I*I Innovation, Sciences et Innovation, Science and CA 2784001 C 2018/04/10

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 784 001
(12 BREVET CANADIEN
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2010/12/08 (51) Cl.Int./Int.Cl. A67K 38/36(2006.01),
S e . A6TK 37/40(2006.01), A6TK 37/54(2006.01),
(87) Date publication PCT/PCT Publication Date: 2011/06/16 AGTK 38/18(2006.01). AGTK 49/00(2006.01),
(45) Date de délivrance/lssue Date: 2018/04/10 A61P 35/00(2006.01)
(85) Entree phase nationale/National Entry: 2012/06/11 (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2010/059364 LANGER, KLAUS, DE;
o o WACKER, MATTHIAS, DE;
(87) N° publication PCT/PCT Publication No.: 2011/0/1968 RODER BEATE DE:
(30) Priorités/Priorities: 2009/12/11 (US61/285,902); P?UE_SS, ANNEG ?_ET, DE;
2010/11/08 (US12/941,350) ALBRECHT, VOLKER, DE;
GRAFE, SUSANNA, DE;
(73) Proprietaire/Owner:

(54) Titre : SYSTEMES DE TRANSPORT DE NANOPARTICULES A BASE DE SERUM-ALBUMINE HUMAINE
DESTINES A UNE THERAPIE PHOTODYNAMIQUE

(54) Title: NANOPARTICLE CARRIER SYSTEMS BASED ON HUMAN SERUM ALBUMIN FOR PHOTODYNAMIC
THERAPY

(57) Abréegée/Abstract:

Compositions, which are stable In storage, and a method of production of pharmaceutical based nanoparticulate formulations for
photodynamic therapy comprising a hydrophobic photosensitizer, human serum albumin (HSA) and stabilizing agent are provided.
These nanoparticulate formulations provide therapeutically effective amounts of photosensitizer (PS) for parenteral administration.
In particular, tetrapyrrole derivatives can be used as photosensitizers whose efficacy and safety are enhanced by such
nanoparticulate formulations. A method of preparing the HSA-based nanoparticles under sterile conditions Is also provided. In one
of the preferred embodiments of the present invention temoporfin, a hydrophobic PS, Is formulated as a nanoparticle for parenteral
administration. The formulations are useful for treating hyperplasic and neoplasic conditions, inflammatory problems, and more
specifically to target tumor cells.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



(72) Inventeurs(suite)/Inventors(continued): WIEHE, ARNO,

(73) Proprietaires(suite)/Owners(continued):BIOLITEC UNT

(74) Agent: NO

RTON ROSE FULBRIGHT CANADA LLP/S.E.N.C.

=RNEHM

DE; VON BRIES

=NSB

=51

R.L., S.R.L.

CA 2784001 C 2018/04/10

(11)(21) 2 784 001

=N, HAGEN, DE; WAGNER, SYLVIA,

—ILIGUNGS 1 AG, AT

DE

13) C



woO 2011/071968 A3 |{WI1 I 00 00 00 AR AR AR

CA 02784001 2012-06-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
16 June 2011 (16.06.2011)

(10) International Publication Number

WO 2011/071968 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

AG61K 38/38 (2006.01)
AG61K 38/18 (2006.01)
AG61K 31/54 (2006.01)

International Patent Classification:

A61K 31/40 (2006.01)
A61K 49/00 (2006.01)
A61P 35/00 (2006.01)

International Application Number:
PCT/US2010/059364

International Filing Date:
8 December 2010 (08.12.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/285,902 11 December 2009 (11.12.2009) US
12/941,350 8 November 2010 (08.11.2010) US

Applicant (for all designated States except US). BIO-
LITEC, INC. [US/US]; 525 Shaker Road, East Long-
meadow, MA 01028 (US).

Inventors; and

Inventors/Applicants (for US only). LANGER, Klaus
|[DE/DE]; Ramertsweg 6a, 48161 Munster (DE). WACK-
ER, Matthias [DE/DE]; Rostocker Str. 15, 61130 Nid-
derau (DE). RODER, Beate [DE/DE]; Elsterstrasse 168,
14612 Falkensee (DE). PRUESS, Annegret [DE/DE];
Granitzstrasse 6, 13189 Berlin (DE). ALBRECHT,

(74)

(81)

(84)

Volker [DE/DE]; Am Kurzen End 7, 14558 Nuthetal Ot
Bergjolz Rehbrucke (DE). GRAFE, Susanna [DE/DE];
Buchaer Str. 12¢, 07745 Jena (DE). WIEHE, Arno [DE/
DE]; Graiauer Str. 8, 10777 Berlim (DE). VON
BRIESEN, Hagen [DE/DE]; Langgasse 4, 65510
Saalouis (DE). WAGNER, Sylvia [DE/DE]; Kleiner
Hirschberg 1, 66539 Neunkirchen (DE).

