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METHODS AND COMPOSITIONS FOR TREATING PULMONARY HYPERTENSION

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims priority benefit of United States Provisional Application Serial
No. 62/675,110 filed May 22, 2018, United States Provisional Application Sernal No.
62/810,290 filed Febmary 25, 2019, United States Provisional Application Serial No.
62/820,838 filed March 19, 2019, and Umited States Provisional Apphlication Serial No.
62/820.8472 filed March 19, 2019. The entire contents of those applications are hereby

meorporated by reference for all purposes.

TECHNICAL FIELD
{0002] This application pertains to methods and compositions for treating, stabilizing,
preventing, and/or delaving pulmonary hvpertension using nanoparticles that comprise mTOR

mhibitor {¢.g., rapamycin or a dertvative thereof) and a carnier protein.

BACKGROUND OF THE APPLICATION
{0003} Pulmonary hypertension (PH) is a syndrome characterized by increased pulmonary artery
pressure. PH 1s defined hemodyvnamically as a systolic pulmonary ariery pressure greater than 30
mm Hg or evaluation of mean pulmonary artery pressure greater than 25 mm Hg. See Zaiman et
al., Am. J. Respir. Cell Mol. Biol 33:425-31 {2005). Further, PH, as a result of the increased
pressurc, damages both the large and small pulmonary arteries. The walis of the smaliest blood
vessels thicken and arc no longer able to transfer oxygen and carbon dioxide normally between
the blood and the lungs. In time, pulmonary hypertension leads to thickening of the pulmonary
arteries and narrowing of the passageways through which blood flows. Once pulmonary
bvpertension develops, the right side of the beart works harder to compensate; however, the
mereased effort causes it to become enlarged and thickened. Proliferation of smooth muscle and
endothelial cells which normally exist in a quiescent state leads to remodeling of the vessels with
obliteration of the lumen of the pulmonary vasculature. This causes a progressive rise in
pulmonary pressures as blood is pumped through decreased lumen area. The endarged right
ventricle places a person at risk for pulmonary embolism because blood tends to pool in the
ventricle and in the legs. If clots form in the pooled blood, they may eventually travel and lodge
in the lungs with disastrous consequences. The progressive rise in pressure also places an
additional workload on the right ventricle which eventually fails and leads to premature death in

these patients.
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{3004} Various pathologic changes occur in pulmonary arieries as a result of PH. Persistent
vasoconstriction and structural remodeling of the pulmonary vessels are cardinal features of PH.
Pulmonary vascular smooth muscle cells undergo a phenotypic switch from contractile normal
phenotype to a synthetic phenotype leading to cell growth and matnx deposition. Histological
examination of issue samples from patients with pulmonary hypertension shows intimal
thickening, as well as smooth muscle cell hyperirophy, especially for those vessels <100 um
diameter. Further, abnormal smooth nwscle cells often overexpress endothelin and serotonin

transporters, which likely play a role mn the development of PH.

{0003} The most conunon symptom of pulmonary hypertension initiallv is shortoess of breath

upon exertion. Some people feel light-headed or fatigued upon exertion, and an angina-hike chest
pain is common. Because body tissues are not recetving enough oxvgen, general weakness is
another problem. Other symptoms, such as coughing and wheezing, may be caused by an
voderlying lung discase. Edema, particularly of the legs, may occur because fluid may leak out
of the vens and into the tissues, signaling that cor pulmonale has developed. Some people with
pulmonary hypertension have connective tissue disorders, especially scleroderma. When people
have both conditions, pulmonary hypertension and connective tissue disorders, Raynaod's
phenomenon often develops before symptorms of pulmonary hypertension appear, sometimes as

long as years earlier.

{0006] Treatment of some types of pulmonary hvpertension s ofien directed at the underlyving
tung disease. Currently, the treatment options available for those suffering from PH target
cellular dysfunction that leads to constriction of the vasculature. Therapies such as prostanoids,
phosphodiesterase-3 inhibitors and endothelin receptor antagonists primarily work by causing
dilation of the pulmonary vessels. Vasodilators, such as calcium channel blockers, nitric oxide,
and prostacyclin, are often helpful for pulmonary hypertension associated with scleroderma,
chronic liver disease, and HIV infection. In contrast, these drugs have not been proven effective
for people with pulmonary hvpertension due to an underlving lung disease. For most people with
pulmonary hypertension due {o an unknown cause, vasodilators, such as prostacvehin, drastically
reduce blood pressure in the pulmonary arteries. Prostacyelin given imtravencusly through a
catheter surgically implanted i the skin improves the quality of life, increases survival, and
reduces the urgency of lung transplantation. Unfortunately, many patients respond poorly to
these therapies or stop responding to them over time. The only remaining option at that point in

time s a single or double hing transplantation to treat PH. Although there is some evidence that
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available therapies have secondary effects on vascular remodeling, there are currently no

therapics that target abnormal cell proliferation wx PAH.

{8607} Many anti-prohiferative agents are dissolved in a solvent/surfactant which produces
hypersensitivity reactions. Great efforts have been invested on the development of water soluble
prodrugs and derivatives of anti-proliferative agents with higher hydrophilic groups to enbance
water solubility and thus obviate the need for potentially toxic solvents/surfactants. Another
approach to address the problem associated with the poor water solubility of anti-proliferative
agents is the development of varicus formulations such as nanoparticles, otl-in-water emalsions,
and liposomes. Nanoparticle compositions of substantially poorly water soluble drugs and uses
thercof have been disclosed, for example, in PCT Application Pub. No. W007/027941 and WO
2008/109163.

{0008} The disclosurcs of all publications, patents, patent applications and published patent

applications referred to herein are hereby incorporated herein by reference in their entirety.
BRIEF SUMMARY OF THE APPLICATION

{00609} The present application provides methods of treating pulmonary hyperiension in an
mdividual, comprising administering to the individual a composition comprising nanoparticles
comprising an mTOR inhibitor and a carmer protein, wherein the dose of the mTOR mhibitor in
the composition is no more than about 10mg/m’. In some embodiments, the dose of the mTOR
inhibitor in the composition is no less than about 0.1 mg/m?®. In some embodiments, the dose of

the mTOR inhibitor in the composition is no less than about 5 mg/m?.

{0018} In some embodiments according to any one of the methods described herein, the dose of
the mTOR inhibitor in the composition is no more than about 5 mg/m®. In some embodiments,

the dose of the mTOR inhibitor in the composition is about 3 mg/m”.

{6611} In some embodimenis according to any one of the methods described herein, the
concentration of the mTOR mhibitor in the blood 15 at least about 2 ng/mi five days after
administration of the nanoparticle composition.

{0012} In some embodiments according to any one of the methods described herein, the
concentration of the mTOR mhibitor in the blood is no more than about 20 ng/ml seven days

after admunistration of the nanoparticle composition.
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{88613} In some embodimenis according to any one of the methods described herein, the

nanoparticle composition is administered at least once a week.

{8614} In some embodimenis according o any one of the methods described herein, the
nanoparticle composition is administered no more than once a week. In some embodiments, the
nanoparticle composition is administered once a week. In some embodiments, the nanoparticle
composition 18 administered once every two weeks, two out of three weeks, or three out of four

weeks,

{00135} In some embodimenis according to any one of the methods described herein, the

nanoparticle composition is administered for at least about four wecks.

{8616} In some embodiments according (o any one of the methods described herein, the

puimonarv hypertension is pulmonary arterial hypertension.

{8817} In some embodiments according to any one of the methods described herein, the
pulmonary hypertension is selected from the group consisting of idiopathic pulmonary arterial
hyvpertension (IPAH), heritable pulmonary arterial hypertension (HPAH), drug and toxin
mduced PAH, PAH associated with connective tissoc disease, and PAH associated with

congenttal heart defects.

{8818} In some embodiments according to any one of the methods described herein, the

mdividual has a WHO functional class HI or IV pulmonary arterial hypertension.

{0019} In some embodimenis according to any one of the methods described herein, the mTOR
mhibitor 15 the only pharmaceutically active agent useful for treating pulmonary hypertension

that 1s administered to the individual.

{8826} In some embodimenis according to any one of the methods described herein, the

composition comprises more than about 50% of the mTOR inhibitor in nanoparticle form.

{6621} In some embodimenis according to any one of the methods described herein, the
nanoparticle composition 1s adnunistered parenterally. In some embodiments, the nanoparticle
composition is administered mtravenously. In some embodiments, the nanoparticle composition

is adminisiered subcutangously.

[8022] In some embodiments according to any one of the methods described herein, the mTOR

inhibitor is rapamycin,
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{3023} In some embodiments according to any one of the methods described herein, the
mdividual has had at least one prior therapy for pulmonary hypertension. In some embodiments,
the individual has had at least two prior therapics for pulmonary hvperiension. In some
embodiments, the prior therapy compnises admunistering an agent selected from the group
consisting of a prostacvelin analogue, an endothelin-1 receptor antagonist, a phosphodiesterase 3
{PDE-5) inhibitor and a soluble guanviate cyclase (sGC) stimulator. In some embodiments, the

ndividual has progressed on the prior therapy.

{80624} In some embodiments according to any one of the methods described herein, the carrier

protein is albumin. In some embodiments, the albumin is human serum albumin.

8625} In some embodiments according to any one of the methods described herein, the average

diameter of the nanoparticles in the composition is no greater than about 200 nm.

{8826} In some embodiments according to any one of the methods described herein, the weight

ratic of the carrier protein to the mTOR inhibitor in the nanoparticles is less than about 18:1.

{6627} In some embodiments according to any one of the methods described herein, the
mdividual 1s human.

{0028} The present application also provides unit dosage forms for treatment of pulmonary
hypertension comprising (a) nanoparticles that comprise an mTOR inhibitor and a carmier
protein, wherein the dose of the mTOR inhibitor in the composition is no more than about 10

mg/m?, and (b) a pharmaceutical acceptable carrier.

{8629} The present application also provides kits comprising {a) nanoparticles that comprise an
mTOR inhibitor and a carrier protein, wherein the dose of the mTOR inhibitor in the kit is no
maore than about 10mg/m?, and (b) instructions for using the kit in treating pulmonary

hypertension.

W
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BRIEF DESCRIPTION OF FIGURES

{8638} FIGS. 1A and 1B provide trough concenirations of rapamyvcein (ng/ml) in the whole blood
measured weekly during a 16-week period of ABE-009 administration (FIG. 1A) and dosages of

rapamycin in ABI-009 admimistered at each week for cach subject (FIG. 1B).

10031} FIG. 2 provides the levels of pulmonary vascular resistance (PVR, dyn.sec/em®™}, Cardiac
Output (CO, L/min} and Cardiac Index (CL L/min/m?) after a period of 16-week administration

of ABI-009 as compared to those at the baseline.

{18032} FIG. 3 provides a summary of PAH patients” improvements in the functional and

hemodynamic parameters after freatments with ABI-009.
{88633} FIG. 4 provides study scheme of a phase 1 clinical trial.

108634} FIG. 5 provides resulis of efficacy parameters inchuding 6-minute walking distance
{6MWD), pulmonary vascular resistance (PVR), cardiac output, and NT proBNP post 16-wee

treatment. The whiskers represent min and max, the boxes span the interquartile range.

{0035] FIG. 6 provides rapamvcein levels {ng/g) o blood, fung and hiver of rats at 24 hours for
nab-rapamycm (nab-R) and oral rapamycin (oral-R). Actual values were indicated (N=5 cach

group).

16636} FIG. 7 shows rapamvcin concentrations in whole blood samples taken from rats after
subcutaneous {(SC) or mtravenous (IV) adounistration of a single dose of nab-rapamyemn (ABI-

009) between { and 24 hours after administration.

{3037} FIG. 8 shows rapamycin concentrations in whole blood samples taken from rats afier
subeutancous (8C) or intravenous (1V) administration of a single dose of nab-rapamyvein (ABI-

009) between 0 and 168 hours after administration.

{8638} FIG. 9 shows rapamvcein concentrations in whole blood samples taken from rats after
subcutanecus (SC) or intravenous 1V} administration of a single dose of nab-rapamvein {ABI-
009} between 0 and 24 hours after administration.

{68639} FIG. 10 shows the bisavailability of nab-rapamyein (ABI-009) after subcutaneous
{subQ} or mtravenous {(IV) adomunistration of a single dose in rats as indicated by the caleulated

arca under the curve (AUC).
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{8046} FIG. 11 shows the concentration of rapamycin in rat bone marrow (top) or brain (bottom)
24 or 168 hours after subcutancous {subf}) or intravenous (1Y} administration of a single dose of

nab-rapamycin (ABI-009).

180641} FIG. 12 shows the concentration of rapamyein in rat heart {top) or liver (bottom) 24 or
168 hours after subcutancous (sub@QQ) or intravencus (1Y) administration of a single dose of nab-

rapantycin {ABIL-009),

10642} FIG. 13 shows the concentration of rapamycin in rat lung (top) or pancreas (bottom} 24
or 168 hours after subcutancous (subQ) or intravenous (1V) administration of a single dose of

nab-rapamycin (ABI-009).

{0643} FIG. 14 shows a comparison of histopathology scores assessed on skins from rats among

different treatment groups.

10044 FIG. 15 1s a representative histogram image of skin from rat in Group 1 (0.9% saline).
Histologic lesions are limited to an aggregate of mixed mflammatory cells {black arrow} within

the subcutancous tissues (SC). The dermis (D) and epidermis (E) are indicated.

{0045] FIG. 16 1s a representative histogram image of skin from rat in Group 2 (HSA in 0.9%
saline). Multifocal mixed inflanunatory cell aggregates (black arrows) are visible within the

subcutis (5C). The epidermis (E} and derous (D) are unremarkabie.

10046} FIG. 17 is a ropresentative histogram image of skin from rat in Group 3 (ABI-009, 1.7
mg/kg). Minimal nuxed inflammatory cell infiliration (black arrow} is visible in the

subcutaneous tissues {(5C). The epidernus (B) and dermis (D) are indicated.

{0047} FIG. 18 is a representative histogram 1mage of skin from rat in Group 4 (ABI-009, 5
mg/kg). Scattered mixed inflammatory cell infiltration (black arrow) and a site of minimal
necrosis (blae arrow) are present in the subcutis (8C). The epidermis (E) and dermis (D} are
unremarkable.

8048} FIG. 1915 a representative histogram image of skin from rat in Group 4 (ABI-009, 10
mg/kg). Subcutancous (8C) mixed nflammatory cell miiltration (black arrow) and a region of
necrosis (blue arrow} are captured. The epidermis (E) and derous (D) are unremarkable.

8049} FIG. 20 shows the mean trough sirolimus blood levels m rats administered with ABI-009

at 1.7 mg/kg, 5 mg/kg or 10 mg/kg.
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{8636} FIG. 21 shows the concentration of rapamvein in rat brain (A}, heart (B), hiver (C), lung
{1}, pancreas (F) and blood (F) 2, 8, 24, 72_ or 120 hours after intravenous {1V} administration

of a single dose of nab-rapamvein (ABI-009).

18651} FIG. 22 shows the changes (96) of the total score of each item on EmPHasis 10 (patient

number u=5 for each item) from baseline to week 17
BETAILED DESCRIPTION OF THE APPLICATION

{8652} The present application provides methods of treating pulmonary hypertension (e.g., a
severe form of pulmonary artertal hvpertension, €. g, WHO Function Class 1 or 1V pulmonary
arterial hypertension) in an ndividual, comprising administering to the individual an cffective
amount of a composition compnsing an mTOR inhibitor {e.g., a limus drug, e.g., rapamycin or a
dertvative thergof} and a carrier protein {e.g., an albumin). The current approved pulmonary
arterial hypertension (PAH) therapeutics mainly function as vasodilators and do not address the
endothehial and smooth muscle cell hyperproliferation aspect of the disease. Imatindb, a tyrosing
kinase nhibitor is the only antiproliferative drug that has been tested n treating PAH in late-
stage clinical trials but cavsed significant safety issugs. This apphication is based in part upon
applicants’ surprising finding that administering a composition comprising an mTOR inbibitor
{e.g., ananoparticle composition comprising rapamycin and albumin} into an individual having a
severe form of pulmonary hypertension (e g, WHO Function Class HI PAH) not only reduces
pulmonary vascular resistance {PVR), but alsc remarkably ameliorates circolatory inadequacy,
for example, remarkably improving cardiac output, and/or improves six-minute walking distance
performance. Such advantageous effect was achieved with a dose of no more than one tenth or
ong twenticth of the maximun: tolerated dose (MTD). For example, a nanoparticle composition
corprsing rapamyecin and albumin produced such cffect at a dose of no more than about 1, 5 or
10mg/m? {e.g., a weekly dose of 1-10 mg/m?} while the MTD of the nanoparticle composition is

about 100 mg/m?. Such doses of rapamycin composition also achieve a favorable safety profile.

10053} Accordingly, in some aspects, the present application provides methods of treating
pulmonary hypertension comprising admimistering to the individual an effective amount of a
composition comprising an mTOR mhibitor {e. g, a hmus drug, e.g., rapamycin or a derivative
thereof) and a carrier protein {e. 2., an albumin}, wherein the dose of the mTOR inhibitor is such
that 1t strikes a balance of producing a favorable safe profile while providing advantageous

effect of treating pulmonary hypertension. In some aspects, the application provides methods of
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amehiorating circulatory madequacy {(e.g., cardiac output) i an individual having pulmonary
hypertension. In some aspects, the application provides methods of reducing pulmonary vascular
resistance (PVR) in an individual baving pulmonary hypertension. In some aspects, the
application provides method of improving six-minute walking distance {(6MWD) performance n
an imndivideal having pulmonary hypertension. In some embodiments, the dose of mTOR
mhibitor {¢.g., rapamycin or a derivative thereof) in the composition is no more than about 10
mg/o’. In some embodiments, the nanoparticle composition is administered for at least about
four weeks (¢.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-
gight weeks). In some embodiments, the composition is admmstered intravenously or
subcutancously.

Befinitions

10654) Unless specifically mndicated otherwise, all technical and scientific terms used herein
have the same meaning as conwnonly understood by those of ordinary skill in the art to which
this application belongs. In addition, any method or material similar or equivalent to a method
or material described herein can be used in the practice of the present application. For purposes

of the present application, the following terms are defined.

{8635} It1s understood that embodiments of the application described herein include

“consisting” and/or “congsisting essentially of " ¢mbodiments.

8656} As used herein, “the composition” or “compositions” includes and 1s applicable to
compositions of the application. The application also provides pharmaceutical compositions

comprising the components described herein.

{8837} Reference to “rapamycin™ herein applies (o rapamycin or ifs derivatives and accordingly
the application contemplates and mcludes all these embodiments. In this application,
“rapantycin’ and “sirolimus” arc used interchangeably. Rapamyein is sometimes referred to
clsewhere as rapamycin, rapammune, or rapamune. Reference to “rapamyein™ is to simphify the
description and 1s exemplary. Derivatives of rapamycin include, but are not limited to,
compounds that are structurally similar to rapamycin, or are in the same general cheonical class
as rapamycin, analogs of rapamycin, or pharmaceutically acceptable salts of rapamycin or its
derivatives or analogs. In some embodiments, an mTOR mhibitor {e.g., rapamyvemor a
derivative thereof, e. g, rapamycin) increases basal AKT activity, increases AKT

phosphorylation, increases Pi3-kinase activity, increases the length of activation of AKT (e.g.,

el
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activation induced by exogenous IGF-1), inhibits sernme phosphorylation of IRS-1, mhibits IRS-
1 degradation, inhibits or alters CXCR4 subcellular localization, inhibits VEGF secretion,
decreases expreossion of cyclin D2, decreases expression of survivin, inhibits H.-6-induced
multiple myeloma cell growth, inhibits pulmonarv hypertension cell proliferation, increases
apoptosis, increases cell cycle arrest, increases cleavage of poly(ADPribose) polymerase,
moreases cleavage of caspase-%/caspase-9, alters or inhibits signaling in the phosphatidylinositol
3-kmnase/AK T/mTOR and/or cyclin D V/retinoblastoma pathways, inhibits angiogencsis, and/or
mhibits osteoclast formation. In some embodiments, the denvative of rapamycin retaing one or
more stmilar biglogical, pharmacological, chemical and/or physical properties (including, for
example, functionality) as rapamycin. An exemplary rapamycin derivative includes benzoyl
rapamycin, such as that disclosed in paragraph [0022] of WO 2006/089207, which is hercby
mecorporated by reference in its entirety. Other exemplary rapamyvein derivatives inclade WY -
090217, AY-22989, NSC-226080, S1A-9268A, oxaazacyclohentriaconting, temraparycin {CCH
779 (Wyeth)), everchimus (RAD 001 (Novartis}), pimecrolimus {ASMO981), SDZ-RAD,
SAR943, ABT-578, AP23573, and Biolimus A9,

103658} Unless clearly indicated otherwise, “an individual™ as used herein intends a mammal,

mchuding but not limited to a primate, human, bovine, horse, feline, canine, or rodent.

18659} As used herein, “treatment” or “treating” is an approach for obtaining beneficial or
desired results including clinical results. For purposes of this application, bencficial or desired
cimical results include, but are not imited to, one or more of the tfollowing: decreasmg one more
symptoms resulting from the disease, duinimishing the extent of the disease, stabilizing the
disease {e.g.. preventing or delaying the worsening of the disease), preventing or delaying the
occurrcnce of the discase, delay or slowing the progression of the discase, amchorating the
disease state, decreasing the dose of one or more other medications required to treat the disease,
mereasing the guality of life, and/or prolonging survival. In some embodiments, the composition
reduces the severity of one or more symptoms associated with pulmonary hvpertension by at
cast about any of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100% compared
to the corresponding svmptom in the same subject prior to treatment or compared to the
corresponding symptom in other subjects not receiving the composition. Also encompassed by
“treatment” is a reduction of pathological consequence of pulmonary hypertension. The methods

of the application contemplate anv one or more of these aspects of treatment.

10
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{8060} As used herein, “delaving” the development of pulmonary hypertension means to defer,
hinder, slow, retard, stabilize, and/or postpone development of the disease. This delay can be of
varying lengths of time, depending on the history of the discase and/or individual being treated.
Ag s evident to one skilled m the art, a sufficient or significant delay can, in effect, encompass
prevention, in that the individual does not develop the disease. A method that “delays”
development of pulmonary hypertension is a method that reduces probability of disease
development in a given time frame and/or reduces the extent of the disease 1 a given time
frame, when compared to not using the method. Such comparisons are tvpically based on
chinical studics, using a statistically significant nomber of subjects. Pulmonary hypertension
development can be detectable using standard methods, such as routine physical exams, x-ray,
clectrocardiogram, and echocardiogram. Development may also refer to disease progression that

may be nitially undetectable and includes occurrence and onsct.

{8061} As used herein, an “at risk” individual is an mdividual who is at risk of developing
pulmonary hypertension. An individual “at risk” may or may not have detectable disease, and
may or may not have displayed detectable disease prior to the treatment methods described
herein. “At risk” denotes that an individual has one or more so-called risk factors, which are
measurable parameters that correlate with development of pulmonary hypertension, which are
described herein. An mndividual having one or more of these risk factors has a higher probability

of developing pulmonary hypertension than an individual without these risk factor(s}.

{8062} As used herein, by “pharmaceutically active compound” is meant a chemical compound
that induces a destred effect, e g, treating, stabilizing, preventing, and/or delayimg pulmonary
hypertension.

El

{8663} As used heren, by “combination therapy™ is meant a first therapy that mcludes
nanoparticles comprising an mTOR inhibitor {e. g, rapamyein or a derivative thereof, e.g.,
rapamycin} and a carrier protein in conjunction with a second therapy (e.g., surgerv ora
therapeutic agent) useful for treating, stabilizing, prevenuing, and/or delaving pulmonary
hypertension. Administration i “comunction with” another compound mchides administration
i the same or different composition(s), either sequentially, stmultanecusly, or continucusly . In
some cmbodiments, the combination therapy optionally includes one or more pharmaccutically
acceptable camiers or excipients, non-pharmaceutically active compounds, and/or inert

substances.

I3
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[B064] Asis understood n the art, an “effective amount” may be 1n one or more doses, i.e., a
single dose or multiple doses may be required to achieve the desired treatment endpomt. An
effective amount may be considered in the context of administering one or more therapeutic
agents, and a nanoparticle composition {e.g., a composition including rapamycin and a carricr
protein) may be considered to be given in an effective amount if, in conjunction with one or
more other agents, a desirable or beneficial result may be or 1s achieved. The components {e.g.,
the first and second therapies) m a combination therapy of the application may be administered
sequentially, simultaneously, or continuousiy using the same or different routes of
administration for cach component. Thus, an effective amount of a combimation therapy includes
an amount of the first therapy and an amount of the second therapy that when administered

sequentially, simultaneously, or continuously produces a desired outcome.

{8665} A “therapeutically effective amount” refors to an amount of a composition {e.g.,
nanoparticles that comprise an mTOR inbibitor {e. g, rapamycin or a denvative thercof, e.g.,
rapamycin) and a carrier protein), a therapy, or a combination therapy sufficient to produce a
desired therapeutic outcome {e. g, reducing the severity or duration of, stabilizing the severity of,
or ¢liminating one or more symptoms of pulmonary hvpertension). For therapeutic use,
beneficial or desired results include, e.g., decreasing one or more symptoms resulting from the
disease {(biochemical, histologic and/or behavioral}, including 1ts comphications and intermediaie
pathological phenotypes presenting during development of the disease, increasing the quality of
lifc of those suffering from the disease, decreasing the dosc of other medications reguired to
treat the disease, enhancing etfect of another medication, delaying the progression of the disease,

and/or prolonging survival of patients.

{0066] A “prophylactically cffective amount” refers to an amount of a composition {e.g.,
nanoparticles that comprise an mTOR inhibitor {e.g., rapamycin or a derivative thereof, e.g.,
rapamycin) and a cartier protein, a therapy, or a combination therapy sufficient o prevent or
reduce the severity of one or more future sympioms of pulmonary hypertension when
administered to an individual who 1s susceptible and/or who may develop pulmonary
hypertension. For prophvlactic ase, bencficial or desired results include, e.g., results such as
chminating or reducing the risk, lessening the severity of future disease, or delaying the onset of
the disease (e.g., delaving biochemical, histologic and/or behavioral syvmptoms of the disease, its
complications, and intermediate pathological phenotypes presenting duning tuture development

of the disease).
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{8867} As used herein, by “pharmaceutically acceptable™ or “pharmacologicallv compatible”™ is
meant a material that is not biologically or otherwise undesirable, e. g, the material may be
mcorporated into a pharmaceutical composition administered to a patient without causing any
significant undesirable biological effects or mteracting n a deleterious manner with any of the
other components of the composition in which it is contained. Pharmaceutically acceptable
carriers or excipients have preferably met the required standards of toxicological and
manutacturing testing and/or are included on the Inactive Ingredient Guide prepared by the U S,

Food and Drug administration.

10668} Reference to “about” a value or parameter hercin includes (and describes) embodiments
that are directed to that value or parameter per se. For example, description referring to “about

X" inchudes description of “X”.

{8069} The term “about X-Y” used herein has the same meaning as “about X to about Y.” The
expression “about X, Y or 27 used heren has the same meaning as “about X, about Y, or about

Z,;’

10678} As used herein, reference to “not’” a value or parameter generally means and descabes
“other than” a value or parameter. For example, the method 1s not used to treat cancer of type X
means the method is used to treat cancer of types other than X,

{8871} The terms “a,” “an,” or “the” as used herein not only include aspects with one member,
but also include aspects with more than one member. For instance, the singular forms “a,” “an,”
and “the” include plural referents unless the context cleardy dictates otherwise. Thus, for
example, reference to “a cell” includes a plurality of such cells and reference to “the agent”

meludes reference 1o one or more agenis known to those skilied in the art, and so forth.
Methods of Treating Pulmonary Hypertension

{8072} The present application provides a variety of methods of using nanoparticle compositions
with an mTOR inhibitor {e.g., rapamyvem or a derivative thereof, e g., rapamycin) and a carrier
protein {e.g., albumin, e.g., human albumin, e 2., human serum albumin) to treat pulmonary
hypertension {e.g., severe pulmonary arterial hypertension}. In some embodiments, the dose of
the mTOR inhibitor (e.g. . rapamycin) is no more than about 10 mg/m’. In some embodiments,
the dose of the mTOR inhibitor {e.g., rapamycin) is no less than about 0.1 mg/m?. In some
embodiments, the nanoparticle composition is adnministered at least once a week. In some

embodiments, the nanoparticle composition is adnunistered no more than once a week. In some

[
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embodiments, the nanoparticle composition is admimstered for at least about four weeks. In
some cmbodiments, the nanoparticle composition 1s administered parenterally {e.g.,

mtravenousty or subcutancouslty).

18673} In some embodiments, a method s provided for delivering an effective amount of an
mTOR inhibitor {(such as sirolimus} to the lung of an individeal, the method comprising
subcutancously administering a composition, such as a pharmaccutical composition, comprising
nanoparticles comprising rapamycin and an albumin, wherein the dose of rapamyein in the
nanoparticles to deliver an effective amount of rapamycin to the lung is any of about 0.1 mg/m?
to about 10 mg/m? (such as about 0.1 mg/m? to about 5 mg/m?® or about 5 mg/m? to about 10
mg/m?”), and values and ranges therein. In some embodiments, the individual has pulmonary

hypertension {e.g., severe pulmonary arterial hypertension).

{0074 In some embodiments, there is provided a method of treating pulmonary hypertension m
an individual, comprising administering to the individual a composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a derivative thercof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR mhibitor in the composition is no
more than about 10mg/m’. In some embodiments, the dose of the mTOR inhibitor in the
composition is about 0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about
10mg/m? (such as about 1-2, 2-3, 34, 4-5,5-6, 6-7. 7-&, 8-9, 9-10 mg/m?), about 2.5 mg/m? to
about 10mg/m?, or about 5 mg/m? to about 10mg/m?. Tn some embodiments, the dose of the
mTOR inhibitor in the composition is less than about 10 mg/m?. In some embodiments, the dose
of the mTOR nhibitor in the composition 1s no more than about 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some
embodiments, there is provided a method of treating pulmonary hypertension in an individual,
comprising administering to the individual a composition comprising nanoparticles comprising
an mTOR inhubitor (e.g., rapamycin or a derivative thereof) and a carrier protein (e.g., albumin),
wherein the dosc of the mTOR mhibitor in the composition is no more than about 3 mg/m? In
some embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to

3

about Smg/m?, for example, about 1 mg/m’ to about 5 mg/m®, or about 2.5 mg/m’ to about 5
mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is about any
of 1,2,3,4,5,6,7.8,9, or 10 mg/m’. In some embodiments, the mTOR inhibitor is rapamycin.
In some embodiments, the nanoparticle composition 1s adminastered about once a week. In some

embodiments, the nanoparticle composttion 1s administered for at least about four weeks {e.g., at
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cast about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-eight weeks). In some
embodiments, the concentration of the nYTOR mhibitor in the blocd is at least about 2 ng/ml five
days after administration of the nanoparticle composition. In some embodiments, the
concentration of the mTOR mhibitor n the blood 1s no more than about 20 ng/ml seven days
after administration of the nanoparticle composition. In some embodiments, the pulmonary
hypertension is World Health Organization {WHO] Function Class i, Hi or IV pulmonary
arterial hyperiension. In some embodiments, the composition comprises more than about 50% of
the mTOR inhibitor in nanoparticle form. In some embodiments, the nanoparticle composition is
administered parenterally. In some embodiments, the nanoparticle composition is administered
mtravenously. In some embodiments, the nanoparticle composition is administered
subcutaneouslv. In some embodiments, the carrier protein is human serum albumin. In some
embodiments, the average diameter of the nanoparticles in the composition is no greater than
about 200 nm. In some embodiments, the weight ratio of the carrier protein to the mTOR
mhibttor in the nanoparticies is less than about 18:1. Tn some embodiments, the individual is
human. In some embodiments, the individual has a high level of fibrosis in the lung. In some
embodiments, the individual has a high level of angiogenesis in the lung. In some embodiments,
the individual has increased fibrosis in the lung. In some embodiments, the individual has

mereased angiogenesis o the lung.

{8075} In some embodiments, there is provided a method of treating pulimonary hypertension in
an individual, comprising administering to the individual a compaosttion comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamyvem or a denvative thercof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR mbhibitor in the composition is no
more than about 10meg/m?, and wherein the pulmonary hypertension is World Health
Organization |WHO] Function Class HI or IV pulmonary artenial hypertension. fn some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
10mg/m?, for example, about 1 mg/m” to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-
7,7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m’ to about 10mg/m’, or about 3 mg/m? to about
10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is
no more than about 10%, 9%, 8%, 7%, 6%. 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR
mhibitor in the composition. In some embodiments, there is provided a method of treating

pulmonary hypertension in an individual, compnsing administering 1o the individual a

[
(v



WO 2019/226685 PCT/US2019/033372

corposition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a
derivative thereof} and a carrier protein {¢.g., albumin}, wherein the dose of the mTOR inhibitor
in the composition is no more than about 5 mg/m?, and wherein the pulmonary hvpertension is
World Health Organization fWHO] Function Class [IF or IV pulmonary arterial hypertension. In
some embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m® to
about 3mg/m?, for example, about 1 mg/m” to about 5 mg/m’, or about 2.5 mg/m? to about 3
meg/m”. In some embodiments, the dose of the mTOR inhibitor in the composition is about any
of 1,2,3,4,5,6,7,8,9 or 10 mg/m”. In some embodiments, the pulmonary hypertension is
WHO Function Class HI pubmonary arterial hypertension. In some embodiments, the mTOR
mhibitor is rapamycin. In some embodiments, the nanoparticle composition is administered
about once a week. In some embodiments, the nanoparticle composition is admnistered for at
least about four weeks (e g, at least about eight, twelve, sixteen, twenty-four, thirty-two, forty,
or forty-cight weeks). In some embodiments, the concentration of the mTOR inhibitor in the
blood is at least about 2 ng/ml on the 5th day after administration of the nanoparticle
composition. fn some embodiments, the concentration of the mTOR inhibitor in the blood 15 no
more than about 20 ng/ml within 7 days or on the 7th day after administration of the nanoparticle
composition. In some embodiments, the composition comprises more than about 50% of the
mTOR inhibitor in nanoparticle form. In some embodiments, the mTOR inhibitor 1s the only
pharmaceutically active agent usefil for treating pulmonary hypertension that is administered to
the individual. In some embodiments, the nanoparticle composition 1s administered parenterally.
In some embodiments, the nanoparticle composition is adouinistered intravenously. In some
embodiments, the nanoparticle composition is admimstered subcutaneously. In some
embodiments, the carrier protein 1s luman serum albumin. In some embodiments, the average
diameter of the nanoparticles in the composition 18 no greater than about 200 nm. In some
embodiments, the weight ratio of the carrier protein to the mTOR inhibitor in the nanoparticies
13 less than about 13:1. In some embodiments, the individual 1s human. In some embodiments,
the mndividual has a high level of fibrosis in the hung. In some embodiments, the individual has a
bigh level of angiogenesis in the lung. In some embodiments, the individual has increased

fibrosis i the fung. In some embodiments, the individual has increased angiogenesis in the lung.

{8076] In some embodiments, there is provided a method of treating pulmonary hvpertension in
an individual, comprising administering to the individual a composttion comprising

nanoparticles comprising an mTOR inhubitor {e. g., rapamyein or a derivative thereof) and a
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carner protein (e.g., albumin), wherein the dose of the mTOR inhibitor i the composition is
about I mg/m? to about 10mg/m’ (such as about 1-2, 2-3, 3-4, 4-3, 3-6_6-7, 7-8, 8-9, 9-10
mg/m?, such as about | mg/m?, about 2.5 mg/m?, about 3 mg/m?, or about 10 mg/n?), and
wherein the pulmonary hypertension 1s World Health Orgamization fWHO] Function Class HI or
IV pulmonary arterial hypertension. In some embodiments, the dose of the mTOR inhibitor in
the composition is no more than about 10%, 99, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the
MTD of the mTOR mhibitor in the composition. In sonme embodiments, the mTOR inbibitor 15
rapamycin. In some embodiments, the nanoparticle composition 1s admunistered about once a
week. In some embodiments, the nanoparticle composition 1s admunistered for at least about four
weeks {e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight
weeks). In some emboduments, the concentration of the mTOR inlubitor m the blood 13 at least
about 2 ng/ml on the 5th day after admustration of the nanoparticle composition. In some
embodiments, the concentraiion of the mTOR inhibitor in the blood is no more than about 20
ng/mi within 7 days or on the 7th day aficr administration of the nanoparticle composition. In
some embodiments, the composition comprises more than about 50% of the mTOR inhibitor in
nanoparticle form. In some embodiments, the mTOR inhibitor is the only pharmaceutically
active agent useful for treating pulmonary hypertension that is administered to the individual. In
some cmbodiments, the nanoparticle composition is administered parenterally. In some
embodiments, the nanoparticle compgosttion 1s admnistered intravenously. In some
embodiments, the nanoparticle composition is administered subcutancously. In some
embodiments, the carrier protein is human serum albumin. In some embodiments, the average
diameter of the nanoparticles in the composition is no greater than about 200 nm. In some
embodiments, the weight ratio of the carrier protein to the mTOR inhibitor in the nanoparticles
is less than about 18:1. In some embodiments, the individual is human. In some ecmbodiments,
the mdividual has a high level of fibrosis in the lung. In some embodiments, the individual has a
high level of angiogenesis in the lung. In some embodiments, the individual has mereased

fibrosis in the lung. In some embodiments, the individual has increased angiogenesis in the lung.

