1o methods of treating hypotension
wheren the patient has a cardiovascular sequential organ failure assessment score ("SOFA
score”) of | or greater prior to mitiation of angrotensin I therapy. For example, a patient
may bave a cardiovascalar SOFA score of 1, 2, 3, or 4. In some embodiments, the patient
has a cardiovasadar SOFA score of 2, 3, or 4. In other embodiments, the patiest has a

cardiovascular SOFA score of 3 or 4. In some embodiments, the patient bas a
cardiovascular SOFA score of 4 prior to mitiation of angiotensin i therapy.

In some cmbodiments, the pationt 1s receiving atleast 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
R 00 LI T2 3 4 LS L6 L7 L8 19,2, 2.1,2.2,23,24, 25,26 27 2829,
3,31,32,33,34,35,36,37,38,39,4,41,42, 4344454647 4849 or3
pgkg/min of norepinephrine prior to administration of angiotensin 1L For example, prior to
adminstering the composition, the paticnt may be receiving at feast 0.1 pgg'min of
norepincphrine. Ia other eatbodiments, wherein the patient may be receiving at least 5, 6,
TR O M0 LT 12083, 14,158, 16, V7,18, 19,20, 21, 22,23, 24, 25 26,27, 28,29 30, 31,
32033, 34, 35, 36,37, 38, 39, 40, 41, 42, 43, 44, 45,46, 47 48 49, 5
36,57, 58, 39, 60, 61, 62, 63,64, 63, 66, 67, 68, 60, T 71, 72, 73,74, 78 76, 7T, TR,
80, 81,82, B3 &4 85 86 87, 8K 89, 90,91 92 93,94 95 86,97, 98, 99, or IO ng/min of

5y
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52,583, 54, 55,
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norepinephrine prior to administering the composition.

Alternatively, hypotension may be treated with epinephrine. Thas, in some
embodimerds, the patient may be recetving at least U1, 82, 03, 04, 0.5, 0.6, 4.7, 0.8, 0.9,
LEL P2 83, b, 05, 06, L7 L8 19,2, 21,22,23,24, 25262728293 3.1,
32,33,34,3.5,3.6, 37, 38,39, 4.4.1,42,43, 44, 45, 46,47 48 49, or § pekeimin
of epinephrine prior to initiation of anglotensiy I therapy. For example, prion to
administering the composition, the patient may be receiving at least 001 yg/kgfow of

epinephrine. In other embodiments, the patient may be receiving at least 5,6, 7, 8,9, 10, 11

i
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12,13, 14, 15, 16,17, 18, 19,20, 21,22, 23, 24, 25, 26,27, 28, 29, 30, 31,
36,37, 38,39, 40,41, 42, 43, 44, 4546, 47, 4%, 40_ 5051, 8253, 54, 55,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75, 76, 77, T8, 79, 80, 81, 82, 83,

£

el

2,33, 34,35,

U'k

6,57, 58, 59,

84, 85, 86, BT, 88, 89, 90, 91, 92, 93,94, 95,96, 97, 98, 99 or 100 pg/nun of epinephringe
prior o mitiation of angiotensin 1 therapy..
Alternatively, hypotension may be treated with dopamine, Thus, 10 some

embodiments, the patient may be receiving at feast 5,6, 7,8, 9,10, 11, 12, 13, 14, 15, 16,

17,088, 19,20, 21, 22, 23, 24, or 25 pg/ka/nun of dopanune prior to initiation of angiotensin
11 therapy. For example, prior to administering the composition, the patient may be
recciving af teast § ped'kefoun of dopamine. In other embodiments, the patient may be
recerving at feast 230, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390,
400, 410, 420,430, 440, 450_ 460, 470, 480, 490, 500, S10,
280, 594, 600, 610, 620, 630, 644, $50, 660, 670, 680, 690, TOD, I,
T60, 770, 780, 790, 800, R10, 820, 830, 840, 850, K60, §70, 880, 890 900, 910, 920, 930,
940, 950, 960, 970, 9]0, 990, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900,
2000, 2100

520, $30, 540, §30, 560, 570,
720, T30, 740, 750,

, 2200, 2300, 2400, or 2300 ugfmin of dopamine prior to initlation of
angintensin 1 therapy.

The patient’s mean arterial pressure may be monitored to titrate either angiotensin [
or the catecholavuine, For example, the patient’s mean arfertal pressure may be monitored
with an ndwelling arterial hine or by other suitable methods. In some embodiments, an
initial mean arterial pressore is measured prior to administering the corposition, the

conposition s administered, and, after a period of tme, an additional mean arteral

pressure is measured. The period of tme may be, for example, abow 1,2, 3,4, 5,6, 7, 8. 9,

T 11, 12,13, 14,15, 16, 17,18, 19,20, 21,22, 23, 24, 25, 26, 27,28, 29, 30, 31, 32, 33,
34,35,36,37,38539,40,4%,42,43544,45q46,4?,48,4ﬂ,ﬁOSSI,ﬁ 33, 54, 55, 56, 97

S8, 589, 60, 65, 70, 75, B0, 85,90, 95 100, 105, 110, 115, 120, 3 Yes, 186, 195, 2140,
225, or 240 mimstes, or about 4.0,4.5, 3.0, 35, 6.0, 65, 7.0, 75, 80, 85,9.40, 95, 100,

HOS, PE0, PES 12,0, 125, 130, 135, B0, 145, 130, 155, 16,0, 16.5, 17.0, 17.5, 189,

18,5, 190, 19.5, 20,0, 20.5, 21.0, 21.5, 22,0, 225, 23.0, 23,5, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41,42, 43, 44, 45, 46, 47, or 48 hours or longer.

Preferably, the period of time is less than two hours, most preforably about one how or Iess.

In corfain embodiments, if the measwed mean arterial pressure meets or exeeeds

target value, then the vate at which catecholanune is administered is decreased. The target
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value may be, for example, 60, 61, 62, 63, 64, 63, 66, 67, 68,69, 70, 71, 72, 73, 74, 75, 76,
77,78, 79, or 30 mm He. In certain preforred embodiments, if the measwred mean arterial
pressure is at or above 75 mm Hg, then the rate at which catecholaming 1s administered s
decreased.

