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11,000 regression (> 60%), and this is a condition that is normally only followed up by colposcopy.
Moderate to severe CIN (CIN2 and CIN3) have a lower degree of spontaneous regression and a
higher. risk of progression. Patients with CIN2 and CIN3 are therefore conisized, usually by
surgical procedures including diathermia, laser conisation and hysterectomy. The efficacy is

25  about 90%, but side effects are disturbing, causing increased risk of bleeding, infection, stenosis,
infertility and preterm labour.

If not treated, the precancerous cells will progress into more severe forms like carcinoma
and neuroendocrine carcinoma. Tfeatment methods for cervical cancer are, as with most other
cancer forms, dependent on the development stage of the disease. Treatment of early stage

30 cervical cancer is normally various forms of surgery, while late stage cervical cancer is treated
with surgery in combination with radiation therapy and chemotherapy. The most common
chemotherai)y of cervical cancer includes use of cisplatin. It is estimated that around 11,000
women a year will be diagnosed with cervical cancer, and that almost 4,000 will die from the
disease. The degree of survival (over 5 years) depends on the stage of the disease and is, on

35 average, above 50%.
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ALA hexylester in a thermogel formulation. The patients were advised to stay supine for the next
3-5 hours before illumination which was performed for 17 minutes with a laser at a high light
dose of 100 J/cm?. At 2-3 months later, the clinical effect was assessed, and a second PDT
25  treatment was off_e.red for individuals with an incomplete response to the first PDT. All patients
were scored at 6 months after the first treatment, and a complete response rate of 63% was found.
It is evident from the above that this is a time-consuming treatment both for the patients
and for the gynaecologists. The patients will have to visit the gynaecologist to have the
formulation applied, they then have to stay supine for 3-5 hours and then to visit the
30  gynaecologist again for illumination. In addition, many of the patients who did not respond to the
first treatment and had to go through the procedure once more. |
The overall conclusion from these studies is that there is room for improvement in the

clinical treatment efficacy of PDT in treating HPV and cervical cellular abnormalities.

Furthermore, the procedure is time-consuming both for the patients as well as for the hospital
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PDT is today not a clinically valuable method for therapy of CIN and other
diseases/conditions of the cervix. This is due to the ineffective results of therapy, as outlined in
the above cited report. Thus, there is a need for improved methods for therapy of the cervix organ

25  system.

Surprisingly, it has been found by the inventors of the present invention that the use ofa
specific device, in combination with a photosensitizer or precursor, improves therapy of cervical
cancer and other cei'vical diseases, lesions and conditions, especially those _diseases, lesjons and
conditions caused by HPV infection. Similar improvements can be made in connection with

30 photodynamic treatment of other conditions affecting the female reproductive tract like for
instance vulvar intraepithelial neoplasia (VIN) or vulvar carcinomas. Further, similar
improvements can be made in connection with PDT of cancerous or precancerous conditions or

~ lesions of any other orifice of the human or animal body.
According to one aspect the present invention provides an irradiation device for insertion

35 into an orifice of the body for providing photodynamic therapy or diagnosis, the device
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efficacy of en depletion during illumination (S. Jacques et al., “PDT with ALA/PPIX is enhanced by
prolonged light exposure putatively by targeting mitochondria”, SPIE Proceédings Vol. 2972,
25  “Optical Methods for Tumor Treatment and Detection”, ed. T. Dougherty, San Jose, February
1997, and M. Seshadri et al., Clin Cancer Res 14(9), 2796-2805 (2008)).
The device is therefore hot only more "patient friendly", it can also increase the efficacy of
the treatment.
The shape of the housing can vary, but is generally designed so that it comfortably fits
30  within the orifice and remains in place independent of the patient's physical activity. Where the
orifice of interest is the female reproductive tract, suitable shapes for the outer portion of the -
housing can for example be similar to the shapes of some contraceptive devices used to prevent
pregnancy, such as FemCap® and other similar devices intended for blocking sperm from

entering the uterus. For other orifices, other suitable shapes and structures can be utilised, for

35  example based on shapes known for use as suppositories and/or pharmaceutical pessaries.
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orifices, if required.

For insertion into the ear or nose the device may be shaped based on known designs for
ear or nose plugs.

25 The flexible outer portion can be formed from any material capable of adjusting its shape.
For example, the flexible portion may be formed of an expandable, compressible or deformable
material. A housing at least partially comprised of deformable material could adjust its shape
during insertion to conform to the diameter of the orifice. Alternatively an expandable material
could be used such that, after insertion, the outer portion of the housing expands to firmly grip the

30 walls of the orifice. The expansion could be initiated through body heat, exposure to fluid,
removal from a delivery device/instrument etc.

