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CROSS-LINKED COLLAGEN COMPRISING METALLIC ANTICANCER AGENTS

FIELD OF THE INVENTION

[8041]  This invention relates to cross-linked collagen constructs comprising metal
containing anticancer agents or metailic anticancer alkylators, preferably alkylators

comprising platinum, and related methods,

BACKGROUND OF THE INVENTION

10602]  koob er @l have deseribed methods of producing nordihydroguaiaretic acid
(MDGA)Y polymerized collagen fibers for various biomedical applications, some with tensile
strengths similar to that of natural tendon {(e.g., sbout 91 MPa). See, for example, Koob and
Hernandez, Materiad properties of polymerized NDGA-collagen composite fibers:
development of biologically based tendow constructs, Biomaterials, 2002 Jan; 23 (1) 203

and U.S. Patent Number 6,563,960, the contents of which are hereby incorporated by
reference as if recited in full herein. In a related aspect, this invention is direcied to a novel

vacuum dehydration device and use thereof

SUMMARY OF THE INVENTION

{88031 This invention is directed to cross-linked collagen constructs, preferably which are
biccompatible, comprising 3 releasable metal-containing anticancer agent incorporated
thereto. The constructs can be used for in vive delivery and, in some embodiments, the
anticancer agent is incorporated into the construct so that there 1S a sustained release of the

antjcancer agent,

{0084]  In one aspect of this invention, the biocompatible cross-linked collagen is provided
as a construct with a releasable anticancer agent and, preferably, a platinum anticancer agent.
Such constructs provide the beneficial properties of the cross-linked collagen as well as

impart anticancer properties to the construct,

{30851 In another aspect, the biocompatible cross-linked collagen construct provides a
sustained refease of the anticancer agent including an immediate release, an intermediate
release and an extended relcase. In certain embodiments, the anticancer agent is continuously

reieased from the collagen construct.
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[0606]  In one aspect, provided herein is an anticancer cross-linked collagen construe

comprising:
a cross-linked collagen comprising collagen and one or more cross-linking agents and

an anticancer amount of platinum incorporated into the construct at jeast in part

through the cross-linking agent.

{08897]  As used herein, “incorporated” or “bound” refers to the metal being covalently
and/or non-covalently, such as via cation-pi interactions, attached to the construct, and

includes one or more covalent bonds or chelates between the metal atom and the construct.

.

[8008]  In one embodiment, the cross-linking agent comprises a 1,2-benroquinone and/or a
|, 2~dihydroxy phenyl moiety. In another embodiment, the platinum is chelated at least in
part to the benzoquinone and/or the 1. 2-dihydroxyphenyvl moiety. In another embodiment,
the cross-linking agent is selected from the group consisting of nordihydroguaiaretic acid
{(NDGA), 3,4-dyhydroxyphenylalanine, dopamine, 3.4-dilyydroxybenzaldehyde, 3.4-
dihydroxybenzoic acid, a carbodiimide, glutaraldehyde or another di- or multi aldehyde,
formaldehyde, tannic acid. isocyanates, pluronics, and epoxy resins. In another embodiment,
the cross-linking agent is NDGA. In another embodiment, the platinum comprises platinum

{ify and/or platinum (1V}. In another embodiment, the platinum comprises cis-{NHz R PHIH,
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009]  wherein  © denotes binding to the cross-linked collagen construct. In anothe

embodiment, the platinum incorporated into the construct is present in an amount of between
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about §.1% o about 30%.

{80187 In ancther embodiment, the anticancer amount of platinum is released i vive in
contact with an aqueous medium. In another embodiment, the anticancer cross-linked
collagen construct provides a sustained release of platinum, wherein the sustained release
comprises a plurality of release rates including an immediale release, an intermediate release
an extended release or any combination of release rates thereof. In another embodiment, an
effective amount of platinum is released from about | minute to about 60 days, or any range

therein,

{80111  As used herein, an “anticancer amount of platinum”™ refers o ap amount of platinum
incorporated into the anticancer cross-linked collagen construct of this invention that when
contacted in vitro or in vive with cancer cells inhibit or kill cancer cells or tissue, and inhibits
N

or kills, preferably, $0%, more preferably, 90%, and still more preferably 99% of such ceils

or tissue. As used herein, “effective amount of platinum” refers to an amount of platinum

3

oo

that is, preferably, released from an anticancer cross-linked collagen construet of this
invention and that is sufficient to inhibit or kill, in vitre or in vive, preferably, 50%, more
preferably, 90%, and still more preferably 99% of cancer cells or tissue. An effective amount
of platinum can improve one or more cancer symploms, and/or ameliorate ong or more
cancer-side effects, and/or prevent and/or impede invasiveness and/or metastasis of cancer.
In certain embodiments, an anticancer amount of platinum can differ from an effective

amount of platinum,

{88121 As used herein “cancer amenable to treatment with platinurm alkylators™ refer to
those cancers that are treated with one or more platinum alkylators, non limiting examples of
which include cisplatin, carboplatin, oxaliplatin, satrapiatin, as are well known to the skilled
artisan. Non limiting examples of such cancers include non-small cell lung, breast, ovarian,
testicular, and bladder cancer. “Alkvlators” or “alkylating agents” as used herein are agents
that can alkylate, or transfer an electrophilic metal moiety, such as a platinam moiety to,

aucleic acids and/or proteins as is well known to the skilled artisan.

{88131 In one embodiment, the invention is directed to a construct comprising a cross-
linked collagen construct and an anticancer amount of platinum incorporated into the
construct o provide an anticancer, cross-linked collagen construct. In certain aspects, the

cross-linked coliagen construct is cross~-linked with one or more cross-hinking agent selecied
o
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from the group censésting of nordihydroguaiaretic acid (NDGA), cross linkers including 2-9
2-dibydropbenyl moieties, 3.4-dihydroxyphenylalanine, dopamine, 3,4-

dihydro aidehyvde, 3 4-dihvdroxybenzoic acid, a carbodiimide, glutaraldehyde and

another dialdehyde and a muitialdehyvde, formaldehyde, tannic acid, isocyanates such as di

and multi-isocvanates, alpha-diazo pyruvates such as di and multi-alpha-diaze pyruvates,

pluronics, preferably such as L6l L1211, Fe8, F108, and epoxy resins. In exemplary

embodiments, the cross-tinked collagen construct is at least cross-linked with NDGA.

16014}  In vet another embodiment of the invention, the platinuam incorporated into the
construct is bound to a quinone group and/or a catechol group present in the cross-linked
cotlagen construct. In other embodiments of the invention, the platinum incorporated into the
construct may be bound to a basic nitrogen atom, non limiting examples of which include
amino, or mono- or di-alkylated aminoe, and imidazole. In certain aspects, the platinum is
platinam {(+2) and/or platinum (+4). In certain preferred aspects, the platinum anticancer
agent comprises a ¢is diamino plstinum moiety. As used herein the amino refers to ammonia
or a cycloalky! amine, or a heteroaryl or a heterocyclyl amine, where the platinum
coordinating nitrogen atom can be a part of the ring system or derivatize the ring system,
Examples of cis diamino platinum moieties and other platinum moileties uselul in this
invention are described, e.g., in Kostova, Recent Patents on Anti-Cancer Drug Discovery,

2006, 1, 1-22, which is incorporated herein in its entirety by reference. In other aspects, the

‘\)

platinum incorporated into the construct is present in an amount of between about 0.1% to

¥

about 30%.

[8615] In additional aspects of the invention, the anticancer amount of platinum is released
invive, e g, during degradation of the construct. In certain aspects, the anticancer, cross-
linked collagen construct provides a sustained relcase of platinum, wherein the sustained
refease comprises a plurality of release rates including an immediate release, an intermediate
release, an extended release or any combination of release rates thereof. In other aspects, the
plurality of release rates are adjusted to provide a sultable range of release rates, wherein the

range of release rates comprises from about | minute to about 60 days, or any range therein.

[0816] The anticancer collagen constructs can be formulated variously depending on their
mode of delivery and their delivery site. In certain preferred embodiments, the anticancer
cotlagen constructs are powdered or micronized. In some embodiments, the powdered or

micronized constructs are compacted into a shape such as a pellet or an implant shaped as the
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graphite tube in a pencil. Unit lengths or doses of such shaped solid dosage forms are also
provided. Such solid formy of the anticancer constructs can be administered topically to a
site needing anticancer reatiment, or may be administered into a patient by using dry, solid
injection technigues well known and/or commercially available, or their obvious
modifications. Nen-limiting examples of such sohid injections techniques include, the Glide

S, solid injection system,

{6017} In other embodiments, the anticancer collagen constructs or their powdered or
micronized or other forms are tormulated as a viscous fluid, Such viscous formulations may
preferably include non-aquecus organic liquids, which can include polymers such as
polyethylene giveols, polaxamer® polvmers, and the like, and/or small molecule organic
sotvents. Such viscous formulations may be administered, preferably site specifically, using
high pressure syringes that are well known and/or commercially avaiiable, or obvioug
modifications thereof. Non limiting examples of such bigh pressure syringes include those

described in ULS. 6,503,244 {(incorporated herein by reference) and the Bk

f0618]  In another aspect, provided herein is a method of manufacturing an anticancer cross-
linked collagen construct comprising cross-linked collagen and an anticancer amount of
platinum, wherein the platinum is incorporated into the construct at least in part through the
cross-linking agent, the method comprising providing the cross-linked collagen comprising

:

collagen and one or more cross-linking agents: and contacting the cross-linked collagen with
a cis-diaqua or a cis-dihalo platinum complex, to provide the anticancer cross-linked collagen

construct,

H

[0019]  As used herein, a cis-diagua platinum complex contains 2 water molecales bound (o
platinum in cis or adjacent configuration, and a cis-dihalo platinum complex contains 2

halogen, preferably chloride groups, bound to platinum in cis or adjacent configuration.

{8028]  Another embodiment of the invention is directed to a method of manufacturing a
construct comprising: contacting the cross-linked collagen construct with an anitcancer

amount of platinum to chemically bind the platinum to the cross-linked collagen constroct to

-

provide a therapeutically ¢ffective amount of anticancer platinum in the construct, thereby

producing an anticancer cross-linked collagen construct.

{8021}  In another aspect, provided herein is a method of treating a subject suffering from

cancer amenable to treatment with platinum alkylators, the method comprising administering

(2]
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an anticancer cross-linked collagen construct in the subject, wherein the construct comprises

o

(a) cross-linked collagen compnising collagen and one or more cross-linking agents and (b
AN o poed & e S
platinum incorporated therein at least in part through the cross-linking agent, 1o administer an

,:

cffective amount of platinum into the subject.

{0022} In vetanother embodiment, the invention is directed to a method of treating a
subject in need of treatment for a cancer treatable with a platinum anticancer agent,
comprising: adminisiering a medical construct in a subject, wherein the medical construct
comprises cross-linked collagen and an anticancer amount of platinum incorporated therein o

1Y
H

provide a therapeutically effective amount of anticancer platinum in the construct such that

the antifungal agent is released in vive with a pluraiity of rates, including an immediate
release, an intermediale release, an extended release or any combination of these rates in

order to release the zmiiﬁmga; agent. Methods of determining the therapeutically effective
amount, appropriate mode of administration of the compounds and compositions provided
herein will be apparent to the skilled artisan upon reading this disclosure and based on othe

methods known to them.

{00231 in a related aspect, the invention is directed to an innovative vacuum dehydration
device, for dehydrating biomaterial or tissue, possessing improved properties such as minimal
damage to the tissue, an improved quality of embossment, a significantly reduced drving
time, and reduced cost associated with the production of dehydrated biomaterial and tissue.
The dehydration device comprises a drving housing defining a drving chamber and defining
inflow and cutflow apertures; a porous drving board placed on top of a vacuum fable inside
the drying chamber,. The drying board has a first surface receiving an object such as a tissue
graft or biomaterial to be dehydrated and a second surface opposite to the first surface and is
attached to the vacuum table. {n some embodiments, the first surface of the drying board is
capable of imparting an embossment to the dehydrated biomaterial or tissue via one or more
features of the surface. In yet another aspeot, the present invention relates to modifying the

biomaterial or tissue by dehydration under vacuum pressure in this dehydration device.

13624 It is noted that aspects of the invention described with respect to one embodiment,
may be incorporated in a different embodiment although not specifically described relative
thereto. That is, all embodiments and/or features of any embodiment can be combined in any
way and/or combination. These and other objects and/or aspects of the present invention are

explained in detail in the specification set forth below,
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BRIEF DESCRIPTION OF THE DRAWINGS

3

{88281 Figure 1 is a flow chart of operations that can be used to carry out embodiments of
the present invention. Preferably, the collagen construct incorporating the therapeutic agent

is a coliagen construct comprising platinum as provide herein,

o

{8026] Figure 2 is a digital photograph of exemplary NDGA-collagen tubes (18) according

to embodiments of the present invention of varying diameter and length,

{80271 Figure 3 shows a conceptual diagram of the dehvdration device where the vacuum
source provides suction that holds down the blomaterial or tissue and the drying board during

circulated and filiered hot air cycle.

