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COMBINATION-BASED TREATMENT METHOD

{CRO8S REFERENCE TO RELATED APPLICATION
{061} This apphication claims the benefit of priority under 35 US.C. §11%e) to UK.
Provisional Patent Application No. 61/927,376 filed January 14, 2014, and to U.S. Provisional
Patent Application No. 62/080,775 filed Noveraber 17, 2014, the disclosures of which are

incorporated by reference in their entiretics.

FivLd OF THE INVENTION

18062} This invention relates to {among other things) the field of cancer chemotherapy
and involves the treatment of an individual suffering from a cancer by administering to the

patient a long acting topoisomerase 1 inhibitor and a PARP inhibitor.

BACKGROUND OF THE INVENTION

{0083] Topotsorncrase 18 an enzyme that plays important and critical role in cellular
proliferation. In particular, topoisomerase { catalyzes the uncotling of BNA during replication
and transcription. Sce Pommier et al. (1998) Biochim. Biophys. Acta. 1400(1-3):83-105 and
profiferative cells are preferentially targeted and unable to propagate. As a consequence, this

cozyme 18 a highly attractive target for chemotherapeutic ageuts, especially 1 human cancers.

{3004} The activity of topoisomerase { is regulated by phosphorylation, primarily on

serine residues {Turman et al. (1993) Biochem. Med. Metab. Biol. 33(2):210-25; Coderoni ¢t al.

Samwels et al. (1992) J. Biol. Chem. 207(163:1156-62}], and appears to be necessary for the
initial complex formation between the enzyme and DNA (Coderoni et al. (1990) fnr. J. Biochem.
22(7%:737-46).

el

{8085] The poly (ADP-ribose) polymerase {("PARP") family of enzymes plays a critical
role 1 the maiotenance of DNA integrity by binding to DNA and repairing single strand breaks

{known as "nicks"). PARPI is overexpressed in a varicty of cancers, and its expression has been
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associated with overall prognosis in cancer, especially breast cancer. PARP
inhibitors are believed to bind to PARP, thereby inhibiting its DNA-repair

activity as well as preventing the release of PARP from DNA. Inhibition of the
activity of PARP |, and a related isoform, PARP2 has shown clinical activity in

a several cancers. Kunmar et al. (2012) BMC Medicine 10(25):1-5.

[0006] Al though both topoisomerase | inhibitors, PA RP inhibitors and
other antineoplastic agents have been proposed to treat patients suffering
from cancer with varying degrees of success, one in four deaths in the
United States is due to cancer. Siegel et al (2013) CA Cancer J. Clin.
63:11-30. Although treatment regimens involving a single antineoplastic
agent are often sought, combinations of known antineoplastic agents can be
highly effective as well. Thus, there remains a need to provide (among
other things) treatment regimens where combination strategies show

enhanced efficacy.

[0007] The presentinvention seeks to address these and other needs in
the art.

SUMMARY OF THE INVENTION

[0008] In one or more embodiments of the invention, a method is
provided, the method comprising the steps of (a) administering to a patient
a PARP-inhibiting amount of a PARP inhibitor; and (b) administering to the
patient a topoisomerase I-inhibiting amount of a long-acting topoisomerase |
inhibitor. By way of clarity, with regard to the sequence of steps in
accordance with this method, unless otherwise indicated, the method is not
limited to the sequence of steps and step (a) can be performed before, after
or simultaneously with, performing step (b)

The present invention as claimed herein is described in the following
aspects:
[0008A] A first aspect provides a method for treating a patient with breast

cancer, the method comprising the steps of: (a) administering to a patient a PARP-

12278972 1 (GHMatters) P103410.AU
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inhibiting amount of a PARP inhibitor; and (b) administering to the patient a
topoisomerase l-inhibiting amount of a long-acting topoisomerase |l inhibitor having

the structure:

where each nis an integer ranging from 40 to 500; or pharmaceutically acceptable
salts thereof, wherein the PARP inhibitor is rucaparib, and wherein the canceris
BRCA1- deficient breast cancer.

[0008B] A second aspect provides use of a PARP-inhibiting amount of a PARP
inhibitor and a topoisomerase I-inhibiting amount of a long-acting topoisomerase |
inhibitor in the manufacture of a medicament for treating a patientthat is suffering from
breast cancer, wherein the long-acting topoisomerase |l inhibitor has the structure:

2a
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where each nis an integer ranging from 40 to 500; or pharmaceutically acceptable
salts thereof, wherein the PARP inhibitor is rucaparib, and wherein the canceris
BRCA1- deficient breast cancer.

[0009] Additional embodiments of the invention are set forth in the
following description and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG 1 shows mean tumor volumes in various treatment groups of a MX-1
breast cancer model in mice conducted as described in Example 1.

2b
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{8011 FIG. 2 shows the mean body weights of mice in various freatment groups in g

H1048 Jung small cell carcinoma model conducted as described 1 Exarople 2.

{6012] FIG. 3 shows the relative change of body weights of mice in various treatment

groups in a H1048 lung small cell carcinoma model conducted as described in Example 2.

{8013} FIG. 4 shows mean tumor volumes in various treatment groups of a H1048 tung

small cell carcinoma model in mice conducted as described 1o Example 2.

DETAILED DESCRIPTION OF THE INVENTION
{661 4] As used in this specification, the singular forms "a," "an,” and "the" include plural

referents unless the context clearly dictates otherwise.