{3077} In some embodiments, there is provided a method of treating pulmonary hypertension m
an individual, comprising administering to the individual a8 composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a derivative thereof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR nhibitor in the composition is no

.

more than about 10mg/m’, and wherein the individual has had at least one prior therapy for
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pulmonary hypertension. In some embodiments, the dose of the mTOR inhibitor in the
composition is about 0.1 mg/m? to about 10mg/m’. for example, about 1 mg/m’ to about
10mg/m*(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m’ to
about 10mg/m?, or about 5 mg/m” to about 10mg/m?. In some embodiments, the dose of the
mTOR inhibitor in the composition is less than about 10 mg/m?®. In some embodiments, the dose
of the mTOR inhibitor in the composition is no morg than about 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some
embodiments, there 18 provided a method of treating pulmonary hypertension in an individual,
comprising administering to the individeal a composition comprising nanoparticles comprising
an mTOR inhibitor {¢.g., rapamycin or a derivative thereof) and a carrier protein (€.g., albumin),
wherein the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m®, and
wherein the individual hags had at least one prior therapy for pulmonary hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about .1 mg/m? to about
Smg/ni?, for example, about 1 mg/m? to about 5 mg/m?, or about 2.5 mg/m? to about 5 mg/m”. In
some embodiments, the dose of the mTOR nhibitor in the composition is about any of 1, 2, 3, 4,
5.6,7,8,9 or 10 mg/m®. In some embodiments, the individual has at least two prior therapies
for pulmonary hypertension. In some embodiments, the pror therapy comprises an agent
selected from the group consisting of a prostacyclin analogue, an endothelin-1 recepior
antagonist, a phosphodiesterase 5 (PDE-5) inhibitor and a soluble guanylate cyclase (sGC)
stimulator. In some embodiments, the individoal has progressed on the prior therapy. In some
cmbodiments, the mTOR inhibitor is rapamycin. In some embodiments, the nanoparticle
composition is admimstered about once a week. In some embodiments, the nanoparticle
composition is admimstered for at least about four weeks (2. g., at least about eight, twelve,
sixteen, twenty-four, thirty-two, forty, or forty-cight weeks). In some embodiments, the
concentration of the mTOR inhibitor in the blood is at least about 2 ng/ml on the 5th day after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mTOR inhibitor in the blood is no more than about 20 ng/m! within 7 days or on the 7th day
after administration of the nanoparticle composition. In some embodiments, the composition
coraprises more than about 50% of the mTOR inhibitor m nanoparticle form. In some
embodiments, the mTOR whibitor is the only pharmaceutically active agent useful for treating
pulmonary hypertension that is administered to the individual. In some embodiments, the

nanoparticle composition is admunistered parenterally. In some embodiments, the nanoparticle
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composition is adminstered intravenously. In some embodiments, the nanoparticle composition
1s adiinistered subcutancously. In some embodiments, the carrier protein is human serum
albumin. In some embodiments, the average diameter of the nanoparticles in the composition is
no greater than about 200 nm. In some embodiments, the weight ratio of the carrier protein {o the
mTOR inhibitor in the nanoparticles is less than about 18:1. In some embodiments, the
mdividual 1s human. In some embodiments, the individual hag a high level of fibrosis in the
lung. o some embodiments, the individual has a high level of angiogenesis in the hung. In some

embodiments, the individual has increased tibrosis in the fung. In some embodiments, the

mdividual has increased angiogenesis in the lung.

18078} In some embodiments, there s provided a method of treating pulmonary hvpertension i
an individeal, comprising administering to the individual a composttion comprising
nanoparticles comprising an mTOR mhibitor (e. g, rapamycin or a derivative thereofy and a
carricr protein {e.g., albumin), wherein the dose of the mTOR inhibitor in the composition 1s no
more than about 10mg/m?, wherein the individual has had at least one prior therapy for
pulmonary hypertension, and wherein the pulmonary hypertension is World Health Organization
IWHO! Function Class HI or IV pulmonary arterial hyperension. In some embodiments, the

dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about 10mg/ny’, for

example, about 1 mg/m” to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4-3, 5-6, 6-7, 7-8, 8-9, 9-
10 mg/m?), about 2.5 mg/m? to about 10mg/m?, or about 5 mg/m? to about 10mg/m®. In some
cmbodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m”.
In some embodiments, the dose of the mTOR mmhibitor in the composition is no more than about
10%, 9%, &%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mnhibitor in the
composition. In some embodiments, there is provided a method of treating pulmonary
hyvpertension o an individual, comprising adnunistering fo the mdividual a composition
comprising nanoparticles comprising an mTOR inlubitor {¢.g., rapamycin or a denvative
thereof) and a carrier protein (e.g., albumin}, wherein the dose of the mTOR inhibitor in the
composition is no more than about 5 mg/m”, wherein the individual has had at least one prior
therapy for pulmonary hypertension, and wherein the pulmonary hypertension i1s World Health
Organization |[WHO] Function Class HI or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about
Smg/m?, for example, about I mg/m? to about 3 mg/m?, or about 2.5 mg/m”® to about 5 mg/m® In

some embodiments, the dose ot the mTOR inlubitor mn the composition 1s about any of 1, 2, 3, 4,
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5.6,7, 8.9, or 10 mg/m’*. Tn some embodiments, the pulmonary hypertension is WHO Function
Class Hi pulmonary arterial hyperiension. In some embodiments, the individual has at least two
prior therapies for pulmonary hypertension. In some embodiments, the prior therapy compriscs
an agent sclected from the group consisting of a prostacvelin analogue, an endothelin-1 receptor
antagonist, a phosphodiesterase 5 (PDE-5) inhibitor and a scluble guanvlate cyclase (sGC)
stimulator. In some embodiments, the individual has progressed on the prior therapy. In some
cmbodiments, the mTOR inhibitor is rapamycin. In some embodiments, the nanoparticle
composition is admimstered about once a week. In some embodiments, the nanoparticle
composition is admimstered for at least about four weeks (2. g., at least about eight, twelve,
sixteen, twenty-four, thirty-two, forty, or forty-cight weeks). In some embodiments, the
concentration of the mTOR inhibitor in the blood 1s at least about 2 ng/ml on the 5th day after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mFOR inhibitor 10 the blood is no more than about 20 ng/ml within 7 days or on the 7th day
after administration of the nanoparticle composition. In some embodiments, the composition
coraoprises more than about 50% of the mTOR inhibifor m nanoparticle form. In some
embodiments, the mTOR whibitor is the only pharmaceutically active agent useful for treating
pulmonary hypertension that is administered to the individual. In some embodiments, the
nanoparticle composition is admunistered parenterally. In some embodiments, the nanoparticle
composition is administered mtravenously. In some embodiments, the nanoparticle composition
is administered subcutancously. In some embodiments, the carrier protein 18 human serum
albumin. In some embodiments, the average diameter of the nanoparticles in the composition is
no greater than about 200 nm. In some embodiments, the weight ratio of the carrier protein to the
mTOR inhibitor in the nanoparticles is less than about 18:1. In some embodiments, the
mdividual 1s human. In some embodiments, the individual has a high level of fibrosis in the
lung. In some embodiments, the individual has a high level of angiogenesis in the hung. In some
embodiments, the individual has increased fibrosis in the fung. In some embodiments, the

mdividual has increased angiogenesis i the hung.

{3079} In some embodiments, there is provided a method of treating pulmonary hypertension m
an individual, comprising administering to the individaal a8 composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a derivative thereof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR nhibitor in the composition is no

.

more than about 10mg/m’, wherein the individual is resistant, refractory, or recurrent to at least
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one, two, or three prior therapies, and wherein the pulmonary hypertension 1s World Health
Organization |WHO] Fonction Class H or IV pulmonary arterial hypertension. fn some
embodiments, the dose of the mTOR inhibitor in the compasition is about 0.1 mg/m? to about
10mg/m?, for example, about | mg/m? to about [0mg/m’(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-
7,7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m’ to about 10mg/m?, or about 5 mg/m’ to about
10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m*. In some embodiments, the dose of the mTOR inhibitor in the composition is
no more than about 0%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR
inhibitor in the composition. In some embodiments, the pulmonary hypertension is WHO
Function Class HI pulmonary arterial hypertension. In some embodiments, the individual is
resistant, refractory or recurrent to at least two prior therapies for pulmonary hypertension. In
some embodiments, the at least one, two or three prior therapies comprise an agent selected from
the group consisting of a prostacychin analogue, an endothelin-1 receptor antagonist, a
phosphodiesterase 5 (PDE-3) inhibitor and a soluble guanvlate cyelase {(sGC) stimulator. In
some embodiments, the mTOR inhibitor is rapamycin. In some embodiments, the nanoparticle
composition is administered about once a week. In some embodiments, the nanoparticle
composition is adnumstered for at least about four weeks (¢.g., at least about eight, twelve,
sixteen, twenty-four, thirty-two, forty, or fortv-cight weeks). In some embodiments, the
concentration of the mTOR inhibifor in the blood is at least about 2 ng/ml on the 5th day after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mTOR inhibitor in the blood is no more than about 20 ng/ml within 7 days or on the 7th day
after admimistration of the nanoparticle composition. In some embodiments, the composition
comprises more than about 50% of the mTOR inhibitor m nanoparticle form. In some
embodiments, the mTOR inhibitor is the only pharmaceutically active agent usetul for treating
pulmonary hypertension that 15 administered to the individual. fn some embodiments, the
nanoparticle composition 1s administered parenterally. In some embodiments, the nanoparticle
composition is administered mtravenously. In some embodiments, the nanoparticle composition
is administered subcutancously. In some embodiments, the carrier protein is human serum
ajbumin. In some embodiments, the average diameter of the nanoparticles in the composition is
no greater than about 200 nm. In some embodiments, the weight ratio of the carrier protein to the
mTOR inhibitor in the nanoparticles is {ess than about 18:1. In some embodiments, the

mdividual 1s human. In some embodiments, the individual has a high level of fibrosis in the
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tung. Tn some embodiments, the individual has a high level of angiogenesis in the Tung. In some
embodiments, the individual has increased fibrosis in the lung. In some embodiments, the

mdividual has increased angiogenesis in the lung.

18088} In some embodiments, there is provided a method of treating pulmonary hypertension in
an individual, comprising mtravenously administering to the individual a composition
corprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a denivative
thereof) and a carner protein (e. g, albumin), wherein the dose of the mTOR inhibitor in the
composition is no more than about 10mg/m?, and wherein the pulmonary hyperiension is World
Health Organization [WHO| Function Class TH or IV pulmonary arterial hvpertension. o some
embodiments, the dose of the mTOR inhibitor in the composition is no more than about 10%,
9%, 89, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the
composition. o some embodiments, there is provided a method of treating pulmonary
bypertension in an individual, comprising intravenously adounistering to the individual a
corposition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a
dertvative thergof} and a carrier protein {¢.g., albumin), wherein the dose of the mTOR inhibitor
in the composition is no more than about 5 mg/m?, and wherein the pulmonary hypertension is
World Health Organization fWHO] Function Class {1} or IV pulmonary arterial hypertension. In
some embodiments, the pulmonary hypertension 18 WHO Function Class 11 pulmonary artenal
hypertension. In some cmbodiments, the mTOR inhibitor 1s rapamycin. In some embodiments,
the nanoparticle composition s administered about once a week. In some embodiments, the
nanoparticle composition is adminstered for at least about four weeks (e.g., at least about eight,
twelve, sixieen, twenty-four, thirty-two, forty, or forty-eight weeks). In some embodiments, the
concentration of the mTOR inhibitor in the blood is at least about 2 ng/ml on the 5th day after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mTOR inhibitor in the blood is no more than about 20 ng/ml within 7 days or on the Tth day
after administration of the nanoparticle composition. In some embodiments, the composition
compnses more than about 50% of the mTOR inhibitor in nanoparticle form. In some
embodiments, the mTOR inhibitor 18 the only pharmaceutically active agent useful for treating
pulmonary hypertension that is administered to the individual. In some embodiments, the carrier
protein is human serom albumin, In some embodiments, the average diameter of the
nanoparticles in the composition is no greater than about 200 nm. In some embodiments, the

weight ratio of the carmer protem to the mTOR mbibitor in the nanoparticies is less than about
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18:1. In some embodiments, the individual is human. In some embodiments, the individual has a
high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the ung.

In some embodiments, the individual has increased angiogenesis in the lung.

{0681} In some embodiments, there is provided a method of treating pulmonary hypertension in
an individual, comprising subcutancously administering to the individual a composition
corprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycim or a derivative
thereof) and a carner protein {e.g., albumin), wherein the dose of the mTOR inhibitor in the
composition is no more than about 10mg/m?, and wherein the pulmonary hypertension is World
Health Organization [WHO] Function Class 1 or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is no more than about 10%,
9%, 8%, 7%, 6%, 5%:. 4%, 3%. 2%, or 1% of the MTD of the mTOR inhibitor in the
composition. {n some embodiments, there is provided a method of treating pulmonary
hypertension in an individual, comprising subcutancously adminisiening fo the individual a
composition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a
derivative thereof} and a carrier protein {¢.g., albumin}, wherein the dose of the mTOR inhibitor
in the composition is no more than about 5 mg/m?, and wherein the pulmonary hvpertension is
World Health Organization fWHO] Function Class [IF or IV pulmonary arterial hypertension. In
some embodiments, the pulmonary hypertension is WHO Function Class 11 pulmonary artenial
bypertension. In some cmbodiments, the mTOR inhibitor 1s rapamycin. In some embodiments,
the nanoparticle composition is administered about once a week. In some embodiments, the
nanoparticle composition i3 administered for at least about four weeks (e.g., at least about eight,
twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks). In some embodiments, the
concentration of the mTOR mhibttor in the blood is at least about 2 ng/ml on the 5th day after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mFOR inhibitor in the blood is no more than about 20 ng/ml within 7 days or on the 7th day
after administration of the nanoparticle composition. In some embodiments, the composition
coraprises more than about 50% of the mTOR inhibitor m nanoparticle form. In some
embodiments, the mTOR mhibitor 1s the only pharmaceutically active agent useful for treating
pulmonary hypertension that is administered to the mdividual. In some embodiments, the carrier
protein is human scrum albumin. In some embodiments, the average diameter of the

nanoparticles in the composition is no greater than about 200 nm. In some embodiments, the
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weight ratio of the carrier protein to the mTOR mhibitor in the nanoparticies is less than about
18:1. In some embodiments, the individual is human. In some embodiments, the individual has a
high level of fibrosis in the lung. In some embodiments, the mdividual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the lung.

In some embodiments, the individual has increased angiogenesis in the lung.

{0082} In some embodiments, there is provided a method of treating pulmonary hypertension in
an individual, comprising intravenously admimstering to the individual a composition
comprising nanoparticles comprising an mTOR whibitor {e.g., rapamycin or a dernvative
thereof) and a carrier protein {(e. 2., albumin}, wherein the dose of the mTOR mmhibitor in the
composition is no more than about 10mg/m?, wherein the individual has had at least one prior
therapy for pulmonary hypertension, and wherein the pulmonary hypertension i1s World Health
Organization {WHO] Function Class Hi or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is no more than about 10%,
956, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor n the
composition. In some embodiments, there is provided a method of treating pulmonary
hvpertension in an mdividual, comprising intravenously administering to the mdividual a
composition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a
dernivative thereof) and a carrier protemn {¢.g., albunin), wherein the dose of the mTOR mnhibitor
in the composition is no more than about 3 mg/m?, wherein the individual has had at least one
prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension is World
Health Organization [WHO] Function Class I or TV pulmonary artenial hvpertension. In some
embodiments, the individual has at least two prior therapies for pulmonary hypertension. In
some cmbodiments, the prior therapy comprises an agent selected from the group consisting of a
prostacyclin analogue, an endothelin-1 receptor antagonist, a phosphodiesterase 5 (PDE-5)
mhibitor and a soluble guanvlate cyclase (sGC) stimulator. In some embodiments, the individual
has progressed on the prior therapy. In some embodiments, the pulmonary hypertension is WHO
Fanction Class 1 pulmonary arterial hypertension. [o some embodiments, the mTOR mhibitor
is rapamycein. fn some embodiments, the nanoparticle composition is admimnistered about once a
week. In some embodiments, the nanoparticle composition 1s admunistered for at least about four
weeks {e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight
weeks). In some embodiments, the concentration of the mTOR inhubitor in the blood 1s at least

about 2 ng/ml on the Sth day after admnistration of the nanoparticle composition. In some
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embodiments, the concentration of the mTOR mhibitor i the blood 18 no more than about 20
ng/mi within 7 days or on the 7th day after adounistration of the nanoparticle composition. In
some cmbodiments, the composition comprises more than about 50% of the mTOR indubitor in
nanoparticle form. In some embodiments, the mTOR mhibitor 1s the only pharmaceutically
active agent useful for treating palmonary hypertension that 1s adnnnistered to the individual. In
some embodiments, the carmrier protein is iman serum albumin. In some embodiments, the
average diameter of the nanoparticles in the composition is no greater than about 200 am. In
some embodiments, the weight ratio of the carier protein to the mTOR inhibitor in the
nanoparticles is less than about 18:1. In some embodiments, the individeal is human. In some
embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a ligh level of angiogenesis in the hung. In some embodiments, the individual has
mereased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis

in the lung.

{3083 In some embodiments, there is provided a method of treating pulmonary hypertension m
an individial, comprising subcutancously admmistering to the individual a composition
comprising nanopaiticles comprising an mTOR inhibitor {e.g., rapanyein or a derivative
thereof) and a carrier protein {e. 2., albumin}, wherein the dose of the ;i TOR inhibitor in the
composition is no more than about 10mg/m’, wherein the individual has had at least one prior
therapy for pulmonary hypertension, and wherein the pulmonary hypertension is World Health
Organization [WHO] Function Class 11 or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhubitor in the composition is no more than about 109,
596, 8%, 756, 6%, 3%, 4%, 3%, 2%, or 196 of the MTD of the mTOR inhibitor 1 the
composition. In some embodiments, there is provided a method of treating pulmonary
hypertension 1o an individual, comprising subcutancously admuustering to the individual a
composition comprising nanoparticles comprising an mTOR inhibitor (e.g., rapamyvein or a
derivative thereof) and a carrier protein (e.g., albumin), wherein the dose of the mTOR inhibitor
in the composition is no more than about 3 mg/m?, wherein the nanoparticle composition is
subcutancously administered into the individual, wherein the individual has had at least one
prior therapy for pulmonary hypertension, and wherein the polmonary hvpertension 1s World
Health Organization [ WHO| Function Class IH or IV pulmonary arterial hypertension. In some
embodiments, the individual has at least two prior therapies for pulmonary hyvperiension. In

some embodiments, the prior therapy comprises an agent selected from the group consisting of a

N
(4



WO 2019/226685 PCT/US2019/033372

prostacyclin analogue, an endothelin-1 receptor antagonist, a phosphodiesterase 5 (PDE-5)
mhibitor and a soluble guanylate cvelase {(sGC) stimulator. In some embodiments, the individual
has progressed on the prior therapy. [n some embodiments, the pulmonary hypertension 18 WHO
Function Class I pulmonary arterial hvpertension. In some embodiments, the mTOR mhibitor
is rapamyvein. In some embodiments, the nanoparticle composition is administered about once a
week. In some embodiments, the nanoparticle composition is administered for at least about four
weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight
weeks). In some embodiments, the concentration of the mTOR mhibitor in the blood is at least
about 2 ng/ml on the 5th day afier administration of the nanoparticle composition. In some
embodiments, the concentration of the mTOR mhubitor in the blood 18 no more than about 20
ng/mi within 7 days or on the 7th day after administration of the nanoparticle composition. In
some embodiments, the composition comprises more than about 50% of the mTOR inlubitor in
nanoparticle form. In some embodiments, the mTOR inhibitor is the only pharmaceutically
active agent uscful for treating pulmonary hyperiension that is administered to the individual. In
some embodiments, the carrier protein is human serum albumin. In some embodiments, the
average diameter of the nanoparticles in the composition is no greater than about 200 nm. In
some cmbodiments, the weight ratio of the camier protein to the mTOR inhibitor in the
nanoparticles is less than about 18:1. fn some embodiments, the individual is human. fn some
embodiments, the individual has a ligh level of fibrosis in the lung. In some embodiments, the
imdividual has a high level of angiogenesis in the fung. In some embodiments, the individual has
ncreased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis

mn the lung.

10084} In some embodiments, there is provided a method of ameliorating circulatory mmadequacy
{(¢.g.. cardiac output) 1o an individual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or a derivative thereof) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?®. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m® to about 10mg/m?, for
example, about 1 mg/m® to about 10mg/m”(such as about 1-2, 2-3, 3-4, 4.5, 5-6, 6-7, 7-8, §-9, 9-
10 mg/m?), about 2.5 mg/m? to about 10mg/m?, or about 3 mg/m” to about 10mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m?.

In some embodiments, the dose of the mTOR inhibitor 1 the composition 1s no more than about
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109, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mhibitor o the
composition. In some embodiments, there is provided a method of ameliorating circulatory
madequacy {¢.g., cardiac ouiput) in an individual having pulmonary hypertension, comprising
adnunistering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {¢.g., rapamycin or a derivative thereof) and a carrier protein (e.g., albumin}, wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m”. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about
Smg/m’, for example, about 1 mg/m’ to about 5 mg/m’, or about 2.5 mg/m’ to about 5 mg/m*. In
some embodiments, the dose of the mTOR inhibitor in the composition s about any of 1, 2, 3, 4,
5.6,7.8,9, or 10 mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a dervative thereot, e.g., rapamycin) m the composition 1s an amount sutficient to
produce a cardiac cutput (CO) of more than about 10%, 15%, 20%, 25, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such ag
rapamycu/albumin nanoparticle composition). In some embodiments, the individual has a high
level of fibrosis in the lung. In some embodiments, the individual bas a ligh level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the hing.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or fortv-eight weeks).

{0085} In some embodiments, there is provided a method of ameliorating circulatory inadequacy
(e.g., cardiac output) in an individual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or 3 denivative thereof) and a carmer protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m’, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class [T or IV pulmonary artenial
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about 10mg/m?(such as about 1-2,
2-3,3-4, 4-5 5.5, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m”® to about 10mg/m?, or about 3
mg/m” (6 about 10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the
composition is fess than about 10 mg/m®. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or

1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, there is
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provided a method of ameliorating circulatory inadequacy {¢.g., cardiac output) m an individual
having pulmonary hypertension, compnsing administering to the individual a composition
comprising nanoparticles comprising an mTOR inhibitor {¢.g., rapamycin or a derivative
thereot) and a carrier protein (e.g., albumin}, wherem the dose of the mTOR mmhibitor in the
composition is no more than about 5 mg/m?, and wherein the pulmonary hypertension is World
Health Organization [WHO] Function Class 1 or IY polmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about
Smg/m’, for example, about 1 mg/m’ to about 5 mg/m’, or about 2.5 mg/m’ to about 5 mg/m*. In
some embodiments, the dose of the mTOR inhibitor in the composition s about any of 1, 2, 3, 4,
5.6,7.8,9, or 10 mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a dervative thereot, e.g., rapamycin) m the composition 1s an amount sutficient to
produce a cardiac cutput (CO) of more than about 10%, 15%, 20%, 25, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such ag
rapamycu/albumin nanoparticle composition). In some embodiments, the individual has a high
level of fibrosis in the lung. In some embodiments, the individual bas a ligh level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the hing.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or fortv-eight weeks).

{0086} In some embodiments, there is provided a method of ameliorating circulatory inadequacy
(e.g., cardiac output) in an individual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or 3 denivative thereof) and a carmer protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m’, and wherein the individual
has had at least one prior therapy for pulmonary hyvpertension. In some embodiments, the dose of
the mTOR inhibitor in the composition is about 0.1 mg/m? to about 10mg/m”, for example,
about 1 mg/m? to about 10mg/m’(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 6-10
mg/m?®), about 2.5 mg/m’ to about 10mg/m?, or about 5 mg/m* to about 10mg/m”. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m®.
In some embodiments, the dose of the mTOR mhibitor in the composition is no more than about
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mnhibitor in the

composition. In some embodiments, there is provided a method of amchorating circulatory
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madequacy {¢.g., cardiac output) in an individual having pulmonary hypertension, comprising
administering to the individual a composition comprising nanoparticles comprising an ;i TOR
mhibitor {¢.g.. rapamyvcin or a denivative thereof) and a carrier protein {e.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, and wherein
the individual has had at least one prior therapy for palmonary hypericnsion. In some
embodiments, the dose of the mTOR inhibitor m the composition is about 0.1 mg/m? to about
Smg/m’, for example, about 1 mg/m’ to about 5 mg/ny’, or about 2.5 mg/m? to about 5 mg/m’. In
some embodiments, the dose of the mTOR nhibitor in the composition is about any of 1, 2, 3, 4,
5.6,7,8,9 or 10 mg/m®. In some embodiments, the amount of an mTOR inhibitor {e.g
rapamycin or a dertvative thereof, e.g., rapamycin) in the composition is an amount sufficient to
produce a cardiac output (CO) of more than about 10%, 15%, 20%, 25, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such as
rapamycin/albumin nanoparticle composition}. In some embodiments, the individual has a high
level of fibrosis in the lung. In some embodiments, the dividual bas a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased tibrosis n the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is admimstered for at least about four weeks (e g.. at

least about cight, twelve, sixteen, twenty-~tour, thirty-two, forty, or fortv-cight weeks).

{8687} In some embodiments, there is provided a method of ameliorating circulatory inadequacy
{c.g., cardiac output) in an individual having pulmonary hypertension, comprising administering
to the mdividual a composition comprising nanoparticles comprisimg an mTOR inlubitor {e.g,
rapamycin or a denivative thereof) and a carner protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?®, wherein the individual has
had at least ong prior therapy for pulmonary hypertension, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class [T or IV pulmonary artenal
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m” to about 10mg/m?, for example, about 1 mg/m” to about 10mg/m*(such as about 1-2,
2-3,3-4, 4-5 5.5, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m”® to about 10mg/m?, or about 3
mg/m” (6 about 10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the
composition is fess than about 10 mg/m®. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or

1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, there is
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provided a method of ameliorating circulatory inadequacy {¢.g., cardiac output) i an individual
having pulmonary hypertension, compnsing administering to the individual a composition
comprising nanoparticles comprising an mTOR inhibitor {¢.g., rapamycin or a derivative
thereot) and a carrier protein (e.g., albumin}, wherem the dose of the mTOR mmhibitor in the
composition is no more than about 5 mg/m?, wherein the individual has had at least one prior
therapy for pulmonary hypertension, and wherein the pulmonary hypertension is World Health
Organization [WHO] Function Class 11 or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m® to about
Smg/m?, for example, about 1 mg/m’ to about 5 mg/m’, or about 2.5 mg/m” to about 5 mg/m’. In
some embodiments, the dose of the mTOR inhibitor in the composition is about any of |, 2, 3, 4,
5,6,7.8, 9, or 10 mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a derivative thereof, e.g., rapamycin) in the composition 1s an amount sufficient to

produce a cardiac cutput {CO) of more than about 10%, 15%, 20%, 25, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such as
rapamycin/albumin nanopariicle composition). In some embodiments, the individual has a high
level of fibrosis 1 the lung. In some embodiments, the mdivideal has a high level of
angiogenesis in the lung. In some embodiments, the individual has increased fibrosis in the hing.
In some embodiments, the mdividual has increased angiogenesis in the lung. fo some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks {¢.g., at

least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-eight weeks).

{3088 In some embodiments, there is provided a method of ameliorating circulatory inadequacy
{e.g., cardiac output) in an individual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g..
rapamycin or a dertvative thereof) and a carmer protein {e.g., albuminy, wherein the dose of the
mTOR inhibitor in the composttion is no more than about §0mg/m’, wherein the nanoparticle
composition is intravenously administered to the individual, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class 1 or IV pulmonary arterial
hypertension. In some embodiments, the dose of the mTOR inhibitor m the composition is no
more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR
mhibitor in the composition. In some embodiments, there is provided a method of ameliorating
circulatory inadequacy {¢.g., cardiac output} in an individual having pulmonary hyperiension,

comprising administering to the individual a composition comprising nanoparticles comprising
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an mTOR mmhibitor {e.g., rapamvyemn or a denvative thereof) and a camer protem (e.g., albumin),
wherein the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?,
wherein the nanoparticle composition is intravenously admimstered to the mdividual, and
wherein the pulmonary hypertension 1s World Health Orgamization fWHO] Function Class HI or
IV pulmonary arterial hypertension. In some embodiments, the amount of an mTOR inhibitor
{e.g., rapamycin or a derivative thereof, e. g, rapamyvein) in the composition is an amount
sufficient to produce a cardiac output {CO) of more than about 10%, 15%, 20%, 23, or 30%
among a population of ndividuals treated with the mTOR inhibitor nanoparticle composition
{such as rapamycin/albuniin nanoparticle composition}. In some embodiments, the individoal
has a high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composttion is administered for at least about four weeks {e g, at

least about cight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{8089} In some embodiments, there 13 provided a method of ameliorating circulatory inadequacy
{(e.g.. cardiac output) in an individual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or a derivative thereot) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
corposition is subcutancously administcred to the individual, and wherein the pulmonary
hypertension s World Health Organization [WHO] Function Class I or TV pulmonary artenal
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is no
more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR
mhibitor in the composttion. In some embodiments, there is provided a method of ameliorating
circulatory inadequacy {e.g., cardiac output) in an individual having pulmonary hypertension,
comprising administering to the individual a composition comprising nanoparticles comprising
an mTOR inhubitor (¢.g., rapamycin or a derivative thereof) and a carrier protein (e.g., albumin),
wherein the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?,
wherein the nanoparticle composition is subcutancously administered to the individual, and
wheretn the pulmonary hypertension is World Health Organization fWHO] Function Class Hl or
IV pulmonary aricrial hypertension. In some embodiments, the amount of an mTOR inhibitor

{e.g., rapamycin or a denivative thereof, e.g., rapamvcein) in the composition 1s an amount
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sufficient to produce a cardiac output (CO) of more than about 10%, 139, 20%, 23, or 30%
among a population of individuals treated with the mTOR inhibitor nanoparticle composition
{such as rapamycin/albumin nanoparticle composition}. in some embodiments, the individual
has a high level of fibrosis in the lung. In some embodiments, the mdividual has a high level of
angiogenesis in the lung. In some embodiments, the individual has increased fibrosis in the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is administered for at least about four weeks {e.g., at

cast about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-gight weeks).

{0099} In some embodiments, there is provided a method of ameliorating circulatory inadequacy
{¢.g., cardiac output) in an mdividual having pulmonary hypertension, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR whibitor {e.g.,
rapamycin or a derivative thereof) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the compaosition is no more than about 10mg/m?, wherein the nanoparticle
composition is infravenously admunistered into the mdividual, wherein the individual has had at
least one prior therapy for pulmonary hvpertension, and wherein the pulmonary hypertension s
World Health Organization f[WHO] Function (lass Il or IV pulmonary arterial hvpertension. In
some embodiments, the dose of the mTOR inhibitor in the composition is no more than about
18%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mhibitor in the
composition. In some embodiments, there is provided a method of amehiorating circulatory
madequacy {(e.g., cardiac output) in an individual having pulmonary bypertension, comprising
administering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {e.g., rapamycin or a dertvative thereof) and a carnier protein {8.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the
nanoparticle composition is miravenously administered into the individual, wherein the
mdividual has had at least one prior therapy for pulmonary hypertension, and wherem the
pulmonary hypertension is World Health Organization [WHO] Function Class Hl or IV
pulmonary arterial hypertension. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a denvative thereof, e. g, rapamycin) in the composition is an amount sufficient to
produce a cardiac output (CO) of more than about 10%, 15%, 20%, 23, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such as
rapamycin/albumin nanoparticle composttion). In some embodiments, the individual has a high

level of fibrosis in the lung. In some embodiments, the individual has a high level of
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angiogenesis in the lung. In some embodiments, the mdividual has increased tibrosis n the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixieen, twenty-~four, thitty-two, forty, or fortv-cight weeks).

{8691} In some embodiments, there is provided a method of ameliorating circulatory inadequacy
{c.g., cardiac output) in an individual having pulmonary hypertension, comprising administering
to the mdividual a composition comprising nanoparticles comprisimg an mTOR inlubitor {e.g,
rapamycin or a denivative thereof) and a carner protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about {0mg/m’, wherein the nanoparticle
composition 1s subcutancously admnistered into the individual, wherein the mdividual has had
at least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension
is World Health Organization {WHO] Function Class Hi or IV pulmonary arterial hypertension.
In some embodiments, the dose of the mTOR inhibitor 1n the composition is no more than about
109, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mhibitor o the
composition. In some embodiments, there 1s provided a method of amehorating circulatory
madequacy {¢.g., cardiac output) in an mndividual having pulmonary hypertension, comprising
adnunistering to the individual a composttion comprising nanoparticies comprising an o FOR
mwhibitor {¢.g., rapamycin or a denivative thereof) and a carrier protein (e.g., albumin}, wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the
nanoparticle composition is subcutancously adnumistered into the individual, wherein the
mdividual has had at least one prior therapy for pulmonary hyvpertension, and wherein the
pulmonary hypertension 1s World Health Organization [WHO] Function Class I or IV
pulmonary arterial hypertension. In some embodiments, the amount of an mTOR inhibitor {e.g..
rapamycin or a dervative thereof, e.z., rapamycin) in the composition is an amount sufficient to
produce a cardiac output (CO) of more than about 10%, 15%, 20%, 25, or 30% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition {such as
rapamycin/albumin nanoparticle composition}. In some embodiments, the individual has a high
level of fibrosis in the lung. In some embodiments, the individual bas a ligh level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the hing.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixieen, twenty-~four, thitty-two, forty, or fortv-cight weeks).
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{8092} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PYR) in an individual having pulmonary hypertension, comprising administering to
the ndividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,
rapamycin or a derivative thereot) and a camier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?’. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about 10mg/m?, for
example, about 1 mg/m? to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4-3, 5-6, 6-7, 7-8, 8-9, 9-
10 mg/m?®}, about 2.5 mg/m’ to about 10mg/m?, or about 3 mg/m” to about 10mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m”.
In some embodiments, the dose of the mTOR mhibitor in the composition is no more than about
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 196 ot the MTD of the mTOR mhubitor i the
composition. In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PY R} in an individual having pulmonary hypertension, comprising administering to
the individual a composition comprising nanoparticles comprising an mTOR inhibitor {c.g.,
rapamycin or a derivative thereof) and a camer protem {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m”. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about Smg/m?, for
example, about 1 mg/m? to about 5 mg/m?, or about 2.5 mg/m” to about 5 mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is about any of 1,2, 3,4, 3, 6,
7, 8.9, or 10 mg/m’. In some embodiments, the amount of an mTOR inhibitor (e.g., rapamycin
or a derivative thereot, .z, rapamycin} in the composition is an amount sufficient to reduce
pudmonary vascular resistance (PVR) by about 10%, 13%, 20%, 25%, or 30% among a
popalation of individuals treated with the mTOR inhibitor nanoparticle composition. In some
embodiments, the individual has a high level of fibrosis in the fung. In some embodiments, the
mdividual has a high level of angiogenesis in the lung. In some embodiments, the individual bas
mereased fibrosis in the lung. In some embodiments, the mdividual has increased angiogenesis
in the hng. In some embodiments, the nanoparticle composttion is administered for at least
about four weeks {e.g., at least about cight, twelve, sixteen, twenty-four, thitty-two, forty, or

forty-cight weeks).