{80281 Figure 4 shows an illustrative vacuum drying apparatus wherein a vacuum table is

attached to a dehydration chamber,

[8629] Figure § shows a polycarbonate-siticone composite drying board which is

composed of a ¥ inch thick polycarbonate insert entively surrounded by silicone.
DETAILED DESCRIPTION

{6838] The present invention is described more fully hereinafier with reference to the
accompanying drawings, in which embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will be tharough and complete, and will fully convey the scope of the invention to

those skilled in the art. Before describing this invention, the following terms are defined.

Befinition

{8031]  The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention, As used herein, the

.

singular forms “a”, “an” and “the”

. ¢
¥

are intended to include the plural forms as well, unless the

context clearly indicates otherwise,

168327 The term “about” when used before 2 numerical designation, ¢.g., temperature, time,
amount, and concentration, including a range, indicates approximations which may vary by

£10 %, =5 % or 1 %

3
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{80331 “Collagen construct,” as used herein, refers to a device and/or material that
comprises biocompatible cross-linked collagen. The collagen construct can be in finished or
final form for use or in an unfinished or pre-final form. The collagen constructs of the
present invention can comprise natural collagen, natural collagenous tissue, synthetic

collagen, and/or any combination thereof. “Synthetic collagen™ as used herein, refers to
collagen material that has been formed and/or chemically and/or physically created or altered
from its naturally-cecurring state. As such, synthetic collagen may include, but is not Himited
to, collagen material in the form of a gel, gelatin, fibril, slurry, hydrogel or a film, each of

which is discussed in further detail herein below.

[6034]  The term “cross-linked collagen construct” or “biccompatiblc cross-linked collagen
construct” refers to collagen cross-linked with a cross-linking agent that is preferably
biccompatible and capable of binding and releasing a metallic anti-cancer agent. In one
ernbodiment, the cross-linking agent containg two or mwore functionalities which are reactive
with collagen as well as one or more functionalities which are capable of binding and
releasing the metallic anti-cancer agent. “Anticancer cross-linked collagen construct” refers

w a cross linked collagen construct further comprising an anticancer agent, preferably, a

metaliic anti-cancer agent, more preferably, platinam.

{%‘355 In one embodiment, the cross-linking agent contains the same or different
inctionalities which can both cross-link collagen and reversibly bind the antivancer agent,

Preforably, the cross-linking agents arc catechol containing cross-linking reagents inciuding,

~H

by way of example, NDGA as well as:
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i
i
A O On
AR - < -
P :1// S
7 i
i 1’ i:
[s i i
i { i
.. N, \ s
. o o ~.
~FT Sy T Son
!
| OH
B
L L
!
A OH
// "\k ///
OH CH 7 ~
P o AN -~ {
DN s e |
5/ 7 Y gL {
{ i
-
;i o
i - D
. e N o
N~ ~ S ~.
\sf/ o ¥ OH
i !
i i
{ { N
H o N - N N
COOH NH, HoN COOH



WO 2014/078081 PCT/US2013/067622

where L is a covalent bond or a Hinking group of from 1t to 10 atoms which comprise 1-8
carbon atoms and 0 1o 4 heteroatoms selected from the group consisting of oxygen, sulfur,
NH, and the like.

[8036]  Such catechol containing cross-linking reagents permit a variety of lengths between
the collagen fibrils as well as hinding to different functionalities. In one exemplary

embodiment, the catochol cross-linking reagent is NDGA, which is well known in the art,

{98371 “Cross linkers including 2-9 1,2-dihydroxyphenyl moieties” refer to, in preferred

pac]

embodiments, compounds of formula:

-

HO | ‘ O
Y- O
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1

[6638] Insome embodiments, the phenyl ring containing one or more hydroxy groups can
further contain alkylihio (alkyl-8-) and/or aming, or in some embodiments, the hvdroxy
groups in the phenyl ring can be replaced by alkylthio (alky!-S-), cvano, and/or amino,

groups. In some embodiments, the phenyl ring or the hydroxy substitued phenyl ring can be

g
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replaced by a heteroaryl ring containing one or more nitrogen atoms, preferably (N=)
nitrogen atom(s), that can bind the metal. Such other substituted phenyl or heteroaryt

compounds are made according to methods well known to & skilled artisan.

{80397 1 some embodiments, the chelators are bis amino acids where the two aming acid
moieties are covalently bonded by a linker such as L. The amino acid moleties are suitable
modified so as to bind to collagen, as will be well know to a skilled artisan. For example, and

without limitation, aspartic acid, and/or glutamic acid can be useful as the fwo amino acids.

{8048} By including a variety of ligands that bind the anti-cancer metal, preferably

platinum, strongly to weakly, the release rate of that metal can be controlied.

{88411 Such other cross-linkers will be apparent to the skilled artisan upon reading this

disclosure.

{6042] A “carbodiimide” refersd to a compound of formulg X-N=(=N-X, wherein each X
independently is C,-Cy alkyi optionally substituted with 1-2 dialkvlamine groups, or is Cs-Ce

cycioatkyl
{80431 U7 when placed before a group refers to that group containing m carbon atom{s}.

{88441 “Alkyl” refers to a hydrocarby! radical, preferably monovalent, containing 1-12
3

carbon atoms. Non limiting examples of alky! inclodes methyl, ethyl, propyl, isopropyl,

butvl, isobutyl, tertiary butyl, and the bke

0845] “Cycloalkyl” refers to a cyolic hyvdrocarbyl radical, preferably, monovalent,
i J 2 S J h i
containing 3-10 carbon atoms and includes bicyclic radicals. Non limiting examples of

cycicalkyl include cycloprovl, cyclobutyl, cvclopentyl, cyciohexyl, and the like.

{8046]  “Dialdehyde” refers to a compound of formula OHC-L-CHQ, wherein L is defined

as above. “Multialdehyde” refers to a compound of formula:

OHO_ Ef e \E
1 \\\ . /‘\(, | ! .
b
CEH O
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wherein, each L independently is define

can be a moiety containing one or more

can be nitrogen, is an hydrocarbyl molety optionally containing 1-

glycosidic moiety or an amino acid and such other mult

groups are bound. Dhaldehvdes and multia

o

[0047] “Di-

defined as above. "Multi-isocvanate”

, preferably, 129,

dehvdes are well known (o

sevanate” refers to a compound of formula ONC-L-ONO, wherei

referstoa

PCT/US2013/067622

d as above, pis 149, and X is defined as follows. X

{,2-dihydroxyphenyl moiety. Or, X

[0 heteroatoms, oris a
ifunctional moiety to which the |

i1

the skilled artisan.

HEMES

compound of formula:

i
NG { AOND
ON \\'; £ :v’/ \}
- \\\ )( - /
X 7 p
L
|
ONO

wherein X, L, and p are defined as above. Di-isocyanates and multi-isocyan

known to the skilled artisan.

{0048}  “Di-alpha-diazo pyruvate”refers

C{OYC{OIN,, and “multi-aipha-diazo pyruva

O & Compo

nates are well

ound of formula NoCOIOYC(Gy-1L-

te” refers to a compound of formula;

/ 3
I AV TAYa
N.OCOO { _ACOCON,
™~y T |
N /\‘,/’* ,';
§
COCON,
wherein X, L, and p are defined as above, Di-alpha-diazo pyruvates and multi-alpha-diazo

pyruvates are well known to the skilled artisan.

{6049  “Pluoronics” refers to blo

ck copolymers of {ormula:

HOC H O (CHaCH{CHORIC HO) H where such polymers and values of a2 and b are

well known to the s

10050]

referred to hereinas =

Exemplary bioco

killed artisan.

mpatibie or

oss-link

3
[ e

AL

collagen construets

{which are sometimes

collagen constructs™ or merely “constructs™), include, but are not

oy
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timited to, patches, such as wound bed patches, muscle or organ paiches, cardiac patches,
hernia paiches, skin patches, burn treatment patches, and skin/tissue repair patches; cuffs;
biood vessel {artery, vein, and the like) repair material; valve replacements or valve repair
naterial; auto-graft material; allo-graft material; xenograft material; nerve guides; tubes;
tendon sieeves, such as sleeves that can reside about repairing tendon fo prevent or inhibit
adhesions; indwelling tubes for delivery of anticancer agents; ducts, such as lymphatic,
hepatic, pancreatic and cystic ducts; tubes, such as ureter and urethra tubes; collagen fiber;
collagen gel; sutures; cords; twisted cords; ligament and/or tendon prosthesis; cables; braids;
ribhons; staples; rivets; sponges: and the like. Further examples and description of devices
are described in U.S. Patent No. 7.801,455; U.S. Patent Application Publication Nos,
2008/0161917, 2008/0188933, 2008/0200992, 20090216233, 2009/0287308, 2010/0094318,
and 2010/0094404, 1.8, Patent Application Serial Nos, 13/153,665 and 13/105.353 and US

Provisional Patent Application No. 61/450,179, which are incorporated herein by reference.

{06381]  The collagen constructs of the present invention can he dry or partially hydrated.
The term “dry” as used hercin means the construct has a moisture content of less than about
5% by weight of the construct. The term "partially hydrated” as used herein means that the
construyct has a moisture content that is less than about 50%, typically less than about 73% of
the moisture content at full hydration, measured ex vive after 24 hours in a saling bath at
ambient conditions. Thus, the construct can have a moisture content of less than about 23%

by weight of the construct, such as less than about 15% by weight of the construct. In certain

embodiments, the construct comprises at least one dry manufactured collagen fiber,

{8052} In some embodiments of the present invention, the collagen construct comprises at
least one collagen fiber. A collagen fiber can be an clongate continuous length of fiber

N

tormed of denatured {gelatin} and/or non-denatured collagen (2.g., whole or fragmented
native collagen fibers from tendon, skin, or other sources). An elongate collagen fiber can
have a length of at least about 0.25 inches (0.63 cmy, typically greater than about 0.5 inches

{1.27 ¢my), such as between about 1-30 inches (2.54 cm to 76.2 om) or between about | m o

about 100 m. In some embodiments of the present invention, a collagen construct comprises
a plurality of elongate NDOGA cross-linked collagen fibers. In certain embodiments of the

o

resent invention, a collagen construct comprises at least one polymerized elongate collagen

"1'5

reds

iher.

{68531  Exampies of fiber configurations include a single fiber, a phurality of fibers, a fiber

[
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bundle, or a plurality of fiber bundles and/or fibers twisted, woven or braided that define a

twisted, woven or braided fiber bundle and/or fiber construct,

[G034]  The term “patel’” refers to a plece or segment of biomaterial that can be placed on

and/or atfixed to target anatomical structure, typically soft tissue, to treat, protect, repair

and/or reinforee a target site. The patch can be any geometric shape but is typically
substantially planar and may, in position, conform to the shape of underlying or overlying
tissue.

{08581 The term “implantable” and derivatives thereof means the device can be inserted,

embedded, grafted or otherwise acutely or chironically attached or placed in or on a subject.

{8086} The terms “winding” and “wound” and derivatives thereof means 1o wrap about an
obiject or center at least once, typically repeatedly, e.g., to turn in a series of circular motions.
in some embodiments, at least one collagen fiber (multiple fibers, one or more fiker bundles)
turns or rotates its clrcumferential position about a centerline or long axis. The winding may
define a coll {e.2., a series of connected typically substantially concentric rings or spirals),
woven and/or braided fiber arrangement with a number of revolutions or turns about a core

and/or tube, tyvpically in a regular pattern (but an irregular pattern may also be used) about a

length of at ieast one layer of a tube or cylindrical shape,

{8087]  ‘'l'he present invention finds use in medical applications and animal studies. The
term “medical” includes both human and veterinary uses. Suitable subjects of the present

invention include, but are not limited to avians and mammalis,

{ﬂﬁSSE In partiwiar embodiments, the subjcc is “in need of” the methods of the present
construct of the present inven{iori, such as a prosthesis or other device. In certain
embodiments, after implantation, the collagen constructs of the present invention can confer a
therapeutic and/or prophylactic effect o the subject, such as prevent a disease and/or clinical
symptom, reduce the severity of a disease and/or clinical symptom relative 10 what would
nccur in the absence of the methods of the prevent invention, and/or delay the onset and/or
progression of a disease and/or clinical symptom. The methods of the present invention can
provide complete and/or partial freatment and/or protection. In particular embodiments, after
implantation in or administration 1o a subject, the collagen constructs of the present invention

reat and/or inhibit and/or protect against cancer, preferably, those that are treated with

[y
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platinum anticancer agents, in the subject.

i Anticancer Agents

{3039] Embodiments of the present invention are directed 1o biocompatible cross-linked
collagen constructs with chemically bound anticancer agents for in vivo delivery at different

release rates over time for medical use,

{8060}  The collagen constructs of the present invention, in particular embodiments, can
provide a therapeutically effective amount of an anticancer agent. “Therapeutically effective
amount,” as used herein, refers o an amount of an anticancer agent that eliciis a
therapeutically useful response in treating an existing medical condition and/or preventing or
delaving the onset of a medical condition from occurring in a subject. In particular
embodiments, the collagen construct provides a therapeuatically ¢ffective amount of an
anticancer agent for at least about 5 days, such as at least about 15 days, at least about 20
days. at least about 30 days, at least about 60 days, at least about 10¢ days, or more. In other

31

et provides 4 therapeutically effective amount of an

r/)

mbodiments, the collagen con

4%

anticancer agent for the lifetime of the collagen construct. As used herein, the term “lifetime

fthe collagen construct” is the period of time beginning substantially when the collagen

construct is implanted and extending unti! the fime the coliagen construct is removed or
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degrades, breaks down, delaminates, denatures, resorbs, absorbs

disintegrates, such that the collagen construct no longer serves its structural and/or functional

purpose (i.e., the useful lifetime). In some embodiments of the present invention, an
anticancer agent is released before, during, after, or upon degradation of the construct, or any

combination thereof,

{8861} In some embodiments, the anticancer agent comprises an anticancer heavy metal. In
certain embodiments, the anticancer agent is platinum. The ferm “platinum,” as used herein,
includes all platinum salts such as, platinum (+2), and or {(+4) salts, preferably, platinum (+2)
salts, still more preferably cis-diamino platioum salts. Accordingly, if is undersicod that all
forms of anticancer platinum salts are contemplated to be suitable to provide a therapeutically

effective dose of anticancer platinum according to the collagen constructs of the present

invention.

