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ESTERS OF 5~-AMINOLEVULINIC ACID AS PHOTOSENSITIZING AGENTS IN

PHOTOCHEMOTHERAPY

The present invention relates to novel derivatives
of 5-aminolevulinic acid (ALA) and in particular to
novel esters of ALA useful as photosensitizing agents in
photochemotherapy.

Photochemotherapy, or photodynamic therapy (PDT) as
it is also known, is a recently up-coming technique for
the treatment of various abnormalities or disorders of
the skin or other epithelial organs or mucosa,
especially cancers or pre-cancerous lesions, as well as
certain non-malignant lesions for example skin
complaints such as psoriasis. Photochemotherapy
involves the application of photosensitizing
(photochemotherapeutic) agents to the affected area of
the body, followed by exposure to photoactivating light
in order to activate the photosensitizing agents and
convert them into cytotoxic form, whereby the affected
cells are killed or their proliferative potential
diminished.

A range of photosensitizing agents are known,
including notably the psoralens, the porphyrins, the
chlorins and the phthalocyanins. Such drugs become
toxic when exposed to light.

Photosensitizing drugs may exert their effects by a
variety of mechanisms, directly or indirectly. Thus for
example, certain photosensitizers become directly toxic
when activated by light, whereas others act to generate
toxic species, e.g. oxidising agents such asg singlet
oxXygen or other oxygen-derived free radicals, which are
extremely destructive to cellular material and

- biomolecules such as lipids, proteins and nucleic acids.
Psoralens are an example of directly acting
photosensitizers; upon exposure to light they form
.adducts and cross-links between the two strands of DNA
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mutagenic and carcinogenic side effects may occur.

This disadvantage may be avoided by selecting
photosensitizers with an alternative, indirect mode of
action. For example porphyrins, which act indirectly by
generation of toxic oxygen species, have no mutagenic
side effects and represent more favourable candidates
for photochemotherapy. Porphyrins are naturally
occurring precursors in the synthesis of heme. 1In
particular, heme is produced when iron (Fe3*) is
incorporated in protoporphyrin IX (Pp) by the action of
the enzyme ferrochelatase. Pp is an extremely potent
photosensitizer, whereas heme has no photosensitizing
effect.

One such porphyrin-based drug, Photofrin, has
recently been approved as a photosensitizer in the
therapy of certain cancers. The main disadvantage is
that since it must be administered parenterally,
generally intravenously, cause photosensitization of the
skin which may last for several weeks following i.v.
injection. Photofrin consists of large oligomers of
porphyrin and it does not readily penetrate the skin
when applied topically. Similar problems exist with
other porphyrin-based photosensitizers such as the so-
called "hematoporphyrin derivative" (Hpd) which has also
been reported for use in cancer photochemotherapy (see
for example S. Dougherty. J. Natl. Cancer Ins., 1974,
852; 1333; Kelly and Snell, J. Urol, 1876, 115 : 150).
Hpd is a complex mixture obtained by treating
haematoporphyrin with acetic and sulphuric acids, after
which the acetylated product is dissolved with alkali.

To overcome these problems, precursors of Pp have
been investigated for photochemotherapeutic potential.
In particular the Pp precursor S-aminolevulinic acid
(ALA) has been investigated as a photochemotherapeutic
agent for certain skin cancers. ALA, which is formed
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For exanpl e porphyrins, which act |nQ & -yrby=g qrerati on of toxic oxygen
speci es, have no nmutagenic side effects and represent nore favourable

candi dat es for phot ochenot herapy. Porphyrins are naturally occurring
precursors in the synthesis of hene. In pacttgcular, hene is produced when
.iron (Fe[err]) is incorporated in protoporphyrin I X (Pp) by the action of
from succinyl CoA and glycine in the first step of heme

synthesis, is to a limited extent able to penetrate the
skin and lead to a localised build-up of Pp; since the
action of ferrochelatase (the metallating enzyme) is the
rate limiting step in heme synthesis, an excess of ALA
leads to accumulation of Pp, the photosensitizing agent.
Thus, by applying ALA topically to skin tumours, and
then after several hours exposing the tumours to light,
a beneficial photochemotherapeutic effect may be
obtained (see for example WOS1/01727). Since the skin
covering basilomas and squamous cell carcinomas is more
readily penetrated by ALA than healthy skin, and since
the concentration of ferrochelatase is low in skin
tumours, it has been found that topical application of
ALA leads to a selectively enhanced production of Pp in

tumours.
However, whilst the use of ALA represents a

significant advance in the art, photochemotherapy with
ALA is not always entirely satisfactory. ALA is not
able to penetrate all tumours and other tissues with
sufficient efficacy to enable treatment of a wide range
of tumours or other conditions and ALA also tends to be
unstable in pharmaceutical formulations. A need
therefore exists for improved photochemotherapeutic
agents.

The present invention addresses this need and in
particular aims to provide novel photochemotherapeutic
agents which are better able to penetrate the tumour or
other abnormality, and which have an enhanced
photochemotherapeutic effect over those described in the
prior art.

In one aspect, the present invention thus provides
compounds being esters of S5-aminolevulinic acids or

- pharmaceutically acceptable salts thereof.

In the esters of the invention the S5-amino group

may be substituted or ungubstituted, the latter case
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More particularly, the compounds of the invention
are esters of 5-aminolevulinic acids with opticnally
substituted alkanols, ie. alkyl esters or substituted
alkyl esters.

Alternatively viewed, the invention can therefore
be seen to provide compounds of formula I,

R2N-CH,COCH, - CH,CO-OR* (I)

{wherein R! may represent alkyl optionally substituted by
hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino,

aryl, oxo or fluoro groups and optionally interrupted by
oxygen, nitrogen, sulphur or phosphorus atoms; and R?,
each of which may be the same or different, represents a
hydrogen atom or a group R!) and salts thereof.

The sustituted alkyl R! groups may be mono or poly-
substituted. Thus suitable R! groups include for example
unsubstituted alkyl, alkoxyalkyl, hydroxyalkoxyalkyl,
polyhydroxyalkyl, hydroxy poly alkyleneoxyalkyl and the
like. The term "acyl" as used herein includes both
carboxylate and carbonate groups, thus, acyloxy
substituted alkyl groups include for example
alkylcarbonyloxy alkyl. In such groups any alkylene
moieties preferably have carbon atom contents defined
for alkyl groups below. Preferred aryl groups include
phenyl and monocyclic 5-7 membered heteroaromatics,
especially phenyl and such groups may themselves
optionally be substituted.

Representative substituted alkyl groups R! include
alkoxymethyl, alkoxyethyl and alkoxypropyl groups or
acyloxymethyl, acyloxyethyl and acyloxypropyl groups eg.
pivaloyloxymethyl.

Preferred compounds of the invention, include those
wherein R! represents an unsubstituted alkyl group and/or
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cancers. ALA, which is forned

first step of heme synthesis, is R able to penetrate the
skin and lead to a |l ocalised build- up of Pp, since the action of
ferrochel atase (the netallating enzyne) is th& fate limting step in hene
synthesis, an excess of ALA |eads to accunul ation of Pp, the
photosensi tizi ng agach RYhrepresentipphyhydrodeh tamomcal |y to skin tunours,
and As used herein, the term "alkyl" includes any long
or short chain, straight-chained or branched aliphatic
saturated or unsaturated hydrocarbon group. The
unsaturated alkyl groups may be mono- or polyunsaturated
and include both alkenyl and alkynyl groups. Such
groups may contain up to 40 carbon atoms. However,
alkyl groups containing up to 10 eg. 8, more preferably
up to 6, and especially preferably up to 4 carbon atoms
are preferred.

Particular mention may be made of ALA-methylester,
ALA-ethylester, ALA-propylester, ALA-hexylester, ALA-
heptylester and ALA-octylester and salts thereof, which
represent preferred compounds of the invention.

The compounds of the invention may be prepared
using standard processes and procedures well-known in
the art for derivatization of multi-functional
compounds, and especially esterification. As known in
the art, such esterification of compounds may involve
protection and deprotection of appropriate groups such
that only the required groups remain active and take
part in the reaction under the conditions of the
esterification. Thus for example the substituents of
substituted alkanols used to prepare the esters may be
protected during esterification. Similarly the NR,?
group on the compound contributing this group to
compounds of formula I may be protected during the
reaction and deprotected thereafter. Such
protection/deprotection procedures are well known in the
art for the preparation of derivatives, and in
particular, esters of well known amino-acids, see for
example Mcomie in "Protective Groups in Organic
Chemistry", Plenum, 1973 and T.W. Greene in "Protective
Groups in Organic Chemistry", Wiley-Interscience, 1981.

In a further aspect, the present invention thus

_ provides a process for preparing the compounds of the
invention, comprising forming an ester of the carboxy
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then after several hours exposing the tunours to |ight, a beneficial
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application of AL eads to a selec F—errenced—prdduction-of Pp In
tumours. However, whilst the use of ALA represents a significant advance in

the art, photochenotherapy with ALA is not always entirely satisfactory.
ALA is not able to penetrate all tunours apdgofher tissues with sufficient
efficacy to enable treatnent of a wide range of tunours or other conditions

and ALA al so tend%rtoqpbgfugsga&h&gl@ﬂﬁghﬂgcﬁ&pal formul ations. A need
therefore exists For I O ekt oy wan Bhilg B4 seen taplovide a process
for preparing the compounds of the invention, comprising
reacting a 5-aminolevulinic acid, or an esterifiable
derivative thereof, with an alkanol or an ester-forming
derivative thereof.

More particularly, this aspect of the invention
provides a process for preparing compounds of formula I,
which process comprises at least one of the following

steps:

(a) reacting a compound of formula II
RgN-CHz('.'OCHz-CHzCO-X (II)

(wherein X represents a leaving group, for example a
hydroxyl group, a halogen atom or alkoxy group or COX
represents an acid anhydride group and R? is as
hereinbefore defined)

with a compound of formula IXII

R}-OH (III)
(wherein R* is as hereinbefore defined); and

{b} converting a compound of formula I into a
pharmaceutically acceptable salt thereof.

The reaction of step (a) may conveniently be
carried out in a solvent or mixture of solvents such as
water, acetone, diethylether, methylformamide,
tetrahydrofuran etc. at temperatures up to the boiling
point of the mixture, preferably at ambient
temperatures.

The conditions of the esterification reactions will
depend of the alcohol used and the conditions may be
chosen such that maximum yield of the ester is obtained.
Since the esterification reactions are reversible
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t he conpounds for use accerding

equilibrium reactions, reaction conditions may be
selected in such a way that maximum yield of the ester
product is obtained. Such conditions may be obtained by
selecting a solvent which is capable of removing the
water formed in a typical esterification reaction by
forming an azeotrope with water. Such solvents are
exemplified by aromatic hydrocarbons or others capable
of forming azeotropes with water, e.g. some chlorinated
hydrocarbons such as chloroform. For the formation of
the lower esters of 5-ALA the equilibrium reaction may
be driven to the ester side by using a large excess of
the alcohol. With other esters the equilibrium may be
driven towards the ester product by using a large excess
of the acid.

Esterification reactions are well-known in the art
for example, as described by Saul Patai in "The
chemistry of the carboxylic acids and esters", (Ch. 11,
P. 505, Interscience 1969) and Houban Weyl, (Methoden -
der Organische Chemie, Band E5, "Carbonsauren und
carbonsauren-derivate”, p. 504, Georg Thieme Verlag,
1985). The formation of derivatives of amino-acids are
described in Band XI/2 of the same series, (Houben Weyl,
Methoden der Organische Chemie, Band XI/2,
"Stickstoffverbindungen®, p. 269, Georg Thieme Verlag,

1958) .
The reaction will conveniently be carried out in

the presence of a catalyst, eg. an inorganic or organic
acid or an acid binding agent such as a base.

The compounds used as starting materials are known
from the literature, and in many cases commercially
available, or may be obtained using methods known pexr
8¢. ALA, for example, is available from Sigma or from
Photocure, Oslo, Norway.

As mentioned above, the compounds of the invention
may take the form of pharmaceutically acceptable salts.
Such salts preferably are acid addition salts with
physiologically acceptable organic or inorganic acids.
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to the invention are esters of 5-amnolevulinic acids with optlonally

substi t ut ed al kanol s, die.—-al kyl esters or substituted al kyl esters.

Dat abase Xfire, entries 3060978, 5347132, 5499790, 5620924, 5633390,
5991317 and 6517740 (Beilstein); QPSsph. VU0 Rer ha KK, Patent Abstracts
of Japan, Vol Xpoodie12156 (C- 0930) o o 16179 (T GE9300838 2
KK); GB-A-2058077 (Hudson et al) ahe gehri nger Sohn

I ngel hei m) describe al kyl ester derivative of S5=am=bdl evul i nic acid, and
derivatives and salts thereof and processes for their preparation,
Alternatively viewed, the invention can thergfaore be seen to provide
conpounds of formula I, Rlerr]NCH err] COCH err] - CH[err]CC>CR[err] (wherein
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and R2, citriec, tartaric, succinic, maleic, fumarzc and ascorbic
acids. Procedures for salt formation are conventional
in the art.

As mentioned above, the compounds of the invention
and their salts have valuable pharmacoclogical
properties, namely a photosensitizing agent which
renders them useful as photochemotherapeutic agents.

Like ALA, the compounds exert their effects by
enhancing production of Pp; upon delivery to the desired
site of action hydrolytic enzymes such as esterases
present in the target cells break down the esters into
the parent ALA, which then enters the haem synthesis
pathway and leads to a build-up of Pp. However, the
compounds of the invention have a number of advantages
over ALA itself. Firstly, the novel compounds are
better able to penetrate skin and other tissues as
compared with ALA; the penetration is both deeper and
faster. This is an important advantage, especially for
topical administration. Secondly, the esters have
surprisingly been found to be better enhancers of Pp
production than ALA; Pp production levels following
administration of the ALA esters are higher 'than with
ALA alone. Thirdly, the compounds of the invention
demonstrate improved selectivity for the target tissue
to be treated, namely the Pp production-enhancing effect
is localised to the desired target lesion and does not
spread to the surrounding tissues. This is especially
evident with tumours. Finally, the novel compounds
appear to localise better to the target tissue upon
administration. This is especially important for
systemic application, since it means that undesirable
photosensitization effects, as reported in the
literature for other porphyrin-based photosensitizers,
may be reduced or avoided.

A further aspect of the present invention
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The substituted al kyl R err] groups nmay be nono or poly- substituted. Thus
suitable R err] groups include for exanple unsubstituted al kyl,

al koxyal kyl , hywioseasaizkoxyal kyl poI yhydroxyal kyl, hydroxy pol dcr/cBos/oosss
alkyleneoxyalkyl and the |ike. [TOoe—Fes=y Hwacyl * as used herein includes both
car boxyl ate and car bonate groups, HE%EHE TAGA, XV Spbstituted al kyl groups

i nclude for exanpl e al kyl carbo oxyRBPKNbEp ch groups any al kyl ene
noi eties preferably have carbon atomres B deffl ned for al kyl groups
below. Preferred aryl groups include -5- phenyl and nonocyclic 5-7
menber ed het er oar osecordingly provides a pharmaceutical composition

comprising a compound of the invention, or a
pharmaceutically acceptable salt thereof, together with
at least one pharmaceutical carrier or excipient.

In a still further aspect, there is also provided
the use of a compound of the invention, or a '
pharmaceutically acceptable salt thereof, for the
preparation of a therapeutic agent for use in
photochemotherapy, and especially for the treatment of
disorders or abnormalities of external or internal
surfaces of the body which are responsive to
photochemotherapy.

The abnormalities and disorders which may be
treated according to the present invention include any
malignant, pre-malignant and non-malignant abnormalities
or disorders responsive to photochemotherapy eg. tumours
or other growths, skin disorders such as psoriasis or
actinic keratoses, skin abrasions, and other diseases or
infections eg. bacterial, viral or fungal infections,
for example Herpes virus infections. The invention is
particularly suited to the treatment of diseases,
disorders or abnormalities where discrete lesions are
formed to which the compositions may be directly applied
(lesions is used here in a broad sense to include
tumours and the like).

The internal and external body surfaces which may
be treated according to the invention include the skin
and all other epithelial and serosal surfaces, including
for example mucosa, the linings of organs eg. the
respiratory, gastro-intestinal and genito-urinary
tracts, and glands with ducts which empty onto such
surfaces (e.g. liver, hair follicles with sebaceous
glands, mammary glands, salivary glands and seminal
vesicles). 1In addition to the skin, such surfaces
include for example the lining of the vagina, the
endometrium and the urothelium. Such surfaces may also
include cavities formed in the body following excision

Thls Sheet Has Been Replaced

(A II




especi ally phenyl and such groups may thensel ves optionally be substituted.
Representative substituted al kyl groups R err] include al koxynethyl,

al koxyet hyl and al koxypropyl groups or acyl oxynethyl, acyl oxyethyl and

acyl oxypropyl groups eg. pival oyl oxynethyl. Preferred conpounds for use

according to tReodepepati on, include those wherein R err] repreyeiisediiss
unsubstituted al kyl group and/or each R2 represents a hydrogen atom As

used herein, the term"al kyl" includes any |ong or short chain,

strai ght-chai ned or branched aliphatic saturated or unsaturated hydrocarbon
group. The unsaturated al kyl groups may be_.nmpgo- or pol yunsaturated and

I ncl ude both al kenyl and al kynyl groups. Such groups may contain up to 40

carbon atons. Howewer disédedd GrOYRRcELHES tlidtiielRgl Ob2&ie bavitilr €
preferably up 10 6¢,20d, E5PGH ek BE SE %A Y hnotiRs! Sudn S WAL AT

Exemplary surfaces thue include: (i) skin and
conjunctiva; (ii) the lining of the mouth, pharynx,
oesophagus, stomach, intestines and intestinal
appendages, rectum, and anal canal; (iii) the lining of
the nasal passages, nasal sinuses, nasopharynx, trachea,
bronchi, and bronchioles; (iv) the lining of the
ureters, urinary bladder, and urethra; (v) the lining of
the vagina, uterine cervix, and uterus; (vi) the
parietal and visceral pleura; (vii) the lining of the
peritoneal and pelvic cavities, and the surface of the
organs contained within those cavities; (viii) the dura
mater and meninges; (ix) any tumors in solid tissues
that can be made accessible to photoactivating light
e.g. either directly, at time of surgery, or via an
optical fibre inserted through a needle.

The compositions of the invention may be formulated
in conventional manner with one or more physiologically
acceptable carriers or excipients, according to
techniques well known in the art. Compositions may be
administered topically, orally or systemically. Topical
compositions are preferred, and include gels, creams,
ointments, sprays, lotions, salves, sticks, soaps,
powders, pessaries, aerosols, drops and any of the other
conventional pharmaceutical forms in the art.