10693} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PVR) in an individual baving pulmonary hypertension, comprising administering to

the mdividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,

(a3
£



WO 2019/226685 PCT/US2019/033372

rapamycin or a derivative thereof) and a camer protem {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m’, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class I or IV pulmonary artenial
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about 10mg/m*(such as about 1-2,
2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m? to about 10mg/m’, or about 3
mg/m’ to about [0mg/m?. In some embodiments, the dose of the mTOR inhibitor in the
composition is less than about 10 mg/m?. Tn some embodiments, the dose of the mTOR
inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
% of the MTD of the mTOR inhibitor in the composition. In some embodiments, there is
provided a method of reducing pulmonary vascular resistance (PVR) in an imdividual having
pulmonary hypertension, comprising administering to the mdividual a composition comprising
nanoparticles comprising an mTOR imhibitor (¢.g., rapamy<in or a derivative thereof) and a
catrier protein (2.2, albunin), wherein the dose of the mTOR inhibitor 1n the composition is no
more than about 3 mg/m?, and wherein the pulmonary hypertension is World Health
Organization |[WHO] Function Class HI or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
Smg/m?, for example, about 1 mg/m” to about 5 mg/m?, or about 2.5 mg/m? to about 5 mg/m®. In
some embodiments, the dose ot the mTOR inlubitor mn the composition 1s about any of 1, 2, 3, 4,
3,6,7,8, 9 or 10 mg/m> In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapantycin or a derivative thercof, e g, rapamyein) in the composition 1s an amount sufficient to
reduce pulmonary vascular resistance (PYR} by about 10%, 15%, 20%, 25%, or 30% among a
popalation of individuals treated with the mTOR inhibitor nanoparticle composition. In some
embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a high level of angiogenesis in the lung. In some embodiments, the individual bas
mereased fibrosis in the lung. In some embodiments, the mdividual has increased angiogenesis
in the himg. In some embodiments, the nanoparticle composttion is administered for at least
about four weeks {e.g., at least about cight, twelve, sixteen, twenty-four, thitty-two, forty, or

forty-cight weeks).

100694} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PVR) in an individual baving pulmonary hypertension, comprising administering to

the mdividual a composition comprising nanoparticles comprising an mTOR inhibitor (e.g.,
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rapamycin or a derivative thereof) and a camer protem {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, and wherein the individual
has had at least ong prior therapy for pulmonary bypertension. o some embodiments, the dose of
the mTOR inhibitor in the composition is about 0.1 mg/m? to about 10mg/m?, for exanmple,
about 1 mg/m’ to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4.5, 5-6, 6-7, 7-8, 8-9, 9-10
mg/m?), about 2.5 mg/m? to about 10mg/m?, or about 5 mg/m?® to about 10mg/m®. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m’.
In some embodiments, the dose of the mTOR mmhibitor in the composition is no more than about
10%, 9%, &%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mnhibitor in the
composition. In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PVR) in an individaal having pulmonary hypertension, comprising administering to
the individual a composition comprising nanoparticles comprising an mTOR mhibitor {e.g.,
rapamycin or a derivative thereof) and a carrier protein {¢.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m”, and wherein the individual
has had at least one prior therapy for pulmonary hypertension. fn some embodiments, the dose
of the mTOR inhibitor in the composition is about 0.1 mg/m? (o about Smg/m?, for example,
about 1 mg/m? to about 5 mg/m?, or about 2.5 mg/m” to about 5 mg/m’. In some embodiments,
the dose of the mTOR inhibitor in the composition is about any of 1,2, 3,4, 5,6, 7,8, 9, o1 10
mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g, rapamycin or a derivative
thereof, e.2., rapamyein) in the composition 1s an amount sufficient {o reduce pulmonary
vascular resistance (PVR) by about 10%, 15%, 20%, 25%, or 30% among a population of
mdividuals treated with the mTOR inhibitor nanoparticle composifion. In some embodiments,
the mdividoal has a high level of fibrosis in the lung. In some embodiments, the individual has a
high level of angiogenesis in the lung. In some embodiments, the individual has increased
fibrosis in the lung. In some embodiments, the individual has increased angiogencsis in the lung.
In some embodiments, the nanoparticle composition is admimstered for at least about four
weeks (g.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-gight
weeks).

{80695} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PYR) in an individual having pulmonary hypertension, comprising administering to
the ndividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,

rapamycin or a derivative thereot) and a carrier protein {e.g., albumin}, wherein the dose of the
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mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the individual has
had at least one prior therapy for pulmonary hypertension, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class I or IV pulmonary artenial
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about 10mg/m*(such as about 1-2,
2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m? to about 10mg/m’, or about 3
mg/m’ to about [0mg/m?. In some embodiments, the dose of the mTOR inhibitor in the
composition is less than about 10 mg/m?. Tn some embodiments, the dose of the mTOR
inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
% of the MTD of the mTOR inhibitor in the composition. In some embodiments, there is
provided a method of reducing pulmonary vascular resistance (PVR) in an imdividual having
pulmonary hypertension, comprising administering to the mdividual a composition comprising
nanoparticles comprising an mTOR imhibitor (¢.g., rapamy<in or a derivative thereof) and a
catrier protein (2.2, albunuin), wherein the dose of the mTOR inhibitor 1n the composition 1s no
more than about 5 mg/m?, wherein the individual has had at least one prior therapy for
pulmonary hypertension, and wherein the pulmonary hypertension is World Health Organization
IWHO! Function Class HI or IV pulmonary arterial hyperension. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about Smg/m’, for
example, about 1 mg/m” to about 3 mg/m”, or about 2.5 mg/m? to about 5 mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is about any of 1,2, 3,4, 5, 6,
7.8, 9, or 10 mg/m’. In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin
or a derivative thereof, e.g., rapamycin) m the composition is an amount sufficient to reduce
pulmonary vascular resistance (PVR) by about 10%, 15%, 20%, 25%, or 30% among a
population of individuals treated with the mTOR inbibitor nanoparticle composition. In some
embodiments, the individual has a hugh level of fibrosis in the lung. In some embodiments, the
mdividual has a ligh level of angiogenesis in the hung. In some embodiments, the individual has
mereased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis
i the lung. In some cmbodiments, the nanoparticle composition is administered for at least
about four weeks (e.g., at least about cight, twelve, sixteen, twenty-four, thitty-two, forty, or

forty-eight weeks).

{0696} In some embodiments, there is provided a method of reducing pulmonary vascular

resistance (PVR) in an individual having pulmonary hypertension, comprising administering to
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the mdividual a composition comprising nanoparticles comprising an mTOR mmhibitor {e.g.,
rapamycin or 3 denivative thereof) and a carmer protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about {0mg/m’, wherein the nanoparticle
composition 1s intravenously administered to the individual, and wherein the pulmonary
hypertension is World Health Organization [WHQO] Function Class I or IV pulmonary arterial
hypertension. In some embodiments, there 1s provided a method of reducing pulmonary vascolar
resistance (PVR) in an individual having pulmonary hypertension, comprising administering to
the mdividual a composition comprising nanoparticles comprising an mTOR mhibitor (e.g.,
rapamycin or a denivative thereof) and a carner protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the nanoparticle
composition 1s intravenously administered to the individual, and wherein the pulmonary
hypertension is World Health Organization [WHQO] Function Class I or IV pulmonary arterial
hypertension. In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a
derivative thereof, e g., rapamyein} in the composition is an amount sufficient to reduce
pudmonary vascular resistance (PVR) by about 10%, 13%, 20%, 25%, or 30% among a
popalation of individuals treated with the mTOR inhibitor nanoparticle composition. In some
embodiments, the dose of the mTOR iohibitor in the composition 1s no more than about 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%. or 1% of the MTD of the mTOR inhibitor in the
composition. In some embodiments, the ndividaal has a high level of fibrosis in the lung. In
some embodiments, the individual has a high lovel of angiogenesis in the lung. In some
crbodiments, the individual has increased fibrosis in the lung. In some embodiments, the
mdividual has increased angiogenesis in the lung. In some embodiments, the nanoparticle
composition is admimstered for at least about four weeks (¢.g., at least about eight, twelve,
sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{8697} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PVR) in an individaal having pulmonary hypertension, comprising administering {o
the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or a derivative thereof) and a camer protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
composition i3 subcutancously administered to the individual, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class I or IV pulmonary artenial

hypertension. In some embodiments, there 1s provided a method of reducing pulmonary vascular
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resistance (PVR) 1n an individual having pulmonary hypertension, comprising adnunistering to
the individual a composition comprising nanoparticles comprising an mTOR nhibitor (e.g.,
rapamycin or a denivative thereof) and a carrier protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composttion is no more than about 5 mg/m?, wherein the nanoparticle
composition is sabcutaneously administered to the individeal, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class 1 or IV pulmonary arterial
bypertension. In some cmbodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a
derivative thereof, e. g, rapamycin) n the composition is an amount sufficient to reduce
pulmonary vascular resistance (PVR) by about 10%, 15%, 20%, 25%, or 30% among a
population of individuals treated with the mTOR inbibitor nanoparticle composition. In some
embodiments, the dose of the mTOR inhibitor mn the composition 18 no more than about 10%,
9%, 89, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the
composition. o some embodiments, the individoal has a high level of fibrosis in the lung. In
some embodiments, the individual has a high level of angiogenesis in the lung. In some
embodiments, the individual has increased tibrosis in the fung. In some embodiments, the
mdividual has increased angiogenesis i the lung. In some embodiments, the nanoparticle
composition is adnumstered for at least about four weeks (¢ g, at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or fortv-cight weeks).

{8698} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PVR) in an individual having pulmonary hypertension, comprising administering to
the mdividual a composition comprising nanoparticles comprising an mTOR mmhibitor {e.g.,
rapamycin or a denvative thereof) and a carmer protein {e g, albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m’, wherein the nanoparticle
composition is intravenously administered into the individual, wherein the individual has had at
least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension is
World Health Organization [WHQ] Fonction Class {1 or IV pulmonary arterial hypertension. In
some embodiments, there is provided a method of reducing pulmonary vascular resistance
(PVR) 10 an individual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or a dertvative thereof) and a camer protein (e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the nanoparticle

composition 1s intravenousty administered nto the individual, wherein the mdividual has had at

(9%}
o



WO 2019/226685 PCT/US2019/033372

least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension is
World Health Organization fWHO] Function (lass Il or IV pulmonary arterial hvpertension. In
some cmbodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a derivative thercof,
e.g., rapamycin} m the composition 1s an amount sutficient to reduce pulmonary vascular
resistance (PVR) by about 10%, 15%, 20%, 25%, or 30% among a population of individuals
treated with the mTOR inhibitor nanoparticle composition. In some embodiments, the dose of
the mTOR inhibitor in the composition is no more than about 10%, 9%, 8%, 7%. 6%, 5%, 4%,
3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some embodiments,
the mdividoal has a high level of fibrosis in the lung. In some embodiments, the individual has a
high level of angiogenesis in the lung. In some embodiments, the individual has increased
fibrosis i the fung. In some embodiments, the individual has increased angiogenesis in the lung.
In some embodiments, the nanoparticle composition is administered for at least about four
weeks (¢.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-¢ight

weeks).

080699} In some embodiments, there is provided a method of reducing pulmonary vascular
resistance (PYR) in an individual having pulmonary hypertension, comprising administering to
the ndividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,
rapamycin or a derivative thereot) and a camier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
corposition is subcutancously administered mto the individual, wherein the individual has had
at Jeast one prior therapy for pulmonary hypertension, and wherein the pulmonary hyvpertension
ts World Health Organization [WHO] Function Class H or IV pulmonary arterial hypertension.
In some embodiments, there is provided a method of reducing pulmonary vascular resistance
(PVR} i an individual having pulmonary hypertension, comprising administering to the
mdividual a composttion comprising nanoparticles comprising an mTOR mhibitor (e.g.,
rapamycin or a derivative thereof) and a carrier protein {¢.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 3 mg/m”, wherein the nanoparticle
coraposition is subcutancously administered mito the individual, wherein the individual has had
at least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension
s World Health Organization [WHO| Function Class Hi or IV pulmonary arterial hypertension.
In some embodiments, the amount of an mTOR inhibitor {e.g., rapamyvcin or a derivative

thereof, e.g., rapamycein) m the composition 1s an amount sufficient to reduce pulmonary
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vascular resistance {(PVR} by about 10%, 15%, 20%, 25%, or 30% among a population of
mdividuals treated with the mTOR inhibitor nanoparticle composition. In some embodiments,
the dose of the mTOR inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR nhibitor in the composition. In some
embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
imdividual has a high level of angiogenesis in the fung. In some embodiments, the individual has
ncreased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis
m the lung. In some embodiments, the nanoparticle composition is administered for at least
about four weeks (e.g., at least about cight, twelve, sixteen, twenty-four, thirty-two, forty, or

forty-eight wecks).

{8108} In some embodiments, there is provided a method of mmproving stx-minute walking
distance (6MW D) performance in an individual having pulmonary hypertension, comprising
administering to the individual a composttion comprising nanoparticies comprising an mTOR
mhibitor {e.g., rapamycin or a dentvative thereof) and a carnier protein {e.g., albumm), wherein
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m*. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
10mg/m?, for example, about | mg/m” to about 10mg/m?(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-

7,7-8, 8-9, 9-10 mg/m?

3, about 2.5 mg/m’® to about 10mg/m?, or about 5 mg/m® to about
10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m?. In some embodiments, there is provided a method of improving six-minufe
walkmg distance {(6MWD) performance n an individual having pulmonary hypertension,
comprising administering to the individeal a composition comprising nanoparticles comprising
an mTOR inhibitor {¢.g., rapamycin or a derivative thereof) and a carrier protein (€.g., albumin),
wherein the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?. Tn
some embodiments, the dose of the mTOR mnhibitor n the composttion 1s about 0.1 mg/m’® to
about 3mg/m?, for example, about 1 mg/m® to about 5 mg/m?, or about 2.5 mg/m? to about 3
mg/m”. In some embodiments, the dose of the mTOR inhibitor in the composition is about any
of 1,2,3,4,5,6,7, 8,9, or 10 mg/m®. In some embodiments, the amount of an mTOR intubitor
{e.g., rapamycin or 8 denvative thereof, e. g, rapamycin) in the composition is an amount
sufficient to produce a six-muinute walking distance {SMWD) performance of more than about
10%, 15%, 20%. 25%, 30%, or 35% among a population of individuals treated with the mTOR

mhibitor nanoparticle composition. In some embodiments, the dose of the mTOR mhibitor 1n the
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composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD
of the mTOR iohibitor in the composition. In some embodiments, the individual has a high level
of tibrosis in the lung. In some embodiments, the individual has a bigh fevel of angiogencsis in
the lung. In some embodiments, the individual has increased fibrosis in the lung. In some
embodiments, the individual has increased angiogenesis in the hung. In some embodiments, the
nanoparticle composition is administered for at least about four weeks {¢.g., at least about eight,

twelve, sixteen, twentyv-four, thirty-two, forty, or forty-cight wecks).

{3161 In some embodiments, there 1s provided a method of improving six-minute walking
distance (6MWD) performance in an individual baving pulmonary hypertension, comprising
adnunistering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {e. g, rapamyvein or a derivative thereot) and a carrier protein (e. g, albumin}, wherein
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m?, and wherein
the pulmonary hypertension is World Health Organization [WHO] Function Class H or IV
pulmonary arterial hypertension. In some embodiments, the dose of the mTOR intbitor in the
composition is about 0.1 mg/m’ to about 10mg/m’, for example, about 1 mg/m’ to about
10mg/m?(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-7. 7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m” to
about [0mg/m?, or about 5 mg/m” to about 1Gmg/m?. In some embodiments, the dose of the
mTOR inhibitor in the composition is less than about 10 mg/m®. In some embodiments, the dose
of the mTOR inhibitor in the composition is no morg than about 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some
embodiments, there is provided a method of improving six-minute walking distance (6MWD)
performance in an ndividual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles comprising an mTOR shibitor (e.g.,
rapamycin or a denivative thereof) and a carrier protein {e.g., albumin), wherein the dose of the

mTOR inhibitor in the composition is no more than about 5 mg/m?,

B

and wherein the pulmonary
hypertension is World Health Organization [WHQO] Function Class I or IV pulmonary arterial
hypertension. In some cmbodiments, the dose of the mTOR inhibitor in the composition is about

]

0.1 mg/m? to about Smg/m?, for example, about | mg/m” to about 5 mg/m®, or about 2.5 mg/m®
to about 5 mg/m?*. In some embodiments, the dose of the mTOR inhibitor in the composition is
aboutany of 1,2,3,4.5,6,7.8,9, or 10 mg/m’. In some embodiments, the amount of an mTOR
mhibitor (e.g., rapamycin or a derivative thereof, e g., rapamvcin) in the composition is an

amount sufficient to produce a six-mimite walking distance (6MWD) performance of more than
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about 10%, 15%, 20%, 25%, 30%, or 35% among a population of individuals treated with the
mTOR inhibitor nanoparticle composition. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the imdividual
has a high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual hag increased fibrosis in the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is admimstered for at least about four weeks {e.g., at

least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

10102] In some embodiments, there s provided a method of mmproving six-minute walking
distance (6MWD) performance in an individeal having pulmonary hypertension, comprising
administering to the mdividual a composttion comprising nanoparticles comprising an mTOR
mhibttor {e.g., rapamyein or a derivative thercof) and a carrier protein {(e.g., albumin), whercin
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m?, and wherein
the individual has had at least one prior therapy for pulmonary hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
10mg/m?, for example, about | mg/m” to about 10mg/m?(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6-

7,7-8, 8-9, 9-10 mg/m?

3, about 2.5 mg/m’® to about 10mg/m?, or about 5 mg/m® to about
10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m?. In some embodiments, there is provided a method of improving six-minufe
walking distance (6MWD} performance in an individual having pulmonary hypertension,
comprising administering to the individual a composition comprising nanoparticles comprising
an mTOR inhibitor {¢.g., rapamycin or a derivative thereof) and a carrier protein (€.g., albumin),
wherein the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, and
wherein the individual has had at least one prior therapy for pulmonary hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
5mg/m?, for example, about 1 mg/m? to about 5 mg/m?, or about 2.5 mg/m? to about 5 mg/m?’. In
some embodiments, the dose of the mTOR nhibitor in the composition is about any of 1, 2, 3, 4,
5,6,7. 8,9 or 10 mg/m®. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a dertvative thereof, e.g., rapamycin) in the composition is an amount sufficient to
produce a six-minute walking distance (6MW D) performance of more than about 10%, 13%,

20%, 23%, 30%, or 35% among a population of mdividuals treated with the mTOR inhubitor
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nanoparticle composition. In some embodiments, the dose of the mTOR inhibitor in the
composition i3 no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD
of the mTOR nhibitor m the composttion. In some embodiments, the individual has a high level
of fibrosis in the lung. In some embodiments, the individual has a high level of angiogenesis in
the lung. In some embodiments, the individual has increased fibrosis in the fung. In some
embodiments, the mdividual has increased angicgenesis in the hung. In some embodiments, the
nanoparticle composition 1s administered for at least about four weeks {e.g., at lcast about eight,

twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{0103} In some embodiments, there is provided a method of maproving six-minute walking
distance (6MWD) performance in an individual having pulmonary hypertension, comprising
administering to the individual a composttion comprising nanoparticles comprising an mTOR
mhibitor {¢.g., rapamycin or a derivative thereof) and a carrier proiein {e.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 10mg/n?, wherein the
mdividual has had at least one prior therapy for pulmonary hyvpertension, and wherein the
pulmonary hypertension 1s World Health Organization [WHO] Function Class I or IV
pulmonary arterial hypertension. In some embodiments, the dose of the mTOR inhibitor in the
composition is about 0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about
10mg/m?(such as about 1-2, 2-3, 3-4, 4-3, 5-6, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m” to
about 10mg/m?, or about 3 mg/m? to about 10mg/m?. In some embodiments, the dose of the
mTOR inhibitor in the composition is less than about 10 mg/m?. In some embodiments, there is
provided a method of improving six-minute walking distance (6MWD) performance in an
mdividual having pulmonary hyvpertension, comprising administering to the individual a
composition comprising nancparticlics comprising an mTOR inhibitor {e.g., rapamycin or a
derivative thereof) and a carrier protein {¢.g., albumin), wherein the dose of the mTOR inhibitor
in the composition is no more than about 5 mg/m’, wherein the individual has had at least one
prior therapy for polmonary hypertension, and wherein the pulmonary hypertension 1s World
Health Organization [WHO] Function Class 1 or IY polmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhubitor n the composition is about 0.1 mg/m? to about
Smg/m?, for example, about 1 mg/m’® to about 5 mg/m?, or about 2.5 mg/m’” to about 5 mg/m?. In
some embodiments, the dose of the mTOR inhibitor in the composition is about any of |, 2, 3, 4,
5,6,7.8,9, or 10 mg/m’. In some embodiments, the amount of an mTOR inhibitor {e.g.,

rapamycin or a dervative thereot, e.g., rapamycin) m the composition 1s an amount sutficient to
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nanopamcie composition In some embodiments, the dose of the mTOR inhibitor in the
composition 18 no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD
of the mTOR mhibitor in the composition. In some embodiments, the individual has a high level
of fibrosis in the lung. In some embodiments, the individual has a high level of angiogenesis in
the lung. In some embodiments, the individual has increased fibrosis in the lung. In some
embodiments, the individual has increased angiogenesis in the lung. Tn some embodiments, the
nanoparticle composition i3 administered for at least about four weeks (e.g., at least about eight,

twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{8104} In some embodiments, there is provided a method of mmproving stx-minute walking
distance (6MW D) performance in an individual having pulmonary hypertension, comprising
administering to the individual a composttion comprising nanoparticies comprising an mTOR

mhibitor {e.g., rapamycin or a dentvative thereof) and a carnier protein {e.g., albumm), wherein

O oS0y

the dose of the mTOR inhibitor in the composition is no more than about 10mg/m”®, wherein the
nanoparticle composition is intravenously administered to the individual, and wherein the
pulmonary hypertension is World Health Organization | WHO] Function Class Hi or IV
pulmonary arterial hypertension. In some embodiments, there 1s provided a method of improving
six-minute walking distance {6MWD)} performance in an individual having pulmonary
bypertension, comprising administering to the mdividual a conposition comprising
nanoparticles comprising an mTOR inhibitor {¢.g., rapamvein or a dervative thereof) and a
carrier protein (e.g., albumin), wherein the dose of the mTOR mhibitor in the composition is no
more than about 5 mg/m?, whercin the nanoparticle composition is intravenousty administered to
the mdividual, and whercin the pulmonary hypertension is World Health Organization [WHO]
Function Class [l or IV pulmonary arterial hvpertension. In some embodiments, the amount of
an mTOR mlubitor (e.g., rapamyein or a derivative thereof, e g, rapamycin) in the composition
is an amount sufficient to produce a six-minute walking distance (6MWD) performance of more
than about 10%, 15%, 20%, 25%, 30%, or 35% among a population of individuals treated with
the mTOR inhubitor nanoparticle composition‘ In some embodiments, the dose of the mTOR
ihibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or

| % of the MTD of the mTOR inhibitor in the composition. In some embodiments, the individual

has a high level of fibrosis in the lung. In some embodiments, the mdividual has a high level of

B
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angiogenesis in the lung. In some embodiments, the mdividual has increased tibrosis n the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixieen, twenty-~four, thitty-two, forty, or fortv-cight weeks).

{0105] In some embodiments, there is provided a method of improving six-minute walking
distance (bMWD} performance in an individual having pulmonary hypertension, comprising
administering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {¢.g., rapamycin or a dertvative thereof) and a carrier protein {e.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m’, wherein the
nanoparticle composition 1s subcutancously admimstered to the mdividual, and wherein the
pulmonary hypertension is World Health Organization [WHO] Function Class Hl or IV
pulmonary arterial hypertension. In some embodiments, there is provided a method of improving
six~-minute walking distance (6MW D) performance in an individual having pulmonary
hypertension, comprising administering 1o the individual a composition comprising
nanoparticles comprising an mTOR inhibitor {¢ g, rapamycin or a derivative thergof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR mhibitor in the composition is no
more than about 5 mg/m?, whercin the nanoparticle composition is subcutancously administered
to the individual, and wherem the pulmonary hypertension 1s World Health Organization [WHO]
Function Class 1 or IV pelmonary arterial hypertension. In some embodiments, the amount of
an m'TOR mhubitor (e.g., rapamyvcin or a derivative thereof, e.g., rapamycin} in the composition
is an amount sutficient to produce a six-minute walking distance (6MWD) performance of more
than about 10%, 15%, 209, 25%, 30%, or 35% among a population of individuals treated with
the mTOR mhibitor nancparticle composition. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the imdividual
has a high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual hag increased fibrosis in the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is administered for at least about four weeks {e.g., at

least about sight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

[0106] In some embodiments, there s provided a method of mmproving six-minute walking

distance (6MWD) performance in an individeal having pulmonary hypertension, comprising
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administering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {¢.g.. rapamycin or a denivative thereof) and a carner protein {e.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m’, wherein the
nanoparticle composition 1s mtravenously admimstered into the individual, wherein the
mdividual has had at least one prior therapy for pulmonary hypertension, and wherem the
puimonary hypertension is World Health Organization {WHO] Function Class Hi or IV
pulmonary arterial hypertension. n some embodiments, there is provided a method of improving
six-munute walking distance (6MWD) performance in an individual having pulmonary
hypertension, comprising administering to the individual a composition comprising
nanoparticles comprising an mTOR inhibitor {¢.g., rapamycin or a derivative thereof) and a
carrier protein (¢.g., albumin), whercin the dose of the mTOR mhibitor m the composition 1s no
more than about 5 mg/m?, wherein the nanoparticle composition is intravenously administered
mto the individual, wherein the individual has had at least one prior therapy for pulmonary
bypertension, and wherein the pulmonary hypertension 1s World Health Organization [WHO]
Function Class HI or I'V pulmonary arterial hypertension. In some embodiments, the amount of
an mTOR inhibitor (e.g., rapamycin or a derivative thereof, e.g., rapamycin} in the composition
ts an amount sufficient to produce a six-minute walking distance (6MWD) performance of more
than about 10%, 153%, 20%, 25%, 30%. or 35% among a population of individuals treated with
the mTOR mhibttor nanoparticle composttion. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or
1% of the MTD of the mTOR inhibitor in the composition. fn some crabodiments, the individual
has a high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the hing.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixieen, twenty-~four, thitty-two, forty, or fortv-cight weeks).

{8107} In some embodiments, there is provided a method of improving six-minute walking
distance (6MWD) performance 1n an individual having pulmonary hypertension, comprising
administering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor (. g., rapamycin or a derivative thereof} and a carner protein {e. g., albumin), whergin
the dose of the mTOR inhibitor in the composition is no more than about 10mg/m’, wherein the

nanoparticle composition 1s subcutancously admimstered nto the individual, wherein the
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mdividual has had at least one prior therapy for pulmonary hyvpertension, and wherein the
pulmonary hypertension is World Health Organization [ WHO] Function Class Hi or IV
pulmonary arterial hypertension. In some embodiments, there is provided a method of improving
six-minute walking distance (6MWD) performance 1n an mdividual having pulmonary
hypertension, comprising administering to the individual a composition comprising
nanoparticles comprising an mTOR inhibitor {¢.g., rapamy<in or a derivative thereof) and a
catrier protein (2.2, albunin), wherein the dose of the mTOR inhibitor 1n the composition is no
more than about 5 mg/m’, wherein the nanoparticle composition is subcutaneously administered
mnto the individual, wherein the individual has had at least one prior therapy for pulmonary
hvpertension, and wherein the pulmonary hypertension is World Health Organization [WHO]
Function Class [l or IV pulmonary arterial hvpertension. In some embodiments, the amount of
an mTOR mlubitor (e.g., rapamyein or a derivative thereof, e g, rapamycin) in the composition
is an amount sufficient to produce a six-minute walking distance (6MWD) performance of more
than about 10%, 15%, 20%, 25%, 30%, or 35% among a population of individuals treated with
the mTOR inhibitor nanoparticle composition. In some embodiments, the dose of the mTOR.
inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the individual
has a high level of fibrosis in the lung. In some embodiments, the individual has a high level of
angiogenesis in the lung. In some embodiments, the mdividual has increased fibrosis in the lung.
In some ¢mbodiments, the individual has increased angiogenesis 1o the lung. In some
embodiments, the nanoparticle composition is administered for at least about four weeks {e.g., at

cast about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-gight weeks).

10108} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac 1oput (CI) 1n an individual having pulmonary hypertension, comprising administering to
the mdividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,
rapamycin or a derivative thereof) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?®. In some embodiments. the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m® to about 10mg/m?, for
example, about 1 mg/m® to about 10mg/m”(such as about 1-2, 2-3, 3-4, 4.5, 5-6, 6-7, 7-8, §-9, 9-
10 mg/m?), about 2.5 mg/m? to about 10mg/m?, or about 3 mg/m” to about 10mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m?. In

some embodiments, there is provided a method of improving cardiac output (CO) or cardiac

43



WO 2019/226685 PCT/US2019/033372

mput (C1) n an individual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles comprising an mTOR shibitor (e.g.,
rapamycin ot a dertvative thereof) and a carmer protein (e.g., albuminy, wherein the dose of the
mTOR inhibitor in the composttion is no more than about 5 mg/m”. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about Smg/m?, for
example, about 1 mg/m” to about 3 mg/m”, or about 2.5 mg/m? to about 5 mg/m?. In some
embodiments, the dose of the mTOR inhibitor in the composition is about any of 1, 2,3, 4, 5, 6,
7.8, 9, or 10 mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin
or a derivative thereof, e.g., rapamyein) in the composition 1s an amount sufficient to produce a
cardiac output (CO) or cardiac input {C1) of more than about 2.5%. 5%, 7.3%, or 10% among a
population of individuals treated with the mTOR inhibitor nanoparticle composition. In some
embodiments, the dose of the mTOR inhibitor in the composition is no more than about 10%,
0%, 8%, 7%. 6%, 5%. 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the
corposition. fn some embodiments, the individual has a high level of fibrosis in the lung. In
some embodiments, the individual has a high level of angiogenesis in the lung. In some
embodiments, the individual has increased fibrosis i the lung. In some embodiments, the
mdividual has increased angiogenesis in the lung. In some embodiments, the nanoparticle
composition is adnunistered for at least about four weeks (¢.g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or forty-cight weeks}.

{3109} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac wput (CI) in an individual having pubmonary hypertension, compnsing administering to
the mdividual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or 3 denivative thereof) and a carmer protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m’, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class [T or IV pulmonary artenal
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m” to about 10mg/m?, for example, about 1 mg/m” to about 10mg/m*(such as about 1-2,
2-3,3-4, 4-5 5.5, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.5 mg/m”® to about 10mg/m?, or about 3
mg/m” (6 about 10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the
composition is less than about 10 mg/m’. In some embodiments, the dose of the mTOR inhibitor
m the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%. 3%, 2%. or 1% of the

MTD of the mTOR mhibitor in the composition. In some embodiments, there 18 provided a
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method of improving cardiac output {CO) or cardiac input (1) in an mdividual having
pulmonary hypertension, comprising admimstering o the individual a composition comprising
nanoparticles comprising an mTOR mbibitor (e.g., rapamycin or a dertvative thereof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR inhibitor 1 the composition 1s no
more than about 5 mg/m?, and wherein the pulmonary hypertension is World Health
Organization {WHO] Function Class 1 or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about
Smg/m’, for example, about 1 mg/m’ to about 5 mg/m’, or about 2.5 mg/m’ to about 5 mg/m*. In
some embodiments, the dose of the mTOR inhibitor in the composition s about any of 1, 2, 3, 4,
5.6,7.8,9, or 10 mg/m?. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a dervative thereot, e.g., rapamycin) m the composition 1s an amount sutficient to
produce a cardiac cutput (CO) or cardiac mput (1} of more than about 2.5%, 5%, 7.5%, or 10%
among a population of mdividuals treated with the mTOR nhibitor nanoparticle composition. In
some embodiments, the dose of the mTOR inhibitor in the composition is no more than about
109, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mhubitor o the
composition. In some embodiments, the individual has a high level of fibrosis in the lung. In
some cmbodiments, the individual has a high level of angiogenesis in the lung. In some
embodiments, the individual has increased fibrosis in the lung. in some embodiments, the
mdividual has increased angiogenesis in the hing. In some embodiments, the nanoparticle
composition is administered for at least about four weeks (¢ g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{3110} In some embodiments, there 13 provided a method of improving cardiac output (CO) or
cardiac input (CI) 1n an individual having pulmonary hypertension, comprising administering to
the ndividual a composition comprising nanoparticles comprising an mTOR inhibitor (e.g.,
rapamycin or a derivative thereot) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, and wherein the individual
has had at least one prior therapy for pulmonary hypertension. In some embodiments, the dose of
the mTOR inhibitor in the composition is about 0.1 mg/m? to about 10mg/m?, for example,

about I mg/m? to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4.5, 5-6, 6-7, 7-8, 8-9, 6-10
mg/m’}. about 2.5 mg/m’ to about 10mg/m’, or about 3 mg/m? to about 10mg/m”. In some
embodiments, the dose of the mTOR inhibitor in the composition is less than about 10 mg/m?. In

some embodiments, there is provided a method of improving cardiac output (CO) or cardiac
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mput (C1) n an individual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles comprising an mTOR shibitor {e.g.,
rapamycin ot a dertvative thereof) and a carmer protein (e.g., albuminy, wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m?, and wherein the individual
has had at least one prior therapy for pulmonary hypertension. In some embodiments, the dose
of the mTOR inhibitor in the composition is about 0.1 mg/m? to about Smg/m?. for example,
about 1 mg/m? to about 5 mg/m?, or about 2.5 mg/m” to about 5 mg/m?. In some embodiments,
the dose of the mTOR inhibitor in the composition is about any of 1,2,3,4,5,6,7, 8, 9, or 10
mg/m”. In some embodiments, the amount of an mTOR inhibitor {e. g , rapamycin or a derivative
thereof. e.g.. rapamycin} in the composition is an amount sufficient to produce a cardiac output
{CO) or cardiac input (C1) of more than about 2.5%, 5%, 7.5%, or 10% among a population of
mdividuals treated with the mTOR mhibitor nanoparticle composition. In some embodiments,
the dose of the mTOR inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some
embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a high level of angiogenesis in the lung. In some embodiments, the individual has
mcreased fibrosis in the long. In some embodiments, the individual has increased angiogenesis
m the lung. In some embodiments, the nanoparticle composition is admimistered for at least
about four weeks {e.g ., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or

forty-cight weeks).

{3111} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac wput (CI) tn an individual having pulmonary hypertension, comprising administering to
the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapamycin or a dertvative thereof) and a carmer protein {e.g., albuminy, wherein the dose of the
mTOR inhibitor in the composition is no more than about [0mg/m?, wherein the individual has
had at least one prior therapy for pulmonary hypertension, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class 1 or IV pulmonary arterial
hypertension. In some embodiments, the dose of the mTOR inhibitor m the composition is about
0.1 mg/m? to about 10mg/m?, for example, about 1 mg/m? to about 10mg/m*(such as about 1-2,
2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10 mg/m?}, about 2.3 mg/m? to about 10mg/m®, or about 3
mg/m? to about 10mg/n®. Tn some embodiments, the dose of the mTOR inhibitor in the

composition is less than about 10 mg/n’. In some embodiments, there is provided a method of
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mmproving cardiac output {(CO) or cardiac input (CI) in an individual having pulmonary
hvpertension, comprising administering to the mdividual a composition comprising
nanoparticles comprising an mTOR mbibitor (e.g., rapamycin or a dertvative thereof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR inhibitor 1 the composition 1s no
more than about 5 mg/m?, wherein the individual has had at least one prior therapy for
pulmonary hypertension, and wherein the pulmonary hypertension is World Health Organization
IWHO| Function Class HI or IV pulmonary arterial bvpertension. In some cmbodiments, the
dose of the mTOR inlubitor in the composition s about 0.1 mg/m’ to about Smg/m?, for
example, about 1 mg/m” to about 5 mg/m®, or about 2.5 mg/m? to about 5 mg/m?®. In some
embodiments, the dose of the mTOR iohibitor in the composition 1s about any of 1,2, 3, 4, 5, 6,
7,8, 9, or 10 mg/m®. In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin
or a derivative thereof, e.g., rapamycin} in the composition is an amount sufficient to produce a
cardiac cutput {CO} or cardiac mput (1) of more than about 2.5%, 5%, 7.5%, or 10% among a
population of individuals treated with the mTOR inhibitor nanoparticlc composition. In some
embodiments, the dose of the mTOR inhubitor in the composition is no more than about 109,
596, 8%, 756, 6%, 3%, 4%, 3%, 2%, or 196 of the MTD of the mTOR inhibitor 1 the
composition. In some embodiments, the mdividual has a bigh level of fibrosis in the lung. In
some cmbodiments, the individual has a high level of angiogenesis in the lung. In some
embodiments, the individual has increased fibrosis in the fung. In some embodiments, the
imdividual has increased angiogenesis in the hung. [n some embodiments, the nanoparticle
composition 18 administered for at least about four weeks (¢ g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or fortv-ecight weeks).

