WD 20081111856PCT/ NZ2008/ 000046 " CONTACT LENS AND

VETHOD" FI ELD OF | NVENTI ON The invention relates to
cont act hods for preventing or slow ng ny, 008/000046
5progre53|on gﬁg% ‘fkp'ls’% 8)/ Ps a

.Myopi a &also cal | ed shor

comon ocul ar condltlon in which distaht obj ects appear blurred
wher eas near objects are seen clear Myopi a_often devel ops during
chil dhood. . 10and typ|cafﬁ&”ﬁﬁéﬁgégégsAﬂqgéﬂgg' YOPr equiring
progressively stronger spectacles to correct it) until early
adul t hood, al though the final anmount of myopia that devel ops wll
vary bet WE8hDi QHINVERNTEON Myopia is generally characterised by
an abnormal e f the e c . ef . Qf :
novi ng t he ||gh? g%%%lﬁﬁ%ﬂﬂ?cammt%fgﬁgmgg?ﬁﬁgs?ﬁiﬂégg%géégg%u%ﬁ@mg?e)
out 6f tpmefesda@l. 15pl ane of the optical conponents of the eye. Thus,
i mges of distant objects are brought to focus in front of die
retina, rather than in the plane of the retina. |Imges of distant

obj ects Bﬁﬂnmhmoeﬁube seen as blurred. In high | evel s of nyopia t he

mar ked enlarg ft also results |nastr

die retina an El% E%G@ﬁa‘e%&mg}raﬁaa ey e WOEFFn?%Wd% %?\t@rﬂ%bgds
nore susgQphd iheed whet@t hixabbidat a6 betRklearly| My@@rﬁt&mvd@mgm@mﬂmd
degeneratl ve mﬁgpl c retinopathy. 20 The aetl olqn% opia is. njy
undéfst ot e ISR EPRMIAG RIS el St Pﬁ% R eapectif v

i mpl i cat é‘ﬂl 306 tHoBd SUBGSRIhDHik] Aslind bEMadsa MOMRvaACPY GRS SeBRed Bdividuals.
t hought to be associ ated with excessive neat work (eg reading,
writing/draw ng, pI ayi ng video ganes, and simlar), possibly because

the prol onged ng@lielﬁlfyfcﬁilictéfseéw&ﬁsﬁh&%aﬂ Qﬁm?é&ﬁ‘élt 8f thB @l ball which has
25(accommodat i results in a lag of accomodation (insufficient

acconmodeeiedrgt Ozﬁmﬂwﬁg ey ligpi-renpitive tseie (Hher¢tse it thepags Qfd\“r TR AL e focal
nyopka r S desrane: nR oBEQRLE brought to f
accgamdgﬂhl%/geﬁg? ?i%){r&%ﬁfogl \éﬁ%gijodv\tg?%@t ﬁgﬁg %Eh requir gdoﬂn t houtmtuﬁ [ fofoens

| enses. hirentgf mtretinaghthor tharf arfhie plansofghentior lnvesmidiiunt sRiEcsa$) has
been i npl;i roaf r a AN|
pat ent | TRt e B P a R Pp R OLRASY Byt S B DR A
for prevestlisoma @tftetdgmgnfahqmecgar wdidis essociatad blood suppty, Wblﬁls rgndess thtege mote
vision corre X S

wear er tOusce %He%? Legn%%gtgghmen? %Ea(;go%;{tﬂg cfan a?ld(tﬁl Ug "hg .157{0&%‘:?8%1’9&’?
Vi ewOng, and during near vi evvl ng W th accommdatl on by the eye dining
near Vi ew ng,..35and a gcus ;are al so.si il f.ane ctors
present a nyogg ﬂeadlf?%(g{ym Pm i éfﬁxrn HToBs Latr%th @%&c ot RAGRHA] Metor
2008/ 11185Medd iNLBOHEY ﬁ@&ﬂéﬁce@nlslb anitvédabdoyoenprogravibn g tiavghhto be

accommodat i gn t he eye durl near,. vi ew ic retinal

or 1 s SR Ve e AT M r Aob SRR AT TN b bShr T
under | i eﬁnﬂy@?oemw BgLee ﬂl&p}oloﬂgeﬂhnﬁsbﬂax&ffﬁoﬁeif fcﬁdﬁ@sﬁngaheéyet atmeatt he
progression o opia slo erses. 5 SUVMARY OF

VBRI Oftocommodrbipiretsi Rk e Sig A OHEP B PR Laent FSOTRY AP LIRd byperopic
CONri Sege@alRISAE! TheAR ekl dHhydPiadedtisd &Bm@-@b\ﬁr@ﬁ& le@fes ahid dbQsind 2
correcting in use the nmyogpic¢c vision Qf a wearer . eutc}g ]%568 .de-focus

area f or SErFACHRBOBTY cifprt f%é‘e%ﬁ’@é]éﬂ’@?ﬁg‘e%ﬂﬁ? P $hte
to he V\e@ff?ﬁ anl AV G R, %Qmﬁfod&tﬂ% la\Q ﬁds%@erpﬂiﬁh@ﬁ@d ﬁ@kﬁéﬁam%ﬂﬁlj he

nyopi ¢ de us aré€a conprises a central zone of the contact [lens ,
10and t herogtdssen.of t he nyopic de-focus area and the vision correction
aregasconpri ses a second zone around said central zone.

Preferably the vision correction area conprises the central zone of
the |l ens and altcrymml p:demf :qv@bgmam wwﬁﬁ?mé@sdlﬂloz@wenqb@lmd aeafagk lens for
central zone. t,her. aspe d-avent]

conpri se8" 561?%’{1 alyo?mprroé?ff he g %‘\%l‘?\n% d&l e %mf)}ég%f (Szn&ﬁl rr{;gpi a
correcting in use the myopic v151on of a wearer to present 2 clear image to the wearer during

distance viewing, and during near viewing with accommodation by the eye during near viewing,

35 and a myopic defocus area to also simultaneously present a myopic defocused image during both



10devel opnent of myopic vistion in a person, conprising applying to
the eye(s) of the person, a contact lens or lens(es) each including a
first areaywygdhipdsgvi des a clear retinal inmage during @Eegkzihs00bdle
wi th accommodation by the eye during near view ng, and a second area
whi ch simultaneously in use presents a2myopi c defocused image to the
wearer during both distance and near viewing (Wth said acco dati.on
by the efistareapdges airmingdwith groompodafien Bbipe STeLERg nE4 VieNrer SEFe PETPIH
the wear gk 2 4elf8Rk idb@it RA abhSRAL) BN oo MY BE fic dpk AGH S8 iTRGSpislUr | NG
bot h di stance and near view ng. In one preferred nethod, two
| enses t brverehrinre with dret 4ffesi] thasover fisa thapioatession efeRTdpelovdedPRIng: 1oTeIses.
configurations are applied to the person. 90 Anot her nethod of
treating or slow ng progression of nyopia in a person, such as a
chil 8 (eSUMMARYQEINVENEIONMe age of 18) includes a step of
providing a pal Hrod tel hsemggen %;?gctt t{'léa Qx%gi%tog%gl%éﬁgggc Erdls inlliing a vision
provi di ng can be pere]fn(l)rrre a contact l'ens manutacturer to
di st ri but@tection dren®r veedctng indsctha trgopic eis of ik steatebandarmyopicaledfont area dot
a lens weargr, or .by a doctor to 25 ens. wearer., In a pref.erred
Form ¢ hEeBsREy B e Tt cbfelol Pancs HER oo uRaBa hhe! dorge
zone Whi ghiopeetetiabhga QRIHHE nsEsic fafdeuiredt doenprissiagrnitd pomectiitiertoataedensf
t he ﬁentr zone ifs a visiogn_correcti.on area, or_.which conprises part
of - thle e e Rt b PN e el o s AR En
de- f ocuSz@eQanunPrEad edmlal 3ont.he third zone is then surrounded by a
fourth zone which preferably conprises part of the nyopic de-focus
area if the second zone is a myopi c de-focus area, or which conprises
part of the vbeieibLGaE tigioh LOPecBbLRel fontifiResHRE BtkaZARRE of e feny hifil Diiyopic
correction _area. The fourth zone nay optionally be surrounded by a -
fifth zofefamms 2er soemnsasst 26Re RS G 8P %ct i on area if the first
and qghird zones are vision correction areas, or which is part 35of
t he myopic de-focus area if the first and third zones_are myopic
de-focus ar eals broaftieoeUs raath 8 3EPET IZPGO By DEHIRSEes.2 method of treating or
Preferab | i 156 BOREANLHLES ZOME Syedf 6hthe
havi ng agléé?{% Eiﬁgggstsgﬁ&gg?]%ﬁﬁ%r%ﬁﬁﬁ \{rfnﬁt& 5The fgggi% gpoweryf:‘g%? the
nmyopi ¢ dpesfacurerdiisior 8fe petien|agrstapidsnsios lagpley) Gadh iagheling asirpaagrection
negati ve_| : i ; [ - Q. en
B B B
 di 030r essifngltsrenelydn vseprbunts exepepicaefortran indge t4 Beaterisbwes olbbe visen
vision ¢ gr{eggcgd :?-Qa 31%@& mz)?%pélenfog&earéa%omsﬂgmép@e Rone bPGe UbATRIRE and
across the firrst and sec "zones I's approxtTmately equal to the
di anet er thefotlidhef ke piyopiodefdres eyeasfthpesisnnsuéchon hwea eqyepisayrrecd@ 20pe 15
years under cpq?c{c%g\iﬂﬁzcgendi tions (e.g. 10 to 100 cd/nmR2). Preferably
the di anBF" BCross fhe first to fourth zones is approxi mately equal
to the dianeter of the pupil of the eye of persons in the age range

