7096334 A3 I 0O A0 AR O

.

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

) IO O T OO 1A

International Bureau

(43) International Publication Date
14 August 2008 (14.08.2008)

(10) International Publication Number

WO 2008/096334 A3

(51) International Patent Classification:
AGIL 27/46 (2006.01) AGIL 27/56 (2006.01)

(21) International Application Number:
PCT/TE2008/000010

(22) International Filing Date:
11 February 2008 (11.02.2008)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
07394001.7 9 February 2007 (09.02.2007) EP

(71) Applicant (for all designated States except US): ROYAL
COLLEGE OF SURGEONS IN IRELAND [IE/IE]; 123
St Stephens Green, Dublin 2 (IE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): O’BRIEN, Fergal
[IE/TE]; c/o Department of Anatomy, Royal College of Sur-
geons in Ireland, 123 St Stephens Green, Dublin 2 (IE).
GLESSON, John [IE/IE]; c/o Department of Anatomy,
Royal College of Surgeons in Ireland, 123 St Stephens
Green, Dublin 2 (IE). PLUNKETT, Niamh [IE/IE]; c/o
Department of Anatomy, Royal College of Surgeons in Ire-
land, 123 St Stephens Green, Dublin 2 (IE).

(74) Agent: PURDY, Hugh, Barry; Purdy & Company,
138-139 Capel Building, Mary’s Abbey, Dublin 7 (IE).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report
with amended claims

(81)

(34)

[Continued on next page]

(54) Title: A COLLAGEN/HYDROXYAPATITE COMPOSITE SCAFFOLD, AND PROCESS FOR THE PRODUCTION

THEREOF

Compressive Stiffness (unconfined uniaxial)

N

w

NG

Stiffness [kPa]
OV 2N OTWOH OO

o

collagen

50 HA
Scaffold type

100 HA 200 HA

Fig. 2

(57) Abstract: A process for producing a collagen/hydroxyapatite (HA) composite scaffold comprises the steps of forming a ho-

mogenous suspension of collagen and HA in an acidic solution, lyophilising the suspension at a constant cooling rate until a desired
& final freezing temperature is reached to produce the composite scaffold, wherein the ratio of HA to collagen is at least 1 : 10 (w/w).
& Also provided is a collagen/hydroxyapatite (HA) composite scaffold comprising a homogenous distribution of hydroxyapatite within
a porous, collagen matrix, wherein the ratio of HA to collagen is at least 1 : 10 (w/w). Suitably, the composite scaffold has a porosity
of at least 99% (v/v), and a compressive stiffness of at least 0.3KPa. Composite scaffolds of the invention may be used to provide
osteoconductive bone implants, tissue engineering implants, maxillofacial bone graft substitute, dental bone graft substitute, carti-

lage defect repair implant and osteochondral defect repair implant.
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AMENDED CLAIMS
received by the International Bureau on 24 October 2008 (24.10.2008)

Claims

1. A process for producing a collagen/hydroxyapatite (HA) composite scaffold,
comprising the steps of mechanically mixing collagen and HA in an acidic solution to
form a hbmogenous suspension of collagen and HA in an acidic solution, freezing the’
suspension at a constant cooling rate until a final freezing temperature of between -10°C |
and -70°C is reached, and heating the frozen suspension to a sublimation temperature
where an ice phase in the frozen suspension is sublimated under vacuum for a suitable
period of time to produce the cbmposite scaffold, wherein the ratio of HA to collagen in

, the suspension is at least 1:10 (w/w), and wherein the amount of collagen in the

suépension is from 3g/L to 8g/L (w/w).

2. A process as claimed in Claim 1 in which the acidic sofution has a molarity of at least
0.1M.

3. A process as claimed in Claim 1 or 2 in which the molarity of the acidic solution is

from 0.4M to 0.6M.

4. A process as claimed in any preceding Claim in which the ratio of HA to collagen in

the suspension is from 1:10 (w/w) to 50:10 (w/w).

5. A process as claimed in any preceding Claim in which the ratio of HA to collagen in

the suspension is from 5:10 to 30:10 (w/w).

6. A process as claimed in Claim 5 in which the ratio of HA to collagen in the suspension

is from 10:10 (w/w) to 30:10 (w/w).
7. A process as claimed in any preceding Claim in which the homogenous suspension of

Collagen/HA is formed in conditions suitable for minimising gelatinisation of the

collagen.

AMENDED SHEET (ARTICLE 19)
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8. A method as claimed in Claim 7 in which the method of ensuring minimal
gelatinisation of collagen during the production of the homogenous suspension comprises

maintaining the suspension at a temperature between 1° and 5°C.

9. A process as claimed in any preceding Claim in which the freezing is carried out at a

constant cooling rate of between 0.1°C/min to 10°C/min.

10. A process as claimed in any preceding Claim in which freezing is carried out at a

constant cooling rate of between 0.5°C/min to 1.5°C/min.

11. A process as claimed in any preceding Claim in which freezing is carried out at a

constant cooling rate of between 0.8°C/min to 1.1°C/min.

12. A process as claimed in any preceding Claim in which the desired final freezing

temperature is between -30°C and -50°C.

13. A process as claimed in any preceding Claim in which the desired final freezing

temperature is between -35°C and -45°C.

