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S U M M AR Y-^F^H^lNVEW^ 

[0006] Compositions and methods are provided for the treatment of chronic tympanic 
membrane perforation. In the methods of the ifwostororesent disclosure, a chronically 
perforated tympanic membrane is topically contacted with an effective dose of heparin 

binding-epidermal growth factor, HB-EGF, or an agent having HB-EGF activity, for a period of 
time sufficient to provide for improved healing of the membrane perforation. In some 

embodiments the dose of HB-EGF is provided in a sustained release formulation; in other 
embodiments regular administration of a non-sustained release formulation is provided. In 
some embodiments, a sustained release formulation is biodegradable. In other embodiments 
sustained release is provided by a device, e.g. a pump or other release device. 

f0008a1 In one aspect of the present disclosure, there is provided an agent that provides 

heparin binding epidermal growth factor (HB-EGF) activity for use in the treatment of a 

chronic tympanic membrane perforation. 

fOOQebl In another aspect of the present disclosure, there is provich o__c pharmaceutical 
formulation cornprisi'< < effective dose of an agent that provides heparin binding 

epidermal growth factor (HB-EGF) activity, for use in the treatment of a chronic tympanic 

membrane perforation. 

f0006c] In a further aspect of the present disclosure, there is provided a use of an agent that 

provides heparin binding epidermal growth factor (HB-EGF) activity in the manufacture of a 

medicament for the treatment of a chronic tympanic membrane perforation. 

[0007] The TM being treated is contacted with HB-EGF for a period of time sufficient to 
improve healing of the TM perforation, i.e. to result in substantial closure of the perforation, 
e.g. to a perforation of less than about 0.1 mm2 in area. The closure can be monitored 
visually, including microscopically; functionally, e.g. in reduction of hearing loss; and the like. 

The period of time for contacting with HB-EGF can be at least one day, at least 3 days, at 
least 5 days, at least 7 days, at least 10 days, at least 2 weeks, at least 3 weeks; and can be 
up to one day, up to 3 days, up to 5 days, up to 7 days, up to 10 days, up to 2 weeks, up to 3 

weeks, or more according to the needs of the individual. 
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[0008] In certain specific embodiments the effective dose of HB-EGF is provided in a non-

ototoxic sustained release formulation, e.g. gel, foam, insert, etc., preferably a biodegradable 

formulation. In one such embodiment, an effective dose of HB-EGF is formulated in a gel 

comprising chitosan, poly-lactic acid, and fibrinogen. 

[0009] In one embodiment, the present discIosureinvention—comprises a method of (i) 

identifying a patient having a chronic perforation of the TM; (ii) contacting the affected TM with 

an effective dose of HB-EGF, e.g. provided in the form of drops to be administered at suitable 

intervals, in a device for sustained release of HB-EGF, in a sustained release formulation, 

etc.; and (iii) monitoring the individual to determine effective closure of the perforation. 

[0010] Another aspect of (The present disclosureinventiefr- also relates to the use of an agent 

with HB-EGF activity in the manufacture of a medicament for the treatment of a chronic 

perforation of the 



TM, wherein the medicament is administered to a patient having a chronic perforation of the 

TM for a period of time and dose sufficient to effect a closure of the perforation. 

[0011] Still .. another aspect of tThe present disclosurekwefttioo also provides a kit for 

treatment of chronic perforation of the TM. The kit includes a formulation that provides for an 

effective dose of HB-EGF, e.g. in the form of drops, devices, formulations, and the like. The kit 

may also include a delivery device, e.g. ear drop dispenser, syringe for delivery of a 

formulation, dual barrel syringe for delivering a two part formulation; and the like. The kit may 

also comprise instructions for use. 