Agent: SKUTNIK, Bolesh, J.; Biolitec, Inc., 525 Shaker
Road, Fast Longmeadow, MA 01028 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[Continued on next page]

(34) Title: NANOPARTICLE CARRIER SYSTEMS BASED ON HUMAN SERUM ALBUMIN FOR PHOTODYNAMIC
THERAPY

. A Dk Toxicity Apotosis + iHesrosis B Fhetotoxicity &poptesis + [Hecrosis

Etzﬂief 10ic. ! B

CC + @ niT HAG P mmTiEe
@HEA #0% W = uhsa 6%
Fius KA 100% 0. —iTan 103% ] 1

ol K- 11 B 1 U T

p——————— N 1Y

N L
[ ot
iy

i)
2

Dead Call Rate

e———mrmme e rmmrm s m mmfh e sadh t Fa ot S TS EE S e e e - —

§ 29
s

) td)
=

incubatiamn Time

c Phorotoxicity Apaptosis D

pEE - JRL
n Red |

T2
A[E1HSA 4% |
HnHSh 6% T

PC “1g HES Z0E% 1T

G

D
-~

~d
m

m
L §

Mecrggiz Rate %%

Apoptosis Rate %4

8 B B

o

<
&

incubatton Time

FIGURE 6

(57) Abstract: Compositions, which are stable 1n storage,
and a method of production of pharmaceutical based
nanoparticulate formulations for photodynamic therapy
comprising a hydrophobic photosensitizer, human serum
albumin (HSA) and stabilizing agent are provided. These
nanoparticulate formulations provide therapeutically ef-
fective amounts of photosensitizer (PS) for parenteral ad-
ministration. In particular, tetrapyrrole derivatives can be
used as photosensitizers whose efficacy and safety are en-
hanced by such nanoparticulate formulations. A method
of preparing the HSA-based nanoparicles under sterile
conditions 1s also provided. In one of the preferred em-
bodiments of the present invention temoporfin, a hy-
drophobic PS, 1s formulated as a nanoparticle for par-
enteral administration. The formulations are useful for
treating hyperplasic and neoplasic conditions, mtlamma-
tory problems, and more specifically to target tumor cells.
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Nanoparticle Carrier Systems based on Human Serum Albumin for Photodynamic

Therapy

Background of the Invention

1. Field of the invention

The present invention relates to drug formulation of hydrophobic photosensitizer. In
particular, the invention relates to nanoparticle formulations containing hydrophobic
photosensitizers, to their method of preparation and to their use in photodynamic therapy for
destruction of unwanted cells or tissues, and more particularly for photodynamic tumor
therapy, using intravenous administration.

2. Invention Disclosure Statement

Photodynamic therapy (PDT) 1s one of the most promising new technigues now being
explored for use in a variety of medical applications and particularly 1s a well-recognized
treatment for the destruction of tumors. Photodynamic therapy uses light and a
photosensitizer (a dye) to achieve its desired medical effect. A large number of naturally
occurring and synthetic dyes have been evaluated as potential photosensitizers for
photodynamic therapy. Perhaps the most widely studied class of photosensitizers are the
tetrapyrrolic macrocyclic compounds. Among them, especially porphyrins and chlorins have
been tested for their PDT efficacy.

Porphyrins are macrocyclic compounds with bridges ot one carbon atom joining
pyrroles to torm a characteristic tetrapyrrole ring structure. There are many different classes
of porphyrin derivatives including those containing dthydro-pyrrole units. Chlorins and
bacteriochlorins are porphyrin derivative, which contain one dihydro-or two dihydro-pyrrole

units respectively.

CA 2784001 2017-06-19
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Chlorins have their absorption spectrum in the red and near-infrared region of the
electromagnetic spectrum. As light of longer wavelength penetrates deeper into the tissue 1t s

possible to treat more expanded and deeper tumors, if the PDT 1s employed for tumor

therapy. Chlorins can either be derived from natural sources or from total synthesis.