10112} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac oput (CI) 1n an individual having pulmonary hypertension, comprising administering to
the mdividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,
rapamycin or a derivative thereof) and a carrier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
corposition is intravenously administered to the individual, and wherein the pulmonary
hypertension 1s World Health Organization [WHO] Function Class I or IV pulmonary artenal
hypertension. In some embodiments, there is provided a method of improving cardiac output
(CO) or cardiac input {C1) m an mdividual having pulmonary hypertension, comprising

adnunistering to the individual a composition comprising nanoparticles comprising an mTOR
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mhibitor {¢.g., rapamycin or a denvative thereof) and a carner protein {¢.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the
nanoparticle composition is intravenously administered to the individual, and wherem the
pulmonary hypertension is World Health Orgamization [WHO] Function Class [ or IV
pulmonary arterial hypertension. In some embodiments, the amount of an mTOR mhibitor (e.g.,
rapamycin or a derivative thereof, e.g., rapamycin) in the composition 1s an amount sufficient to
produce a cardiac output (CO) or cardiac mput (CI) of more than about 2.5%, 5%, 7.5%, or 10%
among a population of mmdividuals treated with the mTOR inhibitor nanoparticle composition. in
some embodiments, the dose of the mTOR whibitor in the composition 18 no more than about
10%, 9%, &%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the
composition. In some embodiments, the individual has a high level of fibrosis in the lung. In
some embodiments, the individual has a high level of angiogenesis in the lung. In some
embodiments, the individual has increased fibrosis in the lung. In some embodiments, the
mdividual has increased angiogenesis in the lung. o some embodiments, the nanoparticle
composition is admimstered for at least about four weeks (¢.g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or forty-eight weeks).

{0113} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac wnput (CI) in an individual having pulmonary hypertension, comprising administering to
the individual a composition comprising nanoparticles comprising an mTOR inhibitor {e.g.,
rapanycin or a derivative thereof) and a carrier protein {e.g., albumin}, whercin the dose ot the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
composition is subcutancously administered to the individual, and wherein the pubmonary
hvpertension is World Health Organization {WHO] Function Class HI or 1V pulmonary artenal
hvpertension. In some embodiments, there is provided a method of tuproving cardiac output
(CO) or cardiac input {C1) m an mdividual having pulmonary hypertension, comprising
administering to the individual a composttion comprising nanoparticles comprising an mTOR
mhibitor {¢.g., rapamycin or a dertvative thereot) and a carrier protein {¢.g., albumin}, wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the
nanoparticle composition is subcutaneously administered to the mdivideal, and wherein the
pulmonary hypertension is World Health Organization [ WHO] Function Class Hi or IV
pulmonary arterial hypertension. In some embodiments, the amount of an mTOR inhibitor (e.g.,

rapamycin or a dervative thereot, e.g., rapamycin) m the composition 1s an amount sutficient to
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produce a cardiac outpui (CO) or cardiac mput (C1) of more than about 2.5%, 5%, 7.5%, or 10%
among a population of individuals treated with the mTOR inhibitor nanoparticle composition. In
some embodiments, the dose of the mTOR inhibitor in the composition is no more than about
18%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mhibitor in the
composition. In some embodiments, the ndividaal has a high level of fibrosis in the lung. In
some embodiments, the individual has a high lovel of angiogenesis in the lung. In some
crbodiments, the individual has increased fibrosis in the lung. In some embodiments, the
mdividual has increased angiogenesis in the lung. In some embodiments, the nanoparticle
composition is admimstered for at least about four weeks (¢.g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{8114} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac input (CI) in an individual having pulmonary hvpertension, comprising administering to
the individual a composition comprising nanoparticles comprising an mTOR mhibitor {e.g.,
rapamycin or a derivative thereof) and a camer protem {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
composition is intravenously administered into the individual, wherein the mdivideal has had at
least one prior therapy for pulmonary hvpertension, and wherein the pulmonary hypertension is
World Health Organization fWHO] Function Class [IF or IV pulmonary arterial hypertension. In
some embodiments, there is provided a method of improving cardiac output {CO) or cardiac
mput (CI} in an individual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles compnising an mTOR inhibitor (e.g.,
rapamycin or a denivative thereof) and a carner protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m?, wherein the nanoparticie
composition is intravenousty administered into the individual, wherein the individual has had at
least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension is
World Health Organization [WHQ] Fonction Class {1 or IV pulmonary arterial hypertension. In
some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a denvative thergof,
e.g., rapamycin) in the composition is an amount sufficient to produce a cardiac output (CO) or
cardiac input (C of more than about 2.5%, 5%, 7.5%, or 10% among a population of
mdividuals treated with the mTOR inhibitor nanoparticle composition. In some embodiments,
the dose of the mTOR inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%,

5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR nhibitor in the composition. In some
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embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a high level of angiogenesis in the lung. In some embodiments, the individual has
mcreased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis
i the lung. In some embodiments, the nanoparticle composition is admunistered for at least
about four weeks {e.g ., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or

forty-cight weeks).

{3115} In some embodiments, there is provided a method of improving cardiac output (CO) or
cardiac wput (CI) tn an individual having pulmonary hypertension, comprising administering to
the ndividual a composition comprising nanoparticles comprising an mTOR inbibitor (e.g.,
rapamycin or a derivative thereot) and a camier protein {e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10mg/m?, wherein the nanoparticle
composition is subcutaneously administered 1nto the individual, wherein the individual has had
at least one prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension
is World Health Organization {WHO] Function Class HI or IV pulmonary arterial hyperiension.
In some embodiments, there is provided a method of improving cardiac cutput (CO) or cardiac
mput (C1) i an individual having pulmonary hypertension, comprising administering to the
mdividual a composition comprising nanoparticles comprising an mTOR inhibitor (e .g.,
rapamycin or a derivative thereot) and a carrier protein {¢.g., albumin}, wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m”, wherein the nanoparticle
corposition is subcutancously administered mto the individual, wherein the individual has had
at Jeast one prior therapy for pulmonary hypertension, and wherein the pulmonary hyvpertension
ts World Health Organization [WHO] Function Class H or IV pulmonary arterial hypertension.
In some embodiments, the amount of an mTOR inhubitor {e.g , rapamycin or a derivative
thercof, e.g., rapamycin} m the composition is an amount sufficicut to produce a cardiac output
{CO) or cardiac input (C1) of more than about 2.5%, 5%, 7.5%, or 10% among a population of
mdividuals treated with the mTOR mhibitor nanoparticle composition. In some embodiments,
the dose of the mTOR mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, ot 1% of the MTD of the mTOR inhubitor in the composttion. In some
embodiments, the tndividual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a high level of angiogenesis in the lung. In some embodiments, the individual has
mcreased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis

i the lung. In some embodiments, the nanoparticle composition is admunistered for at least
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about four weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or

forty-eight wecks).

{8116} In some embodiments, there 1s provided a method of delivering an effective amount of an
mTOR inhibitor {e.g., rapamycin or a dertvative thereof) to the lung in an individual having
pulmonary hypertension, comprising intravenously administering to the individual a
corposition comprising nanoparticles comprising the aTOR inhibitor and a carrier protein {e.g.,
ajbunun), wherein the dose of the mTOR inhibitor in the composifion is no more than about
10mg/m’. In some embodiments, the dose of the mTOR inhibitor in the composition is about 0.1
mg/ra’ to about 10mg/m?, for example, about 1 mg/m’ to about 10mg/m*(such as about 1-2, 2-3,
3-4,4-5, 5-6, 6-7, 7-8, §-9, 9-10 mg/m?}, about 2.5 mg/m” to about [0mg/m?, or about 5 mg/m?
to about 10mg/m”. In some embodiments, the dose of the mTOR inhibitor in the composition is
less than about 10 mg/m’. In some embodiments, there is provided a method of delivering an
cffective amount of an mTOR inhibitor (e.g., rapamycin or a derivative thereof) to the lung in
an individual having pulmonary hypertension, comprising intravenously administering to the
mdividiual a composition comprising nanoparticles comprising the mTOR inhibitor {e.g.,
rapamycin or a dertvative thereof) and a carer protein (e.g., albumin}, wherein the dose of the
mTOR inhibitor in the composttion is no more than about 5 mg/m”. In some embodiments, the
dose of the mTOR inhibitor in the composition is about 0.1 mg/m” to about Smg/m’, for
example, about 1 mg/m” to about 3 mg/m?, or about 2.3 mg/m? to about 3 mg/m’. In some
embodiments, the dose of the mTOR inhibitor in the composition is about any of 1,2, 3, 4, 5, 6,
7.8, 9, or 10 mg/m?. In some embodiments, the individual has a lung concentration of the
mTOR inhibitor of at least about 250, 500, 750, 1000, 1100, or 1200 ng/g at 24 howurs post
administration. In some embodiments, the individual a lung concentration of the mTOR inhibitor
of at least about 50, 100, 150, 200, 250, 300, or 320 ng/g at 120 hours post adounistration. In
some cmbodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a denvative thercof,
e.g2., rapamyein) i the composition 1s an amount sufficient to produce a lung concentration of
the mTOR inhibitor of at least about 250, 500, 750, 1000, 1100, or 1200 ng/g at 24 hours post
administration. In some embodiments, the amount of an mTOR mhnbitor (e.g., rapamvein or a
derivative thereof, €. g., rapamyein} in the composition is an amount sufficient to produce a lung
concentration of the mTOR mhibitor of at least about 50, 100, 15¢, 200, 250, 300, or 320 ng/g at
120 hours post administration. In some embodiments, the dose of the mTOR inhibitor in the

composition 18 no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD
2 > 2 2 2 2 2
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of the mTOR nhibitor m the composition. In some embodiments, the individual has a high level
of fibrosis in the lung. In some embodiments, the individual has a high level of angiogenesis in
the lung. In some embodiments, the individual has increased fibrosis in the lung. in some
embodiments, the individual has mcreased angiogenesis m the Jung. In some embodiments, the
nanoparticle composition is administered for at least about four weeks {¢.g., at least about eight,

twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks).

{3117} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inhibitor {e.g., rapamycin or a derivative thereof) to the hing in an individual having
pulmonary hypertension, comprising intravenously administering to the individual a
composition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamvcin or a
derivative thereof) and a carrier protein (e.g., albumin), wherein the dose of the mTOR inhibitor
in the composition is no more than about 10mg/m’, and wherein the pulmonary hypertension is
World Health Organization WHO] Function Class HI or 1Y pulmonary arterial bvpertension. In
some embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to
about 10mg/m?, for example, about 1 mg/m? to about 10mg/m(such as about 1-2, 2-3, 3-4, 4.3,
5-6, 6-7. 7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m? to about 10mg/m?’, or about 5 mg/m?” to about
10mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m’. Tn some embodiments, the dose of the mTOR inhibitor in the composition is no
more than about 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or 1% of the MTD of the mTOR
mhibitor in the composition. In some embodiments, there is provided a method of delivering an
effective amount of an mTOR mhibitor {(e.g., rapamycin or a derivative thereof) to the lung in
an individual having pulmonary hypertension, comprising intravenously administering to the
mdividual a composition comprising nanoparticles comprising an mTOR shibitor {e.g.,
rapamycin or a denivative thereof) and a carrier protein {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 3 mg/m?, and wherein the pulmonary
hypertension is World Health Organization [WHQO] Function Class I or IV pulmonary arterial
hypertension. In some cmbodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m? to about Smg/m?, for example, about | mg/m” to about 5 mg/m®, or about 2.5 mg/m®
to about 5 mg/m?*. In some embodiments, the dose of the mTOR inhibitor in the composition is
aboutany of 1,2, 3,4, 5,6, 7.8, 9, or 10 mg/m’. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or

1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the imdividual
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has a lung concentration of the mTOR nhibitor of at feast about 250, 500, 730, 1060, 1100, or
1260 ng/g at 24 hours post administration. In some embodiments, the individual a hing
concentration of the mTOR mlubitor of at least about 30, 100, 150, 200, 250, 300, or 320 ng/g at

fe i )
120 hours post administration. In some embodiments, the amount of an mTOR nhibitor {e.g.,
rapamycin or a derivative thereof, e.g., rapamycin) in the composition 1s an amount sufficient to
produce a lung concentration of the mTOR inhibitor of at least about 250, 300, 750, 1000, 1100,
or 1200 ng/g at 24 hours post adounistration. In some cmbodiments, the amount of an mTOR
mhibitor {e.g., rapamycin or a derivative thereof, e. g, rapamycin} in the composition is an
amount sufficient to produce a lung concentration of the mTOR inhibitor of at east about 50,
100, 150, 200, 250, 300, or 320 ug/g at 120 hours post admimistration. In some embodiments, the
mdividual has a hagh level of fibrosis in the lung. In some embodiments, the mdividual has a
high level of angiogenesis in the lung. In some embodiments, the individual has mercased
fibrosis in the lung. In some embodiments, the individual has increased angiogenesis in the lung.
In some embodiments, the nanoparticle composition is adounistered for at least about four
weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-eight

weeks).

{0118} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inhibitor {¢.g., rapamyvcin or a derivative thereof) to the fung in an individual having
pulmonary hypertension, comprising intravenously administering to the individual a
corposttion comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamyein or a
derivative thereof} and a carrier protein {¢.g£., albumin), wherein the dose of the mTOR mhibitor
in the composition is no more than about 10mg/m?, and wherein the individual has had at least
one prior therapy for pulmonary hypertension. In some embodiments, the dose of the mTOR
inhibitor in the composition is about 0.1 mg/m? to about 10mg/n??, for example, about 1 mg/m?
to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4.5, 5.6, 6-7, 7-8, 8-9, 9-10 mg/m?), about 2.5
mg/m’ to about 10mg/m’, or about 5 mg/m? to about 10mg/m?. In some embodiments, the dose
of the mTOR inhibitor in the composition is less than about 10 mg/m?. In some embodiments,
there is provided a method of delivering an effective amount of an mTOR inhibitor {e.g.,
rapamycin or a denvative thereof) to the lung in an individual having palmonary hvpertension,
comprising intravenously administering to the imdividual a composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a dertvative thereof) and a

carrier protein {e.g., albumin), wherein the dose of the mTOR inhibitor 1 the composition 1s no
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more than about 3 mg/m’, and wherein the mdividual has had at least one prior therapy for
pulmonary hypertension. In some embodiments, the dose of the mTOR inhibitor in the
composition is about 0.1 mg/m? to about Smg/m?, for cxample, about T mg/m? to about 5 mg/m?,
or about 2.5 mg/m? to about 5 mg/m”. In some embodiments, the dose of the mTOR inhibitor in
the composition is about any of 1,2, 3,4, 3,6, 7. 8, 9, or 10 mg/m*. In some embodiments, the
dose of the mTOR inhibitor n the composition is no more than about 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the composition. In some
embodiments, the individual has a lung concentration of the mTOR mnhibitor of at least about
250, 500, 750, 1000, 1100, or 1200 ng/g at 24 hours post administration. In some embodiments,
the individual a lung concentration of the mTOR inhibitor of at least abowt 50, 100, 150, 200,
250, 300, or 320 ng/g at 120 hours post administration. In some embodiments, the amount of an
mTOR inhibitor {e.g., rapamycin or a derivative thereof, e.g., rapamycin} in the composition is
an amount sufficient to produce a hung concentration of the mTOR mhibitor of at least about
250, 500, 750, 1000, 1100, or 1200 ng/g at 24 hours post adnumistration. {n some embodiments,
the amount of an mTOR inhibitor {e.g., rapamvcin or a derivative thereot, 2.2, rapamyein} in the
composition is an amount sufficient to produce a lung concentration of the mTOR inhibitor of at
least about 50, 160, 150, 200, 230, 300, or 320 ng/g at 120 hours post adnunistration. In some
embodiments, the individual has a high level of fibrosis in the lung. In some embodiments, the
mdividual has a ligh level of angiogenesis in the hung. In some embodiments, the individuaal has
moreased fibrosis in the lung. In some embodiments, the individual has increased angiogenesis
i the lung. In some cmbodiments, the nanoparticle composition is administered for at least
about four weeks {(e.g., at least about cight, twelve, sixteen, twenty-four, thitty-two, forty, or

forty-eight weeks).

10119} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inhibitor {¢.g., rapamyvcin or a derivative thereof) to the fung in an individual having
pulmonary hypertension, comprising intravenously administering to the individual a
composition comprising nanoparticles comprising an mTOR mhibitor {e.g., rapamvein or a
derivative thereof} and a carrier protein {¢.g£., albumin), wherein the dose of the mTOR nhibitor
in the composition is no more than about 10mg/m?, wherein the individual has had at least one
prior therapy for pulmonary hypertension, and wherein the pulmonary hypertension is World
Health Organization [WHO| Function Class TH or IV pulmonary arterial hvpertension. o some

embodiments, the dose of the mTOR inhibitor in the composition is about 0.1 mg/m? to about
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10mg/m?, for example, about I mg/m? to about 10mg/m*(such as about 1-2, 2-3, 3-4, 4-5, 5-6, 6~
7,7-8, 8-9, 9-10 mg/m?), about 2.5 mg/m? to about 10mg/m?, or about 5 mg/m? to about
10mg/m?. In some cmbodiments, the dose of the mTOR inhibitor in the composition is less than
about 10 mg/m’. In some embodiments, there 1s provided a method of delivering an effective
amount of an mTOR whibitor (e.g., rapamycin or a derivative thereof) to the lung in an
mdividual having pulmonary hypertension, comprising intravenously administering to the
mdividual a composition comprising nanoparticles comprising an mTOR mbibitor (e.g.,
rapamycin or a derivative thereof) and a camer protem {e.g., albumin), wherein the dose of the
mTOR inhibitor in the composition is no more than about 5 mg/m’, wherein the individual has
had at least one prior therapy for pulmonary hypertension, and wherein the pulmonary
hypertension is World Health Organization [WHO] Function Class [T or IV pulmonary artenal
hypertension. In some embodiments, the dose of the mTOR inhibitor in the composition is about
0.1 mg/m? to about 3mg/m?, for example. about 1 mg/m? to about 5 mg/m?®, or about 2.5 mg/m?
to about 3 mg/m?. In some embodiments, the dose of the mTOR inhibitor in the composition is
aboutany of 1,2,3.4,5.6,7, 8,9, or 10 mg/m’. In some embodiments, the dose of the mTOR
inhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or
% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the individual
has a lung concentration of the mTOR inhibitor of at feast about 250, 500, 750, 1000, 1100, or
1200 ng/g at 24 hours post administration. In some embodiments, the individual a lung
concentration of the mTOR mhibitor of at least about 50, 100, 150, 200, 250, 300, or 320 ng/g at
120 hours post administration. In some embodiments, the amount of an mTOR inhibitor {e.z.,
rapamycin or a denvative thereof, e. g, rapamycin) in the composition is an amount sufficient to
produce a lung concentration of the mTOR mhibitor of at least about 250, 500, 730, 1000, 1100,
or 1200 ng/g at 24 howurs post administration. In some embodiments, the amount of an mTOR
mhibitor {e.g.. rapamycino or a denvative thereof, e.g., rapamvcein} in the composition is an
amount sufficient to produce a lung concentration of the mTOR inhubitor of at least about 50,
100, 150, 200, 250, 300, or 320 ng/g at 120 hours post admunistration. In some embodiments, the
mdividual has a high level of fibrosis in the lung. In some embodiments, the mdividual has a
high level of angiogencais in the lung. In some embodiments, the individual has increased
fibrosis m the fung. In some embodiments, the individual has increased angiogenesis in the hung.

In some embodiments, the nanoparticle composition 1s administered for at least about four
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weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-eight

weeks}.

{8128} In some embodiments, there 1s provided a method of delivering an effective amount of an
mTOR inhibitor {e.g., rapamyvcin or a derivative thereof) to the fung in an individual having
pulmonary hyperiension, comprising intravenously administering to the individual a
corposition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamyein or a
derivative thereof} and a carrier protein {¢.g£., albumin), wherein the dose of the mTOR nhibitor
in the composition is no more than about 10mg/m’, and wherein the pulmonary hypertension is
World Health Organization fWHO] Function Class 11 or IV pulmonary arterial hypertension. In
some embodiments, there is provided a method of delivering an effective amount of an mTOR

mhibitor {e.g.

P

rapamycin or a dertvative thereof} to the lung i an individual having palmonary
hypertension, comprising ntravenously administering o the individual a composition
corprising nanoparticles comprising an mTOR inhibitor {¢.g., rapamycm or a denivative
thereof) and a carner protein (e.g., albumin)}, wherein the dose of the mTOR inhibitor in the
composition is no more than about 5 mg/m®, wherein the nanoparticle composition is
mtravenousty administered to the individual, and wherein the pulmonary hypertension is World
Health Organization [WHO] Function Class IH or IV pulmonary arterial hypertension. In some
embodiments, the dose of the mTOR inhibitor in the composition is no more than about 10%,
0%, 8%, 7%. 6%, 5%. 4%, 3%, 2%, or 1% of the MTD of the mTOR inhibitor in the
corposition. fn some embodiments, the individual has a lung concentration of the mTOR
mhibitor of at least about 250, S0G, 750, 1600, 1100, or 1200 ng/g at 24 hours post
administration. In some embodiments, the mdividual a lung concentration of the mTOR inhibttor
of at least about 50, 100, 150, 200, 250, 300, or 320 ng/g at 120 hours post administration. In
some embodiments, the amount of an mTOR mhibitor {e.g., rapamycin or a denvative thercof,
e.g., rapamycin} in the composition 1s an amount sutficient to produce a lung concentration of
the mTOR inhibitor of at least about 250, 500, 750, 1000, 1100, or 1200 ng/g at 24 hours post
administration. In some embodiments, the amount of an mTOR mhibitor {e.g., rapamycinora
derivative thereof, e. g, rapamycin) i the composition is an amount sufficient to produce a lung
concentration of the mTOR mhibitor of at least about 50, 100, 136, 200, 250, 300, or 320 ng/g at
120 hours post adounistration. In some embodiments, the individual has a high level of fibrosis
m the lung. In some embodiments, the individual has a high level of angiogenesis m the lung. In

some embodiments, the individual has increased fibrosis in the lung. In some embodiments, the
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mdividual has increased angiogenesis in the lung. In some embodiments, the nanoparticle
composition is adnumstered for at least about four weeks (¢.g., at least about eight, twelve,

sixteen, twenty-four, thirty-two, forty, or fortv-cight weeks).

{8121} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inhibitor {e.g., rapamycin or a derivative thereof) to the fung in an individual having
pulmonarv hypertension, comprising administering to the individual a composition comprising
nanoparticles comprising an mTOR 1nhibitor {e.g., rapamyvem or a denvative thercof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR mbhibitor in the composition is no
more than about 10mg/m?, wherein the nanoparticle composition is subcutancously administered
to the individual, and wherem the pulmonary hypertension 1s World Health Organization [WHO]
Function Class I or IV pulmonary arterial hypertension. In some embodiments, there is
provided a method of delivering an effective amount of an mTOR inhibitor {¢.g., rapamycin or a
derivative thereof) to the lung in an individual baving pulmonary hypertension, comprising
administering to the individual a composition comprising nanoparticles comprising an mTOR
mhibitor {e.g., rapamycin or a dertvative thereof) and a carnier protein {8.g., albumin), wherein
the dose of the mTOR inhibitor in the composition is no more than about 5 mg/m’, wherein the
nanoparticle composition is subcutancously adminmistered to the mdividual, and wherein the
pulmonary hypertension is World Health Orgamization [WHO] Function Class [ or IV
pulmonary arterial hypertension. In some embodiments, the dose of the mTOR inhibitor in the
composition 18 no more than about 10%, 9%, 8%, 7%. 6%, 5%, 4%, 3%. 2%, or 1% of the MTD
of the mTOR nhibitor m the composition. In some embodiments, the individual has a lung
concentration of the mTOR mhibitor of at least about 250, 300, 750, 1000, 1100, or 1200 ng/g at
24 hours post administration. In some embodiments, the individual a lung concentration of the
mTOR inlubitor of at least about 50, 100, 150, 200, 250, 300, or 320 ng/g at 120 hours post
adnunistration. In some embodiments, the amount of an mTOR mhibitor {e.g., rapamycinora
derivative thereof, e ¢, rapamycin) in the composition s an amount sufficient to produce a lung
concentration of the mTOR mhibitor of at least about 250, 500, 750, 1000, 1100, or 1200 ng/g at
24 hours post admunistration. In some embodiments, the amount of an mTOR inhabitor (e. g.,
rapamycin or a dertvative thereof, e.g., rapamycing in the composition is an amount sufficient to
produce a lung concentration of the mTOR mhibitor of at least about 30, 100, 150, 200, 250,
300, or 320 ng/g at 120 hours post adounistration. In some embodiments, the mdividual has a

high level of fibrosis n the lung. In some embodiments, the mdividual has a lugh level of
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angiogenesis in the lung. In some embodiments, the mdividual has increased tibrosis n the lung.
In some embodiments, the individual has increased angiogenesis in the lung. In some
embodiments, the nanoparticle composition is adnunistered for at least about four weeks (e.g., at

least about eight, twelve, sixieen, twenty-~four, thitty-two, forty, or fortv-cight weeks).

{8122} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inhibitor {e.g., rapamycin or a dervative thereof) to the lung in an individual having
pudmonary hypertension, comprismg administering to the individual a composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a derivative thercof) and a
carrier protein {e.g., albumin), wherein the dose of the mTOR nhibitor in the composition is no
more than about 10mg/m’, wherein the nanoparticle composition is intravenously administered
mto the individual, wherein the individual has had at least one prior therapy for pulmonary
hypertension, and wherein the pulmonary hvpertension 1s World Health Organization [WHO]
Function Class I or IV pulmonary arterial hvpertension. In some embodiments, there is
provided a method of delivering an effective amount of an mTOR inhibitor (e.g., rapamycin or g
dertvative thergof} to the lung in an mdivideal having pulmonary hypertension, comprising
mtravenousty administering to the mdividual a compaosition comprising nanoparticles
comprising an mTOR inhibitor {¢.g., rapamycin or a denvative thereof) and a carrier proten
{¢.g., albumin}, wherein the dose of the mTOR mhibitor in the composition 18 no more than
about 3 mg/m?, wherein the nanoparticle composition is intravenousty administered into the
ndividual, wherein the imdividual has had at least one prior therapy for pulmonary hypertension,
and wherein the pulmonary hypertension 1s World Health Organization [WHO| Function Class
{If or IV pulmonary arterial hypertension. In some embodiments, the dose of the mTOR

ihibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or

| % of the MTD of the mTOR inhibitor in the composition. In some embodiments, the individual
has a hing concentration of the mTOR inhibitor of at least about 250, 500, 750, 1060, 1100, or
1200 ng/g at 24 hours post administration. In some embodiments, the individaal a lung
concentration of the mTOR mhibitor of at least about 50, 100, 130, 200, 250, 300, or 320 ng/g at
120 hours post administration. In some embodiments, the amount of an mTOR inhibitor {e.g.,
rapamycin or a dertvative thereof, e.g., rapamycing in the composition is an amount sufficient to
produce a lung concentration of the mTOR mhibitor of at least about 230, 500, 750, 1000, 1100,
or 1200 ng/g at 24 hours post administration. In some embodiments, the amount of an mTOR

mhibitor {e. 2., rapamycin or a denivative thereof, e g, rapamvein) in the composition 1s an

(@23
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amount sufficient to produce a lung concentration of the mTOR inhibitor of at feast about 50,
100, 150, 200, 250, 300, or 320 ug/g at 120 hours post admimistration. In some embodiments, the
mdividual has a high level of fibrosis in the lung. In some cmbodiments, the individual has a
high level of angiogenesis in the lung. In some embodiments, the individual has mereased
fibrosis in the lung. In some embodiments, the individual has increased angiogenesis in the lung.
In some embodiments, the nanoparticle composition i1s adnunistered for at least about four
weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or forty-eight

weekas}.

10123} In some embodiments, there is provided a method of delivering an effective amount of an
mTOR inlubitor {¢.g., rapamyvcin or a derivative thereof) to the lung in an individual having
pulmonary hypertension, comprising administering to the mdividual a composition comprising
nanoparticles comprising an mTOR inhibitor {e.g., rapamveimn or a derivative thereof) and a
carricr protein {e.g., albumin), wherein the dose of the mTOR inhibitor in the composition 1s no
more than about 10mg/m?, wherein the nanoparticle composition is subcutancously administered
mnto the individual, wherein the individual has had at least one prior therapy for pulmonary
hvpertension, and wherein the pulmonary hypertension is World Health Organization [WHO]
Function Class 1 or IV pulmonary arterial hypertension. fn some embodiments, there is
provided a method of delivering an effective amount of an mTOR indubitor {(¢.g., rapamvecin ora
derivative thereot) to the lung in an individual having pulmonary hypertension, comprising
mtravenously administering to the individual a composition comprising nanoparticles
comprising an mTOR inhibitor {e.g., rapamycin or a dernvative thereof) and a carrier protein
{e.g., albumin}, wherein the dose of the mTOR inhibitor in the composition is no more than
about 5 mg/m?, wherein the nanoparticle composition is subcutaneously administered into the
mdividual, wherein the individual has had at least one prior therapy for pulmonary hypertension,
and wheremn the pulmonary hypertension 1s World Health Orgamzation [WHG] Function Class
HI or IV pulmonary arterial hvpertension. In some embodiments, the dose of the mTOR
mhibitor in the composition is no more than about 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, or
1% of the MTD of the mTOR inhibitor in the composition. In some embodiments, the individual
has a lung concentration of the mTOR nhibitor of at feast about 250, 500, 750, 1004, 1100, or
12060 ng/g at 24 hours post administration. In some embodiments, the individual a hing
concentration of the mTOR mhibitor of at least about 50, 100, 156, 200, 250, 300, or 320 ng/g at

120 hours post administration. In some embodiments, the amount of an mTOR inhibitor {e.g

Oy
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rapamycin or a denvative thereof, e. g, rapamycin) in the composition is an amount sufficient to
produace a lung concentration of the mTOR mhibitor of at least about 230, 500, 750, 1000, 1100,
or 1200 ng/g at 24 hours post administration. In some embodiments, the amount of an mTOR
mhibitor {e.g., rapamycin or a denvative thereof, e.g., rapamycein} in the composition 1s an
amount sufficient to produce a lang concentration of the mTOR inhibitor of at least about 50,
100, 150, 200, 250, 300, or 320 ng/g at 120 hours post adounistration. In some embodiments, the
mdividual has a high level of fibrosis in the lung. In some embodiments, the mdividual has a
high level of angiogencais in the lung. In some embodiments, the individual has increased
fibrosis m the fung. In some embodiments, the individual has increased angiogenesis in the hung.
In some embodiments, the nancparticle composition 1s administered for at least about four
weeks (¢.g., at least about eight, twelve, sixteen, twenty-tour, thirty~two, forty, or forty-¢ight

weeks).

{3124} In some embodiments, there is provided a method of improving guality of life in an
mdividual having pulmonary hypertension, comprising admunistering to the individual a
composition comprising nanoparticles comprising an mTOR inhibitor {e.g., rapamycin or a
derivative thereof} and a carrier protein {e.g., albumin}, wherein the dose of the mTOR hibitor
in the composition is no more than about 10mg/m®. In some embodiments. the dose of the
mTOR intubitor in the composition is about 0.1 mg/m® to about 10mg/m?, for example, about |

L34, 4-5,5-6,6-7,7-8, 8-9. 9-10 mg/m”), about

mg/m? to about 10mg/m’(such as about 1-2, 2-3
2.5 mg/m’ to about 10mg/m?, or about 5 mg/m” to about 10mg/m?. In some embodiments, the
dose of the mTOR inhibitor in the composition is no more than about 3 mg/m?. In some
embodiments, the pulmonary hypertension is World Health Organization [WHO] Fonction Class
1 or IV pulmonary arterial hypertension. In some embodiments, the individual has a high fevel
of tibrosis in the lung. In some embodiments, the individual has a bigh fevel of angiogencsis in
the lung. In some embodiments, the individual has increased fibrosis in the lung. In some
embodiments, the individual has increased angiogenesis in the hung. In some embodiments, the
nanoparticle composition is administered for at least about four weeks {¢.g., at least about eight,
twelve, sixteen, twenty-four, thirty-two, forty, or forty-cight weeks). In some embodiments, the
mmproved quality of ife is characterized by an improved quality of life score after treatment as
compared to comresponding score assessed prior to the administration of mTOR inhibitor
nanoparticle. In some embodiments, the guality of life score is based upon a scif-assessing

questionnaire {e.g., emPHasis-10). See Yorke ef al., Kur Respiv J. 2014 Apr; 43(4): 1106-1113.
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In some embodiments, the total quality of life score 1s reduced by at least about 10%, 20%, 30%,
40%, or 50% after mTOR administration as compared to the corresponding baseline score prior

to the admmistration.
Bosing and Methed of Administration

10125} The dosc of the inventive composition administered to an individual (such as a human}
may vary with the particular composition, the method of administration, and the particular stage
of pulmonary hypertension being treated. The amount should be sufficient to produce a desirable
response, such as a therapeutic or prophylactic response against pulmonary hypertension. In
some embodiments, the amount of the compeosition is a therapeutically effective amount. In

some embodiments, that amount of the composition 1s a prophylactically effective amount. In

o

ome embodiments, the amount of an mTOR mhibitor {e.g., rapamycin or a derivative thereof,
e.g., rapamycin} in the composition is below the level that induces a toxicological effect (e, an
cffect above a clinically acceptable level of toxicity) or s at a level where a potential side effect

can be controlled or tolerated when the composition is admnistered to the individual.

{3126} In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin o1 a derivative
thereof, e.g., rapamycin} in the composition is an amount sufficient to mcrease basal AKT
activity, increase AKT phosphorviation, increase PI3-kinase activity, merease the length of
activation of AKT {e.g., activation induced by excogenous IGF-1), mhibit serine phosphorylation
of IRS-1, inhibit IRS-1 degradation, inhibit or alter CXCR4 subcehular localization, inhibit
VEGF secretion, decrease expression of cyelin D2, decrease expression of survivin, nhibit IL-6-
mduced multiple myeloma cell growth, inhibit cell proliferation, increase apoptosis, increase cell
cvele arrest, increase cleavage of poly(ADPribose) polvmerase, increase cleavage of caspase-
3/caspase-9, alter or inhibit signaling in the phosphatidyhnositol 3-kinase/AKT/mTOR and/or

cvelin D1/retinoblastoma pathwavs, inhibit angiosenesis, and/or inhibit osteoclast formation.
./ o M [ ] s

10127} In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a derivative
thercof, e.g., rapamycin) m the composition is an amount sufficient to produce a cardiac output
{CO} or cardiac input (CI) of more than about any of 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45% or 50% among a population of individuals treated with the mTOR inhibitor nanoparticle
coraposition (such as rapamycin/albumin nanoparticle composition). In some embodiments, the
mdividual i1s administered with mTOR mhibitor composition for a period of no more than about

4.6,8, 10,12, 14, or 16 weeks when an about 10%, 15%, 20%. 25%, 30%, 35%, 40%. 45% or
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50% increase m CO or CI appears. In some embodiments, the individual is administered with
mTOR inhibitor composition for a period of more than about 4, 6, 8, 10, 12, 14, or 16 weeks
when an about 10%, 15%, 209, 25%, 30%, 35%, 40%, 45% or 50% mcrease m CO or (I
appears. In some embodiments, the individual 1s adounistered with mTOR inhibitor composition
for a period of more than about 1,2, 3,4, 5,6, 7, 8,9, 10, 11, or 12 months when an about 10%,
15%, 20%, 25%, 30%, 33%, 40%, 45% or 50% merease 1n CO or Cl appears. o some
crabodiments, the individual 1s administered with mTOR inhibitor compostition for a period of
more than about 1, 2, 3, 4, 5, 6, or 7 years when an about 10%, 15%, 20%, 23%, 30%, 35%.

40%, 45% or 50% increase m CO or Clappears.

