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( ANEXOS \

E Comprobante de pago de la tasa de presentacidn de la soliciud.

E Documento que acredita la existencia y representacion legal cuando el solicitante sea persona Juridica.
g Documento de Representacién Legal.

D Documento de cesidon del Inventor al solicitante o a su causante.
[] Declaraciones

D Copia de |a solicitud intemnacional. (Resumen, descripcitn, relvindicaciones, dibujos)
E Traduccién de la solicltud intemacional al castellanc. {Resumen, descripcion, relvindicaciones)
E Copia del examen preliminar intemacionel efectuado por la Autoridad Intemnacional de Examan

Preliminar (IPEA).

g Traduccitn del examen preliminar intemacional efectuado por la IPEA.

[[] De ser el caso, copia del contrato de acceso.
De ser el caso, documento que acredite la licencla o autorizacién de uso de conocimientos tradiclonales
de las comunidades Indigenas.

[ Arte Final 12x12.

|:| De ser el caso, informacion sobre otras solickudes de patente o titulos obtenidos en el extranjero por ol
mismo titular o su causants, relacionados parcial o totalmente con la invencién de esta solicitud.

D De ser el caso, modificaciones efectuadas a la solicitud internacional.

x Ofros: Reporte Blisqueda Intemacional y su traducclén, Anexos Reporte de Birsqueda Intemacional,
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ANEXO

El documento que acredita la calidad de REPRESENTANTES
LEGALES en Bogota de los doctores JOSE ANTONIO
LLOREDA y/o GUSTAVO TAMAYO y/o ANGELA MARIA
RESTREPO y/o ALICIA LLOREDA para TODOS LOS
ASUNTOS RELACIONADOS CON LA PROPIEDAD
INDUSTRIAL de la sociedad peticionaria, que faculta a cada
uno de dichos abogados para actuar individualmente, se esta
presentando con esta solicitud. En consecuencia, ruego a
usted reconocer la personeria de cada uno de dichos
Representantes Legales para actuar dentro del presente
expediente, a fin de que cualquiera de ellos pueda intervenir

en cualquier tiempo respecto de la solicitud en €l contenida.

JOSE ANTORW
T.P. No. 10.784
Codigo 231



(Apostile n, 20585)

Dra. GRAZIA SCARPONI
NOTARIO
20123 MILAN - Via Stampa, n. 15.
Codigo Fiscal : SCB GRZ 38R47 H301V

AUTENTICACION DE FIRMA

== Certifico yo suscrita Dra. GRAZIA SCARPONI, Notario en Milan e inscrita al
Colegio Notarial de Milan, verdadera y auténtica la firma puesta al respaldo y

_en mi presencia, previa renuncia con mi consentimiento a la asistencia de '

testigos, de la Sefiora VERONELLI PAOLA, nacida en Milan el 17 de diciembre
de 1845 y domiciliada al efecto en la sede social, empleada, en su calidad de
apoderado dela Sociedad "PHARMACIA ITALIA S.p.A." consede en Milan, Via
Robert Koch n. 1.2, investida de los necesarios poderes.

De su identidad personal, calidad y poderes yo Notario estoy segura.

Declaro, ademas, yo Notario, de conocer el idioma inglés y que el texto en
italiano corresponde al texto en inglés.

== Milan, 13 de marzo de 2002.

(fdo.) Grazia Scarponi, Notaric (hay sello)
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el presente acto publico =

ey

. ha sido firmado por Grazia Scarponi,
.-Agente en calidad de Notario en Milan,
. esta’ refrendado con el sello notarial,

M

certificado

en Milan........ccnummnes - 6. El 18 de marzo de 2002,
por la oficina del Ministerio Publico,

. bajo el niumero 2055 AP,

9. y esta’ refrendado con el sello de Estado.

® N

=============== EL SUSTITUTO PROCURADOR DE LA REF
(fdo.) Dra. Ada Rizzi. (hay se
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C . . . ITALIA
. . Los abujo firmados, PHARMACIA 8.P.A., una sociedad

Jrganizada y existente de conformidad con las leyes de
Italia,

con domicllio en

Mil8n Via Robert Koch, 1.2., Italila,

nombramos por el prasepte a JOSE ANTONIO LLOREDA
yle GUSTAVO TAMAYO y/io ANGELA MARIA
RESTREPO y/o ALICIA LLOREDA, domiciliados en
Bogotd, Colombia, con oficinas en dicha ciudad, Calle 72
No. 5-83, piso 8°, nuestros representantes legales y
verdaderos en Bogotd, con facultedes pama reclbir
notiflcaciones y nombrar apoderados judiciales o
extrajudiciales, con el fin de dar cumplimiento al parégrafo
10. del articulo 543 del decreto 410 de 1871.

Los doctores JOSE ANTONIO LLOREDA y/o
GUSTAVO TAMAYQ y/o ANGELA MARIA RESTREPO
y/o ALICIA LLOREDA, o los apoderados que cualquiera
de elios designe, quedan especiaimente facultados para
reprasentarnoé ante las autoridades colombianas,

ministratives, judiciales o de policla, en todos los

amites relativos a la propiedad industrial, & cuyo efecto
les facultaimos para dar ante diches autoridades todas los
pasos necesarlos al objeto indicado; elevar solficiiudes,
declaraciones, reclamos y recursos; formular
descripciones, enmiendas, oposiciones y apelaciones;
instaurar cancelaciones y amperos administrativos;
abonar todos los Impuestos y cuotas y afectuar todo otro
pago determinado por la ley; reclbir todos los documentos
y veloras, dendo el descargo respectivo; llenar
cualesquiera otroe requisitos y tomar, en fin, todas las
medidas que creyeren conducentes al resguardo de
nuestros intereses; y en caso de producirse oposicion,
pasande los antecedentes a los tribunales, quedan
facultados para tomar intervencién como demandantes o
demandados ante los jueces que sean competentes,
pudiendo transaer, someter & &rbitros, desistir, percibir y
apelar, con todas las demés facultades que resulten
necesarias, y por el presente declaramos desde ehora
vélido y bueno cuanto dichos representantes y/o los
apoderados que cualquiera de ellos nombre hicieren en

.ueltru beneficio.

Asimismo, facultamos a los doctores JOSE
ANTONIO LLOREDA ylo GUSTAVO TAMAYO vylo
ANGELA MARIA RESTREPO y/o ALICIA LLOREDA, para
solicitar en la Oficina de Propiedad Industrial la
protocalizacién de este documento y de cualquler poder
que cuaiquiera de ellos otorgue & nombre nuestro.

Dado y firmado Milan, Marzo 13 de 2002

-!.-\JH- L ome s d e g A STETR VT TN o t‘l. Q

The undersigned, PHARMACIA ITALIAS.P.A., a
corporation organized and existing under the laws of

Italy

Milan, Vie Robert Koch, 1.2
Italy,

hereby appoint, JOSE ANTONIO LLOREDA and/or
GUSTAVO TAMAYO and/or ANGELA MARIA RESTREPO
and/or ALICIA LLOREDA, of Bogota, Colombia, with
offices In sald town, Calle 72 No. 5-83, Sixth Floor, our
true and legal representatives in Bogotd, with power to
recelve notifications and to appoint judicial or extrajudicial
agents, 0 as to comply with paragraph 10. of article 543
of decree 410 of 1971.

Doctors JOSE ANTONIO LLOREDA and/or
GUSTAVO TAMAYO and/or ANGELA MARIA RESTREPO
and/or ALICIA LLOREDA, or the agents by any one of
them appoiniad, are especlally empowered to represent us
before the administrative, judiclal or police authorities of
Colombia, In all proceedings pertaining to Industrial
property, for which purpose we authorize them to take
before the sald authorities all the necessary steps for the
said end; to file petitions, declarations, claims, recourses,
cancellations and administrative injunction proceedings; to
draw up specifications; to flle amendments, oppositions
and appeals, to pay all installments and effect all other
payments prescribed by law; to receive proper recelpts, to
comply with all other requirements and, in short, to take all
those measures which they may deem fit for the protection
of our interests; and in case of opposition, where the
proceedings be passed over to the courts, we authorize
said agents to act on our behalf, as complainants as well
as defendants, before the competent judges, with full
powers to make arrangements, to submit to arbitrators, to
desist, to collect, to appeal and, in short, with all such
further powers as may be required, and we hereby declare
from now on as valld and good all that said
reprassntatives and/or the sgents by any one of them
appointed may do for our benefit

We also authorize doctors JOSE ANTONIO
LLOREDA and/or GUSTAVO TAMAYO and/or ANGELA
MARIA RESTREPO and/or ALICIA LLOREDA, to apply for
protocolization of this document and of any power of
attornay by any one of them conferred In our name, before
the Office of Industrial Property.

Yoottt
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FIERSY &
Oott. GRAZIA SCARPONI

NOTAIO
20123 MILANO - Via Btampa, 18
Cod. F 6CR GRZ MAsY HEMY

AUTENTICA DI FIRMA
Certifico io sottoscritta Dott.GRAZIA SCARPONI, Notaio in Mj-
lano ed iscritta presso i1 Collegio Notarile di Milano, vera
ed autentica la firma retro apposta in mia presenza, previa
rinunzia con il mio consenso all'assistenza dei testimoni,
dalla Signora VERONELLI PAOLA, nata a Milano i1 17 dicembre
1945 e domiciliata per la carica presso la sede sociale, im-
piegata, nella sua qualitd di procuratore della Societd "PHAR-
MACIA ITALIA S.p.A." con sede in Milano-¥ia Robert Koch 1.2,
munita degli occorrenti poteri.
Della sua 1dentitd personale, qualifica e poteri io Notaio so-
no certa.
Dichiaro, inoltre, io Notaio di conoscere la lingua inglese e
che il testo In italiano corrisponde al testo in inglese.

Milano, 1i 13 MAR. 2002
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CERTIFICADO NOTARIAL (INDIVIDUO)
{ss

A los dlas del mes de de 20
comparecid personalmente ante ml, Notarlo Pablico
an y por el condado antes citado,

a quien doy fe de conocer y me consta que
es/son la persona descrita y firmante del documento que
precede, declarando ante ml que otorga el misma para los
fines y propdsitos qua en él se expresan.

Notary Public {Notario Pablico).
CERTIFICADO NOTARIAL (INDIVIDUO)

{ss

Alcs dias del mes de de 20
comparecié personalmente ante mil,
Notario Pdblico en y por el condado antes citado,

a quien doy fe de conocer y me consta que
s/son la persona deserita y firmante del documento que

‘ecode. declarando ante ml que otorga el mismo pera log
ines y propdsitos que en &l se expresan.

Notary Public (Notario Piblico).

CERTIFICADO NOTARIAL (SOCIEDAD)

{ss

Ho de 20 02 compareclé
BAoiR VerOREFD 1 & Qulon ComozE0 y
de quien me consta que fimd el anterior docurnento y
uien debldam nte juramentado declard hdl o que é
uncionaria j, PHARMACIA IT spA_
ia compafila nombrada en el documento que entecede,
una sociedad debidamente ojrganlzada y existente
conforme a las leyes de Ital domiclllada en la
ciudad de Milan . Iagalmonta constituida para
un perfodo de duracién que alin no ha terminado, que
ejerce lagaimente su objeto conforme a las leyes de
que el declarante esté sutorizado por dicha Compafia
ra confanr este poder; que el sello estémpado por 4l al
pie de tal poder, en nombre y en representacién de la
axpresads Compalfila, es el sello oficlal de slla; y que el
objeto para el cual se confiere este instrumento estd
comprendido dentrc del de la sociedad.

El suscrito Notario ha visto los Estatutos de incorporaclén
firmados en Milan

, can fecha , ¥ certifica
que de conformidad con la legisiacién de dicho Estado la
antarior declaracién juramentada es prueba suficisnte de
que los hechos sobre que ella versa son ciertos o
verdaderos, de lo cuai da fs.

Notary Public (Notario Pablico).

Dby MM ofto

NOTARIAL CERTIFICATE (INDIVIDUAL)
{sn

On this day of .20 , personally
appeared before me, a Notary Public, In and for the above
mentioned county,

MPola rERonELL!
to me known to be the person described in and
who executed the foregoing document. and who duly
acknowledged to me that executed same for the
uses and purposes therein expressed.

NOTARIAL CERTIFICATE (INDIVIDUAL)

{ss

On this day of , 20 , personally
appeared before me, a Notary Public, In and for the above
mentioned county,

PAOLA VEROVELL!

to me known to be the person described in and who
executed the foregoing document, and who duly
acknowledged to me that axecuted same for the
uses and purposes therein expressed..

M}
o

NOTARIAL CERTIFICATE {CORPORATION)

{391

Onthis 13 dayof March . 2002
personally

came PASLA VELoNQLL

to me known, and known to me to be the person who
signed the foragoing Instrument, who being by me duly
swom did deposa and say that he is the ITALIA
ExEwTiLE oFrILed of PHARMACIA S.P.A, the
company named within, a Corporation organized and
existing under the laws of 1TALY , domiciled et
the Clty of NILAN , legally constituted for
a perlod of tenure not yet expired, which exercises Its
corporate purposes according to the laws of
; that the deponent ls authorized by said Company to
confer thls power of attorney, thet the seal affixed
hereunto by the deponent In the name and on behalf of
said Corporation is the corporate seal thereof, and that the
purpose for which this Instrument Is granted is included
within the corporate purposes of the Company.

The undersigned Notery Public hes seen the erticles of
Incorporation of said Corporetion executed at
HiLaN , under date of

., 8nd hereby
certifles that under the laws of sald State tha foregolng
acknowladgmant Is sufficient -_,, 8t thesfpotadhule
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[ A. CLASIFICACION DE MATERIA
AGIK31/565 AG61K31/704  AG1PISNO0  A61K9N08

REPORTE DE BUSQUEDA INTERNACIONAL

Solicitud Internacional No.
PCT/EP 01/10398

IPC7 AS1K31/66
ASIK47N18

B. CAMPOS BUSCADOS

Sexin Is Clusificacitn de Patentes Internacional (CPT) o segin la clasificacion nacional y 1a CPI

IPC 7 A6IK

Documentacion minims buscada (sistzma de clasificacion seguido d¢ s{mbolos de clasificucion)

Docurnentacién buscada fuera de documentacién minima hasta donde dichas documentos se incluyan en los campos buscados

Base de datos clectronica consultada durente Is biisqueda internacional (nombre do 1a base de datos y, donde sea prictico, buscar tirminos usados)
BPO-Internal, WPI Dzta, PAJ, BIOSIS, MEDLINE, PASCAL, EMBASE, CHEM ABS Data

C. DOCUMENTOS CONSIDERADOS RELEVANTES

Catcgoris ®

Citacitn de documento, con indicagidn, dande ses spropindo, de Jos textos relevantes

Relevante » la reivindicacion No.

MARTINI) Marzo 22, 2001 (2001-03-22)
citado en la solicitud
el documento completo

A US 5 780 446 A (RAMU AVNER)
Julio 14, 1998 (1998-07-14)
columna I, linea 48 - linea 58

BX WO 01 19372 A (COLOMBO PAOLO; BUZZI
GIOVANNI (IT); MUGGETTI LORENA (IT);

1-11,19

1-11, 19

D En ¢l recuadro C sc erumeran mis documentos.

E En el anexo se enumern micmbros e 1a familia de patentes.

? Catagorias especiales de documentos citados:

'A' documento que define el estado general de In técnica ¢l cual no se
considera de relevancia particular

E' documnento amterior pero publicado en o despudy de la fecha de
presentacidn internacional

L' documento que puede arrojar dudas scbre reivindicaciones de
prioridad o que e cits para establecer 1a focha do publicacidn de otrs
citacién u otrs razdn especial (segin se especifica)

0’ dacurnento que ac reflere a una revelacidn oral, uso, exhibicidn u
otros medios

P documento publicado antes de la fecha de presemtacidn intemacional

T documento posierior publicado después de la fecha de presentacidn
internacional o fecha de pricridad y que no estl en conflicto con la
solicitud pero citado para entender el principio o teoria que sustemn
la invencidn

A" documento de relevancia particular; In invencidn reivindicads no
puede considerarse nueva o no puede considerarse que comprende
un paso inventivo cuando el docurments se twrm solo

'Y* documenio de relevancia particular; la invencidn reivindicada no
puads considerarse que comprende un paso inventivo cusndo el
documento se combina con uno o mis documentos, siendo dicha
combinacién obvia para una persona experta en 1a técnica

‘&’ documentn miembro de la misma fumilia de patentes

Tel.No. (+31-70) 340-2040, Tx. 31 651 cponl,

LF“ No. (+31-70) 340-3016

de In fecha de prioridad reivindicada
Fecha da la terminacién real de la bisqueds intemacional Fecha de envio por correo del reporte de bilasqueda internacionsl
Febrera § de 2002 26/02/2002
Nombre y direccién de comren de ISA/US Funciongrio sutorizado
Eurcpean Patent Office, P.B. 5818 Patentlaan 2
NL-~2280 HV Rijswijk Zimmer, B

Formm PFCT ISA 210 (segunde. haja) (Julio 1992)

°3



REPORTE DE BUSQUEDA INTERNACIONAL Solicitud Internacional No.

Informe sobre miembros de familia de patentes PCT/EP 01/10398
Documento de

patente citadoen el | Focha de publicacisn | Miembrofs) dols familla | Feeha de

reporte de bilsqueda P

WO 0119372 A 22-03-2001 AU 7776200 A 17-04-2001
wo 0119372 Al 22-03-2001

US 5780446 A 14-07-1998 AU 3656397 A 02-02-1998
wOo 9801136 Al 15-01-1998

Forma PCT [SA 210 (anexo amilia do patentes) pJulio 19932)



INTERNATIONAL SEARCH REPORT intsmational Applestion No
PCT/EP 01/10398
e '°i’¢'s‘f$§';7’/ga’;'°' “AB1K31/565 AG1K3L/704 AGIP35/00  A61K9/08
A61K4

Acoordng o Intsrmationa) Palant Casalfication (IPC) o Lo both aationsl ciesslioation and IPG *

Minkrum
IPC 7

documantation
AS1K

ssarched (cesstication sysiam folowed by cinaaliontinn symbals)

Dacumentation sesrched olher than minkmum docomentation to The axtent thal such documents ars included  In the fialde searched

Elecironic data bass constited during the intamational search (nems of dein bese and, whams praciizsl, ssarch lanms Ued)
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FORMULATIONS FOR PARENTERAL USE OF ESTRAMUSTINE PHOSPHATE
AND AMINO ACIDS

The present invention relates to pharmaceutical
formulations of estramustine phosphate for parenteral use
and, more particularly, to formulations ©of estramustine
phosphate for parenteral use further comprising basic amino
acids.

Estramustine phosphate (The Merck Index, XII Ed., No. 3749,
1996) is an estradiol-17B-phosphate derivative widely known
in the art as antitumor agent, currently used in the
treatment of advanced adenocarcinoma of the prostate.

The drug is usually administered orally, preferably at a
dose of 10-15 mg/kg/day. Intravenous administration,
however, is also adopted in some particular cases.

For example, initial intravenous administration of
estramustine phosphate, followed by oral administration,
has been reported at dosages paralleling the oral
administration for the drug, i.e. 300-600 mg daily given
intravenously and usually repetitively over for several
consecutive days (see, for a reference, British Journal of
Urology., 1977, 49, 73-79; J. Urol.108:303-306, 1972; Eur.
Clin. Pharmacol. 26(1), 113-119, 1984; Eur. Urol. 1990, 17,
216-218) .

Estramustine phosphate as well as ' other well-known
cytotoxic compounds used in antitumor therapy are known to
cause, or potentially cause, vascular damages at the site
of injection when parenterally, in particular
intravenously, administered.

AsE an example, studies in patients treated with
estramustine phosphate administered as a slow intravenous
injection or as a bolus, at 300 mg/day, revealed

CONFIRMATION COPY
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thrombophlebitis and local irritations at the peripheral
intravenous injection sites.

These drawbacks are considered major limitations for the
intravenous administration of estramustine phosphate, thus
requiring, in many patients, the establishment of central
line administration or, in some cases, even discontinuation
of the treatment.

With the aim of minimising the unwanted effects associated
with the intravenous administration of cytotoxic agents, a
few means are reported in the art.

Among them is the use of cyclodextrins, for instance
hydroxypropyl-cycleodextrin, in the preparation of
formulations for parenteral administration of cytotoxic
known to cause ulcerative lesions. See, for a reference, US
patent No. 5,804,568 in the name of Supergen Inc.

Also known in the art are formulations for the intravenous
administration of estramustine phosphate containing human
albumin, reported to be characterised by fewer local side-
effects upon injection of the active (see, for a reference,
H. Schutz et al.; Krankenhauspharmazie, II year, issue No.
3, 1988).

In this respect, we found formulations for parenteral use
comprising estramustine phosphate together with a basic
amino acid ﬁhich, unexpectedly, resulted to achieve optimal
protection from side-effects associated with estramustine
administration.

It is therefore the object of the present invention a
formulation for parenteral use comprising estramustine
phosphate and a basic amino acid.

Once administered intravenously to patients, the
formulations object of the present invention do not provoke
ulcerative damages, nor thrombophlebitis, at the site of
injecticen.

10
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In the present description, with the term basic amino acid
we preferably intend a basic a-amino acid; preferred basic
amino acids are selected from the group consisting of
arginine, histidine and lysine.

Even more preferably, the formulations object of the
present invention comprise arginine.

With the term formulation comprising estramustine phosphate
we intend any formulation of estramustine phosphate, as the
active ingredient, either in the acid form or as a
pharmaceutically acceptable salt for parenteral use such
as, for instance, the salts of estramustine phosphate with
bagic amino acids themselves or with N-methyl glucamine,
otherwise referred to as meglumine.

Preferably, the formulations of the invention comprise

estramustine phosphate in the form of its arginine or
meglumine salt.

From the foregoing, it is clear to the man skilled in the
art that the formulations of the present invention may
contain the basic amino acid, either in the form of its
salt with estramustine phosphate as well as in admixture
with an estramustine phosphate salt for parenteral use.

According to a preferred embodiment of the invention, it is
herewith provided a formulation for parenteral use
comprising estramustine phosphate, in the form of its
arginine salt, opticnally in admixture with additional
amounts of a basic amino acid, e.g. arginine.

Another preferred embodiment of the invention is a
formulation £for parenteral use comprising estramustine
phosphate, in the form of its meglumine salt, in admixture
with arginine.

In ancother preferred embodiment, estramstine phosphate is
provided in lyophilised form and the basic amino acid is

2
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provided in physiological solution. Formulations of this
type may typically be provided as a kit.

The formulations object of the present invention may
further contain additional excipients for parenteral use.
Among them are also those excipients known in the art to
reduce the side effects associated with the parenteral
administration of cytotoxic agents (herewith referred to as
protective agents) such as, for instance, human albumin,
cyclodextrins, sulfoalkyl ether cyclodextrins and
derivatives thereof.

Preferably, the formulations of the inven:lon additionally
comprise human albumin.

Very interestingly, the formulationa of the invention also
containing a given amount of human albumin are unexpectedly
less toxic than the corresponding estramustine phosphate
formulations containing the same amount of human albumin,
as the sole protective agent against ulcerative damages and
thrombophlebitis at the site of injection.

It is therefore a further object of the invention a
formulation for parenteral use comprising estramustine
phosphate and a basic amino acid in admixture with human
albumin.