Chlorins from natural compounds are obtained by derivatizing chlorophylis or
pacteriochlorophylis. Methods to prepare chiorins and bacteriochlorins by total synthesis
generally use porphvrins, and then are converted t¢ a chlorin or bacteriochlorin system. This
conversion step can e.g. be performed by the reduction with 7 sif generaled diimine or by
dihydroxylation leading to dihydro- or dihydroxy-substituted chlorins or bacteriochlorins,
respectively

Raymond Bonnett et al., in their patent No. EP 0033760181, disclose a method for

preparation of photosensitizers by reduction of corresponding porphyrins. Total synthesis of

temoporfm {chemical name:(m-tetrahydroxyphenyvi-chlorin)}-a chlorin, 1s disclosed.

Temoporfin (Foscan®) is successtully used in Europe as a photosensitizer for the PDT
treatment of head and neck cancer. Similarly patent application WO 09613504A1 by David
Dolphin et al. and patent application WO 00061584A1 by Iill Maclpine et al. teach reduction
method of preparation ol novel photosensitizer having improved properties.

Porphyrins can be either directly used as photosensitizers for PDT or as a precursors
for the synthesis of chlorins by subjecting pyrrole and aldehyde(s) to a condensation reaction.

Suitable methods for this condensation have long been known in the art.

The use of PDT for the treatment of various types of disease has been limited due to
the inherent features of photosensitizers (PS). These include their high cost, extended
retention in the host organism, substantial skin phototoxicity, low solubtlity in phystological
solutions reducing their usefulness for intravascular administration thus leading to
thromboembolic accidents, and lower targeting effectiveness. These disadvantages,
particularly of PS in the prior art, had led to the administration of very high doses of a
photosensitizer, which dramatically increase the possibiiity of accumulation of the
photosensitizer in normal tissues and the accompanying risk of affecting normal sites.

Efforts to reduce cost and to decrease background toxicity have been underway but
are unrelated to the developments of the present invention. Work to improve sclubility in
physiological solutions, effects of skin photo-toxicity, retention mn host organism and to a

lesser extent targeting effectiveness are the areas where the present invention provides new

and non-obvious improvements on the use of PDT to treat various neoplasia, hyperplasia and

related diseases.
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Most substances successtully employed for photodynamic tumor therapy are
lipophilic substances, which due 1o their inherent low solubtlity in water need to be
formulated in a proper way. Therefore, there is a great need for new formulations of
tetrapyrrole-based photosensitizers to enhance their uptake 1n the body and their
bioavailability.

Nanoparticles are intensively investigated as carriers for hpophilic drug substances
(N. P. Preatorius, T. K. Mandal, Engineered Nanoparticles in Cancer Therapy, Recent Patents
on Drug Delivery & Formulation, 2007, 1, 37-51; M. N. V. Ravi Kumar, Engineered
Nanoparticles in Cancer Therapy, J Pharm. Pharmaceur. Sci., 2000, 3, 234-258). A
nanoparticle formulation of the anti-cancer drug Paclitaxel based on human serum albumin
(HSA) has been approved by regulatory authorities i1 Europe and the USA.

In PCT publication No. WO 01/21174 A1, Anand Burman et al. disclose a method for
preparing a pharmaceutical formulation of paclitaxel an anti-cancer drug and 1ts derivatives
and analogs entrapped into nanoparticles of co-polymeric micelles. The nanoparticle 15
formed by a polymerization method; but most polymerization reaction based methods require

the use of large amount of organic soivent or unsafe stabilizer like surfactant that can result in
toxic side effects.
In the prior art, nanoparticles are used for encapsuiation/entrapment/adsorption of

macromolecules, other therapeutic agents and diagnosing agents used tor biomedical
application. Majority of the nanoparticles are prepared {rom polymeric material, and, for their
preparation, use large amounts of organic solvents and toxic surfactants which need to be
removed completely to avoid any possible side effects n patients. One of the problems that is
encountered with some nanoparticulate compositions is the sotubilization and subsequent
recrystallization of the component crystalline drug particles. Crystal growth and particle
aggregation in nanoparticulate active agent preparations are highly undesirable. The presence
of large crystals in the nanoparticulate active agent composition may cause undesirable side
effects, especially when the preparation is in an injectabie formulation. Larger particles
formed by particle aggregation and recrystallization can also interfere with blood flow,
causing pulmonary embolism and death.

