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or gastrointestinal cancer cells a therapeutically effective amount of carboplatin in conjunction with a micelle composition that includes
a therapeutically effective amount of paclitaxel, 17-AAG, and rapamycin, wherein the weight ratio of paclitaxel, 17-AAG, rapamycin,
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MULTLEDRUG MICELLE COMBINATIONS WITH CARBOPLATIN

STATEMENT OF GOVERNMENT SUPPORT

{017 This mvention was made with government support under ALIOT137 awarded by the

Mational Institutes of Health, The United States government has certain righis in the invention.

FIELD

{6082]  The present technology relates generally to treatment of lung cancer, breast cancer,
gynecological cancer, and gastrointestinal cancer with a combination carboplatin (CBT) and 3
micelie loaded with paclitaxel (PTX), {7-allylamine-17-dimethony-geldanamycin {(17-AAG),

and rapamycin (RAPA).
SUMMARY

(00631 The present technology provides methods for the weatment of lung cancer, breast
cancer, gynecological cancer, and gastrointestina! cancer employing a corgbination of
carboplatin and a multi-drug micelle chemotherapy including paclitaxel, 17-AAG, and
rapamycin. The weight ratic of paciitaxel, 17-AAG, rapamycin, and carhoplatin may be about
L to abowt 5:5:1:100 Tt bas been found that carboplatin in combination with the micelles
exhibit synergistic anti-cancer activity in vitre and/or potent anti-cancer sfficacy in vive. The
micelies include poly(ethylene ghycol-block-poly(factic acid) (PEG-b-FLA) and are highly
offective at sohubilizing the hydrophobic anti-cancer drugs. The method may include
sdrinistering a coroposition that includes the carboplatin and the micelle composition. Various
lung cancers may be treated by the present methods, including small cell lung cancer andfor
son-sroall celf ung cancer {e.2., squamous cell carcinoraa, adenoearcinoma, andfor large cell
carcinoma). In some ernbodiments, the fung cancer may include non-smalf cell adengcarcinoma
lung cancer), In addition, bresst cancer, gynevolngical cancer, and gasirointestinal cancer may

be treated using the present methods,

[65004] The present methods include administering o lung cancer, breast cancer, rvanecological
caneer, and gastrointestinal cancer, or a combination of two or more thereof, a therapeutically
effective amount of carboplatin and 2 therapeutically effective amount of 2 micsile composition
including paciitaxel, 17-AAG, and rapamycin. The weight ratio of paclitaxsl, 17-AAG,
fapamyein and carboplatio, may be about 1111 to about 5:5:1:10. For example, the

composition may have s ratio by mass of about 1111 to abow 5:5:1:8 of paciitaxel, 17-AAG,
1
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rapamycin, and carboplatin or about 2:2:1:2 1o about 2:3:1:5. In any embodiment of the present
metheds, the therapeutically effective amount of each drug may be about 2-80 roglg of
paclitaxel, about 2-90 mg/kg of 17-AAG, abowt 1-530 mg/kg of raparayein, and about 2-9% mg'kg
of carboplating The roicelles inchude PEG-b-PLA and contain paclitaxel, 17-AAG, and
rapantyein, The polyv(ethylene glycel) block of the PEG-b-PLA may have a molecular weight
(M) of about 1,500 gimo! to abowt 30,000 g/mol, and the poly(lactic acid) block of the FEG-b-

PLA may have a molecular weight of about 1,500 to about 30,000 g/mol.

{B885]  The present methods also include administration o the cancer cells in vitro o1 in vive,
where iz vive adrpinistration can be to hing (and/or breast cancer and/or gynecological andfor

gastrointestinal) cancer cells in a subject, for example, a urnan subject,

(085 The present technology also provides kits and corppositions nchuding the carboplatin

and the micelle composition deseribed herein.

100871 The foregoing swrmary is ilustrative only and {5 not intended to be In any way
Hmiting. In addition to the ithestrative aspects, embodiments and features described above,
further aspects, embodiments and featores will becoros apparent by reference s the following

drawings and the detailed description.
BRIFF DESCRIFTION OF THE DRAWINGS

[O008]  FIG. 1 shows acute toxicity after daily IV injection for 3 days (Day &, Land D) in

healthy BALB/c mice: Control (8aline), PTX (PTXK-loaded micelle at 30 mgdeg), TRIO (PTX,
1T-AADG, and RAPA (60, 50, and 30 ma/kg)) and TRIO-CBT (PTX, 17-AAG, and RAPA {50,
50, and 30 mg/kg) and 60 mpfkg CBT) by tail-veln IV injections. The results of relative body

weight (%) are shown as Mean & 8D, n= 3 per group, **, P < 4.05.

(660%]  FIGS. 2A-2C show antitemor activity of PTX-CBT, TRID, and TRIO-CBT in an A349
numer xenograft mouse model, Mice bearing A349 flank turnors were treated with Control
{saling), PTX-UBT (PTX and CBT at 15 and 15 mg/kg), TRIO (PTX, 17-AAG, and RAPA (15,
15, and 7.8 me/kg)) and TRIO-CBT (PTX, 17-AAG, and RAPA {15, 15, and 7.5 mg'kg) and 15§
mgfrg CBT) by tail vein IV Injection. FIG. 2A show tumor volume, FiG. 2B shows Kaplan-
Meier survival analysis, and FIG. 2C shows relative body weight, Mice recelved 3 weekly

injections foliowed by ons week off for 3 cycles, Mean 2 5D n = & per group, **, P <005
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DETAILED DESCRIPTION

T8016]  in the following detailed description, reference is made to the accompanying drawings,
which form a part hereof. In the drawings, similar syrabols typically identify simifar
components, unjess context dictates otherwise. The Hlustrative embodirments described in the
detailed description, drawings, and claims are not meand to be limiting. Qther embodiments may
he utilized, and other changes may be made, without departing from the spirit or scepe of the

subject matier presented here.

(0811} All publications, patent applications, issued paterts, and other documents referred 1o in
this specification are berein incorporated by reference as if each individual publication, patent
apphication, fssued patent, or other document wag specifically and individuatly indicatad to be
incorporated by reference in its entirsty, Definitions that are contained in text incorporaisd by

reference are excluded 1o the extent that they contradict definitions in this disclosure.

(00121 The present tachnology provides new methods of treating lung, breast, gynecological,
andfor gastrointestinal cancer that take advantage of the surprising effect of combining
carboplatin and mulii-drag combinations of anti-cancer agents delivered by certain types of
micelles. Polylethylene glycol)-block-poly(lactic acid) (PEG-b-PLA) forms a riicelar muli-
drug delivery system, that i advantageous for, but not Hmited to, poorly water sohible drugs.
For example, PEG-b-PLA can safely deliver the three drug combination of paclitaxel, 17-AAG,
and rapaniyein in cancer treatments {g.g., Triclimus or TRIO, which containg all three drugs). It
has now heen discovered that combinations of carboplatin in conjonction with TRIO provide
significantly enhanced snti-cancer effects compared to the combination therapy of carboplatin
and paslitaxel alove. Certain combinations of paclitaxel, 17-AAG, raparoyein, and carboplatin
may not only slow tumor growth but drive tumor regression, i some embodiments, the present
technology may also have reduced toxiclty compared to the combination therapy of carboplatin

and paciitaxel alone.