All of the above formulations are preferably intended for
intravenous use. As such, they can be administered to
patients either as a slow injection, e.g. over about 30
minutes to about 3 hours, or as a bolus injection, also
referred to as IV (intravenous) push.

In addition, the formulations of the invention provide a
very advantageous method for delivering estramstine

phosphate intravenously, even when high doses of the active 'ﬂ;*

are needed.
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It is therefore a further object o©¢f the invention a
formulation for parenteral use comprising estramustine
phosphate, as a single infusion dJdosage of the active
exceeding 1300 mg, and a basic amino acid.

According to another preferred embodiment of the invention,
it is further provided a formulation for parenteral use
comprising estramustine phosphate, as a Bingle infusion
dosage of the active exceeding 950 mg/m’, and a basic amino
acid.

The formulations of the invention allow the administration
of the active either as a single agent or, alternatively,
according to a combined chemotherapy regimen.

As an example, the above formulations can be administered
in combination with one or more chemotherapeutic agents
such as, for instance, taxane derivatives, e.g. paclitaxel
and docetaxel; camptothecin and derivatives thereof, e.g.
CPT-11, 9-amino-camptothecin; anthracycline derivatives,
e.g. doxorubicin, epirubicin, idarubicin, daunorubicin,
alkycycline {4-demethoxy-3’'-deamino-3’'-aziridinyl-4'-
methylsulfonyl-daunorubicin; internal code PNU 159548);
etoposide; navelbine; vinblastine; platinum derivatives,
e.g. carboplatin and cisplatin; angiogenesis inhibitors,
e.g. Sugen SU-5416 and Sugen SU-6668; and the like,
optionally within liposomal formulations thereof.

Therefore, it is a further object of the present invention
a product containing a formulation for parenteral use
comprising estramustine phosphate and a basic amino acid,
preferably arginine, and one or more chemotherapeutic
agents, as a combined preparation for simultaneous,
Bseparate or sequential use in anticancer therapy.

Toxicology
To study the local irritant effects of estramustine
phosphate (hereinafter referred to as EMP) after repeated

intravenous administrations to rats, the active was 413
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prepared, according to the present invention, either in the
form of a salt with a basic amino acid and/or in admixture
with a basic amino acid. Subsequently, the said
preparations were dissolved in different vehicles such as
water solution for injection and water solution for
injection further containing human albumin (hereinafter
referred to as HA). In addition, formulations of
estramustine phosphate in the form of meglumine
{(hereinafter referred to as MEG) salts, optionally in
admixture with HA only, were used for comparison.

In particular, the following water for injgction solutions
(Table I} wherein either the active EMP as well as the
basic amino acid or HA are expressed in terms of molar or
weight ratios, were prepared and tested:

Table I

Bolution Molar ratio Weight ratio

(mol/mol) (w/w)

a)negative control
water for inject. - -
b)positive contzrol
EMP-MEG salt EMP:MEG=1:1 -
¢)comparison
EMP-MEG salt + HA EMP:MEG=1:1 EMP:HA=1:0.21
d)
EMP-Arg salt EMP:Arg=1l:1
e)
EMP-Arg salt + Arg EMP:Arg=1:2
£)
EMP-Arg salt + HA EMP:Arg=1:1 EMP:HA=1:0.21
g)
EMP-MEG salt + Arg EMP:MEG:Arg=1:1:2

Male Sprague-Dawley rats were used because of their

acceptance as a predictor of toxic change in man. The rats 4‘*

were 6 weeks old at the start of the study.
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The above formulations were administered to groups of rats
as a repeated intravenous injection during 3 days. Rats
were then sacrificed: a half of the rats at the fourth day
and a half at the fifth day.

The dose level of estramustine phosphate, in all the
different tested solutions, was of 150 mg/kg/day.

Clinical observations were recorded daily. Thrombophlebitic
side effects resulted in a dark bluish/blackish coloration
of the tail during the treatment period.

A score system based on tail coloration and its extension
was used to evaluate the different tested formulations.

The score system considered the formulation- of estramustine
phosphate salt with meglumine, solution (b), as the
positive control (i.e. marked toxicity). Wwater for
injection (a) was administered to the control group as
negative control (i.e. no toxicity signs).

Histological evaluation was carried out on the tail of the
rats treated with the composition of the invention.
Estramustine phosphate in a water solution (b) induced, at
the used dose, local irritant effects at the injection site
after the first administration and marked toxicity signs at
the end of the experiment.

Likewise, toxicity signs at the injection site were also
observed for the comparison (¢) EMP solution containing
human albumin, as the sole protective excipient against
ulcerative damages at the injection site.

On the contrary, a markedly reduced toxicity or even no
toxicity was observed with the formulations of the
invention containing arginine (d), (e) and (g), optionally
in admixture with human albumin (£).

The histological evaluation of the tail of the rats treated
with these formulations confirmed the above findings.

In addition, the protective effect exert'ed by the basic
amino acid, according to the invention, can clearly be
evidenced by considering the formulation (f) in comparison
to the formulations (¢) for which toxicity signs were
observed. Very interestingly, in fact, both formulations

sy
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contained the same amount of human albumin with respect to
the active.

It was thus concluded that estramustine phosphate in a
water solution containing a basic amino acid, either in the
form of a salt with estramustine phosphate or in admixture
with the same, induced markedly lesa local irritant effects
when compared with a water solution of estramustine
phosphate itself.

Even more surprisingly, the formulations of the invention
produced less local irritant effects also in comparison to
analogous solutions of estramustine phosphate containing
known protective excipients, for instance human albumin.

One particularly preferred schedule for administering the
formulation of estramustine phosphate according to the
invention is a single infusion given once weekly to a
maximal dose of 4000 mg or 3500 mg/m’.

Another preferred schedule is the administration of a
single drug infusion once every two to four weeks.

One schedule may be preferred over another in consideration
of schedules with other optional concomitant therapy. These
schedules may repeat in serial or as repetitive fashion.

The formulations of the present invention are useful in
antitumor hherapy, particularly in the treatment of
prostate cancer, breast cancer, melanoma, lung cancer,
pancreatic cancer, colorectal cancer, ovarian cancer and
cancers of the brain.

In addition to the above, we alsoc noticed that arginine and
the pharmaceutically acceptable salts thereof for
parenteral use, exerted their protective effects against
the occurrence of thrombophlebitis also when used in
combination with several other antineoplastic agents known
to cause, or potentially cause, ulcerative damages at the
site of injection, when administered intravenously.

16
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It is therefore a further object of the invention a
pharmaceutical formulation which comprises a parenterally
acceptable carrier or diluent, an antineoplastic agent
known to cause ulcerative damages at the site of injection
upon intravenous administration, and arginine or a
pharmaceutically acceptable salt thereof.

Besides estramustine phosphate, other antineoplastic agents
are known to cause, at least potentially, ulcerative
damages and thrombophlebitis at the site of injection.
Preferably, these antineoplastic agents qccording to the
invention are selected from the group consisting of
anthracycline derivatives such as doxorubicin, epirubicin,
idarubicin, daunorubicin and alkycycline (4-demethoxy-3’-
deamino-3‘'-aziridinyl-4‘-methylsulfonyl-daunorubicin;
internal code PNU 159548); and angiogenesis inhibitors such
as Sugen SU-5416 and Sugen SU-6668.

From the foregoing, it is a further object of the invention
the use of arginine, or pharmaceutically acceptable salts
thereof, in the preparation of a medicament for the
treatment and prevention of side-effects associated with
the intravenous administration of antineoplastic agents.

As set forth above, these side-effects comprise ulcerative
lesions and'thrombophlebitis at the site of injection.

In the present description, unless otherwise specified,
with the term pharmaceutically acceptable salt of arginine,
we intend any salt for parenteral use including,
preferably, the arginine addition salt with hydrochloric,
glutamic or aspartic acid.

The formulations object of the present invention are
prepared according to conventional techniques adopted in
the preparation of pharmaceutical forms for parenteral use.
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Typically, a proper amount of estramustine phosphate is
dispersed in water and then dissolved by adding at least an
equimolar amount of a basic amino acid, for instance
arginine.

A further amount ©of the given amino acid, e.g. arginine,
can be present in order to reach an estramustine
phosphate:arginine molar ratio higher than 1:1,
respectively.

Alternatively, a proper amount of estramustine phosphate in
the form of a pharmaceutically acceptable salt for
parenteral use, e.g. estramustine phosphatq meglumine salt,
eicther as a dry powder or into a lyophilised form, is
dissolved in a pharmaceutically acceptable solution for
parenteral use, for inatance sterile water or aqueous
dextrose solution, e.g. 5% dextrose in water for
intravenous administration, and then admixed with a proper
amount of a basic amino acid, for instance arginine.

The above admixture is then stirred, sterilised, and
subsequently lyophilised according to conventional
techniques.

The freeze-dried formulation is prepared and stored in
vials for injection; the addition of a proper amount of
sterile water or a physiological sclution for parenteral
use enables the preparation of the final formulation to be
injected.

The above method is also suitable for preparing high
dosages estramustine phosphate formulations whilst
maintaining the desired weight or molar ratio between the
components.

The unit strength of the formulation to be injected
depended on the concentration of the active in the solution
itself and, of course, on the filling wvolume of the vials
used to prepare the final formulation.

Additionally, besides the aforementioned human albumin,
cyclodextrins, sulfoalkyl ether cyclodextrins and

13
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derivatives thereof, the formulations of the invention may
optionally contain additional pharmaceutically acceptable
excipients for parenteral administration such as, for
instance, bulking agents, e.g. lactose or mannitol, pH
buffering agents, anti-oxidant agents, preservative agents,
tonicity adjusters and the like.

From the foregoing, it is clear to the man skilled in the
art that the above methods for preparing the estramustine
formulations apply as well to arginine-ceontaining
formulations comprising antineoplastic agents other than
estramustine phosphate, and known to cause, or potentially
cause, thrombophlebitic side-effects upon intravenous
administration.

The following examples are herewith intended to better
illustrate the present invention without representing any
limitation to it.

Example 1
Preparation of estramustine phosphate N-methyl glucamine
salt in admixture with human albumin (estramustine
phosphate imagluminesisl molar ratio, estramustine
phosphatetalbuminel:0.321 weight ratio)
300 mg of estramustine phosphate were weighed in a beaker
and dispersed by means of magnetic stirring in 5 ml of
water. 120.8 mg of N-methyl-glucamine wersa then added under
stirring to the watery dispersion of the active and, after
a few minutes, a clear solution was obtained. 0.250 ml of a
commercially available solution of human albumin at 25%
concentration were added whilst maintaining the solution
under stirring.
The obtained solution was then brought to the final volume
of 10 ml with water so as to reach a final concentration of
30 mg/ml of estramustine phosphate and 6.25 mg/ml of human
albumin (1:0.21 weight ratio respectively).

=8
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A solution prepared as previously described, properly
sterilised by filtration, was tested for its local vein
tolerability in rats.

Example 2
The formulation described in Example 1 wae also prepared by

dissolving the commercially available Estracyt® freeze-
dried formulation containing 300 mg/vial of the active. The
reconstitution of the formulation was made by using 10 ml
of a 6.25 mg/ml human albumin solution so as to obtain a
final concentration of 30 mg/ml of estramustine phosphate
and 6.25 mg/ml of human albumin (1:0.21 weight ratio
respectively).

The albumin solution could be prepared either by dissolving
in water a proper amount of human albumin as a dry powder
or by properly diluting a commercially available human
albumin solution.

Example 3 .
Preparation of estramstine phosphate arginine salt
(estramustine phosphate:argininesl:l molar ratio)
300 mg of estramustine phosphate were weighed in a beaker
and dispersed by means of magnetic stirring in 5 ml of
water. 101 mg of arginine base were then added to the
watery dispersion of the active whilst maintaining under
stirring until a clear solution was obtained.
The prepared solution was then brought to the final volume
of 10 ml with water so as to reach a final concentration of
30 mg/ml of estramustine phosphate and 10.1 mg/ml of
arginine (1l:1 molar ratio respectively).
A solution prepared as previously described, properly

sterilised by filtration, was tested for its local vein Q0

tolerability in rats.
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Example 4
Preparation of estramstine phosphate arginine salt in
admixture with arginine (estramistine

phosphatesarginine=1:2 molar ratio)

300 mg of estramustine phosphate were weighed in a beaker
and dispersed by means of magnetic stirring in 5 ml of
water. 202 mg of arginine bhase were then added to the
watery dispersion of the active whilst maintaining under
stirring until a clear solution was obtained. The basic pH
of the obtained solution was brought to the physiological
value of about 7.5 by slow addition of diluted hydrochloric
acid.

The solution was then brought to the final volume of 10 ml
with water so as to reach a final concentration of 30 mg/ml
of estramustine phosphate and 20.2 mg/ml of arginine (1:2
molar ratio respectively).

A solution prepared as previously described, properly
sterilised by filtration, was tested for its local vein
tolerability in rats.

Example 5
Preparation of estramustine phosphate arginine salt in
admixture with human albumin (estramustina
phosphatesarginine=1:1 molar ratio, estramistine

phosphateralbumin=l1:0.21 weight ratio)

300 mg of estramustine prhosphate were weighed in a beaker
and dispersed by means of magnetic stirring in 5 ml of
water., 101 mg of arginine base were then added to the
watery dispersion of the active whilst maintaining under
stirring until a clear solution was obtained. 0.250 ml of a
commercially available solution o©¢f human albumin at 25%
concentration were added, maintaining the solution under
stirring.

The solution was then brought to the final volume of 10 ml
with water so as to reach a final concentration of 30 mg/ml
of estramistine phosphate, 10.1 mg/ml of arginine and 6.25

mg/ml of human albumin. The molar and weight ratios between a'
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the components of the solution were as follows:
estramustine phosphate:arginine 1:1 molar ratio,
estramustine phosphate:human albumin 1:0.21 weight ratio.

A solution prepared as previously described, properly
sterilised by filtration, was tested for its local vein
tolerability in rats.

Example 6
Preparation of estramustine phosphate N-methyl glucamine
salt in admixture with arginine (estramustine

phosphate:meglumninerarginine=1:1:2 molar ratio)

300 mg of estramustine phosphate were weighed in a beaker
and dispersed by means of magnetic stirring in 5 ml of
water. 120.8 mg of N-methyl-glucamine were then added under
stirring to the watery dispersion of the active and, after
a few minutes, a clear solution was obtained. A total
amount of 202 mg of arginine was then added to the above
described solution by using a suitable mixture of arginine
base and hydrochloride, in order to maintain the pH around
the physiological value of 7.5.

The solution was then brought to the final volume of 10 ml
with water so as to reach a final concentration of 30 mg/ml
of estramustine phosphate and 20.2 mg/ml of arginine (1:2
molar ratio respectively).

A solution prepared as previously described, properly
sterilised by filtration, was tested for its local vein
tolerability in rats.

Example 7
The formulation described in Example 6 was also prepared by

solubilization of the commercially available Estracyt®
freeze-dried formulation containing 300 mg/vial of the
active. The reconstitution of the formulation was made by
using 10 ml of a 20.2 mg/ml arginine solution BO as to
reach a final concentration of 30 mg/ml of estramustine
phosphate and 20.2 mg/ml of arginine (l1:2 molar ratio
respectively) .
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The arginine solution used to dissolve the freeze-dried
formulation contained a proper mixture of arginine base and
hydrochloride, in order to maintain the pH around the
physioclogical value of 7.5.

Example 8

Preparation of a formulation comprising doxorubicin and
arginins in a 1:1 molar ratio.

Doxorubicin hydrochloride (40 mg) and arginine (12 mg) were
weighed in a flask and the admixture was dissolved in a
physiological solution (15 ml) of NaCl 0.9% w/v, under
gstirring. A solution of hydrochloric acid w.as then added up
to pH = 3. The solution thus prepared was then diluted with
the above physiological solution up to a final volume of 20
ml so as to reach a final concentration of 2 mg/ml of
doxorubicin and 0.6 mg/ml of arginine (molar ratio 1l:1,
raspectively) .

Exarpls 9

Preparaticon of a formulation comprising doxorubicin and
arginine in a 112 molar ratio

By working as above described in example 8 and by using an
amount of arginine as twice, that is 24 mg of arginine per
40 mg of doxorubicin hydrochloride, a solution comprising
doxorubicin and arginine in a molar ratio 1:2,
repectivelfr, was thus prepared.

Example 10
Preparation of a formulation comprising Bugen 8U<5416 and
arginine in a 1:1 molar ratio
10 ml of an aqueous sclution of NaCl (0.9% w/v) were
diluted with 10 ml of water in a flask so as to obtain a
solution of NaCl at 0.45% w/v.
Arginine hydrochloride (39.79 mg) was then added to the
resultant solution and dissolved by shaking.
The solution thus prepared was used to dilute a solution of
Sugen SU-5416 having the following composition:
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Component Amount % (w/v) in the formulation
Sugen SU 5416 0.45 %
PEG 400 45 %
Benzyl alcohol 2 %
Cremophor EL 31.5 &
Anhydrous Ethanol Up to 100

The dilution was carried out by admixing one part of the
formulation containing the active Sugen SU-5416 with two
parts of the solution containing arginine, so as to ‘obtain
a final solution of Sugen SU-5416 and arginine in a molar
ratio 1:1.

Exanmpls 11
Preparation of a formulation comprising Sugen SU-5416 and
arginine in a 1:2 molar ratio
By working as above described in example 10 and by using an
amount of arginine hydrochloride as twice, that is 79.58
mg, a solution comprising Sugen SU-5416 and arginine in a
1:2 molar ratio, respectively, was thus prepared.

M
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CLAIMS

1. A pharmaceutical formulation which comprises a
parenterally acceptable carrier or diluent and
estramustine phosphate and a basic amino acid.

2. A formulation according to claim 1 wherein the basic
amino acid is arginine.

3. A formulation according to claim 1 or 2 wherein
estramustine phosphate is in the form of a pharmaceutically
acceptable salt for parenteral use.

4. A formulation according to claim 3 wherein the
estramustine phosphate is in the form of a salt with
arginine, histidine, lysine or N-methyl glucamine.

5. A formulation according to claim 4 wherein the
estramustine phosphate is in the form of a salt with
arginine or N-methyl glucamine.

6. A formulation according to anyone of the preceding
claims comprising estramustine phosphate and arginine in a
molar ratio lower than 1:1.

7. A formulation according to <claim 6 comprising
estramustine phosphate and arginine in a molar ratio of
about 1:2.

8. A formulation according to claim 1 which further
comprises human albumin, a cyclodextrin or a sulfoalkyl
ether cyclodextrin.

9. A formulation according to claim 1 which further
comprises human albumin.

6 ¥



10

15

20

25

30

35

WO 01/19372 PCT/EP00/0893)

18

10. A formulation according to any one of the preceding
claims which 18 in single infusion dosage form comprising
at least 1300 mg of the estramustine phosphate.

11. A formulation according to any one of the preceding
claims which is in single infusion dosage form comprising
at least 950 mg/m of the estramustine phosphate.

12. A formulation according to claim 10 or 11 wherein the
basic amineo acid is arginine.

13. A formulation according to any one of the preceding
claims for intravenous use.

14. A formulation according to any one of the preceding
claims for use in the treatment of cancer.

15. A formulation as claimed in claim 14 wherein the
cancer is prostate cancer, breast cancer, melanoma, lung
cancer, pancreatic cancer, colorectal cancer, ovarian
cancer or cancer of the brain.

16. A formulation according to claim 1 wherein the
parenterally acceptable carrier is a physiological solution
for parenteral use which contains the basic amino acid, and
the estramustine phosphate is in lyophilised form.

17. A product which comprises:
(i) a pharmaceutical formulation which comprises a
parenterally acceptable carrier or diluent and
estramustine phosphate and a basic amino acid, and
(ii) one or more chemotherapeutic agents,
as a combined preparation for simultaneous, separate or
sequential use in anticancer therapy.

18. A product according to claim 17 wherein the basic éc

amino acid is arginine.
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19. A product according to claim 17 or 18 wherein the
chemotherapeutic agent is selected from the group
consisting of taxane derivatives such as paclitaxel and
docetaxel; camptothecin and derivatives thereof such as
CPT-11 and 9-amino-camptothecin; anthracycline derivatives
such as doxorubicin, epirubicin, idarubicin, daunorubicin,
alkycycline (4-demethoxy-3’'-deamino-3’-aziridinyl-4’'-
methylsulfonyl-daunorubicin; internal code PNU 155548);
etoposide; navelbine; vinblastine; platinum derivatives
such as carboplatin and cisplatin; angiogenesis inhibitors
such as Sugen SU-5416 and Sugen SU-6668; optionally within
liposomal formulations thereof.

20. A product according to claim 17 for intravenous use.

dal. A product according to claim 17 for use in the
treatment of prostate cancer, breast cancer, melanoma, lung
cancer, pancreatic cancer, colorectal cancer, ovarian
cancer or cancer of the brain.

22. A formulation as defined in claim 13 for use in
suppressing or reducing the side-effects associared with
the intravenous administration of estramustine phosphate
and pharmaceutically acceptable salts thereof.

23. A formulation according to claim 22 wherein the side
effects comprise ulcerative lesions and thrombophlebitis at
the site of injection.

24. A product which comprises estramustine phosphate in
lyophilised form and a physiological solution for
parenteral use containing a basic amino acid.

25. ©Use, in the manufacture of a medicament for parenteral
administration, of estramustine phosphate and a basic amino
acid.
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26. Use according to claim 25 wherein the medicament is
for intravenous administration.

27. A pharmaceutical formulation which comprises a
parenterally acceptable carrier or diluent, an
antinegplastic agent known to cause ulcerative damages at
the site of injection upon intravenous administration, and
arginine or a pharmaceutically acceptable salt thereof.

28. A formulation according to claim 27 wherein the
antineoplastic agent is selected from the group consisting
of anthracycline derivatives such as doxorubicin,
epirubicin, idarubicin, daunorubicin and alkycycline (4-
demethoxy-3‘-deamino-3’-aziridinyl-4’'-methylsulfonyl-
daunorubicin; internal code PNU 159548); and angiogenesis
inhibitors such as Sugen SU-5416 and Sugen SU-6668.

29. Use of arginine, or of pharmaceutically acceptable
saltas thereof, in the preparation of a medicament for the
treatment and prevention of side-effects associated with
the intravenous administration of antineoplastic agents.

30. Use according to claim 29 wherein the side-effects
comprise ulcerative lesions and thrombophlebitis at the
site of injection.

31. Use according to claim 29 wherein the antineoplastic
agent is selected from the group consisting of estramustine
phosphate; anthracycline derivatives such as doxorubicin,
epirubicin, idarubicin, daunorubicin and alkycycline (4~
demethoxy-3'-deamino-3’'-aziridinyl-4’'-methylsulfonyl-
daunorubicin; internal code PNU 159548); and angiogenesis
inhibitors such as Sugen SU-5416 and Sugen SU-6668.
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1

FORMULATIONS OF VESICANT DRUGS
AND METHODS OF USE THEREOF

FIELD OF THE INVENTION

The present invention relates lo methods of treating and or
preventing extravasation Injury and mose particularly. to
phatochemotherapeutic methods of prophylaxis and/for treat-
menl of extravasation Injury induced by veticant antine-
oplastic drugs and pharmaceutical formulations for use
therein.