Nanoparticles in general are solid colloidal particles ranging in size from 10nm to
1000nm and are used in some drug delivery systems. Nanoparticles consist of
macromolecular materials in which the active principle 1s dissolved, entrapped or
encapsulated, and/or to which the active principle 1s absorbed or attached. Many difterent

sorts of nanoparticle material have heen investigated, such as quantum dots, silica-based

{2
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nanoparticles, photonic crystals, liposomes, nanoparticles based on different polymers of
natural and synthetic origin, and metal-based nanoparticles. Nanoparticles are diverse both in
their shape and composition.

Most interesting as carrier systems for photosensitizers are nanoparticles that consist
of biocompatible materials. Such carrier systemns could significantly improve the treatment
regimen of photodynamic therapy. A carrier system with such known high biocompatibility 1s
¢.2. human serum albumin (HSA). HSA material has successtfully been formulated as
nanoparticles {see. K. Langer, et al. in. fm. J. Pharm., 2007, 347, 109-117).

There are few examples of protein-based nanoparticles as carriers for water 1nsoluble
pharmacologically active agents known in the art.

in US patent No. US 5, 916,596, Desai et al. disclose a composition and method for
delivery of hydrophobic anti-cancer drug paclitaxel in the form ol suspended particle coated
with protein. It discloses protein-based nanoparticles of size less than 200nam diameter for
drug delivery and these are sterile-filtered. Smaller size nanoparticles have greater
agoregation during storage. This known art describes suspended drug particles coated with
protein, which acts as a stabilizing agent, but this patent is unrelated to the present invention.

The application of a nanoparticle formulation tfor parenteral admmistration in clinical
practice requires that the sterility of the fermulation according to pharmacopoeial
specifications can be assured. Also, for a clinical application it is desirable that the
formulation can be freeze dried and later be reconstituted in an aqueous medium. Steriity of
nanoparticle photosensitizer formulations involving HSA is challenging because of the
lability of the nanoparticle matrix material as well as the lability of the photosensitizer.
Conventional methods of sterilization (autoclaving, use of ethylene oxide, gamma-
irradiation) are incompatible with the present invention photosensitizer formulations (see. K.
A. Athanasiou, et al. in, Biomarerials, 1996, 17, 93-102; C. Volland, et al. , J Contr. Rel.,
1994, 31, 293-305).

Eric Allemann et al. in their patent application WO 05097096A1 disciose
compositions and methods for parenteral or local delivery of photosensitizer using bridgeable
nanoparticles containing polyester pclymers. It also discloses preparation and use ot such
nanoparticles. The nanoparticles are sterilized using filtration methods. Nevertheless, this
method has its drawbacks and is not generally compatible with the nanoparticles that are
subject of the present invention. Pore size for sterile filtration is usually no greater than

0.22um (>220 nm) whereas nanoparticles of the present invention populate essentially the
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whole size range between 100 and 500nm. Therefore, sterile filtration has its drawbacks and
is generally incompatible with the nanoparticles that are subject of the present invention.

In particular, it is difficult to develop sterile nanoparticle formulations and
nanoparticle formulations suitable for {reeze drying in the case of photosensitizers of the
present invention which are of the chlorin or bacteriochlorin type (i.e. tetrapyrroles carrying
one or two dihydro-pyrrole units), because such systems are especially sensitive to oxidation
and photo-chemical modifications induced by the handling conditions that are often used for
nanoparticle preparation (Y. Hongving, et al. Dyes Pigm., 1999, 43, 109-117, C. Hadjur, at
al., J Photochem. Photobiol. B: Biology, 1998, 45, 170-178; R, Bonnett, et al. in.J. Chem.
Soc. Perkin Trans. 2, 1999, 325-328). These photosensitizers ¢of the chlorin ar bacteriochlorin
type which possess one or two dihydro-pyrrole units, respectively, differ signiticantly m their
chemical and phvsical behaviour from their corresponding porphyrins (R. Bonnett, et al. m /.
Chem. Soc. Perkin Trans. 2, 1999, 325-328; R, Bonnett, et al., J. Porphyrins
Phthalocvanines, 2001, 8, 632-661).