(08131 Thus, the present technology provides methods of treating cancer (2.8, ling cancer) of
inkibiting cancer cell {e.g., lung cancer cefl) proliferstion that include administering a
therapeutically effective amount of carboplatin in conjunction with a micelle compaosition
comprising a therapeutically effective amount of paclitaxel, 17- AAG, and rapamycin, wherein
the cancer cells include lung, breast, gynecological, gastrointestinal canecer cells, or a
combination of two or more thereof; the welght ratic of paclitaxel, 17-AAG, rapamycin, and

3



WO 2020/051228 PCT/US2019/049574

carboplatin is abont 11111 o sbout 5:5:1:10; and the micelle composition inchudes

poly(ethylens glyeol)-block-poly(lactic acid).

(514]  The present technology also provides a therapeotically effective amount of carboplatin
in conjunction with the wmicelle corapositions desoribed herein foruse ina method of treating
tung, breast, gynecedogical, gastrointestinal cancer, or & combisation of two or more thersof, In
somne ernbodiments, the method includes administering the therapeutically effective amount of
carboplatin and the micelle composition 1o lung, breast, gynecological, gastrointestinal cancer

calls, or & combination of two or more thereof,

(66151 In some aspects, the present methods can include adminisiering to lung, breast,
gynecelogical, gastrointestinal cancer cells, or a combination of two or more thereof, a
therapeutically effective amount of carboplatin in conjunction with the micelle composifions
described herein in vitro, For example, the present methods can include adounistering to fung,
breast, gynecologieal, or gastrointestinal cancer cells harvested from iaboratory culture, or any
simnilar i vitro cell growth procedurs known to a person having ordinary skill o the art, a
therapeatically effective amount of carboplatin in conjunction with paclitaxel, 17-AAG, and

raparmnyem-loaded micelle,

13016]  In some aspects, the present methods inciude adroinistering to hung, breast,
gynecological, or gastrointestinal cancer cells a therapeutically effective amount of carboplatin
in conjunction with the micelle composition deseribed herein in vive. In some embodiments, the
lung, breast, gynecological, or gastrointestinal cancer cells are in a subject, such as o Iumoan or
animal subject {e.g., mouse, rat, dog, cal, pig, borse, cow, mankey of the hke). In some aspects,
the present methods include administering to a subject having hung, breast, gynecologicsl,
gastrointestina] cancer, or a combination of two of raore thereof, a therapeutically effective
arnount of carboplatin and a therapeutically effective amount of the micelle compositions as
described herein. In certain embodinents, the micelle composition coraprises an agueous carmier

and is adroinistered to the subject intravenously or intraperitoneally.

(06171 In some erebodiments, the methods inhibit cancer cell growth d least about 100 days
afier administration. In some ermbodiments, the methods inhibit cancer cell growth st Jeast
about 110 days, at least about 120 days, at lsast about 130 days, or at least 144 days after

adrministration.
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(08187 Three-drug micelle compositions of rapamycin, paclitaxel, and 17-AAG can be
prepared using amphiphitic diblock polymers such as PEG-b-PLA as sot forth, e.g., in us
8,858,965 (incorporated by refersnce in its entivety herein). While not wishing to be bound by
theory, it is beligved that the bydrophobic pely(lactic acid) block of the polymers orient toward
the interior of each micelle, and the hydrophilic poly(ethylene glyeol} block of the polyrers
arient toward the exterior of each micelle. The drugs described herein are non-covalently
associated with the raicelles such that the drugs are solabilized by the niicelles, thereby forming
drug delivery systems. For example, the drugs described herein may ke encapsulated by the

micelles, and/or present in and/or on the micelle membrane.

(619 In the present technology, each of the polymer blocks of the PEG-b-FLA wihich forms
the raicelles, may sncompass a range of molecular weights so fong as the resulting polyroer is
capable of forming micelles in agueous solution, For example, the molecular weight of the
polv{sthylens glyeol) block can be about 1,500 to about 30,000 g/mol, and the molecular weight
of the poly(lactic acid) block can ba about 1,500 to about 30,004 /ool Suitable molecular
weights for the poly(ethylens glyeol) block include about 1,500, about 2,08, abowt 3,000, about
4,000, about 5,000, sbowt 8,000, ahout 8,000, about 10,000, about 12,000, shout 14,000, about
20,000, about 25,000, or about 33,000 gfraol, or a range between and inchiding any two of the
foregoing values. Suitable molecular weights for the poly(lactic acid) block include about
1,560, about 2,000, abeut 3,000, about 4,000, about 5,000, about 6,000, about 7,000, about
10,000, about 12,000, about 14,000, about 20,000, about 25,608, or about 30,000 gfrocl, or a
range between and including any two of the foregoing values, In some ernbodiments of the
present technology, the ranlecular weight of the poly(sthylene glycel} block can be about 4,000
to about 10,000 gfmol, and the molscufar weight of the poly(lactic acid) bloek can be about
2,000 to about 5,000 gimol. In certain embodiments, the mokecular weight of the poly{sthylene
glvcol) block can be about 10,000 to abmst 14,000 g/mol, and the molecelar weight of the
poly(lactic acid) block can be about 5,000 to abow 7,000 g/mel. In any embodiment, the
poly(athyiene glyeol) block of the PEG-b-PLA may have a molecular weight {Ma) of about
1,750 gfront to about 15,000 g/mel, about 2,000 g/mol to about 10,000 g/mol, or about 3,000
g/mol to about 3,000 gfmel; and the poly(lactic acid) block of the PEG-b-PLA may have &
molecular weight of about 1,500 to about 20,000 g/mol, about 1,75 to about 14,000 g/mol, or
about 2.000 to shout 5,000 g/mol Examples of suitable combinations of melecalar weights for

PEG-B-PLA inchide, but are not lmited to, abowt 2,000-2,000 (2K-2K), sbow IK-5K, about SK-
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3K, shout SK-6K, about 8K-SK, about 6K-6K, about S8K-4K, sbout 4K-TK, about TK-3K, about
AKTK, about 12K-6K, and/or about 8K-TK g/mol.

00261 The combined drug foading of micelles vsed in the present technology can be about 5
wt. % to about 50 wi.% with respect to the weight of the micelize (e, wi.% is equal 10
{combined weight of the drugs}/(wt of the polymers) x 100, Examples of such combined drug
loadines inchide about § wit%, about 10 wi%, about 15 wi%, about 20 wt%, about I5 wit%h,
ahout 30 wi%, about 35 wi%, about 40 wi%, about 45 wi%, abowt 50 wi%, or & range between
and including any of the foregoing individual valuss. Thus, in sorae embodiments, the
combined drug kading is about § wi. % fo about 40 wit. %, about § wt. % to about 30 wt, %,
about 10 wids to about 40 wil, shout 10 wid to about 30 wi%, about 10 wt. % o ghout T0 wt,

%%, or about 20 wi% o about 40 wi%h,

106211 Subject to the above combined drug loading limita, the drug foading in the micelles for
sach individual drug can be about 1 wi % o about 23 wt %, with respect 1o the weight of the
micelles. The drug loading of each drug can alss be about 1.5 wi. % to about 24 wt %, shout
175 wt % to sbout 20wt %, or about 2 wt % to abowt 15 wi %, with respect to the weight of the
micelies. Examples of individual drug loadings inciude about 1 wibh, about 2 wi%h, about 3
wih, about 4 wifh, shout 3 wi%, about 6 with, about 8 wi%, about 10 wi%, abowt 13wi%, abow
20 wi%, about 21 wi%, ahout 22 wt9, about 23 wi%h, about 24 wi% or abowt 25 wi%, or a range

between and including any two of the foregoing values.