1n other embodiments, i the difference between the measured mean arterial pressure
arud the nitial sean arterial pressure meets or excends a target value, then the rate at which
catecholanune is administered s decrcased. The target value may be, for example, 1, 2, 3,
405,06, 7,8, 9,10, 1L, 12, 13, 84,15, 16, 17,18, 19, 30,21, 22,23, 24, or 25 mm Hg. In
certain preferred embodiments, if the measwred mean arterial prossure is at least 10 mum Hg
fugher than the mitial mean arterial pressure, then the rate at which catecholaming i
administered is decreased.

The mean arterial presswre may be measured more than once; for example, the mean
arferial pressure may be measared 1, 2, 3,4, 5,6, 7, 8, 9, 10, or morc times, or cven
continuocusly or substantially continuously. The rate at which catecholamine is
adnunistered may be decreased in response to cach measurement {or the rate of angiotensin
1! deereased, or both), depending on whether the measwred mean arterial pressure meets or
exceeds a target vahse, Sindlagly, the rate at which catecholamine is adnsinistered mav be
increased afier a measurement {or the rate of angiotensin 1 ingreased, or bath), if the
measured mean arterial presswre is fess than a target value, Similarly, the rate at which
catecholamine 1s adnunistered may be decreased after each measurement {ov the rate of
angotensin H decreased, or both}, depending on whether the difference between the
measured mean arterial pressure and the inttial mwean artertal pressure is Tess than a target
value, Simularly, the rate at which catecholamine is administered mav be increased after a
measurement (or the rate of angiotensin I increased, or both), if the difference between the
measured mean arterial pressure and the nutial mean arterial pressure is less than a target
value.

In some embodiments, 1f the patient’s measured mean arterial pressure is at or above
73 mnt Hg, then the rate at which catecholaming is administered to the patient is decregsed,
In somc cmbodiments, if the patient’s measured mean arterial pressure 15 at or above 65, 66,
67,68, 69, 70, 71, 72,73, F4, 73, 76,77, 78, 79, 80, 81, 82, 83, 84, or 83 mm Hg, then the
rate at which catecholamine s administered to the patient s deercased. Insome
cmbodiments, 1f the mecasured mean artenal prossure i3 at least 10 oun Hy higher than the

imtial mean arterial pressure, then the rate at which catecholamine is administered to the
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patient 1s decreased. i some embodiments, if the measured mean arterial pressure s at
feast 1,2, 3,4, 5,6, 7 8,9, 10, 11, 12, 153, 14, 1516, 17 18,19, 20,2122 23,24 or 25
mm Hyg higher than the invtial sean arterial pressare, then the rate at which catecholamine
is administered to the patient 1s decreased. In certam embodiments, the rate at which
S catecholamine 1s adounistered is decreased by at least 1%, 2%, 3%, 4%, 5%, 6%, 794, 8%,
9%, TO%, 115, 12%, 13%, 14%, F8%, 169, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%,
28%, 26%, 2T, 28%%, 29%, 30%, 319, 32%, 33%, 34%%, 35%, 36%, 37%, 3R%, 3%,

0%, 4%, 42%, 43%, 44%, 43%, 46%, 47%, 48%%, 49%, 530%, 51%, 52%, 53%, S4%,

S5%, 56%, ST, SROG, 59%, 60%, 61%, 62%, 63%, 64%%, 65%, 66%, 67%, 68%, 69%,
o TO0G, T10%, T2%, 73%, 74%, T5%, T6%, T7%, T8%:, T9%, 80%, B1%:, R2%, 83%, 8d%,

{5%, B6%, B7%%, 88%, 8%, 90%%, 1%, 92%, 93%, 94%, 958%, 96%, 97%, 98%, 99%,
99 1%, 99 2%, 99.3%, 99 4%, 99.5%, 99.6%, 99. T, 99.R%, 99.9%, or more. Thus, for
cxatple, the rate at which norepinephrine is admuiustered ts decreased by at least 153%, In

other embodiments, the rate at which the catecholamine is adnunistered 1s decreased by at

i
LAy

feast 60%. In some embodiments, the rate at which catecholamine is adnunistered s
decreased to ) pghgimin
The catecholamings may be tirated down while monitoring a pationt’s MAP, and
titration may oecur over the course of minutes to hours. Thus, the rate at which a
catecholamine 1s adounistered may be decreased by at least 196, 2%, 3%, 4%, 596, 6%, 7%,

200 R, 9%, 10%, 11%, 129, 13%, 14%, 159, 16%, 1 7%, 18%, 19% 20, 21%, 22% 23%,
24%, 25%, 26%, 27%, 28%, 29%, 30%, 3%, 32%, 33%, 34%, 35%, 36%, 37T%, 38%,
3U%, 40%, 41%, 42%, 43%, 44%, 45%,, 46%, 47%, 48%,, 49%, 50%, S1%, 52%, 53%,
349G, S3%, 56%, 379, S8%0, 59%, 601%, 61%0, 62%, 63%, 64%, 63%, 66%, 67%, 68%,
69%%, TO%, T1%, T2%, T3%, T4%, T5%, T6%, T7T%, TRY,, T9%, 8O, R1%6, 82%5, 83%,

25 B4%, 88%, RS, 87%, 88%, RU%,, 00%, 919, 93%,, 3%, 94%,, 95%,, 06%, 97%, 9%,
994, 99,194, 99.2%, 99 3%, 99.4%5, 99 5%, 99.6%, 99.7%, 99.8%, Y9.9%, or more over the
cowse of about 1, 2,3,4,5,6,7, 8 9,10, 11,12, 13, 14,15, 16, 17, I8, 19,20, 21,22, 25,
24,025,026, 27, 28,29, 30, 31, 32,33, 34, 35,36, 37, 38,39, 40,41, 42, 43, 44, 45, 46, 47,
48, 49, 30, 81, 52, 53, 34, 58, 56, 37, 58, 59, 60, 65, 70, 75, 80, 85,90, 95, 100, 105, 110,

30 LIS, 126, 135, 1560, 163, 180, 195, 210, 225, or 140 minutes, or over the course of about

40,45 50,35 60,65 70,75 80,85 90,95 100, 103 110,115,120, 125, 13.0,

133 140, 145 150, 155, 160, 165, 170,173, 180, 185, 190, 195,200,205 21 .0,
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28,2240 22.5,23.0,23.5, 24, 25, 26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38,39, 40,
41,42, 43, 44, 45, 46, 47_ o 48 hows or fonger,