The known prior art on HSA-based nanoparticles used as carriers for photosensitizers
does not address problems related to sterility and freeze-drying of HSA-based nanoparticles
and the investigated photosensitizers are less problematic in this respect because of their
more stabie chemical structure.

Hydrophobic photosensitizers need to be formulated using suttable carriers due to
their inherent low solubility in water. Therefore, there is a great need for new formulations of
tetrapyrrole-based photosensitizers to enhance their uptake in the body and therr
bioavailability. The use of PDT for the treatment of various types of disease has been limited
due to the inherent features of photosensitizers {(PS). These include their high cost, extended
retention in the host organism, substantial skin phototoxicity, low solubility in physiological
solutions reducing their usefulness for intravascular administration thus leading to
thromboembolic accidents, and lower targeting effectiveness.

The present invention obviates the above discussed problems seen in the formulation
of hydrophobic photosensitizers by providing a pharmaceutical compatible nanoparticle made
of natural material as a drug delivery system and for parenteral administration. Present

invention also provides mcthod to improve the bioavailability, stability and solubility of

sensitive hydrophobic PS.

LA
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Objectives and Brief Summary of the Envention

It 1s an objective ol the present mnvention (o address the problem of suitable
nanoparticle formulations of hydrophobic photosensitizers for photodynamic therapy that
meet the necessities for a parenteral administration in clinical practice,

It is another objective of the present invention to provide nanoparticle pharmaceutical
formulations of hydrophobic photosensitizers for photodynamic therapy based on

biocompatible HSA material.

[t 1s vet another objective of the present invention to provide nanoparticle
formulations for hydrophobic photosensitizers of the tetrapyrrole type, namely chlorins and

bactertochlorins, based on human serum atbumin (HSA) and a stabilizing agent, preferably

elutaraldchyde, formaldchydce or thermal frcatment.

It 15 a further objective of the present inmvention to be able to freeze dry the steriiized
HSA-based nanoparticles and to reconstitute in aguecus medium, when required.

it ts still a further objective of the present invention to provide methods for the use of

nanoparticle photosensitizer formulations based on HSA in PDT.

Briefly stated, the present invention provides compositions, which are stable in
storage, and a method of production of pharmaceutical hased nanoparticulate formulations for
photodynamic therapy comprising a hvdrophobic photosensitizer, human serum albumin
(HSA) and stabilizing agent. These nanoparticulate formulations provide therapeutically
effective amounts of photosensitizer (PS) for parenteral administration. In particular,
tetrapyrrole derivatives can be used as photosensitizers whose efficacy and safety are
cnhanced by such nanoparticulate formulations, A method of preparing the HSA-based
nanoparticles under sterile conditions is also provided. In one of the preferred embodiments
of the present mvention temeportin, a hvdrophobic PS, 1s formulated as a nanoparticle for
parenteral administration. The formulations are usetul for treating hyperplasic and neoplasic

conditions, inflammatory problems, and more specifically to target tumor cells.

The above and other objects, features and advantages of the present mvention wiil
become apparent from the tollowing description read in conjunction with the accompanying

drawings.
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Brief Description of Figures and Tables
Fable I: Physico-chemical characteristics of 5,10,15,20-tetrakis(m-hydroxyphenyf)-

porphyrin (i THPP)-loaded HSA nanoparticles (mean £ 5.D.; n = 6)

Table II: Fluorescence lifetime of mTHPP in ethanol and in form of HSA nanoparticles
nTHPP-loaded in the presence of 0.75% and 2.0% soluble HSA in agueous solutions

Table I1I: Smglet oxygen generation and triplet parameters of Rose Bengal in ethanol
and in form of HSA nanoparticies mTHPP-loaded in the presence of 0.75% and 2.0% solubie

HSA in aqueous solutions

Tahle IV: Physico-chemical characteristics of 5,10,15,20-tetrakis(m-hydroxyphenyl)-

chlorin (m'THPC)-loaded HSA nanoparticles (mean + S.D.; n = 3)

FIG. 1 Druyg loading of HSA nanoparticles incubated with 3,10,15,20-tetrakis{m-

hydroxyphenybh-parphyrin (mTHPP) (¢, mean £ §.D.; n=6) and 5,10,135,20-tetrakis{im-
hydroxyphenyl)chlorin (m THPC) (», mean = 5.D.; n=06) depending on the concentration of

dissolved HSA (0.75% - 2.0%),
FIG. 2 Drug loading of HSA nanoparticles with i THPP (@) and m THPC (e) in the

presence of 1.5% soluble HSA depending on the pH value in the range between 5 and 10

(mean £ S.D.:n = 3).