{08621 The anticancer agent can present in a collagen construct of the present invention in

an amount of between about (.1% to about 30%, such as between about 0.1% to about 10%,

14
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B

. about 3% to about 25%., or about 3% to about

about 1%% to about 5%, about 1%
15% by weight of the coilagen construct. In some particalar embodiments of the present
invention, the anticancer agent is present in an amount of about 196 to about 5% by weight of

the coliagen construct.

80637  The platinum can be present in the collagen construct in an amount between about
10,000 ug o about 300.000 pg, on average, or any range therein, such as about 16,000 pgw

about 200,000 we, about 15,000 pg to about 80,000 pg, sbout 20,000 ug to about 50,000 ug,

o

or about 50,000 pg to about 150,000 up per gram of the collagen construct, on average. In

&

oo

particular embodiments of the present invention, the heavy metal is present in an amount o
about 15,000 ug to about 30,600 ug per gram of the collagen construct, on average,

{68641 The amount of the anticancer agent present in a collagen construct can be based on
the weight of the collagen construct, In particular embodiments, the amount of the anticancer
agent present in a collagen construct can be based on the dry weight of the collagen construct
{i.e., having a moisture confent of less than about 3% by weight of the construct). In other
embodiments, the amount of the anticancer agent present in a collagen construct can be based
on the weight of the coiiagen construct having a low muoisture content (i ¢, having a moisture
content of less than about 25% by weight of the construct, such as less than about 15% by

weight of the construct).

{0865]  The anticancer agent can be incorporated infto and/or onto the collagen constructs of
the present invention., “Incorporate” and gravvoatical variants thereof, as used herein, refer
o an anticancer agent being present in the collagen constructs of the present invention. The
term “incorporate” and grammatical variants thereof] is intended to include embodiments
where the anticancer agent is present on one or more of the surfaces of the collagen construct
and/or present in one or more layers of the collagen construct.  “Incorporate” is intended to
include embodiments where an anticancer agent 1s bound to the collagen construct, such as
through specific and/or nonspecific types of binding. Exemplary types of chemical bonds
through which the anticancer agent can bind to the collagen construct include, but are not
limited to, covalent bonds, noncovalent bonds, tonic bonds, metallic bonds, or any
combination thereof. In some embodiments of the present inveation, the anticancer agent can
bind to and/or complex with the collagen and/or other materials or compounds in the collagen
constructs of the present invention. In certain embodiments, the anticancer agent

nonspecifically binds (o the collagen construct to provide an immediate bolus release of the

[a—
A1



WO 2014/078081 PCT/US2013/067622

anticancer agent from the collagen construct and specifically hinds to the collagen construct
to provide a sustained refease of the anticancer agent from the collagen construct. In other
embodiments, the release of the anticancer agent from the collagen construct can be due to a

combination of specific and nonspecific binding of the anticancer agent o the collagen

construct,

¥
¥

{6066]  In particular embodiments of the present invention, the anticancer agent can bind to
and/or complex with a moiety or group present in the collagen construcr, In some
embodiments, the anticancer agent can bind to and/or complex with a molety or group
present in cross-linked collagen, e g, NDDGA cross-tinked collagen, inn the collagen constructs
of the present invention. “Moiety™ and “group” arc used interchangeably herein to referto a
portion of a molecule present in the collagen construct, typically having a particular
functional and/or structural feature, e.z., a linking group (2 portion of a molecule connecting
two other portions of the molecule). Exemplary functional groups include, but are not Himited
to, amino, sulthydryl, carbonyl, hydroxyl, alkoxy, carboxyl, silyl, silvloxy, hydrocarbyl,
cvcloalkyl, aryl, thio, mercapto, imino, hale, cyano, nitro, arido, sulfoxy, phosphoryl, oxy,

quinone, catechol, and the like. In particular embodiments, the functional group is a quinone

and/or a catechol.

%

{6667] “Quinone,” as used herein refers to a compound similar o 1,4-benzoquinone and
derivatives thereof with one or more carbonyl group(s) in an unsaturated ring (Scheme 1)
Exemplary quinones include, but are not limited, to 1.4-benzoguinone, 1,2-benroguinone,
1.4-naphthoguinone, 9-10-anthraguinone, acetimidoquinone, alizarin, atkannin, {-
amincanthraquinone, andhrimide, chimaphilin, chioranil, 2,6-dimethoxyguinone,
duroquinone, emodin, fusarubin, 2-methylanthraquinone, menadione, oosporein, parvaguone,
perezone, plumbagin, rhodoquinone, rufigallol, rufigallol, terreic acid, ubiguinones,

avrantioglioeladin, nitranilic acid, and any combination thereof.

Seheme 1 bxemplary guinones.
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j0068]  “Catechol,” as used herein, refers to a compound similar io 1,2-benzenedic! and
derivatives thereof with one or more hydroxyt groupd{s) in an unsaturated ring (Scheme 7).
Exemplary catechols include, but are not limited to, 1,2-benzenediol, 2,3~
dihvdroxynaphthalene, 1,3-benzenediol, nordihydrogusisretic acid, adrenalone, catechin,
nitrocatechol, 3,4-dihydroxybenzaldehyde, 3,4-dihydroxybenzoic acid, deoxyepinephrine,
dobutamine, dopamine, dopexamine, epinephring, nordefrin, 3-pentadecylcatechol, tiron, and

any combination thereof.

Scheme 2: Exemplary catechols.
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nordihvdroguaiaretic acid (NDGA)S

{806%] I the collagen construct comprises a quinone group and/or a catechol group, the
anticancer agent can bind to and/or complex with the quinone group and/or catechol group.
Exemplary anticancer agents that can bind and/or complex with a quinone and/or a catechol
group, include, preferably platinum, {including s combined forms such as salts and
complexes with carriers), anions such as chloride, oxoanions, and hyperoxide:. A catechol
can oxidize to a quinone and a quinone can be reduced to a catechol. In some embodiments
of the present invention, upon or during the binding of a anticancer agent, a catechol group
can be oxidized to a quinone or a quinone can be reduced to a catechol, In particular
embodiments of the present invention, the anticancer agent is an anticancer agent, e.g.,
platinum, that binds to and/or complexes with a quinone and/or s catechol group present in
the collagen construct. In some embodiments, a quinone and/or catechol group is present in
the collagen construct as a result of the collagen construct being polymerized with a cross-

finking agent, such as NIDGA.

[B678] The crosslinked collagen-Pt constructs of this invention are prepared by contacting
appropriate Pt salts, preferably, Pt(ll) salts with a crosslinked collagen. Preferably, the Pt
salt is a cis diamino Pi(Il) dichloro or, yet more preferably, a cis diamino P11 diagua salt,

An iltustrative and non-limiting example is shown below:

Step A
™
NH, .0, N Hy
4

] \ - -2 RGN, water 3 ’ ¢ 2N
L1 M, Hi7 TN,

23

Digmmine diaqua P} complex

Step B

Crosslinked collagen + Diammine diagua PHll) complex ~wm  oross linked coilagen
Pt construct
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Excess Pt salts, not bound to the arosslinked collagen, can be removed by complexed with a
resin, such as Chelex. A crosslinked collagen-Pi(11) construct can be converted to the

carresponding PV construct by oxidaiion, for example with H.O4,

{8871 Insome embodiments of the present invention, the collagen construct is treated with
an agent to modify the collagen construct's ability to incorporate an anticancer agent. In

particular embodiments, the agent modifies or adds a functional group present in the collagen

construct to inerease and/or enhance the incorporation of an anticancer agent into and/or onto
the collagen construct, Exemplary types of reactions through which a modification can be
made inciude, but are not Himited fo, redoy reactions, substitution reactions, addition
reactions, elimination reactions, rearrangement reactions, biochemical reactions, and any
combination thereof. In particular embodiments, a redoy reaction is performed to modify
and/or change the oxidation state of a functional group present in the collagen construct, e.g.,
a quinone group and/or a catechol group. In certain embodiments, the agent can be a
polymerizing agent, such as, but not limited to, NDGA. In other embodiments, the agent
blocks (e.g., partially or completely} a functional group present in the collagen construct,
which optionally can subsequently be unblocked, to allow for one or more anticancer agents

and/or other materials to be incorporated into and/or onto the collagen consiruc

§
i
i

[8872] incertain aspects, the greater the affinity of the anticancer agent for the collagen
construct, the more stable the coordination of the composttion due to the ionic interaction
between the anticancer agent and the collagen construct. Conversely, the lower the affinity of
the anticancer agent for collagen construct, the less stable the coordination of the
composition. Thus, for applications where it is desired to provide a slower, faster or
combination of release rates of the anticancer agent sequestered in the collagen construct, the

binding affinity of the anticancer agent can be modified to achieve the desired release rate(s)

using the methods disclosed hercin.

136731 In various embodiments, it is contemplated that at least three affinity phases
correlating to release rates can be achieved: (1) a mobile phase; (2) low affinity phase; and
{3} high affinity phase, wherein the phases are arranged by order of increasing aifinity of the
anticancer agent for the collagen construct. In one aspect, the mobile phase correlates to
unbound and/or weakly bound anticancer agent to the collagen construct, In another aspect,
the low affinity phase correlates to non-specific and specific binding of the anticancer agent

to moieties or groups present in the collagen construct. In another aspect, the high affinity

i9
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phase correlates to binding of the anticancer agent to quinone and/or catechol groups present

in the collagen construct.

{8874] It is to be understood that various binding affinities can be achieved using the
methods disclosed herein depending on the desived release rate{s). I an exemplary
embodiment. a plurality of release rates can be achieved by introducing an anticancer agent,
for example, platinum, onto a cross-linked collagen construct, such that the anticancer agent
is incorporated into and/or onto the collagen construct via a mobile phase, low affinity and
high affinity phase. In some aspects, the utilization of different affinities of the anticancer
agent will allow the skilled artisan to make a collagen construct having a desired rate of
refease. In these aspects, for example, the addition of an amount of anticancer agent that is
fess than necessary 1o bind higher affinity groups will provide a slower release, without an
immediate release. In another example, an addition of anticancer agent in amount that is
sufficient to saturate higher affinity groups will provide a faster release than the former
example, because the anticancer agent is present in an amount sufficient to bind to
additionally bind to lower affinity components, such as but not limited 1o, hydroxyls, amines

and carboxyl groups, which will lead to a more immediate release

{30781 In various embodiments, the one or more anticancer agents can elute or be released
from the collagen construct over a period of time. The anticancer agent can elute or be
released from the collagen construct continuously and/or substantially continuously over a
period of time. “Substantially continuously,” as used herein refers to a release of an
anticancer agent all or part of the time such that on average the release of the anticancer agent

stifl confers an overall beneficial effect on the subject,

[8676]  Thus, there may be some short, intermittent and/or regular time periods in which an
anticancer agent is not being released, but the overall beneticial offoct of the anticancer agent
on the subject remains. In some embodiments, the release rate of an anticancer agent can
vary over a period of time and/or there can be multiple release rates of an anticancer agent.
Adternatively, the release rate of an anticancer agent can be substantially constant {V.e., on

average varying less than about 30%, 20%, 15%, 10%, or 5%) over a period of time.