{B015] In describing and claiming the present invention, the following terminology will

be used in accordance with the definitions described below.

18016} "Water soluble, non-peptidic polymer" refers to a polymer that is at least 35% (by
weight) soluble, preferably greater than 70% (by weight), and more preferably greater than 95%
{by weight) soluble, in water at room temperature. Typically, an unfiltered aqueous preparation
of a "water-soluble” polyraer transmuts at least 75%, more preferably at least 95%, of the amount
of light transmitted by the same solution after filtering. 1t is most preferred, however, that the
water-seluble polymer is at least 95% (by weight) soluble in water or completely soluble in
water. With respect to being "non-peptidic,” a polymer is nou-peptidic when it has less than

35% {by weight) of amino acid residucs.

{6617} The terms "monorer,” "monomeric subunit” and "monomeric unit” are used
interchangeably herein and refer to one of the basic structural units of a polymer. In the caseofa
homo-polymer, a single repeating structural unit forms the polymer. In the case of a co-polymer,
two or more structural units are repeated -~ either 1o a pattern or randomly - to form the
polymer. Preferred polymers used in connection with the present invention are homo-poiymers.
The water-soluble, non-peptidic polymer cornprises one or more monomers serially attached to
form a chain of monomers.

{0018} "PEG" or "polyethylene glycol,” as used herein, is meant to encompass any
water-soluble poly{ethylene oxide). Unless otherwise indicated, a "PEG polymer” or a

Y
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polyethylene glveol 1s one i which substantially all {preferably all) monomeric subunits are
ethylene oxide subanits, though, the polymer may contain distinct end capping rooieties or
functional groups, ¢.g., for conjugation. PEG polymers for use in the present invention will
comprise one of the two following structures: "-(CHCHO )" or "(CHCH20), 1 CHCH-"
depending upon whether or not the terminal oxygen{s} has been displaced, e.g., during a
synthetic transformation.  As stated above, for the PEG polymers, the variable (n) ranges from

about 3 to 4000, and the terminal groups and architecture of the overall PEG can vary.

{6019} "Branched,” in reference to the geometry or overall structure of a polymer, refers

to a polymer having two or more polymer "arms” extending from a branch poiot,

18026} A "physiologically cleavable” or "hydrolyzable” or "degradable” bond s a
relatively labile bond that reacts with water (i.¢., is hydrolyzed) under physiological conditions.
The tendency of a bond to hydrolyze in water may depend not only on the general type of
iinkage connecting two atoms within a given molecule but also on the substituents attached to
these atorns. Appropriate hydrolytically unstable or weak Hukages include but are not limited to
carboxylate ester, phosphate ester, anhydrides, acetals, ketals, acyloxyalkyl ether, imines,

orthocsters, peptides, oligonucleotides, thioesters, and carbonates.

16021} An "enzymatically degradable linkage” vocans a linkage that is subject to

degradation by one or more enzymes.

{6622} A "stable” Hnkage or bond refers to a chemical bond that is substantially stable in
water, that is to say, does not undergo hydrolysis under physiological counditions to any
appreciable extent over an extended period of time. Examples of hydrolytically stable linkages
include but are not himited to the following: carbon-carbon bonds {e.g., in aliphatic chaing),
ethers, amides, urethanes, amings, and the like. Generally, a stable linkage is one that exhibits a
rate of hydrolysis of less than about 1-2% per day under physiological conditions. Hydrolysis

rates of representative chemical bonds can be found in most standard chemistry textbooks.

{8023} "Substantially” or "essentially” means nearly totally or completely, for instance,
95% or greater, more preferably 97% or greater, still more preferably 98% or greater, even more
preferably 99% or greater, yet still more preferably 99.9% or greater, with 99.99% or greater

being most preferred of some given quantity.
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{6024} "Pharrmaceutically acceptable excipient” or "pharmaccutically acceptable carrier”
refers to a coroponent that may be included 1n the compositions of the invention causes no

significant adverse toxicological effects fo a patient.

{B025] The term "patient,” refers to g living organisimn suffering from or prone to a
condition that can be prevented or treated by admunistration of a compound of the tnvention as
described herein, and includes both humans and animals. In some instances {(such as a method
that treats a patient suffering from breast cancer), the paticot is preferably a human adult. Instill
other instances {such as a method that treats a patient suffering from Ewing sarcona), the patient
preferably has au age rangiog from 3 to 22, and includes a human child and a human young

adult.

18026} As indicated above, the present invention is directed to {among other things) a
method comprising the steps of {8) adrmnistering to a patient a PARP-inhibiting aroount of a
PARP inhibitor; and (b) administering to the patient a topoisomerase I-inhibiting amount of a
long-acting topoisomerase [ inhibitor. With respect to admunistoring steps {a) and (b), these
administering steps can be performed in either order (as well as simuitancously} and the
invention 18 not limited in this regard. In one or more embodiments of the invention,
administering step (a) will be carried out before administering step (b}, In one or more
embodiments of the invention, administering step (b) will be carried out before administering
step {a). In one or more embodiments, both admimstering steps (a) and (b) will be carried out
simultancously. Further, in one or more embodiments, steps (a} and/or (b) will be administered

repeatedly.