Ointments and creams may, for example, be
formulated with an agueous or oily base with the
addition of suitable thickening and/or gelling agents.
Lotions may be formulated with an agqueous or oily base
and will, in general, alsoc contain one or more
emulsifying, dispersing, suspending, thickening or
colouring agents. Powders may be formed with the aid of
any suitable powder base. Drops may be formulated with
an agqueocus or non-aqueous base also comprising one or
more dispersing, solubilising or suspending agents.
Aerosol sprays are conveniently delivered from
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ALA-octerster and salts thereof, \yeh=ter pr ef erred conpounds for
‘use according to the invention. Thé ~use;in the invention may
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for derivatization of nulti-functi ona—coRpetRLs . and especially
esterification. As known in the art, such esterlflca i on of conpounds may

i nvol ve protection and deprotection of appropriate groups such that only
the required groups remain active and take-panat-in the reaction under the
conditions of the esterification. Thus for exanple the substituents of
substituted al kanopressatised [pattkar,cwiblR €hé aise 6fy absuptabbet ed duri ng
esterification. SiEEBB&iYaﬁ@? NR22 group on the conpound contributing this
group.to Alternatively, the compositions may be provided in

a form adapted for oral or parenteral administration,

for example by intradermal, subcutaneous,

intraperitoneal or intravenous injection. Alternative

pharmaceutical forme thus include plain or coated

tablets, capsules, suspensions and solutions containing

the active component optionally together with one or

more inert conventional carriers and/or diluents, e.g.

with corn starch, lactose, sucrose, microcrystalline

cellulose, magnesium stearate, polyvinylpyrrolidone,

citric acid, tartaric acid, water, water/ethanol,

water/glycerol, water/sorbitol, water/

polyethyleneglycol, propyleneglycol, stearylalcohol,

carboxymethylcellulose or fatty substances such as hard

fat or suitable mixtures thereof.

The concentration of the compounds of the invention -
in the compositions, depends upon the nature of the
compound, the composition, mode of administration and
the patient and may be varied or adjusted according to
choice. Generally however, concentration ranges of 1 to
50% (w/w) are suitable. For therapeutic applications
concentration ranges of 10 to 50% have been found toc be
suitable, eg. 15 to 30% (w/w).

Following administration to the surface, the area
treated is exposed to light to achieve the photo-
chemotherapeutic effect. The length of time following
administration, at which the light exposure takes place
will depend on the nature of the composition and the
form of administration. This can generally be in the
order of 0.5 to 48 hours, e.g. 1 to 10 hours.

The irradiation will in general be applied at a
dose level of 40 to 200 Joules/cm?, for example at 100
Joules/cm?.

The wavelength of light used for irradiation may be
selected to achieve a more efficaceous photochemo-
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-6- conpounds of fornula |I may be protected during the reaction and
depr otect ed t hereafter——Such protection/deprotection procedures are well
known in the art for the preparation of derivatives, and in particular,
esters of well known am no-acids, see for exanple Mome in "Protective
G oups in O gawoneaeapi stry”, Plenum 1973 and T.W G eene i npchic8béisokesv e
G oups in Oganic Chemstry", WIley-Interscience, 1981. In a further
aspect, the present invention thus provides a process for preparing the
conmpounds for use in the invention, conprising formng an ester of the
carboxy group of a 5-am nolevulinic acid. The i-nvention can thus be seen to
provi de a process for preparing the conpounds for use in-the invention,
therapeutic effect. Conventionally, when porphyrins are

used in photochemctherapy they are irradiated with light
at about the absorption maximum of the porphyrin. Thus,
for example in the case of the prior art use of ALA in
photochemotherapy of skin cancer, wavelengths in the
region 350-640 nm, preferably €10-635 nm were employed.
However, by selecting a broad range of wavelengths for
irradiation, extending beyond the absorption maximum of
the porphyrin, the photosensitizing effect may be
enhanced. Whilst not wishing to be bound by theory,
this is thought to be due to the fact that when Pp, and
other porphyrins, are exposed to light having
wavelengths within its absorption spectrum, it is
degraded into various photo-products including in
particular photoprotoporphyrin (PPp). PPp is a chlorin
and has a considerable photo-sensitizing effect; its
absorption spectrum stretches ocut to ionger wavelengths
beyond the wavelengths at which Pp absorbs ie. up to
almost 700 nm (Pp absorbs almost no light above 650 nm)}.
Thus in conventional photochemotherapy, the wavelengths
used do not excite PPp and hence do not obtain the
benefit of its additional photosensitizing effect.
Irradiation with wavelengths of light in the range S00-
700 nm has been found to be particularly effective. It
is particularly important to include the wavelengths 630
and 6%0 mm.

A further aspect of the invention thus provides a
method of photochemotherapeutic treatment of disorders
or abnormalities of external or internal surfaces of the
body, comprising administering to the affected surfaces,
a composition as hereinbefore defined, and exposing said
surfaces to light, preferably to light in the wavelength
region 300-800 nm, for example 500-700 nm.

Methods for irradiation of different areas of the
body, eg. by lamps or lasers are well known in the art
(see for example Van den Bergh, Chemistry in Britain,
May 1986 p. 430-439).



conprising reacting a 5-amnolevulinic acid, or an esterifiable derivative

t hereof—wiith- an al kanol—er. -her eol—Mb+e
particularly, this aspect of the invention provides a process for preparing

conpounds of formula I, which process & i.ses at Ieast one of the
M\ h

foll ow ng stepwogedssrcacti ng a conpo PCT/GB96/00553
Rerr]NNCH err]COCH err]-CH err] CO X in X represents a
| eavi ng group, for exanple a hydroxyl Sgroug n___i__ﬂ:gﬂ_.‘on1or al koxy group
or COX represents an acid anhydride group and R2 15 frer ei nbef ore
defined) with a conpound of forrmula Il R erg3-OH (ren)
(wherein R err] is as hereinbefore defined); and (b) converting a conpound
of formula | into a The compounds of the invention may be formulated

and/or administered with other photosensitizing agents,
for example ALA or photofrin, or with other active
components which may enhance the photochemotherapeutic
effect. For example, chelating agents may beneficially
be included in order to enhance accumulation of Pp; the
chelation of iron by the chelating agents prevents its
incorporation into Pp to form haem by the action of the
enzyme ferrochelatase, thereby leading to a build-up of
Pp. The photosensitizing effect is thus enhanced.
Aminopolycarboxylic acid chelating agents are
particularly suitable for use in this regard, including
any of the chelants described in the literature for
metal detoxification or for the chelation of
paramagnetic metal ions in magnetic resonance imaging
contrast agents. Particular mention may be made of
EDTA, CDTA. (cyclohexane diamine tetraacetic acid), DTPA
and DOTA. EDTA is preferred. To achieve the iron-
chelating effect, desferrioxamine and other siderophores
may also be used, e.g. in conjunction with
aminopolycarboxylic acid chelating agents such as EDTA.
The chelating agent may conveniently be used at a
concentration of 1 to 20% eg. 2 to 10% (w/w).
Additionally, it has been found that surface-
.penetration assisting agents and especially
dialkylsuphoxides such as dimethylsulphoxide (DMSO) may
have a beneficial effect in enhancing the
photochemotherapeutic effect. This is described in
detail in our co-pending application No. PCT/GB94/01951,
a copy of the specification of which is appended hereto.
The surface-penetration assisting agent may be any
of the skin-penetration assisting agents described in
the pharmaceutical literature e.g. HPE -101 (available
from Hisamitsu), DMSO and other dialkylsulphoxides, in
particular n-decylmethyl-sulphoxide (NDMS),
dimethylsulphacetamide, dimethylformamide (DMFA),
dimethylacetamide, glycols, various pyrrolidone
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-7- pharnaceutlcally acceptabl e salt thereof. The reaction of step (a) may
conveniently be carriedout in a saolvent or-m xture of-selvents—such as
wat er, acetone, diethylether, nethylfornmam de, tetrahydrofuran etc. at
tenperatures up to the boiling point_qf the mxture, referably at anbi ent

tenperatures. vwhoegsagsi ti ons of the ”Si'h%%éH F-IA%%SE[@E]“O”S per/Gsipsd of

t he al cohol used and the conditions that maxi mumyield
of the ester is obtained. Since thed tions are reversible
equilibriumreactions, reaction conditions may be selected in such a way
that maximumyield of the ester product is gitained. Such conditions nmay be
obt ai ned by selecting a solvent which is capable of renoving the

derivatives (Woodford et al., J. Toxicol. Cut. & Ocular
Toxicology, 1986, 5: 167-177), and Azone® (Stoughton et
al., Drug Dpv. Ind. Pharm. 1983, 9: 725-744), or
mixtures thereof. '

DMSO however has a number of beneficial effects and
is strongly preferred. Thus, in addition to the
surface-penetration assisting effect (DMSO is
particularly effective in enhancing the depth of
penetration of the active agent into the tissue), DMSO
has anti-histamine and anti-inflammatory activities. 1In
addition, DMSO has been found to increase the activity
of the enzymes ALA-gynthase and ALA-dehydrogenase (the
enzymes which, respectively, form and condense ALA to
porphobilinogen) thereby enhancing the formation of the
active form, Pp.

The surface penetration agent may conveniently be
provided in a concentration range of 2 to 50% (w/w), eg
about 10% (w/w). :

According to the condition being treated, and the
nature of the composition, the compounds of the
invention may be co-administered with such other
optional agents, for example in a single composition or
they may be administered sequentially or separately.
Indeed, in many cases a particularly beneficial
photochemotherapeutic effect may be obtained by pre-
treatment with the surface-penetration assisting agent
in a separate step, prior to administration of the
compounds of the invention. Furthermore, in some
situations a pre-treatment with the surface-penetration
assisting agent, followed by administration of the
photochemotherapeutic agent in conjunction with the
surface-penetration assisting agent may be beneficial.
When a surface-penetration assisting agent is used in
pre-treatment this may be used at high concentrations,
e.g. up to 100% (w/w). If such a pre-treatment step is
employed, the photochemotherapeutic agent may
subsequently be administered up to several hours

ThlS Sheet Has Been Replaced -




water fornmed in a typical esterification reaction by form ng an azeotrope
W t h—water—-Such sol vents are exerpt+ed—-by—eat+orratt+e—hydr ocar benrs—ef——————

ot hers capabl e of form ng azeotropes with water, e.g. sone chlorinated
hydr ocar bons such as chloroform For tjf ;_Lgp of the lower esters of
5- ALA the equi | Wer9é28d12eacti on may be F5ter Si de POY/GB96/00553

| arge excess of the al cohol. Wth othg brium may be
of the acid.

Esterification reactions are well-known in the art —exanpl e, as
described by Saul Patai-in "The chem stry of %he carboxylic acids and
esters”, (Ch. 11, p. 505, Interscience 1969) and Houban Wyl , (Methoden der
Or gani sche Chenie, ddvwERg peartoeatmentn egndat atp olnkeanved- afr bvele" p.

504, GEOrg Thi ene \githites §3§§§w1ﬂ§mb§émufahtaan@t deri vati ves of

am no-aci ds are descri b%ewed d Xl /fzur%%etrhgsggcrrg' Sﬁ{é %%w{,‘lel%ge&v\éyl
provides a product comprising a compound of the
invention or a pharmaceutically acceptable salt thereof,
together with at least one surface-penetration assisting
agent, and optionally one or more chelating agents as a
combined preparation for simultaneous, separate or
sequential use in treating disorders or abnormalities of
external or internal surfaces of the body which are
responsive to photochemotherapy.

Alternatively viewed, this aspect of the invention
also provides a kit for use in photochemotherapy of
disorders or abnormalities of external or internal
surfaces of the body comprising:

a) a first container containing a compound of the
invention or a pharmaceutically acceptable salt
thereof,

b) a second container containing at least one surface

penetration assisting agent; and optionally

c) one or more chelating agents contained either
within said first container or in a third
container.

Where the surface penetration agent is applied in a
separate pre-treatment step, it may be applied in higher
concentration, for example up to 100% (w/w).

It will be appreciated that the method of therapy
using compounds of the invention inevitably involves the
fluorescence of the disorder or ébnormality to be
treated. Whilst the intensity of this fluorescence may
be used to eliminate abnormal cells, the localization of
the fluorescence may be used to visualize the size,
extent and situation of the abnormality or disorder.
This is made possible through the surprising ability of
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Met hoden der Organi sche Chem e, Band Xl /2, "Stickstoffverbindungen", p.
269, Georg Thienme Verlag,. 1958). The reaction will caonveniently be carried
jout in -8 the presence of a catalyst, eg. an inorganic or organic acid
or an acid binding agent such as a base. The conpounds used as starting

materi al s are oogsesis om t he |iteffa A, cases COopaREHdshosss
avail abl e, or may be obt ai ned u5|‘d*W§§H§§§Fwﬁdﬁﬁﬁb; se. ALA, for exanple,

is available from Sigma or from PQLoc [EfLﬁ§QQ) Nofway. As nentioned
above, the conpounds for use according to the Tnvention nay take the form
of pharmaceutically acceptable salts. Such- 9# t-s preferably are acid

ALA esters to preferentially localize to non-normal
tissue.

The abnormality or disorder thus identified or
confirmed at the site of investigation may then be
treated through alternative therapeutic techniques e.g.
surgical or chemical treatment, or by the method of
therapy of the invention by continued build up of
fluorescence or through further application of compounds
of the invention at the appropriate.site. It will be
appreciated that diagnostic techniques may require lower
levels of fluorescence for visualization than used in
therapeutic treatments. Thus, generally, concentration
ranges of 1 to 50% e.g. 1-5% (w/w) are suitable. Sites,
methods and modes of administration have been considered
before with regard to the therapeutic uses and are
applicable-also to diagnostic uses described here. The
compounds of the invention may also be used for in vitro
diagnostic techniques, for example for examination of
the cells contained in body fluids. The higher
fluoresence associated with non-normal tissue_may-
conveniently be indicative of an abnormality or
disorder. This method is highly sensitive and may be
used for early detection of abnormalities or disorders,
for example bladder or lung carcinoma by examination of
the epithelial cells in urine or sputum samples,
respectively. Other useful body fluids which may be
used for diagnosis in addition to urine and sputum
include blood, semen, tears, spinal fluid etc. Tissue
samples or preparations may also be evaluated, for
example biopsy tissue or bone marrow samples. The
present invention thus extends to the use of compounds
of the invention, or salts thereof for diagnosis
according to the aforementioned methods for
photochemotherapy, and products and kits for performing

said diagnosis.
A further aspect of the invention relates to a

method of in vitro diagnosis, of abnormalitiggﬁg;

——

—
———
——
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addition salts with physiologically acceptable organic or inorganic acids.

Sui tabl e acids include, for .exanpre—hyeeehtorte—hydrobronic, sutphurit;—

phosphoric, acetic, lactic, citric, tartaric, succinic, maleic, fumaric and
ascorbi c acids. Procedures for salt formation are conventional in the art.
As mentioned alwossastfze conpounds for use according to the i nRITIGRG/00853]
their salts have val uabl e pharmacol ogi cal properties, nanely a

phot osensi ti zi ng agent which renders them useful as phot ochenot herapeutic
agents. Like ALA, the conpounds exert their effects by enhancing production
of Pp; upon delivery to the desired site of aBtt+on hydrol ytic enzynes such
as esterases present in the target cells break down the esters into the
parent ALA, which tlieprdeterly tdssaying sysanpls oHhhodvafluid orddsave a

buil d-up of Pp. HOWRVETpat{enC oA Hethos ssfbA®ingdaByléast hthd Nvention

have a
following steps:

i) admixing said body £fluid or tissue with a
compound as described hereinbefore,
ii) exposing said mixture to light,
iii) ascertaining the level of fluorescence, and
iv) comparing the level of fluorescence to control
levels.
The invention will now be described in more detail
in the following non-limiting Examples, with refexence
to the drawings in which:

Figure 1 shows fluorescence intensity (relative units vs
wavelength (nm)) of PpIX in the normal skin of mice
after topical administration of

(A} free ALA

(B) ALA methylester
{C) ALA ethylester
(D) ALA propylester

after 0.5, 1, 1.5, 2.5, 3, 3.5 and 14 hours following

administration;

Figure 2 shows the distribution of PpIX as measured by
fluorescence intensity (relative units vs wavelength
(nm)) in Brain, dermis, Ear, Liver and muscle 14 hours
after topical administration to the normal skin of mice:

{(a) free ALA

{B) ALA methylester
{C) ALA ethylester
(D) ALA propylester;

Figure 3 shows PpIX fluorescence (fluorescence intesity,
relative units vs wavelength (nm)) in the skin of mice



nunber of advantages over ALA itself. Firstly, the conpounds are better
able to penetrate ski.n and ot her—_tissues as conpared with ALA;, the
penetration is both deeper and faster. This is an-inportant advantage,
especially for topical adm nistration. Secondly, the esters have
surprisingly bgeeshgysnd to be better enhancers of Pp productiperghssbedssA;
Pp production levels follow ng adm nistration of the ALA esters are higher
than with ALA alone. Thirdly, the conpounds for -9 use in the invention
denonstrate inproved selectivity for the target tissue to be treated,
nanmely the Pp production-enhancing effect dggl acalised to the desired
target | esion and does not spread to the surrounding tissues. This is

especi al | y evi dentisimifiuteBPUL Shour, 4 hours and 10 hours after
intraperitoneal injection of ALA methylester (150

mg/kg) ;

Eigure 4 shows PpIX fluorescence (fluorescence intensity
relative units vs wavelength (nm)) (A) 1.5 hours and (B)
4 hours after topical administration of ALA methylester
to basal cell carcinoma (BCC) lesions on the skin of
human patients (- tumour; --- normal skin);

Figure S shows PpIX fluorescence (fluorescence intensity
relative units vs wavelength (nm)) (A) 1.5 hours and (B)
4 hours after topical administration of ALA ethylester
to basal cell carcinoma (BCC) lesions on the skin of
human patients (- tumour; -~- normal skin);

EFigure 6 shows PpIX fluorescence (fluorescence intensity
relative units vs wavelength (nm)) (A) 1.5 hours and (B)
4 hours after topical administration of ALA propylester
to basal cell carcinoma (BCC) lesions on the skin of
human patients (- tumour; --- normal skin);

Eigure 7 shows PpIX fluorescence (fluorescence intensity
relative units vs wavelength (nm))} (A) 1.5 hours and (B)
4 hours after topical administration of ALA to basal
cell carinoma (BCC) lesions on the skin of human
patients (- tumour; --- normal skin);

Figure 8 shows measurement of PpIX production following
topical application of ALA methylester in human BCC and
surrounding normal skin by CDD microscopy of biopsies
(A) graphical representation showing flucrescence
intensity vs depth {pm) and (B) micrograph;

Figure 9 shows measurement of PpIX production following
topical application of ALA in human BCC and surrounding



Finally, the conpounds appear to localise better to the target tissue upon

adm-pistrati-on. This is--especially inpertant—iert—system-c appl i eatt+om
since it means that undesirabl e photosensitization effects, as reported in
the literature for other porphyrin-based photosensitizers, may be reduced
or avoi ded. A Wwoedps#12aspect of the present invention accordi IRETYGEGWS es
a pharmaceutical conposition conprising a conpound as descri bed

her ei nbefore, or a pharmaceutically acceptable salt thereof, together with
at | east one pharmaceutical carrier or excipient. In a still further
aspect, there is also provided the use of a g8npound as descri bed

her ei nbefore, or a pharmaceutically acceptable salt thereof, for the
preparation of a thermpbuskin dyeSDDf nicuescopy sifobdobeies htklagraphidal

especi al |y for therbppabéRtitidn GhoNiHE" Bl WSredttRiceRlinté£5i ) vaxigpeal or

internal surfaces ?Lmshgngoﬂ% ggbggggggh;espon5|ve to

 Figure 10 shows PpIX fluorescence (fluorescence
intensity relative units vs wavelength (nm)) 24 hours
following topical administration of ALA methylester to
BCC lesion and to normal skin of human patients.

