Case 1:14-cv-01239-GMS Document 3 Filed 09/25/14 Page 1 of 1 PagelD #: 46

ALY {20 T Rex B8 11

ey Mail Stop 8 REPORT ON THE
- Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
in Compliance with 35 US.C.§ 290 and’or 15 LS § THIG you are hereby advised that a court action has been
filed in the US. District Court for the District of Delaware on the following
3 Trademarks or W Putents. (] the patent action javobves 33 ULS.CL§ 292 %
DOCKET NO DATE FILED LS DISTRICT COURT )
9/25/2014 for the District of Delaware
PLAINTIFF DEFENDANT
CEPHALON, INC, i SANDOZ INC.
PATENT OR DATE OF PATENT . TN TR T .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
| 8,791,270 712612014 CEPHALON, INC.
2
3
4
5
In the above entitled case. the Tollowing palent(sy trademarkis) have been included:
DATE INCLUDED INCLUDED BY
3 Amendment 1 Answer 1 Crosss Bill 1 Other Pleading
PATENT OR DATE OF PATENT NE TR €T B ATENT TRADEAARK
FRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
|
N
3
4
5

In the above . entitted case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK {BYYDEPUTY CLERK DATE

Copy I-Upon initiation of action, mail this copy to Director  Copy 3--Upon termination of action, mail this copy (o Director
Caopy 2--Upon filing documoent adding patent(s), mail this copy to Director  Copy 4—Case lile copy

AGILA ET AL - EXHIBIT 1004
0001




Case 1:14-cv-01237-GMS Document 3 Filed 09/25/14 Page 1 of 1 PagelD #: 46

ALY 120 (Rev, R 14H

Mail Stop 8 REPORT ON THE

TO: . . - Aeprgn Y .
I Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
I Compliance with 33 US.C. § 290 andior 15 USL§ 1 116 you are hereby advised that a court action has been
fited in the U.S, District Court for the District of Delaware on the following
[ Trademarks or M Patents. ([ the patent action involves 35 ULS.C§ 292 %
DOCKET NO, DATE FILED LS. PISTRICT COURT )
9/25/2014 for the District of Delaware

DEFENDANT
AGILA SPECIALTIES INC. ffk/a STRIDES, INC., and
ONCO THERAPIES LIMITED

PLAINTIFF
CEPHALON, INC.

PATENT OR DATE OF PATENT o TN AT - . .
TRADEMARK NO. OR TRADEMARK HOLDER OF BATENT OR TRADEMARK
1 8,791,270 7/26/2014 CEPHALON, INC.
s
1
4
&
In the aboye  entitled case, the fullowing pateny(sl wracdemark(s) have been included:
DATE INCLUDED INCLUDED BY
M Amendment 7 Answer 3 Cross Bill T Onher Pleading
PATENT OR DATE OF PATENT D o B A TENT (17 TR AT ARK
FRADEMARK NO. OR TRADEMARK HOEDER OF PATENT OR TRADEMARK
|
1
4
S

In the ahove. entitled case. the following decision has been remlered or judgement issued:

DECISIONJUDGEMENT

CLERK {BY) DEPUTY CLERK DATE

Copy |—Upon initiation of action, mail this copy to Director Copy 3—Upen termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s). mail this copy to Director  Copy 4-—Case file copy

0002



Case 1:14-cv-01238-GMS Document 4 Filed 09/25/14 Page 1 of 1 PagelD #: 47

ALH |24 (Rew ORHE

TOr

Director of the U.S. Patent and Trademark Office

Mail Stop 8

P.O. Box 1450

Alexandria, VA 223131450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 33 LS. § 290 and’or 15 US.CO§ HT 16 you are hereby advised that a court sction has been
for the District of Delaware

filed in the U8, District Court

W Patents. ([ the patent sction involves 35 LLS.C. 8 2023

[ Trademarks or

an the following

DOCKET NO,

DATE FILED
9/25/2014

LS, DISTRICT COURT

for the District of Delaware

PLAINTIFF
CEPHALON, INC.

DEFENDANT
INNOPHARMA, INC.

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

I 8,791,270

7/29i2014

CEPHALON, INC.

I the above.  entitled case, the foltowing patenys} wademark(s) have been included:

DATE INCLUDED

INCLUDED BY
0

Arpendmant

O Answer

[T Cross Bild

[ Onher Pleading

PATENT OR
IRADEMARK NOL

PATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

In the nbove entitled case. the following decision has been rendered or judgement Bssued:

DECISIONAUDGEMENT

CLERK

(BY) DEPUTY CLERK

DATE

Copy 1 Upon initiation of action, mail this copy to Director

Copy 2—Upon fling document adding patent(s). mail this copy to Director

Copy 4—Case file copy

Copy 3—Upon termination of action, mail this copy to Director

0003




Case 1:13-cv-02046-GMS Document 35 Filed 11/06/14 Page 1 of 1 PagelD #: 362

AQ 120 (Rev. 08/10)

Mail Stop 8

REPORT ON THE

TO: .
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
13-2046-GMS 12/19/2013 for the District of Delaware

PLAINTIFF DEFENDANT

CEPHALON, INC. HETERO LABS LTD. and HETERO USA, INC.

PATENT OR DATE OF PATENT . .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE lNF%/g/l%%l% INCLUDED BY
4 [Zf Amendment ] Answer [J Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 US 8,791,270 B2 7/29/2014 Cephalon, Inc.

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

0004



Case 1:14-cv-01332-UNA Document 4 Filed 10/21/14 Page 1 of 1 PagelD #: 148

AQ 120 (Rev. 08/10)

REPORT ON THE

TO: Mail Stop 8
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following
[J Trademarks or [ Patents. ( [[] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
10/21/2014 District of Delaware
PLAINTIFF DEFENDANT
CEPHALON, INC. WOCKHARDT BIO LTD., WOCKHARDT LTD., and
WOCKHARDT USA, LLC
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 US 8,445,524 B2 5/21/2013 Cephalon, Inc.
2 US 8,436,190 B2 5/712013 Cephalon, Inc.
3 US 8,609,863 B2 12/17/2013 Cephalon, Inc.
4 US 8,791,270 B2 7/29/2014 Cephalon, Inc.
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
7 Amendment [ Answer 1 Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

0005



Case 1:14-cv-01117-GMS Document 10 Filed 10/03/14 Page 1 of 3 PagelD #: 151
Case 1:14-cv-01117-GMS Document 4 Filed 09/02/14 Page 1 of 1 PagelD #: 144

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following

O Trademarks or [l Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
9/2/2014 District of Delaware
PLAINTIFF DEFENDANT
CEPHALON, INC. NANG KUANG PHARMACEUTICAL CO., LTD. and

CANDA NK-1, LLC

TRAD A ARR NO. O MARK HOLDER OF PATENT OR TRADEMARK
1 US 8,445,524 B2 5/21/2013 Cephalon, inc.
2 US 8,436,190 B2 5/7/2013 Cephalon, inc.
3 US 8,609,863 B2 12/17/2013 Cephalon, Inc.
4 US 8,791,270 B2 712912014 Cephalon, Inc.
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[ Amendment i;] Answer [7] Cross Bill [J Other Pleading
iR o P aRagl HOLDER OF PATENT OR TRADEMARK

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

D Gonis 520 \Jo\unw/() — D= Areed

DATE

Jo/% /11

United States bistrict Court
844 N. King Street, Unit 18

CLERK

Copy 1-—Upon initiation of action, mail this copy to Directdr Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

0006




Case 1:13-cv-02095-GMS Document 29 Filed 09/18/14 Page 1 of 1 PagelD #: 454

AQO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the District of Delaware on the following
[1Trademarks or [/ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
13-2095-GMS 9/18/2014 for the District of Delaware
PLAINTIFF DEFENDANT
ACCORD HEALTHCARE, INC. and INTAS
CEPHALON, INC. PHARMACEUTICALS LTD.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 8,445,524 5/21/2013 CEPHALON, INC.
2 8,436,190 5/7/2013 CEPHALON, INC.
3 8,609,863 12/17/2013 CEPHALON, INC.
4
5
In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[Zf Amendment ] Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 8,791,270 712912014 CEPHALON, INC.
2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy

0007



Case 1:14-cv-01116-UNA Document 4 Filed 09/02/14 Page 1 of 1 PagelD #: 149

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
9/2/2014 District of Delaware

PLAINTIFF DEFENDANT

CEPHALON, INC. SAGENT PHARMACEUTICALS, INC. and

SAGENT AGILALLC
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 US 8,445,524 B2 5/21/2013 Cephalon, Inc.

2 US 8,436,190 B2 517/2013 Cephalon, Inc.

3 US 8,609,863 B2 12/17/2013 Cephalon, Inc.

4 US 8,791,270 B2 7/29/2014 Cephalon, Inc.

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[ Amendment O Answer {7 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK

(BY) DEPUTY CLERK

DATE

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy

0008



Case 1:14-cv-01117-UNA Document 4

AO 120 (Rev. 08/10)

Filed 09/02/14 Page 1 of 1 PagelD #: 144

CEPHALON, INC.

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you arc hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following
[] Trademarks or [/ Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
9/2/2014 District of Delaware

PLAINTIFF DEFENDANT

NANG KUANG PHARMACEUTICAL CO., LTD. and
CANDA NK-1,LLC

TR,E?)EE}LTR%RN o %’?ﬁg&ﬁgﬁ HOLDER OF PATENT OR TRADEMARK
1 US 8,445,524 B2 5/21/2013 Cephalon, Inc.
2 US 8,436,190 B2 5/7/2013 Cephalon, Inc.
3 US 8,609,863 B2 12/17/2013 Cephalon, Inc.
4 US 8,791,270 B2 7/29/2014 Cephalon, Inc.
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[J Amendment [ Answer [] Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 3—Upon termination of action, mail this copy to Director

Copy 1—Upon initiation of action, mail this copy to Director
Copy 4—Case file copy

Copy 2—Upon filing document adding patent(s), mail this copy to Director

0009



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/969,724 07/29/2014 8791270 102085.004604 6392
46347 7590 07/09/2014
Baker & Hostetler LLP
CIRA CENTRE, 12TH FLOOR
2929 ARCH STRET

PHILADELPHIA, PA 19104-2891

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Cephalon, Inc., Frazer, PA, Assignee (with 37 CFR 1.172 Interest);
Jason Edward Brittain, El Cajon, CA;
Joe Craig Franklin, Tulsa, OK, Deceased;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

0010



Receipt date: 12/18/2013

13969724 - GAU

c 1617

Substitute for Form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(use as many sheets as necessary)

Complete if Known

Application Number

13/969,724

Filing Date

August 19, 2013

First Named Inventor

Jason Edward Brittain

Art Unit

1617

Examiner Name

Soroush, Ali

Sheet 2 of Attorney Docket Number | CEPH-4604/CP391D US
U. S. PUBLICATION AND PATENT DOCUMENTS
ETa_n_’liner Cite Document Rumber Pé?zlai(r:\;tatlgoant;r Name of Patentee or Applicant of Cited Document
nitials No. Number — Kind Code (if known) MM-DD-YYYY
AS/ 25 5,130,305 A 07-14-1992 Palepu et al.
26 5,183,746 A 02-02-1993 Shaked et al.
27 5,192,743 A 03-09-1993 Hsu et al.
28 5,204,335 A 04-20-1993 Sauerbier et al.
29 5,227,373 A 07-13-1993 Alexander et al.
30 5,227,374 A 07-13-1993 Alexander et al.
31 5,268,368 A 12-07-1993 Palepu
32 5,413,995 A 05-09-1995 Alexander et al.
33 5,418,223 A 05-23-1995 Palepu et al.
34 5,750,131 A 05-12-1998 Wichert et al.
35 5,770,230 A 06-23-1998 Teagarden et al.
36 5,776,456 A 07-07-1998 Anderson et al.
37 5,955,504 A 09-21-1999 Wechter et al.
38 5,972,912 A 10-26-1999 Marek et al.
Chand |39 | 6034256 A 03-07-2000 | Masferrer (_arter et al.
o do:;ciﬁ:ﬂ“’y “40 6,077,850 A 06-20-2000 | Masferrer (_arter et al.
GRIP 41 6,090,365 A 07-18-2000 Kaminski et al.
/2542014 42 | 6,271,253 B1 08-07-2001 | Masferrer (arter et al.
43 6,380,210 B1 04-30-2002 Desimone et al.
44 6,492,390 B2 12-12-2002 | Masterrer (_arter et al.
45 6,545,034 B1 04-08-2003 Carson et al.
46 6,569,402 B1 05-27-2003 Cheesman et al.
R 47 6,573,292 B1 06-03-2003 Nardella
V 48 6,613,927 B1 09-02-2003 Kwok
Signatare /A Soroush/ e dered | 06/01/2014

0011



Receipt date: 12/18/2013

13969724 - GAU: 1617

Substitute for Form 1449/PTO Complete if Known
Application Number 13/969,724
INFORMATION DISCLOSURE Filing Date August 19, 2013
STATEMENT BY APPLICANT First Named Inventor Jason Edward Brittain
Art Unit 1617
(use as many sheets as necessary) Examiner Name Soroush, Ali
Sheet 1 of Attorney Docket Number | CEPH-4604/CP391D US
U. S. PUBLICATION AND PATENT DOCUMENTS
Examiner | Cie Num:e‘:c_”z;”:::'d‘;"('::own) ;%?%SE% Name of Patentee or Applicant of Cited Document
AS] 1 2002/0102215 A1 08-01-2002 | Klaveness et al.
2 2003/0232874 A1 12-18-2003 | Nardella
3 2004/0053972 A1 03-18-2004 | Nara
4 2004/0058956 A1 03-25-2004 | Akiyama et al.
5 2004/0072889 A1 04-15-2004 | Masferrer
6 2004/0096436 A1 05-20-2004 | Carson et al.
7 2004/0152672 A1 08-05-2004 | Carson et al.
8 2004/0247600 A1 12-09-2004 | Leoni
9 2005/0020615 A1 01-27-2005 | Rubino
10 2005/0060028 A1 03-17-2005 | Horres et al.
11 2005/0176678 A1 08-11-2005 | Horres et al.
12 2006/0051412 A1 03-09-2006 | Petereit et al.
13 2006/0128777 A1 06-15-2006 | Bendall et al.
14 2009/0264488 A1 10-22-2009 | Cooper et al.
15 2011/0190363 A1 08-04-2011 Drager et al.
16 2012/0071532 A1 03-22-2012 | Cooper et al.
Change(=}apslid 7 2013/0041003 A1 02-14-2013 | Ceptrator=ime. Drittain et al.
to dodumeht. 18 2013/0123316 A1 05-16-2013 | Brittain
/GRIP/ 19 3,590,028 A 06-29-1971 Report et al.
6/25/201% 20 4,012,448 A 03-15-1977 | Smith et al.
21 4,537,883 A 08-27-1985 Alexander et al.
22 4,659,699 A 04-21-1987 | Francis
23 4,670,262 A 06-02-1987 | Battelli et al.
24 5,066,647 A 11-19-1991 Palepu et al.
Sromtore | 1Al Sorousty Considerea | 060112014

0012




PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

46347 7590 06/09/2014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Baker & Hostetler LLP S(tiz(lites P(ZiStal Sﬂf;rvwe vlvnh sufficient postage (i(i)r first l():lass mallbln an anelo;{e
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
CIRA CENTRE, 12TH FLOOR transmitted to the USPTO (571) 273-2885, on the date indicated below.
2929 ARCH STRET —
PHILADELPHIA, PA 19104-2891 Oepositors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/969,724 08/19/2013 Jason Edward Brittain 102085.004604 6392
TITLE OF INVENTION: BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/09/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
SOROUSH, ALI 1617 548-304700
(lfF%h?%gg;))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list | Baker & Hostetler LLP

(1) The names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member a 2

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

CEPHALON, INC. FRAZER, PENNSYLVANIA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat &l Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
E Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(X Advance Order - # of Copies E The Director is hereby authorized to charge tg%rg%lgggee(s), any deficiency, or credits any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

/Stephanie A. Lodise/ Date June 12, 2014

Authorized Signature

Stephanie A. Lodise
Typed or printed name P Registration No. 51430
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Electronic Patent Application Fee Transmittal

Application Number:

13969724

Filing Date:

19-Aug-2013

Title of Invention:

BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

First Named Inventor/Applicant Name:

Jason Edward Brittain

Filer:

Stephanie A. Lodise/Lillian Schultz

Attorney Docket Number:

102085.004604

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description

Sub-Total in

Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee

1501 1 960 960

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFSID: 19289602
Application Number: 13969724
International Application Number:
Confirmation Number: 6392

Title of Invention:

BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

First Named Inventor/Applicant Name:

Jason Edward Brittain

Customer Number:

46347

Filer:

Stephanie A. Lodise/Lillian Schultz

Filer Authorized By:

Stephanie A. Lodise

Attorney Docket Number: 102085.004604
Receipt Date: 12-JUN-2014
Filing Date: 19-AUG-2013
Time Stamp: 16:05:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $960

RAM confirmation Number 3433

Deposit Account 233050

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

95714

1 Issue Fee Payment (PTO-85B) Issue_fee_transmittal.PDF no 1

e3cd2bbabd345f6617eca8ffle7acf801cd1
4eaa

Warnings:

Information:

30432
2 Fee Worksheet (SB06) fee-info.pdf no 2

10811b2782fd11d647631802e5713e18671
f6a9

Warnings:

Information:

Total Files Size (in bytes); 126146

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
46347 7590 06/09/2014
Baker & Hostetler LLP SOROUSH, ALI
CIRA CENTRE, 12TH FLOOR
2029 ARCH STRET | ART UNIT PAPERNUMBER |
PHILLADELPHIA, PA 19104-2891 1617
DATE MAILED: 06/09/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION No.
13/969,724 08/19/2013 Jason Edward Brittain 102085.004604 6392

TITLE OF INVENTION: BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/09/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

46347 7590 06/09/2014
Baker & Hostetler LLP
CIRA CENTRE, 12TH FLOOR
2929 ARCH STRET
PHILADELPHIA, PA 19104-2891

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/969,724 08/19/2013 Jason Edward Brittain 102085.004604 6392
TITLE OF INVENTION: BENDAMUSTINE PHARMACEUTICAL COMPOSITIONS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/09/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
SOROUSH, ALI 1617 548-304700

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| appcaTonno. | FILING DATE FIRST NAMED INVENTOR | artorvEY DOCKETNO. | conFrRMATIONNO. |
13/969,724 08/19/2013 Jason Edward Brittain 102085.004604 6392
46347 7590 06/09/2014 | EXAMINER |
Baker & Hostetler LLP SOROUSH, ALI
CIRA CENTRE, 12TH FLOOR
2029 ARCH STRET | ART UNIT PAPERNUMBER |
PHILLADELPHIA, PA 19104-2891 1617

DATE MAILED: 06/09/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/969,724 BRITTAIN ET AL.
: IH i i AlA (First Inventor to
Notice of Allowability /E’lf?g‘(')";gUSH 1‘(;‘1 ;J"" File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to the response filed 01/29/2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-6 and 11-27. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hifp:/fwww, usplc.govipatents/inil_events/gph/index.jsp or send an inquiry to PPHisedback@usplo.goy .