{83771 In some embodiments, the release rate of a anticancer agent can be substantially
constant for a period of a time and vary over another consecutive or nonconsecutive period of

time and vice versa. In other embodiments, there can be periods of time in which no

20
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anticancer agent is refeased. The release of an anticancer agent, in some embodiments, can

occur in random and/or sequential releases of the same or varving concentration, When there

>

is more than one anticancer agent present in the collagen construct, the releases of the
anticancer agents can overlap or the release rates can ocour at ditferent times. Further, when
there is more than one anticancer agent present in the collagen construct, the release rates can

he the same or the releass rates can be different.

$878] The collagen construct can have one or more release rates of ap anticancer agent,
N o ped

sy

For example, the collagen construct canhave 1, 2, 3, 4, 5, or more release rates of an
anticancer agent from the collagen construct. In certain embodiments, an NDGA-collagen
construct comprising platinum, provided according to this invention, provides for two release
rates of the platinur from the NDGA-coliagen. In another embodiment, for the first release,
afier incubating the ND{(GA-collagen in normal saline at about 37°C for about 1 day, about
25% of the total amount of platinum incorporaied into and/or onto the NDGA-collagen is
refeased from the NDGA-collagen. In another embodiment, over the course of the next 2€
days, about 35% of the total amount of platinum incorporated into and/or onto the NDGA-
collagen is released from the NDGA-collagen. Thus, in certain embodiments, after about 30
days, about 60% of the total amount of platinum incorporated into and/or onto the NDGA-
collagen is released from the NDGA-~collagen. Accordingly, about 40% of the total amount
of platinum incorporated into and/or onto the NDGA-collagen remains bound to the NDBGA-

collagen after about 30 days.

[6679] The amount of an anticancer agent released from the collagen construct in the one or

more releases over g peried of time, e.g., about 1 minute o gbout 106 days,

{3088} The amount of an anticancer agent reicased from a collagen construct can be
measured by standard procedures, such as, but are not hmited to, quantitative chemical
analyvtical and/or bloanalytical techniques such as atomic absorption spectroscopy, mass
spectrometry such as inductively coupled plasma mass spectrometry (IUP-MS), gas

chromatography, immunoassays, and/or any combination thereof.

100811 Yo measure the amount of an anticancer agent released from a collagen construet,
the construct can be placed in a saline solution at a specified temperature for a desired period
of'time. The saline solution can have an osmolarity of between about 100 mOsny/L to about

1060 mCsm/L or any range therein, such as between about 100 mOsavL to about 560

21
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mOsm/L or between about 230 mQOsn/L 10 about 350 mOsmv/L. In particular embodiments,
the saline solution is normal saline. The teraperature can be between about -80°C to about
8G°C or any range therein, such as between about -86°C and about ~10°C, about -20°C 1o
about 13°C, about 3°C and about 80°C, or about 30°C and about 40°C. In particular
embodiments, the femperature 1s about 37°C. The period of time can be any duration of time
it which the amount of the anticancer agent released is desired to be known, such as about 13
minutes, about I hour, about 5 hours, about | day, about 5 days, about 30 days, about 100
days, or more. After which time the amount of the anticancer agent released into the saline

can be measured, as described above, and subsequently the rate of release can be calculated.

Alternatively, a sample {e.g.. blood or urine) can be taken from the subject in which the

construct is implanted and the sample can be analyzed using methods such as those described
above,

{88821  To accelerate the test to determine the amount of an anticancer agent released from a
collagen construct over a desired duration of time, such as the lifetime of the construct, an
enzyme can be added to the saline solution. Exemplary enzymes include, but are not fimited
to, pepsin, bromelain, chymopapain, chymotrypsin, collagenase, ficin, papain, peptidase,
proteinase A, proteinase K, trypsin, microbial proteases, and combinations thereof. {n certain
embodiments of the present invention, the enzyme is a collagenase. The amount of the one or
more enzymeds) added to the saline solution can be adjusted to accelerate the degradation of
the collagen construct over a desired period of time.  Afier the enzymatic degradation of the
cobiagen construct for the desived amount of time, the amount of the anticancer agent released
into the saline can be measured, as described above, and subseguently the rate of release can

be calculated.

IB883]  In other aspects, the release of an anticancer agent from the collagen construct can
allow for the collagen construct to retain its ability to kill and/or inhibit microorganisms (e.g.,
bacteria, viruses, ete.) over an extended period of thme. Thus, the collagen construct can

provide a sustained anticancer effect

[8884] In some embodiments of the present invention, the collagen construct has at ieast
wo diffcrent rates of release of af least onc anticancer agent from the collagen construct, The

%

two different rates of release can be of the same anticancer agent or of fwo or even more
anticancer agents, In other embodiments of the present invention, the collagen construct has

g

al least three different rates of release of an anticancer agent from the collagen constrict, The
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¥

three different rates of release can be of the same anticancer agent or of two or more

anticancer agents.

{#885]  In one aspect, the collagen construct can have an Initial release of an anticancer
agent from the collagen construct. The initial release of the anticancer agent can be a short-

term and/or an “immediate” bolus release of the anticancer agent from the collagen construct

after implantation. The amount of an anticancer agent released from the collagen construct in
the initial release can be from about 1% to abowt 40% or any range therein, such as shout

g TS

10% to about 36%, about 15% to about 339, or about 20% to about 30% of the total amount
of an anticancer agent incorporated Into and/or onto the collagen construct from about |
minute to about | day or any range therein, such as between about 15 mimuies to about 20
hours or between about 30 minutes to about 15 hours after implantation. In particular
embodiments, about 20% to about 30% of the total amount of an anticancer agent
incorporated into and/or onto the collagen construct is released after about 1 day after

implantation

[0886]  In ancther aspect, the collagen construct can have a second and/or an intermediate
release of an anticancer agent from the collagen consiruct, The intermediate release can
provide for a prolonged release. in comparison to the immediate release described above, of
the anticancer agent from the collagen construct and can allow for the collagen construct to
retain its ability to kill and/or inhibit microorganisms (e.g., bacteria, viruses, etc.) over an
extended period of time, The amount of an anticancer agent released from the collagen
construgt in the second release can be from about 20% to about 100% or any range therein,
ch as about 258% to about 75% or about 30% to about 40% of the total amount of an
anticancer agent incorporated into and/or onte the collagen construct from about 1 day 1o
about 60 days or any range thercin, such as between about | day o about 30 days or between
about 1 day to about 20 days after implantation. In certain embodiments, about 30% to about
40% of the total amount of an anticancer agent incorporated into and/or onto the collagen

construct is refeased after about 30 days after mplantation.

{80871 In other aspects, after about 30 davs afier implantation, about 30% to about 100% or
any range therein, such as about 30% to about 70%, or about 35% to about 50% of the total
amount of an anticancer agent incorporated into and/or onto the collagen construct can
remain incorporated into and/or onto the collagen construct, In certain embodiments, about

30% o wbout 100% or any range therein, such as about 30% to about 70%, or about 35% 1o

-
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about 50% of the total amount of an anticancer agent incorporated into and/or onto the
collagen construct can be released from about 38 days to about 100 days after implantation,

about 30 days to about 3 vears after implantation, or for the rest of the uscful lifetime of the

collagen construct.

[B088] In further aspects, the collagen construct can have a third and/or extended release of

an anticancer agent from the collagen construct. The intermediate release can provide fora
profonged release, in comparison to the immediate and/or intermediate release described
above, of the anticancer agent from the collagen construct. in some embodiments of the
invention, g portion and/or the remainder of an anticancer agent, e. g, platinum, incorporated
into and/or onto the collagen construct can be released or eluted from the collagen construct
a5 it breaks down, shsorbs, delaminates, denatures, ete. The amount of the anticancer agent
released from the collagen construct as it breaks down, absorbs, delaminates, denatures, ete.
can be from about 3% 1o about 100% or any range therein, such as about 30% to about 70%,

or about 35% to about 3094 of the total amount of an anticancer agent incorporated into
&

and/or onto the collagen construct.

[#089] The anticancer agent, e gz, platinum, can be released at a substantially constant
refease rate from the collagen construct or at anc or more different release rates from the
coiiag,en construct over a period of time. In particolar embodiments, the anticancer agent is
cased at at east three different rates over time. For example, about 15% 1o about 35% of
the total amount of an anticancer sgent incorporated into and/or onto a coliagen construct can
be refeased or eluted from the collagen construct after about 1 day after implantation and
about 50% to about 70% of the total amount of an anticancer agent incorporated into and/or
onto a collagen construct can be released after about 30 days after implantation. The
remainder of the anticancer agent present in the collagen construct or a portion thereof can be
released for the rest of the lifetime of the collagen construct and/or as it breaks down,
absorbs, delaminates, denatures, etc. at a constant rate, a variable rate, an intermiftent rate, or
any combination thereof. In particular embodiments, a refease of an anticancer agent is a

therapeutically effective amount of the anticancer agent.

{08981 in certain aspeets, the invention relates to a biovompatible cross-linked collagen
construct comprising a colfagen construct that is modified so as to bear multiple quinone
and/or catechol groups, 1o which anticancer agents, such as platinum, can bind with affinity.

In these aspects, the cross-linked collagen construct is in one respect an affinity based carrie

YA
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for which one may use commonly understood tochniques relating to equilibriuom constants to

o
T
control the tevel of anticancer agent that binds Yo the cross-linked collagen construct, in order

to effect particular desired release rates. In this regard, the binding affinity of platinum 1o

cotlagen constructs can be adjusted as needed using several techniques. For example, the
binding affinity can be adjusted by modifving the amount of cross-Honking agent (e g NDGA)

that is reacted with the collagen. in another example, one or more oxidizing and/or reducing

¥

agents can be used to modify and/or change the oxidation state of a functional group present

in the cross-tinked collagen construct, thereby altering the binding affinities of the anticancer
agent for the cross-linked collagen construct. In this regard, the anticancer binding affinities,

referred to hereinabove as having at least three aftinity phases, can be altered depending on
¥

the desired rate of release. Accordingly, in certain aspects, a variety of release rates can be

achieved.

{3691]  Particular embodiments of the present invention provide a method of treating and/or
preventing a disease and/or clinical symptom comprising: administering a construct of the
present invention in a subject, wherein the construct comprises coliagen and an anticancer
agent incorporated into and/or onto the construct such that the antifungal agent is released in
vivo with a plurality of rates, including an immediate release, an intermediate release, an
extended release or any combination of these rates in order 1o release the antifungal agent,
The collagen of the construct can comprise natural collagen and/or synthetic collagen in any
form. In some embodiments of the present invention, the collagen comprises at least one

elongate synthetic collagen fiber, more typically a plurality of elongate synthetic collagen

fibers.

{0092]  In particular embodiments, after implantation of the construct in a subject, the

~
o]
-

construct defivers a therapeutically effective amount of the anticancer agent in ong or more §
vivo releases of the anticancer agent from the construect. In other ernbodiments, the plurality
of in vive releases, as measured in a saline solution at 37°C, comprise a first release (R}
from t = to t = about | day after implantation and a second release {R2) from t= about |
day to t = about 30 days after implantation. In some embodiments of the present invention,
the anticancer agent is an anticancer agent, such as platinum, that is used to treat and/or

prevent and/or inhibit cancer,

{80931 Figure 1 is a flow chart of operations that can be used to carry out embodiments of

the present invention, The one or more anticancer agents can be incorporated into and/or

H
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o

onto the collagen constructs of the present invention at any time after a collagen construct
{e.g., collagen fiber or a device with such fibers) is provided (block %88). In some
embodiments of the present invention, the anticancer agent i3 incorporated into and/or onto a
collagen {iber of the collagen construct before it is formed. In other ermnbodiments, the
anticancer agent is incorporated into and/or ondo a collagen fiber of the collagen vonstruct

atler it is formed into a pre-tinal or final configuration/shape.