10 to 15 years, under opic conditions (e..g 0.0 0 10 .cd/nP)... 15
' Fot hETSPH B BB R et e e e Pt oied e B f T ied 0
zones | ScappfiexiBRlifing ae@ghlive foaltpbeetioante thahydpievipopod a wdard: hepeyeat
of persons in the ﬁge range. 16 .10 30 years ,under phatopic.conditions
(e.g. 10*fEfoeEsda iazeage: dupedisingp Flsvingang; LA HEVE8 T P he first

to fourt fcza@BRIatich FHRE §¥idMBIEl N GEviag, ab®2 Wyepid idafobisateaMhvihfie foesliokver
of the eye of persons in the 20age range 16°tqo 30 years under mesopic

condi t i ofrgichés leFs geryEve han the dagaERiocal Power gt WHAh PSRt Bt RéRent r al
Zonggi 8 @y Vit eBRKGRHEIRCT hnPihiZ @R ubdd inSgetiurify bRk Si dehCti@ithg, kath
achieve 6/6 (Sne,’I1en) vision under photopicC condjtions. 25Preferably
di anet er sad acchrmodationdly thepye diingaead Weygeg, 2noohihE Fisive crisectiongiegand the
pref er abl i i & ol 4 ) 1eds QA3 the R bE fre Pyopi
millimetr g@E g%g&ﬁéaaf@%%%ﬁpn%?lg 5 C%letl %%%mvxtggn ggét&?tt e2.56 anlc(l3 2.7 e Tyopie
de-focus area and the vision cottection area comprising a second zone around said central zone.



20 In broad ternms in a further aspect, the invention conprises a
contact |lens, conprising: an optic zone and a carrier zone

circunscri Qig@oed/118ssePt i C zone, the optic zone conpri si NgepnYdodd/Fo4s
correction area and a nyopi c defocus area, 25wherein the vision
correction area constitutes at |east 68% of the area of the optic
zone, and the nyopic defocus area constitutes no nore than_35% of the
area of d broaptees morferthqrasise th Hventen sompais¢syrconaet lanspedyding st area to

| nvent | 0g: CONRLI:A%Ra 600 6k R sGATRLI S ARAPLLE 20RE AT 2

carrier zone circunstribing die optic zone, i

Ot he optic zone
conpri si agommddgiiarbydbe eyeciuiiognnear viaviagond 2 ngcopd ered bfving rstelapesly, less

and | eos "o el oo B AR bR R Sl BT By 4R vl 2T

pr ogrsess idenncd and pasrivenfig (with l92id a@oemexdhsin hyghegyepiutag efar devingeomr ¢feuid
the |l ens_correet.s preexisting. nyopi ef ract,i ve err.or | ow ng_ the.
woar or ¢ GELR G SP R ThB] NS S rTi S oL e PREr e b A D ing

si mul t aneestshy z@ie@wivddsaidBerdplional treatnment to sl ow the progression
of nyopia by including a nyopic de-focus area or 'treatnment zone'

whi ch applies & controlled 5nyopic de-focus to the retina both when

t he wear @f biosd ¥kBNnAGuter bR cdlighaRESomMdbehpRk &0 MBI o ishbifge tie near .
The ﬁptical treatnent consi sts of continuous opi retin?l de-focus
whi-dif i s SETloRMERE PyIRRIE VEURIA &P Eh SOBBETREATPIG 1R He et RO thidPera%n?

Vi ew Ng. chifpEUS §1elgns@:tsj Hah ﬁclﬁaﬁg 2 3l aRa FURRA |p§ov§'cie§ﬁ QRS EEhal ﬁia%@@ﬂ:dng neat
i mage during both distance and near view ng are sjnmultaneous|y

pr esent eBeVHEOHE 2g5psragdagen bydie REefEing nexy viewing, anfipseeanint dey Vighses

and net hgdsRYuddin Q8PHENEH iy dpf! REJCORA iBaRQE 8RRl HRHAH Y @Rhdre RHA
who are consjidered to be predisposed to develop in _nyopia, due to
genet i c 8ear sisvingdvive rrichaccpmempdrtionfhy thecsya Apiag, nex i Op therghy present to the -
i nvepti Odegs?Bf U8 Gk SUGR rAD13RRY 5L B APRELRE Snfe bibdifH b tance and
having a ‘neutral or |ow positive optical power, to present a clear

i mage tontaEewwg- myopi ¢ wearer 15during di stance view ng, and during
near view ng with accomodati on by the eye during near view ng, and a
second or nyopic de-focus area having a-less negative i.e. positive
focal power tb alepefsigvimethob dus lepsep tlas bave identiged pt whetenthBridedisd designge
during bglt ng tance 3 ?ﬁe’&%}é‘%e‘(ﬁ{e?s‘é’ia ng (wth said accomodation by the
eye during near V|emﬁng : e said first and said secondary -areas
conmi ses a central zone of the contact |ens and the other conprises
a second zone,around 20said central .zone. Th thod.in this .
2ppl 1 oat i on cARnPraRRRr e iRt T B OBl Fodtst i g chid
consi der ¢, ta@eBen phided ispgs efll §) inchheved ypaiptoddingry pgt of ths cimcalegwnt act

I I . F ! th t.-hod i di
two of tHEBFALE: CPATT-IEHEDE PP g by SRR S RAE SRS S B ogi cal

par ent s Wh@ibatoe o €irer FcHABICE IByseTtilato@ab 8 dotwe bidess wa ey, driby kkdector to
nangjactu e of a contact lens systemor kit for treating, slow ng, or
prev@ntiﬁ%mfﬁguﬁ?ogression of ‘nyopia, or for preventing the

devel opnent of nyopia, in a nyopic subject or non-nyopic subject, of
one or nore contact |enses which nmay be the sane or different, at

| east one of M ReRered pumgbe sorend apis\ed thesomiet pietirionrdediy 6 thiHtTWaes

a et hody By SRR LdhehRUORkCof\theSHiQEh WekfoCAUSE B LARS z0deROLEGSH

functional emmetropia'in a person, which includes applying to at

| east onecusktiohsener whish soaprisss pereefribemmyonieftsionds desif hegenimbyrncror

corrpct | H:gollﬁig aHERul P, %Qfgfagl e (S)Je i B8 PELRAR: Slmbianaeys!y

presenting in use a myopic & ocusi d Image to the person. WO

2008/ 1118566201 (E2008//8000 48 myopic defhesiatrs éiibé svond Zme isrrohyrpéssdetfoensof

a cont ac %re;!t, & \Svhicﬁ%:oxggjfisueg ezd.tt gib RY %siof:'. gcl;rrécggn 51%% E %ecsaeclzod-j%l’%gg J? & v%{on'

correctifig a person s mybpi ¢ VI SIon causing | ens-1nduced funct i onal
correction atea. The fourth zone may optionally be surrounded by a fifth zone which is part of

the vision cotrection atea if the first and third zones are vision correction areas, ot which is part

35  of the myopic de-focus area if the first and third zones are myopic de-focus areas.