Preferably however the flexible outer portion is formed of a resilient material. This
enables the shape of the flexible portion to be altered while also providing a biasing outwards

force to hold the device in place. In order to achieve this effect the outer diameter of the outer
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f or conpkmiteadiation from the treatment surface. The device can be arranged to provide irradiation to the
“walls of the orifice, in which case the treatment surface may be an outer circumferential surface of
the housing. The treatment surface preferably has a size and or shape selected for complimentary
25 fit with the treatment area, and is preferably sized to confront the entire area where PDT is
required. The LED lamp system and treatment surface are preferably arranged such that radiation
is emitted toward the treatment area at sufficient proximity and intensity to achieve the desired
treatment effect. |
The device may be arranged to provide irradiation to a particular area of the inside of the
30 orifice. Thus, the device may include a treatment surface arranged to direct and/or focus
illumination onto a particular area of the inside of the orifice when the device is in use. In one
preferred embodiment the device is adapted for use in PDT of the cervix. Therefore, preferably
the treatment surface is shaped so as to cover, in use, the opening of the cervix. In this way, when

the device is correctly inserted into the vagina the treatment surface will cover the opening of the

35  cervix and hence enable the emitted light to irradiate the cervical area.
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in directing the emtted light towards a treatnent area, such as the
cervi-x. the emitted light towards a treatment area, such as the cervix. o
In embodiments designed for providing irradiation to the cervix, the device comprises a
protrusion which extends from the treatment surface. Preferably this protrusion forms a
25  cylindrical tube. This can be used both to assist in the correct positioning of the device within the
vagina and also to direct light to the cervical canal. In the latter.~ case the tube acts as a light tube.
Preferably the flexible outer portion is located to the rear of the treatment surface. This
prevents any interference with the radiation treatment. In preferred embodiments in which the
outer portion is a continuous surface the outer portion can extend from the treatment surface
30 towards to rear of the device, tapering outwards such that the widest section of the outer portion is
located rearwards of the treatment surface.

The device comprises a LED lamp system which is capable of independent operation

while the device is located within the orifice.



I n enbodi nents designed for providing irradiation to the cervix, the device
conprises a protrusion which extends fromthe treatnent surface. Preferably

t hi s protwopn7geons a cylindrical tube. This can be uped/BPeédd/odm3ASSI St
in the correct positioning of the device8wi thin the vagina and also to

direct light o the cervical cana case t a
li ght tube. léWQGV?e‘?‘HBaX ?%&?%68“8315@0@5&?{%’;?’ ?r%arf%c(gtﬁ‘é}‘{cpjﬁ 2\ Parféc‘fl%ry of
the trea %ﬂ%ﬁ%di@ﬁ 68y fof PCT &f&w&&nﬁﬁaés BISEIESY. ETkeRteith ' DEDN s inedided ioon
treat nen In preferred enbodi ments in which the outer portionis a

cont i nuocesamyt faoe of hghtcnmmngabodq, &or ezampleQlelFlds qu gani¢ hghtematiingeheded.ur f ace

towards to rear of the device rin t

section of tﬁ@lo‘ﬂ'te@y BEHYPRYCY %erl §§ %ﬁgaﬁﬁmgﬁ ?Q?rhgﬁlﬁlgg htdtﬁgtl}lrl? ace.
The dgevi H@uﬁgapﬁssaeao@ oERshR AP uSdfldRoMdrE br d@nagap@uieepanfenu mﬁeﬁﬁm&m w111
operation while the device is located within the orifice, The,l anp s%

nmay conpini @eerghbse appbed pt Q)d@;ﬂe&@ﬂ) P 1 Qe ?&OrJéfynqo forierpleat pRJiemc The LE; lamp

< nt ertioty s ey Sesriely RrafiRiG RV AR B AR o PR PhIB of RS

(organi c-l O(DHﬁW/QmZ tdnldriﬂosfﬂ padenbly th eleaa@gego,f 1oomaum/tcnﬁn nhfsrlowrﬂaence ree :@bultshe
LED | anp, system shoul d be such that the h iongg of tjssue does (qusrgsult

i n undueindheoiaifdgse being mg%er%omé rplatiyen PFIOSef-8t SR
ge nﬁ%@l Tﬁ%ntﬁb%%h laﬁ(gj\/e"%ls% garsicl aﬂ%er e? ferh® of cﬂéc%ﬂﬁ”ort ft&fheﬁ?éﬁémlaﬁd &t the0

systemis t ore pre era y arranged to provide, in
operatloefﬁcaasyfdmetrmante in the range of 0.5 - 100 mWcnR, and nost

preferably | r mNcn2. This ce rate.results in
the total dos %@F@%ﬁé}té‘?‘éﬁ%wa@nﬁ'@yﬁq S\‘ig"FS?dﬁ 3‘ i %@?ﬁ%"d‘s e.g.
several BSEmaht R hRNEGhcB BRVEED A stlectB® Rithdit Aililgab RmitwiRIdmgtiRlof light
reduced di sconfort to the patient and in the efficacy of the treatnent. The