BACKGROUND OF THE INVENTION

Despite the enormous cffarty and resources directed &t
finding a cure. cancer remains an elusive and deadly foe for
mapkind. The standard methods of treatment usually include
chemotherapy. radiation treatment. and surgical removal or
tumacs and/ar growths. or some combisation thereof, These
treatments. combined with an emphasis on preventative
lifestyle modification. have afforded a measure of success in
the battic against some cancers. However, cancer remains
one of the leading causes of mortality, and cancess detected
al matured stages arc Invariably fatal.

Numerous chemica] agents have been devised for the
treatment of cancer and they exhibit varying degrees of
cificacy. However, no single drug has one hundred percent
cffectiveness against differeat cancers. and negative side-
effects ranging from minor to scrious are always present.
Indeed, few medications io common use bave a pamower
therapeutic index and a grester potential for causing haymful
side effects than do antincoplastic drugs.

Most antioeoplastic drugs arc sdministered by intrave-
nous [njection or infusion, Many of these drugs are vesicants
or local brriiants and produce scvere soft tissus damage upon
Infiltration ex extravasation into tissue aurounding an injec-
tioa or [nfusion site, Veslemenmundlhdmlnumbu
of DNA-binding and or DNA-Intercalating
agents, examples of which include aclarubicin,
actinomycin-D (ACT-D). amsacrine (M-AMSA). carmus-
tine (BCNU). bisantrene, clsplatin, dacarbazine. dauporubl-
da (DAUND). doxorubicdn (DOX). esarublcin (HSO).
estramustine phosphate. epirublicia. estoposide,
rmechioroethamine, mithramycin (MITH), mitoguazone,
mitomycia-C. mitoxaathrome. streptozotocin. taxol.
tealposide, vinbiastine. vincristine. vindesine. zinostatin,
and rorubicin | Goodman & Gliman's The Pharmacological
Bazls of Therapeutics, Ot cd. (1996) MacGraw Hill, New
Yokl Of these, the anthracyclines such as doxomshicia
(DOX) are particularly well-kmows clinically for causing
severe tssue eecrosis parsvenous extravasation,
Dexorubleln-induced ulcers are unique in their prolonged
course with slow healing and thelr propensity 1o invade deep
structures such as tendons and joints without respect to
fascial planes. (Rudolph et al. (1976) Cancer 38:1087).
Thus. extravasation injury sssociated with vesicant antine-
oplastic agents and anthracyclines in particular presenis a
significant and potentislly disabling side effect of cancer
therapy.

Apart from measures to prevent paravenous extravasation
in the first place, there has been little success with thera-
peutic compounds or methods 1o treat or prevent extrava-
sstion imjury. Purported antidotes such as sodium
blesrbomate, corticosterolds. propranolol. Isoproterenol.
N-acetylcysteine. glutathione, lidocaine, bupivacaine.
hyaluronidase. diphenhydramine. cimetidine, alpha-
tocopherol, dimethy] sulfaxide. aad butylsted hydroxytolu-
enc have all been shown 1o be clinically incffective. Hyper-

2

baric oxygen., topical heat and cold and excision of the
infilirated tissue have also been tricd with cither unsatisfac-
tory results and/or significant loss of limb function. | Devita
et al.. Cancer: Principles and Practice of Oncology, 3rd
edition. Philedelphia. Lippincott. 1989:2386: Darr (1990)
Blood Rev. 4:41; Anderson and Dshlstrom (1993). Eur J
Cancer 29A: 1712|. The management of extravasations
resulting from the immavenous administration of antine-
oplastic agents continues to be controversial.

Therefore. among the many formidable challenges in
treating cancer with antineoplastic drugs Is the risk of
extravasation injury. Clearly. there remains a need for treat-
ment methods or compounds which minlmize, prevent. or
climinate the risk of extravasation injury in humans under-
going trestment with antincoplastic agents.

SUMMARY OF THE INVENTION

The present invention relates to methods of treating and o
preventing extravasation injry, and more particulady to
photochemotherapeutic methods of treatment of extravasa-
tion Injury induced by vesicant antineoplastic drugs. In
accordance with the present invention, extravasation injury
is prevented or minimized by the coadministration of pho-
toinactivation inducing compounds (PIC) such as flavins

o Infusion site to lopg ultraviolet imadiation
(UVA) ar other photoexciting light. While It is not intended
that the preseat inovention be limited by the mechanismn by
which cxiravasation Injury is prevented or treated. it Is
heﬂ:vdmﬂlnmncychulmphundmmally Inactivated
upon exposure to UVA light when coadministered with
photalnactivating inducing compounds (PIC) such as Gavins
and photocohancers {c-g.. tyrosine, DABCO. HEPES, ctc.).
Though flavins are mown to Induce photolnactivation of a
number of compounds. the destructive interaction with
anthracyclines was unknown. Further. while photochemical
reactions between antineoplastics and visible and ultravialet
light have been described., they have ot been described in
a photosensitizer or photochematherapy cootext. [see, 4.
the following references which discuss: methotrexate: Lich-
tenstlen and QGoldman (1970) Blockem. Pharmacol.
19:1229; Vinca alkaloids: Granzow ot al (1995) Cancer
Res. 55:4837: miramycin C: Yajima and Mimnoys (1981} J.
Blochem. §9:929 and : Sanfilippo e al. (1968)
Glom. Microbiol. 16:50; Verind et al. (1968) Glom. Micro-
biol. 16:55; Dl Marco et al (1972) Experientia 28:327:
Daugherty et al (1979) Biochem. Blophys. Acta 565:13;
Willisms and Tritton (1981) Photochem. Photobiol. 34:131;
Gray and Phillips (1981) Photochem. Photoblol 33297:
Gray et al. (1982) Photochem. Phosobiol 36:49; and Yee ¢
sl {1984) Cancer Res. 44:1898|. Therefore. it has been
found that the use of photosensitizers, in par-
ticular fiavins, when combined with amthracyclines in &
formulation. greatly accelerstes the rate of anthracycline
Inactivation upon exposure o UVA imdistion (Le.. 320-400
om). Thus. the cytotoxic activity of the anthfacyclines is
eliminated in localized tissucs. thareby climinating the risk
of extravasstion injury. while the cytotoxic actlvity is
rctained in noo-UVA imradiated tissues.

In one cmbodimeat, the prescat invention provides a
method of treatment. comprising: a) providing: i) a subject;
and ii) a formuintion comprising a photoinactivation induc-
ing compound; and b) administering intravenously said
formulatioa to said subject: and c) cxposing the intravenous
administration site to UVA light. In a preferred erbodiment,
the subject is a mammal and jo a particularly preferred
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crmbodiment. a humap. In apather preferred embodiment.
the formulation further comprises a vesicant chemothesa-
peutic,

The method of the present jnvention is not limiled by the
nature of the chemotherapeutic used. In oae embodiment.
the chemotherapeutic is an antineoplastic drug. In anather
embodiment. the antineoplastic drug is an asthracycllne or
an anthracycline derivative, A particularly prefemred anthea-
cycline is doxorubicin. In another embodiment the antine-
oplastic is a Vinca alkalold (e.g.. vinblastine, vineristine and
vindesine).

The present ipveation is mot limited by the photoinacti-
vation inducing compound employed. In one embodiment.
the photoinactivation Inducing compound is a flavin which
is preferably selected from the group consisting of
riboflavin. flavin mononucleotide. and flavin adenine
dinucieotide.

In a preferred embodiment. the method of the present
invention uses s formulation which further comprises at
least one photoephancer compound. The present invention ks
not limited by the photoenhancer compound chosen. In one
embodiment, the photoenhancer compound is a testiary
aliphatic amine, such as 1.4-diazabicyclo(2.22)ctane. In
another cmbodiment. the photoeshancer compound is a
plperazine. such as N-2-hydroxyethylpiperazine-N'-2-
cthancsulfonic acld and 1.4-dimethylpiperszine. In a still
further embodiment, the photoenhancesr compound i
selected from the group coasisting of tyrosine. tryptophan,
histidine, methionine. superoxide dirmutase and ethylene-
diaminetetrancetic acld (EDTA). In another embodiment. the
method of the present inveation cmploys a formulation
fusther compuising catalase.

In one embodiment, the present invention provides a
mﬂnddpm;cuﬂngmvudmhqunl
human undergoing intravenous chemotherapy. comprising
a) providing: i) a human subject; and i) » formulstion
corpeising a vesicant chemotherapeutic and s photolnacti-
vation inducing compound; aad b) administering Intrave-
nously sald farmulation under conditions such that said
vesicant chemotherspeutic is not Inactivated; and c) expos-
ing the intravenous administration site to UVA light under
conditions such that s portion of said vesicant chemothera-
peutic Is photoinactivated. The irradiation is conducted such
that the vesicant chemotherapeutic which has cxtravasated
into the tissues sumoaumding the injection ite is photoinac-
tivaied but the vesicant chemotherspeutic present in the
vessel or at sites of Intended therapy is not significantly
photoinactivated,

The method of the present (wveation is aot Limited by the
mdthe chemotherspeutic used. In one embodiment,

the chemotherapentic is an antineoplastic drug. In mnother
embodiment, the antineoplastic drug Is an asthracydine or

an snthracycline derivative, A particularly preferred anthra-
cycline Is doxorublein. In another embodiment the antine-
oplastic s s Vinca alkalold (e.g.. viablastine, vincristine and
vindesine),

The prescat [avention Is not imited by the photolnacti-
vation inducing compound employed. In one embodiment.
the photolnactivetion inducing compound Is a flavin which
is prcferably selecied from the grouwp consisting of
ribcflavin, flavie mononucleotide, and flavin adeznine
dinucleotide.

In a preferred embodiment. the method of the present
iovention uses a formulation which further comprises at
Jeast one photoeshancer compound. The present inventlon is
not limited by the photocohances compound chosen. In cae
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embodiment the photoenhancer compound is a tertiary ali-
phatic amine, such as 14-diszabicyclo{2.22)octane. In
ancther embodiment. the photoenhancer compound is a
piperazZine. such as N-2-hydroxycthylpiperazine-N'-2-
cthanesulfonic acid apd 1 A4-dimethylpiperazine. In a still
further embodiment. the photocnhancer compound is
selected from the group coasisting of tyrosine. tryptophan,
histidine, methionine. superoxide dismutase and ethylene-
diaminetetragcetic acid (EDTA). In another embodiment. the
method of the present Invention employs a formulation
further conprising catalsse,

The present lovention fther provides a composition
comprising & serum-free saline solution comprising a vesi-
cant chemotherapeutic and a pholoinactivation inducing

nd. In onc ¢embodiment. the saline solution is a 0.9%
sallne solution {i.c.. normal saline). In a preferrcd
embodiment. the further comprises dextrose
(e-g.. 5% dextrose). In still another embodiment, the com-
position further contprises Iactose and/or methylparaben.
The compositions of the preseat inventlon are not limited by
the type of dmmlhenpwnc employed. In one embodiment,

the chemotherupeutic is an mhlu: dug. In another
cmbodiment. the antineopiastic drug is an anthracycline of
an apthracycilne derivative, A plnh:ull:ly prefared anthrs-
another embodiment, the ‘antine-

The present iovention I3 pot iimited by the photoinacti-
vation inducing compound employed. In one embodimest.
the photoinactivation Inducing compound is a flavin which
Is prefersbly selected from the group coasisting of
riboflavin, flavie mononucleotide. and flavin ademine
dinucieotide.

In a preferred embodimest., the composition of the present
invention further comprises at least on¢ photoenhancer
compound. The presest inveution is not limited by the
photoenhancer compound chosen. In one embodiment. the
photoenhancer compound is a tertiary aliphatic amine. such
s 1.4-diazabicycio(2.2.2)octane. In another ¢mbodiment,
the photoenhancer compound §s a piperazine. such as N-2-
hydroxyethylpiperszine-N'-2-ethanesulfonic acid and 14-
dimethylpiperazine. In a still further embodiment, the pho-
toenhancer compound is selected from the group consisting
of tyrosime. tryptophan, histidine, methlonine. superoxide
dismurtnse and EDTA.

In a preferred embodiment, the composition containg the
vesicant amtineoplastic and the photoinactivation inducing
compound iu a ratio of between $0:1 and J:1. In ancther

The compositions of the present invention are not Limited
by the type of chemotherapeutic employed. In onc
embodiment. the chemotherspeutic Is an antineoplastic
drug. In ancther embodiment, the antineoplastic drug is an
anthracycline or an anthracyclipe derivative. A poticularly
peeferred anthracycline [s doxorubicin. In another embod)-
ment the antineoplastic is a Vinea alkalold.

The present jnveation Is wot limited by the photoinacti-
vation {nducing compound employed. In one embodiment.
the photajnactivation compound is a flavin which
Is preferably selected from the group conslsting of
riboflavin. flavin momomucleatide. and Oavin adecnige
dinuclectide.

In a preferred embodiment. the composition of the present
invention further compriscs at least one photosnhancer

8
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compound. The present juvention is not lmited by the
photoenhancer compound chosen. In one embodiment, the
photocnbancer compound is a tertiary aliphatic amine. such
as | 4-diazabicyclo(2.2.2)octane. In another cmbodiment,
the photoenhancer compound is a plperazine, such as N-2-
bydroxyethylpiperazine-N'-2-cthanesuifonic scid and [4-
dimethylpiperazine. In a stll further embodiment. the pho-
toczhancer compound is selecied from the group coasisting
of tyrosine. ryptophan, histidine, methionine. superoxide
dismutase and EDTA. In another embodiment, the compo-
sition further comprises catalase.

BRIEF DESCRIFTION OF THE DRAWINGS

FIGS. 1A and 1B show the effect of the length of UVA

fradistion of DOX dlszolved in RPMI medium 1640 or In

buffered saline (PBS). respectively on the growth
Inhibitory effect of the drug on P388 cells.

FIGS. 2A-2F show the effect of length of UVA irmadiation
of 20 pM DOX in various media with S0 mM HEPES
(pH<=72) on the absarbance spectrum of DOX.

FIGS. 3A-3F show the effect of length of UVA irmadistion
of 20 yM DOX in varous media with 50 mM HEPES
{pH=7.2) on the absarbance spectrum of DOX.

FIG. 4 shows the effect of an § min UVA irredistion of 0.3
$iM DOX dissolved with FMN or FAD ia 0.2 ml PBS on the
growth iphibitary effect of DOX on P388 celis tht were
added afier the lradistion in 0.8 ml growth medium.

FIGS. SA and 5B show the effect of the length of UVA
kradistion of 20 yM DOX dissolved in PBS. in the absence
ar prescoce of 20 uM riboflavin. on the absorbance spectrum
of DOX.

FIGS. 6A and 6B show the effect of the length of UVA
irradiation of 20 pM dbofiavin dissolved in PBS, In the
abscace ar prescnce of 20 uM DOX. on the absorbance
spectrum of riboflavin.

FIG. 7 showa the effect of the presence of ascorbic acld on
the changes that UVA iradistios induce in the absorbance
spoctrum of 20 pM DOX kradisted in RPMI medium {640
without phenol red,

FIG. 8 shows the effect of the leagth of UVA irradiation
of 0.3 yM DOX containing increasing amounts of riboflavin
in PBS (pH=7.2) on the growth inhibitory effect of DOX on
P388 cells.

FIG. 9 shows the effect of an 8 minute UVA irradistion of
03 yM DOX contaiming incremsing amounts of FMN or
FAD in PBS (pH=7.2) on the growth inhibitory effect of
DOX on F388 cells.

FIGS. 10A-18C chow the effect of the leagth of UVA
imudiation of 20 yM DOX dissolved in PBS. in the absence
or presence of 2 or 20 pM riboflavin. on the absorbance
spectrum of DOX

FIG. 11A shows the effect of 20 minutes of UVA irradia-
tion of 20 pM DOX with S mM DABCO dissalved in PBS
and increasing comcentrations of riboflavin ob the absor-
bance spectrum of DOX.

FIG. 11B shows the effect of 20 minutes of UVA imadia-
tion of 20 uM DOX with 2 pM riboflavin dissolved in PBS
and increasing coacentrations of DABCO oo the absorbance
spectrum of DOX.

FIGS. 12A and 128 show the cffect of the leagth of UVA
Imadistion of 20 yM DOX with 2 pM riboflavin in PBS. in
the absence or presence of § mM DABCO on the absorbance
specttum of DOX.

FIGS. 13A~13C show the effect of the lcogth of UVA
irradistion of 20 yM DOX with 20 uM ribofiavin in PBS. in

6
the absence o presence of S mM DABCO oo the absorbance
spectrum of DOX.

FIGS. 14A and 14B show the cffect of the length of UVA
imradiation of 20 yM DOX with 20 yM FAD in PBS. in the
absence or presence of 5§ mM DABCO on the absorbance
spectrum of DOX.

FIGS. 15A and 15B show the effect of the lepgth of UVA
irradiation of 20 yM DOX with 20 pM riboflavin In PBS. in
the shsence or presence of S mM HEPES on the absorbance
spectrum of DOX.

FIG. 16 shows the effect of UVA imadiation of 20 pM
DOX with 5 pM riboflavin, 5 mM HEPES and 0. 20 or 80
%xtymdu in 0.IM NaCl on the shsorbance spectrum of

FIG. 17 shows the effect of UVA lmadiaton of 20 pM
DOX with 40 pM tyrosine. 5 mM HEPES and 0, 0-25. 0.5
or | pM riboflavin in 0.1M Na(Cl on the absarbance spec-
trum of DOX.

FIG. 18 shows the effect of UVA imadiation of 20 pM
DOX with 0.5 pM ribafiavin. 100 yM tyrosine and 0. 0.5. or
5 mM HEPES in PBS on the absorbance spectrum of DOX.

FIGS. 19A~19C show the cffect of 0 to 20 minmes of
UVA irradiation of 20 pM DOX with 0.5 pM riboflavin and
Inereasing conceatrations of tyrosine in PBS (lacking Ca™
aad Mg**) on the absorbance spectrum of DOX.

FIGS. 20A and 20B show the effect of UVA imradiation of
20 pM DOX with 100 M tyroaine and with or without 0.5
pM riboflavig in PBS on the abzorhance spectrum of DDOX.

FIGS. 21A and 21B show the effect of UVA imradiation of
20 pM DOX with 0.5 pM riboflavin, 100 pM tyrosine and 0
ar $ mM 1.4-Dimethylpiperazine in PBS on the absorbance
spectrum of DOX.

FIG. 22 shows the effect of the Jength of UVA irradiation
of various concentrations of DOX cootaining 2 pM ribodia-
vin and 5 mM DABCO in FBS on the growth inhibitory
effect of DOX on P388 cells,

FIGS. 23A-23C show the effect of UVA imadiation of 20
M DOX with 0.5 M riboflavia with or without 100 pM
tryptophan and with or without 5 mM HEPES in PBS oo the
absorbance spectrum of DOX.

FIG. 24 shows the effect of UVA Imadiation of 20 pM
DOX with 0.5 M riboflavin with or without 100 pM

pheuylalenine, tryptophan. . methlonine, histidine or
EDTA in PBS (without Ca™ and Mg™) on the absarbance
spectnm of DOX.

FKG3S. 25A and 25B show the cffect of UVA iradiation of
20 M DOX with 0.5 pM ribofiavin, 100 pM tyroaine and
with or without 300 U/mi SOD In PBS (without Ca** and
Mg?) on the sbsarbance spectrum of DOX.

FIGS. 26A and 26R show the effect of UVA lradiation of
20 pM DOX with 20 pM ribofiavin and with or without 300
U/ml SOD in PBS (without Ca™ and Mg?*) on the absar-
bance spectrum of DOX.

FIGS. 27A and 27B show the effect of UVA imadiation of
20 pM DOX with 2 yM riboflavin aad with or without 300
U/ml SOD in PBS (without Ca®™ and Mg?") on the absar-
bance spectrum of DOX.

FIGS. 28A~-28D show the effect of catalase (21.000 U/ml)
on the growth inhibition of P388 cclls and P388/ADR cclls
by UVA Iradiation in (.2 ml of either PBS or RFMI medium
1640.

FIG. 29 shows the effect of 30 U/ml catalase (21.000
U/mi) on the growth inhibitory cffect of DOX on P38§ cells
and P3S/ADR cells.
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DEFINITIONS

To facllitate understanding of the Invention. a number of
terms are defined below.

The term “chemotherapeutic™ refers to a compound (i.e..
a drug or agent) administered to an animal, Inciuding a
buman, for the trestment of disease. including but not
limited to infectious disense and cancer. Chemotherupeutics
encompass antibiotics as well as anatincoplastics.

The term “antineoplastic™ refers to a compound (ic.. a
drug or agent) administered to an animal, including a
buman. for the treatmen of cancers or neoplaams.

The term “vesicant chemotherapeutic™ refers to chemo-
therapeutic agents or drugs which are vesicants or local
irritants. Vesicant chemotherapeutics produce soft tissue
damape which can be severe upon infitiration or extravasa-
tioa into tissue surrounding sa injection or infusion site.
\hiﬂntdlemndlalpeutmm-numhud‘DNA-
binding snd or DNA- antiscoplastic ageats
le.g.. aclarubicin, actipomycin-D (ACT-D), amsacrine
(M-AMSA). BCNU. bisantrenc. cisplatin, dacarbazine.
daunorubicin (DAUNO). doxorubjcin (DOX), esarubicin
(ESO). estramustine . epirublcin, estoposide,
mecloroethamine. mdnmycln ({MITH). mitoguazone,
mitomycin-C. mitoxssthrone, streptozotocin, taxol.
teniposide. vinblastine, vimcristine, vindesine, zinostatin,
and zorubicin].

The term “formurlation comprising a vesicant chemothers-
peutic™ refers 10 a compoition comprising a vesicast che-
motherspeutic. The formulstion may contain other active
commpounds such as PICs and photocnhascers as well s
Inactive compounds such as excipicnts (e.g., diluents.
expanders. binders. camriers. preservatives. stabilizing
agenis, buffers, etic.).

The term “photosensitizer” as used herein refers to a
compound which absarbs light caergy and passes it o other
malecules which themaselves cannot ebsorb cocrgy ot the
wavelength(s) of light which excite the photoscnsitizer.

The term *“photolpactivation inducing compounds™ Is ot
presently used in the mt but Is introduced here to describe
mdmmmmmm

tion inducing compounds or “PICs™ refer to campounds
which when present in a solution containing an anthmcy-
cline mediate the UVA-lnactivation of the anthracycline.
Photoinactivation Inducing compounds eacompass but are
oot limited to photosensitizers such as flavins.

The term “light-Inactivation of an anthracycline™ refexs to

tither 1) a reduction In the growth ishibitory activity of the
anthracycline or 2) a decrease in the abscebance of an

m:lhymlnga:lhmwhmlnmedlnmmmlnhgc
an anthracydive. A reduction in the ability of the
i conlaining the anthracycline as
compared to growth in the absence of the anthracyciine
mwmmmmmuvnyomeum
dine. The growth of culture cells s
bymnﬂngmenmnbuofvhhlecdl:punﬂlﬂh&
culture medium sfter a given period of incubation (see. eg..
the assay described In Exampie 1). In addition. as shown
herein, a reduction in the growth inhibitory activity of
anthracyclinos correlates with structural changes in the
antimacycline which may be detecied by obtalning the
absarbance spectrum (between 350 to 600 nm) of the DOX
saltion (maximum at 480 om) (c.g.. usng the sssay
described in Example 2). A decrease In the sbsarbance
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spectrum of the DOX between 425 and 550 nm reflects
light-inactivation of the DOX.