30 Referring to Figure 1 the preferred formof contact |ens
shown conprises a correction area which includes a central zone

i ndi cated @lp shogMiigsh has a focal length or negative fodgbrRENEE LGS
correct existing nyopic vision of a wearer. The |lens al so conprises a
treatment area which includes a second4one 2 around the central zone
1 and having a relatively | ess negative focal 35power than the

correction area 1, which will sinultaneously present a myopic .
defocused i magg.sL. Ot WP ,2008) %k%@%%%ﬁ&%&%%%%ﬂ% Bl Whieng
bot h di'stance and near view ng, and ichis referred to fNerein as a

t r eat mentregpiseel bpitzone for conveni ence. Wen view ng the anterior
surface of the lens along the central. optic axis of the lens, as
shown in Figure 1, the central zone 1 is circular in shape, and the
secorfd zone 2Tha&carpoarnef the mgepir derfpchs kea(s e lais mow s op ithd Aigptrésdess
central zgne 1, apnd ds,concenfric.with Sthe central zo | . The
Creat rentBrEatAl e TS S i ptel S E b a5 R bt ahous 3 P U6
t han t he leongeette] a8l uyda abom2elibpites leys dpghtive &sx ekaraple, tBartthe fdchlg®wieesfShe
negative and typically about 2 dioptres different. In one enbodi nment
of the iﬁ???ﬂﬁ% FIP*he correction area for a particul ar subject
with . 10only mld nyopia has a | ow. negative focal power such as

only 1 dioptre negative for exanple, then_ it.is possible that the
tredment are ?fh"’)ﬁﬁ%\?gﬂ’éﬁﬁ’@ “r‘g‘?‘mﬁrer 16 Pt oL searhfonsbiRapprofipately
anot her eghoe e dhmtLof the BRI ithady@ af PaSond i kB hfeatngdl1 ONE YjdarsinBett
not a posjitive focal power. In a further enbodinment the treatnent
area al wRYRoRssoalitRay &4 ¢ 8 19 YA/ Bohdrelerh dyhdirader agagatie Jet fhigprth

t hat of %B@smﬁaF%a@ay @fufBd the FarREI8: SITRIPA of Pre G Bfetsoh&IASTh WY kfige @
vision 1l5correction area with a refractive powes of -5 dioptres may
have a t rB& Herress andy mesemic sondiionatas W BdQsd/B1- -3 dioptres. In this
exampl e, the difference is about 2 dioptres. As another exanple, a
contact |lens having a vision correction area with a refractive power
of -3 di optr el meibehirm of thylenn therfiameies acpistthe Brstatseonpivensséner  of

- 1 _dl opt )éﬁfcolengteisynzh%l X AR Bretel: g?thqglfx Sietﬂgﬁre'ﬁ p@r.@cgiétm &e%&% 1% to 30
Simlar relationshi'ps may be observed in | enses having a refractive
pover di fréaes wdeepiaoind seaditionhie-2vlkiodR0 edie'dc threfarably dlze disrdetettpaross the first
treat nen < ] - ' b f7 ' -1

i opt r oo RO i e HBBMAP cquaftothOBhEL ot o ARE L8Sye Mlipodeingby
may e aagnsemied Sde 39 peisinder thesepic rerditians feg @ftot Wedéw? ¥ oundi ng second
zone 2 the vision correction zone.. 25 I n addition,
alternatively, die central zone 1 or the second zone 2 or both zones
(and ot her zofRe&rddbskege trtckytral edreny edsibo forrmijorthzone itiook adismsatranificient
shapes V\henchlxéivee ng!ugqudgo@leuﬂ%onth%% iCIceril1 Gent ral optic axis 30ln the
pref er r e 10T VN Se&YNE Zone 2P PERUYFEURYed by a third zone 3

whi ch al so conprises part of the vision correction area. The zone 3

has .,;.he sane focal wer, a he zane |, In turn.t.he zone 3

Car Bunded by R TGS B RTErrontigt bl Balpeat R Rl at et
de- f ocus abdgaBERillimati&an: atlarst figput D6 nEBinRuEOaR] mPOMEIMaBEhd Kewdt apb e 2.6
de-focus %fnﬁﬁéga WO 2008/ 111856PCT/ NZ2008/ 000046 The zone 4
may be s&#4o B - a fifth zone 5 which is also vision correcting,
havi ng the sane focal power as the vision correction zones 1 and 3.
The zones 1 to'5 are caoncentric. .- The lens also conprjses
an out er nost Bigfgatdr ths girmets: ab e seronhecnsdi 1agstiahonids) willimeires, more

Sphysgi € a?ie)t‘er&tﬂycﬁtléa&&%&%.ﬂ A Qs LG RY%:EaRAL 5.7 Biilirae:C &&ﬁm@f c@:ﬁﬁﬁﬂf'&
optical function. I'n alternative forns the focal powers of some
or each bftwetreabepobhi endfed edlémetressones conprising the treatnent area
may differ fromone another, while being all |ess negative than the
focal power of the correction area of the |ens. In alternative
Preferably the diameter of the third zone is less than about 5.8 millimetres, more

preferably less than about 5.5 millimetres, and may be between about 5 and 5.5 millimetres and
35 optimally about 5.3 millimetres.



The central and second zones 1 and 2 nmay have approxi mately equal
areas. The third and fourth zones 3 and 4 may have approxi mately
equal areag sbis/111856 The Vision correction area conpripéffziob®oo004s
central, second, and fifth zones (zones 1,3, and 5 illustrated In
Figure 1) conprises at |east about 65% nore preferably at | east
about 70% nost preferably between about 70 - 80% and typically
about 75% of the operative optic part of the lens. Preferably the
operati ve optpefepdltthOfiahbrer dfehsfonas zands ksethat abont T hdlimengemafe 7- 11

Om I linetre referably . in_the range o - 10 m,ljnetres re
pref er abPrﬁEeffi’IYalgss ﬁ@ﬁ?@o‘g.@ Wﬁ%f?gg“y gﬁﬁetﬂﬁ?’tﬁ Wéf'}éﬁﬁ‘??res%r%t 9
millimet 6ﬁ§nanyabout5_8%jmﬂgggbeti ¢ and environmental factors have been
inplicated in the devel opnent of myopia. A person with one biol ogical
pareﬁt with nmyopia is generally considered nore likely to 25 al so
devel op nyopiBref-RBY Re BSLEONLF (Mé fifth B&liNgE QI RINOBLEA mPBhaRs, hgtNg
nyopic. A person with two biological parents wwth myopia is generally
consi der R@terbletarsk éap abert i Ssullgesrer.apd mpp pf 2P ThA fié%son with one
parent nyopic. Excessive near work e.g. reading, or work at a VDU is
general |y considered to be a negative.environnental factor. This is,

i 11 ustrated i Fhetdeetral apd secens 2ones B IRaBRIproxigakienal magst dibg third and fourth
Envi15on%t6€1n£§a%glgp§gmml YES.1 2.0 2008/ 111856PCT/ N22008/ 0000- 16 - 11
- One paren opl c+ ++ Bot parents myopic ++ +++ |In accordance
with a nethod of the invention, individuals my be determ ned to be
pr edi sposed t9 _the, d Nt . [ A o ' |
e e e S L s et
per sons {peenise sptivapaiting thee lédsy mbregrefarably anleast ttalut #1%.,|aodn®sppsietablydetween
focal powver d secgond area ol € ne ive.l.e.. e, PDOSkiive ..
f ocal po’i‘;\\%g’Pff ?d;ﬁ%@/ﬁ‘faug%ﬂjéc a@ﬁ a(r%’éj HaSn)a"é%% SH%Q%‘? SRical Pt ép’)@r)tfe1 léag%g‘?hf ‘%gl.a%"e
firds arenicpattpt iteilag eacheeninyadutzoneg pefiphdid paonf te tenb arvstantinlly heyoot ler

and pr ef erﬂblly 2 secgn g oS ﬁoﬁi .09 8 second zone around said.. ..
central BHAn TRETPERSELS REP P BRSPS " SR PRt Ve “FF Br
nmay al sophysicdipidrethgt the oy st efdad bugwhich perfdrak nexptigpl fnctidne Prfenblpct