{6027} In those instances where administering to a patient a PARP-inhubiting awsount of &
PARP inhibitor occurs prior to administering to the patient a topoisomerase I-inhibiting amount
of a long-acting topoisomerase I inhibitor, the armaount of timne that passes after administering the
PARP inhibitor prior to administering the long acting topoisomerase | inhibitor is preferably
within one of the following ranges: from about one minute to about sixty days; from about one
minute to about thirty days; from about one minute to about 21 days; from about ten minutes to
about 21 days; from about twenty minutes to about 21 days; from about thirty minutes to about
21 days; from about forty minutes to about 21 days; from about sixty minutes to about 21 days;

from about two hours to about 21 days; from about four hours to about 21 days; from about six

-5
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hours to sbout 21 days; from about eight hours to about 21 days; from about ten hours to about
21 days; from about twelve hours to about 21 days; from about one day to about 21 days; from
about two days to about 21 days; from about three days to about 21 days; from about four days to
about 21 days; from about five days to about 21 days; from about six days to about 21 days; from
about seven days to about 21 days; from about eight days to about 21 days; from about nine days
to about 21 days; from about ten days to about 21 days; frora about 14 days to about 21 days;
from about one minute to about 14 days; from about ten minutes to about 14 days; from about
twenty minutes to shbout 14 days; from about thirty minutes to sbout 14 days; from about forty
minutes to about 14 days; from about sixty minutes to about 14 days; from about two hours to
about 14 days; from about four hours to about 14 days; from about six hours to about 14 days;
from about eight hours to about 14 days; frow about ton hours to about 14 days; froro about
twelve hours to about 14 days; from about one day to about 14 days; from about two days to
about 14 days; from about three days to about 14 days; froro about four days to about 14 days;
from about five days to about 14 days; from about six days to about 14 days; from about seven
days to about 14 days; from about cight days to about 14 days; from about nine days to about 14
days; from about ten days to about 14 days; from about one minute to about 8 days; from about
ten minutes to about 8 days; from about twenty minutes to about 8 days; from about thirty
ronutes to about 8 days; fror about forty minutes to about 8 days; from about sixty minutes to
about & days; from about two hours to about ¥ days; from about four hours to about § days; from
about six hours to about 8 days; from about cight bours to about 8 days; from about ten bours to
about 8 days; from about twelve hours to about § days; from about one day to about 8 days; from
about two days to about 8 days; from about three days to about 8 days; from about four days to
about 8 days; from about five days to about ¥ days; from about six days to about 8 days: from six
days to about 15 days; from about 13 days to about 22 days; from about 20 days to about 22
days; from about 20 days to about 29 days; from about 27 days to about 30 days; from about 27

days to about 45 days; and from about 45 days to about 75 days.

{0028 In those instances where administering o a patient a topoisomerase I-inhibiting
amount of a long-acting topoisomerase | inhibitor occurs prior to administering to the patient a
PARP-inhibiting amount of a PARP mhibitor, the amount of time that passes after administering
the long acting topoisomerase | inhibitor prior to administering the PARP inhibitor is preferably
within one of the following ranges: from about one minute to about sixty days; from about one

-6 -
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miinute to about thirty days; from about one minute to about 21 days; from about ten minutes to
about 21 days; from about tweoty minutes to about 21 days; from about thitty minutes to about
21 days; from about forty minutes to about 21 days; from about sixty minutes to about 21 days;
from about two hours to about 21 days; from about four hours to about 21 days; from about six
hours to about 21 days; from about eight hours to about 21 days; from about ten hours to about
21 days; from about twelve hours to about 21 days; from about one day to about 21 days; from
about two days to about 21 days; from about three days to about 21 days; from about four days to
about 21 days; from about five days to about 21 days; from about six days to sbout 21 days; from
about seven days to about 21 days; from about eight days to about 21 days; from about nine days
to about 21 days; from about ten days to about 21 days; from about 14 days to about 21 days;
from about one minute to about 14 days; from about ton rotnutes to about 14 days; froro about
twenty minutes to about 14 days; from about thirty minutes to about 14 days; from about forty
roinutes to about 14 days; frorm about sixty minutes to about 14 days; from about two hours to
about 14 days: from about four hours to about 14 days; from about six hours fo about 14 days;
from about cight hours to about 14 days; from about ten hours to about 14 days; frorn about
twelve hours to about 14 days; from about one day to about 14 days; from about two days to
about 14 days; from about three days to about 14 days; trora about four days to about 14 days;
from about five days to about 14 days; from about six days to about 14 days; from about seven
days to about 14 days; from about cight days to about 14 days; from about nine days to about 14
days; from about ten days to about 14 days; from about one minute to about 8 days; from about
ten minutes to about 8 days; from about twenty minutes to about 8 days; from about thirty
roinutes to about 8 days; trom about forty minutes to about ¥ days; from about sixty minutes to
about 8 days; from about two hours to about ¥ days; from about four hours to about 8 days; from
about six hours to about 8 days; from about cight hours to about 8 days; from about ten hours to
about 8 days; from about twelve hours to about § days; from about one day to about 8 days; from
about two days to about 8 days; from about three days to about ¥ days; from about four days to
about & days; from about five days to about X days; from about six days to about § days; from six
days to about 15 days; from about 13 days to about 22 days; from about 20 days to about 22
days; from about 20 days to about 29 days; froro about 27 days to about 30 days; from about 27