Eigure 11 shows PpIX fluorescence (fluorescence
intensity relative units vs wavelength (nm)) 24 hours
following topical administration of ALA to BCC lesion
and to normal skin of human patients.

Figure 12 shows measurement of PpIX production 4.5 hours
following topical application of ALA methylester in
human BCC by CDD microscopy of biopsies (A) graphical
representation showing fluorescence intensity vs depth
(um) and (B) micrograph;

Figure 13 shows measurement of PpIX production 4.5 hours
following topical application of ALA methylester in
human normal skin by CDD microscopy of biopsies (A)
graphical representation showing fluorescence intensity
va depth (um) and (B) micrograph;

Figure 14 shows measurement of PplX production 24 hours
following topical application of ALA methylester in
human BCC by CDD microscopy of biopsies (A) graphical
representation showing fluorescence intensity vs depth

(um) and (B) micrograph;

Figure 15 shows measurement of PpIX production 24 hours
following topical application of ALA methylester in
human normal skin by CDD microscopy of biopsies (A)
graphical representation showing fluorescence intensity

vs depth {um) and (B} micrograph;



phot ochenot herapy. The abnormalities and disorders which nmay be treated
accordi‘ng to the present invention_include any mal ignant, pre-malignant and
non- mal i gnant abnormalities or disorders responsive to photochenot herapy
eg. tunmours or other growhs, skin disorders such as psoriasis or actinic

ker at oses, skiwodghafizons., and other diseases or infections egerRasdsssdl
viral or fungal infections, for exanple Herpes virus infections. The
invention is particularly suited to the treatnent of diseases, disorders or
abnormalities where discrete lesions are formed to which the conpositions
may be directly applied (lesions is used hergi.n a broad sense to include
tunours and the like). - 9a -

Pigure 16 shows measurement of PpIX production 24 hours

following topical application of free ALA in human BCC
by CDD microscopy of biopsies (A) graphical
representation showing fluorescence intensity vs depth
(um} and (B) micrograph;

Figure 17 shows measurement of PpIX production 24 hours
following topical application of free ALA in human
normal skin by CDD microscopy of biopsies (A) graphical
representation showing fluorescence intensity vs depth
(um) and (B) micrograph;

Figure 18 shows measurement of PpIX production 4.5 hours
following topical application of free ALA and 20% DMSO
in human BCC by CDD microscopy of biopsies (A) graphical
representation showing fluorescence intensity vs depth
{(um) and (B) micrograph;

Figure 19 shows measurement of PpIX production 4.5 hours
following topical application of free ALA and 20% DMSO
in human normal skin by CDD microscopy of biopsies (A)
graphical representation showing fluorescence intensity
vs depth {um) and (B) micrograph;

Figure 20 shows a time course (fluorescence intensity
relative units vs time (hours)) of ALA methylester-
induced (PpIX) fluorescence in the mouse skin after
topical application of ALA methylester alone (-e-), ALA
methylester plus DMSO (-s-), ALA methylester plus
desferrioxamine (DF) (-=-) or ALA methylester plus DF
and DMSO (-v-). Each point is the mean of measurements
from at least three mice;

Figure 231 shows fluorescence photographs of the mouse
skin taken 1 h after topical application of free ALA
alone (A), ALA methylester (B), ALA ethylester (C) and
ALA propylester (D), showing fluorescence in the



The internal and external body surfaces which may be treated according to

t hednvention include the-skin apnd—alt—ether—eptthetal-and seroseal

surfaces, including for exanple nucosa, the linings of organs eg. the

respiratory, gastro-intestinal and genito-urinary tracts, and glands with

ducts whi ch engpgegusa such surfaces (e.g. liver, hair folliclracassioosss

sebaceous gl ands,

addition to the skin,

mammary gl ands, salivary glands and sem nal vesicles).

such surfaces include for exanple the lining of the

In

vagi na, the endonetrium and the urothelium Such surfaces may al so include

cavities fornmed in the body follow ng excisi@n - pressurised packs, with

the use of a suitable propellant. Alternatively, the conpositions may be

provi ded in

epidermis (Ep), epithelial hair follicles and sebaceous
gland (arrows), but not in the dermis (De). Original

magnification x250.

Figure 22 is a graph showing relative tumour volume
agéinst time (days) following treatment of WiDr human
colonic carcinoma transplanted subcutaneously into nude
mice with ALA or ALA methylester plus DF; (-a-) control;
(-*~-) DF alone; (-m-) ALA + DF + DMSO; (-e-) ALA
methylester + DF + DMSO.

Figure 23 shows PpIX fluoresence ratios between BCC
lesions and surrounding normal skin after topical
application of ALA or its esters.

Example 1

To a 500 ml glass reactor containing 200 ml methanol,
was added 1g S5-amino-levulinic acid hydrochloride and 1
drop conc. HCl. The reaction mixture was then stirred
overnight at 60°C. The progress of the esterification
was followed by H-NMR. Excess methanol was removed by
distillation, and the product further dried under vacuum
at 30-40°C, giving methyl 5-aminolevulinate
hydrochloride. The structure was confirmed by 'H-NMR in
DMSO-d;.

Example 2
Preparation of ethyl S-aminolevulinate hydrochloride
{ALA ethvlester)

1g 5-aminolevulinic acid hydrochloride was added to 200
ml dry ethanol containing 1-2 drops conc. hydrochloric
acid in a 250 ml glass reactor equipped with a stirrer,
reflux condenser and a thermometer. The esterification
was performed at reflux overnight (70-80°C). After the



a formadapted for oral or parenteral administration, for exanple by

I ntradermal ; subcut aneous__intraperitoneal or intravenous injection.

Al ternative pharmaceutical forns thus include plain or coated tablets,
capsul es, suspensions and sol utions containing the active conponent
optional ly togwigwas#set h one or nore inert conventional carri e&pcBociHosss
diluents, e.g. with corn starch, |actose, sucrose, mcrocrystalline
cel l ul ose, magnesi um stearate, polyvinylpyrrolidone, citric acid, tartaric
acid, water, water/ethanol, water/glycerol, water/sorbitol, water/

pol yet hyl enegl ycol , propyl enegl ycol, stearylzdcohol, carboxynethylcellul ose
or fatty substances such as hard fat or suitable m xtures thereof. The
concentration of theactigtiads géofedes ceofsibtione thefetlmrol Wag removed

conposi tions, depegds ggg: e n f Jo} tiﬂgeqio t
rmde of adm ni st rat | on an ‘hﬂ‘ g%’#%%yangm%gg g\:l/r\??s SRSy hg&h
vacuum at 30-40°C, giving 0.94g Ethyl 5- amlnolevullnate

hydrochloride. Conflrmatlon of the structure was done
by H-NMR in DMSO-dq.

p ion of n- 1 s-aminolevulinate hvdrochlorid
JALA propylestax)

0.5g S5-aminolevulinic acid hydrochloride was dissolved
in 100 ml dry n-propanol containing 1-2 drops of conc.
hydrochloride in a 250 ml glass reactor equipped with a
stirrer, reflux condenser and a thermometer. The
reaction mixture was stirred at 70-80°C for approx. 20
hours. After all the S5-aminolevulinic acid was
converted to its n-propylester (followed by 'H-NMR), the
excess propanol was removed, and the product dried under
high vacuum (<1 mBar) at 40-50°C. The reaction gave
0.49g propyl S-aminolevulinate hydrochloride. The
structure was confirmed by H-NMR in DMSO-dg.

p ion of n-hexvl S-aminolewulinic hvdrochlorid
{AL2 hexviestex)

2 grams of S5-aminolevulinic acid hydrochloride was
digssolved in 25 grams of dry n-hexanol with 5-6 drops of
conc. hydrochloride added in a 50 ml glass reactor
equipped with a reflux condenser and a thermometer. The
reaction mixture was held at 50-60°C for approx. 3 days.
The excess n-hexanol was removed under vacuum and the
product finally dried under high vacuum, giving 2.4
grams of n-hexyl S-aminolevulinate hydrochloride. The
structure was confirmed by H-NMR spectroscopy in DMSO-
dg.



adj usted according to choice. Cenerally however, concentration ranges of 1

to 50% (W w} are suitable—For therapeutic—appeattons—concent+at+on

‘ranges of 10 to 50% have been found to be suitable, eg. 15 to 30% (W w)
Foll owi ng adm nistration to the surface, the area treated is exposed to

i ght to achi ewyolokgsgphrot 0- chenot herapeutic ef fect. The | engt PCI7EBY6/00ss3
follow ng admnistration, at which the |light exposure takes place wll
depend on the nature of the conposition and the form of adm nistration.
This can generally be in the order of 0.5 to 48 hours, e.g. 1 to 10 hours.
The irradiation will in general be applied -at23a-dose |evel of 40 to 200
Joules/cnferr], for exanple at 100 Joules/cnferr]. The wavel ength of |ight
used for irradi ati Exampleh® sel ected to achieve a nore efficacious

phot ocheno- : - -

JALA heptvlester)

0.5g 5-aminolevulinic acid hydrochloride was added to 30
grams of n-heptanol containing 5 drops of conc.
hydrochloride in a 100 ml glass reactor equipped with a
stirrer, reflux condenser and a thermometer. After all
the 5-aminolevulinic acid had dissolved, the reaction
mixture was stirred at 70-80°C for approx. 48 hours.
After the 5-aminolevulinic acid was converted to its n-
heptyl ester (followed by H-NMR), the excess alcohol was
removed, and the product dried under high vacuum (< 1
mBar)} at 70°C. The reaction gave 1.5g n-heptyl 5-
aminoclevulinate hydrochloride. The structure was
confirmed by *H-NMR in DMSO-dg.

AALA octylester)

1 gram 5-aminolevulinic acid hydrochloride was added to
30 grams of dry n-octanol containing 5-6 drops of conc.
hydrochloride in a 50 ml glass reactor equipped with a
reflux condenser, stirrer and a thermometer. The
reaction mixture was stirred at 65-70°C for approx. 2
days. Excess n-octanol was removed under vacuum and the
product finally dried under high vacuum, giving 1.5
grams of n-octyl S-aminolevulinate hydrochloride. The
structure was confirmed by 'H-NMR spectroscopy in DMSO-

ds'

Example 7
Formulation

20% creams were prepared by admixture of the active
component, ALA, ALA methylester, ALA ethylester, or ALA



WO 96/ 28412 PCT/ GB96/ 00553 - 11 - pressurised

packs, With the use of-a sui.table propellant. A ternatively, the
conpositions may be provided in a form adapted for oral or parenteral
adm ni stration, for exanple by intradermal, subcutaneous, intraperitoneal

or intravenouswopesgsiz on. Al ternative pharnmaceutical forns thpericBeddéss
plain or coated tablets, capsules, suspensions and sol utions containing the
active conmponent optionally together with one or nore inert conventional
carriers and/or diluents, e.g. with corn starch, |actose, sucrose,

m crocrystal line cellul ose, nmagnesi um st ear 24e- pol yvi nyl pyrrol i done,
citric acid, tartaric acid, water, water/ethanol, water/glycerol,

wat er/ sorbi tol, w@prepllester (prepared according to Examples 1 to 3

respectively), with "Urguentum Merck" cream base
(available from Merck) consisting of silicon dioxide,
paraffin liqg., vaseline, album, cetostearol.,
polysorbat. 40, glycerol monostearate, Miglyol®8i12 (a
mixture of plant fatty acids), polypropyleneglycol., and
purified water. .

Corresponding creams were also prepared, additionally
containing 3-20% DMSO.

Example 8
Det . . : byrin IX Juct , ]
ki ¢ mice by CCD mi £ bi e :

A commercial oil-in-water cream containing (20% w/w) one
of the chemicals (free ALA, ALA methylester, ALA
ethylester and ALA propylester) (see Example 1) was
topically applied to the normal skin of nu/nu nude mice
for 0.5, 1, 3 and 6 hours, then biopsied and evaluated
by means of microscopic fluorescence photometry
incorporating a light-sensitive thermol-electrically
cooled charge coupled device (CCD) camera. The results
show that free ALA and its three ester derivatives are
taken up by the skin tissue, the esterified ALA
derivatives are being deesterified in the skin, and
converted into protoporphyrin IX (PplIX) 0.5 hours after
topical application. The fluorescence intensity of PpIX
in the skin increased with the time of the application
and the maximum amounts of the fluorescence were seen
about 6 hours (the latest time point studied) after the
application in all cases.

M in gitu of | hvrin IX juction i
the skin of mice 1 ical-fiber I 3 :



pol yet hyl enegl ycol , propyl eneglycol, stearylal cohol, carboxymethylcellul ose

or fatty substances such-as har dfat—ci=sth-tab-e—Rdtres t hereof—Fhe
‘concentration of the conpounds of the invention in the conpositions,
depends upon the nature of the conpound, the conposition, node of
adm ni strati on qgbsiiazpati ent and may be varied or adjusted apCT/GBI60PSSD
choi ce. Generally however, concentration ranges of 1 to 50% (ww) are
suitable. For therapeutic applications concentration ranges of 10 to 50%
have been found to be suitable, eg. 15 to 30% (w w). Foll ow ng
adm ni stration to the surface, the area treat28 +s exposed to light to
achi eve the photo- chenotherapeutic effect. The length of tinme follow n
admi ni stration, at Whecainhef [thim stugyswas tadevestigatethe duydddupnothe
nature of the conpoghtéP{sfddl ATE elsRbPl Phaiclill Potphting. flldrestdice in
generally be in theyprdel,eh Gula' 32°5udS ke Gdiido’ Qe Wikl or
systemic administration of ALA ester derivatives.

MATERIALS AND METHODS

Chemicals. S-aminolevulinic acid (ALA} methyl-, ethyl-
and propyl-esters (H,N-CH,COOCH,-CH,COO-R; R can be CHj,
CH,-CH,-CH,) were prepared by Norsk Hydro Research Center
(Porsgrunn, Norway) as described in Examples 1 to 3.
Free ALA hydrochloride and desferrioxamine mesylate (DF)
were purchased from Sigma Chemical Company (St. Louis,
Mo, USA). Dimethyl sulphoxide (DMSO) was obtained from
Janssen Chimica (Geel, Belgium). Commercial oil-water
creams (Unguentum Merck, Darmstadt, Germany) containing
20% one of the ALA ester derivatives (w/w), 20% free
ALA, 20% ALA methylester plus 5% DF, 20% ALA methylester
plus 20% DMSO, or 20% ALA methylester plus 5% DF and 20%
DMSO were freshly prepared prior to use. All creams
were made by the Pharmacy at the Norwegian radium
Hospital. For intraperitoneal injection, ALA and its
methylester were freshly dissolved in saline. Aall other
chemicals used were of the highest purity commercially
available.

aAnimals. Female Balb/c nu/nu athymic nude mice were
obtained from the Animal Laboratory at the Norwegian
Radium Hospital and kept under specific-pathogen-free
conditions. At the start of the experiments the mice
were 6-7 weeks old weighing 18-24 g. Three mice were
housed per cage with autoclaved covers in a dark room

during the experiments.

Treatment procedure. One of the creams was painted on

the normal skin at right flank region of each mouse, and
covered by a semi-permeable dressing (3M, St Paul, MN,



The irradiation will in general be applied at a dose |level of 40 to 200
Joul es/cnferr], for exanple at 100 Joules/cnferr]. The-wavel ength of |ight
used for irradiation my be selected to achieve a nore efficaceous

phot ocheno- - 13 - The conpounds for use in the invention may be

fornul at ed andiygrosagiipni stered with other photosensitizing agegt
exanpl e ALA or photofrin, or with other active conponents which nay enhance

t he phot ochenot herapeutic effect. For exanple, chel ating agents may
beneficially be included in order to enhance accunul ati on of Pp; the
chel ation of iron by the chelating agents prévents its incorporation into

Pp to form haem by tqe action,of the enzyne ferrochel at ase,
: USA) for various time intervals (from 0.25 to 24 h)

before fluorescence measurements in situ or being
biopsied for microscopic fluorescence imaging. About
0.2g cream was applied to an approximate 2.25 cm? area of
the skin. In the case of i.p. injection the mice were
given ALA or its methylester at a dose of 150 mg/kg. At
least three mice were used for each condition.

Fluoregcence sgpectroscopic measurements in gitu. A
perkin Elmer LS-50 fluorescence spectrometer equipped
with a red-sensitive photomultiplier (Hamamatsu R 928)
was used. This instrument has a pulsed Xenon arc light
source and phase sensitive detection, such that
fluorescence can be readily measured. Part of the
excitation beam (set at 408 nm for fluorescence
measurements) was reflected into a 600 um core
multimodus optical quartz fiber (No. 3501 393, Dornier
Medizintechnik, GmbH, Germering, Germany) by means of a
mirror for application onto the subject through'a hand
held probe. Emission in the region of 550-750 nm was
measured via emission fibres collecting information
through the probe.