The term “photocnhancer™ refers to compounds which
enhance or accelerate the PIC-mediated photolnactivation of
anthracyclines (c.g.. DOX). As shown herein, the presence
of a photocubancer (e.g.. DABCO, HEPES. tyrosine,
tryptophau. etc.) in an anthracycline solution lacking a PIC
bas little or no cffect on the light photoinactivation of the
anthracyclive, However. when s photoeghancer is added to
a solutios contalning an anthracyclioe (e.g.. DOX) and a PIC
(eg.. a flavin), the lighi-induced photcipactivation of the
asthracyclioe is greatly enhanced. The addition of a photo-
cabancer to a formulstion containing an asthracycline and a
FIC allows either 1) a lower dose of light (e.g.. nihut:r
irradistion time) to be used to inactivate the
ZJlemmumdPICtobcmdmldiievuﬂle
same level of inactivation of the anthracycline (relative to
the concentration of PIC required in the absence of a
photocnhancer). 3) ar both.

The term “flavin™ refers to riboflavin and derivative of
riboflavin, including but not limited to FMN and FAD.

The term “plperazine™ refers to plperazioe (i.e..
dicthrylenediamine) and piperazine derivatives (c.g. N-2-

the sun which play a pat In
mainly loag ultraviolet light (300400 nm; UVB and UVA)
and visihle light (400-760 nm). UV radistion is divided into
three wavelength reglons, UVC. UVB and UVA. based upcn
blological-physical factors such as the capacity to Induce
erythema ar melanin pigmentation.

UVA comprises the 320-400 am wavelength of the eloc-
romageetic spectrum. In small doses. UVA provokes peither
exythema nor pigmeatation. while in high doses it can caumse
erythema and Linmediate pigmeatation aad in combinstion
with UVB, an intensified erythema, UVA in doses up to 100
Ifcm? does not load to histalogically so phototoxic changes
in the epidermis acr to marked dilation of the vessels in the
upper dermis. Just as [n reontegen therapy. defined units
exist for UV radistion: Watt=output or Intensity of the lamg;
Watbaecond-=jouls (J), and Joule=ynit of coergy. The umit of
doaage. L.c.. mewlumhed(l)k D per unit surface
area (skin surface): Wiasec/om’=

anpbﬂuﬁuﬂnﬂywﬂhﬂm
tory skin reaction in an imdiated region without an immu-
nological basis. The principle of photoscxicity Is sued in
photochemotherapy ar psarslens-UVA (PUVA). While sun-
burm Is caused by a quanthative radistion overdose. the
precipitation of & phototoxic reaction requires a photosen-
aitizer in the presence of madistion. Photosensitizers may
arise endogenously (c.g.. puphyﬂnn)nrmybellpﬂbd

sly vis the skin. gastrointestinal tract or parenter-
ally (c.g.. drugs) and the light can be visitle or long
ultravialet.

DESCRIPTION OF THE INVENTION
The present invention relates (o improved formulations of
vesicant anticancer agents, and more . &0 novel
formulstions of anthracyclines especially doxorubicin, such
that the gide cffects of extravasation are reduced or eliml-
pated The description of the invention is divided into the
following scctions: (I) Propertics of Anthracyclines and

oS
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Other Vesicant Chemotherapeutic Drugs: (II) Phoatachemo-
therapy and Photoinactivation Inducing Compounds: ()
Properties of the Novel Anthracycline Formulations: (IV)
Production of Novel Anthracycline Formulations; and (V)
Method of Treating or Preventing Extravasation Injury.

L Properties Of Anthracyclines And Other Vesicant Chemo-
therapeutic Drugs

The anthracyclines are members of the Rhodomycin
group of antiblotics by Streptomyces peucetius and
include doxorubicin, daunorubicin and idarubicin. They
have considerable activity against a wide array of tumars.
with daunorubicin and idarubicin used primarily 1n the acute
leukemiss wheveas doxarubicin displuys broader activity
agalnst buman seoplasms. including a variety of solid
tumors, The clinical value of these agents is limited by an
unusual candiomyopathy. the occumrence of which is related
1o the total dose of the drug and Is often itrreversible,

In » scarch for agents with high antitumor actlvity but
reduced candiae toxicity, hundreds of anthracycline deriva-
tives and related compounds have been prepared. Several of
these have shown promisc in clinical studies. Including
idarublcin. eplrubicis, and the synthetic compound
mitoxanthrope. which Is an amino sathracendedione
[Goodman & Gilman's The Pharmacological Basis of
Therapeutics, 9th ed. (1996) MacGraw Hill. New York|.

The anthracyciine antiblotics have tetracycline ring struc-
tures with an unusual sugar. daunosamine. atlached by
glycosidic inkage. Cytotoxic agents of this class all have
qunoundhyquuhonemuleﬂesmadjlemlﬂnpdm

luuldll.lyfcl:!dnys

Toxic manifestations of doxarublcin and dauncrubicin are
sirtllar, Myclosuppreasion is a2 major dosc-limiting compll-
cation. Stomatitis. gastroiptestinal disturbances. and alope-
cia are common but reversible. Erythematous streaking near
the size of infusion (i.¢.. Adriamyein Flare) is 4 benign Jocal
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allergic reaction and js not to be confused with extravasa-
tion. The drugs may also produce severe local taxicity in
X-ray lmradiated tissues (¢.g.. the skin. heart, jung
esophagus, and gastrointestipal mucosa) which may occur
mwhen the two therapies are not administered concomni-
t A

Asthnacyclines are also members of a larper class of
vesicant anticancer agents which includes intercalating anti-
biotles such as mithramycin: alkylating agents (mitomycin.
dibarbazine): snd the Vinca alkaloids (vinblastine.
vincristine, and vindesine). All vesicant drugs may [oduce
extravasation injury by infiltrating into surrounding tissue st
the infuglon site. This is characterized histologically by the
presence of ischemic necroals without inflammation. early
vascular ohliteration 2nd collagen necrobiosis |Lucdke et al.
(1979} Plast. Reconstr. Surg. 63:463].
. Photochemothernpy And Photolnactivation Inducing
C

A. Background
Magy proliferative skin discases (psoriasis. vitiligo.
cczema, mycosis fungoides. etc). cancerous conditions (T
cell lymphomas). and autolmmune disorders arc belng
treated by the combined utllization of photosensitizing
chemicals |applled topically or taken orally] plus UVA
and/or UVB, Terms such as photosensitization.
photachemotherspy. and PUVA {psoralens
ult violet A radiation) are commouly used to refer to
special spplications of this method. Clinically useful behav-
jor bas been found In such chemical familics as heme-
derived products. parphyrins. phthalocyaning, and psor-
alens. The oldest and most established phototherapeutics are
the psomiens or lincar furocoumaring in which three major
commercial pharmaceuticals dominate: 3-methoxypsoralen
(methoxsalen or $-MOP): 4.5'.8-trimcthylpsoralen
(rioxmlen or TMP), and 5-methoxypsoralea (5-MOF).

The widely accepted mechapism of action for psoralens is
peuctration of the target cell’s membrane, Intercalation into

' puclesr DNA. and photo-induced bis 242 cycloaddition

crosslinking of the double helix. Structural and mechanism
studles have ahown that the 3 A-double bood and the 4'.5-
double bond in psoralen farm cyclobutase sdducts with the
doubie bonds in the pyrimidine bases of DNA. This renders
the DNA unable to uncoil and scrve as a tesoplate for new
gene expression. Thus. the target cell is rendered non-viable
[Hemst (1989) Chemical Research ln Tadcology, 2:69;
Anderson and Vorhees (1982) Ann. Rew Pharmacol.
Taxicol, 10:177].

However. all of these classes posscsses characteristics
mmmmmudmupmm
function: skin staining. suspected matagemic/carcinogeaic
propertics, poor absorption rates. and systemic toxicity.
Haelmpmnﬂy in ali of these cases the compounds are
not cmployed to photolnactivate a coadministered pharoa-
ceutical in arder (o treat ar prevent a non-proliferative skin
condition such as extravasation but to enhance the thers-
peutic effect of irradiation of the skin in proliferative skin
diseases.

An in vitro screen for phototherapeutics used to treat
proliferative skin discases has been described [e.g.. U.S. Pat.
No. 5356929, the disclosure of which Is herein Incarpo-
rated by reference|. Beneficial phototherspeutics In the
treatment of proliferstive skin discases inhibit binding in
cells of cpithelial origin with cpidermal growth factor
(EGF). Epidermal growth factor Is a low molecular weight
polypeptide which binds 1o cell surface receptars and which
is known to bec an important regulstor of growth in those
cells which possess these particular cell surface receptors.
Psoriasls. orycosis fungoides, ecxema, cancer. and similar
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proliferative diseases are ofien charactesized by abnormal
cell growth regulation which may be related to the action of
EGF on the cells in question. Application of PUVA therapy
to corect skin disorders. especially psoriasis. Is one clinical
expression of photochemothempy. The use of the assay
described above was based on the observation that photo-
therapeutics for proliferative skin diseases are extremely
patent inhibitors of binding of epidermal growth factor to
cell surface receptors in mammalisn cells including humans
and that inhibition of this binding arrests the proliferative
disorder. In contrast. in the present invention. a class of
compounds called photoimactivating Inducing compounds
(PIC) are defined functioaally as those compounds which
when coadministered with a chemotherapeutic agent such as
an antireoplastic. induce a chemical change in the coadmin-
istered chemotherspeutic agent upoa exposure to light. such
that the chernotherapeutic agent loses its cytotoxic effect.

B. Photochemical Reactions

Photochemical reactions between antincoplastic com-
pounds and light (visible and ultraviolet) have been

described | methotrexate (Lechtensteln and Goldman, 1970
Biochem. Pharmacol., 19:1229). Vinca alkaloids (Granzow
et al. 1995, Cancer Rey, 55:4837), miomycin C (Yajima
and Mizunoya. 1981, J Biochem., 89:929) and anthracycline
(Sanfilippo et al.. 1968, Giom. Microbiol., 16:50; Verini ct
al.. 1968, Glorn. Microbiol, 16:55; DI Marco et al. 1972,
Esperienia, 28:327; Daugherty et al.. 1979, Blochem. Blo-
phys. Acta, 565:13; Willlams and Tritzon, 1981, Photochem.
Photobiol., 34:131; Oary and Phi 1981, Photochem.
Photobiol., 33:297; Gary et al., 1982, Photochem.
Photoblol, 35:49; Yee ¢ al. 1984, Cancer Res. 44:1898)].
The majgwity of this Litersture teaches that light enhapces the
binding of anthracyclines to DNA and membranes; such an
cahancement would be beneficial if It occured at the
imended site of restment {Le.. the tumor) and detrimestal if
it occixred elsewhere in the body.

‘Williams and Trittoa repart that the cytotoxic activity of
anthracyclines ls reduced (a vitro as a result of long ultrs-
viciet (UVA) irradistion [(1991) Phosochem. Photoblol
34:131|. The half-time for inactivation of doxarubicdn or
daunomycin by two 15 W tubes emiiting 365 nm light was
reponted 1o be 9 hours (Williams and Tritton, supra). The
length of time required © inactivate anthracyclines under the
caonditions reported by Williams and Tritton is too loag to be
practical far clinical applications. Purthermore, Willlams
and Tritton do hot suggest that photolnactivation may be
used o prevent the cytotoxic sctivity of
doxarchicin at undesired sites and the use of photosenalt!z-
ers (e.g.. flaving) to cobance photoinactivation of anthracy-
clines is not described.

The preteat invention demonstrates that PICs, such as the
flavins, grestly accelemir the rate of Inactivation of astine-
oplastic compounds (e.g.. ulnqdlnu)byWAlmdh-
tios in a localized manner when co-administered within a
formulation containing the antincoplastic compound. Using
the methods and compositions of the present invention, the
cytotoxic sctivity of anthracyclines is eliminated locaily.
thereby avolding the risk of extravasation injury. while
retaining the desirable systemic cytotoxic sctivity in non-
UVA irradiated tissucs.

DL Properties Of The Novel Anthracyclines Formulations

The present [nvention provides novel formulations for in
vive administration comgrising vesicant chemothcrapeutics
(c-§.. anthracyclines) and PICs. The presence of the FIC in
the chemotherapeutic

ic formulation allows the trestment of &5

extravasation injury caused by the vesicant chemaotherapeu-
tic. Sites of extravasation are frradisted with loag wave-

12
length ultraviolet light (i.e.. 320400 nm). The presence of
the PIC In the chemotherapeutic formulstlon medistes the
photolnactivation of the vesicant chemotherspeutic in the
tssues surrounding the imjection site.

The prescat invention demonstrates thal chemotherapeu-
tics (e.g-. anthracyclines such as doxorubicin) can be Inac-
tivated by exposure to UVA light (i.c.. photoinactivated)
when a PIC is preseat In solution with the chemotherapeutic.
Chemotherapeutic drugs are toxic to cells. Placing cultured
cells in a medium costaining a chemotherapeutic drug
results in a reduced rate of cell growth or an inhibition of cell
growth. As shown herein, the growth Inhibitory activity of
chemothermpeutic drugs. such as anthracyclines. is oot

diminished by exposure of the drug to doses of
UVA light typically used in a clinical seting. However.
exposure of vesicant chemothermpeutics (e.g.. anthracy-
clines such as DOX) to UVA light in the preseace of a FIC
causes photolnactivation of the anthracycline which results
in 8 reduction [n the growth iphibitory activity of the
chemotherapeutic. A reduction In the growth Imhibitary
activity of chemotherapeutic drugs. such as anthracyelines.
was shown herein 0 correlate with structural changes in the
drug which are reflected ip a decrease in the absorbance
spectrum of the drug.

As shown herein, the cffects of UVA light on the cell
growth inhibitory activity of anthracyclines (e.g.. DOX) cell
growth Inhibitory activity aad absacbance spectrum are
dependent on the composition of the solution. When the
drug was dissolved in PBS, its cell growth Ishibitory activity
could not be reduced by exposing it. in nmol quantitics
dissolved in 8 1 mm thick solution. to 20 joules of UVA
cacrgy. However, in RPMI medium 1640 this rradiation
eacrgy was mufficient to destroy about 90% of the drug
activity. When 60 nmol of DOX dissolved [» 8 3,75 mm
thick layer of RPMI medium 1640 were exposed to 80 joules
of UVA. the drug absorbance between 425 and 550 am was
reduced to background level When DOX was dissolved in
a soluticn that coatained only the [narganic saits of RPMI
medium 1640 or In PBS, this UVA coagy had only a minor
effect on the drug absorbance spectrum. To determine which
of the 40 compoaents of the RPMI medium 1640 mediate
the cffect of UVA bnudiation oo DOX. studies were curied
out in solutions that contained only some of the medium
components. These studics revealed that the major medistor
of the cffect of UVA oo DOX was riboflsvia. a known
photosenaltizer.

The prescat [nvention also demoustrates that other natu-
rally fiavins. such ss FMN and FAD. also mediate
the effect of UVA on DOX. Although FMN was as effective
as ribofiavip, the FAD concentration had to be mised 5 fold
to obtain a comparabie effect. The lower efficacy of FAD in
mediating the effect of UVA on DOX sy be related 10 its
lower ability to associate with DOX than with riboflavin or
FMN [Kharasch and Novak (1981) Arch. Biochem. Bio-
phys. 212:20|.

I is known that flavims. excited by 365 nm light. can
undergo photoreduction while oxidizing certain substrates
|Byron and Turnbull (1967) Fhotochem. Photobdol. 6:125|.
‘While not Limfiing the present invention 10 any particular
mechanism. the changes in the cell growth inhibitory activ-
ity and in the sbsorbance spectrum of DOX after UVA
ixradiation in the presence of flavins may reflect oxidation of
the drug. This possibility is supported by the following
observations which are described herein. In the presence of
ascorbate (without DOX), UVA-imadiated riboflavin lost its
40010 500 nm sbsorbance maximum st a faster rate than that
measured {n the sbsence of this reducing sgent. B is kmown
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that riboflavia in its oxidized state has two absocbance
moaxima at 360 and 445 nm. while its reduced form shows
only the first absorbance maximum |Friedrich (1988} in
Vitamins, Friedrich, ed.. W. de Gruyter, Berlln. pp.
403-471|. The increased rute of toss of riboflavin sbsor-
bance st 445 am when Uradiated with UVA in the presence
of ascortbate Indicated that the photo-excited ribefiavin is
reduced at 8 faster mie in the presence of oxidizable sub-
strate (ascorbeie). In the presence of DOX. UVA-ioadisted
riboflavin also lost its 400 to 300 nm absorbance maximum
o a faster rate than that measured in the absence of DOX
Therefore, the facilitating effect of DOX on the rare of
decrease (p riboflavin abscrbance at 445 nm under UVA
couki also reflect an Increased mate of reduction of the

ited riboflavin because of the availability of axl-
dizahle substrate (DOX). In addition. the relative efficacies
of rboflevia. FMN and FAD in mediating the effect of UVA
on DOX described herein are similer to those reported
previously for their relative abilities to photooxidize ascor-
bate | Kim et al. {1993) Phorochem. Photoblol. 57:TT2|. This
similarity further supports the ides that DOX is photooxi-
dized by UVA and flavin, The obscrvation that a reducing
agent. ascorbic acid (1.6 mM). blocked the changes oceur-
ring in the shsorbance spectium of DOX (20 pM) when
ioradisted in the presence of 20 pM riboflavin could be
{nterpreted as & competition between oxidizable substrates
for the limited availability of an oxidizisg agent (e.g.. the
UVA excited riboflavin). Although it Is not yet certain
wMDOXBhdndebyUVAanmi
was pwevicusly shown that it could undergo oxidation
|Chinami t al. (1984) Biochem. int 8:299]. Altcrnatively.
medeudUVAnddMMnonDOanyiwdwoM
chemical reactions. e.g., polymerization. DOX polymers
were previously obtailped. with a veay low quantum
clficiency, by iradiating DOX with UVA in the absence of
a photoscasitizer [Williams nad Triton. supeal.

In the prescoce of a photosensitizer, the only amino scids
that are known to be affecied by UVA imadiation at an
tyrodine [Gollnik (1975), supra]. The photosensitizing effect
of ribofixvin was Indeed preatly enhanced in the preseace of
these (and not the other) amino acids In concentration s in
RPMI medium 1640). The mechamiam by which histidine,
methionine, tryptophan and tyrosine enhance the UVA and
riboflavin effect on DOX Is sot known. Light excited
rhoflavin was shown to interact directly with certain amino
acids, such a5 tyrosine [Silva and Godoy (1994) Ins. J Vit
Niity: Res. 64:253]. and it was also that bydrogen
peroxide could be geaerated I a mixture of amino scids and
riboflavin exposed to Light [Brawley et al. (1953) Cils. Sei
$5:705). This raised the possibility that the hydrogen per-
axlde was invoived ia the destruction of DOX. However, as
described berein. DOX dissolved in o solution of RPMI
mediym 1640 inorganic salts., vitamins apd amino acids was
not protected by catalase from the effect of UVA. it seans to
be an unlikely possibility. These results are in accordance
vlthlprevmsmulyﬁmfoundthnmeﬁhoﬂnll-

of ascarbate also did oot Involve
Imlmnmpmuldellﬁmdal..(lﬂ!)mm
blol. 57177\

The present invention also provides povel formuistions
toenhancers are defined as compounds which eshance or
accelerate the PIC-medisted photoinactivation of anthracy-
clines (e.g. DOX). As shown hercin, the preseace of a
pbotoeshancer (e.g.. DABCO, HEPES. tyrosiae.
tryptophan, supcroxide dismutase. EDTA, ctc.) in an anthra-
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cycline solution lacking a PIC has little or no cffect ou the
UVA photoinactivation of the antheacycline. However, when
a photoenhancer Is added to a solution containing an anthra-
cycline (e.g.. DOX) and a PYC {c.2.. & flavin)anthracycline is
greatly activaiion of the snthracycline Is greatly cohanced.
The addition of a photoenhancer to a formulation containing
an sathracyclioe and a PIC allows either 1) a lower dose of
UVA (e-g.. a shorter irradiation time) to be used to inactivale
the anthracycline. 2) a lower concentration of PIC to be used
to achicve the same level of inactivation of the anthracycline
(relative to the cancentration of PIC required in the absence
of a photocobancer). 3) or both. -
IV. Production Of Novel Anthracydine Formulations

The present juvention demonstrates that anthracyclines
(c.g.. DOX) in solution can be chemically changed with a
coacamitant loss of growth imhibilory activity and change in
absorbance spectrum by long ultraviolet Light UVA at inten-
sitics that are used clinically. To obtain this effect. the
anthracyclioe is combined in a formulation with a photoin-
activation Inducing compounds (PICs) (e.g.. flavina such as
riboflavin. FMN. FAD). In some embodimeants, the anthrs-
cydine (e.g. DOX) is combined with s flavin &1 molar
quantity ratios of 1:80 to 1:1 flavin:DOX, with:

a) 1:50 to 1:500 DOX:DABCO molar ratio (ar other

tertiary aliphatic amines); or
b) 1:50 w 1:500 DOX:HEPES maler ratio (ar other

plperazines); ar

¢} 1:1 to 1:6 DOXtyrosine or tryptophan malsr mtio
(histidine. methionine. or EDTA may be used in place
of tyrosine or tryplophsn) and with 1:50 to 1:500
DOX:piperzine.

As [t was reported that hydrogen peroxide may be formed
when amino aclds are exposed to UVA In the of
photoscnaltivers |Brawiey et sl. (1993) Ciia. Sci. 85:709].
catalase is added to the formulstion in some embodiments ia
arder to protect the tissue from hydrogen peroxide that may
be formed when a solution of flavin and smino acids are
exposed to UVA. In addltion. oxygen radicals may be
dewvmm(u.mwa-
modisted destruction of anthracycline in the presence of
PICs and/or photoenhancers). Accondingly, supevaxide dis-
mutase (SOD) is added to the formulation In some embodi-
mexts to protect the UVA immadisted tissue from damage due
to the generstion of oxygen radicals. In addition to protect-
Ing tissuc from oxygen radicals. as shown hacin. SOD
finther acts as a photoenhancer and accelerates the UVA-
mediated destruction of anthracyclines (Ex. 9. infra),

Recombinant human CuZn superoxide diarmrtase is avall-
able from Bio-Technology Gescral Carp. (Isclin. NJ) and
has been approved by the FDA (IND 28.225) for usc In
clinical trials, Bovine superoaide dismartase has been admin-
isteved subcutaneously to bumans (premature infants) at a
dose of 0.26 mg/kg [Rosenfeld et al. (1984) J Pediaix
103:781].

V. Mathod Of Treating Or Preventing Extravasation Injury

The presen invention comempistes using therapeutic
formulations of chemotherapeutics, such as anthmacyclines.
photoinsctivation Inducing compounds (PICs). photoen-
hancing compounds and hydrogen peroxide degrading
ageats (c.g.. catalage). It is not intended that the present
Invention be limited by the particuler natwre of the thera-
peutic preparation. For example, such compositions can be
provided together with phyticlogically tolerable liquid, gel
ar solid carriers, diluents. sdjuvants and excipients. In
addition, the farmwulations may be combined other antine-
oplastic agents, including other vesicant drugs such as the
Vinca alknloids, Formuiations for such administrations may
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compeise an effective amount of a vesicant anticancer drug
is combination with an eflective amount of PICs and/or
photocnhancers in sterile water or physiological sallne.