{8128} In some embodiments, the amount of an mTOR inhibitor {e.g., rapamvyem or a derivative
thereof, e.2., rapamyein) in the composition 1s an amount sufficient {o reduce pulmonary
vascular resistance (PYR} by about any of 10%, 153%, 209%, 25%, 30%, 35%, 40%, 45% or 50%
among a population of ndividuals treated with the mTOR inhibitor nanoparticle composition
(such as rapamycin/albumin nanoparticle composition). In some embodiments, the individual is
administered with mTOR inhibitor composition for a perﬁ@d of no more than about 4, 6, 8, 10,
12, 14, or 16 weeks when an about 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% or 50%

decrease in PYR appears. In some embodiments, the individual 15 administered with mTOR
mhibitor composition for a period of more than about 4, 6, 8, 10, 12, 14, or 16 weeks when an
about 10%, 159%, 20%, 25%. 30%, 35%, 40%. 43% or 50% decrease in PYR appears. In some
crbodiments, the individual 1s admunistered with mTOR mhibitor compostition for a period of
more thanabout 1,2, 3,4, 5, 6,7, 8 9, 10, 11, or 12 months when an about 10%, 159%, 206%,
23%, 30%, 35%, 40%, 45% or 50% decrease im PVR appears. In some embodiments, the
mdividual 15 administered with mTOR inhibitor composition for a period of more than about 1,
2,3,4,5, 6, 0or 7 vears when an about 10%, 153%, 20%, 25%, 30%. 35%, 40%, 45% or 50%

decrease in PVR appears.

{3129} In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin o1 a derivative

thereof, e.g.

&0

rapamycin} in the composifion is an amount sufficient to produce a six-minute
waiking distance (6MWD} performance of more than about any of 10%, 13%, 20%, 25%, 30%,
35%, 40%, 45% or 30% among a population of individuals treated with the mTOR inhibitor
nanoparticle composition {such as rapamycin/albumin nanoparticle composition}. In some
embodiments, the individual 1s administered with mTOR inhibitor composition for a period of

no more than about 4, 6, &, 10, 12, 14, or 16 weeks when an about 10%, 15%, 20%, 25%, 30%,
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35%, 40%, 453% or 50% increase in 6MWI appears. In some embodiments, the individual 1s
administered with mTOR mhibitor composition for 3 period of more than about 4, 6, 8, 10, 12,
14, or 16 weeks when an about 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% or 50% increase in
6MWD appears. In some embodiments, the individual 1s adnunistered with mTOR mmhibitor
composition for a period of more than about 1,2, 3,4, 5, 6,7, 8,9, 10, 11, or 12 months when an
about 10%, 15%, 20%, 25%, 30%, 35%, 40%. 45% or 50% increase in 6MWD appears. In some
cmbodiments, the individual 15 administered with mTOR mnhibitor cgmpositmn for a period of
more than about 1, 2, 3, 4, 5, 6, or 7 years when an about 10%, 15%, 20%, 23%, 30%, 35%.

40%, 45% or 50% increase m SMWD appears.

{8138} In some embodiments, , the amount of an mTOR mhibttor {e.g., rapamycin or a
derivative thereof, e g, rapamycin} in the composition i3 an amount sufficient to produce a
favorable result in an individual or among a population of individuals treated with the mTOR
mhibitor nanoparticle composition (such as rapamycin/albunun nanoparticle composition) in any
one or more of the assessment as following: 1) Doppler-echocardiographic assessment of right
ventricular structure and function, 2) Pubmonary function test (such as forced vital capacity
(FVCy) 3) NT Pro-BNP; 43 CRP; 5) Troponin; 6} fasting lipids; 73 WHO Functional clasg; &)
pulmonary artery pressure (PAP); 9) pulmonary artery occlusion pressure (PAOP); 10)
pulmonary capillary wedge pressure (PCWP); or 11) central venous pressure (CVP). In some
embodiments, the favorable result comprises an improvement in WHO Function class. In some
crbodiments, the tmprovement comprises a change from WHO Fuoction class {II PAH 1o WHO
Function Class I PAH. In some embodiments, the mdividual 13 admimstered with mTOR
inhibitor composition for a period of no more than about 4, 6, 8, 10, 12, 14, or 16 weeks when a
favorable result appears. In some embodiments, the individual is administered with mTOR
mhibitor composition for a period of more than about 4, 6, 8, 10, 12, 14, or 16 weeks when a
favorable result appears. In some embodiments, the individual is admimstered with mTOR
ithibitor composition for a period of more than about 1, 2,3,4,5,6,7,8,9, 10, 11, 0r 12
months when a favorable result appears. In some embodiments, the individual is administered
with mTOR mhibifor composition for a peniod of more than about 1, 2, 3, 4, 5, 6, or 7 vears
when a favorable result appears. In some embodiments, the individual exhibits a change of about
at least 2%, 5%, 10%, 15%, 209, 25%, 30%, 35%, 40%, 43% or 50% in any of the asscssments
as described above atier being treated with the mTOR inhibitor nanoparticle composition as

compared to the bascline (i.e., prior to the treatment). In some embodiments, the individual has a

63



WO 2019/226685 PCT/US2019/033372

change of about at least 2%, 5%, 10%, 3%, 209, 25%, 30%, 35%, 40%, 45% or 50% in any of
the symptoms as describad above after being treated with the mTOR whibitor nanoparticle

composition for a period of no more than about 4, 6, 8, 10, 12, 14, or 16 weeks.

{8131} In some embodiments, the amount of an mTOR inhibitor {e.g., rapamycin or a dervative
thereof, e.g., rapamyein) in the composition is an amount that produces a favorable safety profile
m the individual having pulmonary hyvpertension. In some embodiments, the favorable safety
profile is maintained for at least about 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 13, or 16 wecks.
In some embodiments, the favorable safety profile does not comprise a senous adverse event
(SAE). In some embodiments, the serious adverse cvent compriscs a fatal condition, a life-
threatening condifion, a condition requires in-patient hospitalization or prolongation of existing
hospitalization, a condition resulting m persistent or significant disability or incapacity, a
condition causing congenital anomaly or birth defect, and/or other medically important sericus
event. In some embodiments, the favorable safety profile does not comprise more than about 0,
1,2,3,4,.5,6,7 or 8 adverse events in apeniod of about 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15, or 16 weeks after inttiation of the mTOR composition admipustration. In some
embodiments, the adverse event comprises some of the adverse events defined in Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0 or a higher version. For
example, in some embodiments, the adverse event comprises all Grade 2 or above adverse event
defined in Common Terminology Criteria for Adverse Events {(CTCAE) version 4.0 or a higher
version. In some embodiments, the adverse event comprises all Grade 3 or above adverse event
defined in Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 or a higher
version. In some embodiments, the adverse event comprises all of the adverse events (e, all
Grade 1 or above adverse events) defined in Common Terminology Criteria for Adverse Events
{CTCAE) version 4.0 or a higher version. In some cmbodiments, the adverse event comprises
Grade 1 or above thromboceytopenia, Grade 2 or above rash, Grade 1 or above paresthesia, Grade
1 or above hypertriglveeridemia or hypercholesterolemia, Grade 1 or above diarthea, Grade 3 or
above cellulitis/mfection requiring 1V antibodics.

{4132} In some embodiments, the application provides a method of treating pulmonary
hvpertension in an individual by administering to the mdividual {e.g., a human) an effective
amount of a composition comprising nanoparticles that coraprise an mTOR inhibitor {e.z.,
rapamycin or a dervative thereof, e.g., rapamyvcein) and a carrier protein {e.g., albumin such as

human serum albumin). In some embodiments, the amount of an mTOR mhibitor (e.g.,

69



WO 2019/226685 PCT/US2019/033372

rapamycin or a dervative thereof, e.g., rapamycin} in the composition is included in any of the
following ranges: about 0.1 to about | myg, about | to about 3 mg, about 3 to about 6 mg, about 6
to about 9 mg, about 9 to about 12 mg, about 12 to about 15 mg, or about 15 to about 18 mg. In
some embodiments, the amount of rapamyvcin or derivative thereof in the effective amount of the
composition {e.g., a unit dosage form) is in the range of about 0.1 mg to about 18 mg, such as
about 1 mg to about 18 mg. In some embodiments, the concentration of the rapamvein in the
coraposition s diute (about 0.1 mg/ml) or concentrated (about 100 mg/mb), including for
example any of about 0.1 to about 50 mg/ml, about 0.1 to about 20 mg/ml, about 1 to about 10
mg/ml, about 2 mg/ml to about § mg/ml, about 4 to about 6 mg/ml, about 5 mg/ml. In some
embodiments, the concentration of the rapamycin is at least about anv of 0.5 mg/ml, 1.3 mg/ml,
1.5 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml 8 mg/ml, 9 mg/ml, 10

mg/ml, 15 mg/ml, 20 mg/ml, 25 mg/ml, 30 mgiml, 40 mg/ml, or 50 mg/ml.

{0133} Excmplary effective amounts of an mTOR inhibitor {e.g., rapamyvcin or a derivative
thereof, e.g., rapamycin} in the nanoparticle composition include, but are not limited to, about
any of 0.1 mg/m?, 0.3 mg/m®, 1 mg/m? 1.5 mg/m?, 2 mg/m?, 2.5 mg/m?, 3 mg/m?, 3.5 mg/m?, 4
mg/m’. 4.5 mg/m?, 5 mg/m?, 5.5 mg/m®, 6 mg/m’, 6.5 mg/m?, 7Tmg/m?, 75 mg/m’. § mg/m”, §.5
mg/m?, 9 mg/m®, 9.5 mg/m?, or 10 mg/m®. In various embodiments, the composition includes no

3

more than about any of 10 mg/m?, 9.5 mg/m’, 9 mg/m?, 8.5 mg/m’, 8 mg/m?, 7.5 mg/m®, 7

mg/m?, 6.5 mg/m?, 6 mg/m?, 5.5 mg/m?, 5 mg/m?, 4.5 mg/m?, 4 mg/m’, 3.5 mg/m?, 3 mg/m?, 2.5
meg/m?, 2 mg/m?, 1.5 mg/m?, or 1 mg/m? mTOR inhibitor (¢.g.. rapamycin or a derivative
thereof, e.g., rapamycin}. In some embodiments, the amount of the an mTOR nhibitor {e.g.,
rapamycin or a dertvative thereof, e.g., rapamycin} per administration is less than aboat any of
10 mg/m?, 9.5 mg/m®, 9 mg/m?, 8.5 mg/m”, 8 mg/m?, 7.5 mg/m?, 7 mg/m?, 6.5 mg/m?, 6 mg/m?,
5.5 mg/m?, 3 mg/m?, 4.5 mg/m?, 4 mg/m?, 3.5 mg/m?, 3 mg/m?, 2.5 mg/m?, 2 mg/m?, | 3 mg/m?,

g
or | mg/m®. Tn some embodiments, the effective amount of an mTOR inhibitor {e.g., rapamycin
or a derivative thereof, e.g., rapamycin} in the composition is included in any of the following
ranges: about 0.1 to about I mg/m?, about 1 to about 10 mg/m*(such as about 1-2, 2-3, 3-4, 4-5,
5-6, 6-7, 7-8, 8-9, 9-10 mg/m”), about 1 to about 2.5 mg/m®, about 2.5 to about 5 mg/m”, about 3
to about 7.5 mg/m?, or about 7.5 to about 10 mg/m’. In some embodiments, the effective amount
of an mTOR inhibttor {e.g., rapamycin or a derivative thereof, e.g., rapamyein) in the

composition is about 0.1 to about 10 mg/m?, such as about | to about 5 mg/m?, or about 5
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mg/m’, about 10 mg/m?. In some embodiments, the effective amount of an mTOR inhibitor

{e.g.. rapamycin or a derivative thereof, ¢ g., rapamycin)} in the composition is about 5 mg/m?.

{8134} In some embodimenis of any of the above aspects, the effective amount of an mTOR
mhibitor {e.g., rapamyein or a derivative thereof, e g, rapamyvein) in the composition includes at
least about anv of 0.001 mg/kg, 0.005 mg/kg, .01 me/kg, 0.02 mg/kg, 0.05 mg/ke, 0.1 mg/kg,
0.12 mg/kg, 0.14 mg/kg, 0.16 mg/kg, 0.18 mg/kg, 0.20 mg/kg, 022 mg/kg or 0.24 mg/ke. In
various embodiments, the effective amount of an mTOR inhibitor (e.g., rapamyemn or a
dertvative thergof, e. g, rapamycin} in the composttion includes no more than about or less than
about anv of 0.24 mg/kg, 0.22 mg/kg, 0.2 mg/kg, 0.18 me/kg, 0.16 mg/ke, 0.14 mg/ke, 0.12
mg/kg, 0.10 mg/kg, 0.05 mg/kg, 0.02 mg/kg, or .01 mg/kg mTOR inhibitor (e.g., rapamycin or

aderivative thereof, e.g., rapamycin).

{3135} In some embodiments, the dose of the mTOR inhibitor {e.g., rapamycin or a derivative
thereof, e.g., rapamycin} in the composttion 1s no more than about 50%, 40%, 30%, 20%, 15%,
10%, 9%, &%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the MTD of the mTOR mnhibitor in the

composition.

{8136} In some embodiments, the concentration of the mTOR nhibitor {e.g., rapamycin) in the
blood s atleastabout 2, 3, 4, 5,6, 7, or 8 ng/ml apon or within 1, 2, 3, 4, 5, 6, or 7 days after
administration of the nanoparticle composition. In some embodiments, the concentration of the
mTOR inhibitor {e.g., rapamvyem) in the blood is at least about 2 ng/ml upon on the 5th day afier
administration of the nanoparticle composition. In some embodiments, the concentration of the

mTOR inhibiior {e.g., rapamycin) i the blood is at leastabout 2,3, 4, 5,6, 7 or 8 ng/mlat 1, 2,

3, or 4 days before administration of next dose of the nanoparticle composition.

{8137} In some embodiments, the concentration of the mTOR mhibitor {e. g, rapamycin} in the
blood is no more than about 30, 28, 26, 24, 22, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10.9, or 8
ng/ral upon or within 3, 4, 5, 6, or 7 days afier administration of the nanoparticle composition. In
some embodiments, the concentration of the mTOR nhibitor {e. g, rapamycin) in the blood s no
more than about 20 ng/ml upon or within 7 days after administration of the nanoparticle
composition. In some embodiments, the concentration of the mTOR inhibitor {e.g., rapamycin)
in the blood is no more than about 30, 28, 26, 24, 22, 24, 19, 18, 17, 16, 15, 14, 13, 12, i1, 10, 9,
or 8 ng/mlat 1, 2, 3, or 4 days before admimstration of next dose of the nanoparticle

COmMposition.
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{3138} In some embodiments, the individual has or maintaing an mTOR mhibitor {e.g.,
rapamycin} trough level {such as an average trough level) of at feast about 0.1 ng/m! {such as at
least about 0.5 ng/ml, or | ng/ml) during a treatment period. In some crmbodiments, the
mdividual has or maintans an mTOR mhibior {(¢.g., rapamycin} trough level (such as an
average trough lfevel) of no more about 300 ng/ml (such as no more than about 100 ng/ml, 50
ng/ml, or 20 ng/ml} during a treatment period. In some embodiments, the individaal has or
maintains an mTOR mbibitor {¢.g., rapamycin) trough level (such as an average trough level) of
about 0.1-300 ng/ml (such as about 0.5-50 ng/ml, or 1-20 ng/ml} during a treatment penod. In
some embodiments, the individual 1 administered the mTOR inhibitor (e.g., rapamycin}
nanoparticle composition at a frequency of about daily to once every two weeks {(suchasa

frequency of about once a week) during the treatment period.

{0139} In some embodiments, the trough concentration of the mTOR inhubitor {e.g , rapamycin)
in the blood 1s at least about 2, 3, 4, 5, 6, 7, or & ng/md. In some embodiments, the trough
concentration of the mTOR inhibitor {e.g., rapamvcin) in the blood 1s at least about 2 ng/ml. In
some embodiments, the trough concentration of the mTOR inhibitor {e.g., rapamycin} in the
blood is no more than about 30, 28, 26, 24, 22,20, 19, 18, 17,16, 15, 14, 13,12, 11, 10,9, 0r 8
ng/ml. In some embodiments, the trough concentration of the mFOR inhibitor (e, g., rapamycin}

i the blood is no more than about 20 ng/ml.

{0140} In some embodiments, the nanoparticle composition is administered for no more than
once a week, for example, weekly without break; weekly, three out of four weeks; once every
three weeks; once every two weeks: or weekly, two out of three weeks. In some embodiments,
the composition is administered about once every 2 weeks, once every 3 weeks, once every 4
weeks, once every 6 weeks, or once every 8 weeks. In some embodiments, the nanoparticle
composition 15 administered no more than twice a week, three times a week, four times a week,
five times a week, six times a week. In some embodiments, the composition 1s administered at
least once a week. In some embodiments, the composition is administered at least about any of
Ix, 2%, 3x, 4x, 5x, 6%, or Tx (i.e., daily} a week. In some embodiments, the intervals between
cach administration are less than about any of 3 months, 1 month, 20 days, 15, days, 12 days, 10
days, @ days. % days, 7 days, 6 davs, 5 days, 4 days, 3 days, 2 days, or 1 day. In some
embodiments, the intervals between cach administration arc more than about anv of 1 month, 2

months, 3 months, 4 months, 5 months, 6 months, 8 months, or 12 months. In some
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embodiments, there 13 no break m the dosing schedule. In some embodiments, the interval

between ecach administration is no more than about a week.

{8141} The administration of the composition can be extended over an extended period of time,
such as from about four weeks up to about seven vears. In some embodiments, the composition
is administered over a pericd of at leastabout 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 16, 20, 24,
28, 32, 36, 40, 44, or 48 weeks. In some embodiments, the composition is administered over a
period of atleastabout 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 18, 24, 30, 36, 48, 60, 72, or 84
months. In some cmbodiments, the rapamyein or derivative thereof ts administered over a period
of at least four weeks, wherein the interval between cach admumstration is no more than about a
week, and wherein the dose of the an mTOR mhibitor {e.g., rapamycin or a denvative thereof,

. such as about 1

e.g., rapamycin} at cach administration is about 0.1 mg/m’ to about 10 mg/m
mg/m? to about 10 mg/m? or about 3 mg/m? to about 10 mg/m?. In some embodiments, the

composition 18 administered no more than about 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, 14, 16, 20, 24,
28, or 32 weeks. In some embodiments, the composition is adminisiered no more than about 1,

2,3,4,5,6,7,8,9,10, 11, 12, 18, 24, 30, 36, 48, 60, 72, or §4 months.

10142} In some embodiments, the rapamycin or denivative thercot is adnunistered over a period
of at least four weeks (e.g., at least about eight, twelve, sixteen, twenty-four, thirty-two, forty, or
forty-cight weeks), wherein the mterval between cach administration is no more than about a
week, and whercin the dose ot the an mTOR mbibitor {e.g.. rapamyvcin or a denivative thereof,
e.g., rapamycin) at each administration is about ¢.1 mg/m? to about 10 mg/m?, such as about |

mg/m” to about 10 mg/m® or about 5 mg/m?” to about 10 mg/m®.

10143} The dosc of the nanoparticle composition may be discontinued or interrupted. with or

without dose reduction, to manage adverse drug reactions.

{3144} In some embodiments, the method comprises an induction phase and a maintenance
phase. In some embodiments, the induction phase comprises administering composition
comprising nanoparticles comprising an mTOR whibitor {e.g., rapamycin) and a carrier protein
{¢.g.. albumin) weekly. In some embodiments, the maintenance phase comprises administenng
composition comprising nanoparticlics comprising an mTOR nhibitor (e.g., rapamvcin) and a
carrier protein {e.g., atbumin) less than once every week (e.g., once every two week, e.g., once
every three weeks). In some embodiments, the maintenance phase comprises atleast 1,2, 4, 6, 8,

10,12, 14, 16, 18, or 20 wecks.
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{3145} In some embodiments, the application provides a method of treating pulmonary
hvpertension in an mdividual by parenterally administering to the individual {e. g, 2 human) an
cffective amount of a compaosttion comprising nanoparticics that comprise an mTOR mhibitor
{e.g., rapamycin or a denivative thereof, e.g., rapamvein} and a carmier protein {e.g., albumin such
as human serum albumin). The application also provides a method of treating pulmonary
hypertension in an individual by ntravenous, mtra-arterial, intramuscular, subcutanesus,
mthalation, intraperitoncal, nasally, or intra-tracheal admiunistering to the individual (e.g., a
human) an effective amount of a composition comprising nanoparticles that comprise an mTOR
mhibitor {¢.g., rapamycin or a dertvative thereof, e. g, rapamycin)} and a carrier protein {e.g.,
atbumin such as human serum albumin}. In some embodiments, the route of administration is
miravenous, intra-arternial, intramuscular, or subcutancous. In some embodiments, the
nanoparticle composition is systemically {e. g, intravenously or subcutancously) administered to
the subject. In some embodiments, the route of administration is intravenous. In some
cmbodiments, the route of adnunistration is subcutancous. In some embodiments, an effective
amount of the composition 1s administered systemically {e.g., mtravenously) over a period of
less than 30 minutes. In some embodiments, an effective amount of the composition is
administered systemically {e.g | intravenousty ) over a period of about any of 30 munutes, 20

minutes, 15 mimutes, 10 nunutes, 5 minutes, or | minute.

{0146} In some embodiments, the mTOR inhibitor nanoparticic composition allows infusion of
the mTOR inhibitor nanoparticle composition to an mdividual over an mfusion time that is
shorter than about 24 hours. For example, in some embodiments, the mTOR mhubitor
nanoparticle composition {such as rapamvcin/albumin nanoparticle composition} is administered
over an infusion period of less than about any of 24 hours, 12 hours, 8 hours, 5 hours, 3 hours, 2
hours, 1 hour, 30 nunutes, 20 minutes, or 10 minutes. In some cmbodiments, the mTOR
ihibitor nanoparticle composition (such as rapamycin/albumin nanoparticle composition} 1s

administered over an nfusion period of aboat 30 minutes.

{3147} In some embodiments, a taxane is not contamed in the composition. In some
embodiments, the rapamycin or derivative thereof 1s the only pharmaceutically active agent for
the treatment of pulmonary hypertension that is contained in the composition.

0148] Any of the compositions described herein can be admimistered to an individual (such as

human) via vanouos routes, including, for example, intravenous, intra~-artental, intraperitoneal,
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mirapulmonary, oral, inhalation, itravesicular, intramuscular, intra~tracheal, subcutancous,
mtraocular, intrathecal, transmucosal, and transdermal. In some embodiments, sustained
continuous release formulation of the composition may be used. In one vanation of the
application, nanoparticles {such as albumin nanoparticles) of the mventive compounds can be
administered by any acceptable route including, but not limited to, orally, intramuscularly,
transdermally, intravenously, through an inhaler or other air borne delivery systems and the like.
In some embodiments, the rapamycin or derivative thereof is coating a stent or is adounistered
using a stent. In some embodiments, the rapamycin or derivative thereof is not coating a stent or
is not administered using a stent.

{6149} In some embodiments, the nanoparticie composition can be administered by inhalation to
treat pulmonary hypertension. In some embodiments, the composition can be administered by
mhalation using an agrosol 1o treat pulmonary hvpertension. Formulations seitable for acrosol
administration comprise the composition include agueous and non-aqueous, 1sctonic sterile
solutions, which can contain anti-oxidants, buffers, bacteriostats, and solutes, as well as aqueous
and non-agueous sterile suspensions that can include suspending agents, solubtlizers, thickening
agents, stabilizers, and preservatives, alone or in combination with other suitable components,
which can be made into acrosol formulations to be adnunistered via inhalation. In some
embodiments, the acrosol carrier may mclude, but is not Iimuted to, lactose, trehalose,
Pharmatose 325 M, sucrose, manuitol, and the like. The size of the agrosol carrier powder is
significantly larger than that of the tormulated drug particles (~63-90 um for lactose, 40-100 um
for Pharmatose). These aerosol formulations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, nitrogen, and the hike. They also can be
formulated as pharmaceuticals for non-pressured preparations, such as in a nebulizer or an
atomizer.

Nanoparticle Compositions

{0150} The mTOR imhibitor nanoparticie compositions described herein comprise nanoparticles
comprising {in various embodiments consisting essentially of or consisting of) an mTOR
ithibitor {such as a limus drug, e.g., rapamycin or a derivative thereof} and an albumin (such as
human serum albumin}. Nanoparticles of poorly water schuble drugs {such as macrohides} have
been disclosed m, for example, U. S. Pat. Nos.5,916,396; 6,506,405; 6,749,868, 6,537,579,
7,820,788, and 8,911,786, and also in U. §. Pat. Pub. Nos. 2006/0263434, and 2007/0082838;
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PCT Patent Application W008/137148, cach of which 1s incorporated herein by reference m

their entirety.

{0151} In some embodiments, the pharmacentical compositions further comprise an agent or
agents for enhancing dissolution of dried forms of the compositions and/or enhancing the
stability of the composition. In some embodiments, the additional agent or agents comprise a
saccharide. The saccharide may be, but is not limited to, monosaccharides, disaccharides,
polysaccharides, and derivatives or modifications thereof. The saccharide may be, for example,
any of mannitol, sucrose, fructose, lactose, maltose, dextrose, or trehalose. In some
embodiments, the additional agent or agents compnse glvcine. The present application therefore
m one aspect provides a pharmaceutical composition suitable for subcutaneous administration to
an individeal comprising a) nanoparticles comprising an mTOR inhibitor (such as rapamycin}

and an albumin, and b) a sacchanide.

{3152} In some embodiments, the saccharide is present in an amount that 1s effective to increase
the stability of the nanoparticles in the composition as compared to a nanoparticle composition
without the saccharide. In some embodiments, the sacchande is in an amount that 1s effective to
mmprove filterability of the nanoparticle composition as compared 1o a composition without the

saccharide.

{3153} In some embodiments, the saccharide is present in an amount effective to enhance the
solubility of the pharmaceutical composition. In some embodiments, the enhanced solubility
comprises improved rate of dissolution of a dried form of the nanoparticle composition after

addition of a reconstituting solution.

{8154} In some embodiments, the saccharide is present in an amount that reduces the incidence
or severity of post-administration side effects when the nanoparticle composition 1s administered
subcutancously. For example, in some embodiments, the side effect is rash and the composition
corprises nanoparticles comprising an mTOR inhibitor and an albumin and the saccharide 1s
present in an amount that reduces the incidence of rash after subcutancous admmistration of the

nanoparticle composition.

{8155} In some embodiments, the composition comprises nanoparticles with an average or mean
diameter of no greater than about 1000 nanometers (nm), such as no greater than about any of
000, 800, 700, 600, 500, 400, 300, 200, and 100 nm. In some embodiments, the average or mean

diameters of the nanoparticles 1s no greater than about 200 nm. In some embodiments, the
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average or mean diameters of the nanoparticles 1s no greater than about 150 nm. In some
embodiments, the average or mean diameters of the nanoparticies is no greater than about 100
nm. In some embodiments, the average or mean diameter of the nanoparticles is about 10 to
about 400 nm. In some embodiments, the average or mean diameter of the nanoparticies is about
10 to about 150 nm. In some embodiments, the average or mean diameter of the nanoparticles is
about 40 to about 120 nm. In some embodiments, the average or mean diameier of the
nanoparticles are no less than about 50 nm. In some embodiments, the nanoparticles are sterile-

filterable.

{0156} In some embodiments, the particles (such as nanoparticles) described herein have an
average or mean diameter of no greater than about any of 1000, 900, 800, 700, 600, 500, 400,
300, 200, 150, 120, and 100 nm. In some embodiments, the average or mean diameter of the
particles is no greater than about 200 nm. In some embodiments, the average or mean diameter
of the particles is between about 20 1um to about 400 nm. In some cmbodiments, the average or
mean diameter of the particles is between about 40 nm to about 200 nim. In some embodiments,
the average or mean diameter of the nanoparticles is about 100-120 am, for example about 100
nm. In some embodiments, the average mean diameter of the particles is less than or equal to
120 ma. In some embodiments, the average mean diameter of the particles is about 100-120 nm,

for example about 100 nm. In some embodiments, the particles are stenle-filterable.

{0157} In some embodiments, the nanoparticles in the composition described herem have an
average diameter of no greater than about 200 nm, includmmg for example no greater than about
any one of 190, 180, 170, 160, 150, 140, 130, 120, 110, 100, 90, 80, 70, or 60 nm. In some
embodiments, at least about 50% (for example at keast about any one of 60%, 70%, 80%, 90%,
95%, or 999} of the nanoparticles in the composition have a diameter of no greater than about
200 nm, mcluding for example no greater than about any one of 190, 180, 170, 160, 150, 140,
130, 120, 110, 100, 90, 80, 70, or 60 nm. In some embodiments, at least about 50% (for example
at least any one of 60%, 70%, 80%, 90%, 95%, or 99%;) of the nanoparticles in the composition
fall within the range of about 10 nm to about 400 nm, mcluding for example about 10 nm to
about 200 nm, about 20 nm to about 200 nm, about 30 nm to about 180 nm, about 40 nm to

about 150 nm, about 40 nm to about 120 nm, and about 60 nm to about 100 nm.

10158] Methods of determuning average particle sizes are known n the art, for example,

dynamic light scattering (1MLS) has been routingly used i determining the size of
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submicrometre-sized particles based. International Standard 18022412 Particle Size Analvsis
Dynamic Light Scattering, International Organisation for Standardisation (180) 2008 and
Dynamic Light Scattering Common Terms Defined, Malvern Instruments Limited, 2011, in
some cmbodiments, the particle size 1s measured as the volume-weighted mean particle size

{Dv30) of the nanoparticles in the composttion.

{3159} In some embodiments, the nanoparticles comprise the mTOR inhibitor associated with
the albumin. In some embodiments, the nanoparticles comprise the mTOR inhubitor coated with

the albumin.

{8168} In some embodiments, the albumin has sulfhyvdryl groups that can form disuifide bonds.
In some embodiments, at least about 5% {(including for example at least about any one of 10%,
15%., 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, or 90%; of the albumin in the nanoparticle
portion of the composition are crosslinked (for example crosslinked through one or more

disulfide bonds).

13161} In some embodiments, the nanoparticles comprising the mTOR inhubitor (such as a limus
drug, e.g., rapamycin or a derivative thereof) arc associated {e.g., coated) with an albumin (such
as human albumin or human serum albumin}. In some embodiments, the composition comprises
an mTOR inhibitor (such as a limus drug, e.g., rapamycin or a derivative thereof) 1n both
nanoparticle and non-nanoparticle forms {e.g , in the form of solutions or in the fonm of soluble
albumin/nanoparticle complexes), wherein at least about any one of 30%, 60%, 70%, 80%, 90%,
95%, or 99% of the mTOR inhibitor in the composition are in nanoparticle form. In some
embodiments, the mTOR inhibitor {such as a hmus drug, ¢.g.. rapamycin or a dertvative thereof)
m the nanoparticles constitutes more than about any one of 50%, 60%, 70%, 80%, 90%, 95%, or
99% of the nanoparticles by weight. In some embodiments, the nanoparticles have a non-
polymeric matrix. In some embodiments, the nanoparticles comprise a core of an mTOR
mhibitor {such as a limus drug, e.g., rapamycin or a dertvative thereof} that is substantially free
of polymeric materials (such as polyvmeric matrix).

13162} In some embodiments, the composition comprises an albumin in both nanoparticle and
mn—nanopamde portions ot the composition, wherein at least about any ong of 50%, 60%, 70%,
80%, 90%, 953%, or 99% of the albumin in the composition are in non-nanoparticle portion of

the composition.
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{3163} In some embodiments, the weight ratio of an albunun {(such as human albumin or human
serum albunin} and a mTOR inhubitor {such as a Hmus drug, e.g., rapamycin or a dertvative
thercof) in the mTOR inbibitor nanoparticle composition is about 18:1 or less, such as about
15:1 or less, for example about 10:1 orless. In some embodiments, the weight ratio of an
albumin (such as human albumin or human serum albumin} and an mTOR inhibitor {(sach as a
limus drug, e.g.. rapamycin or a derivative thereof} in the composition falls within the range of
any ong of about 1:1 to about 18:1, about 2:1 1o about 15:1, about 3:1 to about 13:1, about 4.1 to
about 12:1, about 5:1 to about 10:1. In some embodiments, the weight ratio of an albumin and an
mTOR inhibitor {such as a himus drug, e g, rapamycin or a derivative thereof) in the
nanoparticle portion of the composition is about any one of 1.2, 1:3, 1:4, 1.5, 19, 1110, 1115 or
fess. In some embodiments, the weight ratio of the albumin (such as human albumin or human
serum albumin) and the mTOR mhibitor {such as a limus drug, e.g., rapamycin or a dentvative
thereof) 1n the composition is any one of the following: about 1.1 to about 18:1, about 1:1 1o
about 151, about 1:1 to about 12:1, about 1:1 to about 10:1, about 1:1 to about 9:1, about 1:1 to
about 8:1, about 1:1 to about 7:1, about 1:1 to about 6:1, about 1:1 to about 5:1, about 1:1 to

about 4:1, about 1.1 to about 3:1, about 1.1 to about 2:1, about 1.1 to about 1:1.

10164} In some embodiments, the mTOR inhibitor nanoparticle composition {such as
rapamycin/albumin nanoparticle composition) comprises one or more of the above

characteristics.

{3165} The nanoparticles described herein may be present in a drv formulation (such as
lvophilized composition} or suspended in a biocompatible medinm. Suitable biocompatible
media include, but are not limited to, water, buffered aqueous media, saline, buffered saling,
optionally buffered solutions of anuno acids, optionally buffercd sohutions of proteins, optionally
buffered solutions of sugars, optionally buffered solutions of vitamins, optionally buffered

solutions of synthetic polymers, ipid-containing emulsions, and the hike.

[3166] In some embodiments, the pharmaceutically acceptable carmer comprises an albumin
{such as human albumin or human serum albunnn). The albumin may either be natural in origin
or synthetically prepared. In some embodiments, the albumin s human albumin or human serum

albumin. In some embodiments, the albunun is a recombinant albumin,

18167} Human serum albumin (HSA) 1s a ighly soluble globular protein of My 65K and consists

of 585 amino acids. HSA is the most abundant protein in the plasma and accounts for 70-80 %
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of the colloid osmotic pressure of human plasma. The amino acid sequence of HSA contains a
total of 17 disulfide bridges. one fice thiol (Cys 34), and a single trvptophan (Trp 214).
Intravenous use of HSA solution has been indicated for the prevention and treatment of
hypovolemic shock {see, e.g., Tullis, JAMA, 237: 3535-360, 460-463, (1977)) and Houser et ol ,
Surgery, Gynecology and Obstetrics, 150: 811-816 (1980)) and in conjanction with exchange
transfusion in the treatment of neonatal hyperbilinubinemia (see, e.g., Finlayson, Seminars in
Thrombosis and Hemostasis, 6, 85-120, (1980}). Other albumins are contemplated, such as
bovine serum albumin. Use of such non-human albumins could be appropnate, for example, in
the context of use of these compositions in non-human mammals, such as the veterinary
(including domestic pets and agricultural context). Human serem albumin (HSA) has multiple
hyvdrophobic binding sites (a total of eight for fatty acids, an endogenous ligand of HSA) and
binds a diverse sct of drugs, especially neutral and negatively charged hydrophobic compounds
{Goodman et !, The Pharmacological Basis of Therapeutics, 9" ed, McGraw-Hill New York
{1996}, Two high affinity binding sites have been proposed in subdomains HA and HIA of
HSA, which are highly clongated hydrophobic pockets with charged lysine and argmine residues
near the surface which function as attachment potnts for polar ligand features (see, e.g., Fehske
et al., Biochem. Pharmcol., 30, 687-92 (198a), Vorum, Dan. Med. Buli | 46, 379-99 (1999),
Kragh-Hansen, Dan. Med. Bull., 1441, 131-40 (1990), Curry ef al., Nat. Struct. Biol., 5, 827-35
{1998}, Sugio er af., Profein. Eing., 12, 439-46 (1999), He et al., Nature, 358, 209-15 (199b), and
Carter et ol , Adv. Protein. Chem., 45, 153-203 (1994} Rapamycin and propofol have been
shown to bind HSA (see, e.g., Paal ef a/., Fur. J Biochem., 268(7), 2187-91 (200a), Purcell et
al., Biochem. Biophvs. Acta, 1478(a), 61-8 (2000), Altmaver ef al., Arzneimiitelforschung, 43,
1053-6 (1995}, and Garrido ef al., Rev. Fisp. Anestestiol. Reanim. 41, 308-12 (1994)) In
addition, docetaxe!l has been shown to bind to human plasma proteins (see, e.g., Unien er o/,

invest. New Drugs, 14(b), 147-51 (1996)).