4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Cettified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 12182013, 02172014, 04072014, 05082014

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/ALI SOROUSH/
Primary Examiner, Art Unit 1617

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140601
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Application/Control Number: 13/969,724 Page 2
Art Unit: 1617

DETAILED ACTION
The present application is being examined under the pre-AlA first to invent
provisions.
Acknowledgement of Receipt
Applicant's response filed on 01/29/2014 to the Office Action mailed on

12/30/2013 is acknowledged.

Claim Status
Claims 1-6 and 11-27 are pending.

Claims 7-10 are cancelled.

Claims 18-27 are newly added.

Claims 1-6 and 11-27 have been examined.

Claims 1-6 and 11-27 are allowed.

Election/Restrictions

Applicant’s election without traverse of Group Il (claims 1-6 and 11-27) in the

reply filed on 01/29/2014 is acknowledged.
Priority

Priority to CON 13/719409 filed 12/19/2012, which claims priority to CON

13/654898 filed on 10/18/2012 and CON 11/330868 filed on 01/12/2006, which claims

priority to application 60/644354 filed on 01/14/2005 is acknowledged.
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Application/Control Number: 13/969,724 Page 3
Art Unit: 1617

Information Disclosure Statement

The information disclosure statements (IDSs) submitted on 12/18/2013,
02/17/2014, 04/07/2014, and 05/08/2014 are in compliance with the provisions of 37
CFR 1.97. Accordingly, the information disclosure statements have been considered by
the examiner.

REASONS FOR ALLOWANCE

The following is an examiner’s statement of reasons for allowance: the prior art
teaches a formulation of bendamustine and mannitol to be lyophilized. The prior art also
teach a combination of mannitol, tertiary-butyl alcohol, water, and an anti-neoplastic
agent can be lyophilized. The prior art suggests using a combination of mannitol and
tertiary-butyl alcohol with bendamustine to produce a formulation to be lyophilized.
However, Applicant has unexpectedly found that the addition of a solvent stabilizes the
formulation such that bendamustine degradation is negligible (no more than 0.5%
formation of bendamustine ethyl ester). Therefore, claims 1-6 and 11-27 are allowed.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 13/969,724 Page 4
Art Unit: 1617

Conclusion

Claims 1-6 and 11-27 are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ALI SOROUSH whose telephone number is (571)272-
9925. The examiner can normally be reached on M, W-F (9am-7:30pm).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Johann Richter can be reached on (571)272-0646. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ALI SOROUSH/
Primary Examiner, Art Unit 1617

June 1, 2014
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Beschreibung

Der chemische Name fiir den Wirkstoff Ifosfamid ist 3-(2-Chlorethyl)—2-(chlorethylamino)-tetrahydro-
2H-1,3,2-oxazaphosphorin-2-oxid

CH,—CH,—ClI

Cl-—CH;—CH;ﬂ-NHi . N—CHz
NS N
P CH,
/N
o 0—CH;

Tfosfamid gehort wie Cyclophosphamid zur chemischen Gruppe der Oxazaphosphorine und wird therapeu-
tisch zur Behandlung von Tumor-Erkrankungen eingesetzt.
Der chemische Name fiir den Uroprotektor Mesna ist Natrium-2-mercaptoethansulfonat

Na+{HS—CH,—CH;—S03}~

Mesna schiitzt beispielsweise die harnableitenden Organe bei der Therapie von Tumor-Erkrankungen mit
Ifosfamid, wobei diese uroprotektive Wirkung von Mesna insbesondere bei gleichzeitiger und synchroner
Verabreichung zusammen mit dem Ifosfamid gegeben ist.

Tfosfamid ist ein weiBes, kristallines Pulver mit einem Schmelzpunkt von 48°C bis 51°C und stark hygroskopi-
schen Eigenschaften. Bereits unterhalb des Schmelzpunktes beginnt Ifosfamid zu sintern; es muB deshalb bei
moglichst niedrigen Temperaturen (Raumtemperatur und darunter) gelagert werden. AuBerdem ist ein Kontakt
mit Luftfeuchtigkeit mdglichst zu vermeiden.

Tfosfamid 18st sich zu etwa 10 Gewichtsprozent in Wasser, ist aber in wéBriger Losung nur begrenzt haltbar
(maximal 3 bis 4 Stunden bei 20°C bis 22°C bezichungsweise 36 Stunden bei 4 bis 6°C).

Tfosfamid wird ausschlieBlich parenteral appliziert. Die Injektionsflaschen enthalten 200 bis 5000 mg Ifosfamid
in Form eines Sterilkristallisats, das vor der Applikation in Wasser fiir Injektionszwecke gelost wird, so dafl eine
4%ige Konzentration nicht iiberschritten wird. Diese Losung ist zur intravendsen Injektion geeignet. Zur
intravendsen Kurzinfusion wird die Ifosfamid-Lésung in 500 ml Ringer-Losung oder #dhnlichen Infusionsflissig-
keiten aufgeldst. Die Infusionsdauer betrégt ca. 30 Minuten, eventuell 1 bis 2 Stunden. Bei der 24-Stunden-Infu-
sion wird dic Ifosfamid-Losung beispielsweise in insgesamt 3 Liter 5% Dextrose-Kochsalzlésung aufgeldst.

Ifosfamid verursacht bei der Herstellung und Verarbeitung mannigfaltige Probleme. Bei der Herstellung des
steril kristallisierten Ifosfamids resultiert ein Produkt von wechselnder physikalischer Beschaffenheit. Durch die
unterschiedliche Rieselfahigkeit wird insbesondere die Dosierungsgenauigkeit bei der Abfiillung in hohem MaBe
beeintrachtigt.

Die Verarbeitung des Ifosfamids wird weiterhin erschwert durch seine Hygroskopizitit und den niedrigen
Schmelzpunkt. Bei lingerer Lagerung sintert das Sterilkristallisat und die Losungsgeschwindigkeit vermindert
sich. Mit beginnender Sinterung des Ifosfamids nehmen auch die Klarloslichkeit und der pH-Wert der Losung
bei gleichzeitiger Gelbfirbung ab; eine therapeutische Verwendung ist dann im allgemeinen nicht mehr méglich.

Mesna ist ebentalls eine Substanz, die nur unter besonderen Bedingungen stabil und haltbar ist.

Eine Kombinationsméglichkeit aus Ifosfamid und Mesna, welches einen groBen Vorteil hinsichtlich Lagerung
und praktischer Handhabung darstellen wiirde, existiert bis jetzt nicht.

Aufgabe der Erfindung ist es daher, Ifosfamid und Mesna in einer Form mit verbesserten Eigenschaften, wie
verbesserte pharmazeutische Qualitit, Dosierbarkeit und Loslichkeit, bereitzustellen, die leichter anzuwenden
ist, und insbesondere zur Herstellung von injizierbaren Losungen geeignetist,

Es wurde nun itberraschend gefunden, daB die bisherigen Nachteile und Schwierigkeiten bei der Handhabung
und Lagerung von Ifosfamid und Mesna durch Verwendung eines bestimmten Ifosfamid-Mesna-Lyophilisats
behoben werden konnen. Insbesondere ist es iiberraschend, daB das erfindungsgemiBe Lyophilisat eine grofere
Thermostabilitit des [fosfamids besitzt als die bislang verwendete Ifosfamid-Trockenabfillung.

Trockenabfiillungen mit Ifosfamid sind bei 40°C bereits nach einer Lagerzeit von 1 Monat nachgedunkelt;
nach 2 Monaten ist der Flascheninhalt gesintert und gelb verfirbt. Bei einer Lagerungstemperatur von 55°Cist
das trocken abgefiilite Ifosfamid bereits innerhalb von 4 Tagen geschmolzen.

Demgegeniiber ist bei erfindungsgemiB hergesteliten Lyophilisat unter den vorgenannten Lagerbedingungen
weder eine Verfarbung noch eine Verinderung der Konsistenz des Ifosfamids erkennbar. Ebenfalls zeigen sich
keine Verianderungen bei dem Mesna. -

Die Losungsgeschwindigkeit des Ifosfamid-Mesna-Lyophilisats ist gegeniiber der Ifosfamid-Trockenabfiil-
lung deutlich erhtdht. Wihrend sich das Lyophilisat unabhingig von der Lagerdauer bei der Zugabe des
Losungsmittels sofort 16st, miissen die Injektionsflaschen mit der Trockenabfiillung nach Einspritzen des Lo-
sungsmittels !/ bis 3 Minuten kraftig geschiittelt werden. Wenn hierbei die Auflésung nicht sofort restlos erfolgt,
und dies ist bei langer gelagerten Injektionsflaschen der Fall, ist es sogar erforderlich, die Lésung einige Minuten
stehen zu lassen. Die Anwendung des Priparates in der Klinik wird dadurch erschwert.

Ifosfamid-Mesna-Lyophilisat zeigt im Gegensatz zu Sterilkristallisat auch nach der Lagerung von mehreren
Jahren noch optimale Losungseigenschaften. AuBerdem ist die Ifosfamid-Trockenabfiillung (das heiBt das reine
Ifosfamid-Kristallisat) viel empfindlicher gegen Luftfeuchtigkeit als das Lyophilisat. So verfliissigt sich die
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Ifosfamid-Trockenabfiillung bereits bei einer relativen Luftfeuchtlgkelt von unter 75%, wihrend das Lyophilisat
selbst bei 100% relativer Luftfeuchtigkeit zwar feucht wird, aber seine duBere Form behilt.

Bei der Abfiillung des Sterilkristallisats ist ferner die Gefahr einer partikuliren oder mikrobiellen Kontamina-
tion in wesentlich stirkerem MaBe als beim Lyophilisat gegeben.

Bei der Herstellung des Ifosfamid-Mesna-Lyophilisats erfolgt die Sterilfiltration der Losung hingegen erst
unmittelbar vor der Abfiillung in die Injektionsflaschen. Dadurch ist gegeniiber der Abfiillung von Sterilkristalli-
sat eine groBere mikrobiologische Sicherheit gegeben. Auch partikuldre Verunreinigungen, die bei der Trocken-
abfiillung gelegentlich AnlaB zu Beanstandungen geben, lassen sich durch die Filtration der Lésung mit gréBerer
Sicherheit vermeiden.

Die Lyophilisation des Ifosfamids in Kombination mit Mesna fiihrt jedoch nicht nur zu einer Produktverbesse-
rung, sondern ist in der Herstellung und praktischen Anwendung auch wirtschaftlicher als die getrennte Herstel-
lung von Sterilkristallisat und Mesna-Injektionsldsung.

Dariiber hinaus besitzt die erfindungsgemiBe Kombination auch bei der Anwendung eine iiberraschende

bessere Wirkung als die bisherige getrennte Applikation von Ifosfamid und Mesna:
So erfolgt beispielsweise bei der erfindungsgemiiBen Kombination bei intravendser, kontinuierlicher Infusion
(zum Beispiel in der Zusammensetzung 5,0 g Ifosfamid + 2,0 g Mesna) eine kontinuierliche Uroprotektion, und
zwar durch die gleichzeitige kontinuierliche renale Elimination von urotoxischen Metaboliten und Mesna.
Dadurch wird der uroprotektionsmindernde Effekt einer Blasenentleerung minimiert. Die fixe Dosisrelation von
Iiosfamid und Mesna im Lyophilisat vermeidet bei dem Einsatz als kontinuierliche intravendse Infusion (zum
Beispiel 5 g Ifosfamid + 2 g Mesna iiber 6 Stunden oder 10 g Ifosfamid + 4 g Mesna {iber 24 Stunden kontinu-
jerlich infundiert) eine unzureichende Uroprotektion, wie sie durch wiederholte Bolusinjektionen von Mesna
oder auch eine zu niedrige Infusionsdosis auftreten kann. Der Einsatz des Kombinationslyophilisats als Kurzzeit-
infusion {iber 30 Minuten bis zu 2 Stunden in den Mengen von beispielsweise 500 mg bis 5 g Ifosfamid zusammen
mit 20% der Ifosfamid-Menge als Mesna garantiert eine ausreichende Uroprotektion in den ersten 4 Stunden.
Bevorzugte Dosierungen fiir die Anwendung am Menschen sind zum Beispiel:

0,5 g Ifosfamid + 0,1 g Mesna
1 g Ifosfamid + 0,2 g Mesna
2 g Ifosfamid + 0,4 g Mesna
5 g Ifosfamid + 1,0 g Mesna
5 g Ifosfamid + 2,0 g Mesna

Es hat sich gezeigt, daB nur das erfindungsgemiBe Verfahren unter Verwendung eines Hexits, wie zum
Beispiel Mannit, ein verbessertes Ifosfamid-Mesna-Lyophilisat ergibt. Beispielsweise konnte durch Beimischung
von Kochsalz, wie sie bei Trockenabfiillungen von anderen Oxazaphosphorinen tiblich ist, kein Lyophilisat
erhalten werden.

ErfindungsgemiB wird beispielsweise eine waBrlge Losung, die 1—13 Gewichtsprozent an Ifosfamid und
0,05—13 Gewichtsteile Mesna enthilt, sowie als Geriistbildner 0,1 — 17 Gewichtsteile Hexit, bezogen auf einen
Gewichtsteil Ifosfamid, gefriergetrocknet. Vorzugsweise enthilt diese wiBrige Losung 5— 12 Gewichtsprozent
Ifosfamid und 0,5—12 Gewichtsprozent Mesna, insbesondere 8—10 Gewichtsprozent Ifosfamid und 0,8—10
Gewichtsprozent Mesna.

Es kénnen auch entsprechende Ethanol- Wasser -Ldsungen von Ifosfamid und Mesna anstelle einer reinen
wiBrigen Losung verwendet werden (Ethanolanteil einer solchen Lésung bis zu 45% m/m (Definition gemil
Deutsches Arzneibuch 9. Ausgabe: Prozent Masse in Masse), beispielsweise 1—20% Ethanol). In solchen Fllen
wird moglichst zuerst das Ethanol vorzeitig im Vacuum entfernt, bevor das restliche Eis sublimiert wird. Die
Bedingungen fiir die zuerst erfolgte Ethanolentfernung sind zum Beispiel: Druck 5— 10~! mbar, Temperatur
von —25°C auf —5°C steigend innerhalb von 10 Stunden, anschlieBend wird die Temperatur der Stellplatten auf
15°C erhoht. Im einzelnen hingen diese Bedingungen auch von den unterschiedlichen Schichththen des zu
trocknenden Gutes in den Injektionsflaschen ab und sind entsprechend zu variieren.

Die Menge an Hexit in dieser wiBrigen bezichungsweise wiiBrig-ethanolischen Losung betrigt im allgemei-
nen 1—17, vorzugsweise 3— 12, insbesondere 5—9 Gewichtsprozent. Bezieht man die Hexit-Menge auf einen
Gewichtsteil Ifosfamid, dann ist die Hexit-Menge 0,1 —17, vorzugsweise 1 bis 2,5 insbesondere 0,6—0,8 Ge-
wichtsteile Hexit pro 1 Gewichtsteil Ifosfamid. Bezogen auf 1 Gewichtsteil Mesna betrigt die Hexit-Menge zum
Beispiel 0,1 — 17, vorzugsweise 1 —6, insbesondere 3 —4 Gewichtsteile.

Als Hexit kommen in Frage: Mannit, Glucit (Sorbit, wie D-Sorbit), Dulcit, Allit, Altrit (z. B. D- und L-Altrit),
Idit (z. B. D- und L-Idit), deren optisch aktive Formen (D- bzw. L-Formen), sowie die entsprechenden Racemate.
" Insbesondere wird Mannit, wie D-Mannit, L-Mannit, DL-Mannit verwendet und zwar hiervon vorzugsweise
D-Mannit. Als Hexit kénnen auch Mischungen der genannten Hexite verwendet werden, z. B, Mischungen von
Mannit und Sorbit und/oder Dulcit.

Neben dem Hexit kdnnen auch noch andere, iibliche pharmazeutische Hilfsstoffe zugefiigt werden, wie zum
Beispiel Glycin, Lactose, Polyvinylpyrrolidon, Glukose, Fructose, Albumin und iquivalente geriistbildende Stof-
fe. Die Gesamtmenge an solchen Stoffen in der Lésung, die fiir die Gefriertrocknung eingesetzt wird, ist
beispielsweise 0— 16,8 Gewichtsteile, bezogen auf 1 Gewichtsteil Ifosfamid bzw. Mesna. In dem fertigen Lyophi-
lisat kann die Gesamtmenge an solchen Hilfsstoffen bis zu 16,8 Gewichtsteile, bezogen auf einen Gewichtsteil
Hexit, betragen. Im einzelnen richtet sich die Menge an solchen Hilfsstoffen nach der vorhandenen Menge Hexit
und zwar derart, daB die Gesamtmenge an Hexit und solchen anderen Hilfsstoffen in dem fertigen Lyophilisat
maximal nicht mehr als 17 Gewichtsteile betrigt, bezogen auf 1 Teil Ifosfamid bzw. Mesna. Falls in dem
Lyophilisat beispielsweise nur 0,1 Gewichtsteile Hexit vorliegen, kénnen also bis zu 16,9 Gewichtsteile an
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anderen Hilfsstoffen vorliegen; falls beispielsweise 8,5 Gewichtsteile Hexit vorliegen, kann z. B, die Menge an
anderen Hilfsstoffen bis zu 8,5 Gewichtsteile, bezogen auf 1 Teil [fosfamid bzw. Mesna, betragen.

Zur Herstellung der fiir die Gefriertrocknung einzusetzenden Losung werden etwa 70 bis 80%, vorzugsweise
75% der erforderlichen Wassermenge bzw. ethanolischer Wassermenge vorgelegt und die entsprechenden
Mengen Ifosfamid, Mesna und Mannit nacheinander (das heiBt erst wird das Ifosfamid, dann das Mesna und
anschlieBend der Hexit (z. B. Mannit) unter stindigem Rithren beziechungsweise unter stindiger Bewegung
gelost). Das zur Herstellung der Losung verwendete Wasser wird zwecks Verdringung von Sauerstoff mit
oinem inerten Gas wic zum Beispiel Stickstoff, Kohlendioxid oder einem Edelgas begast. Auch wihrend der
Herstellung der Losung wird das inerte Gas in die Losung cingeleitet: Die Verdrdngung von Sauersioff ist
wichtig, da Mesna leicht zum Disulfid oxydiert wird. Nach vollstindiger Auflosung wird auf das Endvolumen
aufgefiillt und der pH-Wert gemessen. Der pH-Wert dieser Losung soll beispielsweise nach dem Verdiinnen
zwischen 4 und 7 liegen. Vorzugsweise wird zur pH-Messung eine 4%ige Losung, bezogen auf Ifosfamid,
hergestellt.

Die so erhaltene Ifosfamid-Mesna-Losung wird dann durch Filtration iiber hierfiir {ibliche, keimdichte Filter
sterilisiert, als Druckgas wird Stickstoff verwendet. Die Aufbewahrungszeit bis zur Abfiillung in die Injektions-
behilter soll einschlieBlich der Zeit der Losungsherstellung eine Zeit von 3—4 Stunden nicht iiberschreiten,
sofern es sich um Raumtemperatur (18°C bis 22°Cyhandelt.