On the other hand. formulations may contain such nor-
mally employed additives s¢ binders. flllers. carriers.
preservadives, subilizing agents. emulsifiers. buffers and
cxcipients a3, for example. pharmaceutical grades of
mannitol. lactose. starch. magnesium siearate. sodium
saccharin, cellulose. magnesium carbonate. and the like
These compositions typically costain 1%-95% of active
ingredieot, preferably 2%-70%.

The compositions sxe preferably prepared as injectshles.
either as liquid solutions or suspensions: solid forms sultable
for solution In, ar suspencion ip. liquid prior to Injection may
also be prepared.

The vesicant drug/photolnsctivation [nducing compound/

combinations of the present invention are
often mixed with diluents or excipients which are compat-
ible and physiologically talerable. Suitable diluents and
excipients arc. for cxample, water. saline, dextrose. lactose.
glycerol, or the like, and combinations thereaf. In addition.
If desired the compositions may rontals miner amounts of
anilisry substances such as wetting or emudsifying agents.
stabilizing or pH buffering agents.
EXFERIMENTAL

The followlng examples serve to [lustrate certain pre-
ferred embodiments and aspects of the present Inveation and
are oot 10 be construed as limiting the scope thereof.

In the diselosure which follows, the follow-
Ing abbreviations apply: DOX [Doxorublcin HCI
{Adriamycin RDF)|: EDTA (ethylencdiaminetetraacetic
acid); PBS (Dulbecco’s buffesed saline): HQ
(hydrogen chioride); NaCl (sodlum chloride); HEPES ((N-
|2-hydroxyethyt | piperazine-N'-|2-cthancsulfonic acid)); pl
(microliters); pg (micrograms); ml (milllliters); L (liters);
mg (milligrams); g (gmow); br (hours); mM (millimolar);
pM (micromolar); oM (papomolary: N (normal), am
(nanometers): min (minutes); sec (seconds); TU
(international units); s.c. (subcutancous); mm (millimeter);
MTD {maximally tolerated dosage): Lp. (Intrapesitoneal); kg
(killograms): UV (ultraviolet): UVA (long ultraviolet Light):
VIS (visible): W (want): GlbcoBRL (GibcoBRL.
Gaithersburg. Md.); Sipma (Sigma Chemical Ca.. St. Louis.
Mo.

)

Riboflavin, fiavin mononucicotide (FMNN). flavin adenine
dinucleatide (FAD). ascarbic acid and catalase (2200 unite/
mg motein) were purchased from Sigma RPMI medium
1640, RPMI medium 1640 without riboflavin. RPMI
medium 1640 without phenol red. Dulbecoo’s phosphate-
buffered saline (PBS) and HEPES buffer solution were
purchased from GibcoBRL. RPMI medium 1640 Select-
Amine Kit. which contained: 8) 4x concentrate of
salt mixture (Ca®(NOs),.4H,0 400 mg/L. KCI 1600 mg/L.
MgS0, 195.36 mg/L. NaCl 24000 mg/L); b) 100x concea-
trate of vitamin mixture (Blotia 20 mg/L. D-Ca®* pantoth-
cante 25 mg/L. choline-C1 300 mg/L. folic acid 100 mg/1.
i-inositol 3500 mg/L. miacinamide 100 mg/L.
p-aminobenzoic acid 100 mg/L. pyridoxine.HOl 100 mg/l.
riboflavin 20 mg/L. thiamine HCT 100 mg/L vitamin B, , 0.5
mg/l. and reduced glutathione 100 mg/L): and c) 100%
conceatrate of amino acid mixture (1-argloine 20000 mg/L.
1-asparagine S000 mg/L. l-aspartic acid 2000 mg/lL.
1-cystine 5000 mg/L., l-glutamic acid 2000 mg/L.

30000 mg/L. giycin 1000 mg/L. 1-histidine

1-giutamine
1500 mg/L. 1-hydroxyproline 2000 mg/L. 1-isoleucine S000 &3

mg/L.. 1-dcucloe 5000 mg/l. 1-lysine HCI 4000 mg/i.
I-methionine 1500 mg/l. 1-phenylalanine 1500 mg/l.
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1-proline 2000 mg/L.. 1-serine 3000 mg/L. 1-threonine 2000
mg/L. l-rypiophan 500 mg/L. 1-tyrosine 2000 mg/L and
1-valine 2000 mg/1.) was purchased from GibcoBRL. Doxo-

rublcin HCl (Adramycin RDF) was purchased from Farmi-
talia Carlo Erba (Milan. Ttaly).

EXAMPLE 1

In Vitro Cell Culture Assay For Monitorlag The
Photoinactivation Of Anthracyciines

An in vitro assay was employed which allows for the
rapid screening of varfous formulations for thelr sbility to
enhance UVA-medisted Inactivation of snthracyclines.
Application of solutions containing sothracyclines to the
culture medium of cells causes an inhibitioa of the growth
of the cells (Le. the anthracyclines are cytotoxic). The
growth inhibitory activity of asthracyclines was found to be
reduced by exposure of the asthracycline solution to long
ultraviolet light (UVA) pror to the addition of cultured cells.
The reduction In growth ishibltary activity was found to
carrelste with a dearease in the absorbance spectrum of the
anthracycline (e.g.. dororubicin) (described in Bxample 2).
vamuuypmnmm:lpdmnhgdmw
for the ability to cnhance the ivation of anthra-
cyclines by UVA irradiation. The In vitro assay Is dlustrated
below using the P88 cell line: however, any mammalian
cell line can be employed.

a) Cell Culture

Cell culture was carried out as previously described
[Ramu et al. (1984) Cancer Res. 44:144|. Bricfly. P388
murine leukemis cells (ie. P388D, availsbie from e
ATCC: ATCC CCL. 46) were maintained In RPMI medium
1640 supplemented with 10% fetal calf serum (FCS). peni-
clilin base (50 units/ml) and streptomycin (50 pg/ml) (all
from (ibcoBRL) and 10 pM (Sigma)
(bereln after ailture medium™). An lnoculum of
cells was transferred to fresh medium ohce cvery 4 days Lo
maintain exposential growth Four days after the sceding of
1x10° viable cell/ml, cell growth was assessed by mes-
surcments of cell deasity in a Coulter Counter with multi-
sizer (Coulter Electronics Letd.. Beda, England). Sensitivity
to DOX was assessed by culturing the cells In 24 well cell
culture clusters (Costar, Cambridge. Mass.) In a volume of
1 miwell with various drug coocentrations and by measur-
ing ccll density 4 days later.

b) Loag Uliraviolet (UVA) Light

Various concentrations of DOX were dissolved in RPMI
medium 1640 or other solutions described infra {referred 1o
s drug solutions or DOX solutions). Drug solutions (02
mifwell) in 24 well culture clusters without the lid were
irradiated in a laminar fow hood with 3 Blacikdlight Blue 40
W laps (Vilber Lourmat. Marne la Vallee, France). The
cnergy flow mte delivered to the DOX solutions was 5 to 6
mW/cm? as measured with a Cole-Parmer 97503-00 Radi-
ometer (Niles, L) with a 365 am sensor. The hood alr flow
was found to be sufficient to prevent warming of the
ioadiated solutions throughout the length of the experi-
menty. After the of the DOX solutions to UVA.
1x10° vishle cells in 0.8 mi of the complete culture medinm
were added to cach well. and the cell density was measured
after 4 days of culnoe.

FIG. 1 shows the effect of the length of UVA irradistion
of DOX. dissolved in RFMI medium 1640 or in PBS. on the
growth inhibitory effect of the drig on P38 cells that were
added after the iradistion of the drug sclution. For the
results shown in PEG. 1A, vadous concentrations of DOX
(0.01. 0.1. 1.0. 10 or 100 uM), dissclved in 0.2 ml of RPMI
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medium 1640, were placed [a the wells of & 24 well culture
plate apd the plate was cxposed to UVA for 0. 8. 10. 20 or
30 minutes as described above. PA88 cells were then added
1o each well ( 1%10° viable cells in 0.8 ml of compiete culture
medium) and the plstes were incubated for 4 days. Follow-
ing the incubation. the density of the cells in cach weil was
determined.

The results shown in FIG. 1B were obeained as described
for FIG. 1A with the exception that the DOX was dissolved
in PBS rather than RPMI medium 1640 priar to iradistion.

‘The results shown in FIG. 1 demoastrated that Irradlating
DOX in PBS for up to 30 minutes did not affect the growth
iphibitocy efffect of the drug. bt irradiating DOX In RPMI
medium 1640 resulted in & decrease of the drug activity that
was proportional to the length of irmdistion, When RPMI
medium 1640 was irvadiated prior to adding the drug. no
reduction in the growth inhibltory effect was observed: this
suggested that If the UVA sctivated some componeat(s) of
the RPMI medium 1640 that could Inactivate the drug. this
component decayed rapldly and did not affect the DOX that
was added Iater. the standard RPMI medinm 1640
with RPMI medium 1640 without phenol red did not adfect
the results. indicating that the dye did not participate in the
drug inactlvation process.

EXAMPLE 2

Effect of Long Ultraviolet Light Eradiation On The
Absorbance Spectrum of Doxorubicin

The results shown above demonstrated that UVA ioadis-
tion ameliorated the growth inhibitory activity of DOX. In
order to Investigate whether this photoinactivation reflected
structurel changes in the DOX molecule. the following
experiments were conducted.

a) Spectral Measurements

Three milliliters of 20 pM DOX solutions were placed in
35 mm apen cell culture dishes and imradiated with UVA In
2 laminar flow hood for up to 20 min. (as described above),
Aftex the lsradistion, the 350 to 600 am sbeorbance spectra
ware measured in a doyble beam UV-VIS scanning spec-
trometer (Shimadzy Scieatific Instruments Inc.. Columbia,
Md.). In some experiments, to deplete the dissolved oxygen,
the drug solutions were bubbled with nitrogen for 10 min
prior to and through the lepngth of exposure to UVA. The
DOX absorbance (incasured at 480 nm) decayed exponen-
tally over the length of the UVA imadiation dme. The first
order rate cosstant of the decrease in DOX sbsorbance
(Koox) was calculated. In repeated . the stan-
dard devistion of this parameter was consistestly <17% of
the mean value.

b) Exposure To Long Ultraviolet Light Bffects The Absos-
bance Spectrum Of Doxcrubicin

Because the reduction in the DOX growth inhibitory
activity by UVA imadistion may reflect structural changes in
the DOX malecule. the effect of UVA lryadiation on the
sbsoxbance pectrum of DOX was studied, The results are
summarized in FIGS. 2 and 3.

In FIGS. 2 and 3. various solutions containing 20 pM
DOX and 50 mM HEPES (pH 7.2) was irradlated for 0. 2,
4, 6. 8. 10. 15 or 20 minutes aad the absorbance between
350-600 nm was measured. FIG. 2A shows the absorbance
spectra obtained when DOX was dissolved in RPMI
medium 1640 without phenol red FIG. 2B shows the
sbsarbance spectra obtained when DOX was dissolved in
RPMI medium 1630 without riboflavin. FIG. 2C shows the
absorbance spectra obtaised whea DOX was dissolved in s
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medium 1640. FIG. 2D shows the absocbance spectma
obtained whes DOX was dissolved in a soltion contalning
the 20 amino aclds and inorganic salts found In RPMI
medium 1640. FIG. 2E shows the absarbance spectra
oblained when DOX was dissolved in a solution containing
the vitamins and Inarganic salts found in RPMI medium
1640. FIG. ZF shows the sbsorbance spectra obtained when
DOX was dissolved in a solution coolrining the vitamins. 20
amino acids and inorganic salts found in RFMI medium
1640.

FIG. 3A shows the sbsorbance spectra obtained when
DOX was dissolved in a solution containing the inorganic
salts, vitamins and histidine. methioaine, trypiophsn and
ryrosioe found in RPMI medium 1640. FIG. 3B shows the
absarbance specira obiained when DOX was dissolved in a
solution containing the Inorganic salts. vitamins and all
amino acids foend in RPMI medium 1640 except histidine,
methionine, tryptophan and tyrosine. FIG. 3C shows the
absarbance spectra obtained when DOX was dissolved in »
solution containing the inorganic salts and riboflavin found
in RPMI medivm 1640. FIG. 3D shows the absabance
spectra obtained whea DOX was dissolved in a solution
contalning the inorganic salts, riboflavin and hisddine.
methlonine, iryptophan and tyrosiac found in RPMI medium
1640. FIG. AE shows the sbsorbance spectra oblained when
DOX was dissolved In s solution containing the inocganic
salts and vitaming except riboflavin found in REMI medium
1640, FIG. 3 shows the absarbance spectra oblained when
DOX was dissalved [n a solution containing the inorganic
tryptophan and tyrosine found In RPMI medium 1640.

‘The results shown in FIG. 2 demonstrate that irradisting
the drug in RPMI medium 1640 without phesol red coa-
taining 50 mM HEPES (to maintain pH=7.2) resulied in a
decrease in absorbance in the 425-550 am moge. This
decrease was an exponcatial function of the iradistion thne
with & first arder rate constant of 0.025/min. Whea DOX was
dissalved in a solution oaly the inorgnnic salts of
RPMI medium 1640, the effect of UVA Imadiation oa the
absarbance spectrum of DOX was 10 fold slower (K.,
0.002/mis).

Adding the 20 amino scids that are present in RPMI
medinm 1640 to its inorganic saits in concentration s in this
medium accelersted somewhat the decrease in DOX sbsar-
bance resulling from the UVA ircadistion (Kpqy=0.004/
min). Addiog the vitamin mixture to the Inorganic salt
solution also accelemted this reaction (Kp0,=0.007/min).
However, when the amino acid and vitamin mixtures were
added together to the inorganic sali solutios, the reaction
rate (Kpqy=0.029/min) reached a level comparsbie 10 that
obtained in the standard RPMI medium 1640.

Az shown ia FIG. 3, to maintain the reaction at & high mte
(K poy=0.025/min). it was sufficieat to add jost the following
4 amino acids: bimidine., methionine. typtopben and
tyrosine with the vitamins, Furthermaore. the other 16 amino
acids did not acceletate the effect of UVA and vitandns on
the absarbance spectrum of DOX (K pgy=0.003/min). With-
and tyrosine did not enhance the UVA irradiation effect on
DOX ( 002/mtin). These results indicated that the
effect of UVA oo DOX In RPMI medium 1640 is carried ot
through some component(s) of the vitamin mixture sexving
as a photosensitizer and that the photoscasitizer cffect Is
enhanced by at least cme of the following amino acids:
histidine, methionine, tryptophan aad tyrosine.

Ribofiavin is a known photosensitizer [Girotti (1983)
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concentration found in RPMI medium 1640 (0.5 pM) to the
inorganic salt mixure somewhat accelerated the reaction
(K 0x=0.006/min). However, if histldine. methloalne. tryp-
tophan and tyrosine were also added. the reaction was highly
accelerated {Kpox=0.022/min). The effect of UVA itradia-
tion on DOX dissolved (n RPMI medium 1640 withouwt
riboflavin (FIG. 2) procccded at a rate (Kpoye0.007/min)
that was tdy slower than that observed in the
standard RPMI 1640, Similarly, the addition of & vitamin
mixture lacking riboflavin to the inorganic salt mixture (FIG.
3) resulted in marginal acceleration of the reaction (K=
0.004/min). which was not enhanced by adding histidine.
methionine. tryptophan and tyrosine (K,,,,=0.005/min).

These dats indicated that the major component mediating
the destruction of DOX dissolved in RPMI medium 1640 by
UVA Is riboflavin and that this effect i3 accelernied, is.,
cohanced. by the preseace of one or more of the following
amino acids: histidine. methionine, tryptophan and tyrosine.
In addition. the data suggested that the amino acld and
vitamin mixtures may contain other minor photoscnsitizing
components.

These results also demonsirate that the ameliocation of the
DOX growth inhibitory setivity by UVA imadiation (shown
in Example 1) comrelates with structural changes [n the DOX
molecule. Therefore, the ability of a compound, alose or in
combination with other . to decyease the absor-
bance of DOX between 425 and S50 om following UVA
Irradistion may be uscd to rapidly screen compounds for the
ability to photolnactivate DOX.

EXAMPLE 3

The Bifect Of Long Ultraviolet Light Oa
Doxorubicin Is Mediated Ry Flavins

The preceding demonstruted that the major com-
ponent mediating the destruction of DOX dissolved [n RFMI
medium 1640 by UVA Is riboflavin. Although many corm-
pounds have been shown to be modified by UVA apd flavins
{Gironl. supra). DOX has not previously beea ldentified as
such a compound In this exampie. the ability of various
flavins to cause the photoinactivation of DOX was exxmined
by cell culture assays and spectral studies.

a) Bffect Of Flavins And UVA Upoa The Growth Inhibitory
Effect Of DOX

DOX. at a concentration of 0.3 M, was dissolved in 0.2
ml PBS with iacreasing concentrations of FMN or FAD.
These solutions were then irradisted with UVA for 8 min.
After madiation. 1x10° viable P388 cells in 0.8 ml complete
growth medium were added to each well. After 4 days of
culture. the cell density was messured The results are
prescoted In FIG. 4.

In FIG. 4. the number of visble cells (x10%ml) is plotted
against the concentration of flavin (FMN or FAD) present In
the DOX solution duriag iradiation. In FIG. 4. the results
obtained uging a solution containing cither FMN or FAD in
the absence of DOX and without iredistion are shown by
the solid lnes conminieg cither an open circle or a filled
circle (v, @). respectively. The dotted lines contalning either
an open or a filled dimmond (O. ¢) represest the results
obtainsd from jrradisting a solution containing either FMN
or FAD In the absence of DOX. respectively. The dashed
lines cootaining cither an open ar & filled triangie (A. &)
represent the results obtained using 2 solution containing
elther FMN or FAD In the prescoce of DOX but without
irradistion. respectively. The dashed lines contalning either
open or filled inverted tiangies (V. V) represent the results
obtained using a solution containing either FMN or FAD In
the presence of DOX and irradistion. respectively.
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As can be seen in FIG. 4, UVA bradiation of DOX in PBS
for 8 minutes did not affect the growth inhibitory affect of
DOX. Similarly, DOX in combination with Rlavins at the
specified concentrations without imadiation. showed Do
affect on the growth Inhibitory cffect of DOX. However.
UVA iradiation of DOX in the presence of flavins & the
specified coocentrations oblilerated the growth inhibitory
cffect of DOX on P188 cells. FMN was found to be a3
cffective as riboflavin. aad 5 fold more effective than FAD.

b) Effect Of Flavins And VA Upon The
Absarbance Spectrum Of DOX

The effect of UVA imradintion of 20 yM DOX., 20 pM
riboflavia or 20 pM DOX with 20 pM riboflavin in PBS on
the shsochance spectra of DOX and riboflavin wat measured
using the sssay described in Example 2. The results are
shown In FIGS. 5 and 6.

In FIGS. JA and 5B. solutions containing 20 uM DOX in
PBS were iradinted for 0. 2. 4. 6. 8, 10. 15 or 20 minutes
in the absence or presence of 20 pM riboflavin, respectively
and the absorbance spectrum between 350-600 nm was
measured.

In FIGS. 6A and 6B. solutions containing 20 pM ribofla-
vin in PBS were inadiated for 0. 2. 4. 6. 8. 10. 15 or 20
misustes in the absence ar presence of 20 M DOX. respec-
tively and the absorbence spectrum between 350-600 nm
was measured.

The results shown in FIGS. 5 and 6 demonstrate that in the

of riboflavin. the UVA ioradiation caused a much
larger decrease In the sbsarbance of DOX than in Its
abszace. In the presence of DOX. UVA irmdistion of fibo-
flavin resulted in a lasger decresse in the vitamin absorbance
maximum at 445 mm (but not at 360 am moaxinum) than [a
its absence. These results indicate that the UVA cffects on
DOX and op riboflavin are cnhanced by thelr combined
presence.

BXAMPIE 4

Effects Of Ascorbic Acld, De-acration And Catalase
Upon The Absarbance Spectrum Of DOX

The results shown in Example 3 demoustrated that the
effect of UVA imradistion on DOX and on riboflavin were
enhanced by the combination of these two compounds. It is
known that flavins. excited by 365 nm light. csn undergo
photoreduction while oxidizing certain substrates |Byron
and Tumbill (1967) Photochem. Photoblol. 6:125].
Therefore. the changes In the cell growth inhibitocy activity
and in the abscrbance spectnum of DOX after UVA lradia-
tion in the presence of flavins could reflect axidation of the
drug.

To test this hypothesis. the experimest descyibed in
Example 3b was repeated as described with the exception
that 0.16 or 1.6 mM of ascorbic acid was added to each
solution. The absorbance spectum of DOX imadisted in the
presence of dboflavin did not decline. while the absorbance
spectrum of riboflavin declined at a much faster rate than
that observed in the absence of ascorbate. Thus. ascorbate
protected DOX from UVA while enhancing the effect of the
irradintion on riboflavin,

The protective effect of ascorbate ca DOX from UVA is
further demonstraied by the results shown in FIG. 7. FIG. 7
depicts the absorbance obtained from solutions of
20 yM DOX in RPMI medium 1640 containing 0. 0.16 or

& 1.6 mM ascorbate were irmadisted for 0. 10 or 20 misutes.

In FIG. 7. the circles represent solutions iacking ascor-

batc; the open circles represent no iradiation: the haiched <g|
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and filled circles represent 10 and 20 minutes of irradiation,
respectively, The diamonds represent solutions comtaining
0.16 mM ascorbate; the open diamonds represent no Liva-
diation: the hatched and fllled diamonds represent 10 and 20
minutes of irmdiation. respectively. The squeares represent
solutions containing 1.6 mM ascorbate: the open squares
represent no irradiation: the haiched and filled squares
represent 10 and 20 minutes of Irradiation. respectively.

The results shown in FIG. 7 demonstrate the protective
cifect of ascarbate, The imadiation of 20 yM DOX in RPMI
medium 1640 (no sscarbate) resulted in decreased DOX
sbsorbance. However. in the presence of . 16 mM ascorbate
this decrease was amaller snd In the presence of 1.6 mM
sscocbate, even after 20 minutes of irmadiation. there were no
changes in the abaorbance spectrum of DOX.

As demonstrated In Example 3b, UVA ixradlation of a
solution of 20 pM DOX and 20 pM riboflavin in FBS
resulted in the decline of DOX absarbance spectrum.
Because some of the photosensitizing effects might be
mediated through dissalved oxygen. the experiment was
repeated after depleting the sclution of oxygea by nitrogen
bubbling prior to the imadistion, The resufts indicated that
oxygen deprivation had no effect on the decline In DOX
sbsorbance and suggested that axygen does not participate
in the destruction of DOX by the combination of UVA and
riboflavia.

Hydrogen peroxide is also kmown to be and
participair in cextain photosensitizing reactions [Brawley et
al. (1993) Ciltn. Scl. 83:709]. Therefore. the effect of adding
150 unite/nl catalase (which st room temperature could
decampose 450 pmole/min hydrogen peroxide). to 20 yM
DOX dispotved In RPMI medium 1640 was tested. It was
found that the presence of catalase [n this solution did not
affect the rata of destruction of DOX by the UVA ioadistion.
This result suggested that it is unlikely Gt hydrogen
peroxide mediates the destruction of DOX by he UVA-
rbofixvin combhination,

EXAMPLE 5
Effect Of kradistion Time Upon The Growth

Inbibitory Activity Of Doxorubicin Solutions
Containing Flavins

The effect of increasing the length of UVA (radistion of 4

solutions containing 0.3 pM DOX in PBS with increasing
concentrations of flavine (riboflavin, FMN o FAD) was
examined.