(86221 The micelles may have a drug loading efficiency of one or more of pachitaxel, 17-
AAG, and raparnvein of at least about 70%, at least about 80%, at least ghout 5%, at least about
80%, or at least about 95%. In some embodiments, the micelles roay have a drug loading
afficiency of one or more of pacitaxe], 17-AAQG, and rapamycin between about 7% and about
HO0%, about 80% and about 99.99%, about §5% and about 99.9%, or about 90% and about

09%.

(66231 The weight ratio of pachitaxel, 17-AAD, and rapamyein in the micelles of the present
technology reay range from about 1:1:1 to about 551, about Bh:1 to about 5:5:1, about 3132 to
about 9:0:2, ahout 7:7:4 to about 4:4:1, o7 about 7:7:4 to about 31411, In some embodiments, the

weight ratio of paclitaxel, 17-AAG, and rapamycin is about 2:2:1 to about 2:3:1.
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10824] The weight ratio of paclitaxel, 17-AAG, rapamyein, and carboplatin in the present
technolngy may range from about 111 to about 5153110, about 1111 o abowt 5:5: 18,
about 13:2:3 to ahout ©:9:2:15, about T:7:4:7 to about 4:4:1.7, or about 7:7:4:7 10 shout 3:4:1:6.
In some enhodiments, the weight ratio of paciitanel, 17-AAG, rapamycin, and carboplatin is

about 2:2:1:2 to abowt 2:3: 1.5,

[025] A therapentically effective amount of paclitaxet and 17-AAG sach individually may be
about | mgfkg to aboot 100 me/kg (drug wifsubject wi) or about 2 mg/kg to about S0 mpke In
some embodiments, the therapeutically effective amount of paclitaxel and 17-AAG each
individually may be about 30 myg/kg to about 80 mygdg, about 40 rog/kg to about 73 meglky, or
about 56 mg/kg to sbout 70 mg/kg. In some embodiments, the therapeutically effective amount
of paclitaxel and 17-AAG each individually may be about 3 mg/kg to about 3 mgike, about 10

mg/ky to about 25 mgfkg, or about 10 my/ky to about 20 mg/kg.

{6026] A therapeutically effective amount of rapamycin may be about 1 mgikg to about S0
mg/kg {drag wifsublest wi), T some embodiments, the therapeutically effective amount of
rapamycin may be about 10 mg/kg to about 50 mgikg, about 20 mgike to sbout 40 mg/kg, or 25
rag/ke to about 35 mg/lky. In some embodiments, the therapeutically effective arpount of
rapamycin may be about 2.5 mg/lig to about 20 myg/kg, about 3 mgfkg to about 15 mp/kg, or

about 3 mg/lg to abow 10 mgikg.

[HI27] A therapeutically effective amourt of carboplatin may be abowt 1 mg/kg o about 100
mg/ke (drug wifsubject wi) or about 2 mg/ky to about 50 mg/kg. In some srbodiments, the
therapeutically effective amount of carboplatin may be about 3 mg/kg 1o about 86 mpfkg, about
40 mglkg to abowt 75 mgikg, or about 50 mp/kg to abowt 70 mgdky. In some embodiments, the
therapeutically effective amount of carboplatin may be about 5 mg/kg o about 30 my/lg, about

10 mgfkg to about 25 mgdkg, or about 10 mg/kg to about 20 roglkg,

[4#328] The drugs may be delivered in amounts according to drug ratios above. For example, a
composition may be prepared contalning paciitaxel, 17-AAG, rapamyein, and carboplatinat a
drug ratio of about 2:2:1:2 to about 2:3:1:5, and having about 2 to about 90 mgfkg of
carboplatin and a micelle composition prepared to deliver about 2 to abowt 20 mgtkg of
pachitaxel, about 2 to about 90 meg/kg of 17-AAG, and about 1 io zbout 30 mpfkg of rapamycin
in the prescribed ratio. Examples of suitable arnounts of drugs to be delivered having & ratis
ranging from about 2:2:1:2 to sbout 2:53:1:5 by mass inchade, but are not limited to, about 274712

~
i
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mglkg of paclitaxel/17-AAG rapamycinfcarboplatin, about 15/ 15/7.5/15 mgflg of pacitaxel/i7-
AAG/rapamycin/earboplating, about 30/30/15/30 mg/ig of packtaxel/17 -AAGrapamycin, about
SOAS25/50 gradky of paclitaxel/17-AAG/rapamycin/carboplatin, about SH/60/30/60 mu'kg of
pactitaxel/17-AAG/rapamycinfearboplatin, about 7073570 mgfkg of paelitanel/17-

A rapamycinfcarboplatin, sbout 2/3/1/5 mg/kg of paclitaxel17- AAG/ rapamycin/carboplatin,
about 7.5/11.25/3.75/18.78 mp/kg of paclitaxel/17- AAG/rapamycin/carboplatin, about
18/22.5/7.5/37.5 mglkg of paclitaxel/17-AAG/raparaycin/carboplatin, about
22.5/33.55/11.25/56.25 mglkg of paclitaxel/1 7-AAGrapamycinfearboplatin, about 3MAS/E/TS
mglkg of pachitaxel/ 1 7-AAG/ rapamycin, or a range between andfor including any of the

foregoing drug ratios and arnounis.

[G0297  Paclitaxel, 17-AAG, and rapamycin can be incorporated tegether into individual PEG-
PLA micelles, thereby forming raultiple drag micelles (MDM), Alternatively, the drugs can be
incorporated individually into PEG-PLA micelles, thereby forming single drug micelles (SDM).
Single drug micelles that contain different drugs can then be combined 1o provide a single drug
micelie drug combination (SDMDC) composition, and the reicelles can be combined in a single

agueous vehicle to provide a micelle composition,

[030]  The oucelle composition roay include an agueous vehicle, wherein the concentration of
the drugs is about 0.4 mg/ml. {o about 23 mg/ml, sbout 0.6 g/l 1o about 20 mgiml., about
0.8 mgfml. to about 15 mgfml, or about { mghok to aboot 5 mg/mk., with respect to the voluome
of the aqueous vehicle. The encapsulated paciitaxel, 17-AAG, and raparaysin can have an
agueous sohubility of about 1 mg/ml to about 10 mg/mL when contacted with an agusous

environmeni.

(60311 Commonly, the cormposition may inclode an agueous cartier. In some emnbodiments,
the composition may have a concentration of the drugs of about (5.4 mg/ml. to about 25 rmog/mi,
about 0.6 mg/mL to about 20 mg/ml., or about 1 mg/mb o about 15 rog/mL, with respect to the
volime of the aqueous vehicle. In some embodirents, the agueous carrier may include water,
saline, agueous carbohydrate solutions and the Hke. For example, 3.9 % Nall solation or a 5%
agusous saccharide solution. The agqueous saccharide solution can be, for example, dextrose of
ghicose. The aguecus cartier can also be any sierile agueous solutions of water-soluble salis, for
gxampls, NaCL The sguecus solutions ¢an alse be isotonic. The aguecus solutions roay be
suitably buiffered. Aguecus sohutions, described herein, can be suitable for intravenous,

irevamuscular, subcutanecus, intraperitoneal, and intratumoral infection. Appropriate sterile
2
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agueous media can he purchased or can be prepared by standard techniques well known to thoss

skilled in the art.