Angiotensin H is effective af increasing & pationt’s MAP af concentrations above |

i, Thus, in certam embadiment& the angiotensin 1 1s administered at a rate greater
thanorequalto §, 2, 3,4, 5,6, 7.8, 9, L 11, 12 13, 14, 15, 16, 17, 18, 19 20, 21, 22, 23,
24,25, 26, 27, 28, 29,30, 31, 32,33, 34, 35, 36, 37, 3%, 39, or H ng'kg/min. For example,
in some embodiments, the angiotensin H is admiustered at a rate of 3 ngkhg'min. In other
cmbodiments, the invention relates o methods of reating hvpotension wherein angiotensin H
is adoanistered at a rate of 20 ngkg/min. Insull other embodiments, the anglotensin 1 is
adnunistered at a rate of 40 ng'kg/min,

Ihfferent patients require bigher or lower rates of adnunistration of angiotensin H o
achieve a trestment goal. The rate of adnunistration may be optinuzed for different patients
by admimstering angiotensin I at an witiad rate and the mcoreasing or decreasing the rate of
administration. In some cases, the pationt may be adounistered an mitial bolus of
angiotensin I followed by the adpunistration of angiotensin I at a lower rate.
Alternatively, the patient may be admimstered angtotensin I at a low rate followed by
gradual, elevated rates. Thus, in some cmbodiments, the method further comprises
increasing the rate at which angiotensin is administered, and m other embodiments, the
method further comprises decreasing the rate at which angiotensin is adnunistered. For

example, angiotensin 11 may be adoimistered at an minal rate of about 0.1, 0.2, 0.3, 0.4, 0.5,

0.6,0.7, 08,09, 1.0, 11, 12, 13, 14, 15, 1.6, 17, LR, 1.9,2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6,
27,2829, 30,3.1,32,33.34,35,36,37.38.39,40,41,42, 43,44,45,46,47,
48,4950, 51,52.53,54,55, 56,5758, 59, 60,6.1.62,63,64 65,6667, 68,
6.0.70,70.72.73, 74,7576, 7.7.78.7.0, 8.0, 8.1, 8.2, 8.3, 84, 8.5, 8.6, 8.7, 8.8, 8.9,

9.0, 9.1,92,03, 04 085 006,97, 98 00 10, 11,12 13,14, 15, 16,17, 14, 19, or 20

£

ngfke/min, and the vate may be increased to a final rate of about 5.0, 51, 52,53, 54, 55,
36,3738, 39,60,61,62,63,64,65, 66,67, 68,69, 7.0,7.1,7.2,73, 74,75, 7.6,

TR 7.9, 60,81, 82,83 84 85, 86, 87 88 89 0.0, 91,02 93 04,45, 96 9.7,

AN

9899 10,11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, 23,24, 25, 26, 27, 28, 29,30 31,

kS

32,33, 34,35, 36,37, 38, 39,40, 41 42,43, 44, 453 46, 47 4R 49 50, 51, 32, 53, 54, 55,
36, 57, 38, 39, or 60 ng'kefmin. Alternatively, anglotensin may be administered at an

tnitial rate of about 10, 11, 12, 13, 14,15, 16, 17, 18, 19, 20, 21,22, 23, 24, 25, 26, 27, 28,
20,305, 31,32, 33, 34, 35,36, 37, 3%, 30,40, 41,42, 43, 44, 45, 46, 47, 48,49, 50, S1_ 52,

R
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53, 54, 35, 56, 375K, 39, or 60 ng'kg/min, and the rate may be decreased to a final rate of

about 0.1,02,03,04, 05, 06,07,0809,10,1.1,1.2, 13,14, 1.5 1.6 1.7, 18 19,
4

2.0, 3.1;33‘2.3‘3. 205,26,2.7,.28.29,3.0,3.1,32,33,.34, 3.9, 3.6,3.7, 3.8, 3.9, 4.0,
40,4243, 94,45 46, 37,48 49, 50, 51,52 53,54 55 565755 59 60,61,
62,63, 64,6566 67,6869 70,.71,7.2.73, 74,75 7.6, 7.7, T8, 7.9, &40, &1, 8.2,

B3, 84 85 86 87 KR K9 00,91,92 93 94959697 98 99 10, 11, 12, 13,
14, 13,16, 17, 18, 19, or 20 ng'kg/min. Angiotensin 1l may be tirated while monitoring a
patient’s MAP, and titration may occur over the course of nunutes to bours. Thus, the rate
at which at which angiotensin {1 is administored may be tereased or decreased over the
coarseof 1,2, 3, 4,5, 6,7 8,0 10, 11, 12, 13, 1415, 16, 17, 18, 19,20, 21,22, 23, 24, 25,
26, 27,28, 29,30, 31, 32,33, 34, 35, 36, 37, 3%, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 81, 52, 53, 54, 55,56, 37, 58, 59, 60,65, 70, 75, 80, 85, 90, 95 100, 105, 110, 115, 120,
135, 154, 165, 1R8O, 195, 210, or 244 minuics, or over the course of about 4.4, 4.5, 5.4,
S5,60,65 70,75 80,85 90,95 100,105 110,115 120,125 13,0, 135, 14.9,
145 156, 155,160, 165, 17.0, 175, 18.0, I85,19.0, 195,200,203 210,21 5, 229,
225,230,235, 24, 25,26, 27 28,29, 30, 31, 32,33, 34, 35, 36,37, 38, 39,40, 41, 42, 43,
44, 45, 46, 47, or 48 hours or longer.

Angiotensin il may be administered as long as necessary to maintain & MAP above
a target value, Alternatively, angiotensin may be administered until the patient’s MAP can
he nuintmned at 8 fower dose of catecholamine. In some embodiments, the composition is
admamistered uatil the mcas arterial presswre of the paticst can be maistaned &t or above 70
min Hg with less than 0.1 pgke/min novepinephning, fess than 0.1 padke/min epinephrine,
or fess than 13 ppfkg/min dopamine. In other embodiments, the composition is
adiunistered continuously over a pertod of thme selected from less than 6 hows; from 6
hours to 24 hours; or at least 24 hours. In other embodiments, the composifion is
administered continvously for at least 1-6 days, such as 1-11 days.