Falls die anschlieBende Gefriertrocknung noch nicht sofort méglich ist, kann eine solche Losung, gegebenen-
falls auch nach Abfiillung in die Injektionsbehilter, beispielsweise noch bis zu 36 Stunden bei niedrigen Tempe-

- raturen, beispielsweise zwischen —5° und + 10°C, vorzugsweise +4° bis +6°C, aufbewahrt werden, bevor die

Gefriertrocknung beginat.

Zur Durchfithrung des erfindungsgemiBen Verfahrens wird dann die so erhaltene Ifosfamid-Mesna-Losung in -

Behilter fiir Injektionspriparate, beispielsweise Ampullen oder andere GlasgefiBe eingefiillt. Die Behilter
werden vor und nach der Befilllung mit sterilen und partikelfreien inerten Gas (z. B. Stickstoff) begast. Anschlie-
Bend werden die Gefriertrocknungsstopfen aufgesetzt und lyophilisiert. :

Zur Sterilisation werden iibliche keimdichte Filter, beispielsweise fibliche Bakterienfilter mit einer Porengro-
Be von etwa 0,2 pm verwendet. Die verwendeten GlasgefiBe beziehungsweise Ampullen werden vorher in
iiblicher Weise sterilisiert.

Der verwendete Hexit (vorzugsweise Mannit, insbesondere D-Mannit) soll den Anforderungen der Britischen
Pharmakopoeia 1980 entsprechen.

Der eingesetzte Hexit muB pyrogenfrei sein (Pyrogene sind Fieber erzeugende Endotoxine, die von Bakterien
gebildet werden). Dasselbe gilt fiir das verwendete Tfosfamid und Mesna. Die Entfernung bzw. Zerstérung der
Pyrogene erfolgt auf iibliche Weise (beispielsweise wird die Wirkstofflosung vor der Sterilfiltration mit Aktiv-
kohle behandelt). Ebenfalls muB das verwendete Injektionswasser steril und pyrogenfrei sein und den Anforde-
rungen des Deutschen Arzneibuches, 9. Ausgabe 1986 entsprechen. '

Als InjektionsgefiBe werden zweckmiBig solche aus Roéhrenglas beziehungsweise Hiittenglas der 111 hydroly-
tischen Klasse verwendet (beispielsweise 10 R, 30 R und 50 H). (Siehe hierzu Deutsches Arzneibuch, 9. Ausgabe
1986 Seiten 161 — 164 und DIN-Normen 58 366, Teil 1 und Teil 5). Weiterhin sollen die InjektionsgefiBe sowie
die weiteren Hilfsstoffe, wie Gummistopfen und Bérdelkappen, den Anforderungen der DIN-Normen 58 366,
Teil 2 und Teil 3 sowie 58 367, Teil 1 entsprechen.

Die Losungsmengen der Ifosfamid-Mesna-Losungen, die fiir die Lyophilisation vorgesehen sind, in den
jeweiligen Behiltern (Ampullen) oder sonstigen Behiltern fiir Injektionspriparate liegen pro Behilter zum
Beispiel zwischen 1 und 500, vorzugsweise 1 und 250, insbesondere 2 und 50 ml. Die Behdlter sind jeweils so zu
bemessen, daB das hierin enthaltene Lyophilisat spiter in einer grofieren Menge Fliissigkeit aufgelost werden
kann. Sie sollen daher im allgemeinen ein Volumen besitzen, das ausreicht, um eine gebrauchsfertige Endlésung
herzustellen, die etwa das 2 bis 5, vorzugsweise 2 bis 4, insbesondere 2 bis 2,5fache des Volumens der urspriing-
lich eingefiillten Lyophilisat-Lsung hat. :

Wie bereits erwihnt, wird vorzugsweise jede Ampulle beziehungsweise jedes GlasgefiB mit einer Einzeldosis
von Ifosfamid und Mesna gefiillt, wobei die Ifosfamid-Menge pro Glasgefal beispielsweise zwischen 100 mg bis
10 g, vorzugsweise 200 mg bis 5 g, dic Mesna-Menge 10 mg bis 10 g, vorzugsweise 20 mg bis 5 g betrigt.
AnschlieBend wird die Lésung in diesem GlasgefiB oder der Ampulle in herkdmmlicher Weise gefriergetrock-
net. Es ist jedoch auch méglich, gréBere Mengen Ifosfamid-Mesna, das heiBit ein entsprechend gréBeres Lo-
sungsvolumen der Ifosfamid-Mesna-Losung in einem entsprechend groBeren GefdB zu lyophilisieren, und
anschlieBend das erhaltene Lyophilisat in entsprechende kleinere Dosierungen zu unterteilen beziehungsweise
abzupacken.

Die Lyophilisierung selbst wird so durchgefiihrt, da die Ampullen oder GlasgefiBe oder sonstige GefiBe,
welche die Ifosfamid-Mesna-Losung enthalten, unmittelbar auf eine Stellplatte oder in Tabletts auf einer
Stellplatte in eine Gefriertrocknungskammer eingestellt werden. Nach dem VerschlieSen der Kammer werden
die Ampullen beziehungsweise GefdBe auf Temperaturen unter 0°C abgekiihlt, so daB das Wasser vollstindig
ausfriert. Beispielsweise wird auf Temperaturen zwischen —70°C bis 0°C vorzugsweise zwischen —70°C und
—5°C, insbesondere —50°C bis —30°C, oder —45°C bis —35°C abgekiihlt. Sobald die Losungen vollstindig
gefroren sind, wird die Gefriertrocknungskammer allmahlich evakuiert und mit dem Trocknen begonnen.
Hierbei wird zuerst das nicht-adsorptiv gebundene Losungsmittel entfernt und zwar bei Temperaturen zwischen
—30°C bis +40°C, vorzugsweise 0° bis +30°C, insbesondere + 10°C bis -+20°C, wobei ein Druck zwischen
103 bis 6, vorzugsweise 10~2 bis 2, insbesondere 10—1 bis 1 mbar eingestellt wird. Bei den zuvor angegebenen
Temperaturen beziehungsweise Temperaturbereichen handelt es sich um die Temperatur der Stellplatten. Der
ProzeB wird dabei so gesteuert, daB die iiber die Plattentemperatur zugefiihrte Warme vollstindig als Sublima-
tionswiarme verbraucht wird, und die Temperatur der gefrorenen Ifosfamid-Mesna-haltigen Lésung stets unter-
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halb ihrer eutektischen Temperatur bleibt. Die jeweils gewiinschte Temperatur der Stellplatte kann zum Beispiel
durch Programmscheiben oder Computer programmiert werden. Die Dauer zur Entfernung dieses nichtadsorp-
tiv gebundenen Ldsungsmittels ist von der GréBe der einzelnen Behilter abhingig und liegt beispielsweise
zwischen etwa 8 bis 50 Stunden bei einer Plattentemperatur von +15°C und einem Druck von 0,8 mbar.
Beispielsweise wird in diesem Zusammenhang auf die in dem Beispiel angegebenen Zeiten verwiesen.

Die vollstindige Entfernung des nicht-adsorptiv gebundenen Wassers zeigt sich wie folgt an: Nicht adsorptiv
gebundenes Wasser liegt als Eis vor, Durch die sogenannte Druckanstiegsmessung wird festgestellt, ob derarti-
ges Wasser noch im Lyophilisat vorhanden ist. Dazu wird ein Ventil zwischen Trockenkammer und Kondensa-
torraum, an dem auch die Vakuumpumpe angeschlossen ist, geschlossen. Vorhandenes Eis wiirde dann schnell
sublimieren und einen Druckanstieg in der Trockenkammer herbeifiihren. Bei der Druckanstiegsmessung darf
der Druck in der Kammer nach 15 Minuten vom Ausgangswert, zum Beispiel 0,8 mbar, héchstens auf 1 mbar
ansteigen. Ein stirkerer Anstieg wiirde bedeuten, daB3 die Haupttrocknung noch nicht abgeschlossen ist.

Das noch vorhandene, restliche adsorptiv gebundene Losungsmittel wird dann durch eine Nachtrocknung
entfernt. Diese betrigt beispielsweise 3 bis 12 Stunden bei einem Vakuum von 10~! bis 10—* mbar, insbesondere
3—4 Stunden bei einem Vakuum von 10~3 bis 10~* mbar.

 Der LyophilisationsprozeB ist beendet, wenn die Restfeuchte (bestimmt nach K. Fischer) unter 1%, vorzugs-
weise unter 0,5% liegt. Insbesondere erfolgt die Nachtrocknung zur Entfernung von adsorptiv gebundenem
Wasser bei Temperaturen zwischen 0 bis 40, vorzugsweise 10 bis 35, insbesondere 20 bis 30°C und einem Druck
zwischen 10~* bis 10~1, vorzugsweise 10~3 bis 102, insbesondere 10~3 bis 5 x 10~3 mbar, wobei diese
Nachtrocknung beispielsweise 2 bis 36, vorzugsweise 6 bis 24, insbesondere 3 bis 12 Stunden in Anspruch nimmt.

Nach Beendigung der Gefriertrocknung werden die GefiBe verschlossen. Das erfindungsgemiBe Verfahren
wird in samtlichen Stufen unter aseptischen Bedingungen durchgefiihrt.

Der VerschluB der Injektionsflaschen erfolgt dann zum Beispiel nach Beliiftung der Gefriertrocknungskam-
mer auf Normaldruck durch Zufuhr eines trockenen inerten Gases (z. B. Stickstoff) mit besonderen Gefrier-
trocknungs-Gummistopfen, dic zur Vermeidung von Abrieb und zwecks Verbesserung der Gleitfihigkeit sili-
konisiert sind.

Mit Ausnahme des Einfrierens und der Entfernung des Loésungsmittels im Vakuum erfolgen alle Operationen
unter inerter Gasatmosphiére (z. B, Stickstoff, Kohlendioxid, Edelgase).

Beispiel 1

Zur Gefriertrocknung wird folgende L6sung eingesetzt:

Mesna 20 mg
Ifosfamid 100 mg
"~ D-Mannit 70 mg
Injektionswasser, ad 1ml

Die Dichte dieser Losung betriigt 1,061 g/ml bei +20°C,

Die anzusetzende Losungsmenge richtet sich nach der jeweiligen Abfill- und Gefriertrocknungs-Kapazitit.

Samtliche Verfahrensschritte bei der Herstellung der Lésung und der Abfiillung werden unter Stickstoff
beziehungsweise Stickstoffbegasung durchgefiihrt.

Herétellung der Lésung

Es werden ca. 80% Injektionswassermenge vorgelegt und die entsprechende Menge Mesna, Ifosfamid und
Mannit in dem Wasser nacheinander unter stindigem Riihren und Stickstoffbegasung geldst. Nach vollstindiger
Auflésung wird auf das Endvolumen aufgefiillt und der pH-Wert gemessen,

Die fertige Losung wird durch Filtration -liber hierfiir iibliche keimdichte Filter sterilisiert (zum Beispiel
Sartorius SM 11 107 oder SM 11 307, 0,2 pm Porenweite, Pall Filter NRP (Porenweite 0,2 pm) und unter
Vermeidung partikulirer und bakterieller Kontamination bis zur Abfiillung aufbewahrt. Als Druckgas bei der
Filtration wird Stickstoff verwendet. Eine Lagerung bei Raumtemperatur (20—22° C) soll einschlieBlich der Zeit
der Losungsherstellung 3—4 Stunden nicht iiberschreiten. Bei nicht sofortiger anschlieBender Gefriertrocknung
kann die Lésung noch etwa 36 Stunden bei +4°C bis +6°C aufbewahrt werden.

Zur Sterilfiltration konnen zusitzlich tibliche Vorfilter (zum Beispiel Sartorius SM 13 400 oder Pall LPA) zum
Schutz der Sterilfilter eingesetzt werden.

Reinigung der Injektionsflaschen

Die Injektionsflaschen werden mit demineralisiertem Wasser warm und kalt und Luft gespiilt. Sémtliche
 Reinigungsmedien werden durch Filtration von Schwebstoffen befreit.

Unter Vermeidung von Rekontamination durch Partikel aus der Luft werden die Flaschen mittels HeiBluft
getrocknet und sterilisiert (diskontinuierlich bei 180°C/2 Stunden).

Die Reinigung der Gummistopfen, mit denen die Injektionsflaschen verschlossen werden, erfolgt unter Ver-
wendung von demineralisiertem Wasser und beispielsweise einem Reinigungsmittel, bestehend aus nichtionoge-
nen Tensiden und Phosphorséureestern in wiBriger Lésung.

Die gereinigten Stopfen werden unter Verwendung von demineralisiertem Wasser oder filtriertem deminera-
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lisierter Wasser faser- und flusenfrei gespiilt. Die so gereinigten Stopfen werden dann mittels Dampf sterilisiert.
Die so gereinigten und sterilisierten Injektionsflaschen werden nun aseptisch mit der Ifosfamid-Mesna-L6-
sung gefiillt und mit dem Gummistopfen versehen, wobei die Behilter vor und nach der Filllung mit Stickstoff

begast werden.
Fiilllmengen:
Ifosfamid Mesna Fiillmenge Anwendungs-
volumen*)
200 mg 40 mg 2 ml 5ml
500 mg 100 mg 5ml 12,5ml
ig 02¢g 10 ml 25 ml
2g 048 20 ml 50 ml
5g 10g 50 ml 125 ml
5¢g 20g 50 ml 125 ml

*) Fiir dic spitere Verdiinnung des Lyophilisats.

Die Fiillvolumina sollen folgende Grenzen nicht iiberschreiten:

Fiillvolumen Grenzwerte der Durchschnitisgrenzwerte
Einzelfiillvolumina des Fiillvolumens
2ml 1,9—21ml 1,95—2,05ml
5ml 48—52ml 4,9—5,1ml
10ml 9,7—10,3ml 9,85—10,15ml
20 ml 19,4—20,6 ml 19,7 —203 ml
50 ml 48,5—51,5ml 49,25 50,75 ml

Die Fiillvolumina sind statistisch zu iiberwachen, wobei mindestens alle 30 Minuten das Fiillvolumen je
Fiillstelle einmal gemessen werden soll. : .

Die abgefiillten Injektionsflaschen werden so schnell wie moglich auf —40° C eingefroren.

Die Bedingungen fiir die Gefriertrocknung sind fir die einzelnen GroBen der Injektionsflaschen unterschied-

lich, Es gelten beispielsweise die folgenden Werte:
Dauer der Haupttrocknung bei einer Plattentemperatur von +15° C und 0,6 mbar:

ca.8— 10 Stunden fiir GefiBe mit 200 mg Ifosfamid + 40 mg Mesna

ca. 12—15 Stunden fiir GefiBe mit 500 mg Ifosfamid + 100 mg Mesna
ca. 13— 16 Stunden fiir GefiBe mit 1000 mg Ifosfamid + 200 mg Mesna
ca. 25— 32 Stunden fiir GefiBe mit 2000 mg Ifosfamid + 400 mg Mesna
ca. 44 —50 Stunden fiir GefiBe mit 5000 mg Ifosfamid + 1000 mg Mesna

Dauer der Nachtrocknung ca. 3—4 Stunden unter Vakuum von 3. X 10—* mbar, bei einer Plattentemperatur
von +25°C.

Die Restfeuchte (nach K. Fischer bestimmt) soll unter 0,5% liegen.

Nach Beendigung der Gefriertrocknung werden die Injektionsflaschen verschlossen.

Zur Sicherung der Gummistopfen werden Bérdelklappen aufgesetzt und anrolliert. Die fertigen Injektionsfla-
schen werden auf mechanische Defekte (Spriinge, fehlerhafter VerschluB etc.) kontrolliert.

Beispiel 2

" Zur Gefriertrocknung wird folgende Lsung eingesetzt:

Mesna 100 mg
Ifosfamid 100 mg
D-Mannit 70mg
Inj.-Wasser, ad 1 ml

Die Dichte dieser Losung betragt 1,101 g/ml bei +20°C. Die anzusetzende Losungsmenge richtet sich nach

der jeweiligen Abfiill- und Gefriertrocknungs-Kapazitit. :
Samtliche Verfahrensschritte bei der Herstellung der Losung und der Abfiillung werden unter Stickstoff

beziehungsweise Stickstoffbegasung durchgefiihrt.
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Herstellung der Losung

Es werden ca. 80% Injektionswassermenge vorgelegt und die entsprechende Menge Mesna, Ifosfamid und
Mannit in dem Wasser nacheinander unter stindigem Riihren und Stickstoffbegasung gel6st. Nach vollstindiger
Auflosung wird auf das Endvolumen aufgefiillt und der pH-Wert gemessen.

Die fertige Losung wird durch Filtration iiber hierfiir ibliche keimdichte Filter sterilisiert (zum Beispiel 0,2 pm
Porenweite) und unter Vermeidung partikulirer und bakterieller Kontamination bis zur Abfiillung aufbewahrt.
Als Druckgas bei der Filtration wird Stickstoff verwendet. Eine Lagerung bei Raumtemperatur (20— 22°C) soll
einschlieBlich der Zeit der Losungsherstellung 3—4 Stunden nicht iiberschreiten. Bei nicht sofortiger anschlie-
Bender Gefriertrocknung kann die L&sung noch etwa 36 Stunden bei +4°C bis +6°C aufbewahrt werden.

Zur Sterilfiltration konnen zusétzlich iibliche Vorfilter (zum Beispiel Sartorius SM 13 400 oder Pall LPA) zum
Schutz der Sterilfilter eingesetzt werden.

Reinigung der Injektionsflaschen

Die Injektionsflaschen werden mit demineralisiertem Wasser warm und kalt und Luft gespiilt. Simtliche
Reinigungsmedien werden durch Filtration von Schwebstoffen befreit.

Unter Vermeidung von Rekontamination durch Partikel aus der Luft werden die Flaschen mittels HeiBluft
getrocknet und sterilisiert (diskontinuierlich bei 180°C/2 Stunden).

Die Reinigung der Gummistopfen, mit denen die Injektionsflaschen verschlossen werden, erfolgt unter Ver-
wendung von demineralisiertem Wasser und beispiclsweise einem Reinigungsmittel, bestehend aus nichtionoge-
nen Tensiden und Phosphorsiureestern in wiBriger Lésung.

Die gereinigten Stopfen werden unter Verwendung von demineralisiertem Wasser oder filtriertem deminera-
lisiertem Wasser faser- und flusenfrei gespiilt. Die so gereinigten Stopfen werden dann mittels Dampf sterilisiert.

Die so gereinigten und sterilisierten Injektionsflaschen werden nun aseptisch mit der Ifosfamid-Mesna-Lo-
sung gefiillt und mit dem Gummistopfen versehen, wobei die Behilter vor und nach der Fiillung mit Stickstoff
begast werden.