[00394]  The anticancer agent can be incorporated into and/or onto a collagen construct
during and/or afler polymerization of a collagen fiber in the construct with a suitable cross-
Hinker, such as, tor example, NDGA (block 5163, The amount of cross-linker present in the

colagen construct can be less than about 15%, typically between about 10% to about 1%,
R

such as between about 3% to about 1%, In particular embodiments of the present invention,
the amount of cross-linker, e.g., NDGA, present in the collagen construct is fess than about
15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or any other
range therein. Accordingly, the amount of collagen present in the collagen construct can be
more than about 83%, typically between about 90% to about 100%, such as between about
94%% to about Y5%. In particular embodiments, the amount of collagen in the collagen
construct is more than about 83%%, 86%, 8§7%, 88%, 8994, 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%%, 99%, or any other range therein. In some embodiments, the amount of
polymerized collagen is increased to increase the amount of an anticancer agent incorporated
info and/or onto a collagen construct. The collagen construct can further comprise non-
collagenous components or biocompatible materials, such as particulates, hydroxyapatite and
other mineral phases, or drugs that facilitate tissue growth or other desired effects. See, US

Patent 6,821,530, the contents of which are incorporated herein by reference above,

e

[0898]  The cross-linking agent can be any suitable polymerizing (7 e., cross-linking)
material, such as, but not limited to, NDGA, 3 4-dihydroxyphenylalanine, dopamine, 3.4-
dihydroxybenzaldehyde, 3,4-dihydroxybenzoic acid, carbodiimide, glutaraldehyde,
formaldehyde, tannic acid, isocyanates, and epoxy resins. In other embodiments, the cross-
linking agent can be any suitable polymerizing material in which at least one reactive group
of the peptide is part of a diamino acid, such as but not Himited to, lysine, arginine,
asparagine, cysteine, glutamine, histiding and ornithine. In these aspects, hydroxyl groups
and mercapto groups on the peptide may contribute to the cross-linking reaction. In other

aspects, a dicarboxylic acid may be used as the cross-linking agent, thereby introducing a
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hvdrocarbon bridge in-between the cross-linked sections having a free amino, hvdronyl or
thiol group. In particular embodiments, the cross-linking agent comprises a quinone group
and/or a catechol group. Exemplary cross-linking agents that can comprise a quinone and/or
catechol functional group include, but are not limited to NIDGA, 3 4-dihydroxyphenyvialanine,
and dopamine. Thus, the polvmerized collagen can comprise one or more quinone and/or
catechol groups. In certain embodiments, the cross-linking agent is selected based on the
anticancer agent{s) desired 1o be incorporated into and/or onto the collagen construct, For
example, when platinum is desired as an anticancer agent, a cross-linking agent that
comprises a quinone and/or catechol functional group, e. g, NDGA, or that comprises one or

more basic nitrogen atoms, is selecied

{80961 Onee an anticancer agent is provided (block 838), the collagen construct can he
ontacted with an anticancer agent to incorporate the anticancer agent into and/or onto the
cotlagen construct (block $86). The collagen construct can be contacted with an anticancer
agent via a loading solution (i.e., a solution comprising the anticancer agent) for a period of
time sutficient to aliow for the anticancer agent to be incorporated into and/or onto the
construct, Alternatively and/or in addition to contacting the collagen construct with a loading
solution, the collagen constrict can be contacied with a powder, such a dry powder
comprising an anticancer agent. The term “contacting” as used herein in reference to the
incorporation of the anticancer agent into and/or onto the construct, is intended to include
freating, soaking, suspending, immersing, saturating, dipping, wetting, rinsing, washing,
submerging, emersing, spraying, rolling, and/or any variation and/or combination thereof,
The construct can be contacted with an anticancer agent for a period of time of about |
minute (o about 24 hours or more. In some embodiments, the contacting step can be carried
out for a period of time of about | minute to about 36 hours or any range thereln, such as
about 1 hour to about 24 hours or about 10 hours to about 20 hours. After being contacted
with the one or more anticancer agents, the construct can be washed with water and/or a
suitable buffer. The buffer can be any buffer, including, but not limited to, for example,
sodium acetate, 4«(2,-‘hys:hoxyethyl}--1«-{piperazineemanesufﬁmic acid (HEPES), or 3-(N-
wrpholing) propanesulfonic acid (MOPS) at a pH of about pH 6.5 to about 7.8, The pH of
the buffer can be about 6.5, 6.6, 6.7, 68,69, 7.0,7.1,7.2,73,75, 74, 76 or 7.8, The

cotlagen construct can then be dried.
[6697]  The contacting step can be carried out at a temperature between sbout 5°C to about

oy =
e 1;
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&0°C or any range therein, such as between about 10°C and about 60°C, about 13°C o about
40°C, or about 20°C and about 30°C. In particular embodiments, the temperature is about
25%C. The contacting xtep can be carried out at atmospheric pressure, reduced pressure (e g,
vacuumized pressure), high pressure, and/or any combination thereof, In particular

embodiments, the pressure is atmospheric pressure.

{6898]  The amount of an anticancer agent incorporated into and/or ento the collagen
congtructs of the present invention can be influenced by varying different factors in the
racthod of incorporating the anticancer agent. For instance, whether there are more than one
anticancer agents in the loading solution can atfect the amount of an anticancer agent
incorporated info the coliagen construct. The concentration of the one or more anticancer
agenis in the loading solution can also affect the amount of an anticancer agent incorporated
into the collagen consiruct. The concentration of the one or more anticancer agent in the
loading solution can range from about 0.1% to about 50%, such as about 0.5% to about 35%
or about 1% to about 20%. In particular embodiments, the concentration of an anticancer
agent in the loading solution is about 0.1%, (.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, (.8%,
0.9%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%%, 153%, 16%, 17%,
18%, 15%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%s, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%%, 38%, 39%, 40%, 4194, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%,

50%, or any other range therein. In some embodiments of the present invention, the
concentration of an anticancer agent in the loading solution is from about .1% to about §

I other embodiments, the loading solution can be a saturated or a supersaturated solution of

the solute, /e, the anticancer agent.

{8699] The pH of the loading sohution as well as any additional components in the loading
solution can intluence the amount of an anticancer agent that Is incorporated in the collagen
consiruct, fn some embodiments, the pH of the loading solution is betwesn about pH 3-9,
such as sbout pH 3, 4,5, 6, 7, 8, 9 or any other pH value therein. Additional components in
the loading solution can include, but are not limited 1o, agents that aid with the incorporation
of the anticancer agent info and/or onto the collagen construct, agents that modity the
collagen construct such as oxidizing agents and reducing agents, agents that aid with the
solubility of the anticancer agent, agents that modify the pH of the loading solution, and any
combination thereof. Further, other anticancer agents, non-collagenous components or

Mocompatible materials, such as particulates, hydroxyapatite and other mineral phases, or

28



WO 2014/078081 PCT/US2013/067622

rugs that facilitate tissue growth or other desired effects can be present in the loading

solution. See, US Patent 6,821,338,
{8100]  In certain embodiments of the present invention, the collagen coustruct is contacted

with an agent that modifies the collagen construct {hlock 328). The agont can aid in
incorporating an anticancer agent into and/or onto the collagen construct by increasing the
amount of the anticancer agent bound and/or the enhancing and/or sir@ngthening chemical
bond between the anticancer agent and the collagen construct. The modifying agent can alter
a functional group present in the collagen construct to increase and/or enhance the
incorporation of an anticas agent into and/or onto the collagen construct. In some
embodiments, the modifving agent can change the oxidation state of a functional group
present in the collagen construct, in these embodiments, reducing and/or oxidizing agents
may be used to by one of ordinary skill in the art to modify and/or change the binding affinity
of the anticancer agent for the collagen construct. In particular embodiments, a functional

oup present in the collagen construct is modified (o be a quinone group or a catechol group.

The modifving agent, in other embodiments, blocks (e.g., partially or completely) a
functional group present in the collagen construct. Blocking, and optionally later unblocking
a functional group, can aliow for one or more anticancer agents and/or other materials to be

incorporated into and/or onto the collagen construct.

{3181] The method of incorporating an anticancer agent into the collagen constructs of the
present invention can be repeated to add more of the same anticancer agent and/or o add one

or more additional anticancer agenis,

J—

I. Exemplary Collazen Construct

{0162} The collagen constructs of the present invention comprise collagen, typically dermal
collagen. However, the collagen can be of any form and from any origin. The collagen can
be any of the identified collagen genotypes, for example, the interstitial fiber forming

collagen types §, 11 and 11, as well as any other substantially fiber forming types of collagen,

P

for example collagen V1. The collagen can be acid soluble coliagen or pepsin solubilized or
soluble collagen. The collagen can be from mammalian cells synthesized i vitro. The
collagen can be from molecularly engineered constructs and synthesized by bacterial, veast or
any other molecalarly manipulated cell type. For example, the collagen can be sea cucumber
dermis collagen, bovinge, caprine, porcine, ovine or other suitable donor mammal, marine

anirnal coltagen such as chinoderms, molecularly engineered collagen. or gelatin fe.g., in any

28
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suitable form including solid, gel, hyvdrogels, liquids, or foams). In addition, the collagen can

i

be digested with a protease before, where used, oxidizing and polymerizing steps. The

collagen can be in the form of microfibrils, fibrils, natural fibers, or synthetic fibers.

{183}  In somc embodiments, the collagen can be solubilized, dissolved or otherwise
ransferred into an acid solution, for example, acetic acid {e.g., about ¢.G1 M fo about 1.0 M,
typically about 0.5 M), hydrochloric acid (between about pH 1 to about pH 3. typically about
oH 2.0), or any other suitable acid at appropriate concentration (e.g., about pH 1.0 1o about
pH 3.0, typically abouat pH 2.0). Dialysis may optionally be used to neutralize a soluble
collagen solution. The collagen can also or alternatively be dissolved in a neutral buffered
sefution either with or without salts, e.g., phosphate buffer at about pH 7.0, or phosphate
huffered saline at about pH 7.0, The phosphate buffer can be at any concentration of sodium
phosphate between about .01 M and abouwt 0.5 M, but more typically between about .02 M
and about §.1M. The buffer can also be any buffer, including, but not limited to, for

xample, sodium acetate, 4-(2-hvdroxyethyi)-1 —pipcrazineethanesuifonic acid (HEPES), or 3-
{N-morpholino) propanesulfonic actd (MOPS). The collagen can be present in a quantity that
is at feast about 0.1% to about 10%, typically between about €.1% to about 5% (e.g., about

0.2,0.3, 0.4, 1.0, 2.0, 4.0%) weight per volume, or weight per volume in the neutral
buffer solution before fibrillogenesis and fiber formation. In a dried fiber collagen, collagen

1 be present in an amount of weight by volume of between about 30-100% (e.g., at least

about 75%, 90%, 95% or 100%) before crosslinking (where crosslinking is used),

(8104} Collagen “microfibrils,” “fibrils,” “fibers,” and “natural fibers” refer to naturally-

”

~

oceurring structures found in a tendon. Microfibrils are about 3.5 nm to about 50 nm in
digmeter. Fibrils are about 50 nm o about 30 pm in diameter. Natural fibers are above about
50 wm in diameter. A “synthetic fiber” refers to any fiber-like material that bas been formed
and/or chemically or physically created or altered from its naturally-ocourring state. For
example, an extruded fiber of fibrils formed from a digested tendon is a synthetic fiber but a

¥

tendon fiber newly harvested from a mammal is a natural {ibe

181653}  Of course, synthetic collagen fibers can include non-collagenous components or
blocompatible materials, such as particulates, hydroxyapatitc and other mineral phases, or

5 5

drugs that facilitate tissue growth or other desired effects. See, US Patent 6,821,330,

incorporated herein by reference above. For example, the fibers and/or constructs can

inciude compositions that can contain carbon nano-tubes, zine nano-wires, nano-crystatiine
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diamond, or other nano-scale particulates; and larger crystalline and non-crystalline
particulates such as calcium phosphate, calcium sulfate, apatite minerals. For example, the
ompositions can also or alternatively contain anticancer agents such as bisphosphonates,
anti-inflammatory stercids, growth factors such as basic fibroblast growth factor, tumor
growth factor beta, bone morphogenic proteins, platelet-derived growth factor, and insulin-
tike growth factors; chemotactic factors such {ibronectin and hyaluronan; and extracelludar
matrix molecules such as aggrecan, biglycan, decorin, fibromodulin, COMP, elastin, and
fibrillin, In some embodiments, the fibers and/or fiber-derived constructs can contain cells,

~,

enginecred cells, stern cells, and the like, Combinations of the above or other materials can

be embedded, cnated and/or otherwise directly or indirectly attached fo the coliagen fibers

and/or construct formed of same.

=5

[81616] The term “collagen gel” means a semi-solid {e. g, gelatinous density) material that
includes collagen fiber, fibrils and/or microfibrils, typically dermal collagen, that has been
acid or pepsin solubilized (e.g., soluble collagen) and processed (o mainiain the collagen in
its molecular form. The collagen concentration of the scluble collagen and/or resulting
soluble collagen gel can be between about 0.1% to about 496 weight per volume. The
collagen can be solubilized, dissolved, and/or suspended in a solution {e.g., water or buffer
solution). The solution can be a neutralized solution with a pH of about pH 7.0 to about 7.4.
The pH can be about 7.0, 7.1, 7.2, 7.3, or 7.4, 1n somse embodiments the pH is about 7.2,
The buffer can he any buffer, inchuding, but not fimited to, for example, sodium acetate, 4-(2-
hydroxyethyl)-1-piperazinecthancsulfonic acid (HEPES), or 3-(N-morpholino)
propanesuifonic acid (MOPS} at 3 pH of about pH 7.0 to about 7.4. The soluble coliagen gel
may be formed to be in a cylindrical shape of a defined length and diameter, typically with a

diameter of between abouat 6.1 om to about | om, and a length of between about 5 om to abouwt

100 m, more typically between about | m to aboul 30 m.