EFluorsscence microgscopy. After the creams were

topically applied to the skin of mice for wvarious times
(as indicated above), the skin was biopsied and the
frozen tissue sections were cut with a cryostat to a
thickness of 8 um. The fluorescence microscopy was
carried out using an Axioplan microscope (Zeiss,
Germany) with a 100 W mercury lamp. The fluorescence
images were recorded by a light-sensitive thermo-
electrically cooled charge coupled device (CCD) camera
(resolution: 385x578 pixels with a dynamic range of 16
bits per pixel) (Astromed CCD 3200, Cambridge, UK) and
hard copies on a video printer (Sony multiscan wvideo
printer UP-930). The filter combination used for
detection of porphyrin fluorescence consisted of 390-440



thereby leading to a bUI|d up of Pp. The photosensitizing effect is thus

enhanced... Am nopol ycar boxyl i ¢ acid-chelai--hg—agents—are—part i est-arty

'suitable for use in this regard, including any of the chelants described in
the literature for netal detoxification or for the chelation of

par amagnet i ¢ nmagobgiagas i N nagneti c resonance i nmagi ng cont r ast pexyePISROSS3
Particular nention may be nmade of EDTA, CDTA (cycl ohexane di am ne
tetraacetic acid), DIPA and DOTA. EDTA is preferred. To achieve the iron-
chel ating effect, desferrioxam ne and ot her siderophores may al so' be used,
e.g. in conjunction wth am nopol ycarboxylie 2ei€ chel ati ng agents such as
"EDTA. The chel ating agent may conveniently be used at a concentration of 1
to 20% eg. 2 to 10Ympwexeitaitlictint ifddaekry,ai46tasn beam Bplititdhamdsar baoe-

penetration assistigpg @gfggfb&uyilggpeC|ally di al kyl suphoxi des such as
_dlnethylsulphOX|de (DVSO may

Results

PpIX fluorescence was measured in situ by an optical-
fiber based system in the normal skin of nude mice 0.5,
1, 1.5, 2.5, 3, 3.5 and 14 hours after topical
application 6f free ALA or one of its ester derivatives
as described above. As shown in Figure 1, the PpIX
fluorescence was already built-up 1 hour after topical
application in the case of all derivatives, while the
fluorescence was seen 1.5 hours after the application of
free ALA. The maximum fluorescence intensity was found
14 hours after the application in all cases, but PpIX
fluorescence induced from ALA esters in the skin was
stronger than that from free ALA. Furthermore, as can
be seen in Figure 2, 14 hours after the application no
fluorescence of ALA-esters-induced PpIX was detected in
other areas of the skin and internal organs including
ear, dermis, muscle, brain and liver. However, in the
case of free ALA, a strong fluorescence was also seen in
the ear as well as in the other areas of the skin.

Thus, after topical application ALA-ester-induced PpIX
was found locally in the skin, whereas free ALA-induced
PpIX distributed not only locally, but also in other
areas of the skin. We suggest that ALA is transported
in the blood and that PpIX is subsequently formed in all
organs contéining the enzymes of the heme synthesis
pathway and/or PpIX is formed in the skin and then
transported to other tissues via blood circulation. The
latter situation may lead to skin photosensitivity in
areas where free ALA is not topically applied. 1In
addition, after intraperitoneal injection of ALA
methylester at a dose of 150 mg/kg, the PpIX
fluorescence in the skin of mice was built-up 15 minutes
after the injection and the peak value was found around



have a beneficial effect in enhancing the photochenot herapeutic effect.
This is described in detall in our co-pending application No.

PCT/ GB94/ 01951, a copy of the specification of which is appended hereto
The surface-penetration assisting agent may be any of the skin-penetration
assi sting agentwgodgmenzi bed i n the pharmaceutical literature epgrcistoosss
(avai l able from H sam tsu), DVSO and ot her dial kyl sul phoxi des, in

parti cul ar n-decyl net hyl - sul phoxi de (NDMS), di et hyl sul phacet am de,

di met hyl f or mam de (DVFA), - 14 - dinethy]g etam de, glycols, various
pyrrolidone derivatives (Wodford et al., J.“Toxicol. Cut. & Ccul ar

Toxi col ogy, 1986, §: 167 177, a0 c4gonel eril. (:9.ougll o0 Ss i 15719 PV,
hours post the injection (Figure 3). This kinetic

g pattern is similar to that of the fluorescence of free

E ALA-induced porphyrins in the skin following i.p.

' injection of the same dose, although the fluorescence
decreased faster in the case of the ester than in the
case of the free ALA.

] tical-fiber based

The PpIX fluorescence in the BCC lesions and surrounding
normal skin of human patients was measured in situ by
optical-fiber based system after topical application of
20% free ALA and its derivatives. for variocus time
intervals.

Figures 4, 5, 6 and 7 show that, compared to free ALA,
the ALA derivatives-induced PpIX was built up faster,
produced more and localized more selectively in the BCC
lesions (i.e. much less fluorescence in the surrounding
normal skin), particularly for ALA methylester.

Example 11

In vivo flyorescence gurface measurements of PpIX
produyction in human BCC and surrounding normal skin by
°CD mi £ b \

In a 78 years old Caucasian male presenting multiple
ulcero-nodular BCCs lesions were exposed to commercial
oil-in-water creams containing either ALA alone (20%
w/w} or ALA methyl ester (20% w/w) {(as described in
Example 7) covered by a semi-permeable dressing for 24
hours. After removal of dressings and cream in vivo
fluorescence was measured at the surface of tumor tissue



m xtures thereof. DMSO however has a nunber of beneficial effects and is

strongty. preferred. Thus,—in- additi on—to—t-he—sti-+aee—penetratton—asststng——
effect (DMSO is particularly effective in enhancing the depth of

penetration of the active agent into the tissue), DVSO has anti-histam ne

and anti -inf| awoeassazacti vities. In addition, DVBO has been PEIrGB96/005S3
I ncrease the activity of the enzynes ALA-synt hase and
(the enzynes which, respectively, form and condense
t her eby enhancing the formation of the active form
penetrati on agent. may conveniently be provid@® iFn a
2 to 50% (ww), eg .about 10% (W w). Accordlng to the condition being
‘treated, and the nadgr adjacent newmalsiskisnbytneans Rfodhds for use in the
i nventi on my be C@padtrbEthershetdst.) PutbhobiSsies of the same areas

were removed and samples were immediately immersed in
liquid nitrogen. The tissue sections were cut with a
cryostat microtome to a thickness of 8 um. The
localization pattern of the porphyrin fluorescence in
the tissue sections was directly observed by means of
fluorescence microscopy. The same frozen sections were
subsequently stained with routine H&E staining for
histological identification. The same sections were
subsequently stained with routine H&E staining for
histological identification. Fluorescence microscopy
was carried out with an Axioplan microscope (Zeiss,
Germany). Fluorescence images and gquantitative
measurements were performed by a light-sensitive
thermol-electrically cooled charge coupled device (CCD)
camera (Astromed CCD 3200, Cambridge, UK) and an image
processing'unit”(ﬁstxomed/Visilog, PC 486DX2 66 MHz VL).
The main purpose for such quantitative measurements is
to determine the exact penetration of ALA-induced
porphyrins from tissue surface to the bottom layers of
cancer lesions. The results are shown in Figures 8 and
9 in which the fluorescence intensity is expressed as a
function of depth of cancer lesion.

alata a aYalaVa
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As shown in Figures 8 and 9, an homogeneous distribution
of PpIX fluorescence is seen from the top to the bottom
of the whole BCC lesions after use of either free ALA or
its methyl ester. This suggests that ALA methylester is
at least as good as free ALA in terms of penetration and
PpIX production in the BCC lesion. In addition, no PpIX
fluorescence was seen in the surrounding normal skin
after topical application of ALA methylester, indicating
that ALA-methylelter-induced PpIX highly select1ve1y
took place only in the BCC lesion.

In vivo fluorescence after 24 hours showed at least
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optional agents, for exanple in a single conposition or they may be

adm nistered sequentially or separately. |Indeed, in rmanRy cases a
"particularly beneficial photochenotherapeutic effect may be obtained by
pre- treatment with the surface-penetration assisting agent in a separate
step, prior tQuaehgdisstration of the conpounds for use in theceEs60esss.
Furthernore, in sone situations a pre-treatnent with the surface-
penetration assisting agent, followed by admnistra ?ﬂngﬁféFh BEEN

phot ochenot herapeuti ¢ agent in conjunction with thellsufr egeg ratlo%

assisting agent may be beneficial. Wien a sus®ace-pénetra
agent is used in pre-treatnent this may be used at high concentratlons,
e.g. up to 100% (wiapbled flciremcence intansignyt forepLAsmethyloyestert he
phot ochenot her apeuibfipared to AlA for the selected tumors and also an
increase for corresponding normal tissues, however this
only of about 50%. The ratio between tumor and normal
tissue was about 1.2: 1 for ALA and 2: 1 for the ALA
methyl ester. The results are shown in Figures 10 and

11.

At control one week after treatment all treatment fields
presented a central necrotic area corresponding to the
tumor. In the adjacent normal skin exposed to cream and
light irradiation there was observed a marked erythema
for the ALA while for the ALA methyl ester only moderate
erythema was observed.

Example 12

I e EJ ::E EJII:fEEE mEEBJIIEIIIEnIE Qf n:x ) !
Juction in I BCC and | oundi 1 skin I

CCD.mi £ pi .

The present data show the localization patterns and
production of porphyrins (mainly protoporphyrin IX
{PpIX)) after topical application of free ALA and one of
its derivatives {(methyl ester) for 4.5 and 24 hours in
the nodular basal cell carcinomas (BCCs) and surrounding
normal skin of patients. The tests were performed as
described in Example 11.

Each of the following figures show both (A) fluorescence
images of either the bottom layer of BCC lesions or of
the surrounding normal skin. Curves indicating the
fluorescence intensity as a function of depth of the BCC
lesions or of the normal skin are also shown (B).

Figure 12 shows a homogenous distribution of PpIX
fluorescence generated by ALA methyl ester in the bottom

Sheet Has Been Rerlaced
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- 15 - agent may subsequently be adm nistered up to several hours follomﬁng

preztreatnent egq. at-an interval of 5-60 -H-es~fottowng pre—treatmemnt:
Viewed froma further aspect, the invention thus provides a product
conprising a conpound as descri bed hereinbefore or a pharmaceutically
acceptabl e sal gd éspgg@f, together with at | east one surface- prUIICBYSHURS3
assisting agent, and optionally one or nmore chelating agents as a conblned
preparation for sinultaneous, separate or sequential use—ta—treatitng:
di sorders or abnormalities of external or internal surf
whi ch are responsive to photochenot herapy. -Al3lernati ve
aspect of the invention also provides a kit for use in'5H8
di sorders or abnor r@yer of af BEZterhdiouss after nedpieal mélgﬂt@m body

conprising: a)  afHdrd i&0RLAbNSSmE Yrphri AlGOFENtHEHtedIin surrounding
normal skin (Figure 13). The fluorescence intensity
ratio between BCC and the normal skin is about 2.
Moreover, the abgsolute amount of the fluorescence
induced by ALA methyl ester is higher than that induced
by free ALA and 20% DMSO after topical application for
4.5 hours, as shown below.

Figures 14 and 15 show a uniform distribution of
porphyrin fluorescence induced by topical application of
ALA methyl ester for 24 hours in the bottom layer of BCC
and surrounding normal skin. The ratio of the
fluorescence in BCC and that in normal skin is also
about 2. FPurthermore, the fluorescence intensity of ALA
methyl ester-induced porphyrins in the BCC is almost
twice as high as that in BCC after topical application
of free ALA alone for 24 hours, as shown below.

Figures 16 and 17 show a homogenous distribution of free
ALA-induced porphyrins in the bottom layer of BCC and
surrounding normal skin 24 following topical
application. However, the ratio of the fluorescence
intensity between BCC and normal skin is about 1, which
indicates a low selectivity of this treatment. Moreover
the production of porphyrins in BCC is less than that in
the case of ALA methyl ester.

Figures 18 and 19 show a homogenous distribution of ALA-
induced porphyrins in the bottom layer of BCC and
surrounding normal skin after topical application of )
free ALA and 20% DMSO for 4.5 hours. However, the ratio
of the fluorescence intensity between BCC and normal
skin is only slightly larger than 1, which demonstrates
that the DMSO probably reduces the tumor selectivity of
the porphyrins produced. Moreover, also in this case
less porphyrins are produced in BCC than in the case of

e
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descri bed hereinbefore or a pharmaceutically acceptable salt thereof, b)
a secontl contai ner containing at least one surface penetration assisting
agent; and optionally c) one or nore chelating agents contained either
within said first container or in a third container. Were the surface

penetration aowolesesnpppl ied in a separate pre-treatnent steppctiEnsihigsdic
applied in higher concentration, for exanple up to 100% (wWw). It wll be
appreci ated that the nethod of therapy using conpounds as descri bed

herei nbefore inevitably involves the fluorescence of the disorder or
abnormality to be treated. Wiilst the intensidy of this fluorescence may be
used to elimnate abnormal cells, the localization of the fluorescence may

be used to visual i &8 t3RPLicAaEiogyPE ALY metdyl 88F8H- of the abnormality or
di sorder. This is nmade possibl e through
Example 13
Investigation of the effects of the chelating agent
segferri ine (DF) and/or DMSO apd £l :
gkin

I. The effect of DF and/or DMSO on the build up of
fluorescence in the normal skin of mice jin _situ was
ascertained variocus times after topical administration
of ALA-methylester. Methods were performed as descrilked
in Example 9.

RESULTS
Topical application of the cream alone containing only
DMSO did not show any fluorescence in the normal mouse
skin, but there was some fluorescence of PpIX after DF
alone was applied.
DF or DF plus DMSO (a well-known skin penetration
enhancer} significantly enhanced the production of ALA
methylester-induced PpIX.

II. Fluorescence imaging of the skin treated with three
derivatives (performed as described in Example 9) showed
fluorescence of the ester derivative-induced porphyrins
in the epidermis, epithelial hair follicles and
sebaceous glands 1 h after topical application (Figure
21). The fluorescence intensity of the porphyrins
increased with the time after the application.

SUMMBRY

A large number of patients with basal cell carcinomas
(BCCs) has topically been treated with ALA-based PDT in
our hospital during the past five years and more than
90% of superficial BCCs have shown a complete



- 16 - the surprising ability of ALA esters to preferentially localize to
non-nofnel tissue. The—abnormality or ..di-serdes—thua—i-gentifi ed—er—eont+rret——
at the site of investigation may then be treated through alternative

t herapeutic techniques e.g. surgical or chemcal treatnent, or by the

met hod of therwuomeRBarkhe i nvention by continued build up of fPawicGRIeRIsSSE Or
t hrough further application of conpounds of the invention at the
appropriate site. It will be appreciated that diagnostic techniques may
require |l ower levels of fluorescence for visualization than used in
therapeutic treatnents. Thus, generally, eoBBentration ranges of 1 to 50%
e.g. 1-5% (ww are suitable. Sites, nmethods and nodes of adm nistration
have been consi der gédgression. However, nodular BCCs had a low complete

response rate due to a poor ALA retention and,
consequently, a low ALA-induced porphyrin production in
the deep layers of the lesions. In order to improve the
technique, we used ALA ester derivatives instead of free
ALA. The present data obtained presented in this
Example and in Example 9 by means of both fluorescence
spectroscopic measurements in gitu and fluorescence
microscopy of tissue biopsies, indicate that all three
ester derivatives studied were taken up, de-esterified
and finally converted into porphyrins in the epidermis,
epithelial hair follicles and sebaceous glands of the
nude mice with a higher porphyrin production than that
of free ALA. This is in agreement with the preceding
Examples concerning a study of human nodular basal cell
carcinoma that demonstrate that the fluorescence of the
ALA ester-induced porphyrins was built up faster with a
higher intensity and a more homogenous distribution than
those of free ALA-induced porphyrins in the lesions.

The present study also shows that DF has a significant
effect in enhancing the production of ALA methylester-
derived PpIX in the normal skin of the mice after

topical applicatiom.

Interestingly, a strong fluorescence of free ALA-induced
porphyrins was found in regions of the skin outside the
area where the cream was topically applied (Figure 2).
This indicates that after topical application free ALA
is transported in the blood and porphyrins are
subsequently formed in all organs containing the enzymes
of the heme synthesis pathway or porphyrins are
initially formed in the skin or/and liver, then
transported to other tissues via blood circulation.

This may lead to skin photosensitivity in areas where
free ALA is even not topically applied. However, none
of the ester derivatives studied induced porphyrin



before with regard to the therapeutic uses and are applicable also to

di agnosti c uses descrihed here. The conpounds—for use—n the invention may
al so be used for in vitro diagnostic techniques, for exanple for

exam nation of the cells contained in body fluids. The higher fluoresence
associ at ed “‘Eﬁﬁﬂﬁﬁi ormal tissue may conveniently be indi catpicycEoénoesss
abnormality or disorder. This nethod is highly sensitive and may be used
for early detection of abnornmalities or disorders, for exanple bl adder or

| ung carci noma by -exam nation of the epithelial cells in urine or sputum
sanpl es, respectively. O her useful body fd4 3i4ds which may be used for
diagnosis in addition to urine and sputuminclude bl ood, senen, tears,
spinal fluid etc. fliucrescenapl i aheyr pputat PHrtherdkisl.-so be eval uated, for
exanpl e bi opsy tissue or bone marrow sanples. The present invention thus
extends to the use of conpounds of the invention, or salts thereof for

di agnosi s
Example 14

: b in WiDr I loni . _
Lransplanted nude mice

Nude mice were transplanted with WiDr human colonic
carcinoma cells by subcutaneous injection into the right
flank region. The following creams, formulated as
described in the preceding Examples, were applied
topically to the site of the tumor: 10% DF alone; 20%
ALA + 10% DF + 20% DMSO; or 20% ALA methylester + 10% DF
+ 20% DMSO, followed, 14 hours later by laser light
irradiation (632 nm, 150 mW/cm?® for 15 minutes)}. A
separate group of animals bearing the same tumor model,
but receiving no topical application of the cream,
served as a control. The responses of the treated
tumors were evaluated as tumor regression/regrowth time.
When the tumors reached a volume 5 times that of the
volume on the day of light irradiation, the mice were
killed. The results are shown in Figure 22. (Bars:
standard error of mean (SEM) based on 3-5 individual
animals in each group). The results show that it took
34 days for tumors treated with ALA methylester + DF +
DMSO to reach a volume five times that of the volume on
the day just before light irradiation, whereas in the
case of free ALA + DF + DMSO it took 24 days for the
treated tumors to grow to 5 times size. Thus, ALA
methylester is more effective than ALA in slowing tumor

regrowth.