FI1G. 3 Transmission electron microscopy image of mTHPP-loaded HSA
nanopariicles prepared in the presence of 1.5% dissoived HSA n ethanol 34.3% (V/V) for
drug adsorption process.

FI1G. 4 A-D  Analysis of the cell uptake of HSA-based nanoparticles with the
photosensitizer 5,10,15,20-tetrakis(3-hydroxyphenyl)-porphyrin (mTHPP)

F1G.5 A-D  Analysis of the cell uptake of HSA-based nanoparticles with the
photosensitizer 5,10,13,20-tetrakis(3-hydroxyphenyl)-chiorin (m THPC}.

FIG. 6 A-D  Dark toxicity and the phototoxicity etiects on Jurkat cells m 5 difierent

samples after different imcubation times.
FIG. 7 Intracellular uptake of 3 uM mTHPC, and different mTHPC-loaded HSA

nanoparticles by Jurkat cells after different incubation times.

Detaiied Description of Preferred Embodiments

Present invention provides protein based nanoparticle pharmaceutical formulations for
photosensitizers suttable for parenteral application. Protein based nanoparticles are

biodegradable, non-toxic, stable for long duration, non-antigenic and promote cellular uptake
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when compared to prior art polymeric based nanoparticles. It also provides a suitable method
to prepare protein based nanoparticles for such sensitive compounds as chlorins and
bacteriochlorins, which are hydrophobic photosensitizers (PS) that generally have problems
in solubility and stability, creating major formulation obstacles particularly for parenteral
administration.

The present invention also provides methods to prepare pharmaceutical formulations
of photosensitizer-containing nanoparticles using photosensitizers preferably selected
primarily from the group of chlorin and bacteriochiorin types. The methods of the present
invention can also be used with variety of other known hydrophobic PS in the art.

Methods of use are provided, as well, for hydrophobic photosensitizer formulations

based on 1ISA nanoparticics for clinical usc in PDT. The nanoparticle based formulation is
used in order to render hydrophobic PS soluble for intravenous administration. 'The methods
of use comprise the administration of the PS-entrapped nanoparticies, their accumulation in
the target tissue and the activation of the photosensitizer by light of a specitic wavclength.
The administration is preferably by parenteral means such as, but not limited to, intravenous

injection. Nanoparticles are better for intravenous delivery compared to other delivery

svstems because the tiniest capillaries are in the 5-6 um range.

The therapeutic uses of the HSA-based nanoparticlie pharmaceutical formulations
include, but are not limited to dermatological disorders, ophthalimologic disorders, urological
disorders, and inflammatory conditions such as arthritis. More preferably are uses for treating

tumor tissues, neoplasia, hyperplasia and related conditions.

------

1. Human Serum Albumin (HSA).

Human Serum Albumin (HSA) is most abundant protein in human blood plasma. [t is
soluble and monomeric. The aibumin, used here, is preferably from human sources or a
recombinant form of human serum atbumin (rHSA). HSA, a plasma protem has a distinct
edge over other materials used for nanoparticles preparation as they are biodegradable and
easy to prepare in defined sizes. Moreover, they can carry reactive groups such as thiol,
amino, and carboxylic groups making them suitable for ligand binding and surface

modification. Drug entrapped HSA can be easily metabolized by proteases enzyme and drug

loading can be quantified.

HSA to be used for the preparations underlying the present invention was obtained

from Sigma-Aidrich (purity 96-99% by agarose gel electrophoresis). The product was lested
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negative for HIV I and HiV Il, HCV, and HbsAg. The protein was provided in lyophilized
form.

2. Photosensitizers:

The photosensitizers used in the present invention are preferably tetrapyrroles of the
chlorin and bacteriochlorin type. 1.e. dihydro-porphyrins and tetrahydro-porphyrins
respectively. Such photosensitizers can either be derived from natural sources or by total
synthesis. The total synthesis of chlorins and bacteriochlorins can be performed by first
svnthesizing the porphyrin and then transforming it to a chlorin or bacteriochlorin system.