{0107]  The collagen gel can comprise nou-collagenous componcnts or biocompatible
materials, such as one or more particulates and/or minerals, Exemplary minerals include, but
are not fimited to, calcium phosphate, calcium hydrogen phosphate, calcium dihvdrogen
phosphate, monatite, brushite, calciom pyrophosphate, tricaleium phosphate, tetracaleium
phosphate, octacaleium phosphate, amorphous calctuom phosphate, hydroxyapatite,

carbonateapatite, calcite, and caleium salfate. One or more minerals can be present in a

guantity from about 0.1% to about 5%, typically between about 0.1% to about 1% {e.g., 0.1,
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0.2, 0.4, 0.6, 0.8, or 1%) weight per volume. When one or more minerals and/or particulates
are present in the collagen gel, the collagen gel can be used to ereate a rough or textured
surface. “Rough™ as used herein refers to an unequal or varied surface that can contain
surface texture, ridges, and/or bumps. In some embodiments at least one mineral is present in
the collagen gel to create a rough foner and/or outer surface. The higher the mineral
concentration in the collagen gel, typically, the rougher the surface and/or resulting tube, A
high mineral concentration can provide a surface and/or a tube that is Hghter in color than a

surface and/or tube containing no minerals.

{6188]  The collagen fibers and collagen gel can be produced in bateh or continuous-type

o -t

]

systems, includin

~
¢
H
H

= wet gel coliagen extrusion systems, which produce cylindrical lengths o

gel that can be allowed to substantially dry (actively or passively) to obtain a soitable length
of fiber. Examples of some collagen fiber production processes that can generate soluble

collagen in sultable lengths are desceribed in ULS, Patent No, 6,565,960, and pending U.S
g b4 P

Patent Appiication Publication No, US-2008-0188933-A1, the contents of which are hereby

a2

incorporated by reference.

[5108]  The collagen fibers can be spooled for supplying (o an automated or semi-automater
winder 1o form the biomedical construct. The collagen fibers may be formed with a relatively
thin diameter, such as, for example between about 0.08 mm to about 0.2 mm (average), such
as about .08 mm dry diameter {average) and about a .13 mm wet diameter (average). A
collagen fiber can be an elongate continucus length of fiber formed of denatured (gelatin}
and/or non-denatured collagen (e.2., whale or fragmented native collagen fibers from tendon,
skin, or other sourcesy. The fiber can have a length of at least about .25 inches, typicaily
greater than about 6.5 inches, such as between about 1-30 inches or between gbout | m o
about 100 m. In certain embodiments of the present invention, a plurality of elongate
collagen fibers can be utilized. In particular embodiments of the present invention, an

elongate collagen fiber is polymerized before and/or after it is used o prepare a construct,

{8118}  The term “gelatin®™ refers to denatured collagen. Gelatin can be derived from
collagen in g well known manner or can be obtained from commercial suppliers, such as
Sigma-Aldrich”, located in St. Louis, MO, An exemplary method of obtaining gelatin is by
heating coltagen at a suitable temperature to cause it to become denatured. Denaturation
results int the irreversible transformation of collagen inte a random coiled structure, which is

gelatin, Gelatin can be derived from one or more sources of collagen and derived from one

T
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or more types of collagen, such as but not limited to, types L 1, 1, and/or VI, Exemplary
sources from which gelatin is derived include, but are not limited to, sea cucumber dermis
collagen, bovine, caprine, porcine, ovine or other suitable donor mammal collagen, and
marine animal collagen such as chinoderms, The gelatin can be derived from collagen
obtained from mammalian cells synthesized /n vitro. The gelatin can be derived from
coliagen obtained from molecularly engineered constructs and synthesized by bacterial, veast

or any other molecularly manipulated cell type.

{0181} The torm “gelatin slurry™ as used herein refers to a mixture of gelatin in a solvent
{e.g., water or buffer solution). The gelatin slurry can be a homogeneous or heterpgencous
mixtare. Gelatin in the gelatin slurry can be suspended, solubilized, and/or dissolved {e.g.,
completely or partially} in a solvent to form a gelatin slurry. The gelatin shurry can comprise
other components, such as, but not imited to, one or more minerals and/or particulates, that
can be suspended, solubilized, and/or dissolved in the solvent. The buffer can be any buffer,
including, but not limited to, for example, sodium acetate, 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), or 3-(N-morpholino} propanesulfonic acid (MOPS)
at a pH of about pH 6.5 to about 7.8, The pH of the buffer can be about 6.5, 6.6, 6.7, 6.8, 6.9,

-

7.0,7.1,7.2,7.3,7.5, 7.4, 7.6 or 7.8. In some embodiments the pH is abouwt 7.2, The gelatin

3

can also or ahemﬁtivﬂ}y be dissolved in a neutral buffered solution either with or without
salts, e.g., phosphate buffer at about pH 6.5 to about 7.8, or phosphate buffered saline at

about pH 6.5 to about 7.8, The phosphate buffer can be at any concentration of sodium

phosphate between about (.01 M and about 0.5 M, but more typically between about 0.02 M

and sbout 0.1 M. The gelatin can be present in a quantity from about 0.1% to about 60%,

foa
4

typically between about 2% to about 40% {e.gr, about 2, 3,4, 5,6, 7, 8, 10, 13, 20, 25, 30,

or 40%) weight per volume.

{0812} The gelatin shurry can be heated to create a viscous siwrry at a temperature that
keeps the gelatin from geliing or solidifving during application, and/or to dissolve or
solubilize the gelatin in the solvent. When a gelatin slurry is cooled to a sufficient
temperature & “pelatin hydrogel” is formed. The term “gelatin hydrogel” as used herein
refers to a semi-solid {e.g., gelatinous dersity) material formed by the gelatin slurry that
includes gelatin and can comprise other components, such as, but not limited to, one or more
minerals and/or particulates. The gelatin in the gelatin shurry and in the resuiting gelatin

hydrogel are composed of denatured collagen and cannot be used to produce coilagen fibers,

Lo
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fibrils, and/or microfibrils. To be ¢lear, in contrast, the term “collagen gel™ as used herein
refers (o a gel that includes collagen fiber, fbrils and/or microfibrils that has been acid or
pepsin solubilized (e g, soluble collagen) and processed to maintain the collagen in its

maolecolar form, whereas the ferms “gelatin hydrogel™ and “gelatin slarry™ as used herein

e
H

-fer to compositions of gelatin, which is denatured collagen that cannot be used to produce
collagen fibers, fibrils, and/or microfibrils, Stated differently, gelatin is denatured collagen
which does not maintain collagen in its molecular form since it is frreversibly transformed

into a random cotled struciure

{8113} The gelatin shury and/or the gelatin hvdrogel, which may or may not be attached to
at least one collagen fiber, can be cross-linked with a suitable polymerizing (7.¢., cross-
linking) material, such as, but not limited 1o, NDGA, 3,4-dihydroxyphenylalanine, dopamine,
3.4-dihvdroxybenzaldehvde, 3 4-dihydroxybenzoic acid, carbodiimide, glutaraldehyde
formaldehvde, tannic acid, isocyanates, and epoxy resins, or may be used in a non-cross-
linked state. In particular ernbodiments, the cross-linker comprises a guinone group and/or
catechol group, Exemplary cross-linking agents that can comprise a quinone and/or catechol
functional group include, but are not limited to NDGA, 3, 4-dihydroxyphenylalanine, and

dopamine. Thus, the polymerized collagen can comprise one or more guinone and/or

catechol groups.

{8114} Ablernatively or in addition, the gelatin shurry and/or gelatin hydrogel can be
stabilized with treatments, such as, but not limited to, one or more of dehydrothermal
teatment, glveation, and ultraviolet hight. The gelatin slurry and/or the gelatin hydrogel
treated with a polymerizing material and/or a stabilization treatment can be resistant o
Hquification at 37°C and/or thermally stable at temperatures over about 37°C. The gelatin
slurry and/or the gelatin hydrogel treated with a polymerizing material and/or a stabilization
treatment can be thermally stable at temperatures up to about 120 °C, typically at
temperatures between about 37°C to about 104°C. The polymerized and/or stabilized gelatin
hydrogel can be stronger and/or stiffer than an untreated gelatin shurry and/or gelatin
hydrogel {e.g., an untreated gelatin hydrogel has a compressive stiffness of about 0.70 MPa,
compared to about 4.71 MPa for NDGA-treated gelatin hydrogel}. The polymerized and/or
stabilized gelatin hydroge! can be nearly elastic under dynamic compression loads {e.g.,
rebounds substantially compietely after compression to over 830%, while untreated gelatin

*

hydrogeis fracture when compressed to 80%). The polymerized and/or stabilized gelatin

a3
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hydrogel can undergo large deformations without comprising its mechanical properties.
According to some embodiments, the gelatin slurry and/or the gelatin hydrogel, if
polvmerized {i.e., cross-linked) and/or stabilized, can be polymerized and/or stabilized at any
time either before, during, and/or after application and/or drving to at least one collagen fiber,

2

where applied

{6118} The gelatin clurry can be heated prior to application typically above room
temperature, such as up to about 120°C or even more. In some embodiments, the geiatin
shurry can be heated and/or kept at between about room temperature and about 100°

typically between about room temperature and about 70°C to keep the gelatin from gelling or
solidifying during application, and/or to dissolve or solubilize the gelatin and/or one or more

minerals in the solvent.

[8116] During application of the gelatin slurry onto a construct {e.g., collagen f{iber), the
gelatin slurry can be beated above roont temperature, such as between about 20°C and about
70°C, between about 20°C and about 60°C, typically between about 43°C to about 55°C to

keep the gelatin from gelling or solidifying during application, and/or to dissolve or solubilize

the gelatin and/or one or more minerals in the solvent.

{0117} The gelatin slurry can be heated by known methods and devices, such as, but not
fimited to, heating using a water bath, heating block, heating pad, solar or light source,
microwave, or bunsen burner. The temperature to which the gelatin slurry is heated can
depend on the concentration of gelatin and/or other components present in the shurry,
Typically, if a high concentration of gelatin and/or other components is present in the gelatin
shurry, then the gelatin shurry may need to be heated to a higher temperature to create a
viscous shurry at a temperature that keeps the gelatin from gelling or solidifying during
application, and/or to dissolve or solubilize the gelatin and/or other components in the
solvent. Generally, the higher the concentration of gelatin in the slurry, the higher the
temperature needed to create a viscous slurry at a temperature that keeps the gelatin from
gelling or solidifying during application, and/or to dissolve or solubilize the gelatin in the
solvent. However, other components present in the gelatin slurry, e g, minerals, may affect
the viscosity of the gelatin slurry, the temperature at which the gelatin slarry gels or
solidifies, and/or the solubility of the gelatin and/or minerals in the solvent. Thus, the

temperature to which the gelatin slurry is exposed or heated to can vary.

s
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{8118]  The term “film” refers to a thin layer of coliagen gel, gelatin slarry (typically
comprising one or more minerals), and/or gelatin hydroge! (typically comprising one or more
minerals) that has dried. The collagen gel, gelatin shurry, and/or gelatin hydrogel can be
actively and/or passively dricd. Exemplary methods of dryving the collagen gel, gelatin slurry,
and/or gelatin hvdrogel include, but are not Hmited to, air drving, drying under heat, or drying
in an oven or dryer using conduction, convection, infrared/radiant, or radio frequency. The

3

moisture content of the resulting collagen tilm and/or gelatin film can be less than about 25%
by weight of the film, less than about 15% by weight of the film, but is typically less than
about 3% by weight of the filim to provide a state of the collagen film and/for gelatin film at a

low moisture content,

[8119] Several layers of the collagen gel, gelatin slurry, and/or gelatin hydrogel can be
applied or used to generate the desired film thickness or coverage. For example, between
about 1-20 lavers of collagen gel, gelatin slurry, or gelatin hyvdrogel can be applied to form a
collagen film or gelatin film, typically between about 1-10 layers of collagen gel, gelatin
shurry, or gelatin hydroge! can be applied to form a collagen film or gelatin film, In particular
embodiments, between about 1-20 layers of collagen gel are placed about an outer surface of
a support member and allowed to dry, then, at least one collagen fiber is wound g number of
revolutions about a length of the support member and while winding the at least one collagen
fiber between about 1-20 layers of a gelatin siurry are applied to the at least one collagen
fiber and optionally aliowed to dry, then, between about 1-20 layers of collagen gel are
placed onto the at least one collagen fiber with the gelatin hydroge! or gelatin film and

allowed to dry.