EX2AMPLE 15
Selectivity of ALA estexs (methvl, hexyl. heptyl and
octyl) for pon-normal tisgue



according to the aforenenti oned nethods for photochenot herapy, and products
and_kits for perform ng sald-di agnosi-s—A-d-ti=het—aspect—of the—t+nverttoi——
relates to a nethod of in vitro diagnosis, of abnormalities or )

96/ 28412 PCT/ GB96/ 00553 - 16 - ALA esters to
‘preferentially woogbdszee t 0 non-normal tissue. The abnormality per/CBssmOSES’

thus identified or confirmed at the site of investigation may then be

treated through alternative therapeutic techniques e.g. surgical or

chem cal treatnment, or by the nmethod of theragy of the invention by

continued build up of fluorescence or throagR3further application of

conpounds .
The PpIX fluorescence ratios between BCC lesions and

surrounding normal skin after topical application of ALA
or its esters (20% for 4 hours), was examined using
methods described in previous examples. The results are
shown in Fig.23 and indicate that all esters can more
selectively induce PplIX in BCC lesions than free ALA,
particularly in the case of ALA-methylester and ALA-
hexylestgr.



of the invention at the appropriate site. It will be appreciated that
di agnosti c techni ques may require | quer levels of fluarescence for

vi sual i zati on than used in therapeg Thus, general ly,
concentration ranges of 1 to 50@6el Jpui table. Sites,
met hods and nnﬁg@mggugdninistratio
to the therapeutic uses and are app 0 _dijagnostic uses

descri bed here. The compounds of the |nvent|on may arso be—used Ln
vitro diagnostic techniques, for exanple for exam nation of the ceIIs
contained in body fluids. The higher fluores#nce associ at ﬂm M’m Im

ti ssue may conveniently be indicative of an abnormality o ”uw
method is highly Sok&im&~ve and may be used for early det ection of
abnormalities or disorders, for exanple bladder or |ung carcinoma by

exam nation of the eg;g&ﬁk %hgge#+%hq;éqwﬁkgeofr S%ﬁhﬁgfé%%qﬁhgé acids or

respectively. O her g
pharmaceutlca ly acceptable salts thereof.

2. Compounds of formula I,
R#N-CH,COCH, -CH,CO-OR? (1)

(wherein R! may represent alkyl optionally substituted by
hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino,

aryl, oxo or fluoro groups and optionally interrupted by
oxygen, nitrogen, sulphur or phosphorus atoms; and R?,
each of which may be the same or different, represents a
hydrogen atom or a group R!) and salts thereof.

3. Compounds as claimed in claim 2 wherein the aryl
group is phenyl or a monocyclic 5-7 membered
hetercaromatic.

4. Compounds as claimed in claim 2 or 3 wherein R}
represents an unsubstituted alkyl group and/or each R?
represents a hydrogen atom.

5. Compounds as claimed in any one of claims 2 to ¢4
wherein the alkyl group contains up to 10 carbon atoms.

6. Compounds as claimed in any one of claims 2 to 5
wherein the compounds are ALA-methylester, ALA-
ethylester, ALA-propyl ester, ALA-hexylester, ALA-
heptylester or ALA-octylester or salts thereof.

7. A process for preparing the compounds as defined in
any one of claims 1 to §, comprising forming an estexr of

the carboxy group of a S-aminolevulinic acid.

8. A process as claimed in claim 7, comprising
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used for dlagn W““LE“ to urine and sputuminclude bl ood, senen,
t ears i spi nal ﬂ“‘m“\m sanpl-es—or—peparatons—nmay al so—be

eval uated, for example bl ofsy *ti ssue or bone marrow sanples. The present
i nvention thus extends to the use of ..... ds of the invention, or salts
t hereof for di pessizaccording to t 0 et hods HOIVGB96/00553
-phot ochenot her apy, and products and Kits f,q»gpoY /said di agnosis. A
further aspect of the invention rel aTes—te=a n vitro diagnosis,
of abnormalities or W) 96/ 28412 :
PCT/ GB96/ 00553 - 17 - disorders by assaying a7sanple of body fluid or
tissue of a patient, said nethod conprising at |east the

reactlng a S5-aminolevulinic acid, or an esterifiable

derivative thereof, with an alkanol or an ester-forming

derivative thereof.

9. A process as claimed in claim 7 or 8, which process
comprises at least one of the following steps:

(a) reacting a compound of formula II
REN-CH,COCH, - CH,CO-X (11)

(wherein X represents a leaving group, or COX represents
an acid anhydride group and R? is as defined in claim 2)
with a compound of formula III

R!-OH | (II1)

(wherein R! is as defined in claim 2); and

(b) converting a compound of formula I into a
pharmaceutically acceptable salt thereof.

10. Compounds as claimed in any one of claims 1 to 9,
or salts thereof, for use in photochemotherapy or

diagnosis.

11. A pharmaceutical composition comprising a compound
as defined in any one of claims 1 to 9, or a
pharmaceutically acceptable salt thereof, together with
at least one pharmaceutical carrier or excipient.

12. The use of a compound ;s defined in any one of
claims 1 to 9, or a pharmaceutically acceptable salt
thereof, for the preparation of a therapeutic agent for
use in photochemotherapy, or a diagnostic agent for use

in diagnosis.
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follomﬁng i'ng said body fluid or tissue with a conpound as
descri bed mm&m “mﬂm exposing _said mxture to light, iii) ——
ascertaining thet etel Sof *fluorescence, and iv) conparing the |evel of
fluorescence to control levels. The invention wll nom1be described in nore
detail in thegg {219 non-limting Exaia VT rrreker enc GdrieiobBosss
drawi ngs in whic Igure 1 shows fl - -

wavel ength (nm) of Ppl X in the nor klbn—of "n¥de
adm ni stration of (A) free ALA (B) ALA met hyl ester ALA et hyl ester ([»

ALA propylester after 0.5, 1, 1.5, 2.5, 3,-38&-and 14 hours foll ow ng

13. The use as claimed in claim 12 wherein the
photochemotherapy or diagnosis is performed on disorders
or abnormalities of external or internal surfaces of the
body which are responsive to photochemotherapy.

14. A method of diagnosis or photochemotherapeutic
treatment of disorders or abnormalities of external or
internal surfaces of the body, comprising administering
to the sites of investigation or affected surfaces, a
composition as defined in claim 11, and exposing said
sites or surfaces to light.

15. A method as claimed in claim 14 wherein the light
is in the wavelength region 500-700 nm.

16. A product comprising a compound as claimed in any
one of claims 1 to 9 or a pharmaceutically acceptable
salt therxeof, together with at least one surface-
penetration assisting agent, and optionally one or more
chelating agents as a combined preparation for
simultaneous, separate or sequential use in treating or
diagnosing disorders or abnormalities of external or
internal surfaces of the body which are responsive to

photochemotherapy.

17. A product as claimed in claim 16 wherein the
surface-penetration assisting agent is DMSO.

18. A method of in vitro diagnosis of abnormalities or
disorders by assaying a sample of body fluid or tissue
of a patient, said method comprising at least the
following steps:
i) admixing said body fluid or tissue with a
compound as defined in any one of claims 1 to
9,
ii) exposing said mixture to light,
iii) ascertaining the level of fluorescence, and
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adn1n| \2 shows the distribution of PplX as neasured by
fluare ﬂ@g& ' ; I n Bratm

derm s)'% LlVbr and nmuscl e 14 hours after topical admnistration to the
-normal skin of mce: (A free ALA (B) ALA nethylester (C) ALA ethylester
(D) ALA propy| o swpeal gure 3 sho Pt fuerescence (fl uor e pCEAB6/00553
Intesity, relative units vs wavel ¢ ] : fkin of m ce W

96/ 28412 _ ; 10553 - 16 - 15 m nutes,
1 hour, 4 hours and 10 hours after . great=dinj ecti on of ALA

met hyl ester (150 -39 -

iv) comparing the level of fluorescence to control

levels.

19. A kit for use in diagnosis or photochemotherapy of
disorders or abnormalities of external or internal
surfaces of the body comprising:

a) a first container containing a compound as claimed
in any one of claims 1 to 9 or a pharmaceutically

acceptable salt thereof,
b) a second container containing at least one surface

penetration assisting agent; and optionally

c) one or more chelating agents contained either
within said first container or in a third

container.
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ng/ kg); Figure 4 shows Ppl X fluorescence (fluorescence intensity relative

uni ts—¥s -wavel engt h (nA—(A)} 1. 5 -hoiHt—ait—{Bl—d—hous af t ertopi-cal
adm ni stration of ALA nmethylester to basal cell carcinoma (BCC) |esions on
the skin of human patients (- tunour; --- normal skin); Figure 5 shows
Ppl X f1 uor escerwe ofhsaupr escence intensity relative units vs wapel
(nm) (A 1.5 hours and (B) 4 hours after topical adm nistration of ALA
ethylester to basal cell carcinoma (BCC) |esions on the skin of human
patients (- tunour; --- normal skin); Figure Zaows Ppl X fl uorescence
(fluorescence intensity relative units vs veleémgth (nm (A 1.5 hours and
(B) 4 hours after topical n l @dal LA propyl cel |

[ Ff ﬁg Ai?na@f EeA\ ?S‘EI m'm" nor mal

carcinoma (BCC) | esions on n patients
Dol X_flarescence Jfl Lol £.5.0.000-it i35 oy "W BV R VI

skin); Figure 7 shogg & ¢
units vs wavel ength (nmA (A) 1.5 hours and (B) C 0.6 H
] — 0. ours
% 1 — — 1.0 Hours
40 /'t ——- 1.5Hours
] I i ——— 2.5Hours
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4 hours after topical admnistration of ALA to basal cell carinoma (BCC)

| esiens—en—the skin of-huwan pati ents—~——t-tiBiim—m—me—nor mal skin) . E.gure 8.
shows neasurenent of Ppl X production follow ng topical application of ALA

met hyl ester in human BCC and surroundi ng normal skin by CDD m croscopy of

bi opsies (A) grwplsasdz representati on show ng fl uorescence i nt 8eHEE¥%/0d8s3

depth ([err]m and (B) m crograph; Figure 9 shows neasurenent of Ppl X
production follow ng topical application of ALA in human BCC and

surroundi ng WD 96/ 28412° PCT/ GB96/ 00553 -

19 - normal skin by CDD m croscopy of biopsi e?réA)zgraphi cal representation
showi ng fluorescence intensity vs depth ([err and (B) m crograph;
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Fi gure 10 shows Ppl X fluorescence (fluorescence intensity relative units vs

wavelength {(nm) 24 howsfol| ow prg—tepeat—admrtstration of -AtA

nmet hyl ester to BCC | esion and to normal skin of human patients. Figure 11
shows Ppl X fl uorescence (fluorescence intensity relative units vs

“wavel ength (nnywodéhsigurs foll owing topical administrati on of piricBogness

| esion and to normal skin of human patients. Figure 12 shows neasurenent of
Ppl X production 4.5 hours follow ng topical application of ALA, nethylester
in human BCC by CDD m croscopy of biopsies (A) graphical representation
showi ng fluorescence intensity vs depth ([er3]f23nd (B) nicrograph; Figure
13 shows neasurement of PplX production 4.5 hours follow ng topical
application of ALA nethylester in human normal skin by CDD m croscopy of

bi opsi es (A) graphical representation showi ng fluorescence intensity vs
depth ([err]nm) and (B) m crograph; '

18
Ala methylester
4h
16 150mg/Kkg i.p. measured
on the skin under anesthesia
14 -

- -t
o N
] 1

Fluorescence intensity (rel. units)
[+
1

0 I ' ] i i L I
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FIG. 3 Wavelength (nm)
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Figure 14 shows neasurement of PplX production 24 hours followi ng topical
appl+edtioentef ALA net mHester in human BCE-by—EBB-Ae+0scopy of—brepsi-es———— -
(A) graphical representation showi ng fluorescence intensity vs depth

([err]m and (B) mcrograph; Figure 15 shows neasurenent of Ppl X production.
24 hours foll owogénsap cal application of ALA nmet hylester in hadiacndeaosss !

skin by CDD m croscopy of biopsies (A graphical representati on show ng
fluorescence intensity vs depth ([err]m and (B) m crograph; WO 96/ 28412
PCT/ GB96/ 00553 - 20 - Figure 16 shows neasurenment of Ppl X production 24

hours fol | owing topical application of free A A/i23human BCC by CDD

m croscopy of biopsies (A) graphical
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representation showi ng fluorescence intensity vs depth ([err]m and (B)

mcr-oqr&ph——ﬁ—gure 17 -shews—neasurenent n 24-hows
foll owing topical application of free ALA in human nornal skin by CDD

m croscopy of biopsies (A) graphical representation show ng fl uorescence
intensity vs depovegazr|m and (B) mcrograph; Figure 18 showsefRs §{J
of Ppl X production 4.5 hours follow ng topical application of free A an

20% DVSO i n human BCC by CDD mi croscopy of biopsies (A) graphical
representati on show ng fluorescence intensit zlﬁapth ([err]m and (B)

m crograph; Figure 19 shows neasurenent of Ppl X production 4.5 hours
follow ng topical application of free ALA and 20% DVSO i n human normal skin

by CDD mi croscopy of biopsies (A) graphical representation show ng °
fluorescence intensit ' ' r S
shows .a tine course ( intensity |~
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relative units vs time (hours)) of ALA nethyl ester- induced (PplX)

fl uarescence i n.the nouse .ski N.-aftcimt-opi-cat-—appteatton of

alone (-[err]-), ALA nethylester plus DMBO (-[err]-), ALA, nethylester plus
desferrioxamne (DP) (-[err]-) or ALA methylester plus DF and DVSO
(-[err]-). Eackygssnginzi S the nmean of neasurenents from at | eaPCTiGBOGE0SSS Ce;
‘Figure 21 shows fluorescence photographs of the nouse skin taken 1 h after
topi cal application of free ALA alone (A), ALA nethylester (B), ALA
ethylester (C) and ALA propylester (D), showi ng fluorescence in the WO
96/ 28412 b /923PCT/ GB96/ 00553 - 21 -
epiderms (Ep), epithelial hair follicles and sebaceous gland (arrows), but
not in.the derms (De). Oiginal
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magni fication x250. Figure 22 is a graph showi ng relative tumour vol ume
agai-ast—t+re—days) foH-ew ng t | oni ¢ eaFre+ReFE——o
transpl ant ed subcut aneously into nude mce with ALA or ALA nethyl ester plus

DF; (--) control; (-[err]-) DF alone; (-[err]-) ALA + DF + DVMBO, (-[err]-)

IALA net hyl esterwomﬁuiz DMSO. Figure 23 shows Ppl X fluoresence peiipsmosss

bet ween BCC | esions and surroundi ng normal skin after topical application

of ALA or its esters. Exanple 1 Preparation of nethyl 5-am nolevulinate
hydrochl oride To a 500 m gl ass reactor containing 200 m nethanol, was

added 1g 5-am no-levulinic acid hydrochlori de/a 1 drop conc. HCl. The
reaction mxture was then stirred overnight at 60[err]C The progress of

the esterification was followed by [err] H NVR Excess net hanol was renoved

by distillation, and the product further dried under vacuum
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at 30-40[err]C, giving nethyl 5-am nolevulinate hydrochloride. The
strusture was confirmed-by—f-err]-H-NVR . i-n-DMBo-gf-etit—Exanpl e 2—Preparation——
of ethyl 5-aminolevulinate hydrochloride (ALA ethylester) 1g

‘5-am nol evul i ni c acid hydrochl ori de was added to 200 ml dry et hanol

containing 1-2 wwossrs@anc. hydrochloric acid in a 250 m gl ass pegipobiiosss

equi pped with a stirrer, reflux condenser and a thernoneter. The

esterification was performed at ref lux over8 giR3(70-80[err]C). After the
WD 96/ 28412 PCT/ GB96/ 0553 - 22 -

reaction had gone to conpletion, the ethanol was renoved under vacuum
Finally, the product was gii esboupcer—ki-gh
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vacuum at 30-40[err]C, giving 0.94g Ethyl 5-aninolevulinate hydrochloride.

Conf4+reati+om of the struetdre was—denre—by—feriduPiR—i1DVEO dlerri-
Preparati on of n-propyl 5-am nol evulinate hydrochl ori de (ALA propyl ester)

O. 5g 5-am nol evulinic acid hydrochl oride was di ssolved in 100 ml dry

n-propanol contwiossaggd- 2 drops of conc. hydrochloride in a 25

reactor equipped wth a stirrer, reflux condenser and a thernoneter. The
reaction mxture was stirred at 70-80[err]C¥{gz%3pprox. 20 hours. After all
the 5-am nol evulinic acjd Y500 converted to =propyl ester (followed by
[err]HNWR), the excesdhpropan | was renoved, and the product |dried under

hi gh vacuum (<1 nBar) at 40-50ferr]C. The reaction,gave 0.49g]propyl
5-am nol evul i nate hydrocgl| oggedge. The structure wap confirnmedlby [err] H NVR
in DMSO-d[err]. Exanple Prepgration jof n-hexyl 1 ami nol evul i|ni ¢

hydr ochl ori de

)

700 -

Fluorescence inten
g

ALA methylester



(ALA hexyl ester) 2 grans of 5-am nolevulinic acid hydrochloride was

di ssetved in 25 grans of—dry n-hexaret—wth—5—6—crops—of conc.

hydrochl ori de added in a 50 m gl ass reactor equipped with a reflux

condenser and a thernoneter.

for appr ox.
product finally dried under

'5-am nol evul i nat e hydrochl ori de.
spectroscopy in DVMBO- d[err].

'PCT/ GB96/ 00553 - 23 -

3 OwQ9628EE: excess n- hexanol

The struct
WO 96/ 2841

_ Preparati on of n-heptyl
hydr ochl ori de (ALA heptyl ester)

The reaction m xture was held at 50-60[err]C
was renoved under vacetichitiessic

hi gh vacuum giving 2.4 grans of n-hexyl

‘g()e[\@g confirmed by [err] H NWR

5-am nol evul i ni ¢

BCC ALA-methyl 24 hours
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O 5g 5-am nol evulinic acid hydrochl ori de was added to 30 grans of

n- hept-anol—cont-ai-ni ng-5-drops- of —conc—hydreeh-er-de—n—a 100 H—glass———
reactor equi pped with a stirrer, reflux condenser and a thernoneter. After

all the 5-amnolevulinic acid had di ssol ved, the reaction m xture was

'stirred at 70- 5Wposmda2 f or approx. 48 hours. After the 5-am nopEnGBIcRISES

‘acid was converted to its n- heptyl ester (followed by [err]H NWVR), the

.excess al cohol was renoved, and the produc-ll 1dy under hi gh vacuum (<1

nmBar) at 70[err]C. The reaction gave |.5g n-heptyl 5- ami nolevulinate

hydr ochl ori de. The structure was confirmed by [err]HNVR in DVMSO-d[err].