The chlorins and bactertochlorins to be used with the present invention have the

following preferred structures:

whereln:

R'is:  HorOH
R? to R are substituents either in the meta- or para- position of the phenyl ring with R” to
R’ independently of one another chosen from a group of substituents consisting of: -OH, -
COOH, -NH,, -COOX, -NHX, OX, -NH-Y-COOH, or -CO-Y-NH,.
wherein:

X is  a polyethyleneglycol-residue with (CH>CH»0),CH;3 withn = 1-30 or a

carbohydrate moiety
Y is  peptides or oligopeptides wherein n = 1-30.

Ring D has the structure:
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Specifically preferred chlorins to be formulated in nanoparticles according to the

present invention have the struclure:

m THPC m THPD-OH

The nanoparticles prepared by the methods disclosed below have a predictable size
and uniformity (in size distribution). Nanoparticles are prepared in an aseptic manufacturing
process. Preferred HSA-based nanoparticles have a mean size less than 300nm in diameter.
The term “diameter” is not intended to mean that the nanoparticles have necessarily a
spherical shape. The term refers to the approximate average width ot the nanoparticles.

The nanoparticies need to be free of any toxic material for clinical use, therefore the
nanoparticles are sterilized usually by different known means in the art such as autoclaving,
use of ethylene oxide, and gamma-irradiation. These conventional methods of sterilization
are incompatible, however, with the photosensitizer formulations ot the present mvention.
An alternative, for such chemically and thermally sensitive materials, is the sterile filtration
through membrane filters of a defined size. In the present invention nanoparticles, as required
for medical applications, are prepared under complete sterile conditions.

In a specifically preferred embodiment of the present invention the HSA-based
nanoparticles have a mean particle size less than 500nm and the photosensitizer 1S
temoporfin, 5,10,15,20-tetrakis(3-hydroxyphenyl)-chlorin (m THPC}. In another embodiment
of the present invention, the HSA-based nanoparticles have a mean particie size less than
500nm and the photosensitizer is 2,3-dthydroxy-3,10,15.20-tetrakis(3-hydroxyphenyl)-
chlorin (mTHPD-OH). In still another embodiment of the present invention 35,10,15,20-
tetrakis(m-hydroxyphenyh-porphyrin (m THPP) is used as photosensitizer.

The nanoparticles of the present invention may be dehydrated for improved stability
on storage. The preferred method of dehydration 1s freeze-drying or lyophiiisation.
Optionally, a lyoprotectant may be used as an additive to improve the stability during the

freeze-drying and during reconstitution in an agueous medium (Anhorn, M.G., Mahler, H.-C.,,
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Langer, K., Freeze-drying of human serum albumin (HSA)-nanoparticles with difterent

excipients. fnf. J. Pharm. 2008, 363, 162-169.).
The HSA-based nanoparticles of the present invention were prepared by a desolvation

procedure. In principle, protein desolvation of an aqueous HSA solution was induced by the
controlled addition of a hydrophilic organic solvent such as ethanol, methanoi, 1sepropanol,
and {or) acetone. As an alternative the addition of concentrated polyethylene glycol solutions
(>=20% 1n water; preferred embodiment 40%) ¢can be used for desolvation. The resultng
nanoparticles were stabilised by thermal processes or by using bitunctional aldehydes (i.e.
glutaraldehyde) or formaldehyde.

The adsorption of the photosensitizer onto the pretormed nanoparticles was performed
in the presenee of disselved albumin, Prug loaded nanoparticles can be freeze dried in the
presence of eryoprotective agents including, but not limited to glucose, trehaiose, sucrose,
sorbitol and mannito] and the like.

In the present invention the therapeuticaily ettective concentration of the
photosensitizer is about 10 to 50 pg per milligram of HSA nanoparticle, which corresponds to
a particle content of 5-25 mg/ml in water suspension, typically 8 mg/ml. Drug incorporation
in HSA nanoparticles can be performed by HSA desolvation in the presence of the
photosensitizer and the use of polyethylene glycol as desolvating agent. The entire process of

nanoparticle preparation was carried out under aseptic conditions.