{00321 The micelle composition can be substantially free of pharmaceutically acosptable
organic solvents, including but not Himited to, sthanol, dimethyl sulfoxide, castor oll, and castor
oil derivatives, For example, the raicefle composition can comprise less than about 2 wi. %, less
than about 1 wt. %, lesas than about 8.5 wi. %, or less than about 0.1 wi %, of organic sohvends
such as, but not limited to, ethanol, dimethy! sulfoxide, castor oil, and castor oil derivatives,
individually or in cornbination. In some embodirents, the micelle corppositions are wholly free

of organic solvent,

{08331 The present technology also provides compuositions inchuding carboplatin and the
micelle compositions as described herein. The methods of the present technelogy may melude
administering the composition that includes both the raicelle composition and the carboplatin

In some ermmbodiments, the composition may administered iniravenously or intraperitoneally.

[8034] The present technology provides a kit including carboplatin and the micelle
compositions as deseribed herein, The kit may include a first container {or package) and a
second container (or package), wherein the first container includes the carboplatin and the
second container inclades the micelle composition, In some embodiments, the first container
and/or the second contamer may inchude an agueous carrier. In another embodiment, an
aquecns carter may be added to the first container and/or the second contaiper. In some
emmbodiments, the first container and the second container may be added together priog io

administration.

[0638]  Specific dosages of a therapeutically effective amount of carboplatic and a
therapeutically effective amount of drug-loaded micelle composition in the present methods may
e adjusted depending on conditions of disease, the age, body weight, general health conditions,
sex, and diet of the subject, dose intervals, administration routes, excretion raie, snd
coninations of drugs. Any of the above dosage forms comtaining effective amounts are well
within the bounds of routine experimentation and therefore, well within the scope of the present

technology.
DEFINITIONS

(80361 The following terms are used throughout as defined below.
o
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180371 The term “andfor” means any one of the Hers, any combination of the items, or all of

the itams with which this term is associated.

G038]  As used herein, singular articles such as “a”, “an”, and “one” are intended to refer to
singular or plural. As such, this statement is intended to serve as antecedent basis for use of such
exclusive termainology as “solely,” “only,” and the like in connection with the recitation of claim

slements, or use of a “negative” limitation.

[80391  The term “about” can refer (o a variation of ep to £10% of the value specified. For
example, “about 307 can in some smbodiments cairy a variation from 45 to 55 percent. In other
erobodiments, “about” can refer 1o a variation of £1%, £2%, or £3%. Uinless mdicated
otherwise herein, the term “about” is intended to inchude values, £.g., weight percentages,
proximate o the recited range that are equivalent in terros of the functionality of the individoal
ingredient, the composition, or the embodiment. In addition, uriless indicated otherwise herein, 4
recited range (e.g., welght percentages) inchides each speeific value, integer, decimal, or identity

within the range.

[0646] “Treating” or “treatment” within the context of the present technology regans an
alleviation, in whole or in part, of syrptoros assoclated with a disorder or dissase, of slowing, or
halting of further progreasion or worsening of those syraploms. As a non-limiting example of
treatraent, & subject can be successfully treated for lung cancer i, after receiving through
adpsinistration a therapeutically effective or therapeutically effective ampount of ene or more
compositions deseribed herein, the subject shows observable andfor measurable reduction in or
absence of one or more signs and symptoms of king cancer such as, gt not Imited to, reduced
tumor size (2.5, reduced tumor volume), reduced morbidity and mortality, or improvement in
quality of life relating thereto, Treatment, as defined hereln, of a mammal, including 2 homan
being, is subject to medical ald with the object of improving the manwnal's condition, directly or
indirectly. Treatment typically refers to the administration of a therapeutically sffective amount
of carboplatin and a therapeutically effective amount of a drag-loaded raicelle composition as

dascribed herein.

(90411 The “administration” of a therapeuntically sffective amount of carhboplatin and a
therapeutically effective amount of drug-loaded mivells compesition includes, for example,
parenteral or topical administration. Parentersl, for sxarnple, can be by infusion, mnjection, such
a8 intravenous, and the patient can be & manumal, for example, a hursan. Parenteral or systemic
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administration inclades, but is not Hmited to, saboutanenus, intravenous, intraperitoneal, and
intramuscolar injectioms. Injectable dosage forms or the present methods generally inchide, but
are pot limited o, agueous suspensions, such as aguecus suspensions deseribed herein. Topical
sdministration generally includes, but is not Himited to, powders, sprays, ointments, pasies,
creams, lotons, gels, solutions, and patches. For example, asrosol sprays can be prepared using
compositions described hergin, oleie acid, tricholoromonaoflaoromethane,
dichioradifiuoromethane, dichinrotetrafiuoroethane, and 2 standard, metered dose aerosoel
dispenser. Upon administration, the composition including the intact micelles can circulate
followed by the micelles dissociating into individual polyrer chains, and release active agenis
{i.e., paclitaxel, rapamyein, and 17-AAL) (either by diffusion or micelle composition
dissociation), distribuie active agents (e, paclitaxsl, rapamycin, 17-AAG, and carboplating inio
tissue {e.g. tamors), andfor undergo renal clearance. The schedule of these events cannot be
predicted with specificity, and these svents significantly influence the anti-tumor activity of the

active agents, such as paciitaxel, rapamyein, 17-AAG, or carboplatin,

(#3427  “Hffective amount” refers to the armnount of @ compound o compaosition required o
produce a desired effect. Hence, a “therapeutically effective amount” of a compound or
composition of the present technology in the context of treatment refers (o an amount of the
compound or composition that alleviates, in whole or in part, symploms associated with a
disorder oy disease, or skrws or halts further progression or worsening of those symplomes. In
the context of prevention, a therapeutically effective amount prevents of provides prophylaxis
for the disease or disorder in a subjest at risk for developing the disease or disorder,
Dretermining a therapeutically effective amount of a compound described herein for treating a
particalar disorder or disease is well within the skill in the ant in view of the present disclosure.
Tn the case of lang cancer, the therapeutically effective amount of the compound or composition
may reduce the number of long cancer calls: reduce the tumor size; inhibit, o some axtent,
turnor growth; andfor relieve to some extent one or more of the symptoms associated with the
disorder: inhibvit {i.e., slow 1o some extent and preferably stop) cancer cell infiliration into
peripheral organs; inhibit (e, slow to some extent and preferably stop) tumor metastass, For
the treatment of fomor dormancy or micrometastases, the therapeutically effective amount of the
compound or composition reay reduce the nomber or profiferation of micrometastases; reduce oF
prevent the growih of a dormant tumor; or reduce of prevent the recurrence of a tumeor after
sreatment of removal {22, using an anti-cancer therapy sach as surgery, radiation therapy, or

chemotherapy). To the extent the compound or composition may prevent growih and/or kill
11
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existing cancer cells, it may be cytostatic and/or eytotoxic. For cancer therany, efficacy in vive
can, for example, be measured by assessing the duration of survival, disease free survival {DFS),
time to disease progression (TTP), duration of progression free survival (FFS), the response
rates (RR), duration of response, time in remission, and/or guality of Hife. The therapeutically
effective amount may improve disease free survival (DF3), improve overall survival ({5},
decrease likeithood of recurrence, extend time to recurrence, exiend time 1o distant recurrence
{i.e., recarrence outside of the primary site), cure cancer, IMprove symploss of cancer (2. 2., a8
vauged using a cancer specific survey), reduce appsarance of second primary cancer, efc. In
some ambodiments, the therapeutically effective amounts of one or more dragle) as disclosed
herein are synergistic, ¢.g., they have a more than additive offect or produce effects that cannod

produced by sither agent alone,

[0043]  The terms “cancer” and “cancerous” rafer to or describe the physiclogical condition in
animal cells that is typieally characterized by unregulated cell growtin Inchided in this
definition are malignant cancers a3 well as dormant fumers of ricremetastasss. Examples of
cancer include but are not Hmited to, carcinoma, lyrophoma, blasiorea, sarcoms, and lsukemia.
More particolar exaroples of such cancers inciude fung cancers such as small-cell lung cancer

and non-small cell lung cancer, as well as breast, gyneculogical, and gastrointestinal cancer.