18168} In some embodiments, the composition described herein 1s substantially free (such as
free) of surfactants, such as Cremophor {or polyoxyethylated castor oil, including Cremophor
EL® (BASF) or Tween 80). In some embodiments, the mTOR inhibitor nanoparticle
composition {such as rapamycin/albumin nanoparticle composition} is substantially free (such as
free) of surfactants. A composition is “substantially friee of Cremophor™ or “substantially free of
surfactant” if the amount of Cremopheor or surfactant in the composttion 18 not sufficient to cause

ong or more side effect{s} in an individual when the mTOR mhibitor nanoparticle composition
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{such as rapamyci/albumin nanoparticle composition} 1s adminisiered to the mdividual. In some
embodiments, the mTOR inhibitor nanoparticle composition {such as rapamycin/albumin
nanoparticle composition) contains less than about any one of 20%, 15%, 10%, 7.5%, 5%, 2.5%,
or 1% organic solvent or surfactant. In some embodiments, the albumin is human albumin or

human serum albumin. In some embodiments, the albumin is recombinant albumin,

{3169} The amount of an albumin in the composition described herein will vary depending on
other components in the composition. In some embodiments, the composition comprises an
albumin in an amount that is sufficient to stabilize the mTOR inlubitor (such as a limus drug,
e.g., rapamycin or a derivative thereof} in an aqueous suspension, for example, in the form of a
stable colloidal suspension {such as a stable suspension of nanoparticles). In some embodiments,
the albumin is in an amount that reduces the sedimentation rate of the mTOR inhibitor (such asa
limus drug, e.g.. rapamycin or a derivative thereof} in an agueous medium. For particle-
containing compositions, the amount of the albumin also depends on the size and density of

nanoparticles ot the mTOR inhibitor,

{31781 An mTOR inhibitor (such as a limus drug, e.g., rapamycin or a derivative thereot) is
“stabilized” m an agueous suspension if it remains suspended 1n an agqueous medium (such as
without visible precipitation or sedimentation) for an extended period of time, such as for at least
about any 0 0.1,02,0.25,035,1.2.3,4,5.6,7.8.9, 10, 11,12, 24, 36, 48, 60, or 72 hours. The
suspension is generally, but not necessanly, suitable for administration to an individual {such as
a human}. Stability of the suspension is generally (but not necessarily) evaluated at a storage
temperature (such as room temperature (such as 20-23 °C) or refngerated conditions (such as 4
°(Y). For example, a suspension is stable at a storage temperature if it exhibits no flocculation or
particle agglomeration visible to the naked eye or when viewed using an optical microscope at
1000 times, at about fifieen nunutes afier preparation of the suspension. Stability can also be
evaluated under accelerated testing conditions, such as at a temperature that 1s about 40 °C or

higher.

{8171} The compositions described herein may be a stable aqueous suspension of the mTOR
mwhibitor, such as a stable aqueous suspension of the mTOR inhibitor at a concentration of any of
about 0.1 to about 200 mg/mli, about 0.1 to about 150 mg/mi, about 0.1 to about 100 mg/mi,
about 0.1 to about 30 mg/ml, about 0.1 to about 20 mg/ml, about 1 to about 10 mg/ml, about 2

mg/ml to about 8 mg/ml, about 4 to about 6 mg/mi, and about 5 mg/ml. In some embodiments,

o
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the concentration of the mTOR nhibitor is at least about any of 0.2 mg/ml, 1.3 mg/ml, 1.3
mg/ml, 2 mg/ml, 3 mg/mi. 4 mg/ml. 5 mg/md, 6 me/ml, 7 mg/md, 8 mg/ml, 9 mg/mi, 10 mg/md,
15 mg/ml, 20 mg/ml, 23 mg/ml, 30 mg/ml 40 rog/ml, 50 mg/mb, 100 mg/ml, 150 mg/md, or 200

mg/ml.

{8172} In some embodiments, the albumin is present in an amount that is sufficient to stabilize
the mTOR wmhibitor (such as a imus dmg, ¢.g., rapamvcin or a derivative thercof) in an agueous
suspension at a certain concentration. For exarople, the concentration of the mTOR inhibitor
(such as a limus drug, e.g., rapamycin or a derivative thereof) in the composition s about 0.1 to
about 100 mg/ml, including for example about anv of 0.1 to about 50 mg/ml, about 0.1 to about
20 mg/ml, about 1 to about 10 mg/ml, about 2 mg/ml to about 8 mg/ml, about 4 to about 6
mg/ml, or about 5 mg/ml. In some embodiments, the concentration of the mTOR mhibitor (such
as a limus drug, e g., rapamycin or a derivative thereof) is af keast about any of 1.3 mg/ml, 1.5
meg/ml, 2 mg/ml, 3 mg/mi, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mgiml, 9 mg/ml, 10 mg/ml,
15 mg/ml, 20 mg/ml, 25 mg/ml, 30 mg/ml, 40 mg/ml, and 50 mg/ml. In some embodiments, the
albumin is present in an amount that avoids use of surfactants {such as Cremophor}, so that the

composition i3 free or substantially free of surfactant (such as Cremophor).

18173} In some embodiments, the composition, in hguid form, comprises from about 0.1% to
about 30% (wiv) {e.g., about 0.3% (w/v}, about 3% {(w/v), about 10% {w/v), about 15% (w/v},
about 20% (w/v), about 30% (w/v}, about 40% (w/v), or about 50% (w/v)) of an albumin. In
some embodiments, the composition, in hquid form, comprises about .5% 1o about 5% {(w/iv) of

albumin.

10174} In some embodiments, the weight ratio of the albunun to the mTOR whibitor (suchasa
himus drug, e.g., rapamycin or a denivative thereof) in the mTOR inhibitor nanoparticle
composition 1s such that a sefficient amount of mTOR mhibitor binds to, or s transported by,
the cell. While the weight ratio of an albumin to an mTOR inhibitor (such as a limus drug, e.g.,
rapamycin or a derivative thereof) will have to be optimuzed for different albumin and mTOR
mhibitor combinations, generally the weight ratio of an albumin to an mTOR nhibitor (such as a
tmos drug, €.g., rapamycin or a dernvative thereof) (w/w) 1s about 0.01:1 to about 1001, about
0.02:1 to about 50:1, about 0.05:1 to about 20:1, about 0.1:1 to about 20:1, about 1:1 to about
18:1, about 2:1 to about 15:1, about 3:1 to about 12:1, about 4.1 to about 14:1, about 5:1 to about

9:1, or about 9:1. In some emboediments, the albumin to mTOR inhibitor {sach as a himus drug,
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e.g., rapamycin or a derivative thereof) weight ratio 1s about any of 18:1 or less, 15:1 or less,

14 orless 13 1orless, 12:1 orless, 111 orless, 10:1 orless, 91 orless, 8:1orless, 7:1 or
less, 6.1 or less, 5:1 or less, 4:1 or less, and 3:1 or less. In some embodiments, the weight ratio of
the albunun (such as human albumin or human serum albumin} to the mTOR inhibitor (such as a
hmus drug, e.g., rapamycin or a derivative thereof) in the composition is any one of the
following: about 1:1 tc about 18:1, about 1:1 to about 15:1, about 1:1 to about 12:1, about 111 to
about 10:1, about 1:1 to about 9:1, about 1:1 to about 8:1, about 1:1 to about 7:1, about 1:1 to
about 6:1, about 1:1 to about 5:1, about 1:1 to about 4:1, about 1:1 to about 3:1, about 1:1 to

about 2:1, about 1:1 to about 1:1.

{8175} In some embodiments, the pharmaceutical composition comprises nanoparticles
comprising an m'FOR inhibitor and an albumin, wherein the weight ratio of the albumun to the
mTOR inhibitor in the composition is about 0.61:1 to about 100:1. In some embodiments, the
composition comprises nanoparticles comprising an mTOR inhibitor (such as rapamycin} and an
ajbumin, wherein the weight ratio of the albumin to the mTOR inhibitor {(such as rapamycin} in
the composition is aboat 18:1 or less (including for example any of about 1:1 to about 18:1,
about 2:1 to about 15:1, about 3:1 to about 12:1, about 4:1 to about 10:1, about 3:1 to about 9:1,
and about 9:1). In some embodiments, the composition comprises nanoparticles comprising
rapamycin, or a denvative thereof, and an albumin, wherein the weight ratio of the albunun to
the rapamyein or dernvative thereof in the composition is about 18:1 or less {mcluding for
example any of about 1:1 to about 18:1, about 2:1 to about 15:1, about 3.1 to about 12:1, about
4:1 10 about 10:1, about 5:1 to about 9:1, and about 9:1). In some embodunents, the mTOR

mhibitor (such as rapamycin} is coated with albunin.

{0176} In some embodiments, the albumin allows the composition to be administered to an
mdividual (such as a human} without significant side effects. In some embodiments, the albumin
{such as human serum albumun or human albumin} is in an amount that 15 effective to reduce one
or more side effects of administration of the mTOR inhibitor {such as a limus drug, e.g.,
rapamycin or a derivative thereof) to a human. The term “reducing one or more side effects” of
administration of the mTOR mhibitor (such as a hmus drug, e g, rapamycin or a dertvative
thereofy refers to reduction, alleviation, elimination, or avoidance of one or more undesirable
offects caused by the mTOR mhibitor, as well as side effects caused by delivery vehicles (such
as solvents that render the limus drugs suitable tor injection) used to deliver the mTOR nhibitor.

Such side effects inchude, for example, myelosuppression, neurotoxicity, hypersensitivity,

o
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mflammation, venous irritation, phichitis, pam, skin irritation, peripheral neuropathy,
neutropenic fever, anaphylactic reaction, venous thrombosis, extravasation, and combinations
thercof. These side cffects, however, are merely exemplary and other side effects, or
combination of side cffects, associated with bmus drugs (such as a limus drug, e.g., rapamyvein

or a dertvative thereof) can be reduced.

{0177} In some embodiments, the mTOR mhibitor nanoparticle compositions described herein
coraprise nanoparticles comprising an mTOR mhibitor (such as a limus drug, e.g., rapamycin or
a derivative thereof) and an albumin (such as human albumin or human serum albumin}, wherein
the nanoparticles have an average diameter of no greater than about 200 nm. In some
embodiments, the mTOR inlubitor nanoparticle compositions descrnibed herein comprise
nanoparticles comprising an mTOR mhubitor (such as a limus drug, e.g., rapamycin ora
derivative thercof) and an albumin (such as human albumin or human serum albumin), wherein
the nanoparticles have an average diameter of no greater than about 130 nm. fn some
embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising an mTOR inhibitor (such as a imus drug, e g, rapamyemn ora
derivative thereof) and an albumin (such as human albumin or human serum albumin}, wherein
the nanoparticles have an average diameter of no greater than about 150 nm (for example about
100-120 nm, for example about 100 nm}. In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticies compnsing rapamyein and
human albumin (such as human scrum albumin}, whercin the nanoparticles have an average
diameter of no greater than about 150 nm (for example about 100-120 nm, for example about
100 nm). In some embodiments, the mTOR inhibitor nanoparticle compositions described herein
comprise nanoparticles comprising rapamycin and human albumin (such as human serom
albumin), wherein the average or mean diameter of the nanoparticies is about 10 to about 150
nm. In some embodiments, the mTOR mhibitor nanoparticle compositions described herein
comprise nanoparticles comprising rapamycin and human albumin {such as human serum
afbumin}, wherein the average or mean diameter of the nanoparticies is about 40 to about 120
nm. In some embodiments, the average or mean diameter of the nanoparticles is about 100-120

nm, for example about 1060 nm.

{0178} In some embodiments, the mTOR inhibitor nanoparticle compositions described hercin
comprise nanoparticles comprising an mTOR inhibitor {such as a limus drug, 2.g., rapamvein or

aderivative thereof) and an albunun (such as human albumin or human serum albumin}, wherein
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the nanoparticles have an average diameter of no greater than about 200 nm, wherein the weight
ratio of the albumin and the mTOR inhibitor in the composition is no greater than about 9:1 {for
example, from about 3:1 to about 9:1, such as about 9:1 or about 8:1}. In some embodiments, the
mTOR inlubitor nanoparticle compositions described herein comprise nanoparticles comprising
an mTOR inhubitor (such as a limus drug, ¢.g., rapamycin or a derivative thersof) and an
afbumin (such as human albumin or human serum albumin}, wherein the nanoparticles have an
average diameter of no greater than about 150 nm, wherein the weight ratio of the albumin and
the mTOR inhibitor in the composition is no greater than about 911 (such as about 9:1 or about
3:1). In some embodiments, the mTOR inhibitor nanoparticle compositions described herein
comprise nanoparticles comprising an mTOR mhibitor (such as a limus drug, e.g.. rapamycin or
adenvative thereof) and an albunun (such as buman albunun or human serum albuman}, wheren
the nanoparticles have an average diameter of about 150 nm, wherein the weight ratio of the
albumin and the mTOR inhibitor in the composition is no greater than about 971 (such as about
9:1 or about 8:1}. In some embodiments, the ;' TOR inhibitor nanoparticle compositions
described herein comprise nanoparticles comprising rapamvein and human albumin (such as
human serum albumin), wherein the nanoparticles have an average diameter of no greater than
about 150 nm (for example about 100-120 nm, for example about 100 nny), wherein the weight
ratio of albumin and e TOR inhibitor in the composition is about 9:1 or about 8:1. In some
embodiments, the average or mean diameter of the nanoparticles 1s about 10 nm to about 150
am. In some embodiments, the average or mean diameter of the nanoparticles is about 40 nm to
about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is about

100-120 nm, for example about 100 nm.

{3179 In some embodimenis, the mTOR inhibitor nanoparticle compositions described herein
comprise nanoparticles comprising an mTOR mhubttor {such as a limus drug, e.g.. rapamvcin or
a denvative thereof) associated (e.g., coated) with an albunun {such as buman albumin or human
serumn albumin). In some embodiments, the mTOR mmhibitor nanoparticle compositions
described herein comprise nanopaiticies comprising an mTOR inbibitor (such as a himus drug,
e.g., rapamycin or a dertvative thereof) associated (6.2, coated} with an albumin (such as human
albumin or human serum albumin}, wherein the nanoparticles have an average diameter of no
greater than about 200 nm. In some embodiments, the mTOR inhibitor nanoparticle
compositions described herein comprise nanoparticles comprising an mTOR nhibitor {(such as a

himus drug, e.g., rapamycin or a derivative thereof) associated (2. g., coated) with an albumin
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{such as human albumin or human serum albumin}, wherein the nanoparticles have an average
diameter of no greater than about 150 am. In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticies comprising an mTOR
mhibitor (such as a limus drug, e.g., rapamycin or a denvative thereof) associated {e.2., coated)
with an albumin (such as human albumin or human serum albumin}, wherein the nanoparticles
have an average diameter of about 10 nm to about 150 am. In some embodiments, the mTOR
inhibitor nanoparticle compositions described hercin comprise nanoparticles comprising an
mTOR inhibitor {such as a hmus drug, e g, rapamycin or a denvative thereof) associated (e.g.,
coated) with an albumin (such as human albumin or human scrum albumin}, wherein the
nanoparticles have an average diameter of about 40 nm to about 126 nm. In some embodiments,
the mTOR mhibitor nanoparticie compositions described heremn comprise nanoparticies
comprising rapamyein associated (e.g., coated) with human albumin (such as human serum
afbumin}, wherein the nanoparticles have an average diameter of no greater than about 150 nm
{for example about 100-120 nm, for example about 100 nm}. In some embodiments, the mTOR
mhibitor nanoparticle compositions described herein comprise nanoparticles comprising
rapamycin associated {e.g., coated} with human albumin (such as human serum altbumin),
wherein the nanoparticles have an average diameter of about 10 nm to about 150 nm. In some
embodiments, the mTOR inhibitor nanoparticle compaositions described herein comprise
nanoparticles comprising rapamycin associated {e. g, coated) with human albumin (such as
human serum albumin}, wherein the nanoparticles have an average diameter of about 40 nm to
about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is about

100-120 nm, for example about 100 nm.

10188} In some embodiments, the mTOR inhibitor nanoparticle compositions described herein
comprise nanoparticles comprising an mTOR mhubttor {such as a limus drug, e.g.. rapamvcin or
a denvative thereof) associated (e.g., coated) with an albunun {such as buman albumin or human
serum albumin), wherein the weight ratio of the albumin and the mTOR mhubitor in the
composition is no greater than about 9:1 (for example, from about 311 to about 9:1, such as about
9:1 or about 3:13. In some embodiments, the mTOR inhibitor nanoparticle compositions
described herein comprise nanoparticles compnsing an mTOR inhibitor (such as a himus drog,
e.g., rapamycin or a derivative thereof} associated {e.g., coated) with an albumin (such as human
albumin or human serum albumin}, wherein the nanoparticles bave an average diameter of no

greater than about 200 nm, wherein the weight ratio of the albumin and the mTOR mhibitor in
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the composition is no greater than about 9:1 (such as about 9.1 or about §:1}. In some
embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising an mTOR inhibttor {such as a limus dmg, e g., rapamycin ora
dernivative thereof) associated {e.g., coated) with an albunin {such as human albumin or human
serum albumin), wherein the nanoparticles have an average diameter of no greater than about
150 nm, wherein the weight ratio of the albumin and the mTOR inhibitor 1n the composition is
no greater than about 9:1 (such as about 9:1 or about 8:1). In some embodiments, the mTOR
mhibitor nanoparticle compositions described herein comprise nanoparticles comprising an
mTOR inhibitor {such as a bmus drug, e g, rapamycin or a dertvative thereof) associated (e.g.,
coated) with an albumin (such as human albumin or human serum albumin), wherein the
nanoparticles have an average diameter of about 150 nm, wheren the weight ratio of the
atbumin and the mTOR inhibitor in the composition 1s no greater than about 9:1 (such as about
9:1 or about 8:1}. In some embodiments, the mTOR inhibitor nanoparticle compositions
described herein comprise nanoparticles comprising rapamycin associated {e.g., coated) with
human albunun (such as human serum albumin}, wherein the nanoparticles have an average
diameter of no greater than about 150 am (for example about 100-120 nm, for example about
100 nm}, wherein the weight ratio of albumin and the rapamycin inn the composition is about 9:1
or about §:1. In some embodiments, the average or mean diameter of the nanoparticles is about
10 nm to about 150 nm. In some embodiments, the average or mean diameter of the
nanoparticles is about 40 nim to about 120 nm. In some embodiments, the average or mean

diameter of the nanoparticies 1s about 100-120 am, for example about 100 nm,

{3181] In some embodiments, the mTOR inhibitor nanoparticle compositions described heremn
comprise nanoparticles comprising an mTOR mhibitor (such as a limus drug, e.g.. rapamycin or
a derivative thereof) stabilized by an albumin (such as human albumin or human serum
albumin). In some embodiments, the mTOR mhibitor nanoparticle compositions described
herein comprise nanoparticles comprising an mTOR inhibitor (such as a limus drug, e. g,
rapamycin or a dertvative thereof) stabilized by an albumin {such as human albumin or human
seram albumin), wheremn the nanoparticles have an average diameter of no greater than about
200 nm. In some embodiments, the mTOR inhibitor nanoparticle compositions described hereimn
comprise nanoparticles comprising an m'TOR mhibitor (such as a limus drug, e.g.. rapamycin or
a derivative thereof) stabilized by an albumin (such as human albumin or human serum

atbumin), wherein the nanoparticles have an average diameter of no greater than about 150 nm.



WO 2019/226685 PCT/US2019/033372

In some embodiments, the mTOR inhibitor nanoparticle compositions described heremn comprise
nanoparticles comprising an mTOR inhibitor {such as a lows doug, e g, rapamyein ora
derivative thereof) stabilized by an albumin (such as human albumin or human scrum albumin),
wherein the nanoparticles have an average diameter of no greater than about 150 nm (for
example about 100-120 nm, for example about 100 nm}. In some embodiments, the mTOR
mhibitor nanoparticle compositions described herein comprise nanoparticles comprising
rapamycin stabilized by human albumin (such as human serom albumin), wherein the
nanoparticles have an average diameter of no greater than about 150 nm (for example about 100~
120 nm, for example about 100 nm). In some embodiments, the average or mean diameter of the
nanoparticles is about 10 nm to about 150 nm. In some embodiments, the average or mean
diameter of the nanoparticles is about 40 nm to about 120 nm. In some embodiments, the

average or mean diameter of the nanoparticles is about 100-120 am, for example about 100 nm.

{0182} In some embodiments, the mTOR mhibitor nanoparticle compositions described herein
coraprise nanoparticles comprising an mTOR mhibitor (such as a limus drug, e.g., rapamycin or
a dertvative thereof) stabilized by an albumin (such as human albumin or human serum
atbumin), wherein the weight ratic of the albumin and the mTOR inhibitor 10 the composition ig
no greater than about 9:1 (for example, from about 3:1 to about 9: 1, such as about 91 or about
8:1). In some embodiments, the mTOR inhibitor nanoparticle compogitions described herein
comprise nanoparticles comprising an mTOR inhibitor {such as a limus drug, e g, rapamyein or
a derivative thercof) stabilized by an albumin (such as human albumin or human serum
albumin), wherein the nanoparticles have an average diameter of no greater than about 200 nm,
wherein the weight ratio of the albumin and the mTOR whibitor in the composition is no greater
than about 9:1 (such as about 9:1 or about 8:1). In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticies comprising an mTOR
mhibitor {such as a himus dog, e.g., rapamycin or a denivative thereof) stabilized by an albumn
{such as human albumin or human serum albumin), whergin the nanoparticles have an average
diameter of no greater than about 150 nm, wherein the weight ratio of the albumin and the
mTOR inhibitor in the composition is no greater than about 9:1 (such as about 9:1 or about 8:1).
In some embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising an mTOR inhibitor {such as a Lous doug, e g, rapamyein ora
derivative thereof) stabilized by an albumin (such as human albumin or human scrum albumin),

wherein the nanoparticles have an average diameter of about 150 nm, wherein the weight ratio
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of the albumin and the mTOR mhibitor in the composition 1s no greater than about 9:1 (such as
about 9:1 or about 8:1). In some embodiments, the mTOR inhibitor nancoparticle compositions
described berein comprise nanoparticles comprsing rapamycin stabilized by buman albunun
{such as human serum albumin), wherein the nanoparticles have an average diameter of no
greater than about 150 nm (for example about 100-120 am, for example about 100 nm}, wherein
the weight ratio of albumin and the rapamycin in the composition is about 9.1 or about 8:1. In
some embodiments, the average or mean diameter of the nanoparticles is about 10 nm to about
150 nm. In some embodiments, the average or mean diameter of the nanoparticles i1s about 40
nm to about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is

about 100-120 nm, for exampie about 100 nm.

{8183} In some embodiments, the mTOR mhibitor nanoparticle compositions described herein
comprise nanoparticles comprising an mTOR inhibitor {such as rapamycin} and an albumin
{such as human albunun or human serum albumin}, wherein the composition further comprises a
saccharide, wheremn the nanoparticles have an average diameter of no greater than about 200 nm.
In some embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising an mTOR inhibttor {such as rapamycin) and an albumin (such as
human albumin or human serum albumin), wherein the composition further comprises a
saccharide, wherein the nanoparticles have an average diameter of no greater than about 150 nm.
In some ¢mbodiments, the mTOR inhibitor nanoparticle compositions deseribed herein comprise
nanoparticles comprising an oTOR imhibitor {(such as rapamvein} and an albumin (such as
human albunun or human serum albumin}, wherein the composition further comprises a
saccharide, wherein the nanoparticles have an average diameter of no greater than about 150 nm
{for exarple about 100 nm}. In some embodiments, the average or mean diameter of the
nanoparticles is about 100-120 nm, for example abowt 100 mun. In some embodiments, the
mTOR inlubitor nanoparticle compositions described herein comprise nanoparticles comprising
rapamycin and human albumin {such as human serom albumm), wherein the composition further
compnses a saccharide, wherein the nanoparticles have an average diameter of no greater than
about 150 nm (for example about 100 nm). In some embodiments, the average or mean diameter
of the nanoparticles 13 about 100-120 nm, for example about 100 nm. In some embodiments, the
mTOR inhibitor nanoparticle compositions described herein comprise nanoparticles comprising
rapamycin and human albumin (such as human serum albumin}, wherein the composition further

comprises a saccharide, wherein the average or mean diameter of the nanoparticles is about 10 to
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about 150 nm. In some embodiments, the mTOR inhibitor nanoparticle compostiions describe
herein comprise nanoparticies comprising rapamycin and human albumin {such as human serum
albumin), wherein the average or mean diameter of the nanoparticies is about 40 to about 120
nm. In some embodiments, the average or mean diameter of the nanoparticles 1s about 100-120

am, for example about 100 nm.

{3184} In some embodiments, the mTOR mhibitor nanoparticie compositions described herein
comprise nanoparticles comprising an mTOR inhibitor (such as rapamycin) and an albumin
{such as human albumin or human serum albunnn), wherein the composition further comprises a
saccharide, whercin the nanoparticles have an average diameter of no greater than about 200 nm,
wherein the weight ratio of the albumin and the mTOR inhibitor in the composition 1s no greater
than about 9:1 {such as about 9:1 or about 8:1}. In some embodiments, the mTOR inhibitor
nanoparticle compositions desceribed herein comprise nanoparticles comprsing an mTOR
inhibitor {such as rapamycin) and an albumin (such as human albumin or human serum
ajbunun), wherein the composition further comprises a saccharide, wherein the nanoparticles
have an average diameter of no greater than about 150 nm, wherein the weight ratio of the
atbumin and the mTOR mhibitor in the composition i1s no greater than about 911 {such as about
9:1 or about 8:1}. In some embodiments, the mTOR mbibitor nanoparticle compositions
deseribed herein comprise nanoparticles comprising an mTOR mhibitor (such as rapamycin} and
an albumin {such as human albomin or human serum albumin}, whergin the composition further
comprises a sacchande, wherein the nanoparticles have an average diameter of about 150 nm,
wherein the weight ratio of the albumin and the mTOR inhibitor in the composition 1s no greater
than about 9:1 {such as about 9:1 or about 8:1). In some embodiments, the mTOR mhibitor
nanopaiticle compositions described herein comprise nanopaiticies comprising rapamycin and
human albumin (such as human serum albumin}, wherein the composition further comprises a
saccharide, wherein the nanoparticles have an average diameter of no greater than about 150 nm
{for example about 100 nm), wherein the weight ratic of albumin and mTOR nhibitor in the
composition is about 9.1 or about 8:1. In some embodiments, the average or mean diameter of
the nanoparticles is about 10 nm 1o about 150 nm. In some embodiments, the average or mean
diameter of the nanoparticles 1s about 40 nm to about 120 nm. In some embodiments, the

average or mean diameter of the nanoparticles is about 100-120 nm, for example about 100 nm.

{0185} In some embodiments, the mTOR mhibitor nanoparticle compositions described herein

comprise nanoparticles comprising an mTOR inhibitor (such as rapamycin) stabilized by an
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ajbumun (such as buman albumin or human serum albumin), wherein the composition further
comprises a saccharide, wherein the weight ratio of the albumm and the mTOR inhibitor in the
composition is no greater than about 9:1 (such as about 9:1 or about 8:1). In some embodiments,
the mTOR mhibitor nanoparticie compositions described heremn comprise nanoparticies
comprising an mTOR inhibitor (such as rapamycin) stabilized by an albumin (such as human
afbumin or human seram albumin}, wherein the composition further comprises a saccharide,
wherein the nanoparticles have an average diameter of no greater than about 200 om, wherein
the weight ratio of the albunun and the mTOR mhibitor in the composition is no greater than
about 9:1 (such as about 9:1 or about 8:1}. In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticles compiising an mTOR
mhibitor {such as rapamycin) stabilized by an alburnin (such as human albumin or human serum
albumin}, wherein the composition further comprises a saccharide, wherein the nanoparticles
have an average diameter of no greater than about 150 nm, wherein the weight ratio of the
albumin and the mTOR inhibitor in the composition 15 no greater than about 9:1 (such as about
9:1 or about 3:13. In some embodiments, the mTOR inhibitor nanoparticle compositions
described herein comprise nanoparticles compnsing an mTOR inhibitor (such as rapamycin}
stabilized by an albumin {such as haman albumin or humas serom albumin}, wherein the
composition further comprises a saccharide, wherein the nanoparticles have an average diameter
of about 150 nm, wherein the weight ratio of the albumin and the mTOR inhibitor i the
composition is no greater than about 9:1 {such as about 9:1 or about 8:1). In some embodiments,
the mTOR wmhibitor nanoparticle compositions described hercin comprise nanoparticles
comprising rapamycin stabilized by human albumin (such as human serum albumin}, wherein
the composition further comprises a saccharide, wheremn the nanoparticles have an average
diameter of no greater than about 150 nm (for example about 100 nm), wherein the weight ratio
of albumin and the rapamycin in the composition 1s about 9:1 or about 8:1. In some
embodiments, the average or mean diameter of the nanoparticles 1s about 10 nm to about 150
am. In some embodiments, the average or mean diameter of the nanoparticles 1s about 40 nm to
about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is about

100-120 nm, for example about 100 nm.

18186} In some embodiments, the mTOR inhibitor nanoparticle compositions described herein
comprise nanoparticles comprising an mTOR mbubttor {such as rapamyein) associated {e.g.,

coated} with an albumin (such ag human albuwmin or human serum albunun), wherein the
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composition further comprises a saccharide. In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticles compiising an mTOR
mhibitor (such as rapamvcin} associated {e.g., coated) with an albumin (such as human albumin
or human serum albumun), wherein the composition further comprises a saccharide, wherein the
nanoparticles have an average diameter of no greater than about 200 nm. In some embodiments,
the mTOR inhibitor nanoparticle compositions described hercin comprise nanoparticles
comprising an mFOR inhibitor (such as rapamycin) associated {e.g., coated) with an albumin
{such as human albumin or human serum albumin}, wherein the composition further comprises a
saccharide, wherein the nanoparticles have an average diameter of no greater than about 150 nm.
In some embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising an mTOR mhubitor {(such as rapamyvcin) associated (e.g., coated) with
an albumin {such as human albumin or human serum albumin), wherein the composition further
comprises a saccharide, wherein the nanoparticles have an average diameter of about 10 am to
about 150 nm. fn some embodiments, the mTOR inhibitor nanoparticle compositions described
herein comprise nanoparticles comprising an mTOR inhibitor {such as rapamycin} associated
{e.g., coated) with an albunnin (such as human albumin or human serum albamin}, wherein the
composition further comprises a saccharide, wherein the nanoparticles have an average diameter
of about 40 no to about 120 nm. o some embodiments, the mTOR inhibitor nanoparticle
compositions described herein comprise nanoparticles comprising rapamycin associated (€. g.,
coated} with human albumin (such as buman senum albumin}, wherein the composition further
corprses a saccharnide, wherein the nanoparticles have an average diameter of no greater than
about 150 nm (for example about 100 nm). In some embodiments, the mTOR inlubitor
nanoparticle compositions described herein comprise nanoparticles comprising rapamycin
associated (e g, coated) with human albumin (such as human serom albumin}, wherein the
composition further comprises a saccharide, wherein the nanoparticles have an average diameter
of about 10 nm to about 130 nm. In some embodiments, the mTOR inhibitor nanoparticle
compositions described herein comprise nanoparticles comprising rapamycin associated (€. g.,
coated) with human albunin (such as human scrum albumin), wherein the composition further
comprises a saccharide, wherein the nanoparticles have an average diameter of about 40 nm to
about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is about

106-120 nm, for examplc about 160 nm.
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{3187} In some embodiments, the ;M TOR mhibitor nanoparticle compositions described herem
comprise nanoparticles comprising an m'TOR mhibitor {(such as rapamycin) associated {¢.g..
coated) with an albumin (such as human albumin or human serum albumin}, wherein the
composition further comprises a saccharide, wherein the weight ratio of the albumin and the
mTOR inhibitor in the composttion is no greater than about 9:1 (such as about 9:1 or abowut 8:13.
In some ¢mbodiments, the mTOR inhibitor nanoparticle compositions deseribed herein comprise
nanoparticles comprising an mTOR mhibitor {such as rapamvcin) associated {e. 2., coated) with
an albunun {such as human albumun or human serum albumin}, wherein the composition further
comprises a saccharide, wherein the nanoparticles have an average diameter of no greater than
about 200 nm, wherein the weight ratic of the albumin and the mTOR inhibitor in the
composition 1s no greater than about 911 (such as about 9:1 or about 8:1). In some embodiments,
the mTOR mhibitor nanoparticle compositions described herein comprise nanoparticles
comprising an mv FOR inhibitor {such as rapamycin} associated {e.g., coated) with an albumin
{such as human albunun or human serum albumin}, wherein the composition further comprises a
saccharide, wheremn the nanoparticles have an average diameter of no greater than about 130 nm,
wherein the weight ratio of the albumin and the mTOR whibitor in the composition is no greater
than about 9:1 (such as about 9:1 or about 8:1). In some embodiments, the mTOR inhibitor
nanoparticle compositions described herein comprise nanoparticies comprising an mTOR
ithibitor (such as rapamycin) associated {e.g., coated) with an albumin (such as human albumin
or human serum albumin), wherein the composition further comprises a saccharide, wherein the
nanoparticles have an average diameter of about 150 no, wherein the weight ratio of the
albumin and the mTOR mhibitor in the composition is no greater than about 9:1 (such as about
9:1 or about 8:1}. In some embodiments, the mTOR inhibitor nanoparticle compositions
described herein comprise nanoparticles comprising rapamycin associated {e.g., coated) with
human albumin (such as human serum albumin}, wherein the composition further comprises a
saccharide, wherein the nanoparticles have an average diameter of no greater than about 150 nm
{for example about 100 nm), wherein the weight ratic of albumin and the rapamycin in the
coraposttion is about 9:1 or about 8:1. In some cmbodiments, the average or mean diameter of
the nanoparticles is about 10 nm 1o about 150 nm. In some embodiments, the average or mean
diameter of the nanoparticles is about 40 nm to about 120 nm. In some embodiments, the

average or mean diameter of the nanoparticles is about 100-120 nm, for example about 100 nm.
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{3188} In some embodiments, the ;M TOR mhibitor nanoparticle compositions described heremn
comprise nanoparticles comprising an mTOR mhibitor (such as rapamyein} stabilized by an
atbumin (such as human albumin or human scrum albumin), wherein the composition further
comprises a saccharide. In some embodiments, the mTOR mhibitor nanoparticle compositions
described herein comprise nanoparticles comprising an mTOR inhibitor (such as rapamycin}
stabilized by an albumin (such as human albumin or human senum albumin}, wherein the
coraposition further comprises a saccharide, wherein the nanoparticies have an average diameter
of no greater than about 200 nm. In some embodiments, the mTOR inhibitor nanoparticie
compositions described herein comprise nanoparticles comprising an mTOR mhibitor {such as
rapamycin) stabilized by an albumin (such as human albumin or human serum albumin},
wherein the composition further comprises a saccharide, wherein the nanoparticles have an
average diameter of no greater than about 150 nm. In some embodiments, the mTOR mhibitor
nanoparticle compositions described herein comprise nanoparticles comprising an mTOR
mhibttor {such as rapamycin) stabilized by an albumin {(such as buman albunun or human serum
albunun), wherein the composition further comprises a sacchande, wherein the nanoparticles
have an average diameter of no greater than about 150 nm (for example about 100 am). In some
embodiments, the mTOR inhibitor nanoparticle compositions described herein comprise
nanoparticles comprising rapamycin stabilized by human albumin (such as human serum
albumin}, wherein the composition further comprises a saccharide, wherein the nanoparticles
have an average diameter of no greater than about 150 nm (for example about 100 nm}. In some
cmbodiments, the average or mean diameter of the nanoparticles 1s about 10 nm to about 150
nm. [n some embodiments, the average or mean diameter of the nanoparticles is about 40 nm to
about 120 nm. In some embodiments, the average or mean diameter of the nanoparticles is about

106-120 nm, for examplc about 160 nm.