Fiillmengen:
Ifosfamid Mesna Fiillmenge Anwendungs-
volumen¥)
200mg 200 mg : 2mt 5ml
500 mg 500 mg 5ml 12,5 ml
lg 1g - 10ml 25 ml
2g 2g 20 ml 50 ml
5¢g 7 5g 50 ml 125ml
*) Fiir die spitere Verdiinnung des Lyophilisates.
Die Fiillvolumina sollen folgende Grenzen nicht iiberschreiten:
Fiillvolumen Grenzwerte der Durchschnittswerte
: Einzelfiillvolumina des Fiillvolumen
2ml 1,9—21ml 1,95—2,05 ml
5ml 48—-52ml 49—5,1ml
10 ml 9,7—10,3ml 9,85—10,15ml
20 ml " 194—20,6ml 19,7 —20,3 ml
50 ml 7 48,5—51,5ml 49,25—50,75 ml

_ Die Fiillvolumina sind statistisch zu iiberwachen, wobei mindestens alle 30 Minuten das Fiillvolumen je
Fullstelle einmal gemessen werden soll. 3
Die abgefiillten Injektionsflaschen-werden so schnell wie méglich auf —40°C eingefroren.
Die Bedingungen fiir die Gefriertrocknung sind fiir die einzelnen Gré8en der Injektionsflaschen unterschied-
lich. Es gelten beispielsweise die folgenden Werte:

Dauer der Hauptt;ocknung bei einer Plattentemperatur von + 15°Cund 0,6 mbar:

ca. 8— 10 Stunden fiir GefdBe mit 200 mg Ifosfamid + 200 mg Mesna
ca. 12— 15 Stunden fiir GefiBe mit 500 mg Ifosfamid + 500 mg Mesna
ca. 13—16 Stunden fiir GefaBe mit 1 g Ifosfamid + 1 g Mesna

ca. 2532 Stunden fiir GefiBe mit 2 g Ifosfamid + 2 g Mesna

ca. 44— 50 Stunden fiir GefaBe mit 5 g Ifosfamid + 5 g Mesna
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Dauer der Nachtrocknung ca. 3—4 Stunden unter Vakuum von 5 X 10— mbar, bei einer Plattentemperatur
von +25°C. Die Restfeuchte (nach K. Fischer) soll unter 0,5% liegen. Nach Beendigung der Gefriertrocknung
werden die Injektionsflaschen verschlossen. Zur Sicherung der Gummistopfen werden Bérdelkappen aufgesetzt
und anrolliert. Die fertigen Injektionsflaschen werden auf mechanische Defekte (Spriinge, fehlerhafter Ver-

schluB etc)) kontrolliert.

Patentanspriiche

1. Lyophilisiertes Priparat, bestehend aus Ifosfamid, 0,05— 1,0 Gewichtsteilen Mesna und 0,1 bis 17 Ge-
wichtsteilen Hexit, Mesna und Hexit jeweils bezogen auf einen Gewichtsteil Ifosfamid sowie gegebenenfalls
anderen {iblichen pharmazeutischen Hilfsstoffen.

2, Lyophilisiertes Praparat nach Anspruch 1, dadurch gekennzeichnet, daB es als Hexit Mannit enthilt.

3. Verfahren zur Herstellung ejj%gs ‘Ifosfamid-Mesna-Lyophilisates, dadurch gekennzeichnet, daB man unter
cinem inerten Gas eine wiBrige.oder wiBrig-ethanolische Losung, die 1 bis 13 Gewichtsprozent Ifosfamid
enthilt sowie 0,05—13 Gewichtsteile Mesna, 0,1 bis 17 Gewichtsteile Hexit (Mesna und Hexit jeweils
bezogen auf einen Gewichtsteil Ifosfamid) und gegebenenfalls 0 bis 16,9 Gewichtsteile (bezogen auf 1
Gewichtsteil Ifosfamid) weitere pharmazeutische Hilfsstoffe, zwischen —70°C und 0°C einfriert, und dem
so erhaltenen Produkt im gefrorenen Zustand das Wasser entzieht.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB zuerst das nicht adsorptiv gebundene Wasser
bei einer Temperatur zwischen —30°C und +40°C und einem Druck zwischen 10~ bis 10 mbar und
anschlieBend adsorptiv gebundenes Wasser bei einer Temperatur zwischen 0° Cund 40° C und einem Druck
zwischen 10~ bis 10— ! mbar entfernt wird.

5. Verfahren nach einem oder mehreren der vorangegangenen Anspriiche, dadurch gekennzeichnet, daB als

Hexit Mannit verwendet wird.
6. Ifosfamid-Mesna-Lyophilisat, erhalten nach einem oder mehreren der vorangegangenen Anspriiche.
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losfamid-Mesna-Lyophilisat und Verfahren zu dessen Herstellung

Der chemische Name fiir den Wirkstoff ifosfamid ist 3-(2-Chlorsthyi)-2-(chlorethylamino)-tetranydro-2H-
1, 3,2-oxazaphosphorin-2-oxid

N CHZ_CHZ-C'I
C1=CHp-CHp=-NH ~ N——TCHjp

P CHs

/' \ /

0 o———CH,

ffosfamid gehdrt wie Cyclophosphamid zur chemischen Gruppe der Oxazaphosphorine und wird therapeu-
tisch zur Behandlung von Tumor-Erkrankungen eingesetzt.

Der chemische Name fiir den Uroprotektor Mesna ist Natrium-2-mercaptoethansulfonat
Na'{HS-CH;-CH2-S03}~
Mesna schiitzt beispielsweise die harnableitenden Organe bei der Therapie von Tumor-Erkrankungen mit
lfiosfamid, wobei diese uroprotektive Wirkung von Mesna insbesondere bei gleichzeitiger und synchroner
Verabreichung zusammen mit dem [fosfamid gegeben ist.

ifosfamid ist ein weiges, kristallines Pulver mit einem Schmelzpunkt von 48" C bis 51 ° € und stark
hygroskopischen Eigenschaften. Bereits unterhalb des Schmelzpunktes beginnt lfosfamid zu sintern; es
muf deshalb bei m8glichst niedrigen Temperaturen (Raumtemperatur und darunter) gelagert werden.
AuBerdem ist ein Kantakt mit Luftfeuchigkeit mdglichst zu vermeiden.

lfostamid 18st sich zu etwa 10 Gewichisprozent in Wasser, ist aber in wéssriger L8sung nur begrenzt
haltbar (maximal 3 bis 4 Stunden bei 20" C bis 22° C beziehungsweise 36 Stunden bei 4 bis 6° C).

iosfamid wird ausschlieglich parenteral appliziert. Die Injektionsflaschen enthalten 200 bis 5000 mg
ifosfamid in Form eines Sterilkristallisats, das vor der Applikation in Wasser flr Injektionszwecke geldst
wird, so daB eine 4%ige Konzentration nicht Uberschritten wird. Diese Lésung ist zur intravendsen Injektion
gesignet. Zur intravendsen Kurzinfusion wird die lfosfamid-L8sung in 500 mi Ringer-L8sung oder Zhnlichen
Infusionsfilissigkeiten aufgeldst. Die Infusionsdauer betrdgt ca. 30 Minuten, sventuell 1 bis 2 Stunden. Bei
der 24-Stunden-Infusion wird die Ifosfamid-Losung beispielsweise in insgesamt 3 Liter 5 % Dextrose-
Kochsalzldsung aufgeldst.

ifosfamid verursacht bei der Herstellung und Verarbeitung mannigfaltige Probleme. Bei der Hersteilung
des steril kristallisierten Ifosfamids resultiert ein Produkt von wechselnder physikalischer Beschaffenheit.
Durch die unterschiedliche Rieselfdhigkeit wird insbesondere die Dosierungsgenauigkeit bei der Abfullung
in honem Mage beeintrichtigt.

Die Verarbeitung des lfosfamids wird weiterhin erschwert durch seine Hygroskopizitdt und den niedri-
gen Schmelzpunkt. Bei ldngerer Lagerung sintert das Sterilkristallisat und die L3sungsgeschwindigkeit
vermindert sich. Mit beginnender Sinterung des lfosfamids nehmen auch die Klarl@slichkeit und der pH-
Wert der Lsung bei gleichzeitiger Gelbfirbung ab; eine therapeutische Verwendung ist dann im allgemei-
nen nicht mehr méglich.

Mesna ist sbenfalls esine Substanz, die nur unter besonderen Bedingungen stabil und haltbar ist.

Eire Kombinationsmdglichkeit aus Hosfamid und Mesna, welches einen grofen Vorteil hinsichtlich
Lagerung und praktischer Handhabung darstelllen wiirde, existiert bis jetzt nicht.

Aufgabe der Erfindung ist es daher, lfosfamid und Mesna in einer Form mit verbesserten Eigenschaften,
wie verbesserte pharmazeutische Qualitdt, Dosierbarkeit und Léslichkeit, bereitzustellen, die leichter anzu-
wenden ist, und insbesondere zur Hersteliung von injizierbaren L&sungen geeignet ist.

Es wurde nun Uberraschend gefunden, daB die bisherigen Nachtefle und Schwierigkeiten bei der
Handhabung und Lagerung von lfosfamid und Mesna durch Verwendung eines bestimmiten lfosfamid-
Mesna-Lyophilisats behoben werden k&nnen. Insbesondere ist es Uberraschend, da das erfindungsgemaise
Lyopnilisat eine gréBere Thermostabilitit des lfosfamids besitzt als die bislang verwendete Ifosfamid-
Trockenabfliiung.

Trockenabfliilungen mit lfosfamid sind bei 40" C bersits nach siner Lagerzeit von 1 Monat nachgedun-
kelt; nach 2 Monaten ist der Flascheninhalt gesintert und gelb veridrbt. Bei einer Lagerungstemperatur von
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55" C ist das irocken abgefililte ifostamid bereits innerhalb von 4 Tagen geschmolzen.

Demgegentber ist bei erfindungsgemés hergestellten Lyophilisat unter den vorgenannten Lagerbedin-
gungen weder eine Verfdrbung noch eine Verdnderung der Konsistenz des lfosfamids erkennbar. Ebenfalls
zeigen sich keine Verinderungen bei dem Mesna.

Die L&sungsgeschwindigkeit des Hosfamid-Mesna-Lyophilisats ist gegenlber der [fosfamid-Trocken-
abfiillung deutlich erh&ht. Wahrend sich das Lyophilisat unabhidngig von der Lagerdauer bei der Zugabe
des L8sungsmittels sofort 18st, missen die Injektionsflaschen mit der Trockenabflillung nach Einspritzen
des L3sungsmittels 1/2 bis 3 Minuten kréftig geschittelt werden. Wenn hierbei die Auflésung nicht sofort
restios erfolgt, und dies ist bei ldnger gelagerten Injektionsflaschen der Fall, ist es sogar erforderlich, die
Lésung einige Minuten stehen zu lassen. Die Anwendung des Priparates in der Kiinik wird dadurch
erschwert.

ifosfamid-Mesna-Lyophilisat zeigt im Gegensatz zu Sterilkristallisat auch nach der Lagerung von

mehreren Jahren noch optimale Lésungseigenschaiten.
AuBerdem ist die lfosfamid-Trockenabfiillung (das heift das reine Ifosfamid-Kristallisat) viel empfindlicher
gegen Luftfeuchtigkeit als das Lyophilisat. So verflUssigt sich die lfosfamid-Trockenabflliung bereits bei
einer relativen Luftfeuchtigkeit von unter 75 %, wéhrend das Lyophilisat selbst bei 100 % relativer
Luftfeuchigkeit zwar feucht wird, aber seine duBere Form behdlt.

Bei der Abflillung des Sterilkristallisats ist ferner die Gefahr siner partikuldren oder mikrobiellen
Kontamination in wesentlich starkerem MaBe als beim Lyophilisat gegeben.

Bei der Herstellung des Ifosfamid-Mesna-Lyophilisats erfolgt die Sterilfiltration der Losung hingegen
erst unmittelbar vor der Abifliflung in die Injektionsflaschen. Dadurch ist gegenlber der Abflilung von
Sterilkristallisat eine grofere mikrobiologische Sicherheit gegeben. Auch partikuldre Verunreinigungen, die
bei der Trockenabfiillung gelegentlich AnlaB zu Beanstandungen geben, lassen sich durch die Filtration der
L&sung mit gréRerer Sicherheit vermeiden.

Die Lyophilisation des lfosfamids in Kombination mit Mesna fiihrt jedoch nicht nur zu giner Produktver-
besserung, sondern ist in der Herstellung und praktischen Anwendung auch wirtschaftlicher als die
getrennte Herstellung von Sterilkristallisat und Mesna-Injektionsldsung.

Dariiberhinaus besitzt die erfindungsgemife Kombination auch bei der Anwendung eine Uberraschende

bessers Wirkung als die bisherige getrennte Applikation von Ifosfamid und Mesna:
So erfolgt beispielsweise bei der erfindungsgem4Ben Kombination bei intravendser, kontinuierlicher infusion
(zum Beispiel in der Zusammensetzung 5,0 g fosfamid + 20 g Mesna) eine kontinuierliche Uroprotektion,
und zwar durch die gleichzeitige kontinuierliche renale Elimination von urotoxischen Metaboliten und Mesna.
Dadurch wird der uroprotektionsmindernde Effekt siner Blasenentleerung minimiert. Die fixe Dosisrelation
von Hosfamid und Mesna im Lyophilisat vermsidet bei dem Einsatz als kontinuierliche intravendse Infusion
(zum Beispiel 5 g fosfamid + 2 g Mesna Uber 6 Stunden oder 10 g lfosfamid + 4 g Mesna Uber 24
Stunden kontinuierlich infundiert) eine unzureichende Uroprotektion, wie sie durch wiederholte Bolusinjektio-
nen von Mesna oder auch eine zu niedrige Infusionsdosis auftreten kann. Der Einsatz des Kombinationsly-
ophilisats als Kurzzeitinfusion Uber 30 Minuten bis zu 2 Stunden in den Mengen von beispieisweise 500 mg
bis 5 g lfosfamid zusammen mit 20 % der lfosfamid-Menge als Mesna garantiert eine ausreichende
Uroprotektion in den ersten 4 Stunden. Bevorzugte Dosierungen fir die Anwendung am Menschen sind
zum Beispiel:

0,5g | fosfamid + 0,1 g Mesna
19 lfosfamid + 0,2 g Mesna
2g lfosfamid + 0,4 g Mesna
54 Ifosfamid + 1,0 g Mesna
5g Ifostamid + 2,0 g Mesna

Es hat sich gezeigt, daB nur das erfindungsgemdBe Verfahren unter Verwendung eines Hexits, wie zum
Beispiel Mannit, ein verbessertes lfosfamid-Mesna-Lyophilisat ergibt. Beispicisweise konnte durch Beimi-
schung von Kochsalz, wie sie bei Trockenabflilungen von anderen Oxazaphosphorinen Ublich ist, kein
Lyophilisat erhalten werden.

ErfindungsgemiB wird beispielsweise eine wissrige L&sung, die 1 - 13 Gewichtsprozent an [fosfamid
und 0,05 - 13 Gewichisteile Mesna enthdlt, sowie als Geriistbildner 0,1 - 17 Gewichtsteile Hexit, bezogen
auf einen Gewichtsteil Ifosfamid, gefriergetrocknet. Vorzugsweise enthdlt diese wéssrige Losung S - 12
Gewichtsprozent lfosfamid und 0,5 - 12 Gewichtsprozent Mesna, insbesondere 8 - 10 Gewichtsprozent
lfosfamid und 0,8 - 10 Gewichisprozent Mesna.
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Es k&nnen auch entsprechende Ethanol-Wasser-L&sungen von Ifosfamid und Mesna anstelle einer
reinen wissrigen L8sung verwendst werden (Ethanolanteil einer soichen L&sung bis zu 45 m/m), beispiels-
weise 1 -20 % Ethanol). In solchen Fillen wird méglichst zuerst das Ethanol vorzeitig im Vacuum entfernt,
bevoar das restliche Eis sublimiert wird. Die Bedmgungen fur die zuerst erfolgte Ethanolentfernung sind zum
Beispiel: Druck 5 - 10~! mbar, Temperatur von -25° C auf -5° C steigend innerhalb von 10 Stunden,
anschiieBénd wird die Temperatur der Stellplatten auf 15" C erhdht. Im einzeinen hingen diese Bedingun-
gen zuch von den unierschiedlichen SchichthShen des zu trocknenden Gutes in den Injektionsflaschen ab
und sind entsprechend zu variieren.

Die Menge an Hexit in dieser wissrigen beziehungsweise wéssrig-ethanolischen L&sung betragt im
allgemeinen 1 - 17, vorzugsweise 3 - 12, insbesondere 5 - 9 Gewichisprozent. Bezieht man die Hexit-
Menge auf einen Gewichistell Ifosfamid, dann ist die Hexit-Menge 0, 1 -17, vorzugsweise 1 bis 2,5
insbesondere 0,6 - 0,8 Gewichtsteile Hexit pro 1 Gewichisteil lfosfamid. Bezogen auf 1 Gewichtsteil Mesna
betrdgt die Hexit-Menge zum Beispiel 0,1 - 17, vorzugsweise 1 - 6, insbesondere 3 - 4 Gewichtstsile.

*) Definition gem3f Deutsches Arzneibuch 9. Ausgabe: Prozent Masse in Masse)

Als Hexit kommen in Frage: Mannit, Glucit (Sorbit, wie D-Sorbit), Dulcit, Aliit, Altrit (z.B. D- und L-Alirit),
idit fz.B. D- und L-Idit), deren optisch aktive Formen (D- bzw. L-Formen), sowie die entsprechenden
Racemate. Insbesondere wird Mannit, wie D-Mannit, L-Mannit, DL-Mannit verwendet und zwar hiervon
vorzugsweise D-Mannit. Als Hexit k8nnen auch Mischungen der genannten Hexite verwendst werden, z.B.
Mischungen von Mannit und Sorbit und/oder Dulcit.

Neben dem Hexit kénnen auch noch andere, Ubliche pharmazeutische Hilfsstoffe zugefligt werden, wie
zum Baispiel Glycin, Lactose, Polyvinylpyrrolidon, Glukose, Fructose, Albumin und &quivalente gerlstbil-
dende Stoffe. Die Gesamimenge an solchen Stoffen in der Ldsung, die fir die Gefriertrocknung eingesefzt
‘wird, ist beispielsweise 0 - 18,8 Gewichisteile, bezogen auf 1 Gewichtsteil lfosfamid bzw. Mesna. In dem
fertigen Lyophilisat kann die Gesamimenge an solchen Hilfsstoffen bis zu 16,8 Gewichtsteile, bezogen auf
sinen Gewichisteil Hexit, betragen. Im einzelnen richtet sich die Menge an solchen Hilfsstoffen nach der
vorhandenen Menge Hexit und zwar derart, daB die Gesamtmenge an Hexit und solchen anderen
Hilfsstoffen in dem fertigen Lyophilisat maximal nicht mehr als 17 Gewichtsteile betrdgt, bezogen auf 1 Teil
lfosfamid bzw. Mesna. Falls in dem Lyophilisat beispielsweise nur 0,1 Gewichtsteile Hexit vorliegen, kdnnen
also bis zu 16,9 Gewichtsteile an anderen Hilfsstoffen vortiegen; falls beispielsweise 8,5 Gewichtsteile Hexit
vor liegen, kann z.B. die Menge an anderen Hilfsstoffen bis zu 8,5 Gewichisteile, bezogen auf 1 Teil
lfosfamid bzw. Mesna, betragen.