[0012] In other embodiments, methods are provided for temporary opening of the tympanic 

membrane, e.g. for insertion of tubes, and the like. In such embodiments a TM is contacted 

with an effective dose of an HB-EGF inhibitor, including without limitation an inhibitor of EGFR 

ligand shedding, for a period of time sufficient to create a small perforation in the TM. In some 

such embodiments a small perforation can be mechanically made prior to contacted with the 

inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1. Representative images of TMs following perforations treated with OSU8-1 

(an inhibitor of EGFR ligand shedding) at (a) day 2 (b) day 14 (c) day 44 (d) day 90 (3 

months). The perforation is outlined in blue. 

[0014] Figure 2. ABR and DPOAE thresholds were measured 60 days after both eardrums 

were surgically perforated in 9 mice. One ear had no injection (control), whereas the opposite 

ear was filled with polymer delivery vehicle of chitosan, fibrinogen and polylactide. 

[0015] Figure 3. ET before (a) and after (b) occlusion with gutta percha. The procedure in the 

rat was adapted by opening the bulla using an engraving device with a 0.5mm burr. Opening 

the bulla laterally allows the gutta percha to be fed down the ET with less airway retraction. 

ETs were examined post mortem confirming complete occlusion. 

[0016] Figure 4. GF treatment of chronic perforations in a mice model of ET occlusion. The 

top row (a) are representative images of the treatment group showing healed perforations. 

The bottom row (b) are representative images of the control (polymer only) group showing 

persisting perforation (outline blue). Note: some TMs in the top role have healed with 

tympanosclerosis. 

[0017] Figure 5. Trans-tympanic growth factor delivery. 

[0018] Figure 6. Trans-tympanic growth factor delivery. 

[0019] Figure 7. Trans-tympanic growth factor delivery. 

[0020] Figure 8. Intra-tympanic growth factor delivery. 

[0021] Figure 9. Drug delivery vehicle adjacent to tympanic membrane. 

[0022] Figure 10. Flowable drug delivery formulation. 
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WHAT IS CLAIMED IS: 

1A n onfiinf ry-iif"?s-t-Kr\<r| r\f imnfAuirin 1nr~%>rkVtr%fH f~%f 53 ^hmnl^ mflmhmnft . r\i I OVjUl It TTivy ivu C/T i it 'r|^TX?v' fTv'Oiil sy wl ZX t 6 s wT ? i w E^yTTTprCXrTiXT il i vTl « KS t u i I V>* 

in ^n »K/*H8 g*"%^ 4-Kr\ prn^-fK^H r^r^rpr^H^Jnri * \7rTvTwut7Ti rrrart n *v*«it WIWXIOE^ STTO r?f<>tf wu '"WwiT"i'"ir'jw''« «uifiiy« 

t^e4'r% s-%f r*Kr^r^g/*« f* /rvn rvoniA yvt Am IK r-o n /?> r^^r^r^r^fsr^r^ i/i/jf K <3 
~vyvTTTCA^^OTri-| \J\~i i't/'rilD" ~tj' 1 X Tp»"C4TlTv71 s «W rTTK^^CCFTC? piCniC'TCraXm" "Tfllrl ~Q' 

fArmi ifofir^rti AAmnricirtA •nr^ /«r% r\f on finonf fhv"lf p\rO\/1Hpc honnrin 1i^s,,TTii^'l'OTtXT1'''i i jj l^prrnj'rii sVj C* i"'S UlTUtTCrrC vJwv5v3 vTl wli uy vj'Tix " 11 IC4 I |J 1 U V i U t/ O I IO }>y OI III 

binding epidermal growth factor (HB-EGF) activity; for use in the treatment of a 

chronic tympanic membrane perforationa -period -of4ime -&uffiGier>t--te-s^bstantiaUv 

close- the perfo rat io-n. 