days to about 45 days; and from about 45 days to about 75 days.
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[GG29] In one or more embodiments of the invention, an iitiation phase, a dual phase,
and then a maintenance phase is followed. In the imitiation phase of a method for treating a
patient suffering from cancer, the initiation phase represents the long acting topoisomerase |
inhibitor and PARP mhibitor betng administered to the patient within 24 hours with cach other.
Thereafter, in the dual phase of a method for treating a patient suffering from cancer, the dual
phasc represents administration of the long acting topoisomerase | inhibitor and the PARP
inhibitor being administered pertodically (e.g., the long acting topoisomerase | inhibitor being
administered twice a week to once monthly and the PARP inhibitor being administered daily).
The dual phase may continue for one administration, two administrations, three administrations,
four administrations, five administrations, six administrations, seven administrations, eight
administrations, nine admunistrations, ten administrations, cleven administrations or twelve
administrations of the long acting topoisormerase [ inhibitor. Following the dual phase, a
roainienance phase occurs where ouly the PARP inhibitor 1s admunistered. Thas, for example,
one or more embodiments of the invention, the steps of (a) administering o a patient a PARP-
inhibiting amount of a PARP inhibitor, and of (b} administering to the paticnt a topoisomerase I-
inhibiting amount of a long-acting topoisomerase { inhibitor, are carried out at least twice,
followed by a maintenance phase wherein the patient is administered a PARP-inhibiting amount
of a PARP mtubitor without auny further admimstration of the long-acting topoisomerase 1
inhibitor.

{6030} The method described herein inveolves the administration of a long acting
topoisomerase I inhibitor. In this regard, the invention is not limited to any specific
topoisomerase 1 inhibitor so long as the topoisomerase I inhibitor is long acting. A
topoisomerase 1 inhibitor is long acting when the effective half-hife of the topoisomerase
inhibitor satisfies one or more of the following ranges: from about 5 days to about 60 days; from
about 9 days to about 60 days; from about 13 days to about 68 days; from about 21 days to about
60 days; from about 28 days to about 68 days; from about 35 days to about 60 days; from about
42 days to about 60; and from about 49 days to about 60 days. With regard to the cffective
half-life of a drug such as a topoisomerase | inhibitor, some topotsomerase [ inhibitors
metabolize into SN-38, which can be primarily responsible for the inhibitory activity of
topoisomerase I As such, those topoisomerase 1 inhibitors that metabolize into SN-38 often
describe their half-lives in terms of the elimination of SN-38 {rather than on the elimination of

-8.
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the mitially adounistered topoisornerase I inhibitor). Thus, as used herein, the "effective” halt-
life of a topoisomerase I inhibitor drug 1s the half-life of the entity -~ whether the origivally
administered drug or a metabolite of the originally administered drug -- most responsible for the
inhibitory activity of topoisomerase I By way of exaruple, the literature reports the effective
half-lifc of irinotecan (based on the elimination of SN-38} is about two days, while the effective
half-life (again, based on the climination of SN-38) of a topoisomerase-inhibitor polymer
conjugate is about fifty days. See Kehrer et al. (2000 Clin. Can. Res. 6:3451-3458 and Gayle S.

Jameson et al, (2013) (lin. Can. Res. 19:268-278, respectively.

{8031 Exemplary and non-birmiting examples of long acting topoisomerase | inhibitors
include compounds encompassed by the following formula:
C“{CH)“Q'(CHZCH)O)«-CHv-TCI‘l’n-Ez,,

wherein: n, in each instance, is an integer having a value from 5 to 150 {e.g., about 113}; and

o Q
g
o b

and -NH-CH,-C{O}-0-Irino, wherein Irino 18 a residue of wrinotecan, and, 1o a composition of

Term, in each instance, is selected from the group consisting of -OH, -C{(OOH,

such compounds, at least 90% are Irino and the remaining 10% are selected from the group

Q
O
Ao
consisting of -OH, -C(C}OH, , and pharmaccutically acceptable salts (included mixed

salis) thereof. These and other cornpounds and coropositions are described in WO 2011/063156.

$632 Additional exemplary and non-limiting examples of long acting topoisemerase |
piary £ P g giop
inhibitors include compounds encompassed by the following formula:
L8 O

I I

Ry e (e POLY U Corme N o CHy e et e £
wherein:

R is an organic radical possessing from 3 to 150 carbon atoms,

Q 15 a linker, wherein R, when taken together with Q fo form R{(~-(J-}, is a residuc of a
polyol or a polythiol after removal of "q" hydroxyl or thiol protons, respectively to form a point

of attachment for POLY,

-0
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POLY, is a water-soluble, non-peptidic polymer selected from the group consisting of
poly(aikyiene glycol}, poly{olefinic alcohol), poly(vinylpyrrohidone), poly(hydroxylalkyl-
methacrylamide), poly(hydroxyalkyl-methacrylate), poly{o-hydroxy acid), poly{acrylic acid},
poly{vinyl alcohol}, polyphosphazene, polyoxazoline, poly(N-acryloylmorpholine), and
copolymers or terpolymers thereof,

D is a camptothecin attached at its 10-, 11- or 20- ring position, and

q has a value from 3 to 50,
and pharmaceutically acceptable salts (included mixed salts) thereof. For example, the following
pentacrythritol-based multi-arm structures are exemplary and non-limiting corapounds that are

long acting topoisomerase | inhibitors:

wherein cach n is an integer ranging from 40 to about 500 (e.g., about 113 and about 226}, and
pharmaceutically acceptable salis (included mixed salis) thereof. The above and other
compounds are described in U.S. Patent No. 7,744,861, and are considered "pentacrythritol-

based multi-arm polymer conjugates of irinotecan” or a "PBMAPCL”

- 10 -
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{6033} Further additional exemplary and non-liratting examples of long acting

topoisomerase [ inhibitors include compounds encompassed by the following formula

a
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wherein cach (n} is a positive integer from about 28 to about 341 and cach SN38 is a residuc of
SN-38. These and other compounds are described in WO 2007/092646, Sapra et al. Abstract 145
entitled "Marked therapeutic efficacy of a novel poly(ethylene-glycol} conjugated SN38
conjugate in xenograft models of breast and colorectal cancers,” Patnaik et al. (2009) Poster

€221 presented at AACR-NCI-EQRTC.