| enses may include .a toxi tical, zone and proyide cylindrical

ref ract | 6 OBHIRE BF PREC] Bnleh AT (e ires PRy by PUHpeuphguch oo
corr ect i Q8mBONE(E)limddfes, Pedriiabijier 160f 8.8 alilliGBrandnd meappEatbly s 9. may
be formed wWith such a toxic shape. The rear face of the lens is

f or fed $‘6"H§§Etfeér give the lens good stability on the eyeball 15agai nst
novenent so that the lens, or at |east the optic part, sits stably
aligned over the pupil. For exanple, the rear face or poster.ior

sur f ace Wrbrpaterpsin adurthepprpectaiie BReRtion; OMPYEs & GPREE &0 copPpLising:
conprising a Jdc!p%&z&%ﬁ@%'c%e%@@ﬁ&m&@ﬁﬁﬂ:@ﬂehﬁﬂdz_rbge,a curvature of a
first radius, and a second posterior surface portion having a
curvature of the SpliisHese epPrEsIEAtvisioriogsytion aeagRed 2 SIYBRIE LAMERHS 2% he r ear
facgsof the | eNs.itaRESRE3meGRRSE SnERREN: el l6¥0, Tt theQreaC BN ﬁ}@ 28, @
central area having a 20 .curvature of a first radius (r0) and a

per i pherzid the gome deforvs arek binsgtutdseocedre thah 38V theearéarny the efevatur e of
a second radius (rl). In one enbodinment, the first radius (r0) is
smal l er than the second radius (r") there by providing a rel atively
st eeper Trvat tames ib o fudier espadtr thk inverencompased cowadt ras,Femppties: al

area. In another .enbodinent.. the first radius (r0) is greater than

t he second raaéiliot?sucf?%ang%é:%ﬂélﬁryzoﬁ%i\lffug?sﬁ%ﬁggt;flgloé?‘:l%)élfy steeper
curgature to ik eptedonp benpdsingraedsianrpacts 4a shhe nyepic defoc@5area.

The | enses may. be nuf.acturhed usi ng any conventi o al7 techni que known
to persons of “RFER HEAPUS RPICIAT F PRI “RPE deREieteterlcr | G 208 pioh TR pos
mol di ng, 1okncast nmolding. In certain enbodi nents, the present |eénses
are | athed hydrogel |enses, and can be manufactured by 30pol yneri zi ng

The contact lens and method of the invention are aimed at slowing myopia progtession in

35 . humans, in particulat in childten and young adults. It is possible that the lens may, prove to stop



Figures 3a and 3b diagrammatically illustrate the effects of wearing
of lenses of the invention and a nethod of the invention During

di stance viyg Rk/aa¥n in Figure 3a, accommodation is reb@Rthodddbooss

i mges of distant objects are brought to focus on the retina Rvia a
10correction zone Z1 of the lens, givi-®g clear distance vision. Rays
passi ng through the correction zone Z1 are indicated in solid and
rays pas<HREPPRIESHIHAZBrReUSTS Vitlea Preesistiag BYomiaicEatie cirer Biedias foysotianse-
Si mul t an(’e%‘tﬁlgﬁnyo%icgﬂﬂaétfvg @hsnmdm&gi BB e} BGESHRAR S8R terezayg& £ f¥8mal
treatment zone Z2 of the lens and is brought to focus in front of the
retina, cawastiRySyeiigulgacduelsprovises aheptcel tiaatmensto slow the pRrgréssign abar

vi si on, BN drh G £ ic &dh eS, A6 » o Hil ;
schemat i (§:I§7IB y iyﬁl usc'tg‘k%t Igg in J&%@%Sr/aeéé% %%%g%%pwﬂe;gﬁe%%% %Cr?ngf) Hqtdh
crystal | imyepicdadoohs t5f tht ktine pethwibeh tcvemrbdddvigin tehdisarge ewhriwdalidnon
brings t } T 1 d .t hrou he correction area into focus
on the r 0k PRI IAONN0 DRSS PR PR b iy
a si nul t arce®d by 2rywpitderd &bhclusieg disehdenal neawiperingr dafoetbsdilretinaftage and
passi ng throu he treatnent zone of the.lens. . . In view
b ¢ he d SPHEar &) R IR S A8 et L B s rRiyERN ens
i || ust r apedentdl thitigpuye(silof tadeeaidronal enbodi ments and aspects of The
pres&lnt | enses can be understood based on 25t he foll ow ng.

For- exanpl e, an enbodi nent of the contact |enses conprises an optic
part and a caThé &mtdeelehses kidChBBEEds Riyn@ ebdpBoryedin rEladdal th pelSnsufi@ut myopia
herein, the oogt_i crglgrair'g of the contact Ieins_ may al so b.e understood tq
be the obt“i‘zh BHECTHITAE ROREHROSTERETERP ritfopir S5 do By epersuifsoypental
or di nary i for ERAmPY, Neledd &f.thelAer@iph 6 BRI subl ad £HP1i6GAPA BGhprs€ISfirst area
conpri seE a vision cg}r"‘[ectg on area and a nyopi c defocus area. In one
enbodi meAt PR HEHTISHE G BBIIVE EPEGHPATddC BHRAY P rlgtid@agn tolthepon-BEm O carer -
t he ar ea d@ingt diunePbieFinpaht du.ﬁrf%iieﬁpﬁe\ﬂ}ig%tﬁ 248HRACHSH A 15ANE BRYLELAGS

no noreé than 35%of the area of th.e optic part of the lens. These -
exanpl esVEFERE 461COPE ASBEORIT € far reataaiop y lusseseativeiln RonityeifasH poper fos
known t hato i BRREKE! preseltid R &-BLURL iShFEfy; %so&l%hs%tyﬁ%ewiaﬁﬁg
than adult pupil sizes. In these WO 2008/7111856PCT/ NZ2008/ 000046 -
13 - enbbithrerugcasmedsgior bnthacre dusing e viswingpt Pee piarid fistt anhienid ooy
is lar gegre;s%ﬂlﬁmsgggﬁtmode%@a@scogﬁauaﬁ%gd h&%a&?l{:&g@s@gsg@& ORI And
in adults, such as adults over 40." I'n certain enbodi nents, the Vision
cor r8ct i epe eenisel zand Myropitkodie e epplication campriBe provhizrtd ¢ gkisyn whe smyed.
An exanpl|.g, . i [ . d i sjon
Corr oot T o3 Eihifl E03- FRIRELAHR, FneBRbLR orhjBf, A0 Kb L ST
enbodi nekpss.oFoitehenpleribamtthbé nsp somprjse povplingeear we bithe preSme ebritomn
area tha stitute t least, 70% of the area of the optic part of
the | ens?'m%gr)l%aa ‘Ii)eﬁéré P%O%eal%%vrr% iQlogicd .Parfﬂgcs(‘)%‘toéﬂéeimfoé’ﬁcs' may conprise 'a
vision correction area that constitutes between 73% and 75% of the

area.of the ti.c part .of. the | ens. These enbodi nents of t
contict | enselI4THRIZ graiciiceie abPr BHTap e AL OTEC 1o PSiE ordsolh(

t he opti gediag,slodingt beprb@nting {8 Yrdiad oS @PIpis; oPRE bredéndilR HRrdethdmdns of
greater than 7 nm and JBSI ess than about 11 mm For exanple, a .contact
l'ens may™R&/% BhEPRT oSt  BPAMEPEr PG iars ot @8 fir e e hidbmabe
In at | easktariner BAGOM aeatt onk BEwBRA isGs de@RAdbakEt €r is about 9 mMm
As referred to previously, any of the precedi ng enbodi nents of
contact |enses may have a vision correction area that has a negative
refrgctive powm@aqo@am/ﬁah&sQ%m&eﬁ@m&gﬁ&o@%&n RneLhant 1eue
power that is |ess negative than the vision Correction area
r ef r act i peuqse Renctional emmetpgiiz inarpessabodiivheineludss appiring trat kett chepbibs
COMPI S Ce: il QL aCeoBB1e AN ol L dvR ol oy i WIREL LU G AP PRL T ©
part, and the.optic part conprises a vision €orrection-area and a
person and simultanteously presenting in use a myopic defocused image to the person.