The effect of increasing the length of UVA iradiation of
salutions contalaing 0.3 yM DOX In PBS with
conccntrations of rdbaflavin was examined as follows. Two-
teaths of a milifliter of 03 pM DOX with Iacreasing
concentrations of rdboflevia (0 to 15 pM) In PBS (pH 7.2)
was placed in 24 well culture clusters and exposcd o 3
Blackiight Blue 40 W lamps (emitting 5-6 mW/cm? at 363
om) for various amounts of time (0 o 8 min). Growth
mediyme (0.8 ml) contalning 1x10° P388 murine lenkemis
cells was then added and the cultures were allowed to
incubate for 4 days and the cell density was determined. The
results are shown In FIG. &

In FIG. B, the filled circles and filled triangles represent
the density of cells present 4 days after exposure of cedls o
02 ml of PBS increasing amousts of riboflavin
(0 to 15 pM) which received elther 0 or 8 minutes of
Irradistion, respectively (positive controls). The density of
cells preseat after exposure to 0.2 ml of a solution containing
0.3 pM DOX with Increasing concentrations of riboflavin (0
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to 1S yM) in PBS (pH 72) and 0. 2. 4. 6. and 8 misutes of
Irradistion are shown by the open circles, open diamonds.
open triangles, open inverted triangles and open side-ways
dangles, respectively. It Is noted that the final {ie., after the
addition of the cells) coacentration of riboflavin preseat in
each well is 5-fold lower than the value shown along the
x-axis of FIG. 8 (as well, the final concentration of DOX is
5 fold lower than the stated lnitial concentration).

The results shown la FIG. 8 demonstrate that the presence
of incressing amounts of riboflavin increases the photoin-
activation of DOX. As the amount of riboflavin was
increased, & gradual loss of the DOX growth ihibitory
activity towand 1x10° P388 mumine lcukemia cells was
observed. In the presence of 15 pM riboflavin. the growth
Inhibitory cffect of DOX was destroyed after 8 minuies of
exposure to UVA light. Similar cffects were obtained in the
preseace of the cboflavia analogs, flavin monoaoucleotide
(FMN) and flavin adenine dinucleotide (FAD) (FIG. 9).

The results shown in FIG. 9 were genernted as described
above with the exception that FMN or FAD was used [n
place of riboflavin and the concentrations of flavins varicd
from O 10 100 yM. In FIG. 9. the open and filled symbols
represent results obtained using FMN and FAD, respec-
tively. The circles represent results obtaloed using flavis
solutions lacking DOX which were not iradiated. The
diamonds represent the results obtained using figvin solu-
tions lacking DOX which were iradiated for 8 minutes. The
triangles represent the results obtained using fisvin solutions

DOX which were not irndiated. The Inverted
miangles represent flavin solutions contatning DOX which
were iradisted for 8 minutes.

The absarbance spectrum of solutions containing 0.3 uM
DOX {a PBS and 0. 2 ar 20 pM ribofiavis was determined
az described in Bxample 2; iradiation times varied from 0
to 20 minutes. The results are shown in FIG. 19, FIG. 10A
shows abscrbance from solutions coataining 0.3
pM DOX la PBS without riboflsvin; FIGS. 1B aad 18C
show absarbance from saolutions contalning 0.3
M DOX In PBS with cither 2 or 20 pM dboflevin,
respectively. The following symbols Indicate 0, 2, 4. 6. 8. 10,
15 or 20 minutes of ircadlation, respectively: v, 0.4. V. ».
«[1*

The results shown in FIG. 18  demoustrate that the reduc-
tlon in the growth inhibisory activity of DOX by UVA
Imradiation resulted from changes in ks chemical structure.
FIG. 10, shows that riboflavin. in a conceatration dependent
manner. cahances the decrease In 400 to 550 mm absorbance
of DOX which is camsed by UVA Induced chemical changes,

The Fhowinactivatina of Doxorublcin In The
Presence Of Flavins Is Enhanced By Other
Compounds
In this experiment, the ability of campounds to enhance
the photoinactivation of DOX by flavins was examined. The
following compounds were examined: 1.4-diazabicycio(2,
22)octane (DABCO). N-2- axipe-N"-2-
ethancsulfonic acid (HEPES). L4-Dimethylpiperazine and

tyrosine.
8) The Additon Of DABCO Accelerates The Destruction Of

DOX By Riboflavin
The UVA mediated destruction of DOX with riboflavin is
cabanced by the preseace of 1.4-diazabi 2.2.2)octane

{DABCO) (FIGS. 11-13). In FIG. 11A, the effect an the
sbawbance spectrum of DOX Is shown when solutioms

&
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contaiging 5 mM DABCO and 20 ¢M DOX in PBS (pH 7.2)
and increasing concentrations of riboflavin (0 to 20 pM)
were brradiated for 20 minuies. In FIG. T1A. the fallowing
symbols represent 0. 05. 1. 2. 5. 10. 15 and 20 pM
riboflavin, respectively: . . 0. A V.». « O and *,

In FIG. 11B. the cffect on the absorbance spectrum of
DOX is shown when solutions contalning 2 pM ribollavin
and 20 uM DOX in PBS (pH 7.2) and increasing concen-
trations of DABCO (0 to 50 mM) were Irradiated for 20
minutes, In FIG. 11B. the following symbols repxescat 0,
0.1. 0.5. 1. 2. 5. 10. 20 and 50 mM DABCO, respectively:

< O.A.V. L5 'I-D-..lllﬂ*.

In FIG. 12. the effect of UVA irradistion of solutions
containing 20 yM DOX and 2 M sibofiavin in PBS (pH 7.2)
with or without § mM DABCO is shown. Is FIG. 12A, the
cffect on the absorbance spectrum of DOX Is shown when
solutions containing 2 yM ribofiavin aad 20 yM DOX in
PBS (pH 7.2) were exposed to UVA for increasing periods
of time. In FIG. 12A. the following symbols represent 0. 2,
4, 6.8, 10. £5 and 20 minutes of ioadiation, respectively: v,
©¢.4A. V. ». o 0 and *, FIG. 12B shows the effect on the
sbsorbance spectum of DOX is shown when solutions
containing 2 pM riboflavin, 5 mM DABCO and 20 pM DOX
in PBS (pH 7.2) were exposed to UVA for increasing periods
of time. In FIG. 12B. the following symbols represent-0. 2.
4, 6. 8. 10. 15 and 20 minutes of irradiation, respectively: o,
0.4 V.». «[Land*,

In FIG. 13. the cffect of UVA irmdistion of solutions
containing 20 yM DOX and 20 pM ribofigvin in FBS (pH
1.2) with or without S mM DABCO Is shown. In FIG. 13A,
the effect on the absorbance spectrum of DOX Is shown
when solutions contaiming 20 pM riboflavin snd 20 pM
DOX in PBS (pH 7.2) were exposed to UVA for increasing
pexiods of time En FIG. 13A. the symbols repee-
sent O, 2, 4. 6, 8. 10. 135 and 20 minutes of imadiation,
Wu. °IA.V1.| ‘nm--m-mmh
effect on the absocbance of DOX whea solutions
containing 20 pM riboflavin, 5 mM DABCO end 20 pM
DOX In PBS (pH 7.2) were exposed to UVA for Increasing
periods of time. In FIG. 138, the following symbals repre-
sent 0, 2, 4. 6. 8, 10. 15 and 20 minutes of kvadiation,
respectively: o, ©.A. V. ». « 0. and *, FIG. 13C shows the
cffect on the absorbapce of DOX when solutions
containing 20 M riboflavin. 5 mM DABCO snd 20 M
DOX in PBS without Ca** and Mg*" (pH 7.2) were exposed
o UVA for very short periods of time, In FIG. 13C, the
followlng symbals represeat §. 15, 30, 45, 60. 75. 90, 105
and 120 seconds of bradistion. respectively: <. ¢.A. V. ».
«0.%*and ¥,

The results shown in FIGS. 11-13 demonstratc that the
addition of DABCO fixther accelerates the destruction of
DOX by rdboflavin and UVA. In Ghe presence of 5 mM
DABCQ, 2 pM riboflavia was sufficient to destroy the DOX
sbsorbance spectrum (20 pM DOX) in the 425-S50 nm
mnge after 20 minutes of UVA Irradintion (FIG. 11A) (loss
of sbsorbance in the 425-550 nm range was shown above to
comrelate with a loss of cytotoxic activity). FIG. 11B shows
that in the presence of 2 yM riboflavin, less than § mM. but
more than 2 mM. DABCO were sufficient (o destroy the
DOX absacbance spectrum in the 425-550 o range after 20
minutes of UVA Irmadiation, In the presence of 2 pM
riboflavin and 5 oM DABCO, 20 minutes of UVA irradiation
were required to destroy the DOX absorbance spectrum
(FIG. 12). However, ralsing the conceniration of ribofiavin
to 20 pM. decreased the amount of UVA hradistion required
to destroy DOX absarbapce (FIGS. 13A-C) FIG. 13B
shows that less than 2 minutes of UVA imadistion was
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required to eliminate the DOX absorbance ut these
concentrations and FIG. 13C shows that the DOX absor-
bance spectrum in less than | minute in the
presence of 20 pM riboflavin and S mM DABCO.

b) The Addition Of DABCO Accelarates The Destruction Of
DOX By FAD

The UVA mediated destruction of DOX with FAD is
eohasced by the presence of 1.4-diazabicycio{2.2.2)octane
{DABCO).

In FIG. 14. the effect of UVA Iiradistion of solutions
containing 20 uM DOX and 20 yM FAD in PBS lacking
Ca™" and Mg (pH 7.2) with or without S mM DABCO is
shown. In FIG. 14A. the effect on the absorbance spectrum
of DOX is shown when solutions coataining 20 yM FAD
and 20 uM DOX in PBS lacking Ca®* and Mg** (pH 7.2)
were exposed to UVA for increasing periods of time. In FIG.
14A, the following symbols represent 0. 2. 4. 6. 8, 10. 15 and
20 minutes of iradistion, respectively: v, 0. A. V. ». < [J.
and *,

FIG. 14B shows the effect on the sbsorbance spectrum of
DOX is shown when solutions coataining 20 pM FAD. 5§
mM DABCO and 20 yM DOX In PBS lacking Ca®* and
Mg™ (pH 7.2) were exposed to UVA for Increasing perfods
of time., In FIG. 14B. the following symbols represent 0, 2.
4, 6. 8. 10. 15 and 2() minutes of irradistion. respectively: ..
0.AV.r. O and ™

‘The results shown in FIG. 14 demonstrate that the addi-
thon of DARCO further accelerates the destruction of DOX
by FAD and UVA. A compariscn of the results shown in
FIG. 12 and FIG. 14 demonstrates that FAD was not as
ciective as riboflavia In medisting the UVA inactivetion of
DOX. In the presence or absence of DABCO. However. the
resuits shown in FIG. 14 demonstrate that DABCO consid-
crably cshanced the effect of FAD-UVA on DOX
c) The Addition of Pipemazine Compounds And/Or Tyrosine
Accelersies The Degtruction of DOX By Riboflavin

The abllity of piperazine compounds such as N-2-
hydroxyethylpiperazine-N'-2-cthancsulfonic acid (HEPES)
and ] A4-Dimethylpiperazine to enhsace the riboflavin-
mediated UVA destruction of DOX was examised In
addition, the atllity of HEPES and 14-Di i i
to eshance the destruction of DOX by the combination of
UVA-riboflaviz-tyrosine was examined Purthermore, the
ability of tyrosine o act as a photoeabancer in the absence
of piperazine compounds was exsmined. The UVA iradis-
tion and spectral messurements were carricd as described in
Example 2.

In FIG. 15, the effect of UVA imadiation of solutions
containing 20 yM DOX and 20 pM riboflavin in PBS (pH
7.2) in the presence or absence of 5 mM HEPES on the
sbsorbance spectrum of DOX is shown. FIGS. 15A and 15B
show the obtained from solutions containing 20
pM DOX and 20 pM ribofiavin in PBS (pH 7.2) with and
without 5§ mM HHPES. . In FIG. 15. the follow-
Ing symbols represent 0. 2. 4, 6. 8. 10, 1S and 20 minutes of
loradiation, respectively: o, 0. A V. s, « O.and *.

In FIG. 16, the effect of UVA imradiation of solutions
coatalning 20 pM DOX. 0.5 pM riboflavin and § mM
HEPES with 0. 20 or 80 pM tyroaine in 0.1M NaCl oo the
absocbance spectrum of DOX is shown. In FIG. 16, the opea
symbols represent solutions which were not frradiated and
the filled symbols repwesent solutions which received 20
minutes of UVA iradistion. The circles, triangles and
imvested triangles represent solutions containing 0. 20 and
80 M tyrosine, respectively.

In FIG. 17, the effect of UVA imrsdistion of solutions
contaiping 20 yM DOX., 40 uM tyrosine and 5 mM HEPES

with 0, 0.25. 0.5 or 1 pM ribofiavin in 0.1IM Na(1 on the gb
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absorbance spectrum of DOX is shown. In FIG. 17, the open
symbols represent solutions which were pot irradiared and
the filled symbols represest solutions which received 20
rainutes of UVA imadiation. The circles. iriangles. inverted
triangles and side-ways trisngles (») represent solutions
containing 0. 0.25. 0.5 and 1 pM riboflavin. respectively.

In FIG. 18. the effect of UVA Imadistion of solutions
contalning 20 pM DOX, 0.8 pM riboflavin and 100 pM
tyrosine with 0. 0.5. or 5 mM HEPES tyrosipe in PBS (pH
7.2) on the absorbance spectnumn of DOX is shown. In FIG.
18. the open symbols represent solutions which were not
irradisted and the filled symbols represent solutions which
received 20 minutes of UVA imdiation. The circles. tri-
angles and inverted triangles represent solutions containing
0. 05 and S mM HEPES. respectively.

The resublts shown in FIG. 18 demonstraie that in the
presence of 100 pM tyrosine 0.5 pM dboflavin with 20
minutes of UVA irradiation caused a decrease [n the absor-
hmdnmmwxwuﬂm(mnhmelhenud
TEPES). In FIGS. 19A-C, the decreaze in the absarhance of
DOXupud»UVAmﬁepume.SerMtvm
was shown to be directly proportional to the concentration of
tyrosine. In FIGS. 19A-C, the symbols represent
solutions containing 0. 20. 50. 100. 200. 500 and 1000 pM
tyrosine, respectively: u, O. A. V. ». « and 1. FIGS.
19A~C show the sbsorbance spectrum obtained when a 20
M DOX solution containing 0.5 pM riboflavin azd 0 to
1000 uM tyrosine was elther not exposed to UVA hradiation
(19A) or exposed to UVA irradiation for 10 (19B) or 20
minutes (19C).

The results shown In FEGS. 20A-B demonstrate that
irradintion of & 20 pM DOX solution (in FBS. pH 7.2)
confaining 100 pM tyrosine has estentizlly no [mpact on the
sbaorbance spectrum of DOX but that the addition of .3 uM
riboflavin to the solution of DOX and tyrosine causes a
decrease in the absarbance spectrum of DOX. In FIGS. 20A
and B. the followlng symbols represent 0, 2. 4, 6. 8, 10, 15
and 20 minutes of imradiation. respectively: v, 9. A, V. ».
« [ aad . FIG. 20A shows the absorbence spectra
cbtained by irradiation of & 20 yM DOX salution (in PBS,
pH 7.2) containing 100 M tyrosine. FIG. 20B shows the
asorbance spectra obtalned by Imadiation of a 20 pM DOX
solution (in PBS. pH 7.2) containing 100 pM tyrosine and
0.5 pM riboflavin.

In FIG. 11. the cffect of UVA kradistion of solutions
containing 20 pM DOX. 0.5 pM riboflavia and 100 pM
mh?ﬂS@HTJ)hﬁapmuhmdsm
14- on the absorbance spectrum of
DOX is shown. FIGS. 21A and 21B show the
obtained from solutions containing 20 yM DOX. 0.5 pM
ribofiavin and 100 pM tyrosine in PBS (pH 7.2) with and
without 5 mM 1.4- res In FIG.
1. the following symbols represent 0. 2. 4. 6. 8. 10, 15 and
20 minutes of rradistion, respectively: o. 0. A, V. ». « 0,
and ¥,

The resuits shown In FIGS. 15-21 demoastrate that
pipemazine compounds, such as HEPES, accelerste the
ribofiavin-medisted photoinactivation of DOX as does
DABCO (section a sbove) However, unliee DABCO.
HEPES and other piperazines also eahance the destruction
of DOX by the cambination of UVA-riboflavin-tyrosine. As
shown in FIO. 16. tyrodoe (20 to 80 pM) allowed the
concentration of riboflavin to be reduced to 0.5 pM (140 of
the DOX coacentration) in the HEPES-containing solution.
The results shown in FIG. 17 demonstrate thet in the
presence of 40 uM tyrodine and 5 mM HEPES. the concen-
tration of riboflavin necded to mediate the destruction of
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DOX by UVA light was considembly lower than that
required for solutions lackiag tyrosine and HEPES (FIG.
19). The results shown in FIG. 18 demonstrate that in the
presence of 0.5 pM riboflavin and 100 pM tyrosine. much
sharter UVA exposure times were required to destroy DOX
in the presence of 5 mM HEPES as to solutions
containing 0.5 mM or no HEPES. In FIG. 19. it was shown
that the decrease In absorbance of DOX exposed to UVA in
the presence of 0.5 pM riboflavin and tyrosine b direcily
propartional to the concentration of tyrosine present in the
solution, The reslts shown iz FIG. 21 demonstrate that the
enhancement of the destruction of DOX by UVA-riboflavin-
(yrosine was also achieved using piperszines other than
HEPES,

EXAMPLE 7

The Presence Of DABCO Greatly Accelerates The
UVA-Riboflavin-Medisted Inactivation Of
Doxorubicin
‘The benefit of the formulation of DOX with fboflavin and
DABCO for the treatment of drug extravasation (with UVA
irradiation) is desponstrated in the following in vitro experi-
ments. In s previous experiment it was found that imadiation
periods longer than 10 minutes were required to preveut the
growth Inhibitory effects of DOX solutions upon PI88 celis
when the cell suspensions contained 0 to 3 pM DOX and 2
pM riboflavin. The period of fradiation required to reduce
of prevent the cytotoxicity of DOX to P388 cells was next
examined using solutions costaining DOX and 2 pM Rivo-

flavin and 5 mM DABCO as follows.

Using the cell culhure asssy described In Example 1. P388
cells were exposed ta solutions coatsining 0 to 3 pM DOX.
2 pM ribollavin and S mM DABCO in PBS (pH 7.2) and
;ll-;mndh' ted for (to 90 seconds. The results are thown in

. 22,

In FIG. 22. the following symbols represent the density of
cells present 4 days sfier exposure of cells to UVA In the
ahove solutions for 0. 15, 30. 45. 60 and 90 seconds,
respectively: 0. 9. A V. s, a0d « Rt ks noted that the final
concentration (ie.. after the addition of the cells) of DOX
present in each well is 5-fold lower than the value thown
aloag the x-axis of FIG. Z2.

In experiments described above, it was shown that with-
owt UVA irradistion, the presence of 2 um riboflavin and 5
mM DABCO does not reduce the cytatoxicity of DOX to
P388 cells. However, the of the drug was
comiderably lowered even after 15 seconds of UVA ima-
diation and afier 1.9 minutes of icradiation sboat 90% of the
drug toxicity was abolished (FIG. 22). This experiment
shows that the destruction of DOX cytatemicity by UVA-
ribofavin-DABCO can be achicved without causing dam-
age o the cells that are presest throughout the UVA expo-
sure.

EXAMPLE 8

Tryptophas, Methionine., Histidise And EDTA
Enhance The Photoinactivation Of Daxarubicin

The preceding examples demonsirated that the addition of
tyrosite to formulations of DOX and ribofiavin accelerated
the UVA-riboflavin-mediated destruction of DOX (i.c..
tyrosine acts an a pholocobancer). In this example. the
ability of tryptophan. methionine. histidine and EDTA to
cubance the photainactivation of DOX was demonstrated.
) Tryptophan Enhances The Photoinactivation Of Doxoru-
bicin

3
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‘The absorbance spectrum of sclutions contalning 20 pM
DOX. 0.5 pM ribofiavin In PBS with and withowt 100 pM
tryptophan and with or without 5 mM HEPES was deter-
mined as described In Example 2. The results are shown in
FIG. 23. In FIG. 23, the following symbols represent 0. 2, 4,
6. 8. 10, LS and 20 minutes of irmmdlation. respectively: - . ©.
AV, », « [0 and *. FIG. 23A shows the spectrum obtained
from solutions coutaining 20 yM DOX and (.5 pM ribofls-
vin in PBS. FIG. 2JB shows the spectrum obtained from
solutions coataining 20 uM DOX aad 0.5 uM riboflavin in
PBS with 100 uM tryptophan. FIG. 23C shows the spectrum
obtained from solutions contalning 20 uM DOX and 0.5 pM
rboflavin in PBS with 100 uM tryptophan and 5 mM
HEPES,

The results shown in FEJ. 23 shows that the destruction
of DOX in a riboflavin formulation by UVA irvadiation was
enhanced in the presence of tryptophan (FIG. 238). This
effect was further accelerated by adding HEPES (FIG. 23C).
b} Methionine. Histidine And EDTA Also Eshance The
Fhotoinactivation Of Dozorublcin

The absocbance of solutions containing 20 pM
DOX. 0.5 yM riboflavin in PBS (without Ca®* and Mg**. pH
7.2) with and without 100 yM phemyialanine. tryptophan.
tyrosine, methionine, histidine or BDTA was determined s
described in Bxample 2. The results are shown in FIG. 24
where the absorbance at 480 nm [s plotted against the time
of UVA ioudiation (0 to 20 minutes). In FIG. 24. the
following symbols represent solutions containing oaly
ribofisvin, 100 pM phenylalanine. 100 uM tryptophas. 100
MM tyrosine, 100 pM tyrosine. 100 yM methiogine, 100 pyM
histidine, and 100 pM EDTA. respectively: @, ¢, A, A. V.
V.e.cand*

The results shown in FIG. 24 demonstrate that the
destruction of DOX ia s riboflavin formulstion by UVA
bradistion was cohanced in the presence of tyrosine,
fryptophan, histidine, EDTA. and methiogine. From the
results shown in FIG. 24, It was detesmined that tyrosine had
the greatest pholocphanciag effect followed by tryptophan,
histldine, EDTA. and mcthionine. Phenylalanine did not
cahance the riboflavin-medisted destruction of DOX to a
siguificant degree.

EXAMPLE 9

Superaxide Dismutase Enhances The
Photcinactivation of Doxorubicin

Az it has been reported thet oxygen mdicals may be
formed when amino acids are exposed to UVA in the
presence of photosensitizers, such as fiavins. the effect of
adding superoxjde digmutase (SOD) to fornmistions of
DOX-riboflavin with or without tyroaine upon the UVA-
mediated destruction of DOX was examined.

