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Express Mail Docunent No. EMD27266143US Attor ney

Docket No. RPP194WD THERAPEUTI C HPPH DOSACGE FOR PDT
WOEROSSSRIE-ERENCE TO RELATED PATENT APPLI CATI ONSCT/08017/020818

This application clains priority fromUnited States

Provi si onal Application Nos. 60,967,652, filed 06

Sept enber 2007; 60/879,435, filed 09 January 2007; and

60/ 879, 474, filed 09 January 2007. STATEMENT REGARDI NG
Expressiiten] PocugpsnerkMo R [ 0002ftteFhex Dasket o BXPAIEWO

made with funding fromthe National Institute of
Health Grant Nunbers NIH (1R21 CA109914-01 and CA
55792). The UHERAPEY EHROPACEFORPDave certain
rights in this invention. BACKGROUND OF THE | NVENTI ON
[ 0003] Photodynam c therapy (PDT) is believed to

expl (ﬂZROSEélEITE:REiQCE AlO BREAAIRIRE RAGENTT APBCHTAEEANS
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ree CI‘I
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o R3aF RN LR or “vavel ength. and oxygen. The
l'ight at the required wavel ength is believed to _
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[00(&2‘“ OSeﬁ‘ﬁﬂstlh\?eﬁﬁ& watBdAFith BhdEOk &R SSNAARET 1iBRfe! Jealth
Grant Numbers NIH (1R21 CA109914-01 and CA 55792). The United States Government

may have certain rights in this invention.

BACKGROUND OF THE INVENTION

[0003] Photodynamic therapy (PDT) is believed to exploit the biological consequences
of localized oxidative damage inflicted by photodynamic processes. Three critical elements
required for initial photodynamic processes to occur are: a photosensitizer, light at the
photosensitizer-specific absorption frequency or wavelength, and oxygen. The light at the
required wavelength is believed to trigger singlet oxygen production to destroy tissue in which
it is concentrated.

[0004] Tetrapyrollic photosensitizers, such as the photosensitizer porfimer sodium, sold
under the trademark PHOTOFRIN™ (The only FDA approved Photosensitizer in the United
States), and HPPH, concentrate well in most tumor tissue.

[0005] For these reasons, for the last several years porphyrin-based compounds have
been used for the treatment of cancer by photodynamic therapy (PDT). The concentration of
certain porphyrins and related tetrapyrrolic systems is higher in malignant tumors than in most
normal tissues and that has been one of the main reason for using these molecules as
photosensitizers. Some tetrapyrrole-based compounds, e.g. PHOTOFRIN®, (porfimer sodium,
described in the background of US reissue patent RE38,094 incorporated herein by reference)
have been effective in a wide variety of malignancies, including skin, lung, bladder, head and

neck and esophagus and other hyperproliferive tissues such as Barrett’s Esophagus and macular
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under the trademark PHOTOFRIN(tm (The only FDA

approved Photosensitizer in the United States), and
woiReslos2ocncent rate well in nost tunor tissue. POD0S3007/020818

For these reasons, for the |ast several years

por phyri n-based conpounds have been used for the

treatnment of cancer by phot odynam c therapy (PDT). The

concentration of cert al n porphyri ns and rel ated
degenstatighyy Fress haves foWeeE been assetiated problamisi yitta fieir yssgpeuding skin

phofolﬂﬁ("blt'ynndmﬁitlﬁﬁ’er dHagt, 'l%mngﬂébtﬂ Gﬁﬁen&?a'ilopﬁﬁ@a AR pelcentage of
he mal n reason for usi ng t hese |'ecul es as

esoxﬁﬁmabstéﬁtyreﬁ i Ef@rpgemssmhqneqm(s)mf rP|D51 ase prigewnchawsyenirsivo animal
datagsu iesr oun?éo ’ U cell(kﬂﬁﬁ ME%ssSo‘? 8 gglf‘[ﬁ; rfﬁr*eﬁgn %lg}é % g%niﬁcant

rei ss pat en i ncor
rolehéf mmartdywerlbtremcbmrq)yrmﬁv eorimmnd sftheb—(] -h@(quxy)iZ-‘ajhdbderivative of

pyrfiriottictia, PR HERAET it Yo irE, B s, B nevtony) 2-ethy-
deriliteop pya’oplfeephoradé h bR its fiedlacidsandaskstedrd salt Esmeh AW Bompound

and C rdegeneratj o here have, v bee
is %%efnada ndchas uBfrens K \k)?i%mlﬁé'i“f‘" Gnic! ﬁ%*ﬁﬁa fﬁ@ ROgYf|! Park Cancer
InstRS OB ORI N Y BRI milalhb%éﬁoﬂﬁm&,poudﬁgré h&éc@ﬁﬂtbased upon ten
dept h of penetratl on and hi gh percent age