{6834} The method described herein involves the administration of a PARP inhibitor, In
this regard, the invention s not limited to any specific PARP mhibitor. By way of excmplary
PARP inhibitors, the PARP inhibitor can be one selected from the group consisting of rucaparib,

olaparib, veliparib, MK-4827, BMN 673, CEP-9722, and E7(316.

10635] Assays for determining whether a given compound can act as a PARP inhibitor

can be determined through routing experimentation by one of ordinary skill in the art.

{6836} In accordance with the method described herein, the PARP inhibitor is
administered to a patient in a PARP-inhibiting amount. Une of ordinary skill in the art can
determine how rauch a given PARP inhibitor is sufficient to provide clinically relevant imhibition
of BARP. For exarople, one of ordinary skill 1o the art can refer to the hterature and/or
administer a serics of increasing amounts the PARP inhibitor and determine which amount or
amounts provide clinically relevant inhubition of PARP.

{68371 In gne or more instances, however, the PARP-inhibiting amount is an amount

encompassed by one or more of the following ranges: from about 0.01 mg/kg to about 1000

mg/kg; from about 0.1 mg/kyg to about 1000 mg/kg; from about 2 mg/kg to about 900 mg/kg;
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from about 3 mg/kg to about 800 mg/kg; from about 4 mg/kg to about 700 mg/kg; from about 5
mg/kg to about 600 mg/kg; from about 6 rog/kg to about 550 mg/kg; from about 7 mg/kg to
about 500 mg/kg; from about & mg/kg to about 450 mg/kg; from about 9 mg/kg to about 400
rog/kg; from about 3 mag/kg to about 200 mg/kg; frovo about 2 mg/kg to about 150 wmg/kyg; from
about 5 mp/kg to about 100 mg/kg; from about 10 mg/ke to about 100 mg/kg; and from about 10

mg/kg to about 60 mg/kg.

[6038] In accordance with the method described herein, the long acting topoisoroerase [
inhibitor is administered to a patient in a topoisomerase I-inhibiting amount. One of ordinary
skill in the art can deterroine how much a giveo topoisomerase [ inhibitor 1s sufficient to provide
clinically relevant inhibition of topoisomerase 1. For example, one of ordinary skill in the art can
refer to the litcrature and/or administer a series of increasing arnounts the topoisomerase
inhibitor and determine which amount or amounts provide clinically relevant inhibition of

topoisomerase 1.

{0039} In one or more instances, however, the topoisomerase F-inhibiting amount
{(particularly with respect to a pentaerythritol-based multi-arm polymer conjugate of irinotecan)
is an amount encompassed by onc or more of the following ranges: from about | mg/m” to about
1000 mg/m” of body surface; from about 2 mg/m” to about 900 mg/m” of body surface; from
about 3 mg/m’ to about 800 mg/m” of body surface; from about 4 mg/m” to about 700 mg/m’ of
body surface; from about 5 mg/m” to about 600 mg/m” of body surface; frors about 6 mg/m” to
about 550 mg/m” of body surface; from about 7 mg/m” to about 500 mg/m” of body surface:
from about § mg/m” to about 450 mg/m’ of body surface; from about 9 mg/m? to about 400
mg/m” of body surface; from about 10 mg/m” to about 350 mg/m” of body surface; from about
20 mg/m’ to about 200 mg/m” of body surface; from about 30 mg/m” to about 200 mg/m” of
body surface; from about 40 mg/m” to about 270 mg/m” of body surface; and from about 50

mg/m’ to about 240 mg/m’ of body surface.

[6349] For confirmation, as used herein with regard to PARP-inhibiting amounts of the
PARP inhibitor and topoisomerase I-inhibiting amounts of the long-acting topoisomerase {
inhibitor, the amount and cxtent of the inhibition can vary widely and the combination still be
useful in treating patients. For example, an amount of a PARP inhibitor that only minimally

inhibits PARP can still be a PARP-inhibiting ameount as used herein so long as the method of the
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claimed mvention results in a chinically meaningful response. So too, an amount of a long-acting
topoisoraerase I inhibitor that only mundroally inhibits topoisomerase 1 for a sufficiently extended
period of time can still be a long-acting topoisomerase I inhibitor so long as the method of the
clairoed mvention results in a clinically meaningful response. In some 1ostances, due to (for
examplc} synergistic responses, nunimal inhibition of PARP may only be required in the
presence of topoisomcerase 1 inhibition. In still other instances, due to (for example) synergistic
responses, minimal inhibition of topoisomerase | may only be required in the presence of PARP
inhibition. Thus, PARP-inhibiting aroounts of the PARP inhibitor and topoisomerase
-inhibiting amounts of the long-acting topoisomerase  inhibitor can range widely in the context
of the claimed invention and such amounts are not to be solely based on the amount of & drug as

in the monotherapy context necessary to inhibit the given enzyme alone.