The absorbance of solutions 20 M
DOX, 0.5 uM ribofiavin, 100 pM tyrosine In PBS (without
Ca* and Mg®", pH 7.2) with aad without 300 U/ml SOD
wis determined as described in Bxampic 2. The results are
shown in FIOS. 25A and 25B. In FIG. 28, the following
symboals represent 0. 2. 4. 6. 8. 10. 15 and 20 misutes of
imadiation. respectively: . ¢. A, V. ». « 0. a0d *. FIG.
25A shows the obtained from solutions
20 pM DOX, 0.5 pM riboflavin and 100 jiM tyrosine in FBS.
FIG. 258 shows the spectrum obtained fiom solutions
containing 20 pM DOX. 0.5 pM riboflavin and 100 pM
tyrosine in PBS with 300 U/ml SOD.

The absoxbance of solutions 20 pM
DOX and 20 M riboflavin [a PRS (without Ca?* aad Mg®".
pH 7.2) with and without 300 U/ml SOD was detarmined as

described jp Example 2, The results are shown in FIGS. 26A
and 26B. In FIG. 26. the following symboils represent 0. 2,
4. 6. 8. 10). 15 and 20 minutes of irradiation. respectively: .
0. A. V. ». « [ and * FIG. 26A shows the spectrum
obtained from solutions containing 20 pM DOX and 20 pM
riboflavin in PBS. FIG. 22B shows the spectrum obtained
from solutions contalning 20 uM DOX and 20 pM riboflavin
in PBS with 300 U/ml SOD.

The absarbance spectrum of solutions coataining 20 pM
DOX and 2 M riboflavin (Le.. 10-fold less than that used
in FIG. 26) in PBS (without Ca®* and Mg**. pH 7.2) wilh
and without 300 U/ml SOD was next determined as
described in Example 2. The results are shown in FIGS. 27A
and 27B. In FIG. 27, the following symbols represent 0. 2.
4.6. 8. 10, 15 and 20 minutes of irradistion. respectively: ...
O.A V. ». « 0O and *. FIQ. 27A shows the spectrum
obtained from salutions contalning 20 uM DOX and 2 pM

riboflavin [n PBS. F1G. 27B shows the m obtained
from solutions coataining 20 M DOX and 2 uM riboflavin
in PBS with 300 U/ml SOD.

The results shown in FIGS. 25-27 demonstraie that
supcroxide dismitase acts as a and scceler-
ates the rate at which DOX is isactivated by elther riboflavin
or riboflavin-tyrosine. Because oxygen radicals may be
generated during the photoinactivetion of DOX formula-
tlons ining flavins and amino acid enbaucers (c.g..
tyrosine). the addition of SOD to the DOX formulation
scrves the dual purpose of protecting the UVA imradiated
tissue firom free radicals as well as enhancing the destruction
of DO

EXAMPLE 10

Catalase Protects Cells From The Effects of UVA
Imadiation

It has been reported that hydrogen peraxide may be
formed when amino scids are exposed to UVA in the
prescace of photosensitizers. such as flaviny (Brawley et al..
supra). Therefore. the addition of agents capshle of degrad-
ing hydrogen peroxide to DOX formulations containing
flavins andfor mmwdmebpmmn
exposed to UVA from damage due to the production of
Wmmwmmmamm
protect cells from damage caused by protracted UVA ima-
distion was examisod.

P388 cclls and PISS/ADR cells In either PBS or RFMI
1640 mediam contalnieg 0.01 to 100 U/ml catalase were
exposed o UVA light for increasing pedods of time as
described in Bxample 1b with the excoption that 1x10° cells
were placed In the 0.2 ml solution (PBS or RPMI with
catalase) pror to bradistion. After irradiation. 0.8 ml com-
plete culture medium was added to each well and the cell
density was measured after 4 days of culture. The P388/
ADR cell line is & subclone of the P388 cell ine which was
selected for multidrug resistance. The results are showns In
FIGS. 28A-D (the number of viable cellsx]0%ml is plotted
agaipst the copcentration of catalasc).

In FIG. 28. the following symbols represent 0. S. 10. 13,
20 and 40 minutes of irradiation, 0. 0.A V.
».and « FEGS. ﬂhnﬂlm:huwhunlnohlnﬂhdu
P388 and PISWADR cells in PBS. respectively. FIGS. 28C
and 28D show the results obtained using P388 and P388/
ADR cells |n RFMI 1640. respectively.

The resulty shown In FIQ. 28 demonstrate that UVA
lrradistion bas a greater growth Inhibitary effect upon cells
which are irmdistion ia RFPMI 1640, which coatains flavins
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aud amino acids. than upon cells which are imadlsted in
PBS. The addition of catalase to cell suspensions containing
either PBS or RPMI 1640, protected the cells from damage
(as judged by inhibition of growth) caused by protracted
UVA irmadiation. These results demonstrate that the addition
of catalase to formulations of DOX containing flavins and/ar
amino acid pbotocnhancers protects UVA immdiated cells
from damage due to the production of axygen radicals.

In FIG. 29, it is shown that in the absence of UVA
irradistion. catalase does not Interfere with the growth
inhibitory effect of DOX upon either the F388 or P3SADR
cell lines. For the results shown in FIG. 29. solutions
containing incressing amounts of DOX in 0.2 ml PBS with
ar without 30 U/ml catalase were ircadiated and then 1x10°
viable cells in 0.8 mi complete growth medium were added
to cach well as described In Ex. 1. After 4 days in culture.
the cell density was measwed. In FIG. 29, the number of
visble cells (x10%ml) is plotted against the concentration of
DOX present in the PBS solution during icadiation. The
following symbols represent P88 cells grown in the pres-
cace of lradlated DOX solutions Iacking catalase, P38R/
ADR cclls grown in the presence of irradiated DOX solu-
tons lacking catalase, P388 cells grown in the presence of
imadiated DOX solutions coataining 30 U/ml catalase and
F388/ADR cells grown in the presence of irradiated DOX
solutions contalning 30 U/ml catalase. respectively: o, A, @.
ad 4.

'The above results demonsirate that catalase has no effect
upon the growth Inhihitory effect of DOX; however. these
results show that catalase can protect cells from damage
caused by protracted lrradistion with UVA.

EXAMPLE 11
Fommulation Of Solutions Conlalning
Anthrarydines And Flaving

The preceding examples demonstrate that DOX In salu-

tion can be chemically changed (loss of growth Inhibitory
activity and sbsorbance spectrum) by long ultraviolet light

10
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in intensities that are used clinically (e.g.. in the trestment of

patiests with paoriasis). To obtain this effect DOX (and other
lndlncydincdmpudluoﬂmmﬂmphumlpmmﬂi

in. mitoreycin C. taxol or Vinca alkaloids) are
I‘mhledﬂﬂnﬂwln(mchnuibdwin.m FAD) at
molar quastity matios of 1:80 to 1:1 fiavin:DOX and the
following eahancers:

n) l'.SO © 1:500 DOX:DABCO molar matio (or other

tertiary aliphatic amines such a5 triethylamine); or

b) l:SOﬁol:SOO DOX:HEPES molar matio (or other

piperazines such as 1.4-dimethylpiperazine); or

c) 1:1 to 156 DOX:tyrosine or tryptophan molar matio

(histidine. methioaine or EDTA may be employed in
pisce of tyroslne or ) and 1:50 to 1:500
DOX:piperazine (e.g.. HEPES or 1.4-
Dimcthylpiperazine).

Bt has been reported that hydrogen peroxide and oxygen
radicals may be formed when amino acids are exposed to
UVA in the presence of photosensitizers. Accordingly, cata-
lase (about 100 U/ml) and/or superoxide dismutase (50-300
U/ml) may be added to the above formulstions. Superoxide
dismutase (shown hereln to act as a photocnhancer) coaverts
superanide radicals into hydrogen peroxide. Catalase con-
verts hydrogen peroxide Into H.O and molecular oxygen
Recambinsnt human CuZn superoxide dismutase is svall-
sble from Bio-Technology General Cocp. (Iselin, N.J.).

These farmulations of DOX. while not interfering with

the systemic cytotoxic actlvity of the drug. allows the (Veterinary Resources Branch. National Institutes of Health, 8L

K |
destruction of DOX locally by dlinically permissible quae-
titles of long ultraviolet light (e.g.. 3 10 § mW/Cm? for upto
20 minutes) will be delivered to the injection area once it is
realized that extravasation has occurred (determined by
swelling. pain and tissue stajning by the drug).

EXAMPLE 12

BEstsblished murine and plg models are employed to
demoastrate the prevention and/or treatment of DOX
induced extravasation ulcers using the formulstions and
meihods of the preseat lavention.

a) Murine Model

An estahlished murine model which allows the quantits-
tion of DOX skin eoxicity Is used to demonstate the
cifectiveness of the formulations and methods of |Dorr et al.
(1980) J. Pharmacol. Methods 4:321 and Dour et al (1980)
Cancer Chemother. Pharmacol. 5:17|.

Dorsal hair is removed (3x3 cm area) from adult BALR/c
mlee (~25 g) (Jackson Laborstories. Bar Harbar, Me.) 24
hours prior to the ID Injection of DOX solutions using a
topical depilstary agent (c.g.. Neet lotion). Animals arc
divided into groups of four each and arc housed together for
the duration of the . Positive control injections
wmo.Sudo.OSmcDOXdIIutedmoo.OSmlswlle
normal (0.9%) saline (without pxeservatives); this dose
comespands to approximately 70 and 7 mg/m?. respectively.
Nememdwmommmﬂeo.ﬂ
saline (withowt preservatives). Test or experimentsl injec-
tioas contain the DOX formulations described In Bxample
IL

Following ID injection, the injection arca is exposed to
UVA light using an suitable lamp asscrobly (e.g.. Vilber-
Lourmat lampe containing blacklight blue tubes T-40LN
{Cole-Parmer Instrument Co.. Niles, IL)| 0 permit the
delivery of 3 to $ mW/cm? for 0 to 20 misutes, The injected
area is exposed to UVA Light at O (Le.. Immediately after
injection). 1, 3 aad 6 hours after Injection. Following injec-
tion and exposure to UVA. all skin lesions are evaluated
dally by measurement of the widest i width of
ulcemtion. erythema and induration of the akin Jesions are
measured daily using a micrometer. The ulceration areaxday
(cm?xdays) is calculated to quantitate an ares under the
toxicity-time curve (AUC) or the sum of total ulceration
over time. In this mouse model. it has been chown that the
above toxicity parameters increase in a DOX dowe-
dependent manner with respect to both the total area of the
lesion (cm?/day) and the peak toxicity level (cm?) and the
duration of taxicity (days). Statistical analyses (intergroup)
may be conducted using standard techniques (c.g.. Swdent's
t-test or Student-Newman-Keuls multiple range test).

Desirshle DOX formulations and UVA exposure levels
are those which reduce or climioate the DOX-induced
lesions as compared to the positive control [Le.. they result
in » siatistically lower level of toxicity as compared to the
contral DOX sodution (i.e.. lacking either s PIC or »

).

photocnhancer)
b) Pig Model

An established swine model which allows the quantitation
of DOX skin toxicity 1s used to demonsirate the cffective-
ness of the formulations and methods of the present inven-
tiom for the treatment of injury caused by the extravasation
of DOX | Averbuch et al. (1986) J. Clin. Oncol. 4:88|. In this
swine model It has been shown that DOX produces a
predictable and reproducibie skin ulceration and the total
toxicity (AUC) Increases in a DOX dose-dependent manner

& (Averbuch et al., supra).

Inbred weapling ministure white swine (~12 kg)
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Bethesda. Md.) are anesthetized using standard techniques
{e.g.. an loitia]l IM injection of ketamine. xylazine and
atropine followed by intubation and administration of
nitrous oxide. halothane and oxygen gas or administration of
pentobarbital). DOX solutions are administercd ID using a
25-gauge ncedle inserted approximately 45 mm into the
skin. Each pig may receive multiple injections (up to 6 sites
per midiateral aspect of each side) spaced 4-5 cm apart.

Positive coatrol Injections confain 1.0 to 2.0 mg DOX: a
stock solution containing 2.0 mg/ml DOX in sterile 0.9%
saline (may also costaln lactose) is used for the injections.
Negative contral injections compeise 0.5 to 1.0 ml sterile
0.9% saline. Test or Injections coatain the
DOX formulstions described in BExample 11.

Following ID injection, the Injection area is exposed 1o
various doscs of UVA light for various lengths of time as
described above for the mouse model. Following injection
and exposwre 10 UVA. all skin leslons are measured using
calipers 3 Umes per week for 2 weeks, followed by weekly
measurements. Each animal is observed for an § week
period. Arcas of induration and skin ulceration are estimated
by the product of the lar diameters. The
total toxicity of the DOX-induced ulceration s calculated as
the AUC in mm®xdays. Statistical analyses (intergroup) may
be conducted using standard techamiques (e.g.. Student’s
t-test or Studeni-Newman-Kauls multiple range test).

Desirabic DOX formaniations and UVA exposure levels
are thase which reduce or ciminate the DOX-induced
lesions as compared to the positive control [Le.. they result
in a statigtically lower level of texicity as compared to the
coatrol DOX solution (Le.. Iacking either a PIC or &
photoeshagcer)|.

From the shove. It is evident that the anthmcycline
formmulations of the present invention comprising a pboto-
scushirer {(cg.. 2 flavin). a photocnhancer (c.g.. DABCO.
plperazines. tyroaine. tryptophan. superoxide dismutase)
and optionally catalase provide an Improvement to presect
anthracycline formaulations. These improved anthracycline
formulations allow the prevention and/or treatment of injury
due to extravasation of aathracyclines, In particular. these
formulations when empioyed with the methods described
herein (Le.. exposme to UVA) allow for the destruction of
extravasated anthomcyclines therebyy preventing infury to the
tissue surrounding the Injection she.

I claim:

1. A method of treatment of extravasation igjury. com-
prising:

a) providiag:

i) a subject; and
ii) a farmulation comprising a photoinacti vation indisc-
ing campound; and

b) administering intmvenously sald formulation 0 sald

subject; and

c) exposing the istravenous administration nite 1o UVA

Ught
Z The method of cdaim 1. wherein said formulation

furthey comprises a vesicant chemntherspeutic.
3. The method of daim 2, wherein sald chemotherapeutic
is an drug.

antineoplastie
4. The method of claim 3 wherein said antineoplastic is a
Vinca alialodd

§. The method of claim 3. wherein said antincoplastic
drug is an anthracycline.

6. The method of claim S, whereln sald anthracycline fs
doxarublcin.

7. The method of claim 1. wherein said photolnactivation
Inducing compound is a flavin.
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8. The method of claim 7. wherein said fiavin is selected
from the group consisting of riboflavia. Bavim
mobomicicotide. and flavin adenine dinucleotide.

9. The method of claim 1. wherein said formulation
further cornprises at least ooe photoenhancer compound.

10. The method of claim 9. wherein said photocohancer

nd Is a terti amipe,

11. The method of claim 16, whereln sald teniary aliphatic
amine is 1.4-diazabicycio(2.2.2)octanc.

12 The method of claim 9. wherein said photoenhancer
caompound is a piperazine.

13. The method of claim 12, wherein sald piperazipe is
selected from the group consistieg of N-2-
hydroxyethylpiperazine-N'-2-cthanesulfonic acid and 14-

Ipiperazine.

14. The method of clalm 9, wherein said photocnhancer
compound Is selected from the group consisting of tyrosise.
tryptophan, histidine. methionine. superaxide dismutase and
ethylenediaminetetraacetic acid.

15. The method of claim 1. wherein said formulation
further conquises catalase,

16. A composition comprising a serum-free saline solu-
tion comprising a vesican! chemotherapeutic. a photolnac-
tivation [nducing compound. and catalsse,

s photolnactivation Inducing compound and & least oae
nd.

campou
18. The compoaltion of clalm 17. wherein sald vesicant
ic Is an antineoplastic drug.
19. The composition of claim 18, whereln said antine-
oplﬂlcdrughnnﬂncr.lln:
The composition of claim 19. wherein ssid anthracy-
dmehduaulidn

21. The compaosition of claim 17. whareln sid photoln-
activation inducing compound Is a fiavin.

22. The composition of claim 21. wherein said flavin is
sclected from the group consisting of riboflavin. flavin
mononicieotide. and flavin adenine dinucicotide.

23, The camposition of claim 17, whereia said photoen-
hancer compound is a textiary aliphatic amine,

24. The compogition of claim 23, wherein said testiary
aliphatic amise is 1 i Zyoctane,

25, The composhtion of claim 17, wherein 3aid photoen-
hancer compound s a piperazine,

26, The of claim 25, wherein said pi
is sclected from the group consisting of N-2-
hydroxyethylpiperazine-IN'-2-cthanesulfonic acid and 14-
dimethyipiperazine.

7. The compositioa of claim 17, wherein szid photoen-
hancer compound Is sclected from the group consisting of
mwm-.e.mm superaxide dis-
muntase and ethyfensdiaminetetrmacetic acid.

28 The compodition of claim 17. further comprising
catalase.

29. A method for preventing extravasation injury. com-

peising:
a) providing:
i) a subject; and
1) a formulation compeising a photolnactivation Induc-
ing compound comprizing a filavin and a vesicant
chemotherapeutic; and
b) administering intravenously said formulation to said
subject; and
) exposing the Intrevencus administration site to UVA

light.
30. The method of claim 29. wherein said chemathera-
peutic [s an antineoplastic drug.

qY
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31. The method of claim 30. wherein said antineoplastic 7. The method of claim 35, whereir said photocnhancer
drug is an anthracycline. compound is & tentiary aliphatic amine.
32.1'|!cmethodcfclnim3l. wherein said anthracycline is 38 The method of claim 37. wherein said tertiary ali-
doxorubicin. phatic amine is 1.4-diazabicyclo(2.2.2)octane.

s rame meibod of claim 38, wherein said antineoplastic 5 ™39, The method of claim 37, whereln sald photoeshancer
. P . compound is a piperazine.
er ;:up‘“"m“z}u“'“of'm"""“'“:"ﬂ‘:ﬁ‘: 40. The method of claim 39, wherein said plperazine is
mononucleotide. and flavin adenior dinucleotide. s¢lected from the group coasisting of N-2-
35. The method of claim 34, whercio said forsulation 10 hydroxyethylpiperazine-N'-2-ethanesulfonlc acid and 14-
further comprises at least ome photoenhancer compound. peranne.
36. The method of claim 35. wherein said pbotocnhancer 4L The method of claim 29. wherein sald formulation
compound is selected from the group consisting of tyrosine,  further comprises catalase.
tryptophan. histidine, methionine. superoxide dismutase and
cthylenedlamisetetrascetic acid. * 3 "
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.  Basis of the report
The basis of this intemational preliminary examination is the application as originally filed.

. Non-establishment of opinion with regard to noveity, Inventive step and Industrial
applicability -~

The question of whether the claimed invention appears to be novel, to involve an
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i.e. appears to be novel, to involve an inventive step and to be industrially applicable.
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USO DE ARGININA EN LA PREPARACION DE UN MEDICAMENTO PARA LA
PREVENCION Y EL TRATAMIENTO DE LOS EFECTOS COLATERALES
ASOCIADOS CON LA ADMINISTRACION ENDOVENOSA DE PRODUCTOS

FARMACEUTICOS

RESUMEN - OBJETO Y FINALIDAD

La presente invencién se refiere a la utilizaciédn de
arginina y, mé&s en particular, a las formulaciones
inyectables para uso endovenoso que la comprenden, para la
prevencidn y tratamiento de los efectos colaterales asociados
con la extravasacién de drogas administradas por via

endovencsa.
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USO DE ARGININA EN LA PREPARACION DE UN MEDICAMENTO PARA LA

PREVENCION Y EL TRATAMIENTO DE LOS EFECTOS COLATERALES

+ ASOCIADOS CON LA ADMINISTRACION ENDOVENOSA DE PRODUCTOS

FARMACEUTICOS

La presente invenclén se refiere al uso de arginina Yy,
mds en particular, a sus formulaciones inyectables, para la
prevencién y tratamiento de los efectos colaterales asociados
con la administracién endovenosa de algunos productos
farmacéuticos.

Se sabe que en terapla varias drogas administradas por
via endovenosa pueden causar, al menos potencialmente, dafos
vasculares en el lugar de inyeccién y dafios ulcerativos en
los tejidos circundantes, al producirse la extravasaciénm.

Durante una administracién intfavascular, la
extravagsaclidén se observa por derrame de fluido, habitualmente
sangre, de una soluclén inyectada por via endovenosa o una
mezcla de ambas, de un vaso sanguineo o linfatico en el
tejido perivascular circundante.

El fenémeno de la extravasacidédn puede aparecer en varlias
situaciones, por ejemplo accidentalmente a través de una mala
posicién de la aguja dentro de 1la vena durante la
administracién endovenosa de la droga, con la consiguiente
fuga de la solucién medicada hacia el tejido perivascular
circundante.

Alternativamente, es posible que se produzca la
extravasacidén también en una vena demasiado pequeila, por
ejemplo en relaciédn con la velocidad de administracién y/o el
volumen de la solucién inyectada, o cuando ya estuviera

daflada por una administracién previa de la dgéga 0 por un

o



trauma.

La extravasacién de algunos fdrmacos administrados por
via endovenosa puede desembocar en ulceraciones
particularmente dolorosas y extendidas que requieren, en
algunos casos, la remocién quirdirgica del tejido interesado.

El fenémeno de extravasacién asociado con la
administracié4n endovenosa de drogas, particularmente evidente
en el caso de agentes antineoplasicos citotéxicos usados en
la quimioterapia, se ha difundido ampliamente en la
literatura. Véase, por ejemplo, Proc. Annu. Meet. Am. Soc.
Clin. Oncol. 13: Al1627, 1994; Seminars in Oncology, 27(3)
:347-61, 2000 Jun; Drug Safety, 12(4) :245-255, 1995 Abr.:;
Nuritinga: An electronic journal of nursing ISSN 1440-1541

i/ /www.healthsci . n i nuri

Aparte de los mencionados agentes quimioterapéuticos,
otras clases de drogas, sintéticas o naturales, administradas
por via endovenosa, pueden ejercer este tipo de accién nociva
si, luego de la extravasaclén, se ponen en contacto con
tejidos perivasculares.

Nos referimos, por ejemplo, a drogas que tienen
actividad antibidética, antimicética y también sedante.

Mas en general, los compuestos que pueden causar dafos
ulcerativos luego de la extravasacidén comprenden agentes
antineoplésicos tales como, pc;r ejemplo, los antagonistas de

tubulina, agentes alquilantes, antibiéticos, antimetabolitos,

109
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inhibidores de 1la topoisomerasa, inhibidores de 1la
anglogénesis y derivados de platino. Ademas, los mencionados
efectos colaterales pueden producirse también con otras
drogas tales como, por ejemplo, agentes antivirales o
vasosupresores y benzodiazepinas.

A este respecto, los ejemplos de compuestos especificos
que pueden producir daflos ulcerativos por extravasacién
incluyen, por ejemplo, amsacrina, vincristina, vinblastina,
vinorelbina, vindesina, gemcitablna, etopésido, dacarbazina,
estreptozocina, daunorrubicina, idarrubicina, epirrubicina,
doxorrubicina, alquilciclina (4~demetoxi-3'-deamino-3'-
aziridinil-4'-metilsulfonil-daunorrubilcina; cédigo interno
PNU 159548), plicamicina, penicilina, vancomicina,
cloranfenicol, bleomicina, mitomicina, actinomicina D,
paclitaxel, docetaxel, Sugen SU-5416, Sugen SU-6668,
amfotericina B, «cisplatino, carboplatino, ifoasfamida;
fluorouracilo, mecloretamina, mustina, carmustina,
estramustina, irinotecan, topotecan, epinefrina,
norepinefrina, dopamina, dobutamina.