441 The term “lung cancer” or “lung cancer celis” in the present methods includes, bt is
not Hmited to, the three main types and corresponding subtypes of lung cancer. Bxamples of
types and subtypes of lung cancer include, but are not Emited to, non-small cell lung cancer
(including squarnous cell carcinoma, adenocarcinoma, and large cell carcinoma), small cell lung
cancer (including oat cell cancer), and hung carcinoid tumor. In some embodiments, the present
rethods include treating lung cancer/lung cancer cells including non-small eell adenocarcinoma

lung cancer. In other embodiments, the present methods nclude treating smali-cell long cancer,

1603457 The term “breast cancer” or “breast cancer celis” in the present methods includes, but is
not limited 1o, in situ {e.g., ductal carcinoma), invasive {e.g., ductal and lobular carcinomal, and

inflamroatory breast cancer.

(83467 The term “gynecological cancer” or “gynecclogical cancer cells” in the present
methods includes, but fs not limited to, ovarian {e.g.. Type I and Type IE carcinomas), carvical

{e.g., squamous cell carcinoma, adenccarcinema, adenosguamous carcinoma, and small cell

12
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carcinoma), uterine/endometrial {e.g., Type I and Type I carcinoras including endometrioid

carcinoma), vagingl, and valvar cancer,

{63477 The term “gastrointestinal cancer” or “gastrobntestinal cancer celis” in the present
methods includes, but is not Hmited to, esophageal {2.g., adenccarcinons and squamons cell
carcinoma), stomach, liver {e.z., hepatocellnlar carcinoma and intrahepatic bile duct carcinoma),
pancress {(e.g., exocrine and neuroendocrine including sdenocarcinoma), small infesting, large

ingestine, rectun, and anus cancer,

6481 The term “metastasis” refers w the spread of cancer from its prirary site to other
places in the body. Cancer cells can metastasize by breaking away from a primary tumer,
penetrating into Iymphatic and blood vessels, eirculating through the tymphatic systens or
bloodstream, exiting the lvmph or blood vessels and attacking and growing in normal tissues
elcewhers in the body. Metastasis can be local or distant. At the new site, the cells reproduce,
raay establish a Bood supply and can grow fo form & secondary tumor, i.e., armetasiatic turonr,
Both stimulstory and nhibitory molecolar pathways within the tumer cell regulate this hehavior,

and interactions between the tumor cell and host cells in the distant site are also significant.

100497  The term “roicrometastasis” refers to a small number of celis that have spread from the
primary tumor to other parts of the body, Micrometastasis may o may not he detected in &

sorecning or diagnostic test,

0088]  “Molecular welght” as used herein with respect to polymers rofers to nu
molecular Weights (M.} and can be determined by technigoes well known o the art including gel

permeation chromaiography (GPC).

[0651] The torm “tumor” refers to all neoplastie cell growth and profiferation, whether

malignant or benign, and all pre-cancersus and cancerous cells and tissues,

{(:652] The terr “inhibit” or “Inhibition” or “inhibiting,” i the context of neoplasia, tumor
growth, of tumor or cancer cell growih, For exarople, inhibition may inclhade, but is not imited
to, delaved appearance of primary or secondary tumors, slowed developroent of primary or
secondary tomors, decreased occurrence of primary or sscondary Wimors, slowed ar decreased
severity of secondary effects of discase, arrested tumor growth and regrossion of tomors, among
others, Tn the extreme, complete inhibition can be referred to as prevention, cheroprevention,
tamor regression, or complete tumor regression. The mhibition can be about 10%, about 23%,

i3



WO 2020/051228 PCT/US2019/049574

about 50%. about 75%, or about 30% inhibition, with respect to progression that would occur in

the abasence of treatroent.

80531 The term “regression” or “cancer cell regression” refers to the partial or complete

disappearance of cancerous cells and tissues.

(541 The term “subject” or “patient” refers to & mamroal, such as a cat, dog, rodent or
primate. Typically the subject s a buman, and, preferably, a human having or suspected of
having a cancer such as Jong cancer. The term “subject” and “patient” can he ased

interchangeably.

[3658]  As will be understood by one skifled in the art, for any and sl purposes, particularly in
terms of providing a writien description, all ranges disclosed herein algo encompass any and all
possible subranges and combinations of subranges thereol. Any lsted range can be easily
recognized as sufficlently deseribing and enabling the saroe range being broken down into at
least egual halves, thivds, quarters, fifths, tenths, efe. As g non-Hmiting example, sach range
discussed hereln can be readily broken down into & lowsr third, middle third and upper third, erc.

AE 11

As will also be understood by one skilled in the art, all language such as “up to,” "at ieaat,”
“greater than,” “less than,” and the like inclde the nomber recited and refer to ranges which can
be subsequently broken down into subranges as discussed above. Finally, as wiil be understood
by one skilled in the art, a range includes each individual member. Thus, for example, an
amount of 3 compound of 1-3 mg refers to 1, 2, or 3 g of the compound. Stmilarly, an amount

of a compound of £-3 mg refers to 1, 2, 3, 4, or 3 mg of the compound, and so forth,

[8656] The term “micells” refors to & particle of colioidal dimensions that exists in equilibrinm
with the molecules or jons in solution from which it as forroed. Generally, exarmples of micelies
include, but are not Hmited to, ipid-like molecules that aggrepate in aquedus solutionto 2
spherical form, Micelle formation in solution occurs by a process called micellization, in which
surface-active molecules or jons aggregate to form micelles. For example, micelles can be
frmed from amphiphilic molecules or polymers. The present methods and compositions
include nucelles, & core-shell structure formed from smphiphilic polymers that contains &
Hpophilic core that is capsble of encapsulation. For example, polviethyiens ghycol)-block-

poby(lactic acid) are a type of amphiphilic-block-copolymer that forms micelles,

14
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[6687]  The terms “PRG-PLA” or “PEG-b-FLA” refers to poly(ethylene glycol-block-
poly{lactic acid). The polyethylene glycoly (PEG) or polvisthylene oxide} block is g polyrast
(or sligomer) of sthylens oxide prepared by polymerization of ethylene oxide, PE s
commercially available at molecular weights of about 300 g/mol to about 10,000,000 g/mol in
the present technology, PEG s used as the hydrophilic block of arnphiphilic copolymers o
create micelles, and other types of artificial vesicles. The poly{lactic acid) (PLA} bock can
include (D-lactic acid), {L-lactic acid), (D, 1-tactic acid), or any combination thereof. PLA A
volyester of lactic acid having various well-known synthetic preparations. PLA often serves as
the hydrophobic block of amphiphilic copolymers 1o create micelles, and other types of artificial
vesicles. Various forms of PED and PLA are available comrercially, or they can be prepared

according to methods well-known to those of skill in the art.

{OO58]  The term “drug Joading” refers to the capacity for encapsulating the drug combinations
of paclitaxel, 17-AAG, and rapamycis, by micefle. Drag loading for multidrog micelles can

approach, be equal to, or exceed the drug loading capacity of singe agent micelles.