2. The method- agent of Claim 1, wherein the agent ti"»3t provide ^cv«-
Crf^jP1 orvfrtwifw io o or^li iKI^s -fXrryt r%-f ic UD_,CT(~1CT nrPlfcaJn 
tzrX5*t~ uvlrv ivyrO CT OTntrofv i KJ1 « 5 i v> t to I I l~J t»_V-* 1 p 1 w iv 11 1» 

3Tho rn^tKjr>H • nf plaim 9 \A/hp>rpin thp ...»..o.! IQ. Q Hi IIT^P . I I I w frrU O fu Cr^Qyi C i 1I UI 010,1111 &—) VV I Ivl Oil I LII C» TiiXTrwr^TOT^T^TT CI OXfTTTOTT^ 

a«€S4he-HB-EGF protein is human HB-EGF protein. 

4. The agent of claim 3, wherein the HB-EGF protein is a soluble form of 

HB-EGF protein. 

5. The agent of any one of claims 1-4, wherein the treatment comprises a 

pharmaceutical formulation comprising an effective dose of the agent that is to be 

contacted at a site of chronic tympanic membrane perforation for a period of time 

sufficient to substantially close the perforation. 

46. The method-agent of Claim 54, wherein the formulation oompFi&if>g 

an -effective-dose-of ;r & F' is to be contacted with the site ofaffceted- chronic 

tympanic membrane perforation for a period of at least 7 days. 

57. The method agent of Claim 4-5, wherein the formulation co m-pri-sm§ 

an-effective dose -of HB-EGF -is to be contacted with the site of affected-chronic 

tympanic membrane perforation for a period of at least 2 weeks. 

68. The method agent of Claim 4-©f- 5, wherein the formulation is to be 

administered at least daily. 
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?9. The method agent of Claim 4 or 5, wherein the formulation provides 
for sustained release of the aqentHB-E-GR 

810. The method agent of Claim 45, wherein the formulation is provided 

as an aqueous solution, a gel, a lotion, a balm, paste or other vehicle. 

911. The method agent of Claim 45, wherein the formulation eemeostfiofi 

is to be administered by a spray. 

4012. The method-agent of claim 45, wherein the G*of¥vp©sttion formLI la t io n 
is to be administered as a liquid that then solidifies to stay adjacent to the 

tympanic membrane. 



4413. The method agent of Claim 45, wherein the formulation is provided 

as a sustained release gel comprising a cross-linked copolymer of chitosan and 

polylactide. 

4214. The method agent of Claim 4-13, wherein the sustained release gel 

further comprises fibrinogen. 

4315. The method agent of Claim 45, wherein the formulation is to be 
delivered by a device that provides for sustained release of the agent! IE." EVP. 

4416. The method agent of Claim 45, wherein the formulation further 
comprises at least one additional active agent. 

4517. A pharmaceutical formulation comprising an effective dose of an 

agent that provides heparin binding epidermal growth factor (HB-EGF) activity, for 
use in the treatment of a chronic tympanic membrane perforationmethod of any 

ono of Claims i i 4 

18. The pharmaceutical formulation of claim 17, wherein the agent is HB-EGF 
protein. 

19. The pharmaceutical formulation of claim 18. wherein the HB-EGF protein 

is human HB-EGF protein. 

20. The pharmaceutical formulation of claim 19, wherein the HB-EGF protein 

is a soluble form of HB-EGF protein. 

4621. The pharmaceutical formulatior -i. any one of claims 17-20Use -of •an 
O /**t A n f \ A(tf hi §-~| l-r- f-"? fx/ In fhp rnnpff iirA nf rp^Hir^rnont for fHp1 r>f ugXTI ilTTTiTrrTTD CTOI OwCs'v 1'C ¥ ITl ti iG 1 s luriu i uuSiWi v# OT O I I IvyiwQi I ftTI ui"C tTUtluTlwTft f 

owherein the formulation medicament—is to be 

contacted with a site of administered to a oatianthaving- a chronic tympanic 

membrane perforation of-the TM for a period of time and--dose-sufficient to 
substantially close effect a -dosur e-of-th e perforation. 
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22. The pharmaceutical formulation of claim 21, wherein the formulation is to 

be contacted with the site of chronic tympanic membrane perforation for a period of 

at least 7 days. 