wavel engslhtablfe foi hhsteffeste dinfape prefeired ¢robodimgntisbe atdpast @@;‘HLEE eanits, B/eseglight

effi us phot odynam ¢_effec e %D% f eir
abi Iﬁa1 y ﬁ% IégEﬁV Séﬂé‘?%‘é“%"r gﬁfdgd%dbsrglﬁ’ff 0{)‘%}&”‘@ | S8 e$¢ Q&gpr?%%lﬁge&
pref er r eghugdriobl Ilb:lﬁﬂéulﬁﬂllﬁeﬁ“éctxlve aftcan be phdiularty irﬁportdmt ttsmclulde gt wihaddngths 630
wavel engths in t range of 300-800 nm faqr__exanpl.e, e_range 500-700 ran

has beenandifdqm.o Thereloze predeipbly the afgasianetdD F"F“té’dﬁ e jgat hivdrs Wpygjengths in
R e R S L

emts, In use engths in the range
of 630- 6&fgcthen with a @ommpsditipn edraprisug aapllmdsenamqr pe&:pem selectediffont hendeelcvdinic

d t th th t [
ot R ocladif Bhp SerbinG eck h esiet iesog 1By lightagedy RS bEY Sikgd SERE LB R L, cof
red |i gh%a('ﬁ@%h is&ABWAMD pbiettdEfleld i Bssub I soRle éﬂ%(ﬁhﬁ‘l@fﬁﬂmm lrfip kyrem to

penetrate wel I" into tissue. I'n sone enbodinents the LED | anp system
conpris esorﬂpriSBeﬁhens@O enmie that ¢rdy light within gisertain ttaveleagtbanpngsi spaices dhasagt h

range, Srl{l%rrl]tloanséd a{;ove is emitted from the device. The treatment surface may be designed such that

only light having these preferred wavelengths is transmitted.

25 The power source preferably comprises one or more batteries. The batteries should -
preferably operate via electrochemical reactions using chemicals that are not too toxic for the
patient should the device break or leak while within the body. Suitable batteries include lithium
batteries or equivalent of sufficient capacity which may also be stored for up to 10 years. For
example a 1/2 AA size LiMnO; battery may be used. The slow loss of charge and small size of

30 lithium ion batteries makes them particularly suited for use as the power supply for the device. In
order to increase the safety of the device, it is preferable that the power source is sealed within the
housing. By sealed it is meant that the housing is fluid tight in use to prevent fluids leaking into
or out of the device.

At its most basic the lamp system can simply comprise electrical connections for the

35  power supply and an LED or LEDs. With this arrangement, immediately prior to insertion of the
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control cCircuit of the |anp system may be activated by a"switch as
descri begrogbawmed tobegin illumination at a pre-determined time interval after activation. This ensures
that sufficient time has passed from activation to the start of illumination. For example, in order
to allow the absorption or build up of porphyrins a certain time is required after application of a
25  photosensitiser or precursor drug. The length of illumination can also be strictly controlled as the
control circuit can be arranged to switch off illumination after a pre-detenhined dosage time has
elapsed. To allow further build-up of endogenous photosensitizers (from precursors) after the first
illumination, the device may repeat the illumination (re-PDT) after a certain period of time, e.g. 3
hours.
30 In addition the control circuit may be arranged to provide pulsed illumination. This can be
achieved by providing a function generator within a microprocessor. As mentioned above, pulsed
light is advantageous in ensuring that no ﬁnacceptable heating of tissue occurs. In addition,

providing intervals in illumination enhances tissue oxygenation and the effect of PDT. Further it

allows for the re-accumulation of endogenous porphyrins in surviving cells that can be treated
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comprise a receiver for connection to a remote terminal. In this way specific program commands
can be communicated from the remote terminal, e.g. a computer, to the control circuit.

25 In some embodiments the receiver comprises an input port adapted for connection to a
cable. In such embodiments the input port is suitably shaped to receive, for example, a USB or
other male connector.

The input port must be sealed during use. Therefore the housing may comprise a plug for
insertion into the port. Alternatively the housing may consist of two components which can be

30 connected by means of, for example, screw threads, push or snap fit connection or bayonet fitting.
The connection comprises seals in order to ensure that the control circuit is sealed within the
housing during use.