20The foregoing | enses, alone or as a pair of contact |enses, can be
used in a method of treating or slow ng progression of nyopia in a
person, sugly RAf/Adhi | d. Also, particularly if the per%mﬁz,]@s,@m‘%
a child may be treated with the Iens or_lenses, with the zone(s) o
the correcti on part of the |ens havi ng"?rneutral or |ow positive
focal power, t.he child |sl%on myopi ¢ but .predi Sposed t o_devel opi ng
myopi a. For ex TE Rt ESOIRTIYES HeR PR S0RtAG en a8 defined BT daT g fechnical
25par ent spuibisde Bﬁ@blf&f@@ Pperdd’stali@pleRislod o gﬁ&s%%ﬁn%d@ﬂrﬁ@f&pﬁyon
participates in near vision activities, such as by reading,

writing/ oﬁPﬁb\ﬁaH@‘mﬁﬂiéﬁqﬁ@’tlﬁPﬂ@#@B@%ﬁlsﬁﬁ the like. The present

nmet hods conprise a step of providing the present ‘| enses. In one
enbodj ment, die contact |enses are provided froma contact |ens
manufact ur er t¥rtgucERhodisrenteafgheiprstent ippntion at dsomibedin desitin the detailed

manuf act U.eliok r > at i ent
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of chil drierniien.t he trial, V\:hl le their fellow (paired) eye acted as an
internal control and wore a standard single vision |l ens. Lenses were
worn at | east eight hours/day for ten nonths. After 10 nonths, the

| enses (dual fleugmanempiisiipdas dseaun@isepwdlﬁda@éhﬁeﬂﬁe&)nsw tﬁ:wtﬁxplhlﬁﬁjof’

(crossed er.). between_eyes and rn for a further 10 nont hs The
Cross- ove’?he\ﬂ’)d% feIPreHRg ca sPAIRRer ARt Eeptian; thal drplusies e EaPMERPPTTRRIC ed

ani staret rf@pisds otlit@hdnGha ol%s@ﬁ@faeé@ﬁy&h@fterﬁyﬁw ﬁsoﬂfe_?tﬁés@&s (RQRtek Rerkdd Such
treat ment yersus thg control eye. Sanple Size he null hypot hesis
I

Was that “eRFRREe daal e’ @%@ééﬂ“tfféﬁé@smﬁl&d%n@ﬂ%%ct on the rate
of nyopia progression in 12-14 year old children. 15 Sanmpl e

si ze cal wer e based on the assunption of 90% power and a =
0. 01, usﬁﬁﬂ%ﬁﬁ%?ﬁé@@e@?@i@ﬁdg@%w ati-on of 0.26 Dioptres (D)

for cycl opl egirge AVt BT AEhLQRscriBed SR
of 25 D, and ?3. pai roeél eéﬁr crctj)nsﬁs' over fﬁgecgéi&@m%gﬁfﬁ%ﬁgﬂ }%}%’Of
g

cond%?ct e anply ¢ HeevHpEnUag iehelinijngsimphich:Si ze Cal cul at or vveb3| te
20littp:// hedw g. mal arvar d. edu/ sanpl e size.html. An estimated
drop-out rate of 15% was assunmed, to allow for sonme subjects who may
not  t ol eFigue lcsshematicallydlivstratesr prafectederhbadmakiof a meytads &nb ofthe fnyention from
foll ow up,. A iotal of 40 subjects were recruited. Study Measurenents
25Basel i ne and outcone nmeasures were perfonned by an examni ner who was
bl i nded Figutelfa i mispka@bstgmmnbf e dtthglepamd sub@quﬁnﬁy fOslde e

measir e r and c ref.rac r every
fi v?gm) %Woi\%rﬁ?ﬁ%gﬁ c[(;;feﬂr?"l3 %)aga Pﬁe?leneac se%lue&ﬂy t?bgep:fﬁ

i nduced Wigpdes 22 dﬁcﬁbsﬂtetraﬂ:%ehmpt efanjofe, propredsios usifg e coftbdt @dns afﬂllel ay
of 30 mpns, axial eye length and refractive error neasures were nade
usi ng pamtl W coher ence i nterferonetry (Zeiss 30l O_.Master) and

cycl opl egi ¢ autorefraction (HARK-599). Participants Chi |l dren

wth nyo G X 12-14 rs. showed a recent
nmyopi ¢ c@fﬁij@&i{?ﬁ)b NJr(c Jt'lleﬁ)&%pggl%@?FFW%% 0.50 D/ year; visual
acuimy- of 6/6 or better; prepared to WD 2008/ 111856PCT/ NZ2008/ 000046

- 16 - wear contact lenses full-time for the duration of the st udy;
have the abi | Refripg tBigwed danprefardiomof comeeddms Feavwnemmpiistsaispriection

arental 4 o " I ower
p @S ehist RRAes ARKS1LE Qihéﬁ‘é‘ técmtq m& 133580 1@@3% L%( Emv]g %{1%1 43

i nfornmed consent (parent/guardian). | dren were
to cotrect existing myopic vision of 2 wearer The lens also comprises a treatment area which

includes a second zone 2 around the central zone 1 and having a relatively less negative focal

35  power than the cortection area 1, which will simultaneously present a myopic defocused image to



t hroughout the study. Qutcome neasures The primary outcone neasure
was rateof change in axial nyopia in the treatnent e9e 20 conpared

with the szﬁ@ﬂl%g' To neasure changes in axi al rryopilga(%:.li'ﬂt(gzlozl\ﬁﬁﬁﬂ00046

necessary

asure both changes in refraction (with cy egli c

autorefaction) and changes in axial |eBgth of the eye (with parti al
coherence interferonmetry). Cycloplegic autorefraction was perforned
usi ng a Hiermpharee juiigttotdRéfnmeiod néluieplngend FRRK- 1586 red tribersin as 2 reatgett

measur engnt.s._of the eye r de wi L al, ; al-
"t or 1 or G gy <N BBl SRRl o BRG) B QMR e ceou
r epeat abbptidcmtshdds. lecky disahowResiligise TrthatenRasohd bisairelshovnpe, and dislsemnd

2.1 and

2.2 below and Figures 2.1 and 2..2: WO : S
2008/ 1118 s B0k Bb’g%@‘eéépéf’er?‘?ﬁ“%}%%ﬁeée PLBPE ST ogegptic with
Part i5Ci paftceM@Abonkilne (nD) SV Eye. Baseline SER (D) SV Eye. 10no SER
(D) . Change in D) SER ( DF Eye. Baseline SER (D) DF Eye. 10np SER
(D) OF Eye. Change in SER (D) 1 10.33 -2.06 -2.64 -0.58 -2.10 -2.43
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The treatment area may be up to 5 diopttes less negative in focal powei than the
correction area, more Iiklely between 1 and 3 dioptres less negative and typically about 2 dioptres
different.” In one embodiment of the invention, if the correction area for a particular subject with
only mild myopia has a low negative focal power such as only 1 dioptre negative for example,
then it is possible that the treatment area may have a neutral or low positive focal powet. In
another embodiment the treatment atea has a neutral or negative but not a positive focal power.
In a further embodiment the tteatment area always has a negative focal power (though less
negative than that of the correction area). As one example, a contact lens having a vision
correction area with a refractive power of -5 dioptres may have a treatment area with a refractive
power of -3 dioptres. In this example, the difference is about 2 dioptres. As another example, a
contact lens having a vision correction area with a refractive power of -3 diopttes may have a
treatment atea with a refractive power of -1 dioptres. In this example, the difference 1s about 2
dioptres. Similar relationships may be observed in lenses having a refractive power difference
between the y:ision correction area and the tteaﬁnent atea of -5 dioptres, -4 diopters, -3 dioptres,

and -1 dioptres.

Alternatively but less preferably the central zone 1 may be a myopic de-focus or

treattent zone and the sutrounding second zone 2 the vision correction zone.

In addition, alternatively, the central zone 1 ot the second zone 2 or both zones (and
other zones subsequently referred to) may have non-circular shapes when viewed along the

contact lens central optic axis.