Zur Herstellung der flir die Gefriertrocknung einzusetzenden L&sung werden etwa 70 bis 80
o, vorzugsweise 75 % der erforderlichen Wassermenge bzw. ethanclischer Wassermenge vorgelegt und die
entsprechenden Mengen lfosfamid, Mesna und Mannit nacheinander (das heift erst wird das Ifosfamid,
dann das Mesna und anschlieBend der Hexit (z.B. Mannit) unter stdndigem Rihren beziehungsweise unter
stindiger Bewegung geldst. Das zur Herstellung der Lésung verwendete Wasser wird zwecks Verdrdngung
von Sauerstoff mit einem inerten Gas wie zum Beispiel Stickstoff, Kohlendioxid cder einem Edelgas begast.
Auch wihrend der Herstellung der Ldsung wird das inerte Gas in die L&sung eingeleitet. Die Verdréngung
von Sauerstoff ist wichtig, da Mesna leicht zum Disulfid oxydiert wird. Nach vollstdndiger Auflésung wird auf
das Endvolumen aufgeflillt und der pH-Wert gemessen. Der pH-Wert dieser Lsung soll beispiclsweise
nach dem Verdiinnen zwischen 4 und 7 liegen. Vorzugsweise wird zur pH-Messung eine 4 %ige L3sung,
bezogen auf ifosfamid, hergestelit.

Die so erhaitene Ifosfamid-Mesna-L&sung wird dann durch Filtration Uber hierflr Ubliche, keimdichte
Filter sterilisiert, als Druckgas wird Stickstoff verwendet. Die Aufbewahrungszeit bis zur Abfillung in die
Injektionsbehilier soll einschlieflich der Zeit der Losungsherstellung gine Zeit von 3 - 4 Stunden nicht
Uberschreiten, sofern es sich um Raumtemperatur (18" C bis 22° C) handeit.

Falls die anschlieBende Gefriertrocknung noch nicht sofort mdglich ist, kann eine solche L8sung,
gegebenentfalls auch nach Abfiillung in die lnjektlonsbehalter belspielswelse noch bis zu 36 Stunden bei

niedrigen Temperaturen, beispielsweise zwischen 5" und +10° G, vorzugsweise +4° bis +6° C,
aufbewahrt werden, bevor die Gefriertrocknung beginnt.

Zur Durchflihrung des erfindungsgem#fen Verfahrens wird dann die so erhaltene Ilfosfamid-Mesna-

L3sung in Behilter fiir Injektionspriparate, beispielsweise Ampullen oder andere Glasgefdfe eingefillt. Die
Behiiter werden vor und nach der Befiillung mit sterilen und partikelfreien inerten Gas (z.B. Stickstoff)
begast. AnschlieBend werden die Gefriertrocknungsstopfen aufgesetzt und lyophilisiert.
Zur Sterilisation werden ibliche keimdichte Filter, beispielsweise Ubliche Bakterienfilter mit einer Perengrd-
Be von etwa 0,2 um verwendet. Die verwendsten GlasgeféfBe beziehungsweise Ampullen werden vorher in
Ublicher Weise sterilisiert.

Der verwendste Hexit (vorzugsweise Mannit, insbesondere D-Mannit) soll den Anforderungen der
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Britischen Pharmakopoeia 1980 entsprechen.

Der eingeseizte Hexit muB pyrogenfrei sein (Pyrogene sind Fieber erzeugende Endotoxine, die von
Bakterien gebildet werden). Dasselbe gilt fir das verwendete Ifosfamid und Mesna. Die Entfernung bzw.
Zerstdrung der Pyrogene erfolgt auf Ubliche Weise (peispielsweise wird die Wirkstoffidsung vor der
Sterilfiltration mit Aktivkohle behandelt). Ebenfalis muB das verwendete Injektionswasser steril und pyrogen-
frei sein und den Anforderungen des Deutschen Arzneibuches, 9. Ausgabe 1988 entsprechen.

Als InjektionsgefdBe werden zweckmigig solche aus R&hrenglas bezishungsweise Huitenglas der Il
hydrolytischen Klasse verwendset (beispielsweise 10 R, 30 R und 50 H). (Siehe hierzu Deutsches Arznei-
buch, 9. Ausgabe 1986 Seiten 161 - 164 und DIN-Normen 58366, Teil 1 und Teil 5). Weiterhin soilen die
Injektionsgefdfe sowie die weiteren Hilfsstoffe, wie Gummistopfen und Bdrdelkappen, den Anforderungen
der DIN-Normen 58366, Teil 2 und Teil 3 sowie 58367, Teil 1 entsprechen.

Die L&sungsmengen der lfosfamid-Mesna-L&sungen, die flr die Lyophilisation vorgesehen sind, in den
jeweiligen Behiltern (Ampuilen) oder sonstigen Behéltern fur Injektionsprdparate liegen pro Behilter zum
Beispiel zwischen 1 und 500, vorzugsweise 1 und 250, insbesondere 2 und 50 ml. Die Behdlter sind jeweils
so zu bemessen, das das hierin enthaltene Lyophilisat spéter in einer gr8Beren Menge Filissigksit aufgeldst
werden kann. Sie sollen daher im allgemeinen ein Volumen besitzen, das ausreicht, um eine gebrauchsferti-
ge EndlSsung herzustellen, die etwa das 2 bis 5, vorzugsweise 2 bis 4, insbesondere 2 bis 2,5fache des
Volumens der urspriinglich eingefliliten Lyophilisat-L&sung hat.

Wie bereits erwihnt, wird vorzugsweise jede Ampulls beziehungsweise jedes GlasgefdB mit einer
Einzeldosis von fosfamid und Mesna gefiillt, wobei die Ifosfamid-Menge pro Glasgetds beispielsweise
zwischen 100 mg bis 10 g, vorzugsweise 200 mg bis 5 g, die Mesna-Menge 10 mg bis 10 g, vorzugsweise
20 mg bis 5 g betrdigt. AnschlieBend wird die Ldsung in diesem Glasgefd8 oder der Ampulle in
herkdmmlicher Waise gefriergetrocknet. Es ist jedoch auch méglich, gréere Mengen lfosfamid-Mesna, das
heift sin entsprechend gréBeres L&sungs volumen der ffosfarmid-Mesna-L&sung in eimem entsprechend
grdferen GefdB zu lyophilisieren, und anschliefiend das erhaltene Lycphilisat in entsprechende kleinere
Dosierungen zu unterteilen beziehungsweise abzupacken.

Die Lyophilisierung selpbst wird so durchgefiihrt, daf die Ampulien oder GlasgefdBe oder sonstige
Gefipe, weiche die lfosfamid-Mesna-Lésung enthalten, unmittelbar auf eine Stellplatte oder in Tabletts auf
einer Steliplatte in eine Gefriertrocknungskammer eingestellit werden. Nach dem VerschlieBen der Kammer
werden die Ampullen bezishungsweise Gefdfe auf Temperaturen unter 0" C abgeklhlt, sodas das Wasser
volisténdig ausfriert. Beispielsweise wird auf Temperaturen zwischen 70" C bis 0° C vorzugsweise
swischen -70° G und -5° C, insbesandere -50° C bis -30° C, oder -45° C bis -35  C abgekihit. Sobald die
Lsungen vollstindig gefroren sind, wird die Gefriertrocknungs-kammer allmihlich evakuiert und mit dem
Trocknen begonnen. Hierbei wird zuerst das nicht-adsorptiv gebundene L&sungsmittel entfernt und zwar bei
Temperaturen zwischen -30° C bis +40° C, vorzugsweise 0 C bis +30° C, insbesondere +10° C bis
+20° C, wobei ein Druck zwischen 10™3 bis 6, vorzugsweise 1072 bis 2, insbesondere 10~ bis 1 mbar
singestellt wird. Bei den zuvor angegebenen Temperaturen beziehungsweise Tempe-raturbereichen handelt
es sich um dis Temperatur der Steliplatten. Der Prozef wir dabei so gesteuert, daB die Uber die
Plattentemperatur zugeflhrte Wirme vollsténdig als Sublimationswérme verbraucht wird, und die Tempera-
tur der gefrorenen fosfamid-Mesna-haltigen L8sung stets unterhalb ihrer sutektischen Temperatur bleibt.
Die jeweils gewiinschte Temperatur der Stellplatte kann zum Beispiel durch Programmscheiben oder
Computer programmiert werden. Die Dauer zur Entfernung dieses nichtadsorptiv gebundenen L&sungsmit-
tels ist von der Gr&B8e der einzelnen Behilfer abhZngig und liegt beispielsweise zwischen etwa 8 bis 50
Stunden bei einer Plattentemperatur von +15° C und einem Druck von 0,8 mbar. Beispiclsweise wird in
diesem Zusammenhang auf die in dem Beispiel angegebenen Zeiten verwiesen.

Die vollstdndige Entfernung des nicht-adsorptiv gebundenen Wassers zeigt sich wie folgt an: Nicht
adsorptiv gebundenes Wasser liegt als Eis vor. Durch die sogenannte Druckanstiegsmessung wird festge-
stellt, ob derartiges Wasser noch im Lyophilisat vorhanden ist. Dazu wird ein Ventil zwischen Trockenkam-
mer und Kondensatorraum, an dem auch die Vakuumpumpe angeschlossen ist, geschlossen. Vorhandenes
Eis wiirde dann schnell sublimieren und einen Druckanstieg in der Trockenkammer herbsiflhren. Bei der
Druckanstisgmessung darf der Druck in der Kammer nach 15 Minuten vom Ausgangswert, zum Beispiel 0.8
mbar, héchstens auf 1 mbar ansteigen. Ein stdrkerer Anstieg wiirde bedeuten, daB die Haupttrocknung
noch nicht abgeschlossen ist.

Das noch vorhandene, restliche adsorptiv gebundene L&sungsmittel wird dann durch eine Nachtrock-
nung entfernt. Diese betrigt beispielsweise 3 bis 12 Stunden bei einem Vakuum von 10~ bis 10™ mbar,
insbesondere 3 - 4 Stunden bei einem Vakuum von 1072 bis 10™* mbar.

Der LyophitisationsprozeB ist beendet, wenn die Restfeuchte (bestimmt nach K. Fischer) unter 1 %,
vorzugsweise unter 0,5 liegt. Insbesondere erfolgt die Nachtrocknung zur Entfernung von adsorptiv gebun-
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denem Wasser bei Temperaturen zwischen 0 bis 40, vorzugsweise 10 bi 35, insbesondere 20 bis 30° C
und sinem Druck zwischen 10~* bis 10~!, vorzugsweise 1073 bis 1072, insbesonders 1073 bis 5 x 1073
mbar, wobei diese Nachtrocknung beispielsweise 2 bis 38, vorzugsweise 6 bis 24, insbesondere 3 bis 12
Stunden in Anspruch nimmt.

Nach Beendigung der Gefrieriocknung werden die GefédBe verschlossen. Das erfindungsgemése Verfah-
ren wird in sédmtlichen Stufen unter aseptischen Bedingungen durchgeflhrt.

Der Verschluf der Injektionflaschen erfolgt dann zum Beispiel nach Beliiftung der Gefriertrocknungs-
kammer auf Normaldruck durch Zufuhr eines trockenen inerten Gases (z.B. Stickstoff) mit besonderen
Gefrietrocknungs-Gummistopfen, die zur Vermeidung von Abrieb und Zwecks Verbesserung der Gleitfihig-
keit silikonisiert sind.

Mit Ausnahme des Einfrierens und der Entfernung des L8sungsmittels im Vakuum erfolgen alle
Operationen unter inerter Gasatmosphére (z.B. Stickstoff, Kohlendioxid, Edelgase).

Beispisl 1

Zur Gefriertrocknung wird folgende L&sung singesetzt:

Mesna 20 mg
lfosfamid 100 mg
D-Mannit 70 mg
Injektionswasser ad 1 ml

Die Dichte dieser L&sung betrdgt 1,061 g/ml bei + 20" C.

Die anzusetzende L&sungsmenge richtet sich nach der jeweiligen Abflll- und Gefriertrocknungs-
Kapazitidt,

Simtliche Verfahrensschritte bei der Herstellung der L&sung und der Abiiillung werden unter Stickstoff
teziehungsweise Stickstoffbegasung durchgefiihrt.

Hersiellung der Ldsung:

Es werden ca. 80 % Injektionswassermenge vorgelegt und die entsprechenden Menge Mesna, Ifosfa-
mid und Mannit in dem Wasser nacheinander unter stdndigem Rihren und Stickstoffbegasung geldst. Nach
volisiéndiger Aufldsung wird auf das Endvolumen aufgeflllt und der pH-Wert gemessen.

Die fertige L8sung wird durch Filiration Uber hierflir Ubliche keimdichte Filter sterilisiert (zum Beispiel
Sartorius SM 11107 oder SM 11307, 0,2 um Porenweite, Pall Filler NRP (Porenweite 0,2 um) und unter
Vermeidung partikulirer und bakterieller Kontamination bis zur Abflillung aufbewahrt. Als Druckgas bei der
Filtration wird Stickstoff verwendet. Eine Lagerung bei Raumtemperatur (20 - 22" ©) soll sinschlieslich der
Zeit der Ldsungsherstellung 3 - 4 Stunden nicht Uberschreiten. Bei nicht sofortiger anschlieBender
Gefriertrocknung kann die L8sung noch etwa 36 Stunden bei + 4° Chbis + 6  C aufbewahrt werden.

Zur Sterilfiltration kdnnen zusdtzlich Ubliche Vorfilter (zum Beispiel Sartorius SM 13400 oder Pall LPA)
zum Schutz der Sterilfilter eingesetzt werden.

Reinigung der Injektionsflaschen:

Die Injektionsflaschen werden mit demineralisieriem Wasser warm und kalt und Luft gesplit. Sdmtliche
Reinigungsmedien werden durch Filtration von Schwebstoffen beireit.

Unter Vermeidung von Rekontamination durch Partikel aus der Luft werden die Flaschen mittels HeifBluit
getrocknet und sterilisiert (diskontinuierlich bei 180" C/ 2 Stunden).

Die Reinigung der Gummistopfen, mit denen die Injektionsflaschen verschiossen werden, erfoigt unter
Verwendung von demineralisiertem Wasser und beispielsweise einem Reinigungsmittel, bestehend aus
nichtionogenen, Tensiden und Phosphaorsduresstern in wissriger Ldsung.

Die gereinigten Stopfen werden unter Verwendung von demineralisiertem Wasser oder filtriertem
demineralisiertem Wasser faser- und flusenfrei gesplit. Die so gereinigten Stopfen werden dann mittels
Dampf sterilisiert. ’
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Die so gereinigten und sterilisierten Injektionsflaschen werden nun aseptisch mit der lfosfamid-Mesna-
Lésung geflllt und mit dem Gummistopfen versehen, wobei die Behdlter vor und nach der Flllung mit

Stickstoff begast werden.

Fullmengen:

*
Follmenge Anwendungsvolumen

Ifosfamid Mesna

200 mg 40 mg 2 ol 5 ml

500 mg 100 mg 5 ml 12,5 ml
1 g 0,2 ¢ 10 ml 25 ml
2 g 0,4 g 20 ml 50 ml
5 g 1,0 o 50 mt 125 mt
5 g 2,0 ¢ 50 ml 125 ml

* ¢4r die spatere Verdinnung des Lyophilisats

Die Fiillvolumina sollen folgende Grenzen nicht Uberschreiten:

Durchschm‘ttsgrenzwerte
" r
FOUllvolumen Grenzwerte de Bur e unene

Einzelfullvolumina
2 mt 1,9 - 2,1 al 1,95 - 2,05 ml
5 ml 4,8 - 5,2 ml 4,9 - 5,1 nl
10 mt . 9,7 - 10,3 ml 9,85 - 10,15 ml
20 mt 19,4 - 20,6 ml 19,7- - 20,3 ml
50 ml 48,5 - 51,5 ml 49,25 - 50,75 ml

Die Eiilivolumina sind statistisch zu (iberwachen, wobei mindestens alle 30 Minuten das Fullvolumen je

Fillstelle einmal gemassen werden soll.
Die abgefliliten Injektionsflaschen werden so schnell wie méglich auf -40 C singefroren.
Die Bedingungen flir die Gefriertrocknung sind flr die einzelnen Gr&Ben der Injektionsflaschen unter-

schiedlich. Es gelten beispielsweise die folgenden Werte:

Dauer der Hauptirocknung bei einer Platientemperatur von + 15" C und 0,6 mbar:

ca. 8 - 10 Stunden fir GefdBe mit
200 mg lfosfamid + 40 mg Mesna
ca. 12 - 15 Stunden fur GeféBe mit
500 mg lfosfamid + 100 mg Mesna
ca. 13 - 16 Stunden fUr GefdBe mit
1000 mg lfosfamid + 200 mg Mesna
ca. 25 - 32 Stunden fiir GefdBe mit
2000 mg Ifosfamid + 400 mg Mesna
ca. 44 - 50 Stunden fUr Gefdfe mit
5000 mg Ifosfamid + 1000 mg Mesna
Dauer der Nachtrocknung ca. 3 - 4 Stunden unter Vakuum von 5 x 107* mbar, bei siner Plattentempe-
ratur von +25° C.
Die Restfeuchte (nach K. Fischer bestimmt) soll unter 0.5 % liegen.
Nach Beendigung der Gefriertrocknung werden die Injektionsflaschen verschlossen.

7

0076



wm

10

20

25

30

35

40

45

EP 0 334 083 A1

Zur Sicherung der Gummistopfen werden Bdrdelkappen aufgesetzt und anrolliert. Die fertigen Injek-
tionsflaschen werden auf mechanische Defekte (Spriinge, fehlerhafter Verschiul etc.) kontroiliert.

Beispiel 2

Zur Gefriertrocknung wird folgende Ldsung eingesetzt:

Mesna 100 mg
ifosfamid 100 mg
D-Mannit 70 myg
Inj.-Wasser ad 1ml

Dig Dichte dieser L8sung beirdgt 1,101 g/ml bei +20° C Die anzusetzende L8sungsmenge richtet sich
nach der jeweiligen Abflll- und Gefriertrocknungs-Kapazitét

Similiche Verfahrensschritte bei der Herstellung der L&sung und der Abfiillung werden unter Stickstoff
beziehungsweise Stickstoffbegasung durchgeilhrt.