[0189] In some embodiments, the mTOR mhibitor nanoparticle composition comprises nab-
rapamycin. In some embodiments, the mTOR inhibitor nanoparticle composition ts nab-
rapamycin. Nab-rapamy<in is a formulation of rapamycin stabilized by human albumin USP,
which can be dispersed in divectly mjectable physiological solution. The weight ratio of human
albumin and rapamycin s from about 3:1 to about 9:1, for example, about &:1 1o about 9.1
When dispersed in a surtable agueous medium such as 0.9% sodium chloride injection or 5%
dextrose injection, nah-rapamvcein forms a stable colioidal suspension of rapamvern. The mean

particle size of the nanoparticles in the colloidal suspension 1s about 100 nanometers. Since HSA
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is freely soluble m water, nab-rapamyein can be reconstituted in a wide range of concentrations
ranging from dilute (0.1 mg/mi rapamyvcin or a derivative thereof) to concentrated {c.g., 30
mg/ml rapamyvein or a derivative thereof), including for example about 2 mg/m to about §

mg/ml, or about 5 mg/ml.

{0198} Methods of making nanoparticic compositions are known in the art. For example,
nanoparticles containing an mTOR mhibitor (such as a limus drug, e g, rapamyvein or a
derivative thereof) and an albumin {such as huwman serum albunun or human albumin) can be
prepared under conditions of high shear forces {e.g., sonication, high pressare homogenization,
or the like). These methods are disclosed n, for example, U. 8. Pat. Nos.5,916,596; 6,506,405
6,749,868, 6,537 579, 7,820,788, and 8,911,786, and also 1 U. §. Pat. Pub. Nos. 2007/0082838,
2006/0263434 and PCT Application W08/1371438.

{3191} Briefly, the mTOR mmhibitor (such as a limus drug, e.g., rapamycin or a derivative
thereof) 13 dissolved in an organic solvent, and the solution can be added to an albumin solution.
The mixture 15 subjected to high pressure homogenization. The organic solvent can then be
removed by evaporation. The dispersion obtained can be further Ivophilized. Suitable organic
solvent include, for example, ketones, esters, ethers, chlorinated solvents, and other solvents
known i the art. For example, the organic solvent can be methylene chloride or
chloroform/ethano! (for example with a ratic of 19, 1.8, 1:7, 1.6, 1.5, 14, 13, 122, 111, 2:1, 3.1,
4:1, 51, 6.1, 7.1, 81, or 901

[4192] In some embodiments, the composition is a dry {such as lyophilized) composition that
can be reconstituted, resuspended, or rehydrated to form generally a stable aqueous suspension
of the nanoparticles comprising an oV FOR. imhibitor and an albunun. In some embodiments, the
composition 1s a hguid (such as agueous) composition obtained bv reconstituting or
resuspending a dry composition. In some embodiments, the composition is an intermediate

hquid {such as aguecus) composition that can be dried {such as lyophilized).
A. mTOR ishibitor

18193} The methods described herein 1 some embodiments comprise admimstration of
nanoparticle compositions of mTOR inhibitors. “mTOR inhibitor” used herein refers to an
whibitor of mMTOR. mTOR s a serine/threonine-spectfic protein kinase downstream of the
phosphatidylimositol 3-kanase (PI3K YAkt {protein kinase B) pathway, and a kev regulator of cell

survival, proliferation, stress, and metabolism. mTOR pathway dysregulation has been found in

O
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many human carcinomas, and mTOR mhibition produced substantial mmhibitory effects on tumor

Progression.

{6194} The mammahan target of rapamycin (mTOR} (aiso known as mechanistic target of
rapamycin or FK306 binding protein 12-rapamyein associated protein T {FRAP1)) 15 an atypical
senne/threonine protein kinase that is present in two distinct complexes, mTOR Complex 1

(' TORC1)y and mTOR Complex 2 (mTORC2). mTORC 15 composed of mTOR, regulatory-
associated protein of mTOR (Raptor), mammalian lethal with SECI3 protein 8 (MLSTS),
PRAS40 and BEPTOR (Kim er of. (2002). Cell 110: 163-75; Fang er a/ {2001). Science 294
(5548} 1942-5). mTORC] integrates four major signal mputs: nutrients (such as amino acids
and phosphatidic acid), growth factors (insulin), encrgy and stress (such as hypoxia and DNA
damage}. Aming acid availability is signaled to mTORC] via a pathway involving the Rag and
Ragulator (LAMTOR1-3) Growth factors and hormones {e. g, insulin) signal to mTORCT via
Akt, which inactivates TSCZ to prevent indubition of mTORCY. Alternatively, low ATP levels
lead to the AMPK-dependent activation of TSCZ and phosphoryiation of rapior to reduce

mTORCI signaling proteins.

{0195} Active mTORC has a number of downstream biological effects including translation of
mBNA via the phosphorvlation of downstream targets (4E-BP1 and p70 56 Kinase), suppression
of autophagy (Atg13, ULK1), ribosome biogenests, and activation of transcription leading to
mitochondrial metabolism or adipogenesis. Accordingly, mTORC] activity promotes cither
cellular growth when conditions are favorabie or catabolic processes during stress or when

conditions are unfavorable.

10196} mTORC? is composed of mTOR, rapamycin-insensitive companion of mTOR
(RICTOR}, GBL, and mammalian stress-activated protein kinase inferacting protein 1 (mSINT).
In contrast to mTORCI, for which many upstream signals and cellular functions have been
defined {sce above), relatively litthe is known about mTORC? biology. mTORC2 regulates
cvioskeletal organization through its stimulation of F-actin stress fibers, paxiliin, RhoA, Racl,
Cdcd?2, and protein kinase C o (PKCa). It had been observed that knocking down mTORC2
components affects actin polvmerization and perturbs cell morphology {(Jacinio ef a/. {2004).
Nat. Cell Biol 6, 1122-1128; Sarbassov ef af. (2004). Curr. Biol. 14, 1296-1302). This suggests
that mTORC?2 controls the actin cytoskeleton by promoting protein kinase Co (PRCa)

phosphorylation, phosphorylation of paxallin and its relocalization to focal adhesions, and the
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GTP loading of RhoA and Racl. The molecular mechanism by which mTORC? regulates these

processes has not been determined.

{8197} In some embodiments, the mTOR inhabitor (such as a limus drug, e.g., rapamycin ora
derivative thereof) is an inhibitor of mTORC 1. In some embodiments, the mTOR inhibitor {(such
as a limus drug, e g, rapamycin or a derivative thergof} i3 an inhibitor of mTORC2. fn some
crbodiments, the mTOR inhibitor (such as a limus dag, e.g., rapamycin or a denvative thercof)

1s an inhibitor of both mTORLCT and mTORC2.

{0198} In some embodiments, the mTOR mnbibitor is a limus drug, which includes rapamycin
and 1ts analogs. Examples of hmus drugs include, but are not himited to, temrapamycin (CCI-
779}, everohimus (RADOO1), ndaforohmus {AP-23573), deforolimus { MK-8669), zotarolimus
{ABT-378}, pimecrolimas, and tacrobimus (FK-306). In some embodiments, the limas drug ig
selected from the group counsisting of temrapamycin (CCI-779), everolimus (RADOOT),
ndaforolimus {AP-23573), deforolimus (ME-8669), zotarolimus (ABT-378), pimecrolimus, and
tacrohimus (FK-306}. In some embodiments, the mTOR nhibitor 1s an mTOR kinase inhibitor,

such as CC-115 or £C-223.

{8199} In some embodiments, the mTOR inhabitor is rapamycin. Rapamycin is macrolide

antibiotic that complexes with FKBP-12 and inhibits the mTOR pathway by binding mTORCH.

[3208] In some embodiments, the mTOR. mhibitor 18 selected from the group consisting of
rapamycin {rapamycin}, BEZ235 (NVP-BEZ2335), everoclimus {also known as RADOOL,
Zortress, Certican, and Afimitor), AZD80SS temrapamycin {also known as CCE-779 and Torisel},
CC-115, CC-223, P1-103, Ku-0063794, INK 128, AZD2014, NVP-BGT226, PF-04691502,
CH5132799, GDC-0980 (R(G7422), Torin 1, WAY-600, WYE-125132, WYE-687,
GSK2126458, PF-05212384 (PKI-587), PP-121, OS1-027, Palomid 529, PP242, X1.765,

GSK1039615, WYE-334, and ndaforolimus {(also known as deforolimus).

{0201} BEZ235 (NVP-BEZ235) is an imudazoquilonine derivative that is an mTORCT catalytic
mhibitor (Roper §, ef al. PL0S One, 2011, 6(9), ¢25132}. Everolimus is the 40-0-(2-
hyvdroxyethvl}) denivative of rapamvycin and binds the eyclophilin FKBP-12, and this complex
also mTORCL. AZD80SS 15 a small molecule that inhibits the phosphorvlation of mTORCI
{p7056K and 4E-BP1}. Temrapamyecin 1s a small molecule that forms a complex with the
FK506-binding protein and prohibits the activation of mTOR when it resides in the

mTORClcomplex. PI-103 15 a small molecule that inhibits the activation of the rapamycin-
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sensitive {(mTORCI) complex (Knight er of. {2006) Cell. 125: 733-47). KU-0063794 is a small
molecule that inhibits the phosphorylation of mTORCH at Ser244% in a dose-dependent and
tume-~-dependent manner. INK 128, AZD2014, NVP-BGT226, CH3132799, WY E~687, and are
cach small molecule inhibitors of mTORCE. PF-04691502 inhibits mTORCT activity. GDC-
0980 1s an orally bioavailable small molecule that inkubits Class I PI3 Kinase and TORCI. Tornn
1 is a potent small molecule whibitor of mMTOR. WAY-600 is a potent, ATP-competitive and
selective inhibitor of mTOR. WYE-125132 is an ATP-competitive simall molecule inhibitor of
mTORCE GSK2126458 is an mhibiior of mTORCT. PKI-587 is a highly potent dual imhibitor
of PI3Kq, PE3Ky and mTOR. PP-121 is a multi-target inhibitor of PDGEFR, Hek, mTOR,
YEGFRZ, Src and Abl 081-027 is a selective and potent dual inhibitor of mTORCT and
mTORC? with IC50 of 22 nM and 65 nM, respectively. Palomid 529 13 a small molecule
ithibitor of mTORCT that lacks affinity for ABCBI/ABCG?2 and has good brain penetration
{Lineraf {2013) Int } Cancer DOL 10.1002/55c. 28126 (e-published abead of print). PP242 155
selective mTOR mhibitor. X1.765 1s a dual inhibitor of mTOR/PI3k for mTOR, p110a, p1105,
pli0y and p1106. GSK1059615 is a novel and dual inhibitor of PI3Ka, PI3Kf, PI3KS, PI3ky
and mTOR. WY E-354 inhibits mTORC! in HEK293 cells (0.2 uM-5 uM} and in HUVEC cells
(10 nM-1uM). WYE-354 15 3 potent, specific and ATP-competitive inhibitor of mTOR.
Deforolimus (Ridaforolimus, AP23573, MK-~2669) is a selective mTOR inhibitor.

B. Carrier Protein
10202} In some embodimends, the composition comprises an mTOR inhibitor and a carrier
protein. The term “proteins” refers to polypeptides or polvimers of amuno acids of any length
{imcluding full length or fragments), which may be linear or branched, comprise modified aming
acids. and/or be interrupted by non-amino acids. The term also encompasses an amino acid
polymer that has been modified naturally or by intervention; for example, disulfide bond
formation, glycosylation, lipidation, acetvlation, phosphorylation, or any other manipulation or
modification. Alsc included within this term are, for example, polypeptides containing one or
more analogs of an amino acid (including, for example, unnatural amino acids, ¢tc ), as well as
other modifications known in the art. The proteins described herein may be naturally occurring,
i.e., obtained or derived from a natural source {sach as blood}, or synthesized (such as
chemically synthesized or by synthesized by recombinant DNA techniques). Examples of
suttable carmer proteins ineclude proteins normally found in blood or plasma, which mnclude, but

are not limited to, albumin, immumoglobulin including IgA| lipoproteins, apolipoprotein B,
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alpha-acid glycoprotein, beta-2-macroglobulm, thyroglobulin, transferin, fibronectin, factor VII,
factor VI, factor IX factor X, and the like. In some embodiments, the carrier protein is nog-
blood protein, such as cascin, a-lactalbumin, and B-lactoglobuiin. The carrier proteins may

cither be natural in origin or svnthetically prepared.

10203} In some embodiments, the carrier proten is an albumin. In some embodiments, the

albunun 1s serum albunun. In some embodiments, the albumin is human serum albunun.
C. Other Components in the mTOR inhibitor Nanoparticle Composition

{0204} The nanoparticles described herein can be present in a composition that inchudes other
agents, excipients, or stabilizers. For example, to increase stability by increasing the negative
zeta potential of nanoparticles, certain negatively charged components may be added. Such
negatively charged components include, but are not hmited to bile salts of bile acids consisting
of glveocholic acid, cholic acid, chenodeoxycholic acid, tavrocholic acid,
glveochenodeoxveholic acid, taurochencdeoxycholic acid, litochohic acid, urscdeoxycholic acid,
dehydrochoklic acid and others; phospholipids including lecithin (egg volk) based phospholipids
which nclude the following phosphatidyicholines: palmitoyloicoviphosphatidvicholine,
palmitoyvilinoleoviphosphatidyicholine, stearovllinoleoviphosphatidvicholine
stearovioleovlphosphatidylcholine, stcaroylarachidoylphosphatidylcholine, and
dipalmitoviphosphatidvicholine. Other phospholipids including Lo~
dimyristoviphosphatidvicholine (DMPC), dioleoyiphosphatidyicholine (DGPC),
distearvolphosphatidylcholine (DSPC), hyvdrogenated soy phosphatidyicholing (HSPC), and
other related compounds. Negatively charged surfactants or emulsifiers are also suitable as

additives, e.2., sodium cholesteryl sulfate and the like.

3205} In some embodiments, the composition is suttable for admmistration to a human. In some
embodiments, the composition is suitable for administration to a mammal such ag, in the
veterinary context, domestic pets and agricultural amimals. There are a wide variety of suitable
formulations of the mTOR inhibitor nanoparticle composition {such as rapamycin/albumin
nanoparticle composition) (see, e.g., U. 8. Pat. Nos.5,916,596 and 6,096,331). The following
formulations and methods are merely exemplary and are in no way limiting. Formulations
suttable for oral administration can consist of (a) liquid solutions, such as an effective amount of
the compound dissolved in diluents, such as water, saline, or orange juice, (b} capsules, sachets

or tablets, cach containing a predetermined amount of the active ingredient, as solids or granules,
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{c} suspensions in an appropnate iquid, and (d) suitable emulsions. Tablet forms can nclude
one of more of lactose, mannitol, corn starch, potato starch, microcrystalling cellulose, acacia,
gelatin, colloidal silicon dioxide, croscarmellose sodium, tale, magnesium stearate, stearic acid,
and other excipients, colorants, diluents, buffering agents, moistening agents, preservatives,
flavoring agents, and pharmacologically compatible excipients. Lozenge forms can comprise the
active mgredient in a flavor, usually sucrose and acacia or tragacanth, as well as pastilles
corpnsing the active ingredient in an inert basc, such as gelatin and glycerin, or sucrose and
acacia, emulsions, gels, and the like containing, i addition to the active ingredient, such

excipients as are known in the art.

{8206} Examples of suitable carmers, excipients, and diluents include, but are not limited to,
lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates,
tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose,
water, saline solution, syrup, methvicellulose, methvl- and propylhvdroxybenzoates, tale,
magnesium stearate, and nmineral oil. In some embodiments, the nanoparticle composition with a
carrier as discussed herein 1s present in a dry formulation (such as fvophilized composition). The
formulations can additionally include lubricating agents, wetting agents, emulsifying and

suspending agents, preserving agents, sweetening agents or flavoring agents.

{0207} Formulations suitable for parenteral administration include aquecus and non-agueous,
isotonic sterile injection solutions, which can contain anti-oxidants, buffers, bacteriostats, and
solutes that render the formulation compatible with the blood of the intended recipient, and
aqueous and non-aqueous sterile suspensions that can include suspending agents, solubilizers,
thickening agents. stabilizers, and preservatives. The formulations can be presented i unit-dose
or multi~-dose scaled containers, such as ampules and vials, and can be stored in a freeze~-dried
{(Ilvophilized) condition requiring only the addition of the stenle liguid excipient, for example,
water, for injections, mumediately prior to use. Extemporancous injection solutions and
suspensions can be prepared from sterile powders, granules, and tablets of the kind previously
described. Injectable tormulations are preferred.

10208} In some embodiments, the composition is formmlated to have a pH range of about 4 5 o
about 9.0, including for example pH ranges of about any of 5.0 to about 8.0, about 6.5 to about

7.5, and about 6.5 to about 7.0. In some embodiments, the pH of the composition 1s formulated

to no less than about 6, inchiding for example no less than about any of 6.5, 7, or 8 (such ags
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about 8). The composition can also be made to be 1sotonic with blood by the addition of a

suitable tonicity modifier, such as glycerol.
Pulmonary hypertension

10209} In some embodiments, the pulmonary hypertension is pulmonary arterial hypertension.
In some embodiments, the pulmonary hypertension is selected from the group consisting of
idiopathic pulmonary arterial hypertension (IPAH), heritable pulmonary arterial hyvpertension
{(HPAH), drug and toxm mduced PAH, PAH associated with connective tissue disease, and PAH

associated with congenital heart defocts.

{3218} In some embodiments, the pulmonary hypertension is severe pulmonary arterial
hypertension. In some embodiments, the pulmonary hypertension s World Health Organization
IWHO!L Function Class H, HI, or IV pulmonary arterial hypertension. In some embodiments, the
pulmonary hypertension is WHO Function Class I pulmonary arterial hypertension. In some
embodiments, the pulmonary hypertension 1s WHO Function Class I pulmonary arterial
hypertension. In some cmbodiments, the pulmonary hypertension is WHO Function Class IV

pulmonarv arterial hypertension.
Individual

{0211} In some embodiments, the individual is human. In some embodiments, the individual 1s

an adult.

10212} In some embodiments, the individual has had at least one prior therapy for pulmonary
hyvpertension. In some embodiments, the individual has had at least two prior therapy for
pulmonary hypertension. In some embodiments, the individual has had one or two prior therapy

for pulmonary hypertension.

{08213} In some embodiments, the prior therapy comprises a standard or commonly use
pulmonary hypertension therapy. In some embodiments, the prior therapy comprises a
vasodilator. In some embodiments, the prior therapy regulates vasodilation and/or
vasoconstriction. In some embodiments, the prior therapy s sclected from the group consisting
of a prostacyclin analogue, an endothelin-~1 receptor antagonist, a phosphodiesterase 3 (PDE-5)
ithibitor and a soluble guanylate cyclase (3GCY stimulator. In some embodiments, the prior

therapy 1s selected from the group consisting of epoprosienol, toprost, treprostinil, bosentan,
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macitentan, ambrisentan, sildenafil, tadalafil, and riociguat. In some embodiments, the second

therapy comprises a tyrosine kinase inhibitor {e. g.. imatinib}.

{8214} In some embodiments, the individual has progressed on the prior therapy. In some
embodiments, the individual did not respond to the prior therapy. In some embodiments, the

mdividual relapsed after the prior therapy.

{08215} In some embodiments, the individual is resistant, refractory, or recurrent to at least one,

two, or three prior therapies.

{8216} In some embodiments, the individual has a ligh level of fibrosis in the fung. In some
embodiments, the individual has a high level of angiogenesis in the lung. In some embodiments,
the individual has increased fibrosis in the lung. In some embodiments, the individoal has

mereased angiogenesis in the hung.

108217} In some embodiments, the individual has a baseline {measured shortly prior to imitiation
of the administration) 6MWD of about 1530-430 meters. In some embodiments, the individual
has a bascline forced vital capacity ratio of no less than 0.60. In some crmbodiments, the
mdividual has a foreed expivatory volume in one second (FEV1) of no less than about 55% of a
reference level (such as a predicted nomal level}. In some embodiments, the mdividual hasa
mean PAP of no less than about 25 mmHg. In some embodiments, the individual has a PCWP or
left ventricular end diastolic pressure (LVEDP) of no more than aboutls mm. In some

embodiments, the individual has a PVR of more than about 5 mmHg/L/min (Woods unit}).
Combination therapy

{0218 This application also provides methods of administering an mTOR inhibitor {(e.g,
rapamycin or 3 denvative thereof} mto a subject having pulmonary hypertension, wherein the
method further comprises administering a second therapy. In some embodiments, the second
therapy 1s a standard or commonly used pulmonary hypertension therapy. In some embodiments,
the second therapy comprises a vasodilator. In some embodiments, the second therapy regolates
vasodilation and/or vasoconstriction. In some embodiments, the second therapy is selected from
the group consisting of a prostacychin analogue, an endothelin-1 receptor antagonist, a
phosphodiesterase S (PDE-3) mhibitor and a soluble guanylate cyclase (sGC) stimulator. In
some embodiments, the second therapy is selected from the group consisting of epoprostenal,
tloprost, treprostinil, bosentan, macitentan, ambrisentan, sildenafil, tadalafil, and riociguat. In

some embodiments, the second therapy comprises a tyrosine kinase inhibitor (e.g., imatinib}.
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{8219} In some embodiments, the nanoparticle composition i1s adounistered simultancously with
the second therapy. In some embodiments, the nanoparticle composition is administered
concurrently with the second therapy. {n some crobodiments, the nanoparticle composition is
administered sequentially with the second therapy.

Rils

{0220] The application also provides kits comprising the compositions, formulations, unit
dosages, and articles of manufacture described herein for use in the methods of treatment,
methods of administration, and dosage regimes described herein. In some embodiments of any
of the kits, the kits may be used to treat pulmonary hypertension. In some embodiments, the
pulmonary hypertension 1s IPAH, FPAH, or APAH. Kits of the application include one or more
containers comprising rapamycin or a dentvative thereof-containing nanoparticle compositions
(formulations or unit dosage forms and/or articles of manufacture}, and in some embodiments,
further comprise instructions for use in accordance with any of the methods of treatment
described herein. In some embodiments, the kit comprises i} 8 composition comprising
nanoparticles comprising a rapamycin and a carrier protein {such as albumin} and i) instructions
for administering the nanoparticles and the chemotherapeutic agents simultancously and/or
sequentially, for treatment of pulmonary hypertension. In some embodiments, the pulmonary
hypertension is pulmonary arterial hypertension. In some embodiments, the pulmonary
hypertension is severe pulmonary arterial hypertension. In some embodiments, the pulmonary
arterial byvpertension is idiopathic pulmonary arterial hypertension. In various embodiments, the
amount of an mTOR inhibitor {e.g., rapamycin or a denivative thereof, e.g., rapamycein) in the kit
is included in any of the following ranges: about 0.1 mg to about 1 mg, about 1 to about 3 mg,
about 3 to about 6 mg, about 6 to about 9 mg, about 9 to about 12 mg, about 12 to about 15 mg,
or about 15 1o about 18 mg. In some embodiments, the amount of an mTOR mhibitor (2. 2.,
rapamycin or a dertvative thereof, e.g., rapamycin} in the kit 15 i the range of about 8.1 mg to
about 10 mg, such as about 1 mg to about 5 mg or about 5 mg to about 10 mg.

{8221} Instructions supplied in the kits of the application are typically written instructions on a
label or package msert {e.g., a paper sheet included in the kit), but machine-readable instructions
{e.g., mstructions carried on a magnetic or optical storage disk) are also acceptable. The

mstructions relating to the use of the nanoparticle compositions generally include information as
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to dosage, dosing schedule, and route of admunistration for the mtended treatment. The kit may

further comprise a description of selecting an individual suitable or treatment.

{8222} The present application also provides kits comprising compositions {(or unit dosages
forms and/or articles of manufacture) described herein and may further comprise instruction(s)
on methods of using the composition, such as uses further described herein. In some
cmbodiments, the kit of the application comprises the packaging deseribed above. In other
embodiments, the kit of the application comprises the packaging described above and a second
packaging comprising a buffer. It may further inclade other materials desirable from a
commercial and user standpoint, including other buffers, diluents, filters, needles, syringes, and

package inserts with instructions for performung any methods described herein.

{0223} For combination therapies of the application, the kit may contain instractions for
administering the first and second therapies simultaneously and/or sequentially for the effective
treatment of pulmonary hypertension. The first and second therapies can be present in separate
contamers or in a single container. It is understood that the kit may comprise one distinct
composition or two o7 more compositions wherein one composition comprises a first therapy

and onc composition comprises a second therapy.

10224} Kits may also be provided that contain sufficient dosages of an mTOR inbibitor {e.g.,
rapantycin or a derivative thercof, e g, rapamyein) as disclosed herein to provide effective
treatment for an mdividual for an extended period, such as any of a week, 2 weeks, 3 weeks, 4
weeks, 6 weeks, 8 weeks, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9
months or more. Kits may also include multipic unit doses of an mTOR inhibitor {e.g.,
rapamycin or a denivative thereof, e. 2., rapamyvcin} compositions, pharmaceutical compositions,
and formulations described herein and mstructions for use and packaged in quantities sufficient
for storage and use in phamacics, for example, hospital pharmacies and compounding
pharmacies. In some embodiments, the kit comprises a dry {e.g., lvophilized) composition that
can be reconstituied, resuspended, or rehvdrated to form generally a stable agueous suspension
of nanoparticles comprising an mTOR mhibitor {e.g., rapamycin or a derivative thereof, e.g.,
rapamycin} and altbumin {e.g., scrum albumin, e.g., human serum albumin). In some
embodiments, the kit comprises a dry {e.g., lvophilized) composition that can be reconstituted,

resuspended, or rehydrated to form generally a stable agueous suspension of nanoparticies
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coraprising an mTOR inhibitor {e.g., rapamycem or a denvative thereof, e.g., rapamycin) and
atbumin,

18225} The kits of the apphication are in suitable packaging. Suitable packaging include, but is
not limited to, vials, bottles, jars, flexible packaging (e. ¢, seled Mylar or plastic bags), and the
like. Kits may optionally provide additional components such as buffers and interpretative

mformation.

18226} Kits of the invention include one or more contamers comprising an mTOR inhibitor
nanoparticle composition {such as rapamycin/albumin nanoparticle composition) {or unit dosage
form and/or article of manufacture} suntable for sub-cutancous adnunistration. In some
embodiments, the kit further comprises matructions for use in accordance with any of the
methods described herein. The kit may further comprise a description of selection of individuals
suitable for treatment. Instructions supplied in the kits of the invention are typically written
mstructions on a label or package msert {¢.g., a paper sheet mcluded in the kif), but machine-
readable instructions (e.g., instructions carried on a magnetic or optical storage disk} are also

acceptable.
Methods of Making the Compositions

10227} Methods of making compositions containing carrier proteins and poordy water soluble
phammaceutical agents arc known in the art. For example, nanoparticles containing poorly water-
sohible pharmaceutical agents and carrier proteins {e.g , albumin} can be prepared under
conditions of high shear forces {e.g., sonication, high pressure homogenization, or the like).
These methods are disclosed in, for example, U5, Pat. Nos. 5,916,596, 6,306,405, and
6,537,579 and also in U.S. Pat. Pub. No. 2005/0004002A 1, which are cach hereby incorporated

by reference in their entireties.

10228} Bricflv, the an mTOR mhibitor {e. g., rapamy<cin or a derivative thereof, e. 2., rapamycin}
is dissolved in an organic solvent. Suitable organic solvents include, for example, ketones,
csters, ethers, chlornated solvents, and other solvents known m the art. For example, the organic
solvent can be methvlene chlonde, chloroform/ethanct, or chloroform/t-butanol (for example
with a ratio of about any of 1:9, 1:8, 1.7, 1.6, 1:5, 1.4, 1:3, 1:2, 11, 201, 301, 404, 5:1, 6:1, 704,
8:1, or &1 or with a ratio of about any of 3.7, 5.7, 4:6, 5.5, 6:5, 8:5,9:5,9.5:5, 5.3, 73, 6:4, or
$.5:0.5}. The sclution 1s added to a carrier protein {e.g., human serum albuminy. The mixture is

subjected to high pressure homogenization (e.g., using an Avestin, APY Gaulin,
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Microfhuidizer™ such as a Microfluidizer™ Processor M-110EH from Microfhndics, Stansted,
or Ultra Turrax homogenizer). The emulsion may be cycled through the high pressure
homogenizer for between about 2 to about 100 cycles, such as about 5 to about 50 cycles or
about 8 to about 20 cycles (e.g., about any of 8, 10, 12, 14, 16, 18 or 20 cycles). The organic
solvent can then be removed by evaporation utilizing suitable equipment known for this purpose,
mehuding, but not limited to, rotary evaporators, falling film evaporators, wiped film
cvaporators, spray driers, and the like that can be operated in batch mode or in continuous
operation. The solvent may be removed at reduced pressure (such as at about any of 25 mm Hg,
30 mm Hg, 40 mm Hg, 50 mm Hg, 100 mm Hg, 200 mm Hg, or 300 mm Hg). The amount of
tme used to remove the solvent under reduced pressure may be adjusted based on the volume of
the formulation. For example, for a formulation produced on a 300 mL scale, the solvent can be
removed at about 1 to about 300 mam Hg (e g, about any of 5-100 mm Hg, 10-50 mm Hg, 20-40
mm Hg, or 25 mm Hg} for about 3 to about 60 minutes {e.g., aboutany of 7, 8,9, 10, 11, 12 13,

14,15 16, 18, 20, 25, or 30 minutes).

08229} If desired, human albumin solution may be added to the dispersion to adjust the human
serem albumin to rapamycin ratio o1 to adjust the concentration of rapamycin in the dispersion.
For example, human serum albumin solution (e.g., 25 % w/v} can be added to adjust the human
serum albunmin to rapamycin ratio to about any of 18:1, 15,1 14:1, 13:1, 12:1, 11:4, 1001, &4,
8:1,7.5:1, 71,61, 5:1, 4:1, or 3:1. For example, human serum albumin sohution {e.g., 25 %
wiv} can be added to adjust the human serum albunin to an myTOR mhibitor {e.g., rapamyvein)
ratio to about any of 181, 15,1 141, 131, 12:0 10 100,94, 8.1, 750, 71, 61, 5.1, 4.1, or
3:1. For example, human serum albumin solution {e.g., 25 % w/v} or ancther solution is added to
adjust the concentration of rapamycin in the dispersion to about any of 8.5 mg/ml, 1.3 mg/mi,
1.5 mg/ml, 2 mg/mi, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10
mg/ml, 15 mg/ml, 20 mg/mi, 25 mg/ml, 30 mg/ml, 40 mg/ml, or 56 mg/ml. The dispersion may
be senally filtered through mudtiple filters, such as a combination of 1.2 um and 0.8/0.2 pm
filters; the combination of 1.2 pm, 0.8 um, 0.45 um, and 0.22 pm filters; or the combination of
any other filters known in the art. The dispersion obtained can be further lvophilized. The
nanoparticle compositions may be made using a baich process or a continuous process {e.g., the

production of a composition on a large scale).

{8238} Unless defined otherwise, the meamings of all technical and scientific terms used herein

are those commonly understood by one of skill in the art to which this application belongs. One
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of skill in the art will also appreciate that any methods and matenals similar or equivalent to

those described herein can also be used to practice or test the application.
{8231} The following Examples are provided to illustrate, but not limit, the application.
EXAMPLES

Example 1: Chnical Use of Nob-rapamvein for treatment of Severe Pulmonary Arterial
Hypertension

18232} This study was a dose-finding prospective phase 1, single arm, open-label, multi-
mstitutional study to determineg the maximuom tolerated dose (MTD), dose limiting toxicity
(DLT), safety, and prelunnary efficacy of 16 weeks of IV ABI-009 (nah-rapamycin} treatment
mn patients with severe PAH who are WHO Functional Class T despite best available

background therapy.

Treatment and results
i1 Part A.

{0233] ABI-009 was IV administered weekly to four subjects for up to 16 weeks. Two dose

tevels of ABI-009 were used (5 mg/m? and 10 mg/m?).

10234} All four subjects had Fuactional class HI according to the WHO set forth at the Dana
Point Classification 2008 Meecting prior to the treatment and failed at least two PAH therapics.
Specific dosages of ABI-009 for each subject 1s shown i FIG. 1B, All four subjects started with
10 mg/m? ABI-009 while three subjects had dose reduction during the treatment due to adverse
cvents. Specifically, subject #1 was administered with 10 mg/m? ABI-009 weckly for 16 weeks.
Subject #2 was administered with 10 mg/m?® ABI-009 on week |, 2, and 4, and was administered
with 5 mg/m® ABI-009 at week 5, 7-9 and 11-16. No dose of ABI-009 was administered at week
3, 6, and 10 for subject #2. Subject #3 was administered with 10 mg/m? ABI-009 at week 1-6
and with 5 mg/m? ABI-009 at week 7-16. Subject 4 was administered with 10 mg/m? ABI-009 at
week 1 and 2 and was administered with 5 mg/m? ABI-009 at week 5 and 6. No dose of ABI-
009 was admimistered at week 3, 4, 7, and & and the treatment was ended at week 9. Trough

concentration of rapamycin in whole blood for each week is shown i FIG. 1A,

10235} In the four subjects who were treated with 10 mg/m?® ABI-009, two of them developed
Grade 1 thrombocviopenia, which results in a temporary mterniption of ABI-009 administration

m one subject. Grade 2 rash was developed in two subjects. As a result, dose of ABI-00% was
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reduced n one subject, and administration of ABI-00Y was mterrupted i one subject. Other
adverse events reported include Grade 1 paresthesia, Grade 1 and Grade 2 hyperinglveendemia

or hvpercholesterolemia, Grade 1 diarrhea, Grade 3 Celluditis/imfection requining IV antibiotics.

18236] Asshown in Table 1, subject #3 had an unexpected improvement in 6 minute walking
distance (MWD} (). The major improvement was observed only after four weeks of
treatment. The 6MWD was increased from 290 m to 397.5 m. After 16 weeks of treatment, the
6MWII was increased to 425 m. The WHO Functional class for both subject #2 and subject #3
decreased from class I to class H after 8 weeks of treatment or 12 weeks of treatment.

{8237} The level of pulmonary vascular pressure (PVR), cardiac output ({CO}, and cardiac mput
{C1) at the end of the ABI-009 treatment were compared to that at week 0. In all three subjects
who had completed the sixtcen-week treatment of ABI-009, PVR were significantly decreased.

Surpnsingly, all three subjects also had remarkable increase in cardiac output (CO). See FIG. 2.
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Table 1.
| o | Resutl (ognty | WHO |6 Minute
Subject Number Visit | Week (normal ran oo - Funﬂctn onal ’ walking ‘
300 pe/mi) Class distance (m)
#1 SCR { 1,041 3 311.0
WS 3 3 293.0
WKS 9 644 3 308.0
W13 13 420 3 253.0
WK17 17 359 3 305.0
#2 WO 0 1,397 3 378.0
WK 5 1,716 3 N/AL
WK 9 1.367 3 N/A
W13 13 444 2 N/A
W17 17 2,510 2 N/A
#3 SCR ¢ 2.485 3 298.0
WKS 5 1,880 3 3973
WK 9 2,188 2 362.5
WEK13 13 1,349 2 392.5
ey 17 1,268 2 4250
#4 SCR ¢ 251 3 340.0
WKS 5 255 3 3373
EOT 9 170 3 317.5

SCR: at screening; WK week: EOT: end of treatment.
2 PartB.

{0238} In a modificd dose-finding portion of the study, 3 dosc levels of ABI-009 arc tested in
cohorts of 3 patients each (I mg/m®, 2.5 mg/m?, and 5 mg/m?} using the 343 dose escalation de-

escalation design.
3 Part (.
10239} PAH patients with WHO FC HH symptoms despite treatment with 22 PAH-specific

therapies are cligible. ABI-009 was given IV, weckly, for 16 weeks at 1 mg/m?, 2.3 mg/m?, 5

mg/o’, and 10 mg/m’® using a 3+3 dose-finding design. Primary endpoints include dose-limiting

! Subject #2 had injured ankle in car crash afier screening visit, so no data of SMWD for the duration of the
treatment.
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toxicities and adverse events. Secondary endponts include changes in WHO FC, 6MWD, and

hemodynamics.

{0244 Six patients received ABI-009 and enrollment 18 ongoing. Five patients completed 16
weeks of therapy. Four patients received ABI-009 at the original starting dose of 10 mg/m?: one
patient had no safety concerns, two patients required dose redaction to Smg/m® due to rash
{week 5) or paresthesia (week 73, and 1 patient discontinued treatment at week 8 duc to
cellulifis. Subsequently, dose-escalation scheme was modified to start at a lower dose of 1
mg/m*. Thus far, 2 patients have completed 16 weeks of ABI-009 at 1 mg/m’ without significant

safety concems.

18241} Functional and hemodyvpnamic parameters were summarized in FIG. 3 for the 5§ patients
who completed 16 weeks of ABL-0065. Each of the 5 paticnts had an improvement in some of the

parameters, even at the lowest dose.
4 PartD.