‘

$128]  The one or more layers of collagen gel. pelatin shurry, and/or gelatin hydrogel can
E » B h 4

comprise different components and/or comprise the same components present in different
concentrations. In certain embodiments, cach of the lavers comprise the same componenis,
e.g., minerals and particulates, and in other embodiments the layers comprise different
components. In particular embodiments, each of'the layers ¢ omprise the same components,
but in each layer the concentration of the cornponents is different. For example, in certain
embodiments, the mineral concentration in a first {inner} layer can be less than the mineral
concentration in the cuter laver. The film can be present in a thickness that is between about
5 microns and about 1 mm, typically between about § microns and about 700 microns, and

more typically between about 3 microns and about 500 microns. The film of gelatin hydrogel

L2
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i

is typically thicker than the film of collagen gel.

{81211 In some embodiments, a collagen gel, where used, can provide a smooth {and

i

typically a substantially constant diameter} surface over and/or under the at least one coliagen

'I»«

tiber, In other embodiments, a collagen gel comprising one or more minerals, 2.g.,

hyvdroxvapatite, where used, can provide a rough layer {e.g., inner and/or cuter surfice) ove

and/or under the at least one coliagen fiber.

Methods of Treatment

13122]  Spectroscopic and chromatographic methods are emploved to determine the solution
stability of the constructs provided herein. The complexes are sereened against, e.g., the
L1210 mouse tumor model to determine antitumor activity. In addition the M3076 ovarian,
H460 tung, B16 melanoma, and Lewis fung murine tumor models may be used, e.g., as

xenografts,

161231 When used as antitumor agents, the platinom complexes of this invention can be

administered in a manner and with a protoes] comparable to cisplatin, carbopatin, oxaliplatin,

H

and/or satraplatin. They advantageously are administered o patients, humans or animals,

J

¥

et

having tumors susceptible to therapeutic treafment by platinum complexes, as sterile agueous
solutions. The solutions are preferably admmnistered intraveneously or intraarteriaily,

although other forms of administration may be indicated in certain cases. Sohtions for
intravenous injections will normally be sterile physiclogical solutions, which may also
contain appropriate amounts-of alkali, sodium bicarbonate, to convert complexes bearing
acidic water-sclubilizing groups to their salts. Suitable dosage forms can also include oily or
aquecus injectable preparations, for intramuscular or intraperitoneal injection, and solid

dosage forms, such as solid implants, capsules, and the like.

{8124} The effective amounts of the complex of the invention which should be
administered can be determined by conventional methods which will be apparent to the
skifled artisan. Mormally, the activity of the platinum complex of this invention will be
evaluated in a screen along with a known complex such as ciplatin, carboplatin, oxaliplatin,

and/or satraplatin. The relative potency and the therapeutic index, the ratio of therapeutic

3T}

effectiveness to toxicity, compared to that of the known analogue will normally determine the
relative dosage compared to conventional dosages of the analogue for the type of cancer
being treated.
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(01251 The treatment rogimen can be varied in ways which are well known to the skilled
artisan, as a function of the type of cancer being treated, the condition of the subject, and the
particular properties of the antitumor platinum complex being administered. Inevitably, a
certain amount of experimentation is required to determine the optimum dosages and

Y

treayment reghimens, as is normally the case for anticancer therapy.

<

. Yacuum Drving Apparaius

{4126]  In certain embodiments, the moditied biomaterial or tissue described herein is
dehydrated using an innovative dehydration device which modifies the drying apparatus as
described in U8, Patent Application No, 13/744,.332, which is incorporated herein by
reference in its entirety, by the inclusion of a functional drying board in contact with a selfs
integrated vacuum source. More specifically, the dehydration device comprises: (i) a drying
housing defining a drying chamber and defining intlow and outtlow apertures; and (i) a
porous drying board placed on top of a vacuum table inside the drying chamber. The porous
drying board has a first surface which receives the biomaterial or tissue to be dehrydrated; and
a second surface opposing the first surface, which second surface is in direct oy indirect
contact with the vacuum table. In such a configuration, the dehydration device allows
vacuum suction to hold in place the biomaterial or tissue placed on the surface of the drying

board during the dehydration process.

[Gi27] In certain embodiments, the drying board is made of materials that allow just
sufficient adhesion of the biomaterial or tissue to the surface such that the blomaterial or
tissue is firmiy held or stretched during the drying process to prevent the biomaterial or tissue
from movement and/or shrinkage. On the other hand, overly adhesive material would make it
difficult to remove the dehydrated biomaterial or tissue from the surface, thereby causing
undesirable tearing or other damages to the dehvydrated biomaterial or tissue. Preferably, the
material for the drying board has a hydrophobic surface and a desired ¢lasticity. In one
embodiment, the material for the drying board is silicone or polycarbonate. Preferably, the
drying board comprises a polycarbonate insert which is surrounded entirely by silicone to
provide the desirable stiffness and the hydrophobic property. More preferably, the drying
board has a thickness of at least V& inch, at least ¥ inch, at least 3% inch, at least ¥ inch, at
ieast ¥ inch, at feast 34 inch, at least % inch, or at least | inch to provide a desirable stiffhess
thereby preventing flexing/bending during vacuum drying. It is within the purview of one of

ordinary skill in the art to select a material of appropeiate stiffness for the drving board. For
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example, a stainless steel dryving board may be used, When such material is used, a
specialized surface weatment or coating is applied to the drving board to facilitate handling of
the wet biomaterial or tissue as well as separating dehyvdrated biomaterial or tissue in order o
avoid damage. Such coating material includes, but is not liraited to, polyearbonate and
polyvtetrafiuorcethylene (UFE). Additional coating material can be a hydroge! such as
y(N-isopropyl acrylamide), which is capable of changing the surface properties from
hydraphi}i“ 1o hydrophobic with a temperature change, e.g., 1o about 32 °C, In this way,
controtled adbesion of biomaterial or tissue 1o the drying board can be achieved by adjusting

the temperatare,

{01281 The drying board may be further improved to possess other desirable features. For
example, the drving board may contain indentation, protrusion, or both to create an
embossment onto the blomaterial or tissue. The drying board has a positive or negative
erabossment such that the embossment is imposed onto the biomaterial or tissue during the
drying process. Exemplary embossments include, but are not Jimited 1o, letters, characters,
designs, logos, pictures, paterns, ete. Preterably, the enmbossment imposed on the biomaterial
or tissue allows an end user to easily distinguish, by the naked eve, one side from the other
side of the dehyvdrated biomaterial or tissue, for example, by way of an asymmetrical feature

that appears differently when visualized from one side than from the other side.

181291  In some embodiments, the drying board may be translucent or opaque. Preferably,
the drying board has a color that contrasts the natural color of the biomaterial or tissue and
makes visual inspection of the biomaterial or tissue, when placed on the board, easy, such as
a mint green or medical blue color. In some embodiments, the drving board has a smooth
surface. In other embodimentis, the drying board has a textured surface. In vet othe
ernbodiments, the drying board has a combination of areas of smooth surface and areas of
textured surface such that the drying board imparts a “watermark™ on to the dehydrated
biomaterial or tissue. One skilled in the art would be able to vary the texture of the surface of
the drying board in contact with the blomaterial or tissue to obtain a dehydrated biomaterial

or tissue having the desired texture.

=

[81306]  Inone embodiment, the drying board is porous, having holes or perforation spread
out the entire arca of the drving board to allow the application of vacuum pressure. Onee the

biomaterial or tissue is placed on the surface of the drying board, vacuum suction is applied

1o press the biomaterial or tissue ontoe the drving surface of the board. The pressure of the
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vacaum is adjusted such that the embessment is clearly imposed onto the biomaterial or
tissue while preventing the biomaterial or tissue and the board from bending, flexing, and/or

shrinking.

{0131]  The number and the size of the holes can be varied o achiove the desirable resulis,
In some embodiments, the holes may be arranged in a desirable patiern. Preferably, the holes
spread evenly on the entire surface of the board such that all the holes are covered by the
biomaterial or tissue to pz‘ovieﬁe even and consisient vacuum pressure. The pattern of the holes
may of may not be of symmetrical design. Preferably, the holes are arranged in a square-
shaped symmetrical pattern. More specificaily, the geometry of the holes may include letters
and/or other designs or artwork. The holes could also have a changing geometry through the
thickness of the drying board. For example, a hole having a 5 mm diameter and 1 mm depth
may be immediately next o a hole having a | un diameter and 0.1 mm depth such that the
embossment to the biomaterial or tissue has 3 particalar design by controlling the depth and
size of the holes. It is within the purview of one skilled artisan to balance the needs tor
varyving the number, diameter, and depth of the holes to achieve not only the desirable design,

but also a consistent, desirable vacuum pressure.

{8132}  1n one embodiment, thers are about 50, about 100, about 150, about 200, about 1256,
about 300 holes over an arca of 100 cm?, about 158 cm®, about 200 om?, about 250 om?

about 300 et about 350 ¢m”, about 400 om?, about 450 om?, or about 500 em®. In another
embodiment, the size of the holes may range from 0.1 mm to 10 mm in diameter, for

example, less than 0.1 mm, less than § 1, less than | mm, less than 2 mm, less than 3
mum, less than 4 mm, less than 5 mm, less than 6 mm, less than 7 mim, less than 8 mm, less
than @ mm, or less than 10 mm. Preferably, the size of the holes is between 4 mm and § mun
in diameter. The holes on the dryving board may or may not be of the same size. The number
of holes and the size of the holes may be varied to achieve a desirable result. For example, the
number of the holes can be less than 30 or greater than 300; and the diameter of the holes
may be less than 0.1 mm or greater than 10 mm. The general principle is the greater the
number of the holes, the smaller the size of the holes, The number and size of the holes can

be determined by routine experimentation following the disclosure of this invention.

[6833] The vacuum source supplies reduced pressure fo the vacuum table placed within the
drying chamber. The vacuum table and by extension, the drving board and the biomaterial or

tfissue are then subjected {o variable and controliable amournts of reduced pressure from the
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vacuwm source 10 exert mechanical force on the biomaterial or tissue thereby holding the
biomaterial or tissue in place. It is within the purview of one skilled artisan to adjust the
vacuin pressure such that a minimal pressure is applied (o the biomaterial or tissue to avoid
damages to the tissue; whereas the vacuum pressure is sufficiont (o prevent the biomaterial or

tissue from moving and/or shrinking during the dryving process and o impose a cles

&

ginbossment to the biomaterial or fissue

{8134] When dehydration 1s performed at 2 vacoum pressure that is too high, a biomaterial
or tissue with uneven surface, such as “bubble” formation, is produced; when dehydration is
performed at a vacuum pressure that is oo low, the biomaterial or tissue is insufficiently

tabilized during the process and as g result, the tissue may shrink, wrinkle, and/or have a

blurred embossment.

HIL35] ordingly, one skitled in the art would understand that the dehydration device is

controfled by a differential pressure gradient developing from the difference between the
slight positive pressure of the cireulated airflow through the chamber plenums and the shight
negative pressure from the vacuum applied (o the graft by the inner channels of the drying
fisture. This gradient can be calculated according to the formula below and manipulated o
expedite drying through the design features of this vacuum drying apparatus. This is
accomplished by the control of at least four parameters, namely the number of contacting
holes on the hoard surface, the size or diameter of the holes, vacuum pressure, and the total

surface area of the drying board.
F=PvX Ah/Ab

where F is the holding pressure; Py is the vacuum pressure, Ah is the sum of the holes surface
area {throughout the board} at the interface with the biomaterial or tissue; and Ab is the
surface area of the board. In cases when the circular cross section holes have the same size,

the formula below may be used:
Ah=PIX Ry XN

where Pi is the vacuum pressure, R is the square radius of a hole; and N is the number of the

holes throughout the board,

{8136] Selection of a suitable vacuum table is within the purview of one skilled in the art. A
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A e

number of commercially available vacuum tables are suitable for the purpose of this
invention, For example, Werner Machine vacuum table purchased from Werner Machine
Inc. may be used. Alternatively, vacuum tables may be obtained from Systematic

Automnations.

e

{81371  In some embodiments, the drying board is heated to a temperature that is sufficiently
high to accelerate the drying process but not foo high o damage the biomaterial or tissue,
Alternatively, the air traveling thru the plenums in the drying chamber is heated to 2 constant
termperature between 20 °C and 435 °C. Preferably the temperature of the air or the board or
both is held constant at 43 °C to decrease the moisture content in the drying chamber to speced
up the drying process. The heated air is filtered and circulated throughout the drying chambe
to remove moisture from the biomaterial or tissue and the atmosphere inside the chamber. In
still other embodiments, moisture is removed from the airflow by placing a desiccant in-line
o one or both of the airflow inlet and outlet lines, vet exterior to the chamber. Recirculating
the heated atr through a desiccant further reduces the cost and accelerates the drying process.