Alternatively the program commands may be transmitted to the device by means of a

wireless connection. For example, the receiver may be an infra-red or radio wave receiver. This
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could be used as the signal to indicate the end of the treatment. Typically the patient would be
informed of the length of the treatment and so the signal can be used to confirm an expected end
of the treatment and hence need not be overly intrusive.
Advantageously, as the control circuit may be used to turn off the LEDs at the end of the -
25  treatment cycle there is no great ill effect for the patient if the device remains inserted for longer
than the treatment time. Howéver, it is expected that patients will wish to know when treatment
has ended and the device can be removed.
Preferably some or all of the above mentioned features of the control circuit are contained
in a microprocessor. |
30 ‘ Preferably the device further comprises a lens system arranged to provide homogenous
illumination over the treatment area. The treatment surface may act as the lens system. For
example, this surface may be formed of silicone or another material comprising surface elements

for diffusing the light emitted by the LED(s).
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as peC| f {ISCC IPQetIeral’tl)lrg'l,e ?ﬁe de%yc% inc ude% O%g Io; m%fre I"e\glteu?gsetﬁa?t'promdte single-use and/or prevent
repeat use. For example, the power source may be arranged to provide power that is only
sufficient for a single-use, i.e. such that the power source is depleted after the required treatment
is complete. The power source may be arranged so as not to be re-charged, and/or the control
circuit may lack access to re-charge the power source. The control circuit may be arranged to

25  prevent re-use by means of features of its programming and/or it may include a deactivation
mechanism that destroys circuitry or software when triggered. To prevent patient interference
when in use, the control circuit may also be arranged to selectively deactivate if interference is
detected. By enforcing single use patient safety is improved and a strict control of sterility of the
device is ensured.

30 The device of the presént invention can be used to provide PDT according to the following
method. Firstly a composition comprising a photosensitizer or precursor thereof is applied to the
area to be treated by a physician, where applicable by using a specialised applicator, or the area
of interest is treated by means of a systematically acting drug. Such a systematically acting drug
may be supplied intravenously or orally, for example. The programmed device is then switched

35 onand inserted. The patient can then immediately leave the medical facility and continue their
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aut orrat | 8§rh$leit‘§l?{e];n%%¥Q rg,eprie.l:sluyem%- icgrﬂent in the surroundings. However, the simplest and
in most cases the most preferred drug delivery system is just a single drug carrying area for
25  housing the composition, and in a most preferred embodiment, the drug delivery system is the
treatment surface itself. o
In this preferred embodiment the method of use is similar to that described above excepf
that the composition is not applied to the treatment area in a separate procedure. Instead the
composition is applied to the drug carrying area, e.g. the treatment surface, and is hence applied to
30 the body upon insertion of the device into the orifice. - [llumination is then conducted as described
above.
The composition can be supplied together with the device. In such instances the drug
delivery system, i.e. drug carrying area or reservoir, preferably treatment surface, may be supplied
with a cover, such as a foil or cap, to seal the composition within the device until use.. Prior to

35  insertion the cover is removed so that the composition can be released. Alternatively the device
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of 5- ALAthdragygPDTAESF 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, €.g. skin diseases such as psoﬁasis, actinic keratosis (AK) and acne. 5-ALA
(Levulan®, Dusa) and 5-ALA methyl ester (Metvix®,Galderma, Switzerland) are commercial

25  therapeutic products for PDT treatment of actinic keratosis and basal cell carcinoma.
| The use of 5-ALA and derivatives thereof, e.g. 5-ALA esters in PDT is well known in the
scientific and patent literature (see, for example, WO 2006/051269, WO 2005/092838, WO
- 03/011265, WO 02/09690, WO 02/10120 and US 6034267). All such derivatives of 5-ALA and

their pharmaceutically acceptable salts are suitable for use with the device herein described.

30 Esters of 5-aminolevulinic acid and N-substituted derivatives thereof are preferred
precursors in a composition for use with the invention. Those compounds in which the 5-amino
group is unsubstituted, i.e. the ALA esters, are particularly preferred. Such compounds are
generally known and described in the literature (seé, for example, WO 96/28412 and WO
02/10120 to Photocure ASA). |
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pol yuOns a;rijdr/ci)artlggrr%}r)]td thle I211Ck|yl1J Sgireougoéuﬁta%lleks%ggtlltuglrt]sd that are a%ached to the alkyl group are those
selected from: hydroxy, alkoxy, acyloxy, alkoxycarbonyloxy, amino, aryl, nitro, oxo, fluoro, -
SR3, -NR?; and -PR32 wherein R? is a hydrogen atom or a Cy alkyl group. Suitable substituents
that interrupted the alkyl group are those selected from: -O-, -NRj-, -S- or -PR;.

IfR! is a substituted alkyl group, one or more aryl substltuents i.e. aryl groups, preferably

25  one aryl group, are preferred.

As-used herein, the term "aryl group” denotes an aromatic group which may or may not
contain heteroatoms like nitrogen, oxygen or sulphur. Aryl groups which do not contain
heteroatoms are prefeired. Preferred aryl groups comprise up to 20 carbon atoms, more preferably
up to 12 carbon atoms, for example, 10 or 6 carbon atoms. Preferred embodiments of aryl groups

30 are phenyl and napthyl, especially phenyl. Further, the aryl group may optionally be substituted
by one or more, more preferably one or two, substituents. Preferably, the aryl group is substituted -
at the meta or para position, most preferably the para position. Suitable substituents include halo
alkyl, e.g. trifluoromethyl, alkoxy, preferably alkoxy groups containing 1 to 6 carbon atoms, halo,
e.g. iodo, bromo, chloro or fluoro, preferably chloro and fluoro, nitro and C,. alkyl, preferably

35 Cj4 alkyl. Preferred C,. alkyl groups inciude methyl, isopropyl and t-butyl, particularly methyl.
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In compoﬁnds of formula I, each R? independently represents a hydrogen atom or a group
R!. Particularly preferred for use in the invention are those compounds of formula I in which at
least one R? represents a hydrogen atom. In especially preferred compounds each R? represents a

25  hydrogen atom.

The most preferred precursors to be used in a composition together with the devices
according to the invention are compounds of formula I and pharmaceutically acceptable salts
thereof, wherein R! is C;-Cs alkyl, e.g. hexyl, more preferably straight chain C,-Cs alkyl, e.g. n-
hexyl and both threpres_ent hydrogén, i.e. 5-ALA hexyl ester and pharmaceutically acceptable

30  salts thereof, preferably the HCI salts. The most preferred precursor is S-ALA hexyl ester and the
most preferred pharmaceutically acceptable salt of S-ALA hexyl ester is the HCI salt.

The composition comprising the photosensitizer or precursor to be used together with the
current device can be any type of pharmaceutical formulation and may be prepared by any
conventional procedure available in the art (see WO 02/10120 to Photocure ASA). For example,

35  esters of 5-ALA may be prepared by reaction of 5-ALA with the appropriate alcohol in thé



such groups are straight-chained C4-12 al kyl groups which are substituted
by one, two or three oxo groups. Exanples of such groups include

3, 6- di oxawb-20mtorke2and 3, 6, 9-trioxa-1-decyl. If Rl is anpomsrbeawiovassed al kyl
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and phar ﬁgaé'é‘ﬂ?ﬁEéﬁlﬂﬁf‘tﬁ@cgéﬁ%tﬂlt eg%efl&mffmé Y preferably the HO salts.
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The conpefRBLEsizés ddpendif ﬁ’ﬂiet a@i@nt%rlﬁ‘stb f%? ag@rponent s found in
phar HBCGU?I%CGJ prodegcts %rﬁ theIi mar ket, and i st ng of such conponents can

be found i n hdhdbooresitidn may berapRliedite éhe tesalnesit érpadprior to insertion of the device, and
this may be done by directly applying the composition, where applicable by using a suitable

applicator, or by means of a systematically applied drug, for example a drug introduced

25. intravenously into the patient. In an alternative preferred embodiment the composition is supplied
via a drug delivery system of the device such that the steps of application of the composition and
insertron of the device occur simultaneously. The drug delivery system may comprise a drug
carrying area or reservoir or may simply be the treatment surface of the device, as discussed
above.

30 Preferably the lamp system provides a dose level of 10 to 200 J/cm?, for example 50
J/em?. The lamp system may have features as discussed above.

The device can be provided separately from the composition or with the composition

already contained within a drug delivery system. Altematively the device could be provided in

the form of a kit comprising the device and at least one composition for use with the device.
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the devigefefed bRAbbENRAONT Atgraiiiatibiaevies;m of a kit conprising the device and
at | east one conposition for use with the device. The present device and

met hod for pHICedynand 2B shavyue REISPECHNG VISH AWGAEPTSECHAT IRSREERLY PhRseesBYt i ¢
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other routes of administration (e.g. oral, intravascular or dermal).
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agents, anti Viipd SRR schedBid GiBRGRY ofA0RRAIS] QFcuRTHDIRAA tHRTradiaGoie BevdEdiefs
Al t hough sonme of the preferred features of the invention have been

descr i betie prefersddaanitmdiments;
FIGs 5A and 5B show an isometric perspective view and cross-section of a fourth
preferred embodiment of an irradiation device;
25 FIGs 6A, 6B, 6C and 6D show a perspective view, side elevation, end elevation and cross-
section view of a fifth preferred embodiment of an irradiation device; and
FIGs 7A, 7B, 7C and 7D show a perspective view, side elevation, end elevation and cross-
section view of a fifth preferred embodiment of an irradiation device.
FIGs 1A and B show a first embodiment of an irradiation device 10 for photodynamic
30 therapy. The device 10 of the first embodiment is arranged for use in photodynamic treatment of
the cervix. The device 10 comprises a flexible housing 1. The outer portion 7 of this housing is
approximately frustoconical in shape and tapers outwards from the front end of the device to the
rear. The outer portion 7 is resilient such that in use this presses against the walls of the vagina in

order to securely hold the device 10 in place.



providing PDT to the vagina and cervix, it wll be appreciated that these
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A third embodiment of the device 30 is shown in FIGs 3A and 3B. Once again, the main
shape of the housing 31 and the outer portion 37 remains unchanged.

The device 30 is similar in design to that of the device 10. Both the LED array 35 and the
control circuit‘36 are housed within housing 31 and a string 34 is provided to assist in the removal

25  of the device 30.

However, two important differences exist. Firstly, a protrusion 38 extends from the
treatment surface 32. This protrusion 38 forms a drug delivery system and light tube through
which light from the LEDs 35 is directed. This protrusion 38 is shaped so as to contact, in use,
the cervical canal. The tube allows the photosensitizer or precursor to be delivered to the cervical

30 canal (endocervix) as well as the light from the LEDs 35 and therefore increases the ability of the
device 30 to provide photodynamic therapy.

Further, the concave portion 32b of the treatment surface acts as a reservoir within which a
treatment composition 39 can be housed. It can be seen that the concave portions 2b, 22b of the
previous embodiments would also be suitable for housing this composition 39. In this way, the

35  device of the present invention can also act as a drug delivery device. The composition 39



surface 2a and a concave portion 2b. Typically the contact surface 2a has a
dianeter of 20 to 50 mMm In order to assist in the renoval of the device

10, a strwoQofb/i7892attached to at |east two positions onpthgpresmeiopprtion
7. \Wen the string 4 is grasped and puld2d;, the outer portion 7 is drawn
I nwar ds, hence easing the renoval of the device 10,
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conposi t &, WHidinay, fof exi@npl6 Snitidte2inid@ of & Méelaypperisi' dften whivh the appl i ed

to the treatnent area upon insertion of the device. |n,addi tth(%ﬁ% del i ver:
|'R&GP

of tAQ covgepiopssser 420w heeirepRaretian AdhalEPATAYES IB esorlARCHY! "OEETH
the prot Eelﬁrhg NARE: YreletbFinE@ HRRS S bR BB of a certain light dose (determined by
light sensor 43) the microprocessor 42 will switch off the LEDs 45. The device can then be
removed. '
In modified embodiments the control circuit also comprises two operation indicator lights
25  (not shown). These may comprise two LEDs, one of which is illuminated if the device has
operated correctly and a second LED which is illuminated if any malfunction has occurred;
combinations of lights may indicate speéiﬁc faults. Alternatively only a single operation indicator
light may be provided, which is illuminated upon completion of correct operation of the device
and which remains unlit if any malfunction has occurred. The control circuit may iﬁcorporate an
'30  alarm device for providing an audible signal, and/or a vibration de\}ice for providing a signal by
vibration.
This system alerts the patient and the medical practitioner if any malfunction has occurred
which has prevehted the patient from receiving the correct dosage. Signals from the control

circuit can also indicate that the treatment has been completed successfully.
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transparent silicone, and this also forms the treatment surface which may also act as a drug
délivery system. The transparent silicone acts as a lens that diffuses light emitted from the LED
array and hence acts to evenly distribute the emitted light. _ X

25 FIGs 6A, 6B, 6C and 6D show a fifth embodiment of an irradiation device 60 for
photodynamic therapy. Figure 6D is a cross-section along line A-A on Figure 6C. The device 60
of the fifth embodiment is arranged for use in photodynamic treatment of the cervix and has a
housing 61 including an upper housing portion 61a with features similar to the first and second
embodiments, with the addition of a lower cylindrical housing portion 61b extending beneath the

30  upper housing portion. The upper housing portion 61a is flexible and includes an outer portion 67
that is approximately frustoconical in shape and tapers outwards from the front end of the device
60 to the rear. The outer portion 67 is resilient such that in use this presses against the walls of

. the vagina in order to securely hold the device 60 in piéce. The shape of the upper housing

portion 61a and its outer portion 67 can most clearly be seen in Figure 6D.



the device and the specific shape can be varied in accordance with the size
and shape of the orifice. The device includes a housing 51 that encl oses an
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battery 68 At the base of the cylindrical housing portion 61b a loop 64 is provided to facilitate
insertion and removal of the device. A string can be attached to the loop 64, if required.
Alternatively, the loop 64 is missing and a string is attached directly to at least two portions on the
25  cylindrical housing portion 61b (not shown).
A sixth embodiment of the irradiation device 70, which is shown in FIGs 7A, 7B, 7C and
7D. Figurc 7D is a cross-section along line B-B on Figure 7C. Irradiation device 70 has a housing
-71 consisting of an upper housing portion 71a and a lower housing portion 71b, wherein the upper
housing portion 71a is similar to the upper housing portion 61a of the device 60 of the fifth
30 embodiment. The upper portion 71a hence includes a generally frustoconical outer portion 77,
| with a treatment surface 73 formed by a contact portion 73a and a concave area within the
truncated top of the frustoconical portion 77. The outer portion 77 of the sixth embodiment is
shorter than the outer portion 67 of the fifth embodiment, which represents an alternative way of

forming the device, and it should be appreciated that both of the fifth and the sixth embodiment

35  could be adapted to use either the shorter or longer brim, each of which have different



enclosed within the cylindrical housing portion 61lb. The battery is a 1/2
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is applied to the treatment surface so that the photosensitising composition is applied to the
patient during insertion of the device. With embodiments using a concave treatment surface, a
25  photosensitive formulation may be placed within the concave area providing a reservoir of the
formulation as discussed above. Alternatively, the material of the device may be selected so that
the required photosensitive formulation will adhere to the treatment surface sufficiently for
transfer to the patient and the formulation can then be simply applied in a layer on the treatment
surface. For example, with the device of the fourth embodiment a formulation can be applied in a
30 layer about the outside of the cylindrical housing.
As will be appreciated, the device of the present invention provides a convenient way for
photodynamic therapy to be carried out in any orifice of the human or animal body over long time

periods and at low fluence rates. This increases the convenience to the patient and, in some cases,

the efficacy of the treatment.



could be adapted to use either the shorter or longer brim each of which
have different _ _ characteristics and advantages. A loop 74 is provided in
t he sixthwentbmdi7seat in a simlar fashion to the fourthpramdpbeodionos7

embodi ments. Alternatively, the |oop 74-2%-nissing and a string is attached

Shown) . The. | Bumeasimatis ReteroRD g O £G4 0y A0 SEd B} byt
is repl a&%@cﬁﬁé (?tleétﬁﬁlnafth'e‘éﬁlllle@% Vblﬂlh?hﬂﬂlaﬂé%ﬁﬂ Muslhbnts ¥hilE Be hake o thes:

formof a ge y triangular prismw its long axis extending across a
di anet er embod'limentn prthoupdavidting fobatheBoepe ofithnolaimes: Koriesampls, the havgjegimey be
house a 1/ 2. si ze aced.tr nsve I Cl 0SS t he i st ead
of | ongi tRHIARS Wi}%ﬁﬁﬂawé%l%/?fgirﬁeﬁ"érf’ 0% qnolﬁ{o t§ %ﬂ %eh%n X%acgﬁl%) ?)rfntahrll The
edgess of p& _%W/i'llsd'@p@ﬁcﬁorf QUBEECE QEvisORTiftehdedTBRuSAH & imdH rchithal KAbRBCHNGED

| anp system are both | ocated above the battery 78. As with the fifth
enbodi menm thetomidice wlicre tbntr@@tmmhlts te gecurn & addéticn ethenferrayelrconigal ¢irqwy ang LED

di rect &ght t the tr t nt %yrface 73. As discussed above, with a device
i nt ended ﬁ%ﬁf 5? HERE™ix it is advantageous to provide

di fferent S|zes S|nce it allows effective treatnent for patients with
different histories of pregnancy. Wth the fifth and sixth enbodi nent,
these different sizes can be realised by adjusting the size of the upper
portions 6la, 7la, as these portions act to secure the device within the
vagina wth the treatnent surface placed against the cervix. The | ower
portion 61b, 71b, which houses the power supply, can be manufactured in a
single size, enabling a standardi sed arranged to be used for the battery
68, 78 and control circuitry 69, 79. The photosensitising conposition for

t he phot odynam c therapy can be applied to the patient prior to insertion
of the device, either directly to the surface of the treatnent area, or
systematically by intravenously or orally adm nistered conpositions.
Preferably, the conposition is applied to the treatnent surface so that the
phot osensitising conposition is applied to the patient during insertion of
the device. Wth enbodi nents using a concave treatnent surface, a

phot osensitive fornulation nay be placed within the concave area providing
a reservoir of the fornulation as discussed above. Alternatively, the
material of the device may be selected so that the required photosensitive
formulation will adhere to the treatnent surface sufficiently for transfer
to the patient and the fornulation can then be sinply applied in a | ayer on
the treatnent surface. For exanple, with the device of the fourth

enbodi mrent a fornulation can be applied in a | ayer about the outside of the
cylindrical housing. As will be appreciated, the device of the present

i nvention provides a conveni ent way for



phot odynam ¢ therapy to be carried out in any orifice of the human or
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t he convewDenma7sn9t he patient and, in sone cases, the etCfirrawy/oodo3t he
treat nent. The enbodi ments described abovéSare for illustration only and
shoul d not beg’ﬁﬁge to limt the scope of protection. The skilled man w ||
appreciate th Nﬁust ments could be nade to these enbodi nents w t hout
deviating fromthe scope of the clains. For exanple, the housing may be any
shape which allows full and secure insertion into the orifice and the exact
shape of thi slhousAngrredihtiorddgyigecfoninsetion linse an e figeof the bpdy forpeavadiagf or use

on a hu or _ani.nal subject and.on.the orifice where th nea s t
occur . rﬁﬂ%{a‘@ﬂaﬁﬁ 4R rolr Eﬁgﬂ‘%s'%fhec?)erﬂcreoﬁomcﬁnts@ﬁl %%%H’&%%p{fﬁ%%r@g 1B%rtﬁged
Wi thi s theq iduRath 8. deaiideMBe hdusid¥erldldsath A LD 146y bfterh aid & peRétsoarteifst 0 an
orifice of the body for providing photodynam c therapy or diagnosis, the
devi ce coeyering thg LED laowsiysigmashpreanithe debise mndgpenmlém@@raaﬁep Jdulglecptedqin
the ori f% e .tiche housi ng encl osing an LED | anp system and a power source
for powelfiife LED | anp system wherein the device is independent!y
operational while located in the orifice. 2. A device as clained in claim1l
wherein the housing further conprises a flexible outer portion, which %ftn
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clai med pyBRYuPERREE WAhGhRObWEFRitdwhidS RGeS JTdhd devideer conprises a
treatnent surface, the LED system being arranged to emt radiation fromthe
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surface Basilgensimatriand/ or shape adapted for conplinentary fit with a
treatment area of the orifice such that, when the device is in use, the
treatment area is illumnated with light fromthe LED | anp system 9. A
device as clainmed iyn [ ' , i : € fleSible.
formed by a sé'r f acé %ef%% ag&%?’f‘%%%?"%’tﬂﬁ%ﬁ{é‘ sc?aﬁglhﬁhn%ré@?g{gng%‘é%sﬁ] mateelr ieal
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a treatment éurface, the LED system being arranged to emit radiation from the treatment surface.

7. A device as claimed in claim 6 wherein the treatment surface is fully transparent to
light having wavelengths emitted by the LED lamp system.
25
8. A device as claimed in claim 6 or 7 wherein the treatment surface has a size and/or
shape adapted for complimentary fit with a treatment area of the orifice such that, when the device

is in use, the treatment area is illuminated with light from the LED lamp system.

30 9. A device as claimed in claim 6, 7 or 8, wherein the treatment surface is formed by
a surface of a portion of the housing material, and the material is arranged to diffuse the light

emitted from the LED lamp system.

10. A device as claimed in any preceding claim, comprising a switch for activation of

35  the lamp system.



the lanp system- ol | . A device as clained in claim210, wherein the
swtch is enclosed within the housing and is arranged to be operated whil st
seal ed wiwbi2nioidrgo2bousi ng. 12. A device as clainmed i n argTmre@sadsng7 cl ai m
wherein the LED | anp systemis arranged'%'pr ovide, in use, a light

intensity in e range. of 1-.50, mWcnP . 13. A devic i i .
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irradiation provided by the at |east one LED, preferably a control circuit
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operated correctly. 16. A device as clainmed in any preceding claimwherein
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when depgghidavingpeaveRAgthefin tearg of 300-800wher ei n t he treatment surface

conprises the lens system 18. A device as clained in any preceding claim

further conprising a drug carrying area for carrying a conposition
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i ncludes one or nore features that prompte singl e-use and/ or prevent repeat
use, prefCEFUl t‘\?\ﬁé‘}gé‘?’ﬂmf‘ﬁéo?f(? pélgsﬁ&ggu’?@até anged to provide power that
is only sufficient for a single-use and/or the control circuit is arranged
to prevent re-use by means of features of its progranm ng and/or the
control circuilf. i nél dayices ag cémed ineleinp i, rvderein therronhak ClEEBHCPBPEISES; & EEFIY Ty
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indicator lights for informing a user whether the device has operated correctly.

16. A device as claimed in any preceding claim wherein the device further comprises a
lens system arranged to provide homogenous illumination over the treatment area. ¢
20
17. A device as claimed in claim 16 when dependent upon any of claims 6 to 9

wherein the treatment surface comprises the lens system.

18. A device as claimed in any preceding claim, further comprising a drug carrying
25  area for carrying a composition comprising a photosensitizer or precursor of a photosensitizer,

preferably a-composition comprising 5-ALA or a derivative of 5-ALA, preferably a 5-ALA ester.

19. A device as claimed in any preceding claim, wherein the device includes one or
more features that promote single-use and/or prevent repeat use, preferably wherein the power
30  source is arranged to provide power that is only sufficient for a single-use and/or the control
circuit is arranged to prevent re-use by means of features of its programming and/or the control

circuit includes a deactivation mechanism that destroys circuitry or software when triggered.

35