Perfégtdﬁﬁ'afgleypst §axiq dase, rne%'rfacmt carrt@emg élqwé@rfém ig H?&S) The lgppgst toxic

dos@fo? HBRRNRN; %We@rvm (doliyswbxte s@ﬁguméta&%mm A68k $.5 mg/kg. At
hat both direct cel [ing and | oss of tunor

thesv deyelginguropathyc i ts|cemrr1@|naly teat apiingals.flihe doxicityds due (A snefagtanh chther than

the g?H{_ heiﬁ ?gseg ;ﬁ\;fatRﬁ] el% 880u‘f%rr?%\/%g%{pf$b(}dg%elght or about 6mg/m’ of

oxy eriva
bodp purdgzh aoq{at'haséyll ld@nam(aMEi@ge 70KgRP hzamgwsazd) el metemmiafiace area.

the 2- (| -hexyl t hyl derivat

ast{ Fah UURE SR PP FELAE s dess iy tep qeregpief the

lowestltdxié @bi&hav@@eﬁerﬁlﬂ)jmaumnIfsllutdum)bfiv aﬁfécdviand:u?a?. light energy to
n cli.nica s at the

und ne Phase | /11
ac“??é"s%@??’ %PW‘%&WC@F“ P?‘F‘:? iUPeR Briprregsarchay OtR@v\P}\%qSR“S‘“ZerS ie.

abohtNi3% |t<?£bod@%9@§le§/é%2 UHHiSwasBEROE b M@és@en%@l'l)ﬁ@&nﬁﬂnm%PQPPH by
upon ten
studle% in mice, €.g. as presented in Table 1 of U.S. Patent RE 38,094 showing no or extremely

little long term tumor response at dosages of 0.05 to 0.3 mg/kg at energy of 135 Joules/cm®.

[0006] While HPPH has much less prolonged phototoxicity over time than other
photosensitizers and can be used with much less normal tissue damage in treating tumors and
other hyperproliferative tissue; nevertheless, erythema and other damage can occur. It would

be desirable to obtain high tumor response without systemic toxic effects and phototoxicity.

BRIEF DESCRIPTION OF THE INVENTION

[0007] In accordance with the invention it has been unexpectedly discovered that in

humans many cancers and other hyperproliferative tissues can be effectively treated by

injection of HPPH at the equivalent to a dose of 0.05 to 0.11 mg/kg of body weight 24 hours
post injection and exposed to 665 £ 10 nm of light at a total delivered light dose of 50 to 200
joules/cm®. The lower limit is preferably 75 almost preferably 100 Joules/cm® and the upper

limit is preferably 150 Joules/cm?.
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percent of the | owest toxic dose in surfactant

containing liquid nedia in dogs. The | owest toxic dose
wo eoosilRib i n 0. 1 % Tween 80(r) (pol ysorbate 80pCT/US2007/020818

surfactant solution is about 1.5 ng/kg. At these

| evel s neuropathy is common in test animals. The

toxicity is due to surfactant rather than the HPPH

Such doses have thus been about 15 bod
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effecti oK Ilght energy to activate HPPH has
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and iggluses Fig|saléssthereofyand anpy b miepatc @p sd dertigie WanPasedsut: 19&460 and
5 3]%(‘)?%@&@%@@%94 bRy Rﬁ?@gg Jaépgtt ctiyelld fl erv?’lﬁg’rpﬁl% incorporated

out system c toxic e ot ot oxl C
hereBRb ERDECECRI PTI ON OF THE | I\I\/EI\ITI ON [0007] In
accordance with the invention it has been unexpectedly
di scovered that in humans many cancers and ot her