{6041} The actual dose to be administered will vary depend upon the age, weight, and
general condition of the subject as well as the severity of the condition being treated, the

judgmeunt of the health care professional, and coryugate being adnunistered.

18042} The unit dosage of any given long acting topeisomerase | and PARP inhibitor can
be administered in a variety of dosing schedules depending on the judgment of the clinician,
needs of the patient, and so forth. The specific dosing schedule will be known by those of
ordinary skill in the art or can be determined experimentally using routine methods. Exemplary
dosing schedules juclade, without limitation, admirustration five tirues a day, four times a day,
three times a day, twice daily, once daily, three times weekly, twice weekly, once weekly, twice
monthly, once wouthly, and any corabination thereof. Once clinical benefit s no longer
achieved, dosing (whether it is at that point in the therapy a single agent or a combination) s

halted.

10043} With respect to the length of timne associated with the course of therapy, a typical
course of therapy will vary depending on the judgment of the clinician, needs of the patient, and
so forth, Exemplary lengths of time associated with the course of therapy in accordance with the
claimed method include: about one week; two weeks; about three weeks; about four weeks;
about five wecks; about six wecks; about seven weeks; about eight weeks; about nine weeks;
about ten weeks; about eleven weeks; about twelve weeks; about thirteen weeks; about fourteen

weeks; about fifteen weeks; about sixtecn weeks; about seventoen wecks; about eighteen weeks;
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about nincteen weeks; about twenty weeks; about twenty-one weeks; about twenty-two weeks;
about twenty-three weeks; about twenty four weeks; about seven months; about eight months;
about nine months; about ten months; about eleven months; about twelve months; about thirteen
months; about fourteen months; about fifteen months; about sixteen months; about seventeen
months; about eighteen months; about nineteen months; about twenty months; about twenty one
months; about twenty-two months; about twenty-three months; about twenty-four months; about
thirty months; about three years; about four years and about five years. During this time, it is
understood that that one of the long acting topoisomerase [ inhibitor or the PARP inhibitor may
be administered without the other agent (so long as the both the topoisomerase § inhibitor and the

PARP inhibitor are administered as part of a4 combination therapy as described herein).
p Py

{6044 The invention provides a mcthod for that 1s useful for (among other things)
treating a patient suffering from a condition that is responsive to treatment with the compound.
For exaraple, patients may be responsive to the mdividual agents alone as well as the
combination, but are more responsive to the combination. By way of further example, patients
may be non-responsive to one of the individual agents, but are responsive to the combination.

By way of still further example, patients roay be non-respousive to cither of the individoal agents

alone, but are responsive to the combination.

{6045] The method comprises administering a therapeutically effective amount of the
given topoisormerase inhibitor. Other maodes of administration are also conteroplated, such as
pulmonary, nasal, buccal, rectal, sublingual, transdermal, and parenteral. As used herein, the
term "parenteral” includes subcutancous, intravenous, intra-arterial, intraperitoneal, intracardiac,

intrathecal, and intramuscular injection, as well as infusion injections.

{046} The presently described method wherein a PARPinhibitor and a long-acting
topoisomerase 1 inhubitor are adnunistered to a patient may be used to treat any condition that
can be remedied or prevented by this approach. Excemplary conditions are cancers, such as,
fibrosarcoma, myxosarcorna, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, tymphangiosarcoma, lymphangioendotheliosarcoma,
synoviorna, mesothelioma, Ewings sarcoma, lciomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell

cancer, basal cell cancer, adenocarcinoma, sweat gland cancer, sebaccous gland cancer, papillary
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cancer, papillary adenocarcinomas, cystadenocarcinoma, medullary cancer, bronchogenic cancer,
renal cell cancer, hepatoma, bile duct cancer, chortocarcinoma, seminoma, embryounal cancer,
Wilms' tumor, cervical cancer, testicular cancer, fung cancer, small cell fung cancer, bladder
cancer, epithelial cancer, ghioma, astrocytorsa, wedulioblastoma, cramopharyngioma,
ependymoma, pincaloma, hemangioblastoma, acoustic neuroma, oligodendroglioma,

meningioma, melanoma, neurcblastoma, retinoblastoma and leukemias,

{6047} All articles, books, patents, patent publications and other publications referenced
herein are incorporated by reference in their entireties. In the event of an inconsistency between
the teachings of this specification and the art mcorporated by refercuce, the meaning of the
teachings and definitions in this specification shall prevail (particularly with respect to terms
uscd in the claims appended herein). For exaraple, where the present application and a
publication incorporated by reference defines the same term differently, the definition of the term

shall be preserved within the teachings of the document frora which the definution is located.

EXPERIMENTAL

16048} {t 1s to be understood that while the invention has been described in conjunction
with certain preferred and specific embodiments, the foregoing description as well as the
examples that follow are intended to iltustrate and not Himit the scope of the invention, Other
aspects, advantages and modifications within the scope of the invention will be apparent to those

skilied in the art to which the invention pertains.

ExamrLr 1
Tumor Growth Delay of MX-1 Human Breast Cancer Model with Treatment of PEMAPCH

and Rucaparib Alone and in Combination

{8049] A pentacrythritol-based multi-arm polymer conjugate of irinotecan ("PBMAPCL”
obtained from Nektar Therapeutics, San Francisco CA), which is a long-acting topoisomerase |
inhibitor, and rucaparib (Sclieck Chemicals, Houston TX) were used in a corabination study in

an efficacy model of human breast cancer.