In the preferred form the second zone 2 is surrounded by a third zone 3 which also
comprises part of the vision correction atea. The zone 3 has the same focal power as the zone 1.
In turn the zone 3 is surrounded by a fourth zone 4 which comptises part of the myopic de-focus

treatment atrea, having the same focal power as the myopic de-focus zone 2.
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The zone 4 may be sutrounded by a fifth zone 5 which is also vision correcting, having

the same focal powet as the vision cortection zones 1 and 3. The zones 1 to 5 are concentric.

The lens also comprises an outermost catrier zone 6 around the zone 5 to assist in

physically locating the lens on the eye ball but which performs no optical function.

In altetnative forts the focal powers of some or each- of the myopic deé-focus ‘zones
compusing the treatment atea may differ from one another, while being all less negative than the
focal power of the correction area of the lens.

| :
In alternative but less preferred forms the zones 1, 3 and 5 may be treatment zones which

apply 2 myopic de-focus to the wearer and the zones 2 and 4 are then vision cotrection zones.

Preferably where the central zone is a vision correction zone it is of a diameter sufficient

to correct vision under photopic conditions.

In one embodiment of the lens, the diameter indicated at D1 across the first and second
zones is approximately equal to the diameter of th‘e pupil of the eye of persons in the age range
10 to 15 yeats under photopic conditions, Preferably the diameter across the first to fourth
zones 1 to 4 indicated approximately at D2 applioaches the diameter of the pupil of the eye of

persons in the age range 10 to 15 years under mesopic conditions.

In another embodiment of the lens, the diameter D1 actoss the first and second zones is
approximately equal to the diameter of the pupil of the eye of persons in the age range 16 to 30
years, under photopic conditions. Preferably the diameter D2 across the first to fourth zones
apptoaches the diameter of the pupil of the eye of peréons in the age range 16 to 30 years under

mesopic conditions.

Preferably diameter of the central zone is at least about 2.2 millimetres, more preferably
at least about 2.35 millimetres or at least about 2.5 millimetres, and may optimally be between
about 2.6 and 2.7 millimetres.

Preferably the diameter of the second zone is at least about 3.3 millimetres, moze

preferably at least about 3.5 millimetres, ot at least about 3.7 millimetyes, and may optimally be

. between about 3.7 and 3.8 millimetres.
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Preferably the diameter of the third zone is less than about 5.8 millimetres, more
preferably less than about 5.5 millimetres, and may be between about 5 and 5.5 millimetres and
optimally about 5.3 millimetres. -

Pieferably the diameter of the fourth zone is less than about 7 milltmetres, more
preferably less than about 6.7 millimetres, and may be between about 6 and 6.7 millimetres and
optimally about 6.5 millimetres.

Preferably the diareter of the fifth zone is greater than about 8 millimettes, more
preferably greater than about 8.5 millimetres, and may be about 9 millitnetres.

The central and second zones 1 and 2 may have approximately equal areas. The third and

fourth zones 3 and 4 may have approximately equal areas.

The vision correction area compuising the central, second, and fifth zones (zones 1,3, and
5 dlustrated in Figure 1) comprises at least about 65%, more preferably at least about 70%, most
preferably between about 70 — 80%, and typically about 75% of the operative optic paxt of the
lens. Preferably the operative optic patt of the lens has a diameter in the range of 7-11
millimetres, preferably in the range of 8 — 10 m.ii]imetres, mote preferably of at least 8.5
millimetres, and most,preferably about 9 millimetres.

Both genetic and environmental factors have been implicated in the development of
myopia. A person with one biological parent with myopia is generally considered more likely to
also develop myopia than a petson. with neither biological parent being myopic. A person with
two biological patents with myopia is generally consideted mote likely to also develop myopia
ths;tn a petson with one parent myopic. Excessive near work e.g. reading, or work ata VDU is

generally considered to be 2 negative environmental factor. This is illustrated in the table below:

TABLE 1

Genetic Factors Environmental Factors?

No Yes
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In accotdance with a method of the invention, individuals may be detetmined to be
predispos;ad to the development of myopia based on the above criteria, and may be provided
with contact lenses of the invention for such persons (lenses having a first atea of neutral ot low
positive fécal power and a second area of less negative i.e. mote positive focal power, one of said
first and second ateas and preferably said first area comptising a central zone of the contact lens

- | - . .
in the other and preferably a second area comptising a second zone around said central zone).

The lens as well as correcting myopic refractive error may also be formed to correct

astigmatism. For example, the contact lenses may include a toric optical zone and provide

. cylindrical refractive power cotrection to a patient with astigmatism. The cotrection zone(s), ot

both the cotrection and treatment zones, may be formed with such a toxic shape.

The rear face of the lens is formed so as to give the lens good stability on the eyeball
against movement so that the lens, or at least the optic part, sits stably aligned over the pupil.
For example, the rear face or posterior surface of the contact lens can be a bicurve surface (ie.,
comptising a first posterior surface portion having a curvature of a first radius, and a second
postetior sutface pottion baving a cutvature of 2 second different radius). In one embodiment,
the rear face of the lens comprises, consists essentially of, or consists of a central area having a
curvature of a first radius (1) and a peripheral area circumsciibing the central area having a
curvature of a second radius (r;). In one embediment, the first radius (t,) is smaller than the
second radius {r,) thete by providirg a relatively steeper curvature to the central area compared to
the peripheral area. In anothetr embodiment, the first radius (t,) is greater than the second radius
(tp) thereby providing a relatively steeper curvature to the peripheral area compared to the central

atrea.

The lenses may be manufactured using any conventional technique known to persons of
ordinary skﬂl in the art, such as lathing, spin-cast molding, or cast molding. In certain
embodunents the present lenses are lathed hydrogel lenses, and can be manufactured by
polymerizing a hydrogel lens forming composition in a tubular mold to form a polymetized

polymetic cylinder. The cylinder can be processed to form contact lens buttons, which can be
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lathed using a CNC lathe o other similar lathing machine. The lathe is used to form the optical
surfaces of the lens. Once the lathed lens is formed, the lens can be further pxoce'ssé('i, such as by
washing the lenses, packaging the lenses, sterilizing the lenses, or any combination thereof. In
addition, the lenses can be polished if desired to reduce transitions between regions of different

.5 cutvature.

Figutes 3a and 3b diagratmmatically fllustrate the effects of wearing of lénses‘of the
invention and a method of the invention. During distance vision shown in Figure 3a,

accommodation is relaxed and images of distant objects ate brought to focus on the retina R via a

.10 correction zone Z1 of the lens, giving clear distance vision. Rays passing through the correction

zone Z1 are indicated in solid and rays passing through zone Z2 treatment are indicated in
broken lines. Simultaneously, light from the distant objects passes through the treatment zone
72 of the lens and is brought to focus in front of the retina, causing myopic de-focus on the
. retina
15
Duting near vision, shown in Figure 3b, the eyes accommodate. This is schematically
llustrated in Figure 3b by the representation of the crystalline lens A of the eye with
accommodation. This accommodation brings the itage transmitted through the correction area
into focus on the retina. This accommeodation also has the effect of maintaining a simultaneous
20  myopic-defocused retinal image created by ]ight-passing through the treatment zone Z2 of the

lens.

In view of the disclosure herein, including the disclosure regarding the lens illustrated in
Figuré 1, additional embodiments and aspects of the present lenses can be understocd based on

25 the following,.

Fot example, an embodiment of the contact lenses comprises an optic patt and a cartier
part circumsctibing the optic part. As used herein, the optic part of the contact lens may also be
understood to be the optic zone of the contact lens, as uﬁdexstood by persons of ordinary skill in

30 °  the att. The optic part of the contact lens comprises a vision correction atea and a myopic
defocus area. In one embodiment., the vision correction area constitutes at least 65% of the area
of the optic patt, and the myopic defocus area constitutes no mote than 35% of the atea of the
optic pai't of the lens. These examples of contact lenses ate patticulatly useful in children. Itis

known that in general, children's pupil sizes are relatively larger than adult pupil sizes. In these
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embodiments of the contact lenses the optic part of the lenses is larger than in contact lenses

designed for correcting presbyopia in adults, such as adults over 40.

In certain embodiments, the vision correction area and myopic defocus atea are
concenttically attanged. An example of such a lens comprises a central zone, and the vision

cotrrection area cotnprises the central zone.