Desde un punto de vista clinico no existen terapias
consolidadas, y de cierta eficacia, para la prevencién y
tratamiento de aquellas lesiones/ulceraciones que, en los
casos mis serios y en ausencia de tratamientos adecuados,
pueden avanzar hasta la necrosis de los tejidos interesados.

Sin embargo, se conocen en la técnica algunos remedios
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posibles para disminuir.- la toxicidad local de algunas de las
drogas mAs comunes que muestran una accién nociva luego de la
extravasacién. Véase, por ejemplo, la administracién tédpica
de dimetilsulféxido en el caso de la extravasacién de
antraciclina o mitomicina [Seminars in Oncology, 27(3):347-
61, 2000 Jun.], la inyeccién local de hialuronidasa en el
caso de alcaloides [Proc. Annu. Meet. Am. Chem. Soc. Clin.
Oncol., 13:A1627, 1994] o la inyeccién local de tiosulfato de
sodio en el caso de la mecloretamina [Drug Safety, 12
(4) :245-255, 1995 Abr.].

Como ya se informara, en los casos mas desfavorables en
los que los mencionados remedios no parecen ejercer el efecto
deseado, la «cirugia pléastica sigue siendo 1la dnica
posibilidad de intervencién.

Con el objeto de minimizar los efectos no deseados
asociados con la administracién endovenosa de agentes
terapéuticos capaces, al menos potencialmente, de causar
dafios ulcerativos por extravasacidédn, se conocen en el arte
formulaciones especificas. Véanse, por elemplo, las
formulaciones de antraciclina liposomal con un perfil de
tolerabilidad mejorado en comparacién con las formulaciones
convencionales [Journal of Controlled Release, 53(1-3):275-9,
1998 Abr. 30] y el uso de ciclodextrinas en la preparacién de
formulaciones para la via parenteral (US 5.804.568 a nombre

de Supergen Inc).

10%
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Se sabe, sin embargo, que la encapsulacién en liposomas,
como asi también la inclusién/asociacién con ciclodextrinas
de varios principios activos puede dar como resultado, en
general, una notable variacidn del perfil farmacocinético de
la sustancia terapéutica propiamente dicha.

Hemos descubierto ahora, inesperadamente, que 1la
arginina (The Merck Index, XII Ed. No.817) resulta ser
particularmente efectiva en la prevencién y tratamiento de
los efectos colaterales debidos a 1los fendémenos de
extravasacién asociados con la administracién endovenosa de
algunas drogas.

El uso de aminodcidos basicos y, méds particularmente, de
arginina, en la fabricacién de formulaciones endovenosas de
estramustina también se ha presentado en la solicitud de
patente internacional WO 01/19372 a nombre de esta
solicitante.

Sin embargo, como alli se manifiesta, la arginina actaa
contra posibles tromboflebitis que, segdn se sabe, ocurren en
el sitio de la inyeccién con las administraciones endovenosas
de estramustina.

Es por lo tanto un objeto de la presente invencién el
uso de arginina, y de sus sales farmacéuticamente aceptables,
en la preparaclén de un medicamento para la prevencién y
tratamiento de los efectos colaterales asociados con la

extravasacién de drogas administradas por via endovenosa.
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De acuerdo con una- forma de realizacién preferida de la
invencién, el término arginina se refiere al aminoacido
esencial en su forma o6pticamente activa de L-arginina,
opcionalmente en la forma de sal farmacéuticamente aceptable
para la administracién parenteral.

Las sales farmacéuticamente aceptables comprenden las
sales de adicién &cidas con &cidos organicos o inorgénicos
tales como, por ejemplo, &cide clorhidrico, glutamico y
aspéartico.

Preferentemente, la presente invencién se refiere al uso
de arginina o clorhidrato de arginina.

Debido al perfil de seguridad y tolerabilidad que
caracteriza a la arginina y sus sales farmacéuticamente
aceptables, su amplia disponibilidad y versatilidad en el
uso, la presente invencién resulta ser especialmente
ventajosa, en la terapia, en la administraclié4n endovenosa de
varias drogas.

De acuerdo con una forma de realizacién preferida de la
invencién, la arginina resulta ser particularmente ventajosa
en la prevencién y tratamiento de daflos perivasculares
asociados con la administracién endovenosa de drogas con
actividad antitumoral, como por ejemplo antagonistas de
tubulina, agentes alquilantes, antibiéticos, antivirales,
antimetabolitos, inhibidores de la topoisomerasa, inhibidores

de la angiogénesis y derivados de platino.
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A este respecto, se prefiere particularmente el uso de
arginina en 1la terapia antitumoral que comprende la
administracién endovenosa de antraciclinas y derivados tales
Como la doxorrubicina, epirrubicina, idarrubicina,
daunorrubicina, alquiciclina {4-demetoxi-3'-deamino-3'-
aziridinil-4'-metilsulfonil-daunorrubicina; cédigo internco
PNU 159548), taxanos tales como paclitaxel y docetaxel;
fosfato de estramustina; Sugen SU-5416 y Sugen SU-6668; como
agentes individuales o en asociacién con otros agentes
quinioterapéuticos convencionales.

La arginina, de acuerdo con el objeto de la presente
invencién, puede ser administrada simulténea o
secuencialmente con la administracién de la droga a ser
inyectada por via endovenosa.

En el primer caso, la arginina puede estar presente como
constituyente de la formulacién propiamente dicha.

Como ejemplo, de acuerdo con el tipo de droga a ser
administrada, la arginina puede estar presente en combinacién
con el principio activo, en forma de sal de arginina, o como
ingrediente adicional, junto con cualesquier otros
excipientes farmacéutlicos para uso parenteral.

Un ejemplo tipico de formulaciédn capaz de prevenir los
fen6menos ulcerativos que siguen a la posible extravasacién
de fosfato de estramustina, cuandc se administra por via

endovenosa, es simplemente una formulacién que comprende

|0
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fosfato de estramustina como la sal de arginina, como se
expresa en los ejemplos.

Alternativamente, como se 1indica previamente, la
arginina puede estar presente en la solucién que contiene el
principlo activo a ser inyectado en forma endovenosa, como
ingrediente adicional.

En ese caso, por ejemplo en la terapia que comprende la
administracién endovenosa del fosfato de estramustina, el
principio activo puede estar constituido por una sal
farmacéuticamente aceptable, por ejemplo la sal con N-
metilglucamina, conocida también como meglumina.

Ademds de lo indicado previamente y debido al perfil de
seguridad que caracteriza a la arginina, la misma puede estar
presente como una sal en la formulacién a ser inyectada, en
combinacién con el principio activo, y también comeo
ingrediente adicional.

Al preparar dicha formulacién, el especialista
comprenderd fdcilmente que se requiere mds de un equivalente
de arginina por equivalente de principio activo.

De lo anterior se desprende gque pueden aplicarse
consideraciones andlogas para formulaciones de uso endovenoso
gue comprenden un principio activo que no sea el fosfato de
estramustina y en todo caso capaz de causar fenémenos
ulcerativos luego de la extravasacidn.

Como se indicara previamente, la arginina puede ser
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también administrada en:-forma separada del principio activo,
por ejemplo trabajando como se describe en la literatura para
solucicnes que contienen tiosulfato o &cido hialurdénico de
uso local luego de observarse los fendémenos de extravasacién.

En ese caso, una 8solucién de arginina fisiolégica
inyectable, opcionalmente en asoclacidén con otros excipientes
farmacéuticamente aceptables, puede ser administrada a través
de la inyeccidn local en la proximidad del area daflada por la
administracién endovenosa previa de la droga.

Entre los estudios pre-clinicos necesarios para una
droga que ha de administrarse en forma endovenosa, se
encuentra la evaluaclén de las reacciones locales que
pudieran existir en caso de producirse una administracién
parcial accidental de la droga fuera del vaso proplamente
dicho.

Dicho estudio, por ejemplo llevado a cabo con el modelo
experimental descripto mas abajo, permite evaluar la
capacidad de irritacién/dafio histolédgico de drogas
administradas por via endovenosa, una vez extravasadas.
Generalmente, aun cuando el examen clinico e histolégico del
sitic de inyeccién en los estudios toxicolégicos repetidos
permite dar una indicaclén de la tolerabilidad local a la
droga, se prefiere de todos modos llevar a cabo un estudio
ad hoc.

A este respecto, cualquier resultado obtenido en el

He
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modelo animal es Gtil para entender si wuna posible
extravasacién accidental, en el usc clinico, puede producir
los mencionados inconvenientes en el sitio de administracién.
Con el objeto de imitar cualquier posible situacién clinica,
el modelo que se considera usualmente es la administracién
paravenosa {(vena marginal) en la oreja del conejo.

Como ejemplo, una cantidad limitada del compuesto a ser
testeado (0,3-0,5 ml) se inyecta en el sitio perivasal; el
sitio de inoculacién se examina cuildadosamente durante al
menos una semana.

Para evaluar posibles alteraciones en el sitio de
inyeccién en la forma mas correcta y objetiva posible, se usa
un sistema de “puntaje”.

Se presta especial atencién a la presencia de eritema,
edema inflamatorio y posibles apariciones de escaras,
ulceraciones o lesiones con costras. Generalmente, cada
animal es el control de si mismo y la oreja opuesta recibe el
vehiculo, © sea la misma solucién que no contiene el
principio activo.

La concentracién mis elevada del compuesto a ser
testeado es la concentracién méxima pretendida en la practica
clinica.

Usualmente, se sacrifican dos animales: uno en la fase
aguda, luego de la administracién de la droga (48-72 horas)

y otro mAs tarde, al menos una semana después de la

444
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administracién de la droga.

De esa manera, se lleva a cabo el examen histolégico de
todos los sitios de inyeccién.

Como se manifestara previamente, la arginina puede estar
presente en la formulacién a ser inyectada a los fines de
prevenir y tratar los daflos por extravasacién, sea en
combinacidén y/o asociacién con uno o mas principios activos
o, alternativamente, per se, mis exciplentes fisioldégicos
convencionales.

Dichas formulaciones se preparan de acuerdo con técnicas
convencionales wusadas en la preparacién de formas
farmacéuticas para administracién endovenosa y pueden
contener también otros excipientes farmacéuticamente
aceptables para uso parenteral tales como por ejemplo agentes
para carga (p.ej. lactosa o manitol), reguladores de pH,
antioxidantes, conservantes, requladores de la tonicidad y
similares.

Los siguientes ejemplos tienen como objeto ilustrar
mejor la presente invencién sin limitarla en forma alguna.

Ejemplo 1 ]
Preparacién de la sal de fosfato de estramustina con arginina

Se pesaron 300 mg de fosfato de estramustina en un
cubilete y se dispersaron en 5 ml de agua bajo agitacién
magnética. Se agregaron a continuacién 101 mg de base de

arginina, bajo agitacién, a 1la dispersidn acuosa del

w9
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principio activo y, luego de pocos minutos, se obtuvo . una
solucién clara.

La solucién asi preparada se diluyé luego con agua hasta
un volumen final de 10 mlL de modo de alcanzar una
concentracién final de 30 mg/ml de fosfato de estramustina y
10,1 mg/ml de arginina (relacién molar 1:1, respectivamente).

Una solucién preparada como se describe previamente,
esterilizada apropiadamente por filltracién, se tested en
materia de su tolerabilidad local en el animal, luego de la
extravasacién.

Ejemplo 2
Preparacion de la sal de fosfato de estramustina con
arginina, en mezcla con arginina

Se pesaron 300 mg de fosfato de estramustina en un
cubilete y se dispersaron en 5 ml de agua bajo agitacién
magnética. Se agregaron a continuacién 202 mg de base de
arginina, bajo agitacién, a la dispersién acuosa del
principio activo y, luego de pocos minutos, se obtuvo una
solucién clara. El pH bédsico de la soluciédn obtenida se llevd
al valor fisiolégico de alrededor de 7,5 mediante la adicién
lenta de &cido clorhidrico.

La solucién asi preparada se diluyd luege con agua hasta
un volumen final de 10 ml de modo de alcanzar una
concentracién final de 30 mg/ml de fosfato de estramustina y

20,2 mg/ml de arginina (relacién molar 1:2, respectivamente).

It5
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Una solucién preparada como se describe previamente,
esterilizada apropiadamente por filtracibén, se tested en
materia de su tolerabilidad local en el animal, luego de la
extravasacién.

Ejemplo 3
Preparacién de la sal da fosfato de estramustina con X-metil-
glucamina, en mezcla con arginina

Se pesaron 300 mg de fosfato de estramustina en un
cubilete y se dispersaron en 5 ml de agua bajo agitacién
magnética. Se agregaron a continuacién 120,8 mg de N-metil-
glucamina, bajo agitacién magnética, a la dispersién del
principio activo y, luego de un par de minutos, se obtuvo una
solucién clara. Se agregd entonces a la solucién preparada,
bajo agitacién, una cantidad de arginina correspondiente a
202 mg usando una mezcla apropiada de base de arginina y
clorhidrato de arginina de modo de mantener el pH final lo
mis cerca posible del pH fisioldgico (alrededor de 7,5). La
solucién asi preparada se diluye luego con agua hasta un
volumen final de 10 ml de modo de alcanzar una concentracién
final de 30 mg/ml de fosfato de estramustina y 20,2 mg/ml de
arginina (relacién molar 1:2, respectivamente).

Se sometié a prueba una solucién preparada como se
describe previamente, debidamente esterilizada por
filtracién, en materia de su tolerabilidad en el animal luego

de la extravasacién.

14
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Ejemplo 4

También se prepard la formulacién descripta en el
ejemplo anterior disolviendo la formulacién liofilizada
comercializada como Estracyt®, que contenia 300 mg del
principio activo por frasco ampolla.

La reconstitucién de la formulacién se llevé a cabo
usando 10 ml de una solucién que contenia 20,2 mg/ml de
arginina de modo de alcanzar una concentracién final de
30 mg/ml de fosfato de estramustina y 20,2 mg/ml de arginina
(relacién molar 1:2, respectivamente).

La solucién de arginina utilizada para disolver el
1i6filo comercial se prepardé disclviendo en agua cantidades
apropiadas de base de arginina y clorhidrato de modo de
obtener una concentracién final de 20,2 mg/ml y un pH lo mis
cercanc posible al fisiolégico (alrededor de 7,5).

Ejemplo 5
Praparacién de una formulacién con contanido de doxorrubicina
y arginina en una concentracién molar da 1:1

Se pesaron 40 mg de clorhidrato de doxorrubicina y 12 mg
de arginina en un frasco de 20 ml. La mezcla se disolvié
luego en 15 mi de solucién fisiolégica (NaCl 0,9% p/v) bajo
agitacién magnética. A la solucién asi obtenida se le agregd
sequidamente una solucién de HCl a pH=3. La solucién asi
preparada se diluyé luego con la menclonada solucién

fisioldgica hasta un volumen final de 20 ml de modo de
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alcanzar una concentracién final de 2 mg/ml de doxorrubicina
y 0,6 mg/ml de arginina {relacién molar 1:1,
respectivamente).

Una solucién preparada como se describe previamente,
debidamente esterilizada por filtracién, se tested en materia
de su tolerabilidad local en el animal 1luego de la
extravasacién.

Ejemplo 6
Preparacién de una formulacién con contenido de doxorrubicina
Y arginina en una concentracién molar de 1:2

Trabajando en forma an&loga a la descripta en el ejemplo
5 y usando una cantidad doble de arginina, o sea 24 mg de
arginina por 40 mg de clorhidrato de doxorrubicina, se
prepard una soluciédn que contenia doxorrubicina y arginina en
una relacién molar de 1:2, respectivamente.

Una solucién preparada como se describe previamente,
debidamente esterilizada por filtracidén, se tested en materia
de su tolerabllidad local en el animal luego de la
extravasacién.

Ejemplo 7
Preparacién de una formulacién para uso endovenoso que
contenia Sugen SU 5416 y arginina en una relacidén molar de
1:1
En un frasco graduado de 20 ml se diluyeron 10 ml de una

solucién acuosa de NaCl (0,9% p/v) con 10 ml de agua con el

\18
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objeto de obtener una solucién al 0,45% p/v de cloruro de
sodio.

39,79 mg de clorhidrato de arginina se disolvieron luego
en la solucidén asi obtenida mediante una simple agitacién
manual.

La solucién solvente asi preparada se utilizé luego para
diluir una solucién del compuesto Sugen SU 5416 que tenia la

siguiente composicién:

Componente Cantidad en % (p/v) dentro de la formulacién
Sugen SU 5416 0,45%

PEG 400 45%

Alcohol bencflico 2%

Cremophor EL 31,5%

Etanol anhidro g.b. a 1000

La dilucién se llevd a cabo mezclando una parée de la
formulacién que contenia el principio activo con dos partes
del solvente que contenia arginina de modo de obtener una
solucién que contenia Sugen SU 5416 y arginina en una
relacidén molar de 1l:1.

Una solucién preparada como se describe previamente,
debidamente esterilizada por filtracién, se tested en materia
de su tolerabilidad local en el animal luego de 1la

extravasacién.

\9
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- Ejemplo 8

Preparacién de una formulacién para via endovenosa que
contenia Sugen SU 5416 y arginina en una relacién molar de
1:2

Trabajando en forma andloga a la expresada en el ejemplo
7, pero usando 79,58 mg de clorhidrato de arginina, se obtuvo
una solucidén que contenia Sugen SU 5416 y arginina en una
relacién molar de 1:2, respectivamente.

Una soluciédn preparada como se describe previamente,
debidamente esterilizada por filtracién, se tested en materia

de su tolerabilidad local en el animal luego de 1la

extravasacién.
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REIVINDICACIONES

1. Utilizacién de arginina, y de sales farmacéuticamente
aceptables de la misma, en la preparacién de un medicamento
para la prevencién y tratamiento de los efectos colaterales
asociados con la extravasacién de drogas administradas por
via endovenosa.

2. Utilizacidén de acuerdo con la reivindicacién 1,
caracterizada porque la arginina es en forma de base de
arginina ¢ su sal de clorhidrato.

3. Utilizacién de acuerdo con la reivindicacién 1,
caracterizada porque las drogas administradas por via
endovenosa son agentes antineopléasicos.

4. Utilizacién de acuerdo con la reivindicacién 3,
caracterizada porque 1los agentes antineopldsicos se
seleccionan entre antagonistas de tubulina, agentes
alquilantes, antibiéticos, antivirales, antimetabolitos,
inhibidores de 1la topolsomerasa, inhibidores de 1la
angiogénesis y derivados de platino, usados individualmente
o en comblnacién o en asociacién con otros agentes
quimioterapéuticos convencionales.

5. Utilizacién de acuerdo con la reivindicacién 3,
caracterizada porque el agente antineopldsico se selecclona
entre doxorrubicina, epirrubicina, idarrubicina,
daunorrubicina, alquiciclina (4-demetoxi-3'-deamino-3'-

aziridinil-4'-metilsulfonil-daunorrubicina; cédigo interno

2l
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PNU 159548), paclitaxel, docetaxel, fosfato de estramustina,
Sugen SU-5416 y Sugen SU-6668, y sales farmacéuticamente
aceptables de los mismos; utilizados como agentes
individuales o en combinacién o en asociacién con otros
agentes gquimiocterapéuticos convencionales.

6. Utilizacién de acuerdo con la reivindicacién 5,
caracterizada porque el agente antineoplésico es fosfato de
estramustina, doxorrubicina o Sugen SU 5416, y sales
farmacéuticamente aceptables de los mismos.

7. Utilizacién de una composicién para administracién
endovenosa, caracterizada porque comprende un agente
antineoplésico y arginina, en 1la preparacién de un
medicamento antitumoral que previene y trata los efectos
colaterales asociados con la extravasacién de dicho agente
antineoplasico.

8. Utilizacién de acuerdo con la reivindicacién 7,
caracterizada porque el agente antineopldsico se selecclona
entre doxorrubicina, Sugen SU 5416, fosfato de estramustina
y sales farmacéuticamente aceptables de los mismos.

9. Utilizacién de acuerdo con la reivindicacién 7,
caracterizada porque la arginina es en forma de base de
arginina o como una sal farmacéuticamente aceptable de la
misma.

10. Utilizacién de acuerdo con la reivindicacién 7,

caracterizada porque el agente antineopldsico es en forma de
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sal de arginina.

11. Un producto o kit para usar en una terapia
antitumoral que comprende:

i) una formulacidn endovenosa de un agente
antineopldsico;

y

ii) una formulacién parenteral de arginina o una sal
farmacéuticamente aceptable de la misma;

para la prevenclén o tratamiento de 1los efectos
colaterales asociados con la extravasacién de dicho agente
antineopléasico.

12. Un método para prevenir y tratar los efectos
colaterales asociados con la extravasacién de un agente
antineopléasico administrado por via endovenosa que comprende
la administracién de dicho agente antineoplédsico y arginina
a un mamifero que lo necesite.

13. El1 método de acuerdo con la relvindicacién 12,
caracterizado porque la arginina estd en forma de base de
arginina o como sal farmacéuticamente aceptable de la misma.

14. El método de acuerdo con la reivindicacién 12,
caracterizado porque el agente antineopldsico se selecciona
entre un antagonista de tubulina, agentes alquilantes,
antibiéticos, antivirales, antimetabolitos, inhibidores de la
topoisomerasa, inhibidores de la angiogénesis y derivados de

platino, usados 1individualmente © en combinacién o en
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asociacién con otros agentes quimioterapéuticos
convencionales.

15. El método de acuerdo con la reivindicacién 14,
caracterizado porque el agente antineopldsico se selecciona
entre doxorrubicina, epirrubicina, idarrubicina,
daunorrubicina, alquiciclina (4-demetoxi-3'-deamino-3'-
aziridinil-4'-metilsulfonil-daunorrubicina; cédigo interno
PNU 159548), paclitaxel, docetaxel, fosfato de estramustina,
Sugen SU-5416 y Sugen SU-6668, y sales farmacéuticamente
aceptables de los mismos; utllizados como agentes
individuales o en combinacién o en asoclacién con otros

agentes quimioterapéuticos convencionales.

16. El1 método de acuerdo con la reivindicacién 15,.

caracterizado porque el agente antineopldsico es fosfato de
estramustina, doxorrubicina o Sugen SU 5416, y sales
farmacéuticamente aceptables de los mismos.

17. El1 método de acuerdo con la reivindicacién 12,
caracterizado porque el agente antineoplasico estd en forma
de sal de arginina.

18. El1 método de acuerdo con la reivindicacién 12,
caracterizado porque el mamifero que lo necesita es un
humano.

19. Una formulacidén para uso endovenoso que comprende
arginina o una sal farmacéuticamente aceptable de la misma,

y un agente antineoplasico seleccionado entre doxorrubicina,
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epirrubicina, idarrubicina, daunorrubicina, alquiciclina (4-
demetoxi-3'~-deamino-3'-aziridinil-4'-metilsulfonil-
daunorrubicina; c¢édigo interno PNU 159548), paclitaxel,
docetaxel, fosfato de estramustina, Sugen SU-5416 y Sugen SU-
6668, y sales farmacéuticamente aceptables de los mismos;
utilizados como agentes individuales o en combinacién o en

asociacién con otros agentes quimioterapéuticos

convencionales.
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