14. A process as claimed in any preceding Claim further comprising an annealing step
that comprises increasing the temperature in the lyophilisation chamber after the final
freezing temperature has been reached to an annealing temperature that is intermediate
the final freezing temperature and the sublimation temperature, and holding the
femperature at the annealing temperature for a period of time before increasing the

temperature to the sublimation temperature.

I5. A process as claimed in any preceding Claim in which the HA employed in the

present invention is in powder form.

16. A process as claimed in Claim 15 in which the HA powder is selected from the group

consisting of: sintered HA powder; and unsintered HA powder.

AMENDED SHEET (ARTICLE 19)
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17. A process as claimed in Claim 15 or 16 in which the HA powder has a particle size of
between 10nm and 100um. |

18. A process as claimed in any preceding Claim in which the collagen employed in the

present invention comprises collagen fibres.

19. A process as claimed in any preceding Claim in which the homogenous suspension of
collagen/HA is formed by the steps of forming an acidic homogenous suspension of
collagen, and subsequently adding the HA to the collagen suspension under conditions of

mixing to ensure homogenous distribution of the HA within the collagen suspension.

20. A process as claimed in Claim 19 in which the HA is provided in the form of an

acidic HA suspension.

21. A process as claimed in Claim 19 or 20 in which the collagen suspension is

" centrifugally mixed, and wherein the HA is added to the vortex of the suspension during
centrifugal mixing.

22. A process as claimed in of Claims 19 to 21 in which the HA is added in aliquots.

23. A process as claimed in Claim 22 in which the aliquots are added to the collagen

suspension at intervals of between 30 and 240 minutes.

24. A process as claimed in Claim 22 to 23 in which the HA is added to the collagen

suspension in between 2 and 5 aliquots.

25. A process as claimed in any preceding Claim in which the composite scaffold is

cross-linked.

AMENDED SHEET (ARTICLE 19)
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26. A process as claimed in Claim 25 in which the composite scaffold is cross-linked by a
means selected from the group consisting of: dehydrothermal cross-linking; and chemical

cross-linking.

27. A process as claimed in Claim 25 in which the composite scaffold is cross-linked

with 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride (EDAC).

28. A collagen/hydroxyapatite (HA) composite scaffold obtainable by the method of any
of Claims 1 to 27.

29. A collagen/hydroxyapatite (HA) composite scaffold comprising a homogenous
distribution of hydroxyapatite within a porous, collagen matrix, wherein the ratio of HA
to collagen is at least about 1:10 (w/w), and wherein composite scaffold has a porosity of

at least 95% (v/v) and a compressive stiffness of at least 1.5KPa. _

30. A collagen/hydroxyapatite (HA) composite scaffold as claimed in Claim 29 having a
ratio of HA to collagen of at least about 10:10 (w/w).

31. A collagen/hydroxyapatite (HA) composite scaffold as claimed in Claim 30 having a
ratio of HA to collagen of at least about 10:20 (w/w).

32. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
31 having a porosity of at least or 96% (v/v).

33. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
31 having aporosity of at least or 98% (v/v).

34. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
31 having a porosity of at least or 99% (v/v). '

AMENDED SHEET (ARTICLE 19)
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35. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
34, being dehydrothermally and EDAC crosslinked,

36. A collagen/hydroxyapatite (HA) composite scaffold as claimed in Claim 35, being
dehydrothermally and EDAC crosslinked, having a compressive stiffness of at least
2.0kPa

37. A collagen/hydroxyapatite (HA) composite scaffold as claimed in Claim 36, being
dehydrothermally and EDAC crosslinked, having a compressive stiffness of at least
3.0kPa

38. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
37 in which the ratio of HA to collagen in the composite scaffold is from 1:10 (w/w) to
50:10 (w/w).

39. A collagen/hydroxyapatite (HA) composite scaffold as claimed in Claim 38 in which
the ratio of HA to collagen in the composite scaffold is from 5:10 (w/w) to 30:10 (w/w).

40. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
39 in which the composite scaffold is characterised by a level of proliferation of MC3T3
osteoblasts in the scaffold at 28 days incubation minus the level at 7 days of at least 0.5 x

10° cells .
41. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
40 in which the composite scaffold is characterised by having a flow conductivity under

pressure through the scaffold of at least 1 x 107 m*/Ns.

42. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to

41 in which the scaffold is produced in the form of a sheet.

AMENDED SHEET (ARTICLE 19)
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43. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to

42 that is seeded with at least 1 x 10° cells per 500mm® volume of scaffold.

44. A collagen/hydroxyapatite (HA) composite scaffold as claimed in any of Claims 29 to
43 that is crosslinked.

45. An osteoconductive bone implant comprising a collagen/hydroxyapatite composite
scaffold of any of Claims 29 to 44.

46. A tissue engineering implant comprising a collagen/hydroxyapatite composite

scaffold of any of Claims 29 to 44.

47. A maxillofacial bone graft substitute comprising a collagen/hydroxyapatite composite
scaffold of any of Claims 29 to 44.

48. A dental bone graft substitute comprising a collagen/hydroxyapatite composite

scaffold of any of Claims 29 to 44.

49. A cartilage defect repair implant comprising a collagen/hydroxyapatite composite
scaffold of any of Claims 29 to 44.

50. A osteochondral defect repair implant comprising a collagen/hydroxyapatite

composite scaffold of any of Claims 29 to 44.
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