0597 The terms “chemotherapeuiic agent,” “chemotherapy agent,” “chernotherapy drug,” of
“shemotherapeutic drag” refer o an agent that reduces, prevents, mitigates, fimits, and/or delays
the growth of metastases or neoplasms, or kills neoplastic celis divectly by necrosis or apoptosis
of neoplasms or any other mechanism, or that can be otherwise used, in a pharmaceutically-
offective amount, to reduce, prevent, mitigate, Hmit, andfor delay the growth of metastases or
neoplasas in a subject with neoplastic disease. Chemotherapeutic agents include chenucal
compounds useful in the treatment of cancer. Examples of chemotherapentic agenis, but are not

fimited to, Taxol and paclitaxel

160607 The examples herein are provided to illustrate advantages of the present technoogy
and to further assiat & person of ordinary skill in the art with using the present technology. The
examples should in no way be construed as Hmiting the scope of the present technofogy, a8
defined by the appended claims, The examples can include or incorporate any of the variations,
aspeets or aspects of the present technology as described herein, The variations, aspects or
aspects deseribed herein may aiso further inclade or incorporate variations of any or all other

variations, aspects or aspects of the present technology.



(06621 AS549 human N3CLC cell Hoe was purchased froro American Type Calture Collection

WO 2020/051228 PCT/US2019/049574

EXAMPLES

(00617 Abbreviations.

9] Combination index

HspB0 Heat shock protein 90

1Y Intravenous

mTOR mammalian target of rapamycin

NECLC Non-srail-cel] lung cancer

PEE Polvdispersity index

PEG-#-PLA Poly{ethylene glycol-block-poly(D,L-lactic acid)

PTX or P Paclitaxel

PTX-CBT Paclitavel-containing PEG-b-PLA micelle combined with carboplatin

RAPAor R Rapamycin

11T-AAG or 17 7-Allviaming- 1 7-demethoxy-geldanamycin

CBTw C Carboplatin

TRIG Triolirous

TRIG-CBT Triolinws combined with carboplatin

Materials.

(ATCC; Mansasas, VA, USA). AS49 cells were cultured in RPMA mediumn supplersented with

10% heat inactivated fetal bovine serom (FBS}) and 1% penicillin/streptorayein. Cells were

maintained at 37°C in g humidified 5% CO; atmosphere. Phosphate-buffered saline {(FBS),

penicillin/ streptomycin, trypsin-BOTA, RPMI medium, and fotal bovine serom (FBS) were

purchased from Coming (Coming, NY, USA}L Acetonitrile and methano! were obtained from
Thermo Fisher Scientific Inc. (Waltham, MA, USA}Y Cell Titer-Blue® reagent was purchased
from Promega {Madison, Wi USA). CBT and Propidiem iodide (P were purchased from
Sigma-Aldrich fnc, (St Louis, MO, USA). PEG-&-PLA with My of PEG = 4000 g mol and
PLA = 2200 g mol was purchased from Advanced Polymer Materials Inc. {(Montreal, CAN).
PIN. 17-AAG, and RAPA were purchased from LT Laboratories, (Woburn, MA, USA) All
chemicals were analyviical grade.

Ceneral Procedurss.

1: Preparation and characterization of TRIQ PEG-b-PLA rafceiles (“TRICYY and TRIO PEG-b-
PLA micelles and CBT (TRIG-CBT)

00631 52.5 mg of PEG-2-PLA and 3.0 mg of PTX, 3.0 mg of 17-AA0, and 1.5 g of RAPA
were dissolved in 1.0 mL of sere-butanef at 60 °C, followed by addition of 1.0 mL of pre-

warrned double-distilled water at 80 °C with vigorous mixing and frozen in dry icefethancl
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cooling bath at =70 °C for 2 h. Lyophilization was performed on a VirTis AdVantage Pro freeze
dryer (SP Scientific, Gardiner, NY, USA) at -20 *{ shelf inlet temperature for 72 hat 100 uBar,
The freeze-dried samples were stored at -20 °C untif use. Before dosing, lyophilized cake of
TRIC was rehydrated with 1O mi of 0.5% saline sohttion at &0 *C, centrifuged at 13,000 rpm
for 5 min, and filtered through 0.22 wm regencrated cellulose filter. In TRIG, mass or molay
catio of PEX: 17-AAG: RAPA was 2:2:1 or 2:3:1, regpectively, enabling mouse dosing of PTX,
17-AAG, and rapamyein at 15, 15, 7.5 mglky, respectively. UBT was added to reconstituied

TRIO, forming TRIO-TBT for injection.

641 Z-aversge diamester and polydispersity index (FDI) of TRIOQ snd TRIG-CBT ar 23 °C
were measared using & Zetasizer Nano-Z28 (Malvern Instruments, UK} at 2 fixed angle of 1737,

Prior to the measurement, TRIO and TRIO-CRT were dihsted 30-fold with physiclogical saline.

[0865] The drug content of PEG-b-PLA micelies was quantified by a reverse-phase Shimadzy
Prominence HPLC system (Shirnadzy, Japan). Ten pl of lyophilized sample was dissolved in
990 u1. of acetonitrile. Ten k. of the dissolved solution was injected into & Forbax RX-C8
analytical column (4.6 myn X230 mun, particle size 5 m, Agilent) at a flow rate of 1.0 m/min,
2 run time of 20 minotes, and 2 column oven temperature of 40 "C. The separation of PTX, 17
AAQG, and RAFA was achieved with a mobile phase consisting of 33% of acetonitrile, and 45%
of water containing 0.1% phosphoric acid and 1% methano! under Isocratic conditions. PT¥,
17-A A, and RAPA were detected at 227, 333, and 279 nm, respectively. Retention times of

PTYY, 17-AAG, and RAPA wers 3, 4, and 11 minutes, respectively.

20 AS49 cell culture
(68661 AS4D cells were cultured in RPMI 1640 mediurn supplemented with 10% fetal bovine
serurn and 1% penicillin/streptomycin. AS49 cells were maintained at 37 *C ander an

atmosphere of 5% COp in & humidified incubator.

3: In virro cytotoxicliy assay

0671 Cell viability was measured using Cell Titer-Blue® viahility assay. Briefly, AS49 cells
were seeded onto 96-well plates and incubated overnight at 37 °C in 5% COz The rext day, the
medium in sach well was replaced with fresh medium containing saline control, single drug-
loaded PEG-5-PLA micelle (PTX, 17-AAG, RAPA), 2- and 3-drug naded-PEG-4-FLA micelles
(PTX-17-AAG, PTX-RAPA, 17-AAG-RAPA, PTX1T-AAG-RAPA with molar ratio 11, 14,
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111, 2:3:1) or each plus CBT {see Table 3 for the drug molar ratio combinations) at § 1o 10,0600
ah. Afier 72 hrs incubation, culture medinm was removed, and seromefres medium containing
20% Cell Titer-Blue?® reagent was added 1o each well. The cells were incubated for 1 h followed
by measuring the fluorescence intensity of the solution in each well with a Spectra M2 plate
reader (Molecular Device, Sunnyvale, CA, USA) with an excitation wavelength (Aex) of 560 nm
and an ernission wavelength (um) of 590 wn. The drug concentration that induced a 50%

inhibition of cell growth (ICsg} was caleulated by corve fitting.