Herstellung der L&sung:

Es werden ca. 80% Injektionswassermenge vorgelegt und die entsprechende Menge Mesna, Ifosfamid

und Mannit in dem Wasser nacheinander unter stidndigem Ruhren und Stickstoffbegasung geldst. Nach
volistindiger Auflésung wird auf das Endvolumen aufgefllit und der pH-Wert gemessen.
Die fertige L&sung wird durch Filtration Uber hierflr Ubliche keimdichte Filter sterilisiert (zum Beispie! 0,2
wm Porenwsite) und unter Vermeidung partikuldrer und bakterieller Kontamination bis zur Abflilung
aufbewahrt. Als Druckgas bei der Filtration wird Stickstoff verwendet. Eine Lagerung bei Raumtemperatur
(20 - 22° C) soll sinschlieflich der Zeit der L&sungsherstsilung 3 - 4 Stunden nicht Uberschreiten. Bei nicht
sofortiger anschlieBender Gefriertrocknung kann die L&sung noch etwa 36 Stunden bei +4°C bis +6 C
aufbewahrt werden.

Zur Sterilfiitation k&nnen zusitzlich Ubliche Vorfilter (zum Beispiel Sartorius SM 13400 oder Pall LPA)
zum Schutz der Sterilfilter eingesetzt werden.

Reinigung der Injektionsflaschen:

Die Injektionsflaschen werden mit demineralisiertem Wasser warm und kalt und Luit gesplilt. S&mtliche
Reinigungsmedien werden durch Fiitration von Schwebstofien befreit.
Unter Vermeidung von Rekontamination durch Partikel aus der Luft werden die Flaschen mittels HeiBluft
getrocknet und sterilisiert (diskontinuierlich bei 180° C / 2 Stunden).
Die Reinigung der Gummistopfen, mit denen die Injektionsflaschen verschlossen werden, erfoigt unter
Verwendung von demineralisiertem Wasser und beispielsweise einem Reinigungsmittel, bestehend aus
richt ionogenen Tensiden und Phosphorsdureestern in wéssriger LOsung.
Die gereinigten Stopfen werden unter Verwendung von demineralisiertem Wasser oder filtriertem deminera-
lisisrtem Wasser faser-und flusenfrei gesplilt. Die so gereinigten Stopfen werden dann mittels Dampf
sterilisiert.
Die so gereinigten und sterilisierten Injektionsflaschen werden nun aseptisch mit der losfamid-Mesna-
LEsung gefillt und mit dem Gummmistopfen versehen, wobei die Behdlter vor und nach der Flllung mit
Sticksioff begast werden.

Fillmengen:
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Hosfamid Mesna Fiillmenge | Anwendungsvolumen®
200 mg 200 mg 2ml 5ml
500 mg 500 mg 5 ml ' 12,5 mi

1g 1g 10 mi 25 mi

29 2g 20 ml 50 mi

59 5g 50 ml 125 ml

" fiir die spitere Verdlnnung des Lyophilisates *

Die Fillvolumina sollen folgende Grenzen nicht Uberschreiten:

Flllvolumen Grenzwerte der Durchschnittswerte
Einzelflillvolumina des Fiilvolumen
2 mi 1,9-2,1 mi 1,95 - 2,05 m|
5 ml 48-52mi 49-5,1ml
10 ml 9,7 - 10,3 ml 9,85 - 10,15 ml
20 ml 19.4 - 20,6 mi 18,7 - 20,3 mi
50 mi 48,5 - 51,5 mi 49,25 - 50,75 ml

Die Filllvolumina sind statistisch zu {ibsrwachen, wobei mindestens alle 30 Minuten das Fullvolumen Je
Fiillstelle einmal gemessen werden soll.
Die abgefiilliten Injektionsflaschen werden so schnell wie mdglich auf -40° C eingefroren.

Die Bedingungen flir die Gefriertrocknung sind fUr die einzeinen Grden der Injektionsflaschen unier-
schiedlich. Es gelten beispielsweise die folgenden Waerte:
Dauer der Haupttrocknung bei siner Plattentemperatur von +15 * C und 0,8 mbar:
ca. 8 - 10 Stunden flr GeféBe mit
200 mg fosfamid + 200 mg Mesna
ca. 12 - 16 Stunden fiir Gefdfe mit
500 mg Hosfamid + 500 mg Mesna
ca. 13 - 16 Stunden flr GefédBe mit
1 g fosfamid + 1 g Mesna
ca. 25 - 32 Stunden flr GefdBe mit
2 g lfosfamid + 2 g Mesna
ca. 44 - 50 Stunden flir Gefdfe mit
5 g lfosfamid + 5 g Mesna

Dauer der Nachtrocknung ca. 3 - 4 Stunden unter Vakuum von 5x10~*mbar, bei einer Plattentemperatur
von 25° C. Die Restfeuchte (nach K. Fischer) soll unter 0,5% lisgen. Nach Beendigung der Gefriertrocknung
werdsn die Injektionsflaschen verschlossen. Zur Sicherung der Gummistopfen werden B&rdelkappen
aufgesetzt und anroliert. Die fertigen Injektionsflaschen werden auf mechanische Defekie (Spriinge,
fehlerhafter VerschiuB etc.) kontrolliert.

Anspriiche

1. Lyophilisiertes Priparat, bestehend aus Ifosfamid, 0,05 - 1.0 Gewichtsteilen Mesna und 0,1 bis 17
Gewichtstailen Hexit, Mesna und Hexit jewsils bezogen auf einen Gewichtsteil Ifosfamid sowie gegebenen-
falls anderen Ublichen pharmazeutischen Hilfsstoffen.

2. Lyophilisiertes Préparat nach Anspruch 1, dadurch gekennzeichnet, daB es als Hexit Mannit enthlt.

3. Verfahren zur Herstellung eines Ifosfamid-Mesna-Lyophilisates, dadurch gekennzsichnet, daf man
unter sinem inerten Gas eine wissrige oder wissrig-ethanolische Ldsung, die 1 bis 13 Gewichisprozent
lfosfamid enthilt sowie 0,05 - 13 Gewichisteile Mesna, 0,1 bis 17 Gewichisteile Hexit (Mesna und Hexit
jeweils bezogen auf sinen Gewichisteil [fosfamid) und gegebenentalls 0 bis 18,9 Gewichtsteile (bezogen auf
1 Gewichtstsil fosfamid) weiters pharmazeutische Hilfsstoffe, zwischen -70° C und 0° C einfriert, und dem
so erhaltenen Produkt im gefrorenen Zustand das Wasser entzieht.
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4. Yerfahren nach Anspruch 3,
dadurch gekennzeichnet,
dafl zuerst das nicht adsorptiv gebundene Wasser bei einer Temperatur zwischen -30° Cund +40° C und
einem Druck zwischen 10~3 bis 10 mbar und anschliefend adsorptiv gebundenes Wasser bei einer
Temperatur zwischen 0° C und 40" G und einem Druck zwischen 10~* bis 10! mbar entfernt wird.

5. Verfahren nach sinem oder mehreren der vorangegangenen Anspriiche,
dadurch gekennzeichnet,
das als Hexit Mannit verwendet wird.

8. lfosfamid-Mesna-Lyophilisat, erhalten nach sinem oder mehreren der vorangegangenen Ansprliche.

10
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(57) Abstract: The instant invention is directed toward a process for the production of a sterile, stabilized nanodispersion or loaded
micelle comprising a polymer and a biologically active composition; particularly to nanodispersions produced by rehydration of a
freeze-dried cake produced via the direct lyophilization of a stabilized solution comprising a polymer, such as an amphiphilic block
copolymer or a small molecular weight surfactant, a biologically active agent, an optional additive, and a suitable solvent.
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PREPARATION OF STERILE STABILIZED NANODISPERSIONS

FIELD OF THE INVENTION

This application relates to sterile, stabilized
nanodispersions or micelles comprising a polymer and a
biologically active composition; particularly to
nanodispersions or micelles produced by rehydration of a
freeze-dried cake produced via the éirect lyophilization
of a solution cowprising a dispersing agent such as an
amphiphilic block copolymer, or a small molecular weight
surfactant, a biologically active composition, a suitable

solvent, and optionally, an additive.

BACKGROUND OF THE INVENTION

Many important biologically active agents, such as
drugs, are hydrophobic and have limited solubilities in
water. 1In order to attain the expected therapeutic effect
of such agents, it is usually required that a solubilized
form or nanodispersed form of the agent be administered to
a patient.

Thus, a number of methods have been developed which
are based on the use of auxiliary solvents; surfactants;
soluble forms of the drug, e.g., salts and solvates;%
chemically modified forms of the drug, e.g., prodrugs;
soluble polymer-drug complexes; special drug carriers such
as liposomes; and others. Indeed, the uge of amphiphilic
block copolymer micelles has attracted a great deal of
interest as a potentially effective drug carrier which is

capable of solubilizing a hydrophobic drug in an agueous
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environment. Bach of the above methods is hampered by
one or more particular problems, e.g., the method based on
the use of surfactant micelles to solubilize hydrophobic
drugs hag problems in that some of the surfactants are
relatively toxic and that precipitation of hydrophobic
drugs occurs when subjected to dilution.

A variety of methods and procedures have been
described in the prior art for preparing nanodispersions
of hydrophobic compounds, particularly pharmaceutical
preparations. It is known to incorporate hydrophobic
biologically active agents having limited solubility in an
aqueous or hydrophilic environment into block copolymers
which form micelles capable of acting as carriexs for the
biologically active agents.

A variety of methods have been utilized, either alone
or in combination, in order to incorporate or solubilize
one or more biologically active agents, within polymer
carriers. Included among these prior art methods are:

(1) Stirring

This method consists in adding the drug to a
polymeric micelle solution and permitting the drug to
dissolve in the micellar core. Such a procedure yields
generally poor entrapment efficiency mainly because of the
poor affinity of the drug for the agueous medium. The
water solution can then be freeze dried; P
(2) Heating

A drug and a block copolymer are dissolved in an
organic solvent and the solvent is evaporated off at an
elevated temperature (from about 40°C to about 80 °C undex
a nitrogen atmosphere or by rotary evaporator undexr

i
vacuum) . The resulting mixture is kept at a temperature of
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20°C to about 80 °c, preferably at about 40-70°C, for 2
hours. Then, warm water (about 40°C to about 70°C) is
added thereto, and the mixture is stirred until a
polymeric micelle containing drug is formed.

(3) Ultrasonic Treatment

A mixture of a drug and an agqueous solution of a
block copolymer is subjected to ultrasonic treatment for a
period ranging from about 1 second to 1 hour and then
stirred at room temperature to obtain micelles containing
the drug.

(4) Solvent Evaporation

A drug is dissolved in a water-immiscible organic
solvent, for example, dichloromethane, chloroform and the
like, and then added to an agueous solution of a block
copolymer. Subsequently, the organic solvent is slowly
evaporated off, e.g. at 25-40°C while stirring, optionally
under vacuum, and then filtered to remove undissolved
drug.

(5) pDialysis

A drug and a block copolymer are dissolved in a
water-miscible organic solvent. The solution is dialyzed
against a buffer solution and then against water.

In the dialysis method, suitable water-miscible
organic solvents for dissolving drugs may include Tembers
selected from the group comprising acetonitrile,
dimethylformamide (DMF') , dimethylsulfoxide (DMSO) ,
dioxane, dimethylacetamide (DMAC) and the like.

The unloaded drug can diffuse with the organic -
solvent and/or precipitate in the dialysis bag. The

precipitated drug can be removed by filtration. The
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colloidal dispersion is then generally freeze-dried.

(6) Emulsification-Evaporation/Salting Out Procedure
The drug and polymer are dissolved in a water-
immigcible organic solvent which is emulsified in water.
The agqueous phase may or'may not contain stabilizers. The
organic solvent is then removed by evaporation or othexr

methods. If needed, the nanodispersion can be further
purified to remove the stabilizers. Then, the colloidal

dispersion can be freeze-dried.

(7) Spray-Drying

The drug is dissolved in an organic solvent which is
then nebulized so as to obtain drug loaded nanoparticles.
Such a process may not be adapted for temperature-
sensitive drugs and is not optimal to produce particles of

less than 1 pm.

(8) Micronization/Controlled Precipitation/High Pressure
Homogenization

These methods are aimed at producing nanoscaled drug
dispersions. Such techniques can be applied to almost any
kinds of hydrophobic drugs. All require specific
specialized egquipment and/or are difficult to control.

Each of the above procedures are associated with
certain drawbacks. For example, with some of the
procedures the stabilizers need to be removed. Otheés
yvield poor entrapment efficiencies (e.g. equilibration),
relatively large particle sizes (e.g. spray drying) or are
time-consuming (e.g. dialysis).

DESCRIPTION OF THE PRIOR ART

Many studies, literature articles and patents have

peen directed toward the use of amphiphilic block

PCT/CA03/00375
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copolymers having surfactant-like properties, particularly
regarding their use as carriers for hydrophobic drugs.

For example, EP No.0397307A2 discloses polymeric
micelles of an AB type amphiphilic diblock copolymer
which contains poly(ethylene oxide) as the hydrophilic
component and poly{(amino acid dexrivatives) as the
hydrophobic component, wherein therapeutically active
agents are chemically bonded to the hydrophobic component
of the polymer.

EP No. 0583955A2, on the other hand, discloses a
method for physically incorporating hydrophobic drugs into
amphiphilic diblock copolymer micelles described in EP No.
0397307A2. ‘“This method, thus, solves the above
disadvantage of the chemical bond type polymeric micelle
drug

U.S. Pat. No. 4,745,160 discloses a pharmaceutically
or veterinary acceptable amphiphilic, non-cross linked
linear, branched or graft block copolymer having
polyethylene glycol as the hydrophilic component and
poly (D-, L- and DL-lactic
acids) as the hydrophobic components. In the preparation
process, a water-miscible and lyophilizable organic
solvent is used. When a mixture of the polymer, drug and
organic solvent is mixed with water, precipitates are
formed and then the mixture is directly lyophilized éo
form particles. Thereafter, when this particle is
dispersed in water, it forms a colloidal suspension
containing fine particles wherein hydrophilic components -
and hydrophobic components are mixed.

‘In contrast to that which ;s disclosed in the prior

art, the present invention forms a clear solution that can
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be sterilized by filtration (220 nm pore size filtex)
prior to freeze-drying, and yields a storable powder which
is readily reconstituted. What is particularly unique, is
that the micelle or nanodispersion is produced directly
and spontaneously upon addition of an agueous medium.

This is in direct contrast to prior art processes which
must first produce a nanodispersion which is subsequently
lyophilized and then reconstituted. Furthermore, the
instant process suffers no loss of drug during the loading
procedure. '

U.S. Patent No. 6,322,805 discloses a biodegradable
polymeric drug carrier micelle composgition capable of
gsolubilizing a hydrophobic drug in a hydrophilic
environment. The patent discloses a biodegradable
polymeric drug carrier micelle and a hydrophobic drug
wherein the drug is physically trapped within and not
covalently bonded to the polymeric drug carrier micelle.
The drug carrying micelle is capable of dissolving in
water to form a solution thereof, and the drug carrier
comprises an amphiphilic block copolymer having a
hydrophilic poly(alkylene oxide) componenﬁ, and a
biodegradable hydrophobic polymer component selected from
the group consisting of poly(lactic acid), poly(glycolic
acid), poly(lactic-co-glycolic acid), poly(e- .
caprolactone), a derivative thereof and a mixture thereof.
The disclosed micelle is characterized as a solubilizing
agent for a hydrophobic drug. The drug solution thus
obtained may be freeze-dried for long-term storage, and -
the lyophilized biodegradable polymeric micelle-type drug
composition may be restored to its original solution by

using water or an isotonic solution. This patent also
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fails to disclose or suggest a process wherein a sterile
nanodispersion is spontaneously created upon
reconstitution of a lyophilized cake.

U.S. Pat. No. 5,543,158 discloses nanoparticles or
microparticles formed of a block copolymer consisting
essentially of poly(alkylene glycol) and a biodegradable
polymer, poly(lactic acid). In the nanoparticle or
microparticle, the biodegradable moieties of the copolymer
are in the core of the nanoparticle or microparticle and
the poly(alkylene glycol) moieties are on the surface of
the nanoparticle or microparticle in an amount effective
to decrease uptake of the manoparticle or microparticle by
the reticuloendothelial system. In this patent, the
molecular weight of the block copolymer is too high to be
soluble in water, and a nanoparticle can only be prepared
by first dissolving the block copolymer and a drug in an .
organic solvent, forming an o/w emulsion by sonication or
stirring, and then collecting the precipitated
nanoparticles containing the drug. The patent fails to
provide the concept of golubilization of hydrophobic
drugs, nor does it teach or suggest the foxrmation of a
clear, sterilizable solution containing the polymer/drug
blend and subsequent lyophilization thereof, resulting in
a readily dispersible nanodispersion, formed upon .
reconstitution. ’

EP 0520888 Al discloses a nanoparticle made of a
poly(lactic acid) and poly(alkylene oxide) block
copolymer. A high molecular weight poly(lactic acid) is
used and a surfactant iz employed in preparing a colloidal
suspension of the nanoparticles. In this patent,

nanoparticles are prepared by dissolving the block
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copolymer and a drug in an organic solvent, emulsifying
the organic solution in water, and evaporating the organic
gsolvent to precipitate the nanoparticles containing the
drug. The resulting nanoparticles are fine particles
having both hydrophilic and hydrophobic components and
they are not soluble in water.

U.S. Patent 4,370,349 and 4,311,712 disclose a
process for preparing a freeze-dried, potential liposome,
mixture which comprises either (a) dissolving at least one
liposome-forming amphiphilic lipid, at least one
biologically-active compound, and optionally one or more
adjuvants, in a suitable solvent, and then freeze-drying
the solution, or (b) preparing by any known method an
agqueous liposome composition containing at least one
biologically-active compound, and then freeze-drying the
said aqueous liposome composition. The patents are
particularly directed toward a process for preparing an
agqueous liposome composition which comprises dispersing
said freeze-dried, potential liposome, mixture, obtained
by procedure (a) or (b), in a suitable aqueous medium.

The process of the instant invention is not directed
toward liposome production.

The patents fail to disclose the formation of a clear
solution that can be sterilized by filtration (=.g. by use
of a filter media having a pore size of about 220 nm§
prior to freeze-drying, yields a storable powder which is
readily reconstituted, and suffers no loss of drug during
the loading procedure. Furthermore, the patents fail to
teach a method for producing a sterile drug formulation
which, upon the addition of water, produces drug-loaded

micelles or drug nanodispersions stabilized by an

PCT/CA03/00375
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amphiphilic biodegradable polymer.

SUMMARY OF THE INVENTION

In order to overcome the problems encountered by the
prior art, the instantly disclosed invention relies on the
lyophilization of an organic solvent or mixture thereof,
or a mixture of water and organic solvent in which the
biologically active agent, e.g. a drug, the dispersing
agent, e.g. a polymer, copolymer, small molecular weight
surfactant, or the like, and optionally an additive, non-
limiting examples of which include a bulk forming
additive, a cryoprotectant, and a lyoprotectant, is
dissolved. Such a solution can be sterilized by
filtration before lyophilization and subsequently freeze-
dried, forming a powder or cake. The resulting freeze-
dried material can be stored and then redispersed prior to
use by the addition of an agueous solution. The organic
solvent can be collected on the condenser and recycled for
future use.