[

[

N
'



WO 2015/108876 PCT/US2015/011239

{6850] Cancerous cells from the BRCA 1-deficient human breast cancer cell line, MX-1,
were ingected subcutancously i fervale mice. Once turors reached a size of approximately 100
mm’ {63-196 mm’), animals (n=10/group) were randomized into different treatment groups as
follows: control; single agent rucaparib, 30 and 150 mg/kg; single agent PBMAPCH, 10 and 50

myg/kg; and four combination groups. Table | provides the treatment regimens in tabular form.

Table 1
Treatment Regimen
Regimen 1 Regimen 1
Gr N Agont DO,S f’i Routc{ Schedulc |  Agemt Doxe Reute § Schedule
mg/kg mg/kg
17110 vehicle - v gwk x 4 - - - -
2 810 rucaparib 30 po | qd x2l
3410 rucaparib 150 po § g.d.x 2] - - - -
4§10 PBMAPCI 10 iv qwk x 4 - - - -
5 110 PEBMAPCIE 54 1y gwk x 4 - - - -
6 810 rucaparib 30 po § g.d x 21 PBMAPCIE 10 v gwk x 4
7§10 rucaparib 30 po | gd x21 {PBMAPCH SO v gwk x 4
& 10 nucaparib 150 po | gd x 2! (PBMAPCI} 10 iv gwk x 4
9§10 rucaparib 150 po | agd x 21 {PBMAPCIE SO v gwk x 4
#-Control group
{6051 Rucaparth was administered by oral gavage qdx21 and PBMAPCT was

administered mtravenously q7dx4, with treatiment starting on Day 1. Animal weight, clinical
e . - 7 g - ’ 3 o~
observations and tumor volume were monitored twice/weck until the endpoint 2000 mm” of

tumor volume or Day 88) was met.

[0052] Efficacy was measured by turnor growth delay and regression response rate.
16053] The results of the study are presented i FEG 1 and Table 2. As is made evident

in FIG. 1, despite the BRCA1 deficient status of the breast cancer cell line, single agent
rucapartb was only marginally cffective (at both the 30 rug/kg and 150 mug/kg dosages tested).
PBMAPCT showed moderate efficacy at the 10 mg/kg level and complete regression at the
50/mg/kg level. The combination of both agents, however, showed synergy with the tumors of

all ten animals regressing to a tumor-free status by 14-days afier the start of treatruent,

{6854} As is made evident in Table 2, PBMAPCI and rucaparib in combination showed
rnarked synergy, demonstrated by durable complete responses cven at the lowest doses of both

agents. Moreover, it does not appear that dose reductions are required for either agent: the
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combination of PBMAPCI and rucaparib was well tolerated generally at all dose levels with no

chinical signs and body weight loss, exc

ept for the cornbination of 130 mg/kg rucapartb and 50

mg/kg PBMAPCI, where individual animals showed body weight losses up to 15% {(mean body

weight loss for the group was only about 6%%).
Table 2
Summary of Response
. Regressions | Mean
Treatment Regimen | WMedis T-CITG . B
F M?,m",m T ES (%) BW Statistical Results For Groups Tested
TTE [{days)i (%) ps IR
Agent mg ke PRICRITYS | Nadiy
vehicle - 25 ~ee - {01010 e
racaparth 30 39 14 5 {0161 0 Significant agatost vehicle {(p<0.05)
rucaparib 130 43 i8 731010650 - Significant against vehicle {(p<0.01)
PEBMAPCT 10 57 32 129 1 0 1104} 10 | - &gmﬁcz‘n against vehicle (p=<¢.001)
PBMAPCI | 30 88 63 P 252 1 0 H100§ 100 - iSignificant against vehicle (p<0.001)
PBMAPCTI+i 10+ . " s \ Significant agamnst vehicle (p<0.001), 10 mg/ke
. : 252 e ’
rucaparib 30 i 63 b 100} 190 PRMAPCE {(p0.001), 30 mg/kg rucapanb {(p<0.001)
PBMAP{jl +i 10+ 8% 63 1950 1o hoolionl S:gzleicar3a Wg?‘rl‘; Vehidf\) sp:ﬁ,(?();,, i¢ mg/;\ig ‘
rucaparib 130 PEMAPCI (p<0.001), 150 mg/kg rucaparib (p=<0.001)
AAPCT +1 50 + , -0.6%, iSionificant ag cle {p< /k
PBMAFE (1 4 ‘3‘0 3% 63 259 1o Hool oo 70.6/ Sigrnificant against velucle (p<0.001}, 30 mg/kg
rucapanb 30 Day 3 rucapartb (p<0.001)
PBMAPCI+{ 50+ , X , i 1-0.4%, iSignificant against vehicle (p<0.001), 150 mg/ke
88 30§25 3 100} 1« e T : * » =re
rucaparib 150 88 63 1252 1 0 1100 100 Day 5 rucaparib (p<0.001)

{B055]

Exavpre 2
Efficacy of Treatment Using PBMAPCI and BMN 673 in Combination in 2 Human Lung
Small Cell Carcinoma Meodel

A pentaerythritol-based multi-arm polyrmer conjugate of rinotecan ("PBMAPCL”

obtained from Nektar Therapeutics, San Francisco CA), which 1s a long-acting topoisomerase |

inhibitor, and BMN 673 (BioMarin, San Rafacl CA) were used in a combination study in an

efficacy model of human breast cancer.