Any of the these embodiments of the contact lenses may comprise a vision cotrection
area that constitutes at least 70% of the area of the optic part of the lens. In a further example, a
contact lens may comptise a vision correction area that constitutes between 73% and 75% of the

atea of the optic part of the lens.

These embodiments of the contact lenses with a vision correction area that is at least

65% of the optic part of the lens, may have an optic part diameter that is greater than 7 mm and

less than about 11 mm. For example, a contact lens may have an optic part diameter from about

8 mm to about 10 mm. In at least one embodiment, the optic zone diameter is about 9 mm.

As referred to previously, any of the preceding embodiments of contact lenses may have
a vision cotrection area that has a negative refractive power and a myopic defocus atea that has a

refractive power that is less negative than the viston cotrection atea tefractive powert.

Another embodiment of the contact lenses comprises an optic part and a carrier part
circumscribing the optic part, and the optic patt comprises a vision cotrection area and a myopic
defocus area, and the optic part has a diameter greater than 7 mm and less than about 11 mm. In
certain lenses, the optic part diameter is from about 8 tmm to about 10 mm. For example, in one

embodiment, the optic zone diamneter is about 9 mm.

In any of the contact lenses referred to in the preceding paragraph, the vision correction
area can have a ﬁegative teftactive powet, and the myopic defocus area has a refractive power
that is less negative than the vision cottection area refractive powes. In certain embodiments,
such as lenses configured for persons without pre-existing myopic refractive error, the correction
area has a refractive power of 0 diopters, or has a low positive power, such as up to +2 diopters,

and the myopic defocus area has a mote positive focal powet.
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AXL (M) ofM dpfie pathadgeartidt pAlcirbuiiiekribing the optic part. The optic patt comprises,
consists essentially of, or consists of a central zone having a negative refractive power, a myopic
defocus first annular zone circumscribing the central zone and having a reftactive power that is
less negative than the central zone refractive power; a vision correcting fitst annular zone
circumsctibing the fitst myopic defocus zone and having a refractive power substantially equal to
10 the central zone tefractive power; a myopic defocus second zone circumsctibing the first vision
correcting annulax zone and having a refractive power that is less negative than the central
reftactive power; and a second vision correcting annular zone circumscribing the second myopic
defocus zone and having a refractive power that is substantially equal to the central zone
refractive power. The optic part of the lens has a diameter from about 8 mm to about 10 mm,
15 * and at least 70% of the area of the optic patt s the central zone, the first vision corrécting |
annular zone, and the second vi.sion correcting annular zone. In at least one of these
embodiments, each of the first and second myopic defocus zones has 2 refractive power of §

diopters.

20 The foregoing lenses, alone or as a patr of contact lenses, can be used in a method of
treating or slowing progression of rnyopia’ in a person, such as a child. Also, particularly if the
person is a child, a child may be treated with the lens orlenses, with the zone(s) of the cotrection
I'Jart of the lens having a neutral ot low positive focal power, if the child is non-myopic but
predisposed to developing myopia. For example, the child may have or had two biological

25  parents who had myopia. Or the child may be someone who primarily participates in neat vision
activities, such as by reading, writing/drawing, playing.video games and the like. The present
methods comprise a step of providing the present lenses. In one embodiment, the contact lenses
are provided from a contact lens manufacturer to a contact lens distributor, a contact lens
manufactxﬁer to an optometrist, or from an optometrist to a patient.

30 -

The following trial description further illustrate the invention:

TRIAL
Children were enrolled in a clinical trial of one form of the lens of the invention to test its

35 efficacy in slowing myopia progression.
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Methods
The trial was a 20-month prospective, comparative, paired-eye study with cross-over.

Initially, the treatment (dual-focus) lens of the invention was fanclornly assigned to the

5 dominant or non-dominant eye of children in the trial, while their fellow (paired) eye acted as
an internal control and wore a standard single vision lens. Lenses were worn at least eight
hours/day for ten months. After 10 months, the lenses (dual focus and standard single vision
lenses) were switched (crossed-over) between eyes and worn for a further 10 months. The
cross-over was aimed at reducing the likelihood of treatment-induced anisometropia, due to a

- 10 slower rate of myopia progression in the treatment versus the control eye.

Sample Size
The null hypothesis was that wearing dual-focus contact lenses had no effect on the
rate of myopia progression in 12-14 year old children.
15
Sample size calculations were based on the assumption of 90% power and o = 0.01,
using an intra-subject standard deviation of 0.26. Dioptres (D) for cycloplegic autorefraction, a
required difference between means of 0.25 D, and a paired-eye, cross-over design.
Calculations were conducted at the Harvard University Sémple Size Calculator website
20  hitp://hedwig.mgh harvard.edw/sample size.html. An estimated drop-out rate of 15% was
assumed, to allow for some subjects who may not tolerate contact lens wear and others who-

may be lost to follow-up. A total of 40 subjects were recruited.

Study Measurements

25 " Baseline and outcome measures were performed by an examiner who was blinded to
the lens assignment of the participants. Outcome measurements were made of eye size and
myopic refractive error every five months over a 20 month period. In each case, cycloplegia
was induced with 2 drops of 1% tropicamide, 5 mins apart. After a delay of 30 mins, axial eye
length and refractive error measures were made using partial coherence interferometry (Zeiss

30  IOLMaster) and cycloplegic autorefraction (HARK-599).

Participants
Children with myopia were included if: aged 12-14 years; showed a recent myopic

change of refraction greater than about 0.50 D/year; visual acuity of 6/6 or better; prepared to
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wear contact lenses full-time for the duration of the study; have the ability to handle and care
for contact lenses without parental assistance; able to give informed assent (children) and
informed consent (parent/guardian). Children were excluded if they had: any ocular
pathology; abnormal binocuiar vision; anisometropia > 1.00 D; astigmatism > 0.75 D;
systemic disease with ocular complications; ocular surface disease that would preclude

contact lens wear.

Randomisation

Participants were randomly assigned to wear either (1) the dual focus lens of the
invention in their dominant eye or (2) the standard single vision lens in their dominant eye, for
the first ten month period. Subjects were stratified according to the prognostic factors of
gender (male and female) and ethnicity (East Asian and non-East Asian) using a computer

generated block-randomizatién programme (Clinstat, St George’s Hospital Medical School,

~ www.sgul.ac.uk/depts/phs/staff/jmb/jmbsoft/htm). The investigators and assessors responsible for

the clinical care and outcome measures had no access to the randomization schedule

throughout the study.

Outcome meﬁsures

The primary outcome measure was rate’of change in axial myopia in the treatment eye
compared with the contro] eye. To measure changes in axial myopia it was necessary to
measure both changes in refraction (with cycloplegic autorefaction) and changes in axial
length of the eye (with partial coherence interferome@). Cycloplegic autorefraction was
performed using a Humphrey Auto-Refractor (Humphrey HARK-599) and axial length
measurements of the eyes were made with partial coherence interferometry (Zeiss

IOLMaster), both non-invasive, h'ighly repeatable methods.

Trial Results
Trial Results are shown in Tables 2.1 and 2.2 below and Figures 2.1 and 2.2:
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Myopia Progression Data

SV Eye. i : DF Eye.
Wear  SVEye. SVEye. o DF Eye.  DF Eye. oy 1 oe

Participant Time Baseline 10mo . Baseline 10mo .
(mo)  SER(D) SER(D) 'MSER SER(D) SER(D) MSER

(o) (D)