The present invention is further iilustrated by the following examples, but is not

limited thereby.
EXAMPLE 1a:

photosensitizer 5.10,15.20-tetrakis(m-hydroxyphenv[)-porphyrin (m7THPP); adsorptive

hinding to particle surface (see Table )

Human serum afbumin (HSA) based nanoparticles were prepared by a desolvation
method. In principle, 100 mg HSA was dissolved in Iml of 10 mM sodium chloride solution.
The pH was adjusted to 8 and the solution was pre-filtered through a ¢.22 pum filtration unit
(Schleicher und Schiill, Dassel, Germany). This filtration process is sufficient to remove
essentially all bacteria. Nanoparticles were formed by continuous addition of 4.0 ml ethanol
under permanent stirring (380 rpm} at room temperature. A defined amount of ethanol is
added at a rate of 1 mi/min using a pumping device (Ismatec IPN, Glattbrugg, Switzeriand).
After completion of protein desolvation, 57.76 uL of 8% aqueous glutaraldehyde solution

was added to stabilize the resulting protein nanoparticles by chemical cross linking. The
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glutaraldehyde concentration used corresponds to [00% stoichiometric cross linking of the
amino groups in 100mg HSA. Particles were then stirred for 1 hour and purilied by 3 cycles
of centrifugation at 20,817xg, for 10min, and the sediment was redispersed in 1.0 mi water.
Redispersion step was performed in an ultrasonic bath for 5 min. The nanoparticle content
was determined by microgravimetry and was adjusted to 15.0 mg/ml.

Drug Loading

Typically 100 mg of [ISA was dissolved in ! ml of 10 mM scdium chloride solution.
The pH was titrated to 8.0 and the sclution was filtered through a 0.22 um filtration unit
(Schieicher und Schiill, Dassel, Germany). To 333.0 nl. of the purtfied HSA nanoparticle
suspension (15 mg/ml) 56.3, 75.0, 93.8, 112.5, 131.3, and 150.0 pl. {0.75-2.0%) of the

resulting aqueous HSA solution were added, respectively. FIGURE 1 ttustrates the drug

loading of HSA-based nanoparticles on the concentration of dissolved HSA 1n the systen:.
The suspensions were adjusted to 500.0 ul with purified water followed by addition of 112.5
ul. of an ethanolic mTHPP stock solution (ethanol 96% (V/V), 1 mg/ml} and 137.5 uL of
ethanol 96% (V/V). Incubation was performed at pH values between 5 and 10 (See FIG 2).
The samples were incubated for 2 h under permanent shaking (15°C, 660 rpm). Particles were

nurified by repeated centrifugation at 20,817g for 10min at 15°C and redispersed in | ml

water in an ultrasonic hath for 5 min. In FIGURE 2 drug loading of HSA based nanoparticles

with mTHPP (o) and mTHPC (e) in the presence of 1.5% soluble HSA depending on the pH

value in the range between 5 and 10 {mean + S.D.; n = 3) has been iliustrated. FIGURES 1
and 2 show, the drug loading of HSA-based nanoparticles is dependent on the concentration
of HSA and its pH. The pH value can affect the drug loading.

All of the solutions used for particlc preparation were sterile and pre-filtered through a
membrane with a pore size of 0.22 um. All of the equipment used was autoclaved at 121°C
over 20 min. All handling steps for particle preparation were performed under a laminar
airflow cabinet. Thus, HSA-based nanoparticles of present invention are formulated under
completely aseptic conditions ensuring production of sterilize nanoparticles for therapeutic
use.

Average particle size and polvdispersity were measured by photon correlation
spectroscopy using a Zetasizer 3000HSA (Malvern Instruments, Malvern, UK). Nanoparticle
content was determined by microgravimetry. Particle morphology was determined by
transmission clectron microscopy (TEM). FIGURE 3 depicts the image produced by TEM of
m THPP-loaded HSA nanoparticles prepared in the presence of 1.5% dissolved HSA

ethanol 34.3% (V/V) for drug adsorption process.
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Indirect quantification procedure: The mTHPP loading of the nanoparticles was
calculated after spectrophotometric quantification of the unbound drug in the supernatants of
the nanoparticles.

Direct quantification procedure: 10 mg pepsin were dissolved in 1 ml of an aqucous
solution of 1% formic acid. An aliguct containing 1.0 mg photosensitizer loaded HSA
nanoparticles was added to 250 pl. of the pepsin solution. The mixture was adjusted to 300.0
ul. by purified water. The samples were incubated for 2 h, under p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>