4; Combination index analysis

[6868] Combination index (U1} values were caleulated using CompuSyn software according to
Chow's method to assess drag interaction {see T.C. Ches, er ¢f,, “Quantitation of the synergistic
interaction of edatrexate and claplatin in vitre,” Cancer Chemother Pharmacol 1993; 13:259-

264). CI vahies were obtained from

. o A Ar B &
Combination index (€ = p—{ + 0]+ i
Agd BB LG
where A, B, and C are concentrations of drug A, B, and C in a combination that inhibits cell
growth by x% (sceffective compared with the individual drugs}, and A, By, and O are the
concentrations of drug A, B, and €, which induce x% inhibition of cell growth. Valoes of O >

1.Cl= 1, and CF < 1 indicate antagonism, additive, and synergiem, reapectively.

A: Cell eyele analysis

IH069]  AS49 sells were sseded overnight in & S-well plate with RPMI medinm containing 13%
FRS (3x10° celle/well). The next day, the celie wers treated with control, drug-loaded-PEG-5-
PLA micelies (PTX, 17-AAG, RAPA, TRIO) at 100 nM or PT¥-loaded-PEG-5-PLA micelles
plus CBT or TRIQ phus CBT (PTX-CBT, TRIO-CBT with raslar ratio 2.3, 2:3:1:5, respectively)
af 100 M. After 24 hrs, cells were harvested by trypsinization and centrifugation at 1000 x g
for 5 min, cell pellsts were washed with cold PBS and fixed gently by 70% cthanot af ~20 °C
gvernight. The cells were then washed with cold PBS and resuspended in FBS confaining 20
pg/mi PTand 0.1 mg/ml BENase A in the dark for 30 min at room temperature until the cells
were analyzed by flow eytometry {FACSCalibur, BD Biosciences, San Jose, CA, U SAY
equipped with a 488 nm laser. Celi cyele distribution and gub-: {apoptosis) group were

determined and analyzed by Flowlo software (Tree Star Inc., Ashland, OR, USA)
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&: Acute toxiclty

(36761 Toxicity was performed on healthy BALE/C mice (6-8 week-old), purchased from
Harlan Laboratories (Madisomn, Wi, USA), following a schedule of daily IV injections of PTX-
inaded micelie, TRIO or TRIC-CRT for three dayvs. All aniroal experiments were approved by
the Institutiona! Antmal Care and Use Committes and conducted in accordance with institutional
and NIH guidance, BALFB/C mice were divided inlo 4 groups: {1} Control {saline); (i) FTX-
Ioaded PEG-b-PLA micelles (30 mg/kg, maximal tolerated dose (MTDN) (i) TRIO with PFTX,
17-AAG, and RAPA at 60, 60 and 30 mg/kg, respectively; and (iv) TRIO-CBT with PTX, 17-
AAGL RAPA, and OBT at 60, 60, 30 and 60 mg/kg, respectively. After three-daily dose schedule
(taib-vein injections on day §, 1, ), the body weight changes of mice were regularty monitored

for six days and evalunated in comparison with the control group,

7o Antitumor efficacy

(80711 AS49 NSCLC wmor xenograft model was established in athymic female nude mice {6-
8 week-old), purchased from Harlan Laboratories (Madison, Wi, USA). Al animal experiments
were approved by the Instintional Animal Care and Use Comunittee and conducted in
secordance with institutional and NIH guidance. AS49 cells (2 x 10% cellafmouse) were
inoculated subcutanecusly in the right flank. For tumor growth delay studies, drug treatment
was started when turnor vohiroe reached approximately 200 nun’ for AS49 mumors, A34Y
fumot-bearing mice were divided into 4 groups: (1} Control{ saline); (i) PTX-loaded PEG-b-
PLA micelies {15 mg/kg) plos CBT at 15 mg/kg FTXH-CBT), (Hi) TRIO with PTX, 17-AAG,
and RAPA at 15, 15 and 7.5 mglkg, respectively; snd (v) TRIG-CBT with FTX, 17-AAG,
RAPA, and ORT at 15, 15, 7.5, and 15 mgrke, respectively. Dose schedule: 3-weekly tall vein
injections and 1 week off for 3-cycles. Tumor vohune was monitored by caliper measarement
and calcalated by: Tumor volame = 0.5 {large diameter) (small diameter)?. Body weight and

survival were recorded and evaluated over the course of this study.

8: Statistical analysis

[0072]  Data are presented as mean + SE. Multi-group comparisons were condueted by
ANOV A, When appropriate, Tukey's honestly significant difference (HSD) test was apphied to
account for multiple comparisons, For two group comparisons, student t-test was used, and

differerices were regarded significant for P-valoes < (.03, Kaplan-Meler survival curve wias
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generated and the difference in survival tirae between 2 groups was analyzed with the log-rank

test,
Example 11 Physiochemical charaeterization of TRIO and TRIG-CBY

0073]  CRT did not affect the particle size, pelydispersity index (PDI} and loading efficiency
of TRIC at room temperature over 24 brs {Table 1), indicating corapatibilicy and stability of
TRIO-CRT for IV infusion, TRIO had a bydrodynamic diameter of 30.3 £ 0.5 nm, Jow
polydispersity (< (.2}, and high drug loading efficiency. The physiochemical properties of
TRIC were consistent with & previous report {see K. Tomoda, ef o, “Trivlimus: A nurkti-drug
loaded polymeric micelle containing Pachitaxel, 17-AAG, and Rapamycin as & novel
radiosenaitizer,” Macromol. Blosci, 2017, 17, 16001%4). In addition, BT did not affect the
particle size, polydispersity index (PDI) and loading efficiency of single-drug or muli-drug-
loaded PECH5-PLA micelles (Table 1), For TRIG-CBT for injection, PTX, 17-AAG, and RAFPA
were at 3.0, 3.0, and 1.5 mg/mik, respectively, and CBT was at 3.0 mg/ml, enabling mouse

dosing of PTX, 17-AAG, and RAPA at 15, 15, 7.5 mgdkg, respectively.

2
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Example % In vitro cytotoxicity of TRIO and TRIG-CBT

[0074] Single-drug, 2-drug loaded-PEG-5-PLA micelles, and TRIO displayed varied
cyiotoxicity against iuman NSCLC AS49 cancer eells with ICso values, ranging frore 5 nM o
20 uM (Table 2). After 72 hours, 2- and 3-drug combinations exerted higher oytotoxicity
compated o single-drug loaded PEG-5-PLA micelles. TRIO had the fowest ICse value of 3.1 &
1.5 uM (indicating the mast cytotoxic against AS49 celis). Consistent with earlier remihs, CI
values of 2-drug loaded-PEG-5-PLA micelies and TRIO were less than | (CL < 1) from 25 to B0

% fraction affected {(Fa).
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7S] TRIO-CBT (Table 3) exhibited higher or similar cytotoxicity against A54% cells in
eomparison with TRIO (Table 2), even though the 10so value of CBT was high {abont 4 uM}.
FIN-ORT had an 10 value at 13 £ 8.8 ab. O values of CBT combined with single-drug-, &
or I-drog-loaded-FEG-5-PLA micelles indicated synergistic cyvictonicity effects against A3ME
cells for most Fa. Importantly, TRIO-CBT had the lowest ICso value 8t 2.8 1 1.6 nM, indicating
potency for PTX and CBT, combined with mTORMsptQ inhibition (Table 3},
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Example 3: Cell eycle analysis of TRIO and TRIQ-CBY

{00761 To explore mechanisme underlying the potent cytotoxicity of TRIO-CHT on AS49 cells,
eell cyele analysis was performed by flow cytometry and biochemical analysis was performed
by Western blot. Cornparisons were made with TRIO and PTX-UBT, ax first-fine chemotherapy
for NSCLO, Whike not wishing o be bound by theory, the data suggests that TRIO-CBT
induces cell cvele arrest at G2/M phase and apoptosis by simultanecusly inhibiting MAPK and