The instant process illustrates a simple and elegant
procedure for directly obtaining nanodispersions upon
reconstitution, thereby resulting in the formation of

drug-loaded micelles or drug nanodispersions which are

stabilized by a suitable dispersing agent, e.g. an
amphiphilic biodegradable polymexr or copolymef, or
alternatively a small molecular weight surfactant. There

is no loss of the drug during the loading procedure.

Examples of suitable dispersing agents include, but -
are not limited to amphiphilic polymers such as linear,
branched or star-shaped block amphiphilic copolymers where

the hydrophilic part may include at least one member
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selected from a group consisting of poly(ethylene oxide),
poly (N-vinylpyrrolidone), poly(N-2-
hydroxypropylmethacrylamide), poly(2-ethyl-2-oxazoline),
poly (glycidol) , poly(2-hydroxyethylmethacrylate),
poly (vinylalcohol) , polymethacrylic acid derivatives,
poly (vinylpyridinium) , poly ( (ammoniumalkyl)methacrylate),
poly{ (aminocalkyl)methacrylate) and combinations and
derivatives thereof; and

wherein the hydrophobic segment may include at least
one member which is selected from a group consisting of a
poly (ester), poly(ortho ester), poly(amide), poly(ester-
amide), poly({anhydride), poly(propylene oxide),

poly (tetrahydrofuran) and combinations thereof.

The poly(ester) may be at least one member sélected
from a group consisting of poly(s—caprolactone),
poly(lactide), poly(glycolide), poly(lactide-co-
glycolide), poly (hydroxy alkanoates) (e.g. poly (y-
hydroxybutyrate), poly(8-hydroxy valexate)), poly (B-malic

acid), and derivatives thereof.

Non-limiting illustrative ekamples of low molecular
weight surfactants may include at least one member
selected from the group consisting of sodium lauryl
sulfate, hexadecyl pyridinium chloride, polysorbates,
sorbitans, poly(oxy ethylene) alkyl ethers, ’
poly (oxyethylene) alkyl esters and the like, including
various combinations thereof.

Without limiting the scope of the present invention, -
suitable biologically active ageunts for incorporation in a
nanodispersion produced in accordance with the teachings

of the instant invention may include agents such as anti-
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cancer drugs, antiphlogistic anodynes, immuno-
suppressants, hepatism remedies, hormone compositions,
chemotherapeutics, metabolic pharmaceuticals, digestive
disease remedies, respiratory disease remedies, anti-
allergic pharmaceuticals, central nervous system disease
remedies, peripheral disease remedies, and circulatory
disease remedies. In their broadest sense, the
“biologically active agents” of the present invention will
include both human and veterinary medicaments, hormones,
marker compounds, and the like.

The instant invention is most suitable for the
manufacture of formulations containing bioclogically active
agents which are sensitive or which may be degraded by
exposure to adverse pH, temperature, and certain types of
solvent environments.

Hydrophobic drugs which are of particular interest
for incorporation in the present invention may include,
but are not limited to members selected from the group
comprising paclitaxel, doxorubicin, melphalan, docetaxel,
teniposide, etoposide, daunomycin, vinblastine,
indomethacin, ibuprofen, cyclosporine, tacrolimus,
ketoconazole, amphotericin B, fenobibrate and biphenyl
dimethyl dicarboxylate (DDB).

Suitable solvents or mixtures thereof will have&the
ability to dissolve appropriate amounts of the drug,'
without denaturation or degradation thereof. Preferred
solvents (or mixtures of solvents) should remain solid
during the freeze-drying process and should be relatively
inert with regard to rubker seals. The solvent should also
be easily removed under reduced pressure. While numerous

solvents are capable of functioning in accordance with the
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process of the instant invention, non-limiting
illustrative examples of such solvents include t-butanol,
n-butanol, dioxane, pyridine, pyrimidine, and piperidine,
which are useful either alone or in combination, and may
be further admixed, e.g. with water, to form a binary
mixture. It is known that the latter 4 solvents may pose
potential toxicity problems.

Other solvents may be added in small amounts (< 10%)
to facilitate the dissolution of the drug.

Accordingly, it is a principle objective of the
instant invention to provide a process for the formation
of a sterile, loaded micelle or nanodispersion comprising
an amphiphilic biodegradable polymer.

Tt 4is a Further objective of the instant invention to
provide a process whereby a clear solution of the
biologically active agent, polymer and optionally an
additive (e.g. a bulk forming agent, a cryoprotectant, a
lyoprotectant) and/or stabilizer is initially formed with
a suitable solvent prior to lyophilization.

It ig a further objective of the instant invention to
provide a process whereby the solvent used in forming the
clear solution is recyclable.

Tt is a still further objective of the invention to
produce a stable freeze-dried cake which is readily ,
dispersible to form a stabilized drug nanodispersioni

Other objectives and advantages of this invention
will become apparent from the following description taken
in conjunction with the accompanying drawings wherein are -
set forth, by way of illustration and example, certain
embodiments of this invention. The drawings constitute a

part of this specification and include exemplary
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embodiments of the present invention and illustrate

various objectives and features thereof.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a schematic representation of the drxrug loading
procedure using tert-butyl alcohol;
Figure 2 shows the stability of formulation 9 over time

following the additiomn of water.

DETAILED DESCRIPTION OF THE INVENTION

Tn accordance with the schematic representation set
forth in Figure 1, predetermined amounts of bioclogically
active agent, dispersing agent, e.g. a suitable polymer,
copolymer or small molecular weight surfactant and,
optionally, an additive, e.g. a cryoprotectant/ a
lyoprotectant/ a bulk forming agent or the like (e.g.
commercially available poly (vinylpyrrolidone) Kollidon 12
pE® or 17 PF®, BASF) and/or additional stabilizers are
dissolved in a suitable solvent, e.g. tert-butyl alcohol
(TBA) or a binary mixture of TBA and water. For purposes
of this invention cryoprotectant, lyoprotectant and bulk
forming agents will be used interchangeably and referred
to as an “additive”. Other suitable additives include,
but are not limited to poly(ethylene glycol), sugars,
(lactose, trehalose), polyols (mannitol) and amino aéids
coluble in the solvent or solvent mixture. As broadly
recited herein, the term “solvent” is understood to mean a
single solvent, a mixture of solvents, or a binary mixture
of one or more solvents and water. In one illustrative

embodiment, additional dissolution enhancing means may be
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employed to aid in the forming of a solution.
Tllustrative, but non-limiting examples of said
dissolution enhancing means may include a process, for

example, wherein the mixture may be vortexed and sonicated

may also need to be heated to speed up dissolution. The
clear solution thus obtained is stirred gently on a rotary

1

2

3

4

5  for 30 sec, if needed. For some polymers, the solution
6

7

8 ghaker table at room temperature for 30 minutes. The

9

solution is filtered, e.g. through a 0.2pm filter.
10 Subsequently, the solution is rapidly frozen and
11 lyophilized for two days, whereby a dry cake of drug
12 dispersed polymer is obtained.
N Lastly, the freeze-dried cake may be rehydrated with
14 a predetermined amount of water or a solution of saline
15 0.9% or dextrose 5%, whereby a stable nanodispersion is
16 spontaneously produced. The mean particle size is
17 determined by dynamic light scattering.
18
19
20
21
22
23
24
25
26
27

29
30
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Example 1. Incorporation of docetaxel (DCTX) in PVP-b-
PDLLA diblock copolymer micelles via a lyophilization
method using tert-butyl alcohol (TBA) and water mixture.

The PVP-b-PDLLA diblock copolymer was prepared by
ring opening polymerization of D,L-lactide using a PVP-OH
initiator (US Patent 6,338,859 (2002)). It was
characterized by gel permeation chromatography, elemental
analysis and nuclear magnetic resonance Spectroscopy. The
number average molecular weight (Mp), the polydispersity
index and PDLLA content were 4600, 1.3 and 37 mol%,
respectively.

The polymer was dissolved in water, resulting in a
concentration of 146.15 mg/mL. The drug was dissolved in
TBA, resulting in a concentration of 7.14 mg/mL.

In order to obtain a final polymer concentration of 27.14
mg/mL {total final volume 0.7 mL), a pre-determined volume
of pure water was added to the polymer solution (Table 1).
A pre-determined volume of pure TBA was thereafter added
to the aqueous polymer solution to obtain different
water/TBA ratios, taking into account the volume of drug
solution added thereafter.

Finally, the solution of drug in TBA was added, to
reach a final 5 % (w/w) drug loading level.

The clear solution obtained was gently stirred foxr 3, hours

at about &6°C.
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Table 1. Docetaxel Incorporation Protocol.
watexr/TBA 80:20 70:30 60:40 50:50
Volume of polymer solution 0.130 0.130 0.130 0.130
(mL)

Weight of polymer (mg) 19 19 19 19
volume of pure water (mL) 0.430 0.360 0.290 0.220
Volume of pure TBA (mhL) 0 0.070 0.140 0.210
Volume of drug solution (mL) 0.140 0.140 0.140 0.140

Weight of drug (mg) 1 1 1 1
Total volume (mb) 0.7 Q.7 0.7 0.7

Tert-butanol/water ratio = 80:20 v/v.

The solution was filtered through a 0.2 pm filter,

rapidly frozen at -80°C and lyophilized for 48 hours.

The freeze-dried cake was rehydrated with 3 mL of 5%

dextrose. The mean particle size was determined by dynamic

light scattering and monitored for 120h.

The size results are summarized in table 2.
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Table 2.

Size of DCTX-loaded PVP-b-PDLLA block copolymer micelles

prepared by tert-butyl alcohol lyophilization method.

PCT/CA03/00375

Size (nm)
%TBA | 15 min 1h 2h 4h 6h 8h 24h 725 120h
20 38 38 39 39 a4 46 42 41 38
(75%) {71%) (69%) (71%) (82%) (81%) (78%) (87%) (85%)
205 224 246 269 355 344 277 157 121
(25%) (29%) (31%) (29%) (18%) (19%) (22%) (13%) (15%)
30 37 36 398 37 37 37 36 37 40
{89%) (89%)
302 123
(11%) (11%)
40 46 45 46 39 43 49 41 43 41
(82%) (88%) {75%)
224 291 224
(18%) (12%) (25%)
50 42 47 46 46 45 46 19
(69%)
100
(31%)

Example 2. Incorporation of paclitaxel (PTX) in PVP-b-
PDLLA diblock copolymer micelles via a lyophilization

method using tert-butyl alcochol (TBA) and water mixture.

The PVP-b-PDLLA diblock copolymer was prepared and
characterized as described in example 1. The number
average molecular weight (Mp), the polydispersity index and
PDLLA content were 4600, 1.3 and 37 mol%, respectively.

The polymer was dissolved in water, resulting in a
concentration of 146.15 mg/mL. The drug was dissolved in

TBA, resulting in a concentration of 7.14 mg/mL.
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In order to obtain a final polymer concentration of 27.14
mg/mL’ (total final volume 0.7 ml:), a pre-determined wvolume
of pure water was added to the polymer solution (Table 3).
A pre-determined volume of pure TBA was added to the
aqueous polymer solution to obtain different water/TBA
ratios, taking into account the volume of drug solution
added thereafter.

Finally, the solution of drug in TBA was added, to
reach a final 5 % (w/w) drug loading level.
The clear solution obtained was gently stirred for 3 hours

at about 6°C.

Table 3. PTX incorporation protocol.

water/TBA 70:30

Volume of polymer solution (mL) 0.130
Weight of polymer (mg) 19

Volume of pure water (mhL) 0.360

Volume of pure TBA (mL) 0.070

Volume of drug solution (mL) 0.140
Weight of drug (mg) 1
Total volume (mL) 0.7

The solution was filtered through a 0.2 pum filter, rapidly
frozen at -80°C and lyophilized for 48 hours. .

The freeze-dried cake was rehydrated with 3 mL of 5%
dextrose. The mean particle size was determined by dynamic
light scattering and monitored for 24h.

The size results are summarized in table 4.
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Table 4.

gize of PTX-loaded PVP-b-PDLLA block copolymer micelles

prepared by tert-butyl alcohol lyophilization method.

(nm)
Size
% tert-butyl 2h30 24h
alcohol
50 (35%%) 49 (31%)
30 < 3 (33%) < 3 (28%)
558 (32%) 423 (40%)

Example 3. Incorporation of teniposide in PVP-b-PDLLA
diblock copolymer micelles via a lyophilization method

using 1,4-dioxane.

!

The PVP-b-PDLLA diblock copolymer was prepared and
characterized as described in example 1. The number
average molecular weight (M,), the polydispersity index and
PDLLA content were 4600, 1.3 and 37 mol%, respectively.
The polymer was dissolved in water, resulting in a
concentration of 50 mg/mL) . The drug was dissolved in 1,4-
dioxane, resulting in a concentration of 5 mg/mL.

Tn order to obtain a final polymer concentration of 19
mg/mL (total final volume 0.7 mL), a pre-determined volume
of pure water was added to the polymer solution (Table 5).
A pre-determined volume of pure 1,4-dioxane was addedl to
the aqueous polymer solution to cobtain different
water/1l,4-dioxane ratios, taking into account the volume
of drug solution added thereafter.

Finally, the solution of drug in 1,4-dioxane was
added, to reach a final 5.3 % (w/w) drug loading level.

The clear solution obtained was gently stirred for 2 hours

PCT/CA03/00375
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at about 6°C.

Table 5. Tenipogide incorporation protocol.

20

PCT/CA03/00375

water/1,4-dioxane 80:20
Volume of polymer solution 0.266
(mL)

Weight of polymex (mg) 13.3
Volume of pure water (mlL) 0.294
Volume of pure 1,4-dioxane 0

{(mL)
Volume of drug solution {(mL) 0.140
Weight of drug (mg) 0.7
Total volume (mL) 0.7

The solution was filtered through a 0.2 pm filter,
frozen at -50°C and lyophilized for 48 hours.

The freeze-dried cake was

rapidly

rehydrated with 3 mL of 5%

dextrose. The mean particle size was determined by dynamic

light scattering and monitored for 24h.

The size Tresults are summarized in table 6.

Table 6.

Size of teniposide-loaded PVP-b-PDLLA block copolymer

micelles prepared by 1,4-dioxane lyophilization method.

(nm)
Size
% 1,4-dioxane ih 24h
235 (97%) 184 (65%)
20 < 3 (3%) < 3 (23%)
51 (12%)
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Example 4. Incorporation of etoposide in PVP-b-PDLLA
diblock copolymer micelles via a lyophilization method

using 1,4-dioxane.

The PVP-b-PDLLA diblock copolymer was prepared and
characterized as described in example 1. The number
average molecular weight (M), the polydispersity index and
PDLLA content were 4600, 1.3 and 37 mol%, respectively.
The polymer was dissolved in water, resulting in a
concentration of 50 mg/mL. The drug was dissolved in 1,4-
dioxane, resulting in a concentration of 5 mg/mL.

Tn order to obtain a final polymer concentration of 19
mg/mL (total final volume 0.7 mb), a pre-determined volume
of pure water was added to the polymexr solution (Table 7).
A pre-determined volume of pure 1,4-dioxane was thereafter
added to the aqueous polymer solution to obtain different
water/l, 4-dioxane ratios, taking into account the volume
of drug solution added thereafter.

Finally, the solution of drug in 1,4-dioxane was added, to
reach a final 5.3 % (w/w) drug loading level.

The clear solution obtained was gently stirred for 2 hours
at about 6°C.

Table 7. Etoposide incorporation protocol.

water/1l,4-dioxane 80:20 70:30 65:35 50:50
Volume of polymer solution (mL) 0.266 0.266 0.266 0.266
Weight of polymer (mg) 13.3 13.3 13.3 13.3
Velume of pure water (mh) 0.294 0.224 0.189 0.084
Volume of pure 1,4-dioxane (mL) 0 0.070 0.105 0.210
volume of drug solution (mk) 0.140 0.140 0.140 0.140
Weight of drug (mg) 0.7 0.7 0.7 0.7

Total volume (ml) 0.7 0.7 0.7

The solution was filtered through a 0.2 pm filter, rapidly
frozen at -50°C and lyophilized for 48 hours.

The freeze-dried cake was rehydrated with 3 mL of 5%

PCT/CA03/00375
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dextrose. The mean particle size was determined by dynamic
light scattering and monitored for 24h.

The size results are summarized in table 8.

Table 8.

Size of etoposide-loaded PVP-b-PDLLA block copolymexr

micelles prepared by 1,4-dioxane lyophilization method.

(nm)
Size
% 1l,4-dioxane 1h 24h
284 (65%) 257 (68%)
20 < 3 (2B%) < 3 (23%)
51 (9%) 58 (9%)
265 (74%) 273 (77%)
30 < 3 {(17%) < 3 (16%)
45 (9%) 56 (7%)
272 (76%) 274 (75%)
35 < 3 {16%) < 3 (17%)
51 (8%) 56 (8%)
224 (70%) 168 (75%)
50 < 3 {20%) < 3 (19%)
56 (10%) 32 (6%)

Table 9 shows that wupon the addition of water,
colloidal drug dispersions (< 1 pm) were spontaneously

obtained.
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TABLE 9
DRUG NANODISPERSIONS OBTAINED BY THE TERT-BUTANOL
LYOPHILIZATION METHOD

Drug Drug Mean size of
. loadin | concentra resulting
Ex Pg:,y;v'l‘;" Mo | pgditive | DP9 g | tionin particles
(ww% | water (water,26°C)
»* {mg/mL.) (nm)
PVP-b- .

1 PDLLA | 15079 | None Paclitaxel 15 075 65"’; 4310 : 64
(80 :20) o<
PVP-b- Kollidon .

2 | poLLA [15079 | 12PF | Paclitaxel 15 075 | TO%:153%66
(80 :20) ,50/%\ 25% < 3
PVP-b- )

3 PDLLA 15079 None Indomethacin 10 0.5 BOD/ZE 6;48;“ 4
(80 :20) o<
PVP-b- Kollidon .

a4 | pPouA |1s079| 12PF | Indomethacin | 10 0.5 800/560}41 : 42
(80 :20) 50% b <

PHPMA-b-
PCL-b- " 64% : 270+ 71

5 PHPMA 9100 None Paclitaxel 15 0.75 36%: 44 + 15
(71:29)

PHPMA-b- . Kollidon
PCL-b- 12PF . 60% : 177 £ 26

6 PHPMA 9100 50% Paclitaxel 15 0.75 40%: 33+ 6
(71:29) (w/w)

PVP-b-PCL- 87% 294 £ 57

7 b-PVP 11400 None Paclitaxel 15 0.75 12%:60+13
(79:21) 1%:10£2

PHPMA-b-
0L

8 gl_?l';m 13400 | None | Doxorubicin | 15 075 |0 /Z 6;,53 3i 65

(79:21)
PHPMA-b- Kollidon ¥
PCL-b- 12PF . 65%: 32+ 10

9 PHPMA 9100 50% Paclitaxel 5 0.75 23% - 956 + 75

(71:29) (W)

** Based on the amount of {polymer + drug)

Nomenclature of the polymers :

[

PVP-b-PDLLA : Poly(N-vinyl-2-pyrrolidone)-block-poly(D L-actide)
PHPMA-b-PCL-b-PHPMA : poly(N-2-hydroxypropyl methacrylamide)-block-poly(e-
caprolactone)-block-poly(N-2-hydroxypropyl methacrylamide)

PVP-b-PCL-b-PVP : poly(N-vinyl pyrrolidone)-block-poly(s-caprolactone)-block-poly(N-
inyl pyrrolidone)
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Figure 2 shows the stability of formulation 9
following the addition of water. The obtained solution was
optically transparent suggesting the formation of
polymeric micelles (or secondary aggregates of polymeric
micelles). This formulation was stable for at least 13
hours when kept at room temperature.