23. The pharmaceutical formulation of claim 21, wherein the formulation is to 

be contacted with the site of chronic tympanic membrane perforation for a period of 

at least 2 weeks. 

24. The pharmaceutical formulation of claim 21, wherein the formulation is to 

be administered at least daily. 

25. The pharmaceutical formulation of clain wherein the formulation 

provides for sustained release of the agent. 
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o fx /mn ra r% r%^HRrxrofi,rxrx \ft/ifN •fr\rnr>8 11fH rs ri 
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r^ArfArn-fiAn t r*x fK,rx fx/rvxnonlp' ryi^rv^K,r,^r%r\ nr-inr frx fK^> AAnlinn ofAn 
•p"C?T'f OTOTFCH fTn o"T*»? ty I § rtT^TTT$^XTI-t^~-^iTC7T Cv7CrTC?W'C? r s to o 11 rrgf OIXTpT 
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2026. The method -pharmaceutical formulation of Claim 17, wherein the 
formulation is provided as an aqueous solution, a gel, a lotion, a balm, paste or 

other vehicle. 

27. The pharmaceutical formulation of claim 17, wherein the formulation is to 

be administered by a spray. 

2128. The pharmaceutical formulation method of claim 17, wherein the 

formulation e 0"fTI p0S4tl0R Is to be administered as a liquid that then solidifies to 
stay adjacent to the tympanic membrane. 
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2-229. The pharmaceutical formulation Claim 17, wherein the 

formulation is provided as a sustained release gel comprising a cross-linked 

copolymer of chitosan and polylactide. 

2-330. The pharmaceutical formulation metbod-of Claim 4729, wherein the 

sustained release gel further comprises fibrinogen. 

2431. The pharmaceutical formulation metfood~of Claim 4-17, wherein the 

formulation is to be delivered by a device that provides for sustained release of 

the aqentHB-E-GFt nbi&ftor. 

32. The pharmaceutical formulation of claim 17, wherein the formulation 

further comprises at least one additional active agent. 

33. Use of an agent that provides heparin binding epidermal growth factor (HB-EGF) 

activity in the manufacture of a medicament for the treatment of a chronic tympanic 

membrane perforation. 

34. The use of claim 33. wherein the agent is HB-EGF protein. 

35. The use of clam i'A. w lerein the HB-EGF protein is human HB-EGF protein. 

36. The use of claim 35. wherein the HB-EGF protein is a soluble form of HB-EGF 

protein. 

37. The use of any one of claims 33-36, wherein the medicament is to be contacted 

with a site of chronic tympanic membrane perforation for a period of time sufficient to 

substantially close the perforation. 

36. The use of claim 37. wherein the medicament is to be contacted with the site of 

chronic tympanic membrane perforation for a period of at least 7 days. 

39. The use of claim 37, wherein the medicament is to be contacted with the site of 

chronic tympanic membrane perforation for a period of at least 2 weeks. 
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40, Thcj use of any one of ciaim 37 wherein the medicament is to be administered at 

least daily. 

41. The use of any one of claim 37, wherein the medicament provides for sustained 

release of the agent. 

42.. The use of ciaim 33. wherein the medicament is provided as an aqueous 

solution, a gel, a lotion, a balm, paste or other vehicle. 

43. The use of claim 33. wherein the medicament is to be administered by a sprav. 

44. The use of claim 33, wherein the medicament is to be administered as a liquid 

that then solidifies to stay adjacent to the tympanic membrane. 

jJxj • te use of cleim 33, wherein the medicament is provided as a sustained release 

gel comprising a cross-linked copolymer of cnitosan and polvlactide. 

46. The use of claim 45. wherein the sustained release gel further comprises 

fibrinogen. 

47. The use of ciaim 33, where, h IK- medicament is to be delivered by a device that 

provides for sustained release of the agent. 

48. The use of claim 33, wherein the medicament further comprises at least one 

additional active agent. 
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