The methods disclosed hevein can ase any suitable form or analog of angiotensin
that exhubits the destred effect of orcasing MAP 1 human subjects. In some
cmbodiments, the angiotensin 1Y has the sequence set forth in SEQ D NGO, SEQ 1D NO2,
SEQ D NO:3, SEQ 1D NO:4, SEQ ID NO:S, SEQ 1D NOw, SEQ ID NO7T or SEQ ID
NO:B. Preforably, the angiotensin H has the sequence set forth i SEQ ID NG
I some embodiments, the angiotensin [T is selected from 3-L-valine angiotensin H; 1-L-

asparagine-S-L-valine angiotensin I 1-L-asparagine-5-L-isoleucine angiotensin 11 or -1~
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asparagine-3~ L-isoleycine angiotensin I, preferably S-L-isolencine angiotensin I The
angiotensin 1 may be formulated as a pharmacewtically acceptable salt, for example, as an
acetate sale,

The conposition may be fornmdated with varying concentrations of angiotensin 1L
Thus, n certain embodiments, the composition comprises angiotensin 1 at 8 concentration
of about 1,2, 3.4, 5,6, 7, 8,9, 10, 15,20, 25, 25,30, 35,40, 45, 30, 55, 60, 65, 70, 75, 80,
85,90, 95, 100, 110, 120, 130, 140, 150, 160, 17O, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430,
440, 450, 460, 470, 480, 490, 300, 550, 600, 630, 700, 750, 800, &30, 9006, 950, 1000 yg/ml
It other embodiments, the composition comprises angiotensin I at a concentration of aboat
AL Y203, b4 15, 16, V7 1819, 2,21,22,23,24,25, 26,27, 2829,3,3.1,
32,3334, 353637, 38,39,441,42.43,4445. 46474849 551,52 353,
§4,85, 60,65 70,75 80,85, 90,95, 100, 105, 110, 11.5, 120, 12,5, 13.0, 135,
1.0, 1458, 150, 155 160, 163, 170, 175, 180, 185,190, 195, 200, 205, 21.0, 215,
326,22.5,23.0,235,24.0, 243 or 25.0 mp/ml. Thus, m centain embodiments, the
composition comprises angiotensin Il at a conpcentration of about 2.5 mg/mi..

In ceriain cmbodiments, the composition compirises an excipiont, sach as mannitol.

In certain embodiments, the composition is suitable for parenteral administration,
such as fgection or intravenous mfusion, preferably intravenous infusion.

In some embodiments, the patient has sepsis. The patient may have septic shoek,
distributive shock, or cardiogenic shock.

In some embodiments, the patient 1s 2 mamnial, such ag a prmate, ovine, poreineg,
camine, of rodent, preferably a human

The rate of adminstration of the angiotensin I can be modulated maneally andior
automatically In response to measurcments of the patient’s mean arterial pressure obtamned
penodically or sporadically during treatment, e.g., 1o maintain a mean arterial pressure at
this fevel, or within a predetermined range (e.g, 30-110 nuan Hg).

in certain embodiments, the mvention provides a method of assessing the response
of a patient {such as a human} with hypetension to angiotensin I therapy, comprising
adnunistering to the patient an initial dose of a composition comprising angiotensin
{which may be a therapeutic dose or a sab-therapeutic dose, for example, a dose less than |
ngdkgfoin or gbout | ng'kg/min} and testing the patient for a change in a therapeatic

parameter (e.g., blood pressure}. For example, the therapeutic parameter of the patient can

~} {3~
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be assessed priov to adnunistering the inttial dose and again after administering the mutial
dose (e.g., at least half an howr later, preferably at least one hour later and/or up to 8 howrs
fater, preferably up to 6 howrs Iater, such as between 1 and 6 howrs after administering the
imitial dose). Comparing the assessient of the therapeutic parameter after admimistering the
imtial dose to the assessment made prior to admiustering the mitial dose will indicate
whether the parameter is increasing or decreasing as a result of the angiotensin H therapy.
Typically, an ingrease in the patient's blood pressure is indicative of a positive response o
the angiotensin 1 therapy, In certam embodiments, where the patient exhibits a positive
response (o the therapy, the method further comprises adonnistering an additional dose of
angiotensin H to the patient. I 3 patient exhibits a negative response (e.g., a decrease m the
patient’s blood pressure), the patient will typically receive no additional doses of
angiotensin I therapy. IF a patient extubits no response or an msigmficant response, the
method may further comprise administering a higher dose of the composition than the
inttial dose and further tosting the patient for § response to the higher dose, Altematively, if
the patient exhibits no response or an insignificant response, the patient may receive no

further doses of anglotensin therapy.

Angiotensin 1 Therapeutics

Angiotensin 1115 a peptide hormone natorally produced by the body that regulates
blood pressure via vasoconstriction and sodiwm reabsorption. Hemwodynamic effects of
angiotensin H administeation have been the patient of muneroas clinical studies,
demonstrating significant effects on systemic and renal blood flow (Harrison-Bernard,
LM, The renal renin-angictenyin systen. Adv Physiol Educ, (2009) 33(4): p. 270-74),
Angiotensin I s 3 hormone produced by the rentn angiotensin aldosterone svstem {RAAS)
that modulates blood pressure via regulation of vascuolar smooth muscle tone and
extracellular fhad homeostasis. Angiotensin I mediates 1ts effects on the vascolature by
inducing vasoconstriction and sodiwm retention, and so 1s the target of many therapies for
bypertcnsion, In addition o 1ts systemic effects, angiofensin i has g pronounced offect on
the efferent arterioles of the kidney, maintaining glomerular filtration when blood How is
decreased. Angiotensin 11 also regulates sodinm reabsorption in the kidney by stimulating
Nat/H+ exchangers in the proximal tubule and indecing the release of aldosterone and
vasopressin (Harrnison-Bemard, LM, The renal renin-angintensin system. Adv Physiol

Educ, 2009, 334 p. 270-4.).
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The angiotensin 1 therapeotic that may be used for in the compositions and methods
of this disclosure may be Asp-Arg-Val-Tyr-He-His-Pro-Phe(SEQ ID NO: 1) also called 5-
isefeucine angiotensin I, SEQ {D NO: 1 is an octa-peptide naturally present in ngnans and
other species, such as equines, hogs, efe. Isoleucine may be substinated by valine to result
in S-valine angtotensin I, Asp-Arg-Val-Tyr-Val-His~-Pro-Phe(SEQ 1D NOG: 2}, Other
angiotensin I analogues such as [Asn’-Phe*f-angiotensin I (SEQ 1D NO: 3), hexapeptide
Val-Tyr-lle~-His-Pro-Phe (SEQ 1D NO: 4), nonapeptide Asn-Arg-Vab-Tyr-Tyr-Val-His-Pro-
Phe (SEQ ID NO: ), [Asn’-lie™ e angiotensin T (SEQ 1D NO: 6), [Asa-lle™- AL}
angiotensin 11 (SEQ [D NO: 7, and [Asn~difodo Tyr'-Hie’ |-angiotensin H {SEQ 1D NO: &)
may also be used, Angiotensin H may be svnthesized, for example, by sobid phase peptide
synthesis fo meorporate modifications, such as C-termmal amidation. The term
“angiotensin {7, without further specificity, is intended to refer to any of these various
forms, as well as combinations thereof,