[0242] Asof Feb 22, 2019, 9 patients have received treatment with IV administration of ABI-
009. Four patients were treated with ABI-009 at a dose of 3-10 mg/m?, three at | mg/m?, and
two at 2.3 mg/m?. Among the nine patients, five patients have completed the 16 weeks of ABI-
009 treatment; one patient (treated with ABI-009 at a dose of 10mg/m?) discontinued early at
week 8. Three patients (including one patient treated with ABI-009 at the dose of | mg/m® and 2
patients treated with ABI-009 at the dose of 2.5 mg/m’} are currently in active treatment and

have not completed 16 weeks of therapy. See FIG. 4 for study design.

{9243} Primary endpoints mchude a) MTD, DLT, and safety profile of 16 weeks of IV ABI-0009
and b} safety profile of up to 48 weeks of treatment. Secondary endpoints inchide a} changes in
hemodynamics from baseline to end of treatment {("EOT™) (bascline and week 17} pulmonary
vascular resistance (PVR) (such as by right heart catheterization (RHC)), pulmonary artery
pressure (PAP}, pulmonary capillary wedge pressure {PCWP), central venous pressure (CVF)
and night atrial pressure; b} changes at every-4-week assessments (baseline and weeks 5, 9, 13,
and 17); doppler-echocardiography of right ventricular structure/function, 6-oun walk distance
(6MW D), WHO FC, pulmonary function testing; and ¢) 6MWD, WHO FC, and pulmonary
function test at every cight weeks of the extension phase (.., at week E9, E17, E23 and E23},
Exploratory endpomts include: a) PK and trough levels of rapamyven for weekly treatment in

paticnts with PAH; b} changes in PAH biomarkers: N-ferminal pro brain natriurctic peptide
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(NTproBNP), C-reactive protem, troponin; ¢) changes in quality of life (emPHasis-10
guestionnaire); and d) optional blood biomarkers for mTOR, correlative assessment with PAH

biomarkers, clinical efficacy/safety.

0244} Safety parameters were assessed among all the nine treated patients. Among the four
patients received ABI-009 at 10 mg/m? (original starting dose), one patient had no safety
concerns; two patients had the dose reduced to 5 mg/m? due to rash {week 3) or paresthesia
{(week 7) and completed therapy at 5 mg/m’® without further safety concerns; the remaining one
patient discontinued treatment at week 8 due to cellulitia,

{8245} Subsequently, the dosing schema was modified 1o escalate dosing from 1 mg/m?,
followed by 2.5 and 5 mg/m” if there were no safety concermns at each step. Two patients
completed 16-week ABI-009 at 1 mg/m? without significant safety concerns. One patient treated
at the same dosc level (7.e., 1 mg/m?) is ongoing at week |5 and no safety concerns were noted.

The 2.5 mg/m’ dose cohort is now enrolling with 2 patients treated to date.

10246} The most comumon adverse events {all grade 1 and 2) to date have been diarrhea (4
patients), and thrombocviopenia, rash, and fatiguc (2 patients for cach}. All occurred at the 10

mg/m* dose level and were managed with dose modifications and standard of care.

{0247 Efficacy parameters were assessed among the five paticnts that have completed sixteen
weeks of therapy. As shown m FIG. 5, three out of five patients mmproved from WHO
Functional Class HI to WHO Functional Class 1L Three out of five patients showed 16% to 47%
merease in 6MWD. Among them, two patients improved more than 130 meters in MWD, Four
out of five patients had reduction in PVR. The median PVR was reduced by 19% after sixtecn
weeks of treatment from 616 dyn.sec/om’ to 498 dyn sec/om®. Two patients have shown a more
than 30% decrease in PVR post-treatment. Three patients at the 10 mg/m? dose level had 38% to
62% increase in cardiac output, along with an improvement in cardiac index. Forced vital
capacity {(FVC) was also measured during pulmonary tunction test. The median FVC were
mereased by 109 post 16-week treatment. A median of NT-proBNP was reduced by 53% from
1041 pe/mL to 492 pg/mk post 16-weck treatment. Four out of five patients have had a decrease
m the NT-proBNF fevels suggesting an improvement m left ventricular function. Note that one
patient at dose level 10 mg/m’ was in a car accident that resulted in a fractured foot during
course of therapy . For this particular patient, while most parameters improved, the MWD did

not.
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{06248} Changes in guality of life was assessed by EmPHasis10. The total score for five patients
improved from 146 at baseline to 99 at week 17, Per patient median {range) improved by 30%.
{0249} Taken together, all patients completing 16 weeks of therapy with ABI-009 combined
with standard PAH therapy showed some improvement in functional capacity and/or
hemodynamics.

{3238} Dosc finding is ongoing, however, interim safety and efficacy results, including
functional and hemodynamic measures support the ongoing nvestigation of ABL-009 in patients
with severe PAH.

18251} During the study, sirolimus trough levels (whole blood) in patients treated with different
doses of ABI-009 were assessed. Results were shown in Table 2.

{62532} Table 2. Sirolimus trough level {(whole blood} data from Chmical study

Dose 18 mg/m? 5 mgim? 1 mg/m?
Number of Patients 2 3 3
Adult or Pediatric Adult Adult Adult
M {# trough readings) 4 20 43
mean, ng/ml i1.0 6.6 2.8
stdev 4.3 3.0 2.3
min, 1g/mi 73 356 1
max, ng/ml 17.5 13.5 10.9

Study Population

{3253 Inclusion Crtenia includes the following. 1. Male or female age >18 vears old with a
current diagnosis of WHO Group 1 PAH inclading idiopathic pulmonary artertal hypertension
(IPAH]). heritable pulmonary arterial hypertension (HPAH), drug and toxin induced PAH, or
PAH associated with connective tissue discase, or congenital heart defocts (repaired greater than
1 year prior to Screening). 2. Must meet following hemodynamic definition prior to mnitiation of

study drug a. Mean PAP of =25 mmHg; b, PCWP or left ventncular end diastolic pressure

{(LVEDP) of <15 mm; ¢. PYR >5 mmHg/L/min {(Woods unit). 3. Functional class I according
to the WHO set forth at the Dana Pomt Classification 2008 Meeting. 4. On 2 or more specific
standard PAH therapies (for 212 consecutive weeks and at stable dose for =28 consecutive

weeks) unless documented inability to tolerate 7 standard therapics. 5. Mect the following
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criterta determined by pulmonary function tests completed at screening: a. Forced expiratory

volume in ong second (FEV 1} 255% of predicted normal; b. FEV L. forced vital capacity (FVC)
ratio =0.60. 6. SMWD =150 meters and <450 meters.

{0254} A patient was not eligible for inclusion in this study if any of the following criteria apply.
1. History of heart disease including left ventricular jection fraction (LVEF) <40% or
cimically significant valvular constrictive or atherosclerotic heart disease {mvocardial infarction,
angina, cerebrovascular aceident}. 2. History of malignancy in 2 years prior to enrollment. 3.
Pulmonary hypertension {PH) belonging to groups 2 to 5 of the 2013 Nice classification. 4.
Current o7 recent (<3 months) use of intravenous motropic or vasopressor agents for the
treatment of PAH. 5. Recent (<3 months) PAH related hospital admission. 6. History of allergic
reactions attributed to compounds of similar chemical or biologic composition including
macrolide (¢.g., azithromy<ein, clarithromycin, dirithromycin, and ervthromycin) and ketohde

antibiotics. 7. Unconirolled diabetes metlitus as defined by HbA lc >8% despite adequate

therapy. 8. Uncontrolied hyperlipidemia (serum triglycende =300 mg/dL). 9. Serum cholesterol
=350 mg/dL. 10, Surgery within 3 months of start date of study drug. 11. Baseline cviopenias: a.
Absolute Neutrophil Count <1.5 % 10%L; b. Hemoglobin <9 g/dL; ¢. Platelet count <
100,000/mm”. 12. Baseline liver disease: ALT/AST, total bilirubin, alkaline phosphatase =1.5 x

ULN. 13, Creatining clearance (Cockroft formula) <30 mi/min. 14, Paor use of an mTOR

inhibitor within previous 6 mouths from enrollment. 15, Previous lung transplant. 16, Usc of
strong inhtbitors and inducers of CYP3 A4 within the 14 days prior to receiving the first dose of
ABI-009. Additionally, use of any known CYP3A4 substrates with narrow therapeutic window
{such as fentanyl, aifentanil, astemizole, cisapnde, dihydrocrgotamine, pimozide, quinidine,

terfanide) within the 14 days prior to receiving the first dose of ABI-009.
Key Safety Assessment

10255] The AE toxicity grading scale used was the NCI CTCAE Version 4.1, A serious adverse
event {(SAE} was defined as an AE that meets at least 1 of the following serious criteria: 1) fatal;

2} life-threatening {places the patient at immediate risk of death); 3) requires mn-patient
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hospitalization or prolongation of existing hospitalization; 4) resulis in persistent or significant
disabtlity/incapacity; 5} congenital anomaly/birth defect; and 6) other medically important

serious event.
Key Efficacy Assessment

10256] The following were measured every week, everv four weeks at baseline and at 3, 9, 13,
and 17 weeks or at baseline and at 17 weeks: 1} Doppler-echocardiographic assessments of right
ventricular structure and function; 2} 6-minute walk distance (6MWDY); 3) Pulmonary function
test; 43 NT Pro-BNP; 3} CRP; 6) Troponin; 7) fasting lipids; 8) WHO Foactional class; 9)
rapamycin PK; 10) pulmonary vascular resistance (PYR) by right heart catheterization; 11}
pulmonary artery pressure (PAP): 12} pulmonary artery occlusion pressure {PAOP); 13)
pulmonary capillary wedge pressure (PCWP); 14) central venous pressure (CVP); 15) cardiac
output; 16} cardiac mput.

Example 2: Preclnical Studv of nab-rapamvan for Treating Pulmonary Arterial
Hyvpertension {(PAH)

10257} Preclinical studies were performed to evaluate the biodistribution of ABI-009.
I Part A

{0258] Single-dose ABI-009 IV at 1. 7mg/kg (10mg/m”) was administered to rats (3 rats/group).
Blood and organs were collected at 2, 8, 24, 72, and 120 hours to measure sirolimus

concentrations.

10259} The total tissue exposure (AUC) wag significantly higher in the hing versus other tissues
over 120 hours (P<0.0001, ANOVA). Surolimus lung concentrations were 3358, 2436, 1190,
322, and 171 ng/g at 2, 8, 24, 72, and 120 hours and tung/blood ratios were 57, 98, 125, 121, and

140, respectively. See FIG. 21.
2 PartB.

18268} The whole blood PK and tissue distribution at 24 hrs after nab-rapamyein IV
administration {dose 1 mg/kg) in rats {IN=3) to oral rapamycin (dose 1.6 mg/kg) in rats (N=5)
{5ee Napoli KL, Wang ME, Stepkowski SM, ¢t al: Distnbution of sirolimus in rat tissue. Clin
Biochem 30:135-42, 1997) were compared to determine relative uptake into the fung (target
organ for PAH) and liver (major excretion route for rapamycin). Blood and tissue levels were

measurcd by LO/MS/MS or HPLC.
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{3261} Asshown in FIG. 6, Blood levels at 24 hours were comparable. Nab-R (nab-rapamycin)
levels in fung were significantly higher than 1 liver (p<0.05); nob-R hung levels were
signiticanthy higher than estimated Oral-R 1o fungs (p<0.05); nabd-R liver levels were
significantly lower than estimated Oral-R in hiver (p<0.03). (Paired Student’s t-Test, used for all
comparisons.} The calculated tissue extraction ratios (concentration of rapamycin in
tissug/concentration of rapamyein in blood) in the fong were 72 and 24 respectively for nab-
rapanycin and oral rapamaycin indicating a 3-fold higher lung targeting for nab-rapamycin
{(P<0.05, student’s t-test). In contrast, the extraction ratios for the hiver were 27 and 43
respectively for nab-rapamycein and oral rapamycin, a 1.6 fold decrease for nab-rapamycin
suggesting a lower rate of hepatic uptake due to the albumin bound formulation and supporting a
longer persistence in the circulation. The roughly 2-fold higher levels in Iiver compared to lung
for oral rapamycin are expected since hepatic metabolism is the major excretion pathway for
oral rapamyein and confirms that there are no specific mechanisms to increase lung uptake for
oral rapamvein. The 2.6-fold higher levels in tung compared to liver for nab-rapamycin strongly
support specific transport mechanisms i the lung tissue resulting on mcereased lung uptake.
10262} The results demonstrate a high penstration of nab-rapamycin in fung tissue.

Example 3: Pharmacokinetics study following subcutaneous and intravenous dosing of
ABI-809 in Sprague Dawley (S} rats

[8263] Female SD rats received a single dose of nab-rapamycin (ABI-009) subcutaneously (e,
“SC7 or “subQ7) or mtravenously (IV), The study design is summarized below in Table 3. No
mflammation or toxicity was observed after administration at the subcutaneous injection sites at

any time point compared with the saline control (vehicle).

Table 3. Study Design of Single Dose of ABI-009 in Rats
Group Mo. mice Test Route of Bose Euthanasia
material administration time point
{hours)
i 3 vehicle 5C 0.5 mi/kg 168
2 3 ABI-009 SC 056 mgks | 24
3 3 ABI-009 SC 056 mgks | 168
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4 3 ABI-009 SC | Tmgkg | 24
5 3 ABI-009 SC | 7mgkg | 168
6 3 ABI-009 SC 5 me/kg 24
7 3 ABI-009 SC 5 me/kg 168
g 3 ABI-009 SC 95 mgkg | 24
9 3 ABI-009 SC 95 mgkg | 168
10 3 ABI-009 v 17 mghkg | 24
1 3 ABI-009 v 17 mgkg | 168

8264} After subcutaneous or intravenous injection of ABI-009, rapamycin concentrations in the
whole blood were measured at different time points. The results of the whole blood collections

are shown in FIGS. 7-9 and summanzed 1o Tables 4 and 5 below.

Table 4. Rapamycin Concentration after ABI-00% Administration

ABE-009 0.56 mg/kg SC | ABI-00% 1.7 mg/kg SC ABI-009 S mg/kg 8C
Time | Average | §D N Average | 5D N Average | SD N
(br) {(ng/ml} {ng/ml) {ng/ml)
0.25 14.70 3.66 3 2463 4.74 3 21.40 5.39 3
0.3 16.77 3.66 3 3093 6.37 3 1920 6.92 3
i 22.53 427 3 44.23 6.55 3 30.17 5.91 3
2 3740 1002 13 56.67 1.62 3 61.73 9.81 3
4 28.37 4.58 3 72.60 410 13 §6.60 2654 |3
& 2270 522 3 40.57 3.56 3 149.70 {8447 |3
24 6.95 1.29 3 11.80 1.80 3 2417 165 |3
48 4.13 110 3 575 0.80 3 6.87 2.04 3
72 4.57 3.51 3 732 396 3 3.59 0.27 3
96 1.89 0.52 3 237 0.80 3 1.80 0.54 3
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120 1.40 0.44 3 1.75 0.60 148 (.29 3
[68 1.01 0.28 3 1.1%8 0.19 0.90 0.39 3
Table 5. Rapamycin Concentration after ABI-009
Administration

ABI-009 9.5 me'kg 8C ABI-00% 1.7 mg/ke IV

Time | Average | SD N Average | 5D N
(br) {ng/mi) {ng/ml)

0.25 5170 31206 43 149.00 | 1664 |3
0.5 37.83 817 3 93.00 1075 |3
1 64.93 7.43 3 66.30 548 3
2 11627 {3619 {3 40.07 259 3
4 17167 {4957 i3 3480 0.85 3
8 28033 {7088 i3 22.13 3.86 3
24 30.03 482 3 8.85 1.46 3
48 8.93 1.20 3 4.66 1.53 3
72 3.09 2.08 3 2.95 0.85 3
96 2.58 0.84 3 1.78 0.42 3
120 176 0.44 3 1.39 0.36 3
168 409 5.06 3 0.87 0.30 3

{3268} Surprisingly, as summanzed in FIG. 10 and Table 6, below, subcutancous admimistration

enhanced bicavailability as indicated by total arca under the curve (AUC) compared with

mtravenous adounistration. Subcutancous administration of only 0.56 mg/kg ABI-009 produced

sirailar drug exposure at 1/3rd the dose of IV ABI-009 (1.7 mg/kg). Further, subcutancous

administration reduced the maximum concentration achieved (Cmax) and delayed the time to

It
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reach the maximum concentration {Cmax time). Rapamycin peak levels and AUC in blood

mereased with higher subcutancous ABI-009 doses.

Table 6. Pharmacokinetics of ABI-G09 Administration in Rats

Route sC sC SC SC 1A%
Dose (mg/kg) | 0.56 1.7 5 9.5 17
Cmax 3740 72.60 149.70 289.33 149.00

{ng/mL)

Cmax Time 2 4 g 8 0.25
(b}

AUC 8608 1451 2734 4813 962.6
{ng*h/mL})

Example 4: Biodistribution of ABI-009 after administration in rats

18266} Tissues were harvested from the rats described above m Example 3 at either 24 hours or
168 hours {see Table 3 for study design) post-administration by subcutaneous {(sabQ) or
mitravenous {1V} route of ABL-009. The concentration of rapamycin in particular raf tissues 24 or
168 hours post-administration 1s indicated in F1G. 11 (bone marrow and brain), FIG. 12 theant

and liver), and FIG. 13 (Jung and pancreas).

10267} The subcutancous route of adouinistration resulted in significant distribution to all organs
tested, includmg bone marrow, brain, heart, liver, lung, and pancreas. The pattern of organ
distribution was similar between subcutaneous and intravenous but subcotancous administration
at .56 mg/kg dose was able to produce similar tissug concentrations as infravenous
administration at 1.7 mg/kg dose. There was a significant drop 1n rapamyvcin concentration
between 24 and 168 hours i well-perfused organs mcluding the heart, hiver, lung, and pancreas.
However, the brain concentration was relatively stable between 24 and 168 hours.

Example 5: Toxicology study following repeated subcutaneous dosing of ABI-G09 in S0
rats

{0268} The objectives of the study were to assess the overall safety and local toxicity at injection

sites following repeated ABI-009 SC mjections in 5D rats. The signs of clinical distress were
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observed to determine toxicity. Skin samples from the injection sites were analyzed for signs of
mflammation and necrosis by histopathology.
18269} Fificen female Sprague Dawley (SD) rats weighing 160-180g were used 1n the study.
ABI-009 was dissolved in saline to prepare a stock solution (10 mg/ml), then further diluted in
HSA 0.9% saline solution to prepare subcutansous (volume: 1.0 mi/kg).

A, Study design
10278} Rats were divided into 3 groups of 3 animals each. Rats were weighed and dosed 5C as

specified in Table 7 every 4 days for 4 weeks (7 injections).

Table 7. Treatment Groups

Group | Number of Test articles ROA Dose Dose Schedul
Rats volume =
i 3 0.9% Saline SC - 1.0 Once
2 3 HSA 1 0.9% SC | 90 mg HSA/kg mi/kg cvery 4
Saling days for
3 3 ABI-009 SC 1.7mglkg 4 weeks
4 3 ABIL-009 SO 5 meg/ke
5 3 ABI-009 SC 10 mg/kg

SC = subcutancous injection
{8271} Animals were examined daily for clinical signs of overall toxicity and the local mjection
sites examined for reactions to subcutansous injection.
{0272} Whole blood samples were collected prior to cach injection for amimals receiving ABI-
009 (Groups 3, 4, and 5} and analyzed for trough sirolimus levels.
10273} Al anitmals were euthanized after 4 weeks and skin samples from local injection sites
were examined by histopathology for signs of local toxicity.

B. Experiment procedures

i. Duosing solution preparation

68274} Vehicle controls consist of 0.9% saline solution and HSA in 0.9% saline solution. Final
concentration of HSA solution is 90 mg/mi, based on the albumin:sirohimus ratio of 9:1 of the
test article ABI-009 (manufacture lot # C3453-001, Fisher lot #51394 .23, Each vial of ABI-009
(C345-001) contams 97 4 mg sirolimus and 874 mg human albumin. HSA saline solution is

dilated from 20% Grifols albumin stock solution {200 mg/ml).
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{8275} For ABI-00% dosmg solutions, first make a stock ABI-009 solution of 10 mg/mi, then
dilite to desired concentrations for dosing solution using HSA-saline solution. A vial of 160 mg
of ABI-009 was dissolved in 10 ml of 0.9% saline to prepare a solution of 10 mg/mi.

18276} ABI-009 solution of 5 mg/ml was prepared by diluting 0.6 ml of stock solation (10
mg/mi) with 0.6 ml of HSA-0.9% saline to prepare a solution of 5.0 mg/ml for group 4. ABI-009
solution of 1.7 mg/ml was prepared by diluting 0.3 ml of ABI-009 solution from group 4 (5.0

mg/ml) with 0.6 ml of H5A-0.9% saline to prepare a solution of 1.7 mg/ml for group 3.
2. Dosing

{6277} The rats were anesthetized, weighed, and administered with ABI-009 solutions, HSA
soletion and saline according to Table 8 by subcutancous (5C) mjection every 4 days for 4

weeks (7 njections).

{8278} Table 8. Dosing volume

Group Test articles ROA | Dose (mg/kg) | Dosing Sol Dose
(mg/ml) Volume
{ml/kg)
i 1.9% Saline SC 0 0 1.0
2 HSAm 0.9% SC 0 (90 mg 0 (90 mg 1.0
Saline HSA) HSA)
3 ABI-009 SC 1.7 1.7 1.0
4 ABI-009 SC 5 5 1.0
5 ABI-009 SC 10 10 1.0

{8279} Rats were examimed once daily for clinical signs of overall toxicity and the local
mjection sites for reactions to subcutancous injection. The signs of chinical distress were
observed to determine toxicity. Piloerection, weight loss, lethargy, discharges, neurological
symptoms, morbidity, redness and inflammation of injection site, and any other signs considered
abnormal for anmimal behavior. Pictures of the injection site for all rats were taken before and

after the 5C injection.
3. Sample collection and analysis

{0288} For rats treated with ABE-G09 (Groups 3, 4, and 5), rats were anesthetized and bled for
samples nio pre-chilled KZEDTA tubes before cach administration (except 1st dose). Whole
blood was collected, stored in labeled Eppendorf tubes at -80°C, and analyzed for trough

sirohimus levels.
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{3281} All animals were euthamzed at the final euthanasia pomts of Day 29 (96 hrs post week 4
Day 25 ABL-009 adnunistrations). At the final euthanasia time point, whole blood samples were
collected for analysis of trough sirolinws level. The brain, lung, liver, beart, pancreas, and bone
marrow were collected, flushed with sahine to remove the blood, divided into 2 portions, and
flash frozen in individually labeled tabes, and stored at -80°C. The frozen blood samples from
ABIE-009 treated groups {(Groups 3, 4, and 5} are shipped on dry ice to BASI. Trough sirolimus
blood levels were analyzed by BAS1 by LE/MS/MS method.

[0282] Atthe final cuthanasia time point, skin and lower dermal laver at region of §C
adnunistration were gxcised for histological analysis bv H&E staining for signs of inflammation
by histopathology. Fifieen formalin-fixed rat skin samples were subject to hustopathologic
measurement and processed routinely. One slide from cach block was sectioned and stained with
hematoxyhin and cosin (H&E). Slides were evaluated by a board-certified veterinary pathologist
using light microscopy. Histologic lesions were graded for severity 0-3 {(O=not present/normal, 1
=munimal, 2 = mild, 3 = moderate, 4 = marked, 5 = severe}. Mean scores of difterent groups
were analyzed by t-test.

. Resulis

4. Systemic toxicity

{0283] The signs of chinical distress were observed daily to determing toxicity. Piloerection,
weight loss, lethargy, discharges, neurological symptoms, morbidity, redness and mflammation
of injection stte, and any other signs considered abnormal for animal behavior. Rats were normal
post dosing of saline, HS A, and ABI-009 at current dose regimen (1.7-10 mg/kg, 7 doses), with
no signs of chinic stress observed during the study.
10284} There was no body weight loss (<1 20%), and all treatment groups gained weight during
the study {Table 9). The results showed that rats tolerated subcutancous injection of ABI-009

over a dose range of 1.7-10.0 mg/kg.

103285} Table 9. Effect of Treatment on the Body Weight of Rats

Body weight
, , (g}
Groups Mouse! Day 1 Pay5 | Day?© Day Day 17 Day 21 | Day 25
# i3
Group 1 i 181 187 195 202 207 210 213
0.9% salme 2 260 196 206 210 214 218 228
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1 mi/kg 3 187 191 193 201 204 209 219

average; 189 191 198 204 208 212 220

SD 971 451 7.00 493 513 493 7.55

Group 2 4 132 1838 196 201 210 212 222

HSAm0.9% 5 197 200 208 214 223 226 239
saline

1 mi/kg 6 173 180 188 199 207 211 216

average] 184 189 197 205 213 216 226

3D 12.12 10.07 16.07 3.14 7.37 8.39 11.93

Group 3 7 191 189 192 199 207 206 215

ABE-009 8 186 189 186 163 199 200 209

1.7 mg/kg 9 186 188 189 195 205 205 212

average, 188 189 189 196 204 204 212

sD 2.89 .58 3.00 3.06 4.16 321 3.00

Group 4 10 193 193 192 196 260 199 208

ABI-009 i1 181 182 189 193 195 198 202

S mg/kg 12 196 197 180 195 204 202 208

average] 191 16} 190 165 200 200 206

SD 8.39 777 1.53 1.33 451 2.08 3.46

Group 5 13 132 179 182 183 191 192 198

ABIE-009 14 188 180 187 189 193 198 197

10 mg/ke 15 190 183 189 193 198 195 204

average; 187 181 186 188 194 195 200

SD 416 2.08 3.61 5.03 3.61 3.00 3.79

5. Local toxicity

10286} Fificen formalin-fixed rat skin samples from the region of SC administration were
subject to histopathologic measurement. Histopathologic findings in skin samples ineluded

necrosis and mixed mfiltrates of mflammatory cells m perivascular zones; both lesions were

observed in the subcutaneous tissues/subcutis.

{0287] Necrosis was focal and characterized by a region of loss of normal cells, neutrophil

mfiltration, hemorrhage, and fibrin exudation, with variable adjacent fibroplasia. Necrosis was

only observed in samples from animals treated with ABI-009 at 5 mg/kg (Group 4. 1 animal

with minimal necrosis) and 10 mg/kg (Group 5, all 3 animals with mild to marked necrosis) dose

levels, whereas salme (Group 1), HSA (Group 2), and ABI-009 at 1.7 mg/kg (Group 3) caused

no necrosis. See Table 10 and FIG. 14, Only ABI-009 at the highest dose of 10 mg/kg showed

significantly increased necrosis score compared with HSA group (P = 0.02, t-test).

Table 10. Effect of Treatment on the Body Weight of Rats
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Mixed
infiltrate,
‘ Necrosis, perivascular,
Group Sample subcutis subcutis
1 0 i
2 0 i
Group 1 {0.9% Saline) 3 0 1
mean 0.00 1.00
SEM 0.00 0.00
4 0 2
3 O 3
Group 2 (HSA in 0.9% 6 ¢ 3
galine} mean 0.00 267
SEM (.00 0.33
pvsGrp i 0.01
7 0 i
% { 2
Group 3 (ABI-009, 1.7 g ¢ I
mg/kg) mean 0.00 1.33
SEM (.00 0.33
pvsGrp2 0.05
10 { 2
11 1 2
Group 4 {ABI-009, 5 12 ! 2
mg/kg) mean 0.33 2.00
SEM (.33 0.00
pvsGmp 2 0.3 0.12
13 2 3
14 4 3
Group 5 {ABL-009, 10 13 2 2
mg/kg) mean 2.67 2.67
SEM 1.00 0.00
pvsGrp 2 0.02 1.00

{0288] Mixed mflammatory cell infiltration in subcuticular perivascular zones was characterized
by miiliration and aggregation of lymphocyies, plasma cells, macrophages, occasional
multinucleated giant cells, and variable numbers of neutrophils. Mixed inflammatory cell
mfiltration was observed in all treatment groups, with mean scores being the highest in animals
treated with HSA {Group 2) and ABI-009 at 10 mg/kg (Group 5). For low dose ABI-009
mjection at 1.7 mg/kg (Group 3), the mean score was similar to control group receiving saline

mjection (Group 1). See Table 10 and FIG. 14 High mixed inflammatory coll mfiltration
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observed n the HSA group (Group 2) compared with saline control (P = 0.01, t-test) suggesis
that local mflammation was largely caused by the injection of the heteroprotein human serum

albumin.
18283} Representative histology images for rats in each groap were shown in FIGS. 15-19.

{0290} For ABI-009 treatiuent groups, there were dose-associated ncreases in local toxicitics
with increasing ABI-009 dose. At the lowest dose of ABI-009 1.7 mg/kg, the histology of local
mjection sites was similar to the saline control group; whereas necrosis and subcutangous tissue
mflanunatory cell infiliration were the most severe in the ABIL-009-treated animals at the 10

mg/kg dose level.
6. Trough sirolimus bloed levels

10291} Trough sirohimus blood samples were collected before cach injoction (at Dav 5, 9, 13, 17,
21, 23, 29} for groups ircated with ABI-009 (except the 1* dose on Bay 1) and analyzed by
BASi using LC/MS/MS method. Individual trough levels are shown m Table 11. Most trough
sirolinmus blood levels 4 davs after SC injection were consistently in the range of 2-20 ng/ml.
Two samples in the ABI-009 10 mg/kg group (Group 3) were clearly outliers. The reason for
this observation cannot be ascertained. However, the abnormal high trough levels only occurred
i the highest ABI-009 dose group that also showed nuld to marked necrosis in the subcutanecus
tissuc, suggesting that skin lesions may hamper the normal absorption of ABI-009 and lead to

prolonged drug retention.

Table 11. Trough Sirolimus Blood Levels

Days Group 3 (ABI-009 1.7 Group 4 (ABI-009 5 Group 5 (ABI-009 10
/1D mg/ke) me/ko) me/kg)
#3-7 #3-8 #3-9 1 #4-10| #4-111 #4-12 #5-13 | #5-14 1 #5-15
3 3.1 2.38 2.56 45 3.63 6 3.28 8.37 4.54
9 5.56 7.91 4.16 6.42 4571 767 19.1 19.3 4.64
i3 2.92 3.1 3.35 18.3 597 6.8 4.9 6.64 3.87
17 4.02 13 2.04 1.5% 3.64 97 114 6.79 144
ALQ
21 0.24 1.69 3.39 3.44 3.63 4.8 201%1 683 527
25 5.32 2.18 3.06 7.03 4.5 19.7 3.28 §.34 5.6
29 3.04 317 2.77 5.1 3641 903 4341 469 028*
Mea
n 3.760 6.793 7.683
SEM (.5736 1.005 1.139
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{3292} For cach ABI-009 treatment group, there was no signmificant drug accumulation over the
ume course of the study, as trough blood sirolimus levels remained generally stable. There wasa
dose-dependent increase in mean trough blood sirolimus levels with increasing ABI-009 dose.
Compared with ABI-009 1.7 mg/kg group, higher trough levels were observed in ABI-009 5
mg/kg group (P = 0.06) and 10 mg/kg group (P = 0.01) (FIG. 20).

{0293 In summary, rats were normal post dosing of ABI-009 at current dose regimen (1.7-10
mg/kg, 7 doses}, with no body weight loss observed during the study. The histopathology results
demonstrated dose-associated local signs of toxicity, with mild to marked necrosis at the highest
ABI-009 dose (10 mg/kg). Mixed inflammation cells infiltration may possibly be caused by the
heteroprotein HSA. ABI-009 at 1.7 mg/kg (solution concentration 1.7 mg/ml) showed local
mjection responses stmilar to saline control. There was no significant drug accunmtation
following repeated SC injections. Trough blood sirolimus levels increased with higher ABI-009
dose.

68294} The results showed that rats tolerated systemically with multiple doses of ABL-009 gvera
range of 1.7-10.0 mg/kg with subcutanecous injections. Locally, ABI-009 solution at 1.7 mg/mi

concentration was well tolerated. There was no adverse effect observed for this dosage level.
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CLAIMS

1. A method of treating pulmonary hvpertension in an individual, comprising administering
to the individual a composition comprising nanoparticles comprising an mTOR inhibitor and a
carrier protein, wherein the dose of the mTOR mhibitor in the composition is no more than about

10mg/m?.

2. The method of claim I, wherein the dose of the mTOR mhibitor in the compostiion is no

less than about 0.1 mg/m”.

3. The method of claim 2, wherein the dose of the mTOR mhibitor in the composition is no

tess than about 5 mg/m’.

4. The method of claim 1 or claim 2, wherein the dose of the mTOR imhibitor in the
composition is no more than about S mg/m?.
3. The method of claim 4, wherein the dose of the mTOR inhibitor 1n the composition is

about 3 mg/m?

6. The method of any one of claims 1-5, wherein the concentration of the mTOR mhbibitor
i the blood 1s at keast about 2 ng/mi five days after administeation of the nanoparticle
composition.

7. The method of any one of claims 1-6, wherein the concentration of the mTOR mhibitor
in the blood 15 no more than about 20 ng/ml seven days after administration of the nanoparticle

composifion.

3. The method of any one of claimg 1-7, wherem nanoparticle composition is administered

at least once a week.

9. The method of any one of claims 1-7, wherein the nanoparticle composition 1s

admuustered no more than once a week.
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10 The method of claim 9, wherein the nanoparticle compostiion is admimistered once a
week.
i1 The method of claim 9, wherein the nanoparticle composition 18 administered once every

two weeks, two out of three weeks, or three out of four weeks.

12. The method of any one of claims 1-11, wherein the nanoparticle composition is
¥ >

adminstered for at least about four weeks.

13. The method of any one of claims 1-12, wheremn the pulmonary hypertension is

pulmonary arterial hypertension.

14 The method of any one of claims 1-13, wherein the pulmonary hypertension is selected
from the group consisting of idiopathic pulmonary artenial hypertension (IPAH), heritable
pulmonary arterial hyvpertension (HPAH), drug and toxin induced PAH, PAH associated with

connective tissue discase, and PAH associated with congenital heart defects.

15. The method of claim 13 or claim 14, wherein the individual has a WHO functional class

I or IV pulmonary artenial hvpertension.
16, The method of any one of claims 1-13, wherein the mTOR imhibttor is the only
pharmaceutically active agent useful for treating pulmonary hyperiension that 1s admunistered to

the individual.

17. The method of any one of claims 1-16, wherein the composition comprises more than

about 30% of the mTOR mhibitor in nanoparticle form.

18. The method of any one of claims 1-17, wherein the nanoparticle composition is

administered parenterally.

19, The method of claim 18, wherein the nanoparticle composition is administered

mtravenousty.
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20, The method of claim 18, wherein the nanoparticle composition is administered
subcutancously.

2% The method of any one of claims 1-20, wherein the mTOR mhibitor is rapamycin.

22, The method of any one of claims 1-21, wherein the individual has had at least one prior

therapy for pulmonary hypertension.

23 The method of claim 22, wherein the individual has had at least two prior therapies for

pulmonary hypertension.

24, The method of claim 22 or claim 23, wherein the prior therapy comprises administering
an agent sclected from the group consisting of a prostacyelin analogue, an endothelin-1 recepior

antagonist, a phosphodiesterase 5 (PDE-3) inhubitor and a soluble guanviate cyclase (sGC)

stimulator.

25. The method of any one of claims 22-24, wherein the individual has progressed on the
prior therapy.

26, The method of any one of claims 1-25, wherein the carrier protein is albumin.

27. The method of claim 26, wheremn the albumin is haman serum afbumin.

2%, The method of any one of claims 1-27, wherein the average diameter of the nanoparticles

in the composition is no greater than about 200 nm.

29 The method of any one of claims 1-28, wherein the weight ratio of the carrier profein to

the mTOR inhibitor in the nanoparticles 1s less than about 18:1.

30, The method of any one of claims 1-29, wherein the individual is buman.
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31, A unit dosage form for treatment of pulmonary hypertension compnising (a)
nanoparticles that comprise an mTOR inhibitor and a carrier protein, wherein the dose of the
mTOR inhibitor in the composition is no more than about 10 mg/n®, and (b} a pharmaceutical

acceptable carmer,

32, A kit comprising {a) nanoparticies that comprnise an mTOR inhibitor and a carrier
protein, wherein the dose of the mTOR inhibitor in the kit is no more than about 10mg/m’, and

(b) mstructions for using the kit in treating pulmonary hypertension.
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