Eyper prol i DETLILED DESCRESTION OFETRE IRVENEOW t r eat ed
[0009‘{ The HPPH is preferably injected as a part of a composition comprising 0.5 to

1.5 mg/ml HPPH, 0.05 to 0.15 wt. percent surfactant having a hydrophilic-lipophilic balance
HLB of 14 to 16, 1 to 3 wt. percent ethanol and 3 to 8 wt. percent monosaccharide, preferably
glucose, with the balance being water. Preferred surfactants are polysorbate 80 and sucrose
ester, €.g. sucrose laurate or sucrose stearate.

[0010] For most applications, the preferred dose of HPPH is from 0.07 to 0.1 mg/kg of
bo'dy weight and the preferred light dose is from 75 to 150 Joules/cm?

[0011] Table 1 gives results of a study of Photodynamic Therapy for the treatment of
basal cell carcinoma using 2-(1-hexyloxyethyl)-2-devinyl pyropheophorbide-a (HPPH).



injection of HPPH at the equivalent to a dose of 0.05

to 0.1 1 ng/kg of body weight 24 hours post injection
war@sesposed to 665 10 nmof [ight at a total PCT/US2007/020818

delivered light dose of 50 to 200 joules/cm 2. The

lower Iimt is preferably 75 al nost preferably 100

Joul es/cn2 and the upper Iimt is preferably 150

Joules/cn12 [0008] HPPH
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0:07" m
0.07 mg/kg
0.07 mg/ks
0.07 mg/kg
0.07 mg/kg‘
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.07 mg/kg
0.09 mg/kg

0.09 mg/kg

Complete
Complete
Complete

Complete
Complete
Complete

Complete
Complete
Complete

Complete
Complete
Complete

Partial

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Partial

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.09 mg/kg

Complete

0.12 mg/kg*

control

1
1
1
1
1
1
1
1
1
1
1
1
1
Partial 1
1
1
1
1
1
1
1
1
1
1
1
3

0.12 mg/kg*

control

0.17 mg/kg

control

13-6

0.17 mg/kg

control

2-6

* = interpolated from 48hr data based upon 30% elimination of drug between 24 and 48 hrs.
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basal cell carci noma using
2- (I - hexyl oxyet hyl ) - 2-devi nyl pyropheophorbi de-a

w@ bioRlBs2T@bl e 1 Results of treatnment of basal Bel/0S2007/020818
carcinoma with HPPH at various conditions Treatnent
Energy * = interpolated from 48hr data based upon 30%
el imnation of drug between 24 and 48 hrs.[0012] All
dose data converted from actual drug > in
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Eﬁ Adverse effects for nornmal skin ti ssue when
[00 pose
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Stat'es nt eryt m ni mal eryt
e th 0% of
ery AP Rt TG RRP hPiorh Rl o PRSI PUBPRY ety i
aninggdpr oved PHOT(]:RI N(r) porphyrin phot osensiti zer, very
rious_er ma _and en re orted at
100847 g abSete 18 pirmeed IOECHR M domh Btiplpeensf ey veap ssrous

erytRROMdMRcrofls ﬁ&'lﬁée@r orddas 2 aiphkelos@@hd dRkdt RrsdriaBld leffédile
ytserl ous erythenmn haeis3 al go beengm; e@(érted for FOSCAN(tm

dosejupon we%@twbt %bwﬂeﬁﬁm Pﬁa%@tn@é@h%qnthswus GRErmghpsalso

beersfé SFtJ&%ﬁFGS@AﬁWREHhﬁd@e& e plo Op\sﬁﬁyn@sﬁo%seﬁﬁuz%p&dog RBnly 30
TgeZInterIumna DT "Tr eat nent of

min%éﬁtﬁP@@}éﬁﬁ@b&ﬂSlaﬁWCMS nm Li ght Energy 48 HRS
Post I njection

Table 2

Interluminal HPPH-PDT Treatment of Bronéhiogenic Carcinoma
66545 nm Light Energy 48 HRS Post Injection

[0015]

hundred Joules per cm of diffusion fiber, the usual fiber dose for interluminal cancer, e.g.