The sequence of angiotensin H used in the compositions and methods disclosed
herein may be bomologous to the sequences of angiotensin H described above. In certain
aspects, the invention inclades solated, synthetic, or recombinant amino acid sequences
that arc at feast B0, 83%, Q0% 93%, 87%, 98%, 99% or 1001% identical 1o SEQ 1D NO:
1,2,3, 4,5 6,7, andfor 8. Anv such variant scquences may be used in place of an
angiotensin I as described in the preceding paragraph.

In some aspects, the composition comprising angiotensin 11 may be sefected from 3-
valing angictensin H, S-valine angiotensin H amide, 3-L-isoleucine angiotensin 1, and 3-L-
woleucine angiotensin 1 amide, or a pharmaceutically acceptable salt thercof, preferably
mamsfactured under carrent good manufachsring conditions (¢GMP). In some aspects, the
composition may include different forms of angiotensin H in different percentages, 2., a
nuxture of hexapeptide and nonapeptide angiotensin, The composition comprising
angiotensin I may be suttable for parenteral admunistration, e.g., for fnjection or
intravenous infusion,

Sunilarly, an angiotensin H therapeuatic may be used as any suitable salt, deprotected
form, acetylated form, deacetviated form, andfor prodreg form of the above-mentioned
peptides, including peavlated forms of the peptides or conjugates as disclosed in US Patent
Publication 201 10081371 (incorporated by refevence). The term “prodrug™ refers to any
precursar compound which is able to generate or to release the above-mentioned peptide

ander physiological conditions. Sach prodrugs may be larger peptides which are
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selectively cleaved in order to form the peptide of the invention. For example, i some
aspects, the prodrug may be angtotensinogen, angiotensin L, or its homologues that may
result in angiotensin H by the action of certaim endogenoas or exogenous cazvimes. Farther
prodrugs mclude peptides with protected anuno acids, e.g., having protecting groups at one
or more carboxylhic acid andfor amino groups. Suitable protecting groaps for anuno groups
are the benzyloxyearbonyl, t-buivioxyearbonyl (BOC), fluorenylhmethyloxycarbonyl
{FMOQ), fornyl, and acetyl or acyl group. Suttable protecting groups for the carboxylic
acid group are esters such as benzyl esters or t-butyl esters. The present mvention also
comtomplates the use of anglotensin 11 andfor precursor peptides having amino acid
subattiytions, deletions, additions, the substitutions and additions including the standard D
and L apuno acids and modified amino acids, such as, for example, anudated and acetylated
amino acids, wherein the therapeutic activity of the base peptide sequence is maintained at

a pharmacologically usefid level,

Doses of the therapentically effective substance

In general, angiotensin 1 increases blood pressure, and patients who ate
hvpotensive may require larger doses o exhubit pressor responses sinilar to those observed
in normal patients. The composition meluding the angiotensin therapeutic (e.g.,
angtotensin 1) can be admimstered at a rate sufficient to aclueve an increase n blood
pressure of at feast about 10-15 nmun Hg and optionally for at least angiotensin therapeutic
adhmviristered may be varied in rosponse to changes i other physiclogical parameters such
as renal vaseular resistance, renal blood flow, filration fractions, mean arterial pregsure,
¢t For example, the rate of adnunistration of the angiotensin therapeutic may start from
about 2 ag/kg/min to abouet 20 ng/ke/min and is mereased based on the mwan arterial
pressure CMAPT). In some aspects, the rate of adounistration may be moreased such that
the MAP does not exceed about 70 mm Hg, about 80 num Hg, about 90 mm Hg, about 100
num He, about 110 mm Hyg, ere. For example, a patient may be coupled to a monitor that
provides contimpous, periodic, or ocoasional measurenments of MAP during soioe or all of

the course of {reatment, The rate of administration may be modulated manually {eg., by a
physician or nurse) or automatically {e. g, by a medical device capable of modulating
delivery of the composition in response to MAFP values received from the monitor) o
matidain the pationt’s MAP within a deswred range {e.g., 80-110 wom Hg) or below g destred

threshold, e.g.. as set forth above.
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The composition cluding the angiotensin therapeutic may be admunistered over a
period of tme selected from at feast § hours; at least 24 howrs; and from 8 hours to 24
hours. The composition including the angiotensin therapeutic may be administered
continuously for at least 2-6 days, such as 2-11 days, continuously for 2-6 days, for 8 hours
a day over a period of at least 2-6 davs, such as 2-11 days. A weaning period (from several
hours {o several davs) may be beneficial after prolonged infusion,

The composition including the angiotensin therapeutic may tfurther include one or
more additional pharmaceutieal agent. For example, angiotensin 1 may be adounistered
with albumin. The quantity of the addivonal pharmaceutical agent adounistered may vary
depending on the cemulative therapeatic effect of the geatment including the angiotensin
therapeutic and the additional pharmaceutical agent. For example, the quantity of albumin
adminmstered may be 1 gram of albumin per kilogram of body weight given intravenously
on the first day, followed by 20 to 40 grams daly. Yet other additional phatmaceatical
agents may be any one or more of midodrine, sctreotide, somatostatin, vasopressin
analogue ormipressin, terhipressin, pentoxafylline, acetyleysteine, norepmephrine,
misoprastol, ¢re. {n some aspeets, other natrigretic poptides may also be used in
combination with the angiotensin therapeutic to remedy the Impairment of sedium
excretion associated with diseases discussed sbove, For example, natriuretic peptides may
include any type of atrial matrieretic peptide {(ANP), brain natriuretic peptide (BNPY, C-type
natriwretic peptide (ONP), andfor dendroaspis natrivretic peptide, efe. Several diuretic
compowds may be used in combination with the angiotensin therapeutic to mduce vrine
output. For example any one or move of the xanthines such as caffeine, theophylline,
theobronune; thiazides such as bendroflumethiazide, bydrochiorothiande; potassivm-
sparing diuretics such as amiloride, spironelactone, triamtercne, polassium canrenoate;
osmotic drretics such as glucose (especially i uncontrolled diabetes), mannitol; loop
diveretics such as bumetanide, ethacrymic acid, furosemide, torsenude; carbonic anhydrase
inhitbitors such as acetazolamide, dorzolamide; Na-H exchanger antagonists such as
dopamine; aguarctics such as goldonrod, juniper; argindnge vasopressin receptor 2
antagoists such as amphotericm B, bthuum cutrate; acidifving salts such as CaCly, NHuCL
cthanol, water, efe. may be used in combination with the angiotensin therapeutic to treat the
patient. The list of additional pharmacoutical agents described above is mevely Hlustrative
and may tnclude any other pharmaceutical agents that moay be usefol fr the treatment of