Exanpl e 6 Preparation of n-octyl 5-am nol evulinic hydrochloride (ALA
octylester) 1 gram 5-am nol evulinic acid hydrochloride was added to 30

grans of dry n-octanol containing 5-6 drops of conc. hydrochloride in a 50

m gl ass reactor equipped with a

BCC ALA 24 hours

160

—— wavelength v background

——=— wavelength v nod.BCC 24h
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120 ~
100 -
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refl ux condenser, stirrer and a thernoneter. The reaction m xture was

sti r+ed—&t——6—5——7—9{-err]9—f—er—a-pp+‘—ex— 2 days.—Bxeess—h—oetanol was—erv-ed—————
under vacuum and the product finally dried under high vacuum giving 1.5

grans of n-octyl 5-am nol evulinate hydrochl oride. The structure was

confirnmed by 1nwoddRssrzectroscopy in DVMBO d6. Exanple 7 20% CrpeiBodoéses
prepared by adm xture of the active COrrponent ALA, ALA nethylester, ALA

et hyl ester, or ALA W 96/ 28412 12 ?

PCT/ GB96/ 00553 - 24 - propyl ester (prepar ed acco ding to Exanples 1 to 3
respectively), with "U guent ugm PR S ir=s om Mer ck)
consisting of silicon dioxidej B B 6
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paraffin liqg., vaseline, album cetostearol., polysorbat. 40, glycerol

nonast ear atie, M gl yolfe~}812 (a m xt ur e—ef—pteit—t-atty—aci dsr;

pol ypr opyl enegl ycol ., and purified water. Correspondi ng creans were al so

- prepared, additionally containing 3-20% DMSO. Exanpl e 8 Determ nation of

- protopor phyri n weeggsagguct ion in the skin of mce by CCD mcr

' bi opsies: A commercial oil-in-water cream containing (20% w w) one of the
chem cals (free ALA, ALA nethylester, ALAuﬁghyugater and ALA propyl ester)
(see Exanple 1) was topically applied to t normal skin of nu/nu nude mce
for 0.5, 1, 3 and 6 hours, then biopsied and eval uated by neans of

m croscopi c fluore , | | ' |
thermol -el ectri pgl |
show t hat free ALA
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taken up by the skin tissue, the esterified ALA derivatives are being
deesterified in the skin—and converted ipte—proeteperphyrin | X (PptX—65—
hours after topical application. The fluorescence intensity of PplX in the

skin increased with the tinme of the application and the nmaxi nrum anounts of

-the fluoresceng@pifizseen about 6 hours (the latest tine poi RCTAEBYSI0SSE)

after the application in all cases. Exanple 9 Measurenents in situ of

pr ot opor phyrin I X production in the skin 01471'/c23by an optical -fiber based
system WO 96/ 28412 . PCT/ GB96/ 00553 - 25

- The aimof this study was to investigate the build-up of esterified ALA
ester-induced porphyrins fluorescence in
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the normal skin of nude mce in vivo after topical or systemc
adni-ai-strati‘on of ALA ester der i-vatves—MATFERHAE—ANB—METHODS -Chefi-et-s————
5-am nol evulinic acid (ALA) nethyl-, ethyl- and propyl-esters
(Herr]NNCH err]COOCH err]-CH err]COO-R, R can be CH err],

CH err]-CH err]wasgresar ) were prepared by Norsk Hydro Resear chp&fchssinosss
(Porsgrunn, Norway) as described in Exanples 1 to 3. Free ALA hydrochl oride

and desferrioxam ne nesylate (DF) were purm ?3rom Si gma Chemi cal

Conmpany (St. Louis, M, USA). Dinethyl sul phoxi (DVMSO) was obtai ned from
Janssen Chim ca (Geel Bel gium. Commercial oil-water creans (Unguentum
Mer ck, Dar nst d ' ST ' R

(Ww, 20%free ALA,
pl us 20% DVBO, or 2(
prepared prior to ug
Nor wegi an radi um Hog
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met hyl ester were freshly dissolved in saline. Al other chem cals used were

of t—he—h-l—g-he%-t——pur—l—t—y—eempel aH-y—ava-table—Anriwats—Fenmal e Bal-ble—AufAy——

at hym ¢ nude mce were obtained fromthe Animal Laboratory at the Norwegi an

:Radi um Hospital and kept under specific-pathogen-free conditions. At the
Start of the eX¥@oé881x s the mice were 6-7 weeks ol d wei ghi ng BrEXo6m0ss3

‘Three nice were housed per cage with autoclaved covers in a dark room

during the experinents. Treatment procedurd /C?gof the creans was painted
on the normal skin at right flank region of ea nouse, and covered by a
sem - perneabl e dressing (3M St Paul, M, WO 96/ 28412
PCT/ GB96/ 00553 - 26 -

B

*I

4\\ §¢' ”f

S 0\.‘
A

1694

1600 -

1400 -~

1200 -

Intensity

1000

600 : : . :
o . 100 200 300 400 500



USA) for various time intervals (from0.25 to 24 h) before fluorescence

neaswementsi-nsi t u -or—bei-rg—biopsied f or—m-crescep-c—f| UOr escenrce—~
i magi ng. About 0.2g creamwas applied to an approximate 2.25 cnierr] area
iof the skin. In the case of i.p. injection the mce were given ALA or its
met hyl ester at wodesstinf 150 ng/ kg. At |least three nice were uperchoioessich
condi tion. Fluorescence spectroscopi c neasurenents in situ. A perkin
El mer LS-50 fl uorescence spectroneter equi d[\z' h a red-sensitive
photomul ti plier (Hamamatsu R 928) was used. ThiS Tnstrunent has a pul sed
Xenon arc |ight source and phase sensitive detection, such that

fl uorescence carffe readi |y measured. Part of the excitation beam (set at
408 nm for fluorescsg ) L - core
mul ti modus opti cal
GroH, Cernering, Ger
subj ect through a hg
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hel d probe. Emission in the region of 550-750 nmwas neasured via em ssion

fibresicallecting informati.on thr-eugh—the—probe—Ftor-escene nrcrosTopy:

After the creans were topically applied to the skin of mce for various
times (as indicated above), the skin was biopsied and the frozen tissue
sections were wgoensdil a cryostat to a thickness of 8 [err]m PCRASBI6/00SS3
fluorescence m croscopy was carried out using an Axioplan m croscope
(Zeiss, Germany) with a 100 Wnercury | a Tygg | uor escence i nmages were
recorded by a light-sensitive therno- elec c y cool ed charge coupl ed
device (CCD) camera (resolution: 385x578 plxels with a dynan1c range of 16
bits per pixelB(As e i dg D a

vi deo printer (Son f i nation
used for detection '
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WD 96/ 28412 PCT/ Gb96/ 00553 - 27 - nm

exci+ationfilter, a 460—-Am beam-spit-ti-ei—aRd—a—=608—nm en ssi-0R-—Ftter

Ppl X fl uorescence was neasured in situ by an optical- fiber based systemin
the normal skin of nude mce 0.5, 1, 1.5, 2.5 3, 3.5 and 14 hours after

t opi cal appli cawoosnsai2 free ALA or one of its ester derivati VvescrHEnesnosss
descri bed above. As shown in Figure 1, the Ppl X fluorescence was already
built-up 1 hour after topical application gq?yhz ase of all derivatives,
while the fluorescence was seen 1.5 hours e application of free
ALA. The nmaxi mum fl uorescence intensity was found 14 hours after the
application in | cases, but Ppl X fluorescence induced fromALA esters in

t he skin was st =ngg
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be seen.in Figure 2, 14 hours after the application no fluorescence of

ALA—est¥r s-indueed Ppl e ski-a—anrd

i nternal organs including ear, derms, nuscle, brain and |iver. However, in
the case of free ALA, a strong fluorescence was al so seen in the ear as
wel | as in the woens4az eas of the skin. Thus, after topical appt&reBddigosss
ALA- ester-induced Ppl X was found locally in the skin, whereas free

ALA-i nduced Ppl X distributed not only locally, but also in other areas of

t he skin. W suggest that ALA is transported in the blood and that Ppl X is
subsequently fornmed in all organs containingggh2u?$zynes of the hene

synt hesis pathway and/or Ppl X is fornmed in t and then transported to
ot her tissues via blood circulation. The latter situation nay lead to skin
photosensitivity in areas where free ALAis not topically applied. In
addition, after intraperitoneal injection of ALA nethylester at a dose of

150 ny/ kg, the Ppl X
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fluorescence in the skin of mce was built-up 15 mnutes after the

i nj ecti-dn..and_the peak ..value was..found argurgd——m=28.—and adj acent—nerrBl———
skin by neans of a spectrofluoroneter. Punch biopsies of the sane areas
were renoved and sanples were inmmedi ately imersed in liquid nitrogen. The
tissue sectionswoosmssg2it With a cryostat microtone to a thicknpgpeh
[err]m The | ocalization pattern of the porphyrin fluorescence in the

ti ssue sections was directly observed by neans of fluorescence m croscopy.
The sane sections were subsequently stained with routine H&E staining for .
hi st ol ogi cal identification. Fluorescence rzgr/gzz py was carried out with
an Axi opl an m croscope (Zeiss, Germany). Flabr, nce i mages and
guantitative

SUBSTITUTE SHEET (RULE 26)



nmeasurenents were perforned by a light-sensitive thernol-electrically
cooLed-éhaLge—eoupled_de¥+ce_4LII» canmer a—{Ast+omed CCD 3200,

UK) and an i mage processing unit (Astromed/ Visilog, PC 486DX2 66 MHz VL).
The main purpose for such quantitative nmeasurenments is to determne the
exact penetrat iwooesssd A-i nduced porphyrins fromtissue surfacgcignds
bottom | ayers of cancer |l esions. The results are shown in Figures 8 and 9
in which the fluorescence intensity is expressed as a function of depth of
.cancer |esion. As shown in Figures 8 and 9, an honbgeneous distribution of
‘Ppl X fluorescence is seen fromthe top to taﬁb?ﬁéton]Of t he whol e BCC

| esions after use of either free ALA or its ester. This suggests
that ALA nethylester is at |east as good as free ALA in terns of
penetration and Ppl X production in the BCC lesion. In addition, no PplX

fl uorescence was seen in the surrounding normal skin after topical
application of ALA nethylester, indicating
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that ALA-met hyl ester-induced Ppl X highly selectively took place only |n t he

BCClesionln vivo fluorescence after 24-hotHs—shewed—at—l-east 36
‘doubl ed fl uorescence intensity for ALA nethyl ester conpared to ALA for the
sel ected tunors and al so an increase for corresponding normal tissues,
however this onwpsshksapout 50%. The ratio between tunor and noPOHGBYGMSSIC
‘was about 1.2: 1 for ALA and 2: 1 for the ALA nethyl ester. The results are
shown in Figures 10 and 11. At control one PRl ABter treatnment all
treatment fields presented a central necrotic area corresponding to the
tunor. In the adjacent normal skin exposed to cream and Ilght irradiation
there was observed a marked eryt hema
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for the ALA while for the ALA nethyl ester.only noderate erythema was
-observed. Exanple 12 In vivo fluorescence surface measurenents of . Ppl X
‘production in human BCC and surrounding nornal skin.by CCD mcroscopy of
bi opsi es The present data show t he Iocalizgtgog patterns and production of
por phyrins (mainly protoporphyrin I X (Ppl X)) after topical application of

f ALA and f its deri ' hyl, for.4. i

the nodul ar  basa 2ol PUsaEeYLohad "R VEREES iR, BURGFAL RoPheP SFi HSE

patients. The tesysthesispeisotoed hideSdrengdntnaEianppepgmetEach thet he

foll owi ng Tigur o5, pHoN,501 0alsBh ol LUPBESEERER bIRGASB' of! PRS' siRBeDehEOM
Jo) I'n SE n. Cu 8

| ayer of BCC | esTon$ or+ e surroun nor nma ] ves I ndicating
the fluorescenceathienspfyfasrachahatpss dtheepehadiathBInenzyms) ons &heof

the normal skin apee.al $A:i60AYNsEAY in heme synthesis, an excess of ALA
' leads to accumulation of Pp, the photosensitizing agent.
Thus, by applying ALA topically to skin tumours, and
then after several hours exposing the tumours to light,
a beneficial photochemotherapeutic effect may be
obtained (see for example W091/01727). Since the skin
covering basilomas and squamous cell carcinomas is more
" readily penetrated by ALA than healthy skin, and since
the concentration of ferrochelatase is low in skin
tumours, it has been found that topical application of
ALA leads to a selectively enhanced production of Pp in
tumours.

However, whilst the use of ALA represents a
sigﬁificant advance in the art, photochemotherapy with
ALA is not always entirely satisfactory. ALA ié not
able to penetrate all tumours and other tissues with
sufficient efficacy to enable treatment of a wide range
of tumours or other conditions and ALA also tends to be
unstable in pharmaceutical formulations. A need
therefore exists for improved photochemotherapeﬁtic
agents. _

The present invention addresses this need and in
particular aims to provide photochemotherapeutic agents
which are better able to penetrate the tumour or other

abnormality, and which have an enhanced
photochemotherapeutic effect over those described in the
prior art.

In one aspect, the present- invention thus provides
compounds being esters of 5-aminolevulinic acids or
pharmaceutically acceptable salts thereof for use in
photochemotherapy or diagnosis.

In the esters of the invention the 5-amino group
may be substituted or unsubstituted, the latter case
being the ALA esters.

AMENDED SHEET



Figure 12 shows a honobgenous distribution of PplX fluorescence generated by
ALA; met hyl ester in the bottom - 31 - tayer of a-BCC 4.5 hours after

topi cal application. There is also sone porphyrin fluorescence in
surroundi ng normal skin (Figure 13). The fluprescence intensity ratio

bet ween BCC and the normal skin is about 2. reover, the absol ute anmount

of the fluorescence induced by. AL thyl, ester | g n L nduced
by free ALA and 20@6ﬂWﬁE?é??Egl?%€?%§¥’a%B?i83??8§n$%rPﬁ?Sﬁ%%u?éggggigﬁomm
bel-ow. Figures Itfo arite linwsémvian uaré oesterst of bhtawmibnolepol phyeci acids

f 1 uorescence i nquaag %%%eﬂoéfgégg%&feﬁtea {ichbrget pul eokgt Cote?d

hours in the bottonl surroundi ng normal skin. e ratio of
t he or substituted alkyl esters.

Database Xfire, entries 3060978, 5347132, 5499790,
5620924, 5633390, 5991317 and 6517740 (Beilstein); Cosmo
Sogo Kenkyusho KK, Patent Abstracts of Japan, Vol 16;
No. 156 (C-0930), 16.4.1992; EP-A-316179 (Tokuyama Soda
KK) ; GB-A-2058077 (Hudson et al) and DE-A-2411382
(Boehringer Sohn Ingelheim) describe alkyl ester
derivative of 5-aminolevulinic acid, and derivatives and

" salts thereof and processes for their preparation.

Alternatively viewed, the invention can therefore

be seen to provide compounds of formula I,

R2N-CH,COCH, - CH,CO-OR? (1)

(wherein R! may represent alle optionally substituted by
hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino,

aryl, oxo or fluoro groups and optionally interrupted by
oxygen, nitrogen, sulphur or phosphorus atoms; and R2,
each of which may be the same or different, represents a
hydrogen atom or a group R!) and salts thereof for use in
photochemotherapy or diagnosis. .

The substituted alkyl R! groups may be mono or poly-
substituted. Thus suitable R! groups include for example
unsubstituted alkyl, alkoxyalkyl, hydroxyalkoxyalkyl,
polyhydroxyalkyl, hydroxy poly alkyleneoxyalkyl and the
like. The term "acyl" as used herein includes both
carboxylate and carbonate groups, thus, acyloxy
substituted alkyl groups include for example
alkylcarbonyloxy alkyl. In such groups any alkylene
moieties preferably have carbon atom contents defined
for alkyl groups below. Preferred aryl groups'include

ANENDED£§E$;



fl uorescence in BCC and that in normal skin is al so-about 2. “Furthernore,
t he: fl uorescence intensity of ALA met hyl ester-lnduceﬂ_porphyrlns,|n t he
'BCC is alnpbst twice as high as that in BCC-after topjcal application of
free ALA alone for 24 hours, as shown belom1 Figures 16 and 17 show a
honogenous di stribution of free ALA-| nduced porphyrins in the bottom | ayer

of BCC and surro g nho. ski Qur s foIIo topica I cation.
However, the raﬂ$&?qgi FHE{FW?Rﬁqy éylnt 4&&%&3 é%i&éa nornal
skin is about 1,es¢wm}awydlp}mmsl aaﬂd)vstmﬂ e;ntowp&ynaoj themselees nent .

Mor eover the prodq,_r;_tl Oréﬁ%’ '- | BCC Is less than that in the case

of ALA net hyl est om/a honogenous dlstrlbutlon of
ALA- induced por phyr |R®116S€trﬁ-'@t@dtq cﬁﬁb%l-‘yleﬁfu"eﬁd EodEh FEQRR D i diddE lvsial

skin after topical &@RAéélﬁ}l' ory Bostyéin Aa@@%ﬂ@&ﬁ% DIghoBpd Qb S .
However, the ratio th uoresce#\ce 1iﬁir_ltenmé ef }Bg and nor nal
acyloxymethyl, acyloxyethyl an acy oxypr pyl groups eg.

pivaloyloxymethyl.

Preferred compounds for use according to the
invention, include those wherein R! represents an
unsubstituted alkyl group and/or each R? represents a
hydrogen atom.

As used herein, the term "alkyl" includes any long
or short chain, straight-chained or branched aliphatic
saturated or unsaturated hydrocarbon group. The

_ unsaturated alkyl groups may be mono- or polyunsaturated
A and include both alkenyl and alkynyl groups. Such
groups may contain up to 40 carbon atoms. However,
alkyl groups containing up to 10 eg. 8, more preferably
up to 6, and especially preferably up to 4 carbon atoms
are preferred.

Particular mention may be made of ALA-methylester,
ALA-ethylester, ALA-propylester, ALA—hexylester, ALA-
heptylester and AlLA-octylester and salts thereof, which
represent preferred compounds for use according to the
invention.

The compounds for use in the invention may be
prepared using standard processes and procedures well-
known in the art for derivatization of multi-functional
compounds, and especially esterification. As known in
the art, such esterification of compounds may involve
protection and deprotection of appropriate groups such
that only the required groups remain active and take
part in the reaction under the conditions of the
esterification. Thus for éxample the substituents of
substituted alkanols used to prepare the esters may be
protected'during esterification. Similarly the NR;?
group on the compound contributing this group to
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skin is only slightly larger than 1, which denonstrates that 'the DVSO
probabl y. reduces the tunor selectivity of- tthe porphytrins produced.