Dosages are in Joules per cm length of light delivering optical fiber. Four

lung and esophagus is approximately equivalent to 50 Joules/cm? at the bronchial lumen

No observable systemic or phototoxic side effects.

75 J/em 75 J/ecm 85 J/cm 85 J/cm
Short Long Short Long
Term Term Term Term
Response Response Response Response

Dose

0.1 mg/kg CR CR

0.1 mg/kg CR Rec

0.1 mg/kg CR CR

0.1 mg/kg CR Rec




[ 0015] Dosages are in Joules per cmlength of Iight
delivering optical fiber. Four hundred Joul es per cm
woboodiogf2usi on fiber, the usual fiber dose for PCT/US2007/020818

interlum nal cancer, e.g. lung and esophagus is

approxi mately equi valent to 50 Joules/cnR2 at the
bronchial |unen No observabl e system ¢ or phototoxic

side effects. Table 3 [00161}5 Pal | i ative Treatnment of
Advanced Obstructive EnddB¥dnchial Lung Cancer. For

relief in breathing o Long termresponses not
[0018) pect eBalkiativet Erqaﬁ%qntpfety Adiansed Qbstigctified Endehrengfial Lung
s [
Cangérroﬁfglaﬁgl%{* A'I§ bgﬁthﬂfﬁ é{gge?bﬁ Feﬁ'erﬁer@glo‘ég'.}egxloﬁgxpﬂéctgg 83‘281 rélost
patigrts Haygtwidd goealiclideas Operde&ﬁﬂwfar@i tfepitgd by HPPHo e thedBrosds s
5 Al %H'&;Q f)q%&ﬁ%\ﬁfﬁse)? (%Ctgll%] JoJl&ep]Jl:mld? dﬁjf sion
ses a ast ;5’ |ve response occurre
ﬁber atéﬁSiﬁm&v@xﬂEaéng a8 MRScPohtrIqatthm and surprisingly one
was di sease free upon Iong termfollow up. No

o'\t\r\V\l'\hl oA _ova PN W ~ o1 A~ ~ff A TA
SCTvaoTrCt—S 13 =

41100181 Use i _I/lzﬁ\é)uubh,r]:lg:ym o 41 9‘"2;:,'; éﬂ)J/cm

I}¥e y
t'%M"ﬁ’gﬁt of EF’B‘#P&‘ ade Jd’%pl aS| 2(@3”:?]5 GR
Bqlpm‘f' S Fermh::mue 1 energy was at 17'—'\ loules/cm
at LegsBErim Lj éﬁfseﬁﬁer gy 348SHRS Pp3feW nj ect i phNe¥hi s
waEUa si ngl e |tffesat ment | Based on| &owéles wi | growth
PHOTOFRI N(r) | 3Lesti s expected that 1445t ee trent nents,

i nstead of just one, would result in about an 77% cure
[00%73t e. In all cases at least partial palliative response occurred, i.e. improved

hi
o7

10  ability to breathe and surprisingly one was disease free upon long term follow up. No

observable systemic or phototoxic side effects.

Table 4 .
[0018] Use of HPPH Photodynamic Therapy for treatment of high grade
15 dysplasia-carcinoma in Barrett’s Esophagus. All energy was at 175 Joules/cm at 6655
nm Light Energy 48 HRS Post Injection. This was a single treatment. Based on studies
with PHOTOFRIN®, it is expected that three treatments, instead of just one, would result

in about an 77% cure rate.

Dose
20
0.075 mg/kg 0.1 mg/kg
2 mo/FU 3PR/2CR 4PR/3CR
Long 3PR/2CR 1 Rec
Term/FU 4PR/1CR
25 [0019] As can be seen from the above results, good tumor response can be

obtained using HPPH at an unexpectedly low dose of 0.05 to 0.11 mg/kg, preferably 0.6
to 0.1 mg/kg, of body weight in humans, compared to the required PHOTOFIN® dose of