hypotension and related conditions.
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Excipients

The pharmacautical compositions of the present vention may also contain
diluents, fillers, salts, buffers, stabilizers, solebilizers, and other matenials well known in the
art. The term “pharmaceutically acceptable carier™ refers to & non-toxic carrier that may
be admimstered o a patient, together with a therapeutically effective substance (such as
angiotensin H) of this irvention, and which does not destroy the pharmacelogical activity of
the therapeutically effective substance. The term “pharmacentically acceptable™ means a
non-ioxic material that does not interfere with the effectivencss of the biological activity of
the active ingredieni(s). The characteristics of the carmer will depend on the rowte of
administration. The term “excipient” refers to an addinive in a formulation or composition
that is not a pharmaceutically active ingredient,

One of skill in the art would appreciate that the chotee of any one cxcipient may
influence the chotce of any other excipient, For exanple, the choiee of g particular
excipient may preclude the use of one or more addittonal excipionts because the
combination of excipients would produce andesirable effects. One of skill in the art would
be able 1o empivically determine which excipionts, if any, to include in the compositions of
the wvention. Excipients of the invention may include, but are not lamited to, co-solvents,
solubtlizing agents, buffers, pH adjusting agents, bulking agents, surfactants, encapsulating
agents, fonteity-adiosting agents, stabilizing agents, protectants, and viscosity modifiers. In
soine aspects, i may be beneficial to wolade a pharswceutically acceptable carvier 1o the

compositions of the invention,

Selubilizing apents
In some aspects, it may be beneficial to include a solubilizing agentin the

compositions of the invention. Solubilizing agents may be esefid for increasing the

solubtlity of any of the components of the formulation or composition, including a
thorapeutically effective substance {e.p., angiotensin 1) or an excipient. The solubilizing
agents deseribed herein are not intended fo constifute an exhaustive bist, but are provided
merely as exemplary solubilizing agents that may be used i the compositions of the
vention. In certam aspects, solubihizing agents nclade, bat arc not limited to, ethyl

aleohol, tert-butyl aleohad, polvethylene glycol, glveerel, methylparaben, propylparaben,



WO 2016/007589 PCT/US2015/039499

16

i
LAy

20

30

polyethvlene glycol, polyvinyl pyrrolidone, and any pharnacentically acceptable salts

andior combinations thereof

pH-adjusting agents

in some aspects, ey be beneficial to adjust the pH of the compositions by
mchuding a pH-adjusting agent in the compositions of the invention. Modifving the pH of a
formulation or composition mav have beneficial effects on, for example, the stability or
solubility of a therapeutically effective substance, or may be useful in making a formulation
or compasition suitable for parenteral admintstration, pH-adjusting agents ave well known
in the art. Accordingly, the pH-adjusting agents described herein are not intended to
constitute an exhaustive list, but are provided merely as exemplary pH-adjusting agents that
may be used in the compositions of the invention. pH-adjusting agents may inchude, for
exampic, acids and bases. In some aspects, a pH-adjusting agent inchsdes, but 1s not limited
to, acctic acid, hvdrochloric acid, phosphoric acid, sodium hydroxide, sodum carbonate,
and combinations thereofl

The pH of the compositions of the invention may be any pH that provides desirable
propertics for the foromdation or composition. Desicalsie propertios may incluade, for
example, therapeutically effective substance (e g., angiotensin I1) stability, increased
therapeuatically effective substance retention as compared to compositions at other pHs, and
improved filtration efficiency. In some aspects, the pH of the compositions of the invention
may be from aboot 3.0 1o abowt 9.0, e, from about 3.0 to aboat 7.0, In particular aspocts,

the pH of the compositions of the mvention may be 55201, S.6:0.1, 37201, S.8x0.1,

6401, 6.0x0], 61501 62301, 63201, 644001, or 65201,
Buffers

In some aspects, it may be beneficial to buffer the pH by including one or more
baeffers in the compositions. In certain aspects, a buffer may have a pKa of, for example,
about 5.5, about 6.0, or about 6.5, One of skil i the art would appreciate that an
appropriate buifer may be chosen tor mrclusion i compositions of the invention based on
its pKa and other properties. Buffers are well known in the art. Accordingly, the buffers
deseribed heretn are not intended fo constitate an exhaustive list, but are provided merely as
exemplary buffers that nay be used in the compositions of the invention. In certain

aspects, a buffer may include one or more of the following: Tris, Tris HCL potassium

-}~
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phosphate, sodium phosphate, sodiom citrate, sodium ascorbate, combinations of sodiam
and potassian phosphate, Trie/Tris HCL sodium bicarbonate, arginine phosphate, argimne
hvdrochionide, histidine hvdrochloride, cacodylate, saceinate, 2-(N-
morphelino)ethanesulfonie acid (MES), maleate, bis-mis, phosphate, carbonate, and any

pharmaceutically acceptable salts andfor combinations thereof.

Surfacianis

i some aspeets, it may be beneficial to include a swfactint n the compositions of
the mvention. Surfactamis, w general, decrease the surface teusion of a higuad composition.
This may provide beneficial propertics such as improved ease of filtration. Surfactants also
may act as enudsifying agents andfor solubilizing agents. Surfactants are well known in the
art. Accordingly, the surfactants deseribed herein are not intended to constitute an
exhaustive list, but are provided merely as excplary sorfactants that saay be ased in the
compositions of the tnvention. Surfactants that may be ncluded mnchude, but are not houted
to, sorbitan csters such as polvsorbates {e.g., polysorbate 20 and polysorbate 80),
lipopolysaccharides, polyethyviene glyveols (e.g., PEG 400 and PEG 30003, poloxamers (Fe.,
pluronics}), cthylene oxides and pelyethylene oxides (e.g., Triton X-18H1), saponins,

phospholipids {a. g, lecithin), and combinations thereof.