It is to be understood that while a certain form of
the invention is illustrated, it is not to be limited to
the specific form or arrangement herein described and
shown.. It will be apparent to those skilled in the art
that various changes may be made without departing from
the scope of the invention and the invention is not to be
considered limited to what is shown and described in the
specification and drawings/figures. One skilled in the art
will readily appreciate that the present invention is well
adapted to carry out the objectives and obtain the ends
and advantages mentioned, as well as those inherent
therein. The embodiments, methods, procedures and
techniques described herein are presently representative
of the preferred embodiments, are intended to be exemplary
and are not intended as limitations on the scope. Changes
therein and other uses will occur to those skilled in the
art which are encompassed within the spirit of the
invention and are defined by the scope of the appended
ciaims. Although the invention has been described in
connection with specific preferred embodiments, it should
be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed,
various modifications of the described modes for carrying

out the invention which are obvious to those skilled in

PCT/CA03/00375
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the art are intended to be within the scope of the

following claims.

31 CLAIMS
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What is claimed is:

Claim 1. A process for the production of a
stabilized nanodispersion or loaded micelle containing a
biologically active agent comprising:

forming a solution including at least one dispersing
agent, at least omne bioclogically active agent, and at
least one solvent;

lyophilizing said solution wherein a solid product is
formed; and

rehydrating said solid product; '

whereby said stabilized nanodispersion or loaded

micelle is produced.

Claim 2. A process for the production of a
stabilized nanodispersion or loaded micelle containing a
biclogically active agent comprising:

forming a solution including at least one dispersing
agent, at least one biologically active agent, at least
one additive, and at least one solvent;

lyophilizing said solution wherein a solid product is
formed; and

rehydrating said solid product; .

whereby said stabilized nanodispersion or loaded

micelle is produced.

Claim 3. A process for the production of a -
stabilized nanodispersion or loaded micelle containing a
biologically active agent comprising:

forming a solution including at least one dispersing
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agent, at least one biologically active agent, and at
least one solvent;

filtering said solution to yield a sterile filtrate;

lyophilizing said filtrate wherein a solid product is
formed; and

rehydrating said solid product;

whereby said stabilized nanodispersion or loaded

micelle is produced.

Claim 4. A process for the production of a
stabilized nanodispersion or loaded micelle containing a
biologically active agent comprising:

forming a solution including at least one dispersing
agent, at least one biologically active agent, at least

one additive, and at least one solvent;

filtering said solution to yield a sterile filtrate;

lyophilizing said filtrate wherein a solid product is
formed; and

rehydrating said solid product;

whereby said stabilized nanodispersion or loaded

micelle is produced.

Claim 5. The product produced in accordance wiEh the

process of claim 1..

Claim 6. The product produced in accordance with the

process of claim 2.

Claim 7. The product produced in accordance with the

process of claim 3.

PCT/CA03/00375

0109



WO 03/077882 PCT/CA03/00375

O 0 <N N Bt AWV N

W W oo N NN DR N NN R e e e e e e el
— O OV 0 N 0O W A WN - QO W NN kWD = O

28

Claim 8. The product produced in accordance with the

process of claim 4.

Claim 9. A process in accordance with any one of
claims 1 or 2 or 3 or 4 wherein said step of rehydrating
includes combining said solid product with a sufficient

amount of water, saline solution or dextrose solution.

Claim 10. A process in accordance with any one of
claims 1 or 2 or 3 or 4 wherein said solvent is at least
one solvent selected from the group consisting of t-
butanol, n-butanol, dioxane, pyridine, pyrimidine,
piperidine, combinations thereof, and binary mixtures
including any of said solvents or combinations thereof in

admixture with water.

Claim 11. A process in accordance with any one of
claims 2 or 4 wherein said additive is at least one member
aselected from the group consisting of
poly (vinylpyrrolidone, poly(ethylene glycol)}, lactose,
trehalcose, mannitol, amino acids soluble in said solvent,
or combinations thereof.

Claim 12. A process in accordance with any one éf
claims 1 or 2 or 3 or 4 wherein said forming step further
includes at least one dissolution enhancing means selected
from the group consisting of sonicating, vortexing and .

heating.

Claim 13. A process in accordance with any one of
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claims 1 or 2 or 3 or 4 wherein said dispersing agent is
at least one member selected from the group consisting of
a polymer, a copolymer, a small molecular weight

surfactant, and combinations thereof.

Claim 14. A process in accordance with any one of
claims 1 or 2 or 3 or 4 wherein said biologically active
agent is at least one member selected from the group
congisting of anti-cancer drugs, antiphlogistic anodynes,
immuno-suppressants, hepatism remedies, hormone
compositions, chemotherapeutics, metabolic
pharmaceuticals, digestive disease remedies, respiratory
disease remedies, anti-allergic pharmaceuticals, central
nervous system disease remedies, peripheral disease
remedies, circulatory disease remedies, and combinations.

thereof.

Claim 15. A process in accordance with any one of
claims 1 or 2 or 3 or 4 wherein said biologically active
agent is at least one hydrophobic pharmaceutical
composition selected from the group consisting of
paclitaxel, doxorubicin, melphalan, docetaxel, teniposide,
etoposide, daunomycin, vinblastine, indomethacin,
ibuprofen, cyclosporine, tacrolimus, biphenyl dimeth¥l
dicarboxylate, ketoconazole, amphotericin B, fenobibfate,

and combinations thereof.
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THERAPEUTIC COMPOSITIONS FOR DRUG DELIVERY TO
AND THROUGH COVERING EPITHEL.IA

BACKGROUND QOF THE INVENTION

Field of the Invention

The present invention concerns therapeutic
compositions suitable for delivery of therapeutic agents
to and through cdvering epithelia of nasal, oral or
vaginal cavities as well as through the epithelium of
labia and scrotum. In particular, the invention concerns

the compositions comprising a therapeutic agent and a

polymer, further - optionally in combination with
mucoadhesive agents, penetrations enhancers, release
modifiers and/or other additives and excipients. These

compositions may be prepared as biodegradable or non-
biodegradable foams or £ilms of solid structure or semi-
solid or 1liquid preparation comprising a therapeutic
agent incorporated therein wherein said agent is released
from said compositions upon placement thereof'on the
surface of oxr in the close proximity of a nasal, buccal,
vaginal, labial or scrotal epithelium. Depending on a
presence of specific components present 1n  said
compogitions, the compositions of the invention act
either locally on the covering epithelium or are
delivered through such epithelium to a systemic
circulation. The compositions of the invention have a
controllable rate of gelling, swelling and degradation.
The compositions are either preformed into a device such
as a foam tampon, tampon-like cylinder, strip, pad,
rillow, tube, sheet, sphere, tablet, ring or bead or
single or double sided f£ilm sheet or are applied, as one
component, to a surface of a more complex drug delivery
system which comprises, as a second component, a device
made of a different material, such as a conventional

tampon, tampon-like device, pessary, ring, strip, pad,
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pillow, sheet, tube, sphere, tablet or a bead covered by
sald composition. Liguid composition is supplied and
stored as a spravable system which upon spraying onto an
epithelial surface rapidly gels into a foam layer. The
film is either preformed into sheets of a desirable shape
and size or is sprayed onto the mucosal, 1labial or
scrotal epithelial surface wherein it gels and forms the
foam, film or gel or is applied to a surface and covers
and coats such surface of the wvaginal, nasal, buccal,
gscrotal or labial device.

Background of the Invention and Related Disclosures

The skin, scrotal and labial epithelium and mucous
membranes such as those that line the vagina or nasal and
oral cavity, serve as a protective barrier against the
outside environment so that bacteria and wviruses are

excluded and prevented from entering the body through

this zroute. Besides excluding harmful bacteria and
viruses, the above described barrier i1is also very
effective at excluding chemicals, drugs and

pharmacological agents that are applied to the skin,
labia, scrotum or mucosa. This barriexr is composed of
several layers.

In the skin, the stratum corneum represents a
cornified laver, epidermig is formed of a layer of
stratified squamous epithelial cells, dermis is formed of
a thin layer of cells that interdigitates with the
epidermis and a basement membrane covers the capillary
plexus leading to the systemic circulation.

Like the skin, the covering epithelium of nasal,
vaginal or oral cavities, labila and scrotum are lined by
multiple layers of stratified, sguamous epithelium that
forms a protective barrier for exclusion of bacteria and
other foreign substances. The epithelium 1lining the
nasal, vaginal or oral cavity represents the surface of

a mucus-secreting mucosga. Mucosa is thus a mucus-
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secreting membrane lining body cavities and canals. Labia
is formed by non-mucosal non-cornified epithelium.
Scrotum is formed by non-mucosal lightly cornified
epithelium which is not the same as the cornified layer
of the skin.

Because of the presence of the barrier preventing
the entry of'bacteria, viruses and various chemicals,
problems were encountered with attempted delivery of
pharmacological agents through these tissues.
Consequently, the therapeutic effect of nasal, buccal or
vaginal medications were, until now, confined primarily
to the external or internal topical use. It would thus
be advantageous to provide compositions which would
conveniently, efficiently and practically permit a drug
delivery topically or to the systemic circulation wvia
nasal, buccal, vaginal, labial or scrotal epithelium.

In order to permit passage of pharmacological agents
through the skin barrier, attempts were made to discover
and/or develop compounds which would enhance their
penetration through these barriers. The most well known
of these penetration enhancers is dimethyl sulfoxide
(DMSO) . DMSO has the ability to rapidly alter the cell
membrane characteristics to allow substances to pass
between the cells, into the cell and through the cell.
These unique characteristicg have made this compound
usefui in the laboratory as a permeation enhancer and as
a cryoprotectant for cell freezing. Unfortunately DMSO is
not safe for human use and has been banned for human use
by the Food and Drug Administration.

A second skin permeation enhancer,Aethoxydiglycol,
known under its trade name TRANSCUTOL®, has been recently
developed and introduced for topical use and is primarily
used to promote delivery of skin tanning agents into the
epidermis and into the dermal layer of the skin.

In vitro evaluation of ethoxydiglycol as permeation

PCT/US2003/034643
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enhancer for transdermal delivery of clonazepam is

described in Eur. J. Pharm. Sci., 9:365-372 (2000). This

publication evaluates the influence of ethoxydiglycol
alone or in combination with propylene glycecl, on
clonazepam permeation through an artificial membrane and
on excised (ex vivo) rabbit ear skin from carbopol
hydrogels. The article describes an increase of drug
permeation through the skin as a function of
ethoxydiglycol content in the formulation, and concludes
that ethoxydiglycol is a good enhancing carrier for
clonazepam and increases the flux of the drug into the
gskin and across the skin if combined with propylene
glycol which has penetration and carrier properties.

Until recently, however, ethoxydiglycol has not been
used for or shown to promote the transmucosal delivery of
the drug across the nasal, buccal and vaginal mucosa or
through the labia or scrotum into the systemic
circulation or described to have such properties. Prior
use of ethoxydiglycol to promote transvaginal delivery
wag disclosed by inventors and such use is described in
patents 6,086,909, 6,197,327 B1, 6,416,779 Bl, 6,572,874
Bl and pending applications Ser. Nos.: 10/226,667 filed
on August 21, 2002 and 10/349,029 filed on January 22,
2003, all hereby incorporated by reference.

While these patents and applications describe
mucosal and transmucosal drug delivery, they do not
describe in great details such delivery wusing a
biodegradable or non-degradable compositions, although
these compositions could provide advantage of being
efficacious, convenient, practical, simple, functional,
soft and pliable and non-intrusive when prepared and
easily confirming to a surface of the scrotal, labial,
vaginal, oral or nasal epithelium when sprayable or dried
into a film when prepared as foame and films and easily

confirming to a surface of cornified and non-cornified
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Thug, it would be advantageous to have available
therapeutic compositions which would promote delivery of
pharmacological agents to the cornified oxr non-cornified
epithelium of the labia, scrotum, vaginal, nasal or oral
cavity and facilitate access of these pharmacologically
active agents locally or through these tissues into the
general systemic circulation.

Transvaginal compositions for delivery of drugs to
the uterus through wvaginal mucosa have been recently
discovered and déscribed in patents 6,086,909, 6, 416,779
B1, 6,572,874 Bl and 6,197,327 Bl. These compositions
are typically prepared as transmucosal formulations or,
preferably, as a device incorporated with said
transmucosal formulation.

It has now been discovered that specifically
formulated compositions, particularly those formulated
into solid, semi-solid oxr liquid foams or films can
overcome generally observed prcblems caused by the above
described protective barriers which effectively prevent
translabial, transscrotal oxr transmucosal drug delivery
through the nasal, buccal, vaginal, labial or scrotal
epithelium into the general circulation.

It is therefore an object of the present invention
to provide a therapeutically useful compositions for
delivery of therapeutic agents to and through cornified
and non-cornified epithelia lining the nasal, oral, ox
vaginal cavity and the labia and scrotum. Such delivery
comprises compositions formed into biodegradable or non-
degradable foam and film formulations that are soft,
pliable, and non-intrusive when prepared and easily
conformable to the surface of the scrotum, labia, nasal,
oral, or wvaginal cavity.

All patents, patent applications and publications

cited herein are hereby incorporated by reference.
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SUMMARY OF THE INVENTION

One aspect of the present invention is

a
therapeutically useful composition comprising at least a
substrate polymer compound or a mixture thereof and a
therapeutically effective agent formulated into a
biodegradable or non-degradable foam or f£ilm of different
rigidity and viscosity as solid, semi-solid, or liquid
formulation.

Another aspect of the current invention is a
therapeutic composition comprising a substrate polymer
formulated into a biodegradable or non-degradable solid,
semi-gsolid or 1liguid foam or film, said composition
additionally containing a mucoadhesive agent, release
modifier, penetration enhancer, sorption promoter and/or
another pharmacologically acceptable excipient and
additive.

Still another aspect of the current invention is a
polymeric foam or. film composition particularly suitable
for a vaginal, nasal, buccal, labial, scrotal topical or
transepitheliél delivery of therapeutically effective
agents locally topically or to the general circulation.

Yet another aspect of the current invention is a
polymeric foam or film composition having incorporated
therein a therapeutically effective agent selected from
the group consisting of anti-inflammatory agents, local
anesthetics, calcium channel antagonists, potassium
channel blockers, PR-adrenergic agonists, vasodilators,
cyclooxygenage inhibitors, antimicrobial, antiviral,
antifungal, antipsychotic, anti-osteoporotic, anti-
migraine, anti-HIV, anti-epileptic, anti-neoplastic,
chemotherapeutic, anti-psychotic, anti-neurogenerative
agents, opioid analgesics and Dbiotechnology-derived
pharmacological agents, such as proteins and peptides.

Still another aspect of the current invention is a

method for using a polymeric bio-degradable or non-
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degradable foam or £ilm compositions for delivery of
therapeutic agents locally or systemically to the general
blood circulation wherein said compositions comprise a
therapeutically effective agent selected from the group
consisting of . anti-inflammatory agents, local
anesthetics, calcium channel antagonists, potassium

channel Dblockers, R-adrenergic agonists, vasodilators,

cyclooxygenase inhibitors, antimicrobial, antiviral,
antifungal, antipsychotic, anti-osteoporotic, anti-
epileptic, anti-psychotic and-neurogenerative anti-

migraine, anti-HIV, anti-neoplastic and chemotherapeutic
agents and biotechnology-derived pharmacological agents,
such as proteins and peptides.

Still yet another aspect of the current invention is
a biodegradable or non-degradable mucosal, transmucosal,
labial, translabial, scrotal and transscrotal foam or film
compogition for delivery of a therapeutic agent to and/or
through mnasal, buccal, vaginal, labial or scrotal
epithelium, said composition consisting of from about 1 to
about 95% of a polymer sgelected from the group consisting
of microcrystalline cellulose, polyacrylic acid,
polyvethylene glycol, polypropylene glycol, divinyl glycol,
polyethylene oxide, polypropylene oxide, carboxymethyl
cellulose, hydroxyethyl cellulose, polylactide,
polyglyceolide, polymethacrylic acid, poly-y-benzyl-L-
glutamate, polypropylene fumarate, poly-e-caprolactone,
polybutylene terephthalate, polyvinyl alcohol, polyvinyl
ether, poly-1l-vinyl-2-pyrrolidinone, 2,5-dimethyl-1,5-
hexadiene, divinyl benzene, polystyrene-divinyl benzene,
polyanhydrides such as poly-bis (p-carboxy-phenoxypropane) -
co-sebacic acid, polvhydroxyalkanoates, poly-B3-
hydroxybutyrate, poly-P-butyrolactone, alkyl-substituted
silica gel, tetraethylorthosilicate,
dimethyldiethoxysilane, pectin, c¢ollagen, or a mixture

thereof, wherein said composition is prepared into a foam
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preformed into a device such as a tampon, tampon-like
cylinder, strip, pad, pillow, tube, £ilm, sheet, sphere,
tablet, ring or bead, or prepared as a £ilm, or incorporated
into or applied, as one component, to a suxrface of a more
complex drug delivery system which comprises, as a second
component, a device made of different material, such as a
conventional tampon, tampon-like device, pessary, ring,
strip, pad, pillow, sheet, tube, sphere, tablet or a bead
partially or totally covered or coated by said foam or f£ilm
wherein said composition is supplied and stored as solid,
gsemi-solid, or liquid preparation, which upon contact with
the epithelial tissue or on the surface of a device
maintains or rapidly changes the physical appearance to
accommodate the anatomical and therapeutic needs at the site
of administration.

Still yet another aspect of the current invention is
a foam tablet or a dissolvable foam tablet for
administration of a pharmacologically effective agent alone
or incorxporated into a device for insertion into nasal, oral
or vaginal cavity or placed in close contact to the labia
or scrotum. '

Yet another aspeét of the current invention is a
biodegradable or non-degradable film comprising a
pharmacologically effective agent suitable for placement on
a surface of nasal, oral, wvaginal, 1labial or scrotal
epithelium.

DEFINTTIONS

Az used herein:

“Covering epithelia” means tissues in which cells are
organized in layers that cover the external surface or line
cavities of the body. Histologically, epithelial tissues
can be divided into covering epithelia and glandular
epithelia. This invention concerns covering mucus-secreting
epithelia, such as the nasal, buccal and vaginal but also

covering labial and scrotal keratinized epithelia.
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“WMucosal” means delivery of the drug locally to the
vaginal, nasal or buccal mucus-secreting epithelia.

“Transmucosal” means delivery of the drug systemically
through the <wvaginal, nasal or buccal mucus-secreting
epithelia into the systemic circulation.

“Buccