WD 02/ 098508 PCT/ GB02/ 02704 - 1 75257/001.617 Photodynam c Therapy Lanp
The present invention relates to a illumnator 5 source (also referred to
as a | anpwofoanssse i n  phot odynam c therapy (PDT). Phot odycarign2iobmeapy
(PDT) is a developing therapy and is today used for treatnment of various
cancers and also for non-nalignant di seases including infections, 10
wound- heal i n §§§# i0 der mat ol ogi cal di seases. The nethod is based on
t he interact?%n 0 y@ﬁ%bé??fic phot osensi ti zer of oxygen and |ight.

dinical experience has shovwhetedyrediiditherhpntiayes over alternative
therapy for treatnent of several 15 pathol ogical conditions; including acne

keratosis and various skin capcers. Ceneral background of the clinical
use of PDT can be FRUNFEFEUS H19PBE 533 reftes 188, 8441 lwminatom, 321, US

6,107, 465, USEu038, tdlso USeforPED, 598 angl 1ion5) 963x 32% 20 Sever al
phot osensi ti zgr

s_are comerciall yable and in pre-clinical or
clinical devéf63%%%¥n?%%?u%?%5ap%-g%@t%IevuIinic acid (5-ALA), 5-ALA
derivatives and phphydymaneeivizerams. (Ebheriphatdseabopizerisharapy
suggested in i rt r t
Neur ol ogi a | éﬁr%h‘?ﬁ%%ﬁ%ﬁ% ]g %ﬁ g%ﬁ( IZ_%%O ?r%%gr(ﬁ%l?cgs ia{r}'ldCan. J.
Opht hal nol ogy2 8% Tox Jopnjmal fapant Adispases magza\@m netfeas; i@, (2001),
Kor ner -3 i f bafslind) héan Ther aRe Wa sthes Usahato béyid8l d2000des Soumane, G
et al in Brlt.1§Hﬁ$phtgglnq§§%¥1§g% 30 483.é2001 Despettre, T. et al in
J. Fr. Opht H& ot PP (DO HIEERTEIER 21 SR9FLI4S ment ary
Phar macol ogy ghdttesapeit 1 osr 16f Shigdr2004d ,1ifehm dtrHifegt h, U et al in
Opht hal nol ogi . 0 C S, . G.et al in Crculation 102,
591 35 (2000%%8%1%%$?té%%l%?@n&n@| ﬁgfhea%na I IEhtOB0T is the
| i ght sour ce.alfenaliced | Yhewsapwl £97 ghteasogte of several

15 pathological conditions; including acne keratosis and
various skin cancers. General background of the
clinical use of PDT can be found in US 6,225,333, US
6,136,841, US 6,114,321, US 6,107,466, US 6,036,941, US
5,965,598 and US 5,952,329.

20 Several photosensitizers are commercially available
and in pre-clinical or clinical development including
5-aminolevulinic acid (5-ALA), 5-ALA derivatives and
porphyrin derivatives. Other photosensitizers are
suggested in the prior art, see for example Harat, M. et

25 al in Neurologia i Neurochirurgia Polska 34, 973 (2000),
Sharma, S. in Can. J. Ophthalmology 36, 7 (2001),
Pervaiz, S. in FASEB Journal 15, 612 (2001),
Korner—Stifbold,KU. in Therapeutische Umschau 58, 28
(2001), Soubrane, G. et al in Brit. J. Ophthalmology 85,

30 483 (2001), Despettre, T. et al in J. Fr.
Ophthalomologie 24, 82 (2001), Barr, H. et al in
Alimentary Pharmacology & Therapeutics 15, 311 (2001),
Schmidt-Erfurth, U. et al in Ophthalmologie 98, 216
(2001) and Rockson, S.G. et al in Circulation 102, 591

35 (2000) .

One critical element in safe and efficient PDT is
the light source. A clinically useful light source



WO 02/ 098508 PCT/ GB02/ 02704 2 should fulfill several criteria: high
intensity of the Ilight (i.e. high radiant flux); easy to set |ight dose;
peak wavewergoissof the em ssion spectrumw thin area of PeT&BI0270WNI f orm
radiation light intensity within area 5 of interest; reliable construction
with | ow operating cost and sinple constduction. There are several |ight
sources for %e esc ilgﬁeig,]glin pri OL art: US5,441,531 (DUSA) describes a
net hod for B st ahvearihsigia s Iiahs HERAdh e P mirrors
to sel ect corlrifit wavel erngidts wdh areoileux)i Nfa=sredd aatlioght Wedw 782, 895
(DUSA) describes an il um,nator, .for PDT conmprising bully. holder, filters
Snd li chr of O o TS e el I R VRS Wi e, ot

appar at us f orirRERrdaty;adirstiom wadddtamm 15iglef [ledtearsithy [wigrhimigresnd a
pair of &l o 4 .3 : Ty TTo VAN o =T ot S noytabl e

| i ght eérjn' t\tAﬁgn% 15}(;&\%%%1?0#%]&1@,&% 5, 7_998r, 523CCH(T Z:rlgtlrgﬂ%oé%%elg—gg descri bes
a motori zed d&AtceTDsiEe PR YU HOB (Cancer Research Canpai gn

ITechrlO! O%y) 20 cl aiEre 1-daseral iﬂi@h@%&&:é@rﬁuﬂ S0 Eedbikiibed Nt enzi ty
anp Wi th output intensity ate an er square centi re and a
bandwi dt h i n The g 1 &gio‘f%éﬁs gqnﬁs@f"’@;% ST &t HIt r

descri bes a RO chuerenits iglge cdirepmgineta lovisnerigyl tsotey eemdbedinthweapabl e 25 of
generatiifng a ggO 0 gﬁq; ' energy, US

6, 007, 212d; (Agfslarfce &t)ot iscg%.égrg%%%{%égji es;eelcée cr %eals]nrcr;l‘qJ i r_e‘ﬁ ed lighting
system util iiZimpred gmidiat amyhtUdl 1 832,695 UDWBA)48legRy-iemi\eanced

Phot odynanmi ¢ {FeGh{RQIA4 2o eS8 | RShSRPRP IR BhAE ethods yelald ng to
optical systens for. di agnosis of _skin di seases, US 6,096,066 (Light
Sci ences Li mAeEdr P4 tHer<Hi p)P et bed 3 (Heghenthdedsimaiat ch, US

6,128, 525 (Zengatitdls lesgypdies ) RRP@mEl U da@liattien maldh Ngride
doot ey of el 008030, S5 (oot onL08) dlescrd e, angppr atus for

5,634,711 (Kennedy) describes a hand-held portable light
emitting device for PDT, US 5,798,523
(Theratechnologies) describes a motorized device for
PDT, US 5,843,143 (Cancer Research Campaign Technology)

20 claims a non-laser light source comprising a high
intensity lamp with output intensity greater than 75 mW
per square centimetre and a bandwidth in the range 0 to
30 nm, US 5,849,027 (MBG Technologiesg) describes a
noncoherent electromagnetic energy source being capable

25 of generating about 300 to 400 W of broad wave length
radiant energy, US 6,007,225 (Advanced Optical
Technologies) describes a directed lighting system
utilizing a conical light deflector, US 6,048,359
(Advanced Photodynamic Technologies) described apparatus

30 and methods relating to optical systems for diagnosis of
skin diseases, US 6,096,066 (Light Sciences Limited
Partnership) describes a light therapy patch, US
6,128,525 (Zeng et al) describes an apparatus for
controlling the dosimetry of PDT, WO 00/00250

35 (Genetronics) describes an apparatus for both
electroporation of cells and light activation of the
electroporated cells. WO 99/10046 (Advanced



el ectroporated cells. WD 99/10046 (Advanced WD 02/ 098508 PCT/ GB02/ 02704 -
3 Photodynam ¢ Technol ogi es) describes a light emtting treatnent device
conpri si yogpeddsomnd | i ner being made of a pol ynmeric mat @CiraiBo2M©098/ 04317
(Light Science Limted Partnership) suggest a device for applying 5
hypertherma to enhance the efficacy of Bight therapy, WD 85/00527 (M

Ut zhas) descrl bes irradiation apparatus with a plurality of filters

particul arl y B é}%&%ﬂ?@% ogisiS ) c s D39 I/ 5kE2 PTEBOSAT
descri bes a |t|x@atnmw el vidte e@ipirsdthes WHeAQe Sink0 1GoRpT lb'iéllil@ @dadelral ity

of |ight sources, 4 931 ushi ric Ind al Co.)
descrigbes a medical® Iagf t&&éﬁﬁl \y@ag(ag/@éz%fg ((i‘é caﬁe)'.‘c(i?escri bes an
appar at us foi-i@dmerd)lﬂantgletﬂséﬂdﬁsﬁ%eﬁtofa [le¥,i cAD £/ @@m:(n&e John
Hopki NS sUNT V&3l ARHET 1P Sritfinck® RPULHINS KO ALY (138,

d0s erapeuti’c

ef fectiveness of PDT and rescrib correct age o
phot or adi at i 817, 80525048 Utrdace Wm e§f PhdrreFiledd ot at es of

Arerica) cl aipagdtghtyidel IaVWI@ﬁ\ilt oﬂ/\ﬂftlht@%so%lx%ﬁbuﬁlatirl@ﬁ A4 00/ 25866
(Gart) descripes an_ 20 a aratlr.jf CP% DT s %!a so%rc(e of )non coher ent
light ener g\ SH .qﬂqu(- FPRd PSS g Wredid °P8F prl&¥F&Ing  radi ati on
gnergy |3 a kimaxtﬂh@mnglﬂ(ghtasbmraéefo&es:oﬁ/tbuga?t edyifamies thergpz)ygzgrle
escri in

(3onns Popk! SSTBL IARS P e 8 S tedd ol SRR RS 8% 0. 74z (dep.
Heal t h, USA) ,(Mgsushitzg EB@@ SAPdUISSrBaA8@0279d@IICSAbeESaSJnE@adaO

(Anron), US 545057 2ores, W 507631430 (Rpueenmn dUstlos 9go21, 392
(EFCS), US 5,533, 50 PDT S stem; 3,334 (ESC Me |caI Syst ens

Ltd.) and US%’%P@‘W(?B fo(ruc@ﬁlttr éﬁ@etll_]iemdpéém&rﬁfn@ﬁsﬁ’% WPnst ead of
usi ng convenigiugnalloianiThe Tower pr]dialtselmfrﬁ\ﬂe&stﬂﬁ?)pﬂb@brﬂﬁessiaﬁg%t | anps

Lor Pugkod/nall e el bk ReRed ol Sh, e g digdes L, 0 S5
prescrlbe a correct dosage of therapeutlc
photoradiation. WO 45/32441 (The Government of the
United States of America) claims a light delivery device
with an optical fibre, WO 00/25866 (Gart) describes an

20 apparatus for PDT using a source of non-coherent light
energy with filtering and focusing means for producing
radiation energy in a broad bandwidth.

Other devices for photodynamic therapy are
described in US 4,576,173 (Johns Hopkins University), US

25 4,592,361 (Johns Hopkins Universgity), US 4,973,848 (J.
McCaughan), US 5,298,742 (Dep. Health, USA), US
5,474,528 (DUSA), US 5,489,279 (DISA, US 5,500,009
(Amron), US 5,505726 (DUSA), US 5,519,435 (Government
UsAa), US 5,521,392 (EFOS), US 5,533,508 (PDT Systems),

30 US 5,643,334 (ESC Medical Systems Ltd.) and US 5,814,008
(Light Science Limited Partnership).

Instead of using conventional lampsg, several
patents in the prior art suggest lamps for photodynamic
therapy based on light emitting diodes (LEDS); WO

35 94/15666 (PDT Systems), FR 2492666 (Maret), WO 95/19812
(Markham) , US 5,259,380 (Amcor), EP 0266038 (Kureha
Kagaku Kogyo), US 5,698,866 (PDT Systems), US 5,420,768



(Markham), US 5,259, 380 (Antor), EP 0266038 (Kureha Kagaku Kogyo), US
5,698,866 (PDT Systens), US 5,420,768 WO 02/098508 PCT/ GB02/ 02704 - 4
(Kennedy)wouU%o%s8819, 660 (Anron) and US 6, 048, 359 (AdvancedTRiBszozipmam c
Technol ogi es). There are believed to be a nunber of advantages in using
LED t echnol ogy i nstead of conventional tahkps. For 5 exanple, an array of
LED s can be fornmed_to cover a Iarge area. |n addition, their high
efficiency ensifeRedyhat UPe8soheaboi SAPBaR] onfsUReee848r 359 Furt her nore,
LEDs have | ongadresantsfiabhbtbilyanfligorétéhhs16gsé€y .to design |anps which
are suitable for t ngrgf thogs nds gf 1Q?hours of ope£ation. Q her,

advant ages i ncl ude tow FUfin ﬁglﬁﬁa P NP 8nAnteTREEt 85 FIVALFIIFRgiVol t age
whi ch i ncr easesngabed ytetheologechasiead| 9f r chusénhatuak, lampspacFonodul ar
|1 ghtueight copshiiction apdagase fin SOVEHPHL 28nlEapsPOLYe, 13 However,
despite these significant advantages, there are several disadvantages
usi ng LED t echie¥Rgiredesciibaddihieone prebdr highfoffhpbendy emsereder apy
w][ﬂ ch i mpact et hﬁgé/léefl%léﬂeéggﬁi &E{bﬂ;amlsné@eEQJ;yT?ﬁFgﬁ%ﬁeﬁﬁéfgyant age
of using in WO i mensjpnal array is a e uniformty o
the light is ﬁﬁg‘? s@%‘é%la]e‘ﬁ]a%gﬁe?‘a %B?%%Jnl%\ys%?é %‘gdltéf:f'? cFRPtSPTEY
treatment. Thilssign bbampsewhheh! aght sphtdler @sfdr obehfeof LEMDSsamys &
exanpl eb j h i a Mg |l e er, di sadvant ages
ising Khoan PIBLEL SLPEERRibE,) OHEPE RV RadRY Foe RhaR 10k "ana

conpl exity bedriysed sang qoeinbaseadce ood$ng, syew edrivinequdlizage twizich
relatively brogd-spect ramrofy | i ghti £ 6R0-HOQ; & 1 fnfophld fed,amount of

| i ght output resulting In Ionf. treatment times.” 30 According to the

present i nverffPERATHePRARERT pf IR EHEILSRE | FPRIF HEFBHOB oBRG LR @Be i n

phot odynam ¢ méhetiapy £0aptish&goa:two-di mensional array of LEDs (i ght

em (i ng. di odes) -apd LurLheg. SOPLT Sh0g. MEANS: £ O0an COLLIRE LG, the 11 ot
there are several disadvantages using LED technology

described in the prior art for photodynamic therapy
which impact on the usefulness of LED lamps in PDT.
The main disadvantage of using LED lamps in a two

20 dimensional array is that the uniformity of the light is
not good enough to obtain a safe and efficient PTD
treatment. This is because the light patterns from the
LED's may, for example be bat wing shaped with a wide
output angle. Other disadvantages using known PTD-LED

25 technology include: relatively high cost and complexity
because a liquid-based cooling system is required, the
relatively broad spectrum of light (600-700 nm) and
limited amount of light output resulting in long
treatment times.

30 According to the present invention there is
provided an irradiation source for use in photodynamic
therapy comprising a two-dimensional array of LEDs
(light emitting diodes) and further comprising means for
collimating the light emitted from the LEDs.

35 By collimating the light in this manner, the
variation in light intensity with distance from the

irradiation source is greatly reduced which means that



35 By collimating the light in this manner, the variation in |ight
intensity with distance fromthe irradiation source is greatly reduced
whi ch nmeawe o2iggso8NO 02/ 098508 PCT/ GB02/ 02704 5 di st ance PogiGroe21ohe
patient and the |light source does not have a critical effect on the dose
received. This both S|an|f|es t he treatﬁent and enabl es the effectlve

and even treatnent of | an surface r 5 11 intensity
i's i ncreased St HAYCS: ﬁ W% ? §P§ﬁ€ FF %B Hgsﬁﬁcéoaﬁ etQQe?nventlon
al so enabl es aotahaVﬁnaecmnmﬁaaﬁleﬁf@dmabmonhpadbeenrécebeeﬂrodwh&d The

col limation i g RSk if %ﬁ?%&b&ekﬁe Q%%%ﬁgEESBPQ ehﬁgigg EﬂeaQQEE %gvgo the

LEDs and nost preferably where eac as an assocCi a
addi ti onal | eA8dsp¥eENLTRALIRNS Wdy NORePd anay BérﬁéﬁﬁévedFuﬁéhﬁmmpramlform

light ag GHYlWQhEIﬁﬁtéh&h@@cgsf&%E&%B%e@ogi aﬁ§t99599fﬁahbh ahefeALel enses
may be used, Erefekabl a sin %F i.tional i provi ded for each 15
LED. The prefg PRJERENECREFELE d1ﬁ hénHFQEéﬁP P §@nﬁpéﬁlﬁ§ & fFens able to
direct the |iqueaanﬁﬁormeaumeduamﬁ@mnpbtgbkn|abebelpyoameédarea of
interest. Typical n [ nses nad of. .S e terl l's or

HE SRR o M e A s R R e

The nost preferred I'éns type i'S dn Sx1'Co
nmost preferredennas suchddatnenstpsthesL@ﬁedand meducprsﬁarabﬁyngheréects

which yeul d gthgr WEﬁelﬁé\BsﬁaE' ght 2kacheatagt aaaaghsﬁ of 1&9%65%98&1\/“ se

near collimated beam Al t hough the arrangenent escrl provi des 25
signi ficant béRefPis U@&rtpﬁ§epmﬁﬁrb&rPChFGV?GrFh@rmoéﬁsuﬂéfQHme&éﬁhEroader

field of |'9hhtOEn?OWDQBmﬁgualsﬁEﬁEéCEebm the beag. systen1ls preferably
made up of hexagoR L Ien i% mﬂ gai be cIoseI ckgq together in a
hexagonal pattern, 3 5?89 hEhEMER e§§eﬁaP?Yx THE§S t he i ndi vi dual

| enses are prptefabhylyhexagngab addlsmbaaanleaklyshpragmdaﬂ Eorpkaah This
s itsekf bepj vedTagbgsﬁke¥§ea'xgn§n90§0ugg09hat£grLngenéspect the

i nventi on provides a rsin
invention is a ens able to direct the light as to

secure uniform light intensity over area of interest.
Typical lenses are lenses made of synthetic materials or
glass. The most preferred lens type is an axicon

20 collimating lightguide. It is most preferred that such
a lens is designed to reduce scattering effects which
would otherwise cause light to be lost outside of the
otherwise near collimated beam

Although the arrangement so far described provides

25 significant benefits over the prior art, to further
ensure an even broader field of light of homogeneous
character, the lens system is preferably made up of
hexagonal lens units which may be closely packed
together in a hexagonal pattern, preferably on the diode

30 matrix. Thus, the individual lenses are preferably
hexagonal, or substantially hexagonal in plan. This is
itself believed to be inventive and so from a further
aspect the invention provides a PDT lamp comprising an
array of generally hexagonal lenges arranged in a

35 honeycomb pattern. Each lens preferably abuts the
adjacent lenses.

)

The change in light intensity over area of interest



array of generally hexagonal |enses arranged in a 35 honeyconb pattern.
Each Il ens preferably abuts the adjacent |enses. The change in |ight

i nt ensi t ywowensgngea of interest WO 02/ 098508 PCT/ GB02/ 027®€T/GB0@/02®houl d be
| ess than -15% preferably less than 10% nost preferably less than 7%
Al t hough | ower outputs may be used if destred, the source according to the

present invention,preferably 5 gives . least _20 cp2. It is also
preferred that Oﬁﬁﬁpﬁ? irlgsﬁot e+?ﬁaﬂ§ioopﬁ?\i%ﬁ’§b% gg%n?lﬁ%ﬁl # stance of
5 cm based onl@%Fuhbs¥V dt&f&ehlbl whke smnm h&a\HV) - of%. about 18 nm Preferably
the output is nore C i n to-ayoi d | ong it reat nent
times. 10 The nunb%%ggguﬁgpls%ﬁn%é%%%ergége%%ra]‘é%%% oh ?Srlrjé%‘lﬁ)a?? B9 ar ea,
al though a praeereal 2atabeinsfte Eke Presenet WeeeniiemoBaderalthe nore
preferabd e nugbess weuldabe Hetugeand. ang: 512 ang.the. postprafgr abl e -

nunber woul d be between 8 and 256 LED s. 15 The irradiation area may be
vari ed depend?RgPebon® PRTPERSERIT ahYR B CBAPE e Reifier ] i1 3iEmCe put

this is prefefabbychebaeed dnn® Rubl 300AK MEal A Mawpmdwr (Fwmadi g i on of
40mm x 50mMm for. ,exanpl ve .16 diodes.. A lanmp for irradiation of 90mm
20 x 190mMm rran%g?%‘? 1e§<a%r§rr§le 5%% %P%i%}a%sc?u%‘étd} tArce %1%?%‘2(51 t he di odes
i s preferabl ynWAcmheat angemofistamee tomavoi@0lomy hesmermimy tuposs | i ght

i ntensity. To be i \, | i.ght is

ity Uﬁﬁé”ﬁu&@@?&&%:ﬂ@ﬁbgﬁgyI%%'@éf?%%&ﬁ%%ééﬁé%igg

preferably in the_range 620-645 nm nore pr et nm and nost
preferably 630CHABL R ONfIFCRX aARPIROYTE R3¢ T HeFh WP PISF i FEDX,

However, thel]agmosanedave shd fesen! vwewel shed srarovdin Liffgsent LEDs to
Phor phycenes. MRE T B ReF TS RS S0 ApEE S P d T
Benzopor phyr imumi#ét heoghd dve € wased |and pherrdes. | ess heat itself than
other types of ligﬁﬂesfyfgéﬁagfghlégg%rﬁ@&'be varied depending upon
the lens arrangement and the number of LEDs, but this is
preferably between 1 m2 and 3000 cm2.

A lamp for irradiation of 40mm x 50mm may for
example have 16 diodes. A lamp for irradiation of 90mm

20 X 190mm may for example have 128 diodes. The distance
between the diodes is preferably in the range of from 2
mm to 20 mm; depending upon light intensity.

To be useful in PDT, the peak wavelength of the

light is preferably in the range 620-645 nm, more

25 preferably 625-640 nm and most preferably 630-640 nm,
for example for use with Photoporphyrin IX. However,
the lamp can have different wavelengths - with different
LEDs to cover the peak areas of other photosensitizers
like Photofrin, Phorphycenes, Sn-Etiopurin, m-THPC,

30 NpE6, Zn-Phtalocyanine and Benzoporphyrin.

Although an LED based lamp generates less heat
itself than other types of light source, the lamp may
optionally be equipped with patient fan for cooling of
the patients target area. Preferably this is combined

35 with the cooling system for the lamp itself. Thus, for
example, the lamp may be provided with a cooling fan
which directs air both to cool the LEDs (either directly



optionally be equipped with patient fan for cooling of the patients target
area. Preferably this is conbined 35 with the cooling systemfor the |anp
itsel f. TWO92/098308 exanple, the |anp may be provi ded w t hrPaTaRIRi0ZTY4f an
which directs air both to cool the LEDs (7either directly WO 02/098508

PCT/ GB02/ 02704 7 or indirectly) and out/ of the lanp in the sane general

direction as the emtted |ight such that the irradiated part of the

pati ent may 6@8&5{“ d]oY AP ‘%ﬁh %ﬁﬁﬂ‘?ﬁﬂ FiheuHPBeEEHe fan may

be di vi ded i rtiardato dn St egines, erannﬁ:éd)rlneﬁﬁh uatpaseat e di:eees ARl

preferably a t.h t _si.nk to dissipate heat .and this may in
3 VLT A el R BT T TR

turn be cool an ai retream aTfa ’b? dont i nuous
or control | edldapra iyl teha He&mmé@&atﬂfte sfeint gy he di0rigtest enedal yewchi s i s

m cropr aCess it Lopd olded, £ 8- s aSRE-pdON input froma tenperature
sensor. |f necessary, the terrperaturep of the LEDs t// be controlled in

order to vary peﬂ@%lﬂkﬂﬁeq rERidRsLerally aFftqwia Weeh g d\@aded by
nmeans of a NEGHleHSidissHdghe M At @ el mdyput thord e 1R esessor .

A typical frequenc vari at.i on, 2nm Thi once IS i tsel f beI i eved
to be inventi aaﬁ%t%eoar?/ipeﬁ%vd“#er%%yaﬁot%é} s"%é]tﬁ 1&? a

| i ght sourced aoniseledPliy vdn@rnempiet hoghd vinglet egoiur cevidaripyr itees 20 an array
of LEDs fir )ﬁ%% | EMs y contr | ]ing
their terrperyt}% agﬂte% ;E&fﬁnel Ism (gﬁlrosc|c?rn\é%redslgl(;deropcon?lp‘olq%eslcfdi~I such
that, additi &®gn ;ﬂflﬂu'falﬂré?ﬂha?t ifRaBerathwe sanpdie  proviafssardosdhe ner
and/or a ti MienfiirAeies MMite L hdy iR Horddie 1130 iPasedupen total

usage tinme). There a{Ey al so be providéed autorratl c di_stance mneasur enent
equi pnent sudREhRSTEY i HTBR Mse MdFHERFLRt Y Ofut omatical Iy or
manual | y) topgerrierid fhy ndithd RIaNINTT nediisaldon 0fy .| reRSIdEhgainh
di stan from_th Qur.Ge 30 Al so, there be provided neans for

v e 1 ot Felnder

modul ati-on of " he < snblucrrcoé)rdcgefsr? pre 25 et @lcé’processor

variation is 0.2nm/K.

This concept is itself believed to be inventive and
so viewed from another aspect there is provided a light
source for use in PDT wherein the light source comprises

20 an array of LEDs and the output frequency of the LEDs is
varied by controlling their temperature.

Preferably the lamp is microprocessor controlled,
such that, additionally or alternatively, there may be
provided a dose timer and/or a timer for determining the

25 life of the lamp (based upon total usage time). There
may also be provided automatic distance measurement
equipment such that the irradiation doge may be adjusted
(automatically or manually) to correct for the remaining
variation of intensity with distance from the source.

30 Also, there may be provided means for modulation of
the light source, again preferably under microprocessor
control, such that the amplitude or frequency of the

. light may be varied over time, e.g. in accordance with a
program stored in computer memory. Such modulation may

35 provide for more effective treatment in certain
situations. For example, it is thought that a pulse
train of light followed by a brief pause will allow the



control, such that the anplitude or frequency of the |ight nmay be varied
over time, e.g. in accordance with a programstored in conputer nenory.
Such noduwetoosssnay 35 provide for nore effective treat me®CTIGBIROL2T0AI N
situations. For exanple, it is thought that a pulse train of |ight
followed by a brief pause will allow the $O 02/ 098508 PCT/GBOZ/02704 8

cells to pick Uf nor e ox¥g Preferably the nodul ation _i
user - pr ogr ann8Bf £ FRePH vHEBj ﬁr8f°§yﬁﬁﬂulaP%%f%rab%Mptb%r@?@Fé%FyO%s j ust

descri bed) |Slbyusése¢fogbahmabeé tothe pryentive andaf@batlangbber aspect
of the 5 inventjon, Th viewed fro not her pect. t he ention

provi des a Iag% ofP usgéFﬁb T Rav i es%?ﬁ?%&ftﬁs ?YLEEF??ght sour ces

whi ch are nodbéhi@%¢@ ta basénVﬁntmvehendpferm$remotberuaepesttbé phevi si on
of 10 sggrreniﬁ\t,ég&gﬁansﬁeg r@.daa%ao%&% &&%Paégg at eg Thus, for

exanpl e, either e.qg, gr oups ective ?lvated or
masks may be b?%@?%éﬁn RFehiidAeehs ﬂaﬁﬁ ﬁ@rpv%@eh@ PPEhhaV%6§1§elected LEDs

from reachi nglthel payiept LEDS1AGhBONEHrEbe Vhobh PFOVhedl Byapeans,of the
i nvention, and@gartlcularly inits preferred forns will be sufficiently

unlforn1for any°PDT application, wuniformty may be still further inproved
by providing for Aheunebéanpeakepsed| fadtore ofst hehd BEbBosiiehohihat 20 each

Cont oo g Poalyhen BN EbnL MOk ALOSICPIEE AGE 1 Ll cReBRET o6 2t &1

that only a sna egree or ~ex anp $o-8habl e the
opti cal aX|sTbmson%Obe%ﬁﬁmblﬁra@éthhal$w@y 8 ovveedss alpos nay de¢i ned on the

target by thesﬁ@&&%lﬁoéélheﬂlfrhtéd 25-bgioke TRy O5E }o{?Idé%e opti cal
axis of an ad&aoent gai n, this concep el | eve

i ndependent | y"} t?@%aﬂ%ﬂpfBPnErﬁﬁ%Fhe¥l%%5e%¥O%fS?%%Ct?@v%ﬂ?$oﬁ“ﬁﬁd S0
vi ened from aneddiein@spestphibeentlis provided a lanmp for use in PDT

conprisifg an array; o 3%, 198t SGHE CEEWMUER BY & 8L aNgea L0 oscillate.
invention, and particularly in its preferred forms will
be sufficiently uniform for any PDT application,
uniformity may be still further improved by providing
for the mechanical oscillation of the LEDs such that

20 each collimated beam is moved over the target surface.
It will be appreciated that only a small degree of
movement is needed, for example to enable the optical
axis of one beam to travel halfway towards a point
defined on the target by the previous position (i.e.

25 before movement) of the optical axis of an adjacent
beam. Again, this concept is believed to be
independently inventive and forms another aspect of the
invention and so viewed from another aspect there is
provided a lamp for use in PDT comprising an array of

30 light sources which are arranged to oscillate.

The invention also extends to a method of providing
PDT and so viewed from a still further aspect the
invention provides a method of PDT comprising the use of
a lamp or light source according to any other aspect of

35 the invention. Preferably the method comprises the use
of a lamp or source according to any of the preferred

forms of the invention.



The invention al so extends to a nethod of providing PDT and so viewed from
a still further aspect the invention provides a nethod of PDT conpri sing
the use oWooaobssnp or |ight source according to any ot her PasfeBmR/0zfo435 t he
invention. Preferably the nmethod conprises the use of a |lanp or source
according to any of the preferred forns 9f “the invention. WD 02/098508

PCT/ GB02/ 02704 9 Cg tain ggbﬁ g g: %he i nvention mﬁhl now be
described, by way of- &XatpfBRSATYSNERdC e EREPRhERRt BLL{hBOYcBBnpanyi ng
drawi ngs: Fi gdeectibsda berepecoivexampleobniyfisasd bienbodEarsahcef tbhe

i nvention sho g g lgure 2 is a perspective view from
bel ow of a f?#%tagng %g#gihg ?gérgu re 1, Figure 3 is a perspective view

from above of the Fé@Bbdi hehs @fp¢FQH¢@t1V81E1€Wg@fea4frssan expl oded vi ew

(correspondi ngnbodihbSEr &£ 23 RE meeﬁe@eel gﬁ&klﬂc_& {tguhsunt ih ?gam 5is an
expl oded view from . beneath and one i de, of epbodi ment o ure 1;

Figure 6 is an eprb@%Hev%eﬁ?f?oﬂ?ﬁ%ﬂ%ﬁ?hvﬁhﬁl?%eerB Behey @ﬁd@ of the
enbodi ment of firguremdodfmght eof figarperspecti ve view from above of a

per spect v vi ew 15 STVBEl bt 1= tRE SO0 khPsdl Teh L BT e 9 Fiure o 15
a perspect i veepeditenin abofegefet he enbodi nent of figure 7; Figure 10 is

an explpogled vreW/fpg@&@@qyelgfaﬁhgxpfg@ %rg@g@ g% %fé%#gh%ln§5tgrgure 11 is
an expl oded view from bel ow of iment o g igure 12 is a
schemati c rayfﬂy%ﬁra%%?ﬁIE%?r%W?%@lm?%% obt ftguxeeli i n both enbodi nments;

Figure 13 is a schepghii€ view dhlegplodéd0vid® from beneath and one
side of the embodiment of figure 1;
Figure 6 is an exploded view from beneath and the
15 other side of the embodiment of figure 1;

Figure 7 is a perspective view from above of a
second embodiment of the invention showing its mounting
arm;

Figure 8 is a perspective view from below of the

20 embodiment of figure 7;

Figure 9 is a perspective view from above of the
embodiment of figure 7;

Figure 10 is an exploded view from above of the
embodiment of figure 7;

25 Figure 11 is an exploded view from below of the
embodiment of figure 7;

Figure 12 is a schematic ray diagram illustrating
the optics used in both embodiments;

Figure 13 is a schematic view illustrating the

30 arrangement of LEDs in the embodiments;

Figure 14 is a perspective view of a lens used in
the embodiments;

Figures 15a and 15b illustrate the effect of the
lenses used in the embodiments of the invention; and

35 Figure 16 illustrates the effect of varying LED
junction temperature on peak wavelength.

With reference first to figure 1, a



30 arrangenent of LEDs in the enbodinents; Figure 14 is a perspective view

of a lens used in the enbodi nents; Figures 15a and 15b illustrate the
ef fect ofwOhe/ovdsesmises used in the enmbodi nents of the invemrCir@Ro2zaems 35
Figure 16 illustrates the effect of varying LED junction tenperature on

peak wavel ength. Wth reference first folfi gure 1, a WD 02/098508

PCT/ GB02/ 027 - 10 hot.ot heyapeufic |la 1 consists of a supporting
count er bal angﬁelhdo%c?ér;t]lezr%?thtjﬁ :‘L%IQR ﬁ%tc%lﬁ%g%s, %’ﬁ 2 SRR Bdwer suppl y
(not shown), emanrtetadaresltl Srm Thisth i glamep shows diewd) r sdn enbodi nent  of
the invention, o P the,se i ISy al Vi | a simlar
arm (see fi gurxe_ 7). The ar mcﬁ%g%ﬁgg%?%%ﬂb %pa[sglcélﬁgg?%&?iabl e-like
surface, for Bxbwpl Ve Shry shls abi 55k e d i mRR Y oofin thih el miyent kon,

essentid ly manvend i esedndanshsbd ausnt hes | sngs head i dayimyed into 10
position over anrt of a< atidg,nt's bﬂ)dy that is to treated. Turning
now to figure& 3™ tHe Fedhp'Siead FHCt he' 1St EhITHR 0 R to be

pi votal |y nourg exedwred t33 de teal €l iibe cdhut Sashapesk texasifeorin general ly to

15 the outer pﬂ}?&e i 1P . IS seen re clearly in
figure 5 where it crré\ajiiyn b%ecséeen %ggfsrlée “arm a%gla%e%ss\vﬁq}%laml\%t pin 2c.)
The side ar mdanvenizigral amearledPu® g nlammn Rndite dswioretd joim 4.

Swi vel 1jo0i nt b d a8 iy PSRNt ARO UL, 0, 20 RIRENTiHUl & Bxgs and the

pi votal rnounting of the side armto the |anp head provides for additional
nmovement. HIUS " has an opening in its |lower surface where the |ight
source 5 is visiblrutdirapgiow o fliddzrser, Ghe FAraomp fHed 8 o teumy be seen

n the form SOt BTERAs Tormeth |7 tHe Tttt ¥ rEaited it e i s
al so a contrgl Ppatelarm@adivdplaly imishaped Wa harefaenme npmenmi o tfo gures 4
to 6, ijts MY R outer shape of the lamp head. (This may be seen
more clearly in figure 5 where it may be seen that side
arm 2a engages with pivot pin 2c.) The side arm is
itself connected to main arm 2b via a swivel joint 4.
Swivel joint 4 allows for movement about two
20 perpendicular axes and the pivotal mounting of the side
arm to the lamp head provides for additional movement.
Housing 6 has an opening in its lower surface where
the light source 5 is wvigible through thin diffuser 7.
From figure 3 it may be seen that the upper part of the
25 housing 6 is provided with an air outlet 8 in the form
of ventilation slots formed in the housing itself.
There is also a control panel and display unit 9.
With reference now to figures 4 to 6, it may be
seen that the housing 6 is formed from several moulded
30 plastic components: the upper cover 10, the lower cover
11, and end covers 12 and 13. Both end covers are
provided with ventilation slots to allow for a flow of
air through the lamp in use, those on end cover 13 being
an air intake and those on end cover 12 being the
35 outlet.
Within the housing there is a light source made up
of several LED's, a control unit, a cooling system and a



seen that the housing 6 is formed from several noul ded 30 plastic
conponents: the upper cover 10, the |lower cover 11, and end covers 12 and
13. Bot h wod2oe85e8 s are provi ded vvith ventil ation sl ots tProTalBoem2fer a
flow of air through the Ianmp in use, ﬁ e on end cover 13 being an air
i ntake and those on end cover 12 being't 35 outlet. Wthin the housi ng

there is a liy everal, LED s, a ontrol uni_t
cooling syst e%ﬂang ! @%\ %@%%&@/%ﬁg %S n?fﬁ é}jﬁs
provi ded wi t fidla bﬁ)%llﬁfglssﬁﬁe@e"l conportattail widlowbe di scussed in rmre

detail bel ow. The ﬂﬂ@mlgaﬁurs%ﬂée F108 MRG-ld PR aant 0 3 %M&
nodul es each contajning 64 LEDs 21. The LEDs are arran%‘tE in~a honeyconb

pattern (i.e°% MREHFMHA %brr%}tajé'é’-rf%elﬁstlf%se@% n fihgulEDPE3 arehe LEDs
each have a pasfangwy elrengtordyddud ERAGRE30:640NA etk AfbrRUl Rittra8f)

60WcnR at 5¢m neath .t arra 0 i ns pack.22 10 contai n| ng a
lens 23 for &ach %rﬁé:ﬁe tlﬁl%ri'l %SJt‘l%rnﬁTesLttﬁln Gy FoeE P RS

| ocat ed i n aweerdsngth am tdeniangd r6 3thes4d owmerancower olikpuki g e 14
illustrates {Qg 41 hg lepnses 23 and figure 12 is a ray diagram show ng
its operation. The 15 LED 21 is at the bottomof the figure with the Ilens
23 above it. The BffeRidelthe AED peaimyeni2d dé ian lere @ts of clarity.

As may 1be se@a)rfﬂaamltﬂ@e o andioagryp dstan.i abheahh ehitkhe d ight, from
the LED 21 |.s g_%{nce ed |n a.su stan ially parallel and narrow 20 beam

centred on tH& Tof/ 9 48 10 A& WECeSSe i $€ussed
bel ow, the ebectimf ﬂrhehleelim&n $:ovrel:d ust. rat ed in Fi gures 15a and 15b. The

current to the LE I b suppl.y which is
conventional and v%ﬁrg?&léhgrﬁe érlzl%% %t(%‘e &s & \Qg&nfgﬁrst ﬁér Va a

m cr opr ocessdrioased 2c dist laolrawnidla%:awhmmngastsonplemmn@.t h&hsuppl y of
currentst o t g BlS 121 ot RGCHY R WH 1) $Q 00at (QkS the lens 23

above it. The diffuser 7 has been omitted in the
interests of clarity. As may be seen from the ray
diagram, substantially all of the light from the LED 21
is concentrated in a substantially parallel and narrow

20 beam centred on the optical axis of the lens and LED.
As will be discussed below, the effect of the lenses is
illustrated in Figures 15a and 15b.

The current to the LED modules is supplied by the
power supply which is conventional and will therefore

25 not be described further via a microprocessor-based
control unit 25. As well as controlling the supply of
current to the LEDs 21, the control unit also controls
electric cooling fan 27 and various other features such
as a lamp-life monitor, dose timer, etc.

30 In order to maintain the desired output radiation
frequency, it is important that the LED's 21 do not get
too warm but can be controlled at a stable temperature.
Hence the fan is part of an air cooling system which
further comprises a heat sink 28 mounted to the back of

35 the LED panels. The fan forces the air to move in
through air intake in cover 13, over the LED arrays 20

and out via the outlet in cover 12 through the cooling



electric cooling fan 27 and various other features such as a lanp-life
noni tor, dose tiner, etc. 30 In order to nmaintain the desired output

radi at i orwofoeeegsehicy, it is inportant that the LED s 21 deCmaBog®2704t 00
war m but can be controlled at a stable tenperature. Hence the fan is part
of an air cooling systemwhich further dénprises a heat sink 28 nounted to

t he back of 35,the Ljfg panels. , The fan forces the air to ppove in through
air intake inttover 13° GREFetHRI| EPBPFALUTS01S AEPSRE Via FheSBEPFet in
cover 12 throlgbttakeowopl ang MNFERAOA8E 08y PEIhGBO2pB270ded -sdeh thhs. The

operating ten,pﬁ%:[h%goéé?%%%gg?hg&gtgofgnéﬂs ég&é shown) and a feedback

systemis provi suc € M Cropr ocessor %ﬁ?‘?%ﬁ? “this tenperature.
| f necessary, the fénpe¢assreyof thhetemPeratmréeod wiae i@s ncandee to

adj ust tdhe ouyppiofesk ¥aYS ePFt AqPhst { ffe LEBpud NEL Sk | F23th R ﬂx&ﬁately
| i near rel ationshi bet ween LED junction tenperature an% wavel engt h.
Figure 16 ilFetiEPes tHeeresth t2nf 2B eXpart ot L 1veafe ropkr F ieesSkiPs. | n
this experi ndpétwédr LED- ppection dOmpérattferond ddke]emetn on kegpesat ures
were recor ded]ﬁi‘nflllxtlge gggsk 1}/}?vel enLgi h V\ﬁ; IEI otted. versus LED junction
tenperature. This 19" shown i Ao Fi gure 16”0 whadP eS¥HSTHIEMe “Reen that the peak
wavel engt h i sdgnopertatmathi®. t hEn flbetéxpetinger atthe . LEDhaséctiaear fit
to the ta ' i b opgld r C.
Thus, tha | uncy | or s Srasy et o weneloh Be Ly Ol de WSS S ¢
overl ap bet welehf tPrRARHEBYPLRALD spee tpleh brd t Fer g tldde nkindtiern (e. g.

pr ot opor phyr i tethp@ragase | herhdd 2o ssbpn speeigwre 29 Jhe @i 1Stégamds in
fact split into t aths at the intake.. One path is directed to the heat
sink 28  and TR oUAeY At P a“i’?‘éﬁ‘r'lrg%‘?)gtil?) ¥ GHFeRIT VY Heo Hheient's
skin. This priwideson tcegére:efd ecta vibbeh 1imshicef ithepaite iqdtduced by
the read | on 0li e SR &0 SRlp S nd 1545 %1 10108 T 'S WAL 18, 2
Thus, the junction temperature may be controlled in the
LED lamp ensure an overlap between the absorption
spectrum of the photosensitizer (e.g. protoporphyrin IX)
and the LED emission spectrum.
20 The airstream is in fact split into two paths at
the intake. One path is directed to the heat sink 28
and the other path is arranged to blow air over the
patient's skin. This provides a cooling effect which
reduce the pain introduced by the reaction of the
25 chemical drug.
In use, the lamp is secured to a surface via the
arm 2a, 2b and the clamp (not illustrated). The lamp is
then positioned over the area of the patient's skin that
is to be irradiated.
30 The controls for the lamp are found in control
panel/display unit 9.
The system is switched on and off by pressing the
ON/OFF button. When turning the system on, the button
is pressed and held it until the text "CURELIGHT V x. X,
35 Ser. no: 0100XXXX" appears in the display window. The
button is then released. After a few seconds, the
message "REMAINING LAMP LIFE: XXhXX" ig displayed. This



arm 2a, 2b and the clanmp (not illustrated). The lanp is then positioned
over the area of the patient's skin that is to be irradiated. 30 The

cont rol s Woro2iopss08 anp are found in control panel/displ ay PamiGB02/027Dkhe
systemis sw tched on and off by pressin 3the ON OFF button. Wen turning
the systemon, the button is pressed and”held it until the text "CURELIGHT

V x. x, 35 S 110100 ﬁqﬁrs i e displ.ay w.ndow._ The button is
t hen rel ease%.rhoﬁ etrhea Eeégvg%elc ds, Ifk{"efbﬁn'flgsospaed%ﬁ EVATIINGASAVP LI FE:
XXhXX" is di sj5layehtethiby WD) 239880 REF BRIy ed 118 hashmwvsaridhe
remai ni ng FULRL LJi{G opglat vtk i I t ' rpcessor,
di spl ayed i nlﬁhlortdr_s andwn‘i nut es..lV\hern_ t Oﬁi%&s_%m%@ﬁogﬁoﬁr{her use
is possibl ePOBHdEEE ti ferdase HidetHrisyiadep iy dastdivdbitds mdisatagh

| onger tshe | afaw Widdh hermfed ehedurdniy wi110asd iGul@yr heatlEent . The system
is switched off hy resz:i ne{%ﬂ:t he OV OFF button once nore. Pressing the
button gi vespzf‘rﬁ:e]ecdl,)l% TR st em i s switched off. 10 In order to

correctly positioThehessamm deerswitehent ef ft dyberasedned tiHee cayeyRr or
presses the L] qg(% fon i | a i l,ow _power, The
o ed such 't hat tﬁ?g%ﬁ%&%&é’& %\}s@ké 2 e cimd

| anp may then be noved t I n i's “under
i || umi nati ontPEhe&¥atast sishigwitshedbedffected in 15 LOWV LI GHT node, even

t houghaghe currentry s 0fcd ke rdesa  igsyividd e b o Nermmldy, this

timer will be 0:0Q00, .unless an ongoing FULL LI GHT treatment has been
halted. By pPEsd ng thfe [EFABEL FEST MRIREP o REESHSISe Ehey R0y HI GHST
switched of f bu2tdd dhewiamh was tihe Addp biiGHT IRd@opiar tihe ARRESI Ng the

Stop. I addrEron B PAGSERIET Girs ot e G o A oBe ORuSiiT 4
tenmporarily smolen hd undaarson. Prigssitrigerds wvillds nout ben addaiatad lin
continge thelkﬁﬁ@ﬁﬂﬁ%ﬂr&ﬁﬁﬂ]ﬂﬂ%&eﬂﬂbugh the current value of the
dose timer will be shown. Normally, this timer will be
0:00, unless an ongoing FULL LIGHT treatment has been
halted. By pressing the GUIDE LIGHT button once more,
the light is switched off.
20 If the lamp was in FULL LIGHT mode prior to
pressing the GUIDE LIGHT button, the lamp switches to
GUIDE LIGHT and the timers will stop.
In addition a PAUSE button is provided which can be
used to temporarily stop the treatment. Pressing this
25 button again will continue the treatment from where it
left.
There is also a MODE BUTTON which is used to select
a SET DOSE function in order to adjust the light dose if
necessary. The buttons are used together with the SET
30 DOSE function to adjust the dose value. The +/- buttons
adjust the dose in steps of 1 J/cm2, and the
corresponding dose time will be calculated and displayed
simultaneously as minutes and seconds. By holding the
buttons down a rapid up or rapid down adjustment will
35 occur. It is believed that a light dose of 37J/cm2 is
most effective. The Mode button can also be used to

activate other functions like decreasing segments of the



|l eft. There is also a MODE BUTTON which is used to select a SET DOSE
function in order to adjust the |ight dose if necessary. The buttons are
used t ogewber/ogsbh the SET 30 DOSE function to adjust thePrdogsBratwe. The
buttons adjust the dose in steps of 1 J/cn2, and the correspondi ng dose
time will be cal culated and di spl ayed -st#uttaneously as minutes and

seconds. By h |.di ng t buttons down a rapid up or rapid down adjustnent
will 35 occurl “lmjlq"satt?éirlﬁﬁ‘é’d theats FI9MeHoSESr) 370/cn is  nost
ef fective. The Modeftmit tdre damrliso: bfearSQibxtx%ctﬂ. iawatghgdiercHainct i ons

l'i ke decreasi t 8 02/ 027 14
i1lumnated area ‘—"(ecl%F Itsersesa(a’[S ryr?ﬁ Vg’r%lo% e(?nt i‘%ﬁqhzfg‘eo&é’ﬁ“&&ror ectly
arranged, thé&hespaaatiore grdsgesi tyhe S’l’ﬁ?‘ﬂctaﬁ tbametxo aswil ttdte tlzend anp to

t herapeutic tensi T Lt down when
t he Iarrg i's :tg FULLCBI{_Jnt %ﬁp%éﬂ I'EIEH qhe dose ltq{rrﬁrreugli s%ﬂgg)ﬁ{;;%d When t he

dose timer cOREY tor0:bEe ttﬁé‘em gt displayeshatical Iy switched of f and the

fl ashing message VEMD: He DGOSR’ vimdll spsetio A 0 Skie 30wl iy, it ted
The ST RESET button

ntil 10 the RESE button e, be I ess

ganI be used £&EBET G LYok &%ﬁ&eé;pﬁl p ﬁ@lsé’&lngaﬁ'esﬁﬁﬁeaf%? or
error nessa@F. DOSE"second spibbgdidrenta @fu]lélmg rsoRimid (im; iesniltt g Sint 15

oper at iy gnal E‘fx%peffé .ISIHHét%I’ t(%e(? %el'lro% laslthous%h may be seen from

figures 7 to as a ra erent app arance and structure. In
particul ar, the HOSiSTPR/RESETe&mitisny qeot deedised 90 dégmresnsuch t hat

the arm 2 isqceQmiieRf bt i Wl dPidlled i eGidpy OtEOD%%Et"h%xs'e%o(}f the

housi ng, W|thout the use of a side arm Additionally, the air 1 ntake and
outlet are pF6A"#&Fin the end covers 12, 13 which are here found at
opposite sides offHh&doeind ehbofsnmy E seen ihrvemcfibguries iH0mad¢ 11, the

I anp 15 operational respects similar to the first, although, as
may be seen from figures 7 to 11 it has a rather
different appearance and structure. 1In particular, the
housing is effectively rotated by 90 degrees such that
the arm 2 is connected via swivel joint 4 directly to

20 the side of the housing, without the use of a side arm.
Additionally, the air intake and outlet are provided in
the end covers 12, 13 which are here found at opposite
sides of the joint 4.

As may be seen from figures 10 and 11, the lamp

25 head 3 has a housing formed from the two end covers
12,13 and front and back covers (not shown in these
figures for reasons of clarity).

Figure 11 best illustrates the light-source
arrangement which, like the previous embodiment

30 comprises a thin diffuser 7, a lens array 22, LED array
20 and heat sink 28. It will be noted, however, that
the number of LEDs and lenses is much reduced and so it
will be appreciated that this lamp is intended for use
on smaller areas of skin. Forming an additional part of

35 the cover is light surround 29.

Towards the left-most side of the figure, fan 27

draws air in though the intake and directs it over the



25 head 3 has a housing forned fromthe two end covers 12,13 and front and
back covers (not shown in these figures for reasons of clarity). Figure 11
best il | usDroabessos he | i ght-source arrangenent whi ch, | i k@CrheBopoEmitous
enbodi nent - 30 conprises a thin diffuser a lens array 22, LED array 20
and heat sink 28. It will be noted, hovev 5r that the number of LEDs and

| enses is nmuch redu SO it i1 bea reC| thattislarrpis

i nt ended for ﬂ ﬁ@ﬁ% %Ef’t%sélg)’f as“fq]%r Jo?lﬁ? Cglr‘? onal part of
35 the cover |s | i gpves urine Urech t2 95 i rifovidral scdmierd Bf dy o amd:leizcﬁp]tatye
figure, fan 27. in Lt rects ver the WO
02/ 098508 PCT c%%’?mqu% 15 %Eéngﬁg&%*}ﬁ‘% ée%aéas]?%gtgésseeas pfrrl;a\?i? ously

di scussed. AHoMEEhelheat sink the control system and display are provided

- thesegmy nore chigarl mpesaa fdBnd WS Aent® ihe g@f@:ég {0, second
enbodi nent it, C% r,atag]([j in an |derﬁl C%&ﬂ manner to t hat. di scussed above in

relation to RHHYE rhshtt Sr‘i)ls SRAHR S THIr Vi ism the | enses
used in bot trenhiidtsedmbodkinddtust rated in Figure 14. It will 10 be noted

that the | ens has Eal&%@gonae},l egyagnerlﬁt(rﬁgnclrrpeugcgrg{% cileﬁlnsfa%blgﬁjrsgdlto be packed

in the hexagon (honeyconb) arrange 3™ The lens
is an axi conmﬂhlmqm&n@ﬂtmlﬂdmm@m Sichuret Hatt. | tItpronviildes a

substanig al ¢Rl liJPLLIDAAMAS 1iMhacl S bR e dd QUGS hpa and 150

illustrate the result of an experinent to strate t | ens

arrays 22. PRIQEDSarsniilaith t(q:% PEsdjehiid) vithehdigxagany. 15b) | enses
were placed lxmﬁfejd&ﬁ)e%ﬂaa@san@aﬁ ml(lt&gifl%ﬂfé&ﬂ 140 migurhe 13ane WSt ance

bet ween t he frosted ass .and an be seen from Figure 15a that
the | enses déitents Ibagﬁecqrié‘r?ﬁ JT’iDtad:lélgd 319%’&9‘% 98 @nduReRs iSichEi gur e

15b the |ightthag nuchpmorieied spendetantial collimated beam as shown
15 in figure 12.

Figures 15a and 15b illustrate the result of an
experiment to demonstrate the effect of lens arrays 22.
Two LED arrays with (Fig. 15a) and without (Fig. 15b)
lenses were placed under frosted glass and photographed
20 at the same distance between the frosted glass and
camera. It can be seen from Figure 15a that the lenses
concentrate the light into a defined field, whereas in
Figure 15b the light is much more dispersed.
Asg previously discussed, because the beam is
25 effectively collimated the distance between the lamp and
the patient is not critical to the dose (light energy)
delivered. Not only does this mean that the lamp does
not have to be located a precise distance from the
patient's skin, it also means that non-planar surfaces
30 may be effectively treated without significant variation

in dose between raised and lower areas.



As previously discussed, because the beamis 25 effectively collinmted the
di stance between the lanp and the patient is not critical to the dose

(l'i ght erwoggossdel i vered. Not only does this nmean that tReTIGBOR/O2IES not
have to be |ocated a precise distance fromthe patient's skin, it also
means that non-planar surfaces 30 nay‘b%6effectively treated w thout

si gni fi cant rﬁﬁg'pn in dose between raised and | ower areas. WO 02/ 098508
PCT/ GB02/ 027 =16 CLAIMS: 1. An irradiation source for use in

phot odynani ¢ therapy conprising a two-dimensional array of LEDs 5 (light

em tting diodes) apd | @W@d¥§tfaﬂn% d gRans J qr, P %IIIW%%%H% the |ight

emtted fromthe LEDs nirra |at|on source as-c inclaima1,
wher ei n each tPEDaPYMS RS 15 ngs So Eivet-6d Meadiiionedaladreys of 10.EDgst em 3. An

i rradi aki on goukEe %?nl%ltﬁ'n@e@.l'o@e%l)a'a@?d21fur‘m‘f‘erxe'd3> ﬁ'sﬁglbenégﬂ' tiggpal |ens
is provided for,_each . LED 5 3&4 An irradjation source as ¢l alned in claim

3, wherein CR&LHRNISAD gbt srdtiredadaiom ther LEDShst anti al | y

hexagonal in plan. 20 5. An irradiation source as clainmed in claim4,
wherein the Lens S r.ef erably made hexagonal .l ens units
which are clgselyﬁ%hék 5 l@%&?ﬁeﬁoui €afexX gﬁﬁﬂgp‘ﬁgthPﬁm 35 6. An

i rradiation Wb@ﬁ@éna§a©Malﬁﬁd1ampah@8pa@c@@8mg1a¢bdlaﬂdmheoeaﬁ fleasl anp i s
m cropigcessai,sgeptrol led, such that there is provided a dose timer and/or
atinmr for determining the life of the lanp. 30 7. An irradiation source
as claimed in any preceding claim wherein the [amp further conprises a

patient fan 3for @x@plllr&gdabthbg paueat ag akdeledar@ac18imAB,i rradi ation
source as clahned in_clai é 5, wher 'Q t he .pati ent fan is conblned W th
a cool i ng erein a sing additiona ens is provided for each
LED.
15
4. An irradiation source as claimed in claim 3,
wherein the individual lenses are hexagonal, or

substantially hexagonal in plan.

20 5. An irradiation source as claimed in claim 4,
wherein the lens system is preferably made up of
hexagonal lens units which are closely packed together
in a hexagonal pattern.

25 6. An irradiation source as claimed in any preceding
claim, wherein the lamp is microprocessor controlled,
such that there is provided a dose timer and/or a timer
for determining the life of the lamp.

30 7. An irradiation source as claimed in any preceding
claim, wherein the lamp further comprises a patient fan

for cooling of the patient's target area.

8. An irradiation source as claimed in claim 7,
35 wherein the patient fan is combined with a cooling
system for the lamp itself.



systemfor the lanp itself. W 02/098508 PCT/ GB02/02704 17 9. An
irradiation source as clainmed in claim7 or 8 wherein the | anp conpri ses
a cool i ngwban/osdsigh directs air both to cool the LEDs anaCouiBood2tolhe | anp
in the same general direction as the emitted |ight such that 5 the
irradiated part of the patient may be tobfed. 10. An irradiation source as
clainmed in any pr%ned.i ng, claim wherein an airstreamis provided to

control the tenpdFarfreEGrtl ABHRE ahelaingd damd&ing 1er 8.

m cr opr ocessohegmity dHeed.add . couprirgeadiaatdawl ispurcs ahidmigmeéddy any
precedi ng clai herel e lﬂ#t r engy he ,LEDs .i s, ., varied by
controlling ta%eI:nrb terrptg z;bt%%r’he. . E’%tfg ,E\{r??%ljrorug:dicgif it T S-L&'ﬂpcemaézhtﬁ ainmed in
any precedi nFa2m8 g9ReRHerdineatien iaghtthsoemid tesl dodilitataishe thkd.  An

i rradi abi on sowr Ge-raslidlldethit of & Laticl WRer ¢ dg ap! i tude or
frequency of the light is nodul atabl e under m croprocessor control. 14 A
nmet hod of photodynam ¢ therapy conprising the use of an irradiation source

according tolany predediadia5on a@oirce as claimed in any preceding
claim, wherein an airstream is provided to control the
temperature of the diodes, the airstream being

10 microprocessor controlled.

11. An irradiation source as claimed in any preceding
claim, wherein the output frequency of the LEDs is
varied by controlling their temperature.

i5
12. An irradiation source as claimed in any preceding
claim, wherein the light source is modulatable.
13. An irradiation source as claimed in claim 12,

20 wherein the amplitude or frequency of the light is

modulatable under microprocessor control.

14 A method of photodynamic therapy comprising the use
of an irradiation source according to any preceding
25 claim.