{(056]

Cancerous cells from the NCI-H1048 human fung small cell carcinoma line were

injected into BALB/c nude mice. Once tumors reached a size of approximately 100 mm’ - 200

T, animals (n=1{/group) were randomized into different treatment groups as identified in

-17 -




05 Dec 2018

2015206667

Table 3 and administered test article(s) as indicated. Mice were to have body weights

of greater than 20g at time of test article dosing and were checked daily, with tumor

size and body weights checked twice a week through the test period. A “drug holiday,’

bl

in which no test articles were administered, was undertaken for any animal that

exhibited a body weight loss of greater than 20%.

Table 3
Treatment Regimen
Group n Treatment Dose Dosing Dosing Schedule
(mg/kg) | volume route

1 10 Vehicle 1 B 10 ul/g Oral Daily x 14 days
Vehicle 2 10 ul/g | Intravenous Day 2

5 10 Vehicle 1 - 10 ul/g Oral Daily x 14 days
PBMAPCI 543 10 ul/g | Intravenous Day 2

3 10 Vehicle 1 - 10 ul/g Oral Daily x 14 days
PBMAPCI 102 10 ul/g | Intravenous Day 2

4 10 BMN 673 0.2 10 ul/g Oral Daily x 14 days
Vehicle 2 - 10 ul/g Oral Day 2

5 10 BMN 673 0.3 10 ul/g Oral Daily x 14 days
Vehicle 2 - 10 ul/g | Intravenous Day 2

6 10 BMN 673 0.2 10 ul/g Oral Daily x 14 days
PBMAPCI 543 10 ul/g | Intravenous Day 2

7 10 BMN 673 0.2 10 ul/g Oral Daily x 14 days
PBMAPCI 109 10 ul/g | Intravenous Day 2

] 10 BMN 673 0.3 10 ul/g Oral Daily x 14 days
PBMAPCI 109 10 ul/g | Intravenous Day 2

[0057] The average body weights, relative change in body weights and tumor

volumes for each of the eight different treatment groups measured over the course of

the study are provided in FIG 2, FIG 3 and FIG 4, respectively.

[0058]

In the claims which follow and in the preceding description of the

invention, except where the context requires otherwise due to express language or

necessary implication, the word “comprise” or variations such as “‘comprises” or

“comprising” is used in an inclusive sense, i.e. to specify the presence of the stated

features but not to preclude the presence or addition of further features in various

embodiments of the invention.

[0059]

It is to be understood that, if any prior art publication is referred to herein,

such reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.
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Claims:

L. A method for treating a patient with breast cancer, the method comprising the
steps of: (a) administering to a patient a PARP-inhibiting amount of a PARP inhibitor;
and (b) administering to the patient a topoisomerase I-inhibiting amount of a long-

acting topoisomerase I inhibitor having the structure:

where each n is an integer ranging from 40 to 500; or pharmaceutically acceptable salts
thereof, wherein the PARP mhibitor is rucaparib, and wherein the cancer is BRCA1-
deficient breast cancer.

2. The method according to claim 1, wherein the patient is human.

3. The method according to claim 1 or claim 2, wherein step (a) is carried out

prior to step (b) being carried out.

4. The method according to claim 1 or claim 2, wherein step (a) is carried out

after step (b) is carried out.
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5. The method according to claim 1 or claim 2, wherein steps (a) and (b) are

carried out simultaneously.

6. The method according to any one of claims 1 to 5, wherein each of steps (a)
and (b) are carried out at least twice, followed by a maintenance phase wherein the
patient is administered a PARP-inhibiting amount of a PARP inhibitor without any

further administration of the long-acting topoisomerase I inhibitor.

7. The method according to any one of claims 1 to 6, wherein the PARP inhibitor

is in an oral dosage form.

8. The method according to any one of claims 1 to 7, wherein the long-acting

topoisomerase | inhibitor is in a form suitable for parenteral administration.

9. The method according to claim 8, wherein the long-acting topoisomerase 1

inhibitor is in a form suitable for intravenous administration.

10. The method according to any one of claims 1to 9, wherein each “n” in the
structure of the long-acting topoisomerase I inhibitor is an integer having a value of
about 113.

I1. Use of a PARP-inhibiting amount of a PARP inhibitor and a topoisomerase 1-
inhibiting amount of a long-acting topoisomerase I inhibitor in the manufacture of a
medicament for treating a patient that is suffering from breast cancer, wherein the long-

acting topoisomerase I inhibitor has the structure:
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wherein eachn is an integer ranging from 40 to 500; or pharmaceutically acceptable
salts thereof, wherein the PARP inhibitor is rucaparib, and wherein the cancer is
BRCA I-deficient breast cancer.

12. Use according to claim 11, wherein the patient is human.

13. Use according to claim 11 or claim 12, wherein the PARP inhibitor is in an oral

dosage form.

14.  Useaccording to any one of claims 11 to 13, wherein the long-acting

topoisomerase | inhibitor is in a form suitable for parenteral administration.

15.  Useaccording to claim 14, wherein the long-acting topoisomerase I inhibitor is

in a form suitable for intravenous administration.

16.  Use according to any one of claims 11 tol5, wherein each “n” in the structure of

the long-acting topoisomerase I inhibitor is an integer having a value of about 113.
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