Mpreover, also in this case | ess porphyrins are produced in BCC than in the
case of WO 96/ 28412 -6 - PCT/ GB96/ 00553
- 31 - layer of a BCC 4.5 hours after topical application. There is also

.sonme porphyrin f o i | | ' . Th
fl uorescence i ntéeozrgahq‘é{aﬁ;%efo f&mﬁﬁlﬁ%ﬁn‘ﬂgiﬁ&%ﬁ%}? (c&%ﬁ?ség%out g.
Mor eover, the abrssiaftiommsthtderratreted orhereatier nduedh by ALA net hyl
ester is higher Lhan dihaln QB dyi dh asrdbdadisk 2% QMY atieun t DRI €he

application for 4.5 hour,s, ‘s shown pel ow i i
dipgtri bution of art for Eshe preparat:l?on of A:ezgnl.{pgtsi\}élsfinaqn&Sighow a uni form

particular, esters of well known amino-acids, see for
example Mcomie in "Protective Groups in Organic
Chemistry", Plenum, 1973 and T.W. Greene in "Protective
Groups in Organic Chemistry", Wiley-Interscience, 1981.

In a further aspect, the present invention thus
provides a process for preparing the compounds for use
in the invention, comprising forming an ester of the

* carboxy group of a 5-aminolevulinic acid.

The invention can thus be seen to provide a process
for preparing the compounds for use in the invention,
comprising reacting a 5-aminolevulinic acid, or an
esterifiable derivative thereof, with an alkanol or an
ester-forming derivative thereof.

More particularly, this aspect of the invention
provides a process for preparing compounds of formula I,
which process comprises at least one of the following
steps:

(a) reacting a compound of formula II

R2ZN-CH,COCH, - CH,CO-X (II)
(wherein X represents a leaving group, for example a
hydroxyl group, a halogen atom or alkoxy group or COX
represents an acid anhydride group and R? is as

hereinbefore defined)
with a compound of fprmula III

R'-OH . ' (III)

(wherein R! is as hereinbefore defined); and

(b) converting a compound of formula I into a

AMENDED SHEET



porphyrin fluorescence induced by topical applicati-oh”of ALA met hyl ester
for;24 hours in the bottom|ayer of- BCC and surrounding normal skin. The
ratio of the fluorescence in BCC and that in normal -skin is al so about 2.
Furthernore, the fluorescence intensity of. AAA methyl ester-induced
porphyrins in the BCCis alnbst twice as high as that in BCC after topical

application of égé Q%ﬁ fPra éggg S howey- ow. Figures 16 and
17 show a honog%%ous 4ﬂ| ljli;légé ree ALA—|nducng§%rph s in the
bottom | ayer of BCC d&fhe staa@iuirR Rff ndfem %k.fnamm?%‘r RyFH Y cal

application. HoveM&lied Myt ain G Holveént | SHPr RELERES bAt 8OBVéNtHesueRnNaBCC

and normal skin 1s about.,l1,“whic ates a Io ectivi of this
treat ment . Nbre&@é@?*u??ﬁ%ﬁﬁﬁm|$h?{h YHor ey i PRt ﬁf é%SS t han t hat

in the case of AldkraitoRstat . eﬁgmestéﬁpemimﬁeshm to hthegeobliing
distribution of A IAYGEY PRLEINE ! "Srlfet i1 POLL Ofpbaust ©f BCC and

temperatures.

The conditions of the esterification reactions will
depend of the alcohol used and the conditions may be
chosen such that maximum yield of the ester is obtained.
Since the esterification reactions are reversible

‘ equilibrium reactions, reaction conditions may ﬁe
selected in such a way that maximum yield of the ester
product is obtained. Such conditions may be obtained by
selecting a solvent which is capable of removing the
water formed in a typical esterification reaction by
forming an azeotrope with water. Such solvents are
exemplified by aromatic hydrocarbons or others capable
of forming azeotropes with water, e.g. some chlorinated
hydrocarbons such as chloroform. For the formation of
the lower esters of 5-ALA the equilibrium reaction may
be driven to the ester side by using a large excess of
the alcohol. With other esters the equilibrium may be
driven towards the ester product by using a large excess
of the acid.

Esterification reactions are well-known in the art

" for example, as described by Saul Patai in "The

" chemistry of the carboxylic acids and esters", (Ch. 11,
p. 505, Interscience 1969) and Houban Weyl, (Methoden
der Organische Chemie, Band ES5, "Carbonsauren und |
carbonsauren-derivate", p. 504, Georg Thieme Verlag,
1985). The formation of derivatives of amino-acids are
described in Band XI/2 of the same series, (Houben Weyl
Methoden der Organische Chemie, Band XI/2,
"Stickstoffverbindungen", p. 269, Georg Thieme Verlag,
1958) . |

The reaction will conveniently be carried out in

_AMENDED SHEET-



surroundi ng normal skin after topical applitcation of free ALA and 20% DVSO
for+4.5 hours. However, the ratio of the fluorescencé-.intensity between BCC
and normal skin is only slightly larger than 1, whi-ch"denonstrates that the
DVSO probably reduces the tunor selectivity gf_the porphyrins produced.

Moreover, also in this case | ess porphyrins are produced in BCC than in the

f WO 9 : ; .
case o qg%g43§ﬁ§?%%?ﬁ3f a catal¥st, e?@ an inor&hdi&B86/ 88gadic 32

- the applicationof ester. Tnvestfgatjon of"the effectS of the
chel ating agent @fetd ¥ | ¥kaacHe PDriingdrgenbveerBngssfubR88cence of skin

|. The effect of DF apgd okokhESEhas hbedbyi! Srupt ohgf huveessEsCcarenkhbin
normal skin of m.ce i Ggiu’mas , .
from the literature, and in many cases commercially

available, or may be obtained using methods known per
ge. ALA, for example, is available from Sigma or from
Photocure, Oslo, Norway.
As mentioned above, the compounds for use according
'to the invention may take the form of pharmaceutically
acceptable salts. Such salts preferably are acid
addition salts with physiologically acceptable organic
- or inorganic acids. Suitable acids include, for
example, hydrochloric, hydrobromic, sulphuric,
phosphoric, acetic, lactic, citrie, tartaric, succinic,
maleic, fumaric and ascorbic acids. Procedures for salt
formation are conventional in the art.

As mentioned above, the compounds for use according
to the invention and their salts have valuable
pharmacological properties, namely a photosensitizing
agent which renders them useful as photochemotherapeutic
agents.

Like ALA, the compounds exert their effects by
enhancing production of Pp; upon delivery to the desired
site of action hydrolytic enzymes such as esterases
present in the target cells break down the esters into
the parent ALA, which then enters the haem synthesis
pathway and leads to a build-up of Pp. However, the
compounds for use. according to the invention have a
number of advantages over ALA itself. Firstly, the
compounds are better able to penetrate skin and other
tissues as compared with ALA; the penetration is both
deeper and faster. This is an-important advantage,
especially for topical administration. Secondly, the
esters have surprisingly beeﬁ_found to be better
enhancers of Pp production than ALA; Pp production
levels following administration of the ALA esters are
higher than with ALA alone. Thirdly, the compounds for
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ascertained various tinmes after topical admnistration of ALA-nethyl ester.
Met hods were performed as described in Exanple 9. Topi-cal application of
the cream al one containing only DVMSO did not show any fluorescence in the
normal nouse skin, but there was sone fluoregcence of PplX after DF al one
was applied. DF or DF plus DVMSO (a well-known skin penetration enhancer)

" Sor escance | AL Eh TR £ PR SR AP HAER BB RRTPYaPPLRR { bBFFor med

gsrgszf{bge?ngﬂégyfnqﬂeeEé;gétwmibémeotgsbenpeeate@henegeby the Pp

aﬁd sebaceous gﬁﬁﬁéﬁﬁggéﬁﬁégﬁéﬁ%%ﬁgagggggfF%%i}§§5%£§é§?%°2§?§ %ﬁ%hf@hes

fl uorescence i nteargety b¥sior aodplhges nBot nepraaddtqi ERet Aerrewyddinger the

application. SUN\MARX,es. This is especially evident with tumours.
Finally, the compounds appear to localise better to the
target tissue upon administration. This is especially
important for systemic application, since it means that
undesirable photosensitization effects, as reported in
the literature for other porphyrin-based
photosensitizers, may be reduced or avoided.

A further aspect of the present invention
accordingly provides a pharmaceutical composition
comprising a compound as described hereinbefore, or a
pharmaceutically acceptable salt thereof, together with
at least one pharmaceutical carrier or excipient.

In a still further aspect, there is also provided
the use of a compound as described hereinbefore, or a
pharmaceutically acceptable salt thereof, for the
preparation bf a therapeutic agent for use in
photochemotherapy, and especially for the treatment of
disorders or abnormalities of external or internal
surfaces of the body which are responsive to
photochemotherapy. '

The abnormalities and disorders which may be
treated accérding to the present invention include any
malignant, preémalignant and non-malignant abnormalities
or disorders responsive to photochemotherapy eg. tumours
6: other growths, skin disorders such as psoriasis or
actinic keratoses, skin abrasions, and other diseases or
infections eg. bacterial, viral or fungal infections,
for example Herpes virus infections. The invention is
particularly suited to the treatment of diseases,
disorders or abnormalities where discrete lesions are
formed to which the compositions may be directly applied
(lesions is used here in a broad sense to include
tumours and the like).
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A |l arge nunber of patients with basal cell carcinomas (BCCs) has topically
beem treated with ALA-based PDT in our hospital during the past five years
and nore than 90% of superficial BCCs have shown a conplete . WD 96/28412
PCT/ GB96/ 00553 - 33 - regression. However, godular BCCs had a | ow conplete
response rate due to a poor ALA retention and, consequently, a |ow

o er a0 PN SO i it Ay Sled e SO mdp

free ALA The piesdaneatsd asuaridiay freddhr ethvention Bekple el skin

Exanpl e 9 by meapy %fnb%;{:.l Y ASRENCA SHEFISONGOD] CoUPRMES T SLUdE B L U

and fluorescence m croscopy of “tissue biopsjes, indicate that all three
for example mucosa, the linings of organs eg. the
respiratory, gastro-intestinal and genito-urinary
tracts, and glands with ducts which empty onto such
surfaces (e.g. liver, hair follicles with sebaceous
glands, mammary glands, salivary glands and seminal
vesicles). In addition to the skin, such surfaces
include for example the lining of the vagina, the
endometrium and the urothelium. Such surfaces wmay also

“ include cavities formed in the body following excision
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ester derivatives studied were taken up, de-esterified and finally
converted into porphyrins in the epiderms, -epithelial hair follicles and
sebaceous gl ands of the nude mice with a higher porphyrin production than
that of free ALA. This is in agreement wi th,the precedi ng Exanpl es
concerning a study of hunan nodul ar basal cél'l carcinoma that denonstrate

‘that the quorescence of ester.- duced por phy S built up
faster with a hiRJifd=tmt |R§/CH§§1’d "él% %o‘ﬁ%%e%%u% %‘il‘rs]‘fag\%%t i on than
tﬂose OL free ﬁ@%apeﬂk&ntporphyrlns in the lesions. The present study al so
shows that DF has a sj éfg? t f s ALA
met hyl ester- derived |- ﬁ% rma? giﬁ%@é?ﬂﬁgs n?%%%é);j%?&?g&?ga 4
appl i cation. | ntaar@@tm gpted skenreral W&%&%@@lfﬁ@él%%t?%ﬁhﬁ%d
porphyrins was f@undsiding Fglwgslﬁréa@rﬁgln SubShEEnébes ar ea where the

ELSF‘F‘CQ’?.SOE"PLZZL}@LW plled (Floure, 2), This indicates that,after topical
pharmaceutical forms thus include plain or coated
tablets, capsules, suspensions and solutions containing
the active component optionally together with one or
more inert conventional carriers and/or diluents, e.g.
with corn starch, lactose, sucrose, microcrystalline

- cellulose, magnesium stearate, polyvinylpyrrolidone,
citric acid, tartaric acid, water, water/ethanol,
water/glycerol, water/sorbitol, water/
polyethyleneglycol, propyleneglycol, stearylalcohol,
carboxymethylcellulose or fatty substances such as hard
fat or suitable mixtures thereof.

The concentration of the compounds as described
hereinbefore in the compositions, depends upon the
nature of the compound, the composition, mode of
administration and the patient and may be varied or
adjusted according to choice. Generally however,
concentration ranges of 1 to 50% (w/w) are suitable.
For therapeutic applications concentration ranges of 10
to 50% have been found to be suitable, eg. 15 to_30%
(w/w) .

Following administration to the surface, the area
treated is exposed to light to achieve the photo-
chemotherapeutic effect. The length of time following
administration, at which the light exposure takes place
will depend on the nature of the composition and the
form of administration. This can generally be in the
order of 0.5 to 48 hours, e.g. 1 to 10 hours.

The irradiation will in general be applied at a
dose level of 40 to 200 Joules/cm?, for example at 100
Joules/cm?. '

The wavelength of light used for irradiation may be
selected to achieve a more efficacious photochemo-
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is transported in the bl ood and porphyfins. are subsequently formed in al
organs containing the enzymes of tihe:-heme®synthesis pathway or porphyrins
are initially formed in the skin or/and liver, then transported to other
tissues via blood circulation. This may | eag3to skin photosensitivity in
areas where free ALA is even not topically applied. However, none of the

ester derivatives st oGRS RYPEE Nin 0 F6/3R4lch may be
PCT/ GB96/ 00553 - ll’l{}lifeﬁeuoresc nce | n, ot her rts ,of the skin. Exanple 14

Effects of ALA rfc@t 3/ QA MR E PR PER®Or growth in WDr
human col oni ¢ C%m%daﬁéhsﬂﬂfﬁﬁﬁﬁEﬁﬁéﬂtéuﬂfbfnéxample ALA or photofrin,

or w1th other active components which may enhance the
photochemotherapeutic effect. For example, chelating
agents may beneficially be included in order to enhance
accumulation of Pp; the chelation of iron by the
chelating agents prevents its incorporation into Pp to
form haem by the action of the enzyme ferrochelatase,
thereby leading to a build-up of Pp. The
photosensitizing effect is thus enhanced.
Aminopolycarboxylic acid chelating agents ére
particularly suitable for use in this regard, including
any of the chelants described in the literature for
metal detoxification or for the chelation of
paramagnetic metal ions in magnetic resonance imaging
contrast agents. Particular mention may be made of
EDTA, CDTA (cyclohexane diamine tetraacetic acid), DTPA
and DOTA. EDTA is preferred. To achieve the iron-
chelating effect, desferrioxamine and other siderophores
may also be used, e.g. in conjunction with
aminopolycarboxylic acid chelating agents such as EDTA.
The chelating agent may conveniently be used at a
concentration of 1 to 20% eg. 2 to 10% (w/w).
Additionally,'it has been found that surface-
penetration assisting agents and especially
dialkylsuphoxides such as dimethylsulphoxide (DMSO) may
have a beneficial effect in enhancing the
photochemotherapeutic effect. This is described in
detail in our co-pending application No. PCT/GB94/01951,
a copy of the specification of which is appended hereto.
The surfacé-penetration assisting agent may be any
of the skin-penetration assisting agents described in
the pharmaceutical-literaturé e.g. HPE -101 (available
from Hisamitsu), DMSO and other dialkylsulphoxides, in
particular n-decylmethyl-sulphoxide (NDMS),
dimethylsulphacetamide, dimethylformamide (DMFA) ,

AMENDED SHEET



Nude mi ce were transplanted with WDr human col onic carci noma cells by
subeut:aneous injection into the right flank region. The foll ow ng creans,
formul ated as described in the preceding Exanples, were applied topically
‘to the site of the tunmor: 10% DF al one; 2Q%ALA + 10% DF + 20% DMSO, or 20%
i ALA et hyl ester + 10% DF + 20% DVSO, followed, 14 hours.|ater by l|aser

“light irradiatiog %ﬁ?&fﬁ%eééﬁlﬁgvcgiﬁééisfOﬁaé§oﬂhnﬂ§§§511&oﬁéparate group

of ani mals bearlng same t unor _nodel
appl i cation of tferivakiyesefPeadfera %En?}okre%ﬁtg#ggﬁgnsegﬁﬁf EnQcplali ed

tunors were eval ?@ch@oﬁégwnpgssﬁgﬁesmmniwgroma Azore®WistotbhtbrneLs
reached a volune times, .t

h |
i rradiation, i cePTRe Rleiﬂé $ﬁ§8F§23F9§3 dﬁ%amsﬁﬁ gréﬁre 22.

(Bars: standard wixoured vkere¢BEM) based on 3-5 individual aninmals in each

group). The results shountPabe{br1A9K F4ndakerf 8F HUARESciLEEAREEWLED 2AA

net hyl ester + DF +
is strongly preferred. Thus, in addition to the

surface-penetration assisting effect (DMSO is
particularly effective in enhancing the depth of
penetration of the active agent into the tissue), DMSO
has anti-histamine and anti-inflammatory activities. 1In

" addition, DMSO has been found to increase the activity
of the enzymes ALA—syhthase and ALA-dehydrogenase (the
enzymes which, respectively, form and condense ALA to
porphobilinogen) thereby enhancing the formation of the
active form, Pp.

The surface penetration agent may conveniently be
provided in a concentration range of 2 to 50% (w/w), eg
about 10% (w/w).

According to the condition being treated, and the
nature of the composition, the compounds for use in the
invention may be co-administered with such other
optional agents, for example in a single composition or
they may be administered sequentially or separately.
Indeed, in many cases a partiéularly beneficial
photochemotherapeutic effect may be obtained by pre-
treatment with the surface-penetration assisting agent
in a separate step, prior to administration of the
compounds for use in the invention. .Furthermore, in

" gsome situations a pre-treatment with the surface-
penetration assisting agent, followed by administration
of the photochemotherapeutic agent in conjunction with
the surface-penetration assisting agent may be
beneficial. When a surface-penetration assisting agent
is used in pre-treatment this may be used at high
concentrations, e.g. up to 100% (w/w). If such a pre-
treatment step is employed, the photochemctherapeutic
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DVMBO to reach a volume five times that of the volume:-on the day just before
light ‘fryadi ati on, whereas in the case of free ALA +-DF + DMSO it took 24
days for the treated tunors to grow to 5 tines size. Thus, ALA methylester
is nore effective than ALA in sl ow ng tunDr egromﬁh EXAMPLE 15

Sel ectivity of ALA esters (nethyl. hexyl p and octyl) for non-nornal

este G oy e N A 5 A S O
di agnosis. 2. heuxpofeddosfinpme-£neatment eg. at an interval of 5-60
R[err]N'CH[err]Sﬁgﬁﬁﬁﬂg]fagﬂSWHHdJBfgﬁﬁyéétment -

Vlewed from a further aspect, the invention thus
provides a product comprising a compound as descrlbed
hereinbefore or a pharmaceutically acceptable salt
thereof, togeqher with at least one surface-penetration
assisting agent, and optionally one or more chelating
agents as a combined preparation for simultaneous,
gseparate or sequential use iﬁ treating disorders or
abnormalities of external or internal surfaces of the

“body which are responsive to photochemotherapy.