Tonicifv-adjusting acents

In some aspects, it say be beneficial o include & oniciiy-adjusting agent in the
conpositions of the invention. The tomicity of a Hauid composition is an important
consideration when admunistering the composition to a patient, for example, by parenteral
adnunistration. Tonicity-adjusting agents, thus, may be used to help make a fornusdation or
compasition suifable for administration. Tonicity~adjusting agents are well known m the
art. Accordingly, the towmcity-adjusting agents described hevein ave not intended to
constitute an exhaustive fist, but are provided merely as exemplary tomeity-adjusting agents
that way be used i the compositions of the mvention., Tonicuyv-adjusting agends may be
woric or non-ionic and mclude, but gre not linuted to, inorganie salfs, amino acids,
carbohydrates, sugars, sugar alcobols, and carbohyidrates. Exemplary inorganic salts may
include sodnmm chioride, potasshan chloride, sodnam sulfate, and potassiam salfate, An

exomplary aouno acid is ghyeine, Exomplary sugars may nchude sugar alcohols such a

oy

glveerol, propylene glveol, glucose, sucrose, tactose, and mannol.
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Stabilizing gecuts

In some aspects, it may be beneficial to inchude 3 stabilizing agent in the
compasitions of the invention. Stabilizing agents help increase the stabslity of a
therapeatically effective substance in compositions of the invention. This may ocow by,
for exaraple, reducing degradation or preveniing aguregation of a therapeutically effective
substance. Without wishing to be bound by theory, mechanisms for enhancing stability
may mclade sequestration of the therapeutically effective substance from a solvent or
inhibitng free radical oxidation of the anthracycline compound. Stabilizing agonts are well
known in the art, Accordingly, the stabilizing agents described herein are not iniended to
constitute an exhaustive list, but are provided merely as exemplary stabilizing agents that

may be used in the compositions of the invention. Stabilizing agents may include, but are

o N

not honted to, emulsifiers and swrfactants.

Routes of delivery

The compositions of the invention can be administored in a varicty of conventional
ways. In some aspects, the compositions of the invention are saitalde for parenteral
administration. These compositions may be administered, for example, intraperitoneally,
itravenously, intravenally, or mivathecally. In some aspects, the compositions of the
invention are injected intravenously. One of skill m the art would appreciate that a method
of administering a therapestically cffective substance formulation or composition of the
wvention would depend on factors such as the age, weight, and physicat condition of the
patient being treated, and the disease or condition being treated. The skilled worker would,
thus, be able to select a method of administration optumal for a patient on a casc-by-case
basis.

Lnless otherwise defined herein, scientific and technical terms used in this
application shall have the meanings that are conmmonly understood by those of ordinary
skilf s the art. Generally, nomenclature and techniques relating to chemistry, molecular
biology. cell and cancer biology, immunclogy, microbiology, pharmacology, and protem
and nucleie acid chenustry, deseribed horein, are those well-known and commonly used in
the art.

Throughout this specification, the word “conprise” or variations such as “comprises”

or “comprising” will be understood o imply the inclusion of a stated integer {or
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componenis) or group of integers {or componenis}, but not the exclusion of any other

integer {or components) or group of integers {or components). The singular forms “a,” “an,”
and “the™ include the plorals unless the context cleardy dictates otherwise, The torm
“mcluding” is used fo mean “including but not hinvted t0.” “Including” and “including but
not hmited t07 ave used interchangeably. The terms “patient” and “individoal”™ are used
mterchangeably and refer to erther a haman or 3 non-buman animal. These terms inchude
mammals such as bumans, primates, livestock animals (e.g., bovines, porcines), companion
antmads (e.g., canines, fehines) and rodents (e g, mice, rabbits and rats).

“Aboat” and “approximately” shall generally mean an acceptable degree of ervor for
the guantity measured given the nature or preeision of the measurements, Tvpically,
exemplary degrees of error are within 20%,, preferably within 10%, and more preferably
within 3% of a given value or range of values. Alternatively, and particularty in biologieat
systems, the terms “abowt™ and “approximately” may mean valacs that are within an order
of magnttude, preferably within S-fold and more preferably within 2-fold of a given value.
Numerical quantities given horein are approximate unless stated otherwise, meaning that

>

the term “about™ or “approximately” can be taforred when not expressly stated.

Incorporaiion by Reference

All publications and patents mentionad herein ave hereby incorporated by reference
in their entivety as if each individeal pubhication or patent was speaifically and individeally
mndicated 1o be mcorporated by reforence. 1o case of conflicy, the presomt specification,
ncluding its specific definttions, will control. While specific aspects of the pationt matter
have been discussed, the above specification is Hostrative and not restrictive. Many
vartations will become apparent to those skilled in the art epon review of dus spectfication
and the clatms below. The full scope of the mvention should be determined by reference to
the claims, along with their full scope of equivalents, and the specification, along with such

VRTINS,
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We claim:

I8 A method of treating hypotension i1 a hwman patient receiving a catecholamine and
having an initial mean artenial pressure, comprising:

adnunistering o the patient a composition comprising angiotensin I

after a periad of time, measwring the patient’s nican arterial pressure; and

if the measured mcan arterial prosswee &8 at or above 75 mm Hg, decrcasing the rate

at which catecholamine 1s adounistered to the patient.

2. The mwihod of claim 1, fiother comprising, if the measured memn arterial pressure 18
below 75 mm Hg, increasing the rate of admimstoring angiotensin 1L
3 A methed of treating hvpotension in a huraan patient roceiving a catecholamine and
having an imtial mean arferial pressure, comprising:

adpunistering to the patient a composition compriging angiotensin Il

after a period of time, measwing the pationt’s nican arterial pressure; and

it the measured mean arterial presswre is at feast 10 mom Hg bigher than the imual
mesn arterial pressure, decreasing the rate at which catecholamine is admimisteved to the

patient.

4, The method of claim 3, fwther comprising, 1f the measured mcan arterial prossare 18
less than & mm Hg higher than the imtial mean arterial pressure, ncreasing the rate of
administering angiotensin

5. The method of any preceding claiin, whervein the catecholamine 1s dopanune,

norepinephring, or epinephring.