Preferably, the heated air flow is in an angle of 45° relative to the surface of the biomaterial

or tissue,

[0138] In other aspects, multiple biomaterial or tissue samples can be placed onto the
drying board to dry more than one tissue sample in the dehydration device at the same time.
Although the dehydration device is usetul in dehydrating the biomaterial or tissue described

herein, if can be used for dehydrating other obje

{0139] The present invention is explained in greater detail in the following non-limiting
fxamples.
EXAMPLES

[0140] o the following examples certain collagen fiber constructs are utilized. Such

construcis {e.g., sleeves or tubes) are cross-linked with nor-dihydroguaiaretic acid (NDGA).
However, this cross-linking agent is only iustrative. The present invention is not intended to

be fimited to cross-linked construcis where NDGA is the cross-linking agent. For example,
other cross-linking agents, such as, but not limited to 3,4-dihydroxyphenylalanine, dopamine,
3, 4-dihvdroxybenzaldehyde, 3.4-dihvdroxybenzoic acid, a carbodiimide, ghitaraldehyde or
other di- and multi aldehydes, formaldehyde, tannic acid, isocyanates such as di- and multi-

isocyanates, di and multi-diazopyruvates, pluronies, and epoxy resins, and/or stabilization

-~
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treatments, such as, but not imited to, one or more of dehydrothermal treatment, glycation,
and uliraviolet ight may be used in the present invention. In particular embodiments, the
cross-linking agent comprises a quinone group and/or catechol group. Thus, the polymerized

collagen can comprise one or more quinone and/or catechol groups.

Example 1

{01431 Figure 2 illustrates exemplary sleeves or tubes (18) of wound NDGA-collagen

fibers that may be particularly suitable for medical constructs. The NG A-coliagen tubes
comprise a solid sheet of type | collagen cross-linked with NDGA (nor-dihydroguaiaretic
acid) and can be prepared as desceribed below in the materials and methods. The matenial can
comprise greater than about 95% collagen and less than about 3% NDGA polymer. The
diameter, length, and wall thickness of the collagen construct is scalable (Figure 2). For
instance, the inner diameter of the tube can vary between about 1 and 10 mm. The thickness
of the wall can vary between about 0.1 and 3 mm. The length of the tube can vary, e.g., from

between about 1 1o 6 am or more.

{0142} The mechanical properties of the NDGA-collagen constructs are governed by fiber
angle, wall thickness (wall thickness/diameter) and cross-link density; all of which can be
tuned to satisfy the mechanical requirements for the specific surgical application. NDGA-
cotlagen is biocompatible and biodegradable. Biologically active compounds can be
incorporated inta the biomaterial, including hydroxyapatite and TCP mincrals, exiracellular
matrix macromolecules (glycosaminoglycans), anticancer agents such as platinurn and

bisphasphonates, anti-inflammatory drugs, and antibiotics.

(8143} It in conternplated that platinum can be incorporated inte NDGA-collagen constructs
and that the platinum in the NDGA-collagen constructs can slowly efute from the construct in
normal saline. Without being bound to any particular theory, piatinun is believed to bind o
andfor complex with the NDGA-collagen due to the high concentration of catechols/quinones
and catechol/quinone derivatives in the cross-linked collagen material. NDGA contains two
catechols which, without being bound to any particular theory, are contemplated {o be

responsible for cross-linking the collagen material through the generation of quinones and

alent adduct formation. Quinones have been demonstrated to bind transition and heavy
metals. Biological materials that contain concentrated catechols/quimones can exhibit
extraordinarily high affinity for metals and in some cases can be considered metal chelating

compounds (e.g., siderophores).
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Materials and methods

[8144] NDGA-collagen tubes (19} 8 x 25 mm are manufactured as described in ULS.
pending .8, Patent Application Publication No. 2010/0094318, which is incorporated berein
b}f reference, using purified type | bovine collagen. The tubes (18} are within engineering
spectfications of the product (weight and dimensions — weight: about 100 mg, dimensions:
about § mum in diameter and about 235 mun long). The dried tubes (18} are incubated in 1%
(w/v) platinum {I1} diaqua complex in water at room temperature for 16 hours. The tubes are
then washed with deionized water and dried. Platinum content in the NDGA-collagen is
measured ez, by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS}. Results are

expressed as pg/p, which is equivalent to parts per million (ppm).

Strength of binding

[0145] The strength of platinum binding in NDGA-collagen material comprising platinum,
is evaluated by washing the material in increasing concentrations of a platinum chelator such
as ammonium hydroxide or an alkylene diamine such as ethylene diamine. The samples are
washed thoroughly with water, then incubated at the indicated platinum chelator

concentrations. The amount of platinum remaining in the material is measured.

Platinum clution in normal saline

[0146] NDGA-collagen tubes comprising platinum are incubated in normal saline at 37°C

2 9

for 1,3, 6, 13 and 30 days. At each time point, six sampies are collected, dried and the

arnount of platinum remaining in the material is measured.

Example 2

Platinum binding in NDGA cross-linked collagen materials

[0147] To assess platinum binding in other NDGA cross-linked collagenous materials,
samples of type I collagen fiber, bovine pericardium, porcine small intestinal submucosa
(S1S), bovine tendon collagen sponge, hovine collagen casing, and plain gut suture are treated
with NDGA according to established protocols, such as those described in U.S, Patent
6,565,960, Koob, T.J. and Hernandez, D.H., “Material properties of NDGA polymerized
collagen fibers: Development of biolugically-based tendon constructs,” Biomaterials, 2
203-212 (2002), and Koob, 1.1 and Hernandez, D.H., “Mechanical and thermal properties of

novel polymerired NDG A-gelatin hydrogels,” Biomaterials, 24, 1285-1292 (2003), which
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are incorporated herein by reference. The NDGA treated materials are incubated in 1% (wiv)
platinum (+2) diaqua complex as described in Example 1, washed with de-lonized water, and
dried. Platinum content in the collagenous materials is measured on six replicate samples
from cach collagenous material, it is contempliated that the methods used fo incorporate
platinum into and/or onto the collagenous materials can be used on essentially any collagen

based biomaterial,

[0148] The incorporation of platinum in collagenous materials can produce a biomaterial
imbued with anticancer capabilities. As such, the method of incorporating platinum into
collagenous materials can provide a drug delivery device, preferably for anticancer drug

delivery.

Example 3

Weight Measurement and Metal Analysis of Exemplary Construcis

{#149] To determine the amount of platinum that can bind to gut sutures of various lengths

and thicknesses, weight measurements and metal analysis are conducied as follows:
Materials

The following specimens are evaluated as follows:

a. Size 2-0 Plain Gut Sutures
3 Size 2-0 Plain Gut Sutures doped with platinum

Size 2-0 NDGA-crosshinked 24hrs Gut Sutures

c.
d. Size 2-0 NDGA -crosslinked 24hrs Gut Sutures doped with platinum
e. {6-fiber braided NDGA-crosshinked collagen varn (15 picks/inch,

manufactured by Steeger USA, foman, 8C)
fach specimen evaluated is 60 mm long, and two specimens are evaluated for each
Qroup,
Metal Analysis
Three groups of specimens are prepared as follows:

Group [: 2-0 plain gut + platinum

&
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Group 2: 2-0 NDGA gut + platioum
Group 30 16-fiber varn suture + platinum

Furthermore, five specimens from each of the groups are evaluated, for which each specimen
is 20 pum in length. The weight of each specimen is measured in CE using a 4-digit balance,

and metal analyses are conducted pursuant to standard protocols,
Example 4

Stability Studics

{0158] ‘The stability of the crosslinked collagen-Pt constructs are determined by measuring
the ultraviolet spectra of the constructs in solution, run, e.g., at half-hour intervais. The

decrease in absorbance with time is a measure of complex decomposition.

[0151] The foregoing is illustrative of the present invention and is not to be construed as
limiting thereof. Although certain illustrative embodiments of this invention have been
deseribed, those skilled in the art will readily appreciate that many modifications of these are
possible without materially departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended to be included within the scope

of this invention as defined in the claims. The inveantion is defined by the following claims,

with equivalents of the claims to be included therein.

Example 5

Test of variable vacuun: pressures and drving board hole sizes

[6152] This study demonstrates the operation of the vacuum pressure and drying board holc

sizes to achieve the desirable tissue aesthetics.

[0183] Varying vacuum pressures and board hole sizes were tested in order to determine
the minimum amount of pressure per board area required to hold down the biomaterial or
tissue sample during dehydration. Using minimal pressure would increase system efficiency
and reduce “bubble” size on the dried biomaterial or tissue sample. Over a series of four
experiments, vacuum pressure was applied to the drying tissue and incrementally decreased
from 16 fo 5 inches of water until tissue would no fonger hold and stay flat, and instead
shrink and wrinkle due to dehydration. For each experiment, the same composite board wa

o
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used and temperature was kept constant at 45°C. Hole size was changed midway through the
series of tests, from 6 mm o 4 mm in diameter. The table below details the recorded
measurements and calculation of resulting pressure per board area. Binary “yes/no” outputs

were also inserted to define the tissue holding threshold.
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Vacuum Helding Strength Calculations
Mo, of Huole Vacuum | Holding Board Bimensions Holding | Tissue
Holes Area {MPa) Strength (o} Pressure Held?
{mm’) () (¥

! 132 2827 $.004 14.93 220 160 424 Yes
2 132 12,36 0.004 6.04 220 160 188 | VYes
£ 132 12.36 0.0035 5.81 220 166 16.5 Yes
4 132 12.36 G025 2.07 220 160 5.89 No

[0154] Data obtained from the vacuum holding strength experiment shows that any

ressure below 5.89 Pa was insufficient to stabilize the biomaterial or tissue sample on the

o]

drying board during the dehydration process. The threshold value of each parameter may be

gstablished by this experiment.

[6155] Throughout this application, various publications are referenced. The disclosure of
these publications in their entirety is hereby incorporated by reference into this application in

]

arder to more fully deseribe the compounds, compositions, and methods described herein.

[6156] Various modifications and variations can be made to the compounds, compositions,

and methods described herein. Other aspects of the compounds, compositions, and methods
escribed herein will be apparent from consideration of the specification and practice of the

compounds, compositions, and methods disclosed herein. It is intended that the specification

and examples be considered as exemplary.
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CLAIMS
i, An anticancer cross-Hinked collagen construct comprising:
a cross-linked collagen comprising cotiagen and one or more cross-linking agents and
an anticancer amount of platinum incorporated into the construct.

2. The construct of claim 1, wherein the cross-linking agent comprises a 1,2-

benzoquinone and/or a 1.2-dihydroxy phenyl mojety.

-~

3. The construct of claim 2, where the platinum is chelated at lcast in part to the

benzoquinone and/or the 1.2-dihydroxyphenyl moiety of the cross- linking agent.

4. The construct of claim 1, wherein the cross-linking agent is selected from the
group consisting of nordihydroguaiaretic acid (NDGA}, 3 4-dyhydroxyphenylalanine,
dopamine, 3,4-dihydroxybenzaldehyde, 3,4-dihydroxybenzoie acid, a carbodiimide,
glutaraidehvde or another di- or multi aldehyde, formaldehyde, tannic acid, isocyanates,

pluronics, and epoxy resins.

S, The construct of claim 1, wherein the cross-linking agent is NDGA.
6. The construct of claim 1, wherein the platinum comprises platinum (If) and/or

platinum {1V},

7. The construct of claim 6 wherein the platinum comprises cis-(NH; Pl
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8. The construct of claim |, wherein the platinum incorporated into the construct

is present in an amount of between about 8.1% to about 30%,

G, The construct of claim |, wherein some or all of the anticancer amount of

i

platinum is released in vivo upon contact with an agueous medium.

10, The construct of claim 1, wherein the anticancer cross-linked collagen
construct provides a sustained release of platinum, wherein the sustained release comprises a
plurafity of release rates inciuding an immediate release, an intermediate release, an extended

release or any combination of release rates thereof,

!

comprising cross-linked collagen and an anticancer amount of platinura, wherein the

[

A method of manufaciuring an anticancer cross-linked collagen construct

platinum s incorporaied into the construct, the method comprising contacting the cross-
finked collagen with a cis-diagqua or a cis-dibalo platinum complex, fo provide the anticancer

cross-linked collagen construct.

P2 A method of treating a subject suffering from cancer amenable to treatment
with platinum alkylators, the method comprising administering an anticancer cross-linked

collagen construct to the subject, wherein the construct comprises {a) cross-linked collagen

1
H

comprising collagen and one or more cross-linking agents and (b} platinum incorporated

therein, wherein an effective amount of platinum is administered into the subject.

13, The method of Claim 12, wherein the effective amount of platinum s released

from the construct in a plurality of in vive release rates,

14, A vacuum dehydration device comprises: (i) a drying housing defining a
drying chamber and defining inflow and outflow apertures; and {ii) a porous drying board
placed on top of a vacuum table inside the drying chamber, wherein the drying board has a
first surface receiving an object to be dehydrated and o second surface opposing to the first

surface and attaching (o the vacuum tabie.

(v
i)
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13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include an anticancer cross-linked collagen construct comprising: a cross-linked collagen comprising collagen and one-or more )
cross-linking agents and an anticancer amount of platinum incorporated into the construct, which are not present in Group |); the speqal
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