Alternatively viewed, this aspect of the invention
also provides a kit for use in photochemotherapy of
disorders or abnormalities of external or internal
surfaces of the body comprising:

a) a first container containing a compound as
described hereinbefore or a pharmaceutically
acceptable salt thereof,

b) a second container containing at least one surface
penetration assisting agent; and optionally:

c) one or more chelating agents contained either
within said first container or in a third
container.

Where the surface penetration agent is applied in a
separate pre-treatment step, it may be applied in higher
concentration, for example up to 100% (w/w).

It will be appreciated that the method of therapy
using compoﬁnds as described hereinbefore inevitably
involves the fluorescence of the disorder or abnormality -
to be treated. Whilst the intensity of this
fluorescence may be used to eliminate abnormal cells,
the localization of the fluorescence may be used to
visualize the size; extent and situation of the
abnormality or disorder. This is made possible through
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(wherein R err] may represent al kyl optionally substituted by hydroxy,

al koxy;' acyl oxy, al koxycarbonyl oxy, ami no, aryl, oxo -or fluorag groups and
optionally interrupted by oxygen, nitrogen, sul phur or phosphorus atons;
and R err], each of which nay be the sane or,different, represents a
hydrogen atomor a group Rlerr]) and salts thereof for use in

phot ocherot her any g1 <(iAB0BThS. o1 5 cORRONRLS B8 oELALIPH LB cELA LT 1y

wherein the aryl “group a‘ nonocycl
het eroaromati c. localteepbantienasorimalnbdseuecl aim 2 or 3 wherein Rerr]

represents an U”SUbStTﬁét29n8§%¥h19g089 QEQBQEeﬁaEHugz18@8&?%?8&5o%

hydr ogen atom 5 Co as cl LN ané one of clalns
wherein the aIkyPoﬁﬁbﬁﬁe@oﬁFth§ gpteocfoinyepbigatine. may theBoPﬁounds as

claimed in any opgegtedl 8h#Bught a1Bevhgteva therspaneindsedhfiiques e.g.

ALA- net hyl ester, Akéicaihgkeé emicA& géQQ%engStor b@L@hhengﬁster ALA-
therapy of the invention by continued build up of
fluorescence or through further application of compounds
of the invention at the appropriate site. It will be
appreciated that diagnostic techniques may require lower
levels of fluorescence for visualization than used in

< therapeutic treatments. Thus, generally, concentration
ranges of 1 to 50% e.g. 1-5% (w/w) are suitable. Sites,
methods and modes of administration have been considered
before with regard to the therapeutic uses and are
applicable also to diagnostic uses described here. The
compounds for use in the invention may also be used for
in vitro diagnostic techniques, for example for
examination of the cells contained in body fluids. The
higher fluoresence associated with non-normal tissue may
conveniently be indicative of an abnormality or
disorder. This method is highly sensitive and may be
used for early detection of abnormalities or disorders,
for example bladder or lung carcinoma by examination of
the epithelial cells in urine or sputum samples,
respectively. Other useful body fluids which may be
used for diagnosis in addition to urine and sputum
include blood, semen, tears, spinal fluid etc. Tissue
samples or preparations may also be evaluated, for
example biopsy tissue or bone marrow samples. The
present invention thus extends to the use of compounds
of the invention, or salts thereof for diagnosis
accordipg to the aforementioned methods for
photochemotherapy, and products and kits for performing
said diagnosis.
A further aspect of the invention relates to a

method of in vi;;g.diagnosis, of abnormalities or
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hept yl ester or AtA=octytester or salts thereof 7. -A process for

preparnnng defined in any- one of clairms 1 to 6, conprising

formng a I ﬂmnﬂ ﬂmboxy group of a 5- am nol evul i ni c aci d. - 37 -
: A process as C n claim?7, conpriksi ng reacting a

5 am nol evulinic acid, or an esterifiable dérivative t hereof, wth an

al kanol or an est.er- forn1ng derivative thereof. 9. A process as cl ai ned

inclaim7 or 8-JﬁH¥¥% process conprises at |east one of the follow ng

steps: (a) reacting a conpound of formula I

|R[ err] N-CH err] QOCH ;E&ll SSRGS BEAE esters of. ! élar(xﬂi@I@M‘lﬁ{épééf&é‘téra
eavi ng group, oOf reeents an- aci d anhydride group_a I's, as
defined in C|E“r§ngrmaceut1cally acceptable salts thereof for use in

photochemotherapy or diagnosis.
2. Compounds of formula I,
R2N-CH,COCH, -CH,CO-OR? (I)

(wherein R! may represent alkyl optionally substituted by
.- hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino,

arYl, oxo or fluordé groups and optionally interrupted by

oxygen, nitrogen, sulphur or phosphorus atoms; and R?,

each of which may be the same or different, represents a

hydrogen atom or a group R') and salts thereof for use in

photochemotherapy or diagnosis.

3. Compounds as claimed in claim 2 wherein the éryl
group is phenyl or a monocyclic 5-7 membered
heterocaromatic.

4. Compounds as claimed in claim 2 or 3 wherein R?
represents an unsubstituted alkyl group and/or each R?
represents a hydrogen atom.

5. Compounds as claimed in any one of claims 2 to 4
wherein the alkyl group contains up to 10 carbon atoms.

6. Compounds as claimed in any one of claims 2 to 5
wherein the compounds are ALA-methylester, ALA-
ethylester, ALA-propyl ester, ALA-hexylester, ALA-
heptylester or ALA-octylester or salts thereof.

7. A process for preparing the compounds as defined in

any one of claims 1 to 6,. comprising forming an ester of
the carboxy group of a 5-aminolevulinic acid.
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with a conpound of fornulfa Il Rerr]- T (L.I'1) (wherein
R[enr]nl ,mmm'u“ ﬂ | aim 2); and (b) converting- ‘a conpound of formul a
I, into a H leuﬂ acceptable salt "thereof. 10. A pharrnaceuti cal
conposi ti on Eonpri’kireg a conpound as defipeg-in any one of clains 1 to 6,
or a pharmaceutically acceptable salt thereo? together with at | east one

phar maceuti cal carrl eXC|p|ent T, a 1@;5 s defined

in any one of clSai msep‘l p[réac-be Hr% CJha]?r&n%ce [ caﬁy acc"g&ﬁgjg %I t thereof,

for the prepar atiesrctiing & rEefaaqqule:vag:ermc fagidisoF rﬁrpmf'e%%ﬁmm apy, or
a di agnostic agtea(g%lfxpgt%{ﬁee tHHAONGH Sh a2 iﬁ@&né‘ﬁeoﬁsa&'é’éﬁ’@ﬂ-fé‘nﬁiﬁgm 11

mhereln t he pho enotsher apy or dlagn05|s I s perforned on disorders
derlvatlve thereof

9. A process as claimed in claim 7 or 8, which process
comprises at least one of the following steps:

(a) reacting a compound of formula II
R3N - CH,COCH, - CH,CO-X (II)

(wherein X represents a leaving group, or COX represents
an acid anhydride group and R? is as defined in claim 2)
with a compound of formula III

R'-OH (I11)
(wherein R! is as defined in claim 2); and

(b) converting a compound of formula I into a
pharmaceutically acceptable salt thereof.

10. A pharmaceutical composition comprising a compound
as defined in any one of claims 1 to 6, or a
pharmaceutically acceptable salt thereof, together with
at least one pharmaceutical carrier or excipient.

11. The use of a compound as defined in any one of
claims 1 to 6, or a pharmaceutically acceptable salt
thereof, for the preparation of a therapeutic agent for
use in photochemotherapy, or a -diagnostic agent for use
in diagnosis.

‘12. The use as claimed in claim 11 wherein the
photochemotherapy or diagnosis is performed on disorders
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-38- or abnornal i ties of external or internal surfaces of the body which
rare .resp enot herapy. 13. A nethod of ‘di agnosis or

phot oche atment of disorders or abnormalities of externa
or internal surfaces of “the body, conprisinnggadmi nistering to the sites of
i nvestigation or affected surfaces, a conposition as defined in claim 10,

and exposing sal Séﬁﬁ@rﬁélinQQCSE ERebiaBl - 0%41n6eﬁﬁhmogu§§aéé§|BEdthe

claim 13 wherein IS 1n the wavel ength re on 500- 700 nm 15.
product conpri siledy E%hﬁbuﬁﬁea§eépapﬁéﬁelﬁoaﬁ 059 GFOE g§FABY1 to 6 or a
pharmaceutically acceptable salt thereof, together with at |east one

agents as’a combifed brBbGhati 8 P R e e

use in treating oreatment of disorders or abnormalities of external or
internal surfaces of the body, comprising administering
to the sites of investigation or affected surfaces, a
composition as defined in claim 10, and exposing said
sites or surfaces to light.

14. A method as claimed in claim 13 wherein the light
. ig in the wavelength region 500-700 nm.

15. A product comprising a compound as claimed in any
one of claims 1 to 6 or a pharmaceutically acceptable
salt thereof, together with at least one surface-
penetration assisting agent, and optionally one or more
chelating agents aé a combined preparation for
simultaneous, separate or sequential use in treating or
diagnosing disorders or abnormalities of external or
internal surfaces of the body which are responsive to
photochemotherapy. '

16. A product as claimed in claim 15 wherein the
surface-penetration assisting agent is DMSO.

17. A method of in vitro diagnosis of abnormalities or .
disorders by assaying a sample of body £fluid or tissue
of a patient, said method comprising at least the
following steps:
i) admixing said body fluid or tissue with a
compound as defined in any one of claims 1 to
6,
ii) exposing said mixture to light,
iii) ascertaining the level of fluorescence, and
iv) comparing the level of fluorescence to control
levels.



N TR o ., . L
di agnosi ng di sorders or abnormalities of external orinternal surfaces of

‘the-b "I:m ponsi ve to photochenot herapy. 16. A product as

cl ai ngw " ”F"'WW[“Herei n the surface-penetration assisting agent is
DVSO. 17.° A'met'hod of in vitro diagnosis af 3gbnornalities or disorders by
‘assaying a sanple of body fluid or tissue of a patient, said nethod

conprising at | t t f.0l | SI.ep$i 5 : . X h SRy I deor
tissue with a c??r%our%q%ls@déeﬁmn@%eiinﬁa%/a%%%s%ﬁdﬁyﬂn‘gtﬁa?p 6, |fingggsi ng
sai d m xture to disprders gr abrermrhiftes hef | exeeredl fProtREREARE, and iv)
conparing the | eyplried |J10r @86 BEQy { QofPPLELhgt eVel .

a) a first container containing a compound as claimed
in any one of claims 1 to 6 or a pharmaceutically
acceptable salt thereof, -

b) a second container containing at least one surface
penetration assisting agent; and optionally

c) one or more chelating agents contained either
within said first container or in a third

container.
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-39- 18. A kit for use in diagnosis or phot ochenot her BEP \ SHEEP’

abnormal i'ti es
a first conta
to 6 or a pha
contai ni ng at

C) one or nore chelating agents contained either witithin said first

cont ai ner or
PCT/ GB96/ 0055

- a)

4
q
d
g

&

of external or internal surfaces of the
i ner containing a conpound ‘as cl ai nmed injafgjy one of claifs}l
rmaceutical ly acceptable salt thereof, b a1 &SI n{ a| ner
| east one surface penetration assistinglagent; and optibnglly

in a third container. WO 98/ 28412

3 - 39 -
and adjacent normal skin by means of a

spectrofluorometer. Punch biopsies of the same areas
were removed and samples were immediately immersed in
liquid nitrogen. The tissue sections were cut with a
cryostat microtome to a thickness of 8 pm. The
localization pattern of the porphyrin fluorescence in
the tissue sections was directly observed by means of
.fluqrescence microscopy. ' The same sections were
subsequently stained with routine H&E staining for
histological identification. Fluorescence microscopy
was carried out with an Axioplan microscope (Zeiss,
Germanj). Fluorescence images and quantitative
measurements were performed by a light-sensitive
thermol-electrically cooled charge coupled device (CCD)
camera (Astromed CCD 3200, Cambridge, UK) and an image
processing unit (Astromed/Visilog, PC 486DX2 66 MHz VL).
The main purpose for such quantitative measurements is
to determine the exact penetration of ALA-induced
porphyrins from tissue surface to the bottom layers of
cancer lesions. The results are shown in Figures 8 and
9 in which the fluorescence intensity is expressed as é

function of depth of cancer lesion.

As shown in Figures 8 and 9, an homogeneous distribution
of PpIX fluorescence is seen from the top to the bottom
of the whole BCC lesions after use of either free ALA or
its methyl ester. This suggests that ALA methylester is
at least as good as free ALA in terms of penetration and
PpIX production in the BCC lesion. In addition, no PpIX
fluorescence was seen in the surrounding normal skin
after topical application of ALA methylester, indicating
that ALA-methylester-induced PpIX highly selectively
took place only in the BCC lesion.

In vivo fluorescence after 24 hours showed at least



I V) qonﬁaring the level of fluorescence to control REEE&CENEHTDSHEET or

use in diagnosis or photochenot herapy of disorders abnornalltles
i nternal surfaces of the body conprisin; t
cont ai ner containing a conpound as clainmed in any ope 19I%ﬁn?9§
pharmaceutical |y acceptable salt thereof, a se,olu CORt-a-Rer
.contai ning at

ext er nal

or

tlo or a

odat

| east one surface penetratlon assi stihg agent; and optifonal ly

c) one ot mrdeéﬁ}qﬁdfflg%ﬁta ent secgp1 ghgggyekt heM R@Lﬂyf gtrl rst—

_contalner

or

in
compared to ALA for the selected tumors and also an

increase for corresponding normal tissues, however this
only of about 50%. The ratio between tumor and normal
tissue was about 1.2: 1 for ALA and 2: 1 for the ALA
methyl ester. The results are shown in Figures 10 and
11.

At control one week after treatment all treatment fields
_presented a central necrotic area corrésponding to the
tumor. In the adjacent normal skin exposed to cream and
light irradiation there was observed a marked erythema
for the ALA while for the ALA methyl ester only moderate
erythema was observed.

Example 12
In vivo fluorescence surface measurements of PpIX
i i um d r ndi n 1 ski

The present data show the localization patterns and
production of porphyrins (mainly protoporphyrin IX
(PpIX)) after topical application of free ALA and one of
its derivatives (methyl ester) for 4.5 and 24 hours in
the nodular basal cell carcinomas (BCCs) and surrounding
normal skin of patients. The tests were performed as

described in Exaniple 11.

Each of the following figures show both (B) fluorescence
images of either the bottom layer of BCC lesions or of
the surrounding normal skin. Curves indicating the
fluorescence intensity as a function of depth of the BCC

lesions or of the normal skin are also shown (4).

Figure 12 shows a homogenous distribution of PpIX
fluorescence generated by ALA methyl ester in the bottom
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layer of a BCC 4.5 hours after toplical application.
There is also some porphyrin fluorescence in surrounding
normal skin (Figure 13). The fluorescence intensity
ratio between BCC and the normal skin is about 2.
Moreover, the absolute amount of the fluorescence
induced by ALA methyl ester is higher than that induced
by free ALA and 20% DMSO after topical application for
4.5 hours, as shown below.

Figures 14 and 15 show a uniform distribution of
porphyrin fluorescence induced by topical application of
ALA methyl ester for 24 hours in the bottom layer of BCC
and surrounding normal skin. The ratio of the
fluorescence in BCC and that in normal skin is also
about 2. Furthermore, the fluorescence intensity of ALA
methyl ester-induced porphyrins }n the BCC is almost
twice as high as that in BCC after topical application
of free ALA alone for 24 hours, as shown below.

Figures 16 and 17 show a homogenous distribution of free
ALA-induced porphyrins in the bottom layer of BCC and
surrounding normal skin 24 hours following topical
application. However,_ghgmpatio_qf the fluorescence
intensity between BCC and normal skin is about 1, which
indicates a low seleétiﬁity'bflﬁhis'tréatment. Moreover
the production of porphyrins in BCC is less than that in
the case of ALA methyl ester. -

Figures 18 and 19 show a homogenous distribution of ALA-
induced porphyrins in the bottom layer of BCC and
surrounding normal skin after topical application of
free ALA and 20% DMSO for 4.5 hours. However, the ratio
of the fluorescence intensity between BCC and normal
skin is only slightly larger than 1, which demonstrates
that the DMSO probably reduces the tumor selectivity of
the porphyrins produced. Moreover, also in this case
less porphyrins are produced in BCC than in the case of
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of disorders or abnommnalities of external or internal surfaces of
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. Esters of S-aminolevulinic acid as
Photogensitizing Agents in Photochemotherapy

The present invention relates to derivatives of 5-
aminolevulinic acid (ALA) and in particular to esters of
ALA for use as photosensitizing agents in
photochemotherapy or diagnosis.

Photochemotherapy, or photodynamic therapy (PDT) as
it is also known, is a recently up-coming technique for

" the treatment of various abnormalities or disorders of

the skin or other epithelial organs or mucosa,
especially cancers or pre-cancerous lesions, as well as
certain non-malignant lesions for example skin
complaints such as psoriasis. Photochemotherapy
involves the application of photosensitizing
(photochemotherapeutic) agénts to the affected area of
the body, followed by exposure to photoactivating light
in order to activate the photosensitizing agents and
convert them into cytotoxic form, whereby the affected
cells are killed or their proliferative potential
diminished. _

' A range of photosensitizing agents are known,
including notably the psoralens, the porphyrins, the
chlorins and ﬁhe phthalocyanins. Such drugs become
toxic when exposed to light.

Photosensitiiing drugs may exert their effects by a
variety of mechanisms, directly or indirectly. Thus for
example, certain photosensitizers become directly toxic
when activated by light, whereas others act to generate
toxic species, e.g. oxidising agents such as singlet
oxygen or other oxygen-derived free radicals, which are
extremely destructive to cellular material and
biomolecules such as lipids, proteins and nucleic acids.
Psoralens are an example of directly acting
photosensitizers; upon expoéure to light they form
adducts and cross-links between the two strands of DNA
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