PIAK/ Akt TOR signaling pathways.
Example 4 Acute toxicity of TRIO and TRIG-CBT

FO877] The toxicily assay was conducted on BALB/c healthy mice (6-8 week-okd) using 3 daily
IV injections followed by body weight measerement for six davs. As shown in FIG. 1, overall
hody weight Iass was in the following order: PTXJoaded micelle {50 mgike) » TRIG-CBT
(PTY:17-AAGRAPACBT, 60:60:30:60 mgfkgy > TRID (PTX:17-AAGRAPA, 6(:60:30
mg/kg) > Control, After the completion of treatment, the body weight value (80%) of PTX-
loaded micelle group was significantly lower (P < 0.05) than TRIO, TRIC-CET aad the
untreated control groups, defining the MTD of the PTX-Inaded micelle at 50 mgfkg injected
daily for 3 days (FIG. 13, TRIC and TRIO-CBT had 2-10% hody weight loss, ndicating that
TRIO and TRIG-CBT are comparably safer, perhaps owing to higher physical stability of TRIC
over PTX-loaded micelle in vivo (ses H. Cho, e al. “PEG-5-PLA micelles and PLGA-5-PEG-&-
PLOA sob-gels for drug delivery,” J Control Release, 2016, 2401191201}

Example 3: Antitumer activity of TRIO and TRIG-CBT

(00781 TRIO and TRIO-CBT induced tuimor regression in an AS4% tumor xenograft model,
whereas PTX-CBT largely inhibited tumor growth (FIGS. 2A-2C). After termination of
traatment, there were tumor recurrences after 135 weeks for PTX-CBT and TRID. However,
there was no relapse for Trio-CBT (FIG. 2A). TRIO-CBT prolonged the servival of mics as
compared with contrel and PTX-CBT groups (FIG. 2B). The high antitumor gfficacy of TRIO
in an A349 xenograft model is consistent with eartier results in breast, NSCLC, and ovarian
tumor xenograft models {see ¥ Cho, ef al.). The higher sotitumor activity of TRIG-CBT over
PTX-CRT is consistent with in virro results on proliferation and apopiosis and point to the valae
of mTOR/MHsp20 inbibition for ncreasing the potency of the doublet of PTX aned CBT. As

shown in FIG. 20, thers was no significant body weight change in mice after TRIO-CBT
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treatment, indicating that mTOR/MHsp90 inhibition does not rarkedly incroase the oxicity of

PTX and CBT,

06791 Examples 1-5 demonstrate TRIO-CHT as & 4-drug combination can be sasily and safely
attained as combined TRIO with CBT in sterile water for injection. TRIO-CBT was stable in
sterile water for injection i virre and induced synergistic anticancer activity in vitro and potent

antifumor efficacy in vive,
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WHAT IS CLAIMED IS

1. A method of treatment comprising adwministering to cancer cells a therapentically effective
ammount of carboplatin in conjunction with a micelle composition comprising a therapeutically
effeciive amount of paclitaxel, 17-AAQ, and rapamycin
wherein:
the cancer cells comprise lang, breast, gynecelogical, or gasuointestinal cancer cells, or a
combination of two or more thereof:
the weight ratio of pactitaxel, 17-AAG, rapamycin, and carboplatinis about Ll hl w
about 5:5:1:10; and
the micelle composition comprises poly{ethyiene glycol-block-poly(iactic acid)

polymers,

3 The method of claim 1, wherein the method of treatroent comprises administering 2

composition comprising the carboplatin and the micelle composition.

1. The method of claim 1 or claim 2, wherein the weight ratle of paclitaxel, 17-AAG,

raparnyein, and carboplatin is about L1 to about 3:5:1:8.

4. The method of any ong of claims 1-3, wherein the weight ratio of paclitaxel, 17-AALG,

rapamycin, and carboplatin is about 2:2:1:2 1o about 2:3:1:5,

5. The method of any one of claims 1-4, wherein the therapeutically effective amount of each of
paclitaxel and 17-AAG is about 2 mgfkg to sbout 90 mg/kg and the therapeutically effective

areount of rapamycin is about 1 mg/ky to about 30 mgike.

&. The roethod of any one of claims 1-5, wherein the therapeutically effective aroount of gach of

pactitaxel and 17-AAG Is about 40 mg/kg to about 75 mg/kg and the therapeutically effective

amount of rapamyein is about 20 mg/kg to about 40 mg/kg.

7. The method of any one of claims 1-6, wherein the therapeutically effective amount of

carboplatin is about 2 mg/kg to abowt 50 mg/kg.

8. The method of any one of claims 1-7, wherein the therapeutically effective amount of

carboplatin {s about 40 mgfkg to about 73 medkg.
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%, The method of any one of claims 1-5, wherein the therapeutically effective amount of each of
paclitaxel and 17-AAG is about 10 mg/kg o about 25 mg/kg and the therapeutically effective

amount of rapamycin s about 3 mg/kg w about 15 mgfkg.

10, The method of claim 9, wherein the therapeutically sffective amount of carboplatin is about

10 mgdkg 1o sbout 25 mp/ks.
t1. The method of any one of claims 1-10, whereln the cancer cells comprise lung cancer cells,

12, The method of claim 11, wherein the lang cancer cells comprise non-synall celt lang cancer

cells,

13, The method of any one of claims 1-10, wherein the cancer cells coraprise breast,

gynecological, or gastrointestinal cancer cells,

14. The method of any ong of claims 113, wherein the combined drug inading of paciitaxel,

17-AAL, and rapamycin in the roicelles is abowd 5wt % 1o sbout 40 wi.%.

1S. The roethod of any one of claims 1-14, wherein the individual drug foading of paclitaxel,

17-AAG, and rapamycin in the rnicelles is about 1 wi. % 0 about 23 wt.%.

16, The method of any one of claims 1-15, wherein the PEG-b-PLA comprises a pohvsthvlens
glveoli-block baving a raolecular weight of about 1,300 w0 about 30,000 g/mol and & poly{(iactic

acid) block having a molecular weight of about 1,500 to abowt 30,000 g/mol.

17, A method of treatment comprising administering to a subject having hung, breast,
gynecological, gastrointesting] cancer, or a combination of two or more thereof, & therapeutically
effective amount of carboplatin and a therapeutically effective amount of a micelle composition
comprising paciiiansl, 17-AAG, and rapanyein;

wherain:

the weight ratic of paclitaxel, 17-AAG, rapamycis, and carboplatin is about :: Ll o

about $:5:1:10; and
the micelle composition comprises poly{ethylene ghveob-block-poly(lactic acid)

polymers.

1%, The method of claim 17, wherein the subject is 2 manmsl,
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19, A composition comprising carboplatin and 2 reicelle coraposition comprising paclitaxal, 17-
AAG, and rapamiycim
whereln:
the weight rato of paclitaxel, 17-AAG, rapamycin, and carboplatin is about ILidte
about 3:5:1:10; and
the micelie composition comprises polv{ethylene glycol-block-poly(iactic acid)

polyraers,

3. A kit comprising carboplatin and a raicelle composition comprising pachitanel, 17-AAG,
and rapamyein;
wherein:
the weight ratio of packitaxel, 17-AAG, rapamyein, snd carboplatin is about Litkilio
about 5:5:1:1; and
the micelle composition comprises poly(sthylene glyeol)-block-pely(lactic acid}

poiviners,
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