1 10.33 -2.06 2.64 -0.58 -2.10 .2.43 .0.34
2 10.37 -4.41 -5.52 111 -4.05 -4.65 -0.60
3 10.57 2.02 2,69 -0.66 2.32 2,62 0.30
4 10.50 -3.43 -4.23 -0.80 3.8 -3.82 -0.54
5 11.20 231 275 -0.45 2.51 2775 ~0.24
6 10.33 -4.25 547 .1.23 -3.58 4,25 0.66
7 11.47 0.40 -1.36 0.96 -0.70 112 042
8 10.37 3.37 3.36 0.01 3.18 -3.11 0.07
9 10.10 -1.97 2.59 -0.62 2.40 2.51 -0.11
10 10.13 2.11 2.65 -0.54 -1.84 2.03 0.21
11 10.10 -1.25 2.04 -0.79 -1.59 -1.99 -0.40
12 .50 -3.75 -4.67 0.52 -3.90 -4.32 -0.43
13 1030 -4.72 -4.71 0.01 -4.93 502 -0.09
14 10.87 461 -4.59 002 | 458 ~4.90 -0.31
15 1147 227 2.82 -0.55 -1.82 2.09 -0.26
16 11.07 2,49 2.67 -0.19 2.58 271 -0.13
17 9.47 -1.97 216 -0.19 217 -2.25 0.07
18 10.57 306 . -3.55 -0.49 -3.01 317 0.16
19 9.87 -1.90 3.22 .1.33 217 -3.02 -0.85
20 10.57 2.01 235 -0.34 242 -2.35 0.08
21 11.03 -1.40 -1.88 -0.49. -1.57 -1.79 0.22
72 10.50 -1.50 220 -0.70 -1.07 -1.72 -0.65
23 11.27 -2.40 .2.95 -0.55 227 2,40 0,12
24 10.30 -4.91 648 © -1.58 -4.97 637 -1.40
25 11.60 2,75 4,17 -1.42 311 -4.36 -1.25
2% 10.73 226 3.45 -1.19 C 2T -3.26 -0.55
27 11.50 441 - -5.40 -0.99 -4.58 -4.90 -0.31
28 10.67 -2.93 -3.45 -0.52 - 257 3.24 0.67
29 10.63 -2.91 3.74 -0.83 2.71 -3.16 -0:45
30 10.27 127 181 -0.54 -1.42 -1.91 0.48
mean 0.68 ~0.40
St Dev 0.42 0.34

Table 2.1. Myopia progression in eyes wearing DF contact lenses of the invention (DF lenses} compared to
progression in eyes wearing Single Vision (SV) contact lenses. Myopia progression is measured as change in

5 Spherical Equivalent Refraction (SER) (units = Diopires) over a 10 month period. Data is for 30 children (age 11
~ 14 years) enrolled in the clinical trial and shows that the mean progression in eyes wearing DF lenses (-0.40 D)
is significantly slower (P=0.000104) than in eyes wearing SV lenses (-0.68 D) over the same period.
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Axial eye elongation data

SV Eye. 'SV Eye.

o W:ear Baseline 10mo SV Eye: DF Eye. DF Eye. DF Eye:
Participant Time AXL AXL Change in Baseline 10mo AXL Change in
{mo) (mm) (mm) AXL (mm) AXL (mm) {mm) AXL (mm)
1 10.33 24.014 24.235 0.221 23.989 24.125 0.137
2 10.37 26.209 26.475 0.265 26.010 26.029 0.019
3. 10.57 23.745 23.957 0.212 23.999 24.004 0.005
4 10.50 24.714 24.796 0.082 . 24,590 24.961 . 0.372
5 11.20 23.969 24.094 0.124 23,797 23.718 -0.079
6 10.33 125546 25,795 0.248 25.341 25.523 0.182
7 ¢ 1147 25.335 25.602 0.267 25.429 25.607 0.178
8§ - 10.37 23.412 23.521 0.108 23314 23.396 0.082
9 10.10 23.573 23.720 0.147 23.700 23.762 0.062
10 10.13 24.167 24.449 0.282 24.378 24,442 - 0.063
11 10.10 24.499 24780 0.281 24.506 24.599 0.094
12 9.90 25135 25470 0.336 25217 25.150 -0.067
13 10.30 24.521 24.604 0.083 24.368 24,636 0.268
14 10.87 24.820 25.046 0.226 25.020 25150 0.130
15 1147 23.521 23.6%94 0.172 23.402 23.491 0.089
16 11.07 24.259 24.357 0.098 24.214 24.276 0.061
17 9.47 24.025 24.023 -0.002 24,189 24.0%0 -{.099
18 10.57 24.394 24.567 0.173 24.154 24,252 0.098
19 9.87 23.583 23,985 0.402 23.694 23918 0.224
20 10.57 23.441 23.523 0.082 23.650 23.786 0.136
21 11.03 23.892 24,073 0.182 24.061 24,192 0.131
22 10.50 25224 25.364 0.140 24.969 25.006 0.037
23 1127 24367 24.480 0.113 ] 24,190 24.175 -0.014
24 10.30 24,502 24.705 . 0.202 24,524 24.622 "0.098
25 11.60 24 454 24.631 0.177 24.538 24,705 0.167
26 10,73 23.964 24,122 0.158 © 24,055 24.123 0.067
27 11.50 25.052 25.459 0.407 25.099 25.315 0.216
28 10.67 24,059 24.230 0.i72 - 24.086 24.192 0.106
29 10.63 24.424 24.617 0.193 24.343 24.414 0.071
30 10.27 24360 24.604 0.244 24.663 24.792 0.129
mean . 10.601 0.193 0.099
St Dev 0.532 ’ 0.094 0.100

Table 2.2. Axial eye elongation in eyes wearing DF contact lenses compared to elongation in eyes wearing

Single Vision (SV) contact lenses. Eye Elongation is measured as change in Axial Length (AXL) (shown in mm)
5 over a {(nominal) 10 month period. Data is for the 30 children (age 11 — 14 years) enrolled in the clinical trial and

shows that the mean increase in eye length in eyes wearing DF lenses (0.099 mm) is significantly slower (P =

0.000273) than in eyes wearing SV lenses (0.193 mm) over the same period.
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Figure 2a is a graphical summary of the data presented in Table 2.1, showing that myopia
progression is significantly reduced in eyes wearing DF lenses of the invention compated to eyes

wearing SV lenses over the same petiod. Error bars show standard error of the mean.

5
Figure 2b is a graphical summaty of the data presented in Table 2.2, showing that axial elongation
of the eye is significantly reduced in eyes wearing DF lenses of the invention compated to eyes
weating SV lenses over the same period. Extor bars show standard error of the mean.
10 The foregoing describes the invention including preferred forms thereof. Alternations

and modifications as well be obvious to those skilled in the art are intended to be incorporated

therein as defined in the accompanying claims.
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The invention claimed is:

1. A contact lens including a vision correction area having
a negative focal power to correct the myopic vision of a
wearer to present a clear image to the wearer during distance
viewing, and during near viewing with accommodation by
the eye during near viewing; and a myopic defocus area
having a focal power which is less negative than the negative
focal power of the vision correcting area 10 also simulta-
neously present a myopic defocused image during both dis-
tance and near viewing, with said accommodation by the eye
during near viewing, wherein the vision correction area com-
prises a central zone of the contact lens, said central zone
having a diameter of at least 2.5 mm, and the myopic de-focus
area comprises a second zone around said central zone.

2. A contact lens according to claim 1, wherein the focal
power of said myopic defocus arca of the lens is up to 5
dioplres less negative than the focal power of the vision
correction area.

3. A contact lens according to claim 1, wherein the diam-
eter of said second zone is at least 3.3 millimeters.

4. A contact lens according to claim 1, wherein said second
zone is surrounded by a third zone which comprises part of
said vision correction area.

5. A contact lens according to claim 4, wherein the diam-
eter of the third zone is less than about 5.8 millimeters.

6. A contact lens according to claim 1, wherein the vision
correction arca comprises at lcast about 65% of the operative
optic area of the lens.

7. A contact lens, including

a vision correction area having a first focal power, the

vision correction area comprising a central zone of the
contact lens having a diameter of at least 2.5 mm; and

a myopic defocus area having a second focal power that is

less negative than the first focal power, the myopic defo-
cus area comprising an annular zone circumscribing the
central zone and dimensioned to simultaneously provide

a de-focused retinal image located in front of a retinal
image provided by the vision correction area over a
single retinal area to slow myopia progression of a
wearer of the contact lens.
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| east about 65% of the operative optic area of the |ens. 7. A
contact lens, including a vision correction area having a first focal
power, the vision correction area conprising a central zone of the
contact |lens having a dianeter of at least 2.5 mm and a nyopic
def ocus area having a second focal power that is | ess negative than
the first focal power, the myopic defocus area conprising an annul ar
zone circunscribing the central zone and di nensioned to
si mul t aneously provide a de-focused retinal inmage |located in front of
a retinal inmage provided by the vision correction area over a single
retinal area to slow myopia progression of a wearer of the contact
lens. -21 - 8. A contact lens according to claim?7, wherein the
focal power of said nyopic defocus area of the lens is up to 5
dioptres |l ess negative than the focal power of the vision correction