6. The method of any one of claims 1-5, wherein, prior to administering the

composition, the patient is receiving at least 6.1 pgdkg/mn of norepinephrine,

7. The method of any one of claims 1-3, wherein, prior to administering the

composition, the patient s reeciving at least 8.2 pekg/min of norepinephrine.

it
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3. The method of any one of claims 1-5, wherein, prior to administering the

composition, the patient is receiving at feast (1.5 pe'kg/min of norepinephrine.

9. The method of any onc of clabos 1-3, wherein, prior to adnunisicring the

composition, the patient is reeciving at least 1O ppfkg/min of norcpinephrine.

10, The method of any one of clms 1-3 wherein, prior to admimstening the

composition, the patient s recerving at least 8.1 pgkg/mm of epinephrine.

P The method of any one of claims 1-3, wherein, prior to adoinistering the

compesttion, the patient 1S recetving at least 0.2 pg'ke/min of cpinephrine.

12, The method of any one of clatms 1-3, wherein, pricy to administering the

-

composition, the patient is receiving at feast 1.5 pkg/min of epinephrine.
13, The method of any one of dlaims 1-3, wherein, prior to administering the

composition, the patient is reeetving at least 1O pgdkg/mm of epinephrine.

14, The metwd of any one of elaims -5, wheran, prior o administering the

composition, the patient is recetving at least 3 pg/'kg/onn of dopaming,

15, The method of any one of elaims 1-8, wherein, prior to administering the

composition, the patient is receiving at feast 15 pg'kg/min of dopanune.

y

16. The method of any one of clums 1-3, wherein, prior to administering the

camposition, the pationt is receiving at least 20 pgrkg/nun of dopamine.

17, The method of any one of clains 1-3, wherem, prior o administoring the

13

composition, the patient is recetving at least 25 pg'kg/nuin of dopamine.

18, The method of any one of claims 1-5, wherein the patient has a cardiovascular

sequential organ failure assessmont score ("SOFA score™ of Jor 4.

19, The method of clabm 18, wherein the patient has a cardiovascular SOFA score of 4,
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20, The method of any one of claims 1-19, wherein the nitial mean artenial pressure is

65 mm Hyg or less.

i, The method of any one of clatims 1-19, wherein the initial mcan arterial pressure is

70 rom Hg or less.

22, The method of any one of the preceding claim, wherem the period of time is less

than two bours,

23 The method of claim 22, wherein the period of time is about one how or less.

24, The method of any one of claims 1-23, wherein the rate at whach the catecholaming

is admmnistered is decreased by at Teast 15%.

25, The method of any one of claims 1-23, wherein the rate at which the catecholamine

s administered s decreased by at least 60%.

26, The method of any one of claims 1-25, whercin angiotensin 11 is admimstered at an

nitial rate greater than or equal @ § ng'kg/min,

27, The method of any one of clatiny 1-235, wherein angiotensin i is adovnistered at an

initial rate of about 20 ngkimin,

28, The method of any one of claims 1-25, wherein angiotensin I is adnunistered at an

intial rate of abowt 40 ngkgfmin.

28, The methoed of any one of claims 1-2%, further comprising the step of increasing the

rate gt which apgiotensin H is administered.

3, The method of claim 29, wherein the rate at which angiotensin 1T is administered is

increased to a final rate of less than or equal to 40 ngkygivun.

31 The method of claim 29 or 30, wherem the rate at which angiotensin H s

admimsiered is increased over the course of no more than six houss.



WO 2016/007589 PCT/US2015/039499

32, The method of any one of claims 1-28, farther comprising the step of decreasing the

rate at which angiotensin H is advunistered.

33, The method of clatm 32, wherein the rate at which angiotensin I 15 administered is

decreased o a final rate of tess than or equal to 5 ng/kg/oun.

34, The method of ¢laim 32 or 33, whercin the rate at which angiotensin I s

adminmstered i3 decreased over the cowrse of no more than six howrs,

3%, The mothod of any one of claims 1-34, wherein the composition is administered

continuously for at least 1-11 days, such as 1-6 days.

36, The method of any one of claims 1-34, wherein the composition is administered
continuously over a pertod of time selected from fess than 6 howrs; from 6 hours to 24

hours: or at least 24 hours.

37, The method of any one of claims 1-34, wherein the composition is administered
until the mean arterial pressure of the patient can be maintained at or above 70 mm Hy with
fess than 0.1 we/kg/min norepinephrine, less than 0.1 pedkg/min epinephrine, or less than 15

pekgimm dopamine.

38 The method of any one of the preceding elaims, wherein the angioteasin IT has the
sequence set forth o SEQ ID NO:1, SEQ ID NQ:2, SEQ 1D NO3JZ, SEQ ID NGO, SEQ ID
NO:S, SEQ D NO:6, SEQ 1D NO7, or SEQ ID NO&.

39 The method of claim 38, wherein the angiotensin I bas the sequence set forth in

SEQ D NO:L

40, The method of any one of claims 1-37, wherein the angiotensin i is 3-L-valine
angiotensin 11 I-L-asparagine-3-L-valine angiotensin 1; 1-L-asparagine-3-L-isoleucine

angiotensin 11 or -L-asparagine-5~-L-isolencine angiotensin I1

41, The method of claim 40, wherein the angiotensin 11 1s 3-L~isoleucine angiotensin 1L
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42, The method of any one of the preceding clams, wherem the composition comprises

angiotensin 1 at a concentration of about 2.5 mg/mL.

43, The method of any one of the preceding clabms, wherein the composition further

comprises niannitol as ai excipient,

44, The method of clatm 43, wherein the composition compnses mannitol at &

concentration of aboat 12.3 mefml.

45, The method of any one of the preceding claims, wherein the composition 1s saitable

for parenteral admoinistration.

46,  The method of claim 435, wherein the parenteral administration is mjection or

miravenous infusion.

47, The method of claim 46, wherein the parentera! admunistration is intravenoos

mfusion.

48 The nwthod of any one of the preceding claims, wherein the patient bas sepsis.

49, The method of clamm 48, wherein the patient has septic shock.

30, The method of any one of the preceding claims, wheretn the patient has distnbutive

shock.

St The method of any one of the preceding claims, wherein the patient has cardiogenic

shock.
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