Dose [0019] As can be seen fromthe above results,
good tunor response can be obtai ned using HPPH at an
wae@gpetiedl y | ow dose of 0.05 to 0.1 1 ny/ kg, PCT/US2007/020818
preferably 0.6 to 0.1 ng/kg, of body weight in humans,
conpared to the required PHOTOFI N(r) dose of 2ng/ kg of
body weight. This is contrary to what woul d be
expected fromstudies in nmice as previously described.
2mgkgfbpdyrivaishiowidys i sarant tophabvpuld b expsgied oMM diss ik
as pEQRAsIy deRtipERNt Wi th reduced risk of systemic toxicity
and |ittle or no phototoxicity. Wat is Clained is: 1.
[0028] ret hodih¢ dawer rdoag iahéelativalyelovagnergt Aermits good treatment with
£ erati j i s, t hat can be
e R B8 ke FRAEE o0 PR O 1ot at ¢ e
equi valent to a dose of 0.05 to 0.1 1 ng/kg of body
wei ght 24 hours post injection and exposing the tunor
or other hyperproliferative tissue to 665 10 nm of
light at 50 to 200 Joul es/cn2. 2. The nethod of claim
1 where the light is 75 to 150 Joules/cnR 3. The
met hod of claim 1l where the tissue is basal cel
carci noma. 4. The nethod of claim1l where the tissue
i s advanced | ung cancer tissue. 5. The nmethod of claim
1 where the tissue is early stage |ung cancer tissue.
6. The nethod of claim1l where the tissue is high
grade dysplasia carcinoma in Barrett's Esophagus. 7.
The method of claim1l where the tissue is advanced
obstructing esopageal cancer.
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8. The method of claim1l where the tissue is head and
neck cancer tissue. 9. HPPH for use in treating cancer
war@sosirzes hyperproliferative tissues in humanBCT/081007/020818
can be exposed to light conprising injection of HPPH
at the equivalent to a dose of 0.05 to 0.1 1 ng/kg of
body wei ght 24 hours post injection and exposing the
.other hyperproliferative tissue to 665 10 nm
Wh%FSn‘E'iaQ“Pﬂd it 100 to 200 joul es/cm 2. 10. HPPH as
1. ¢l & pedod 'fbr('t}eﬁﬂufﬁq&nm%h@ othBhypeEIrdlifbrativetiss@es kP Aumans that
Joul es/cnP 11. e nmethod of claim1l where the HPPH is
can b pxposestiojlighteosumipwg injecsian eOHBPH 9 Hg cquisalens ta a dosepf RYS
to Oneéﬁ%/%(gf@ﬁoc%p\i%gﬂtszﬂ\ﬁdu%”‘é\g{)ﬁ%&ﬁ% ?rgtf;éég g%%g% s l‘m{l‘ tﬁé?
hyperprofifenssivg fissup ¢v 6Ent IOImnoéhgitthaiQ tQQOO\ATQLﬂﬁstcme bal ance

2 O S k1 TR FELDRS, & it L

3. polms afeb-@ti of 8@im Ilaxherﬂﬂe thmiehiobasalfcelt cacinomhd. where the

4. s rTfhg (r:ntet od olf glal% Fwﬁérg%hee tlengeels advanced lung cancer tissue.

5 The method of claim 1 where the tissue is early stage lung cancer tissue.

6 The method of claim 1 where the tissue is high grade dysplasia carcinoma in
Barrett’s Esophagus.

7. The method of claim 1 where the tissue is advanced obstructing esopageal cancer.
8. The method of claim 1 where the tissue is head and neck cancer tissue.

9. HPPH for use in treating cancer and other hyperproliferative tissues in humans

that can be exposed to light comprising injection of HPPH at the equivalent to a dose of
0.05 to 0.11 mg/kg of body weight 24 hours post injection and exposing the tumor or
other hyperproliferative tissue to 665 + 10 nm of light at 100 to 200 joules/cm®.

10. HPPH as claimed in claim 9 where the light is 75 to 150 Joules/cm?

11.  The method of claim 1 where the HPPH is injected in a composition comprising
0.5 to 1.5 mg/kg HPPH, 0.05 to 0.15 weight percent surfactant having an HLB of 14 to
16, 1 to 3 weight percent ethanol and 3 to 8 weight percent monosaccharide with the
balance being water.

12.  The method of claim 11 where the monosaccharide is glucose and the surfactant
is polysorbate 80.

13. The method of claim 11 where the surfactant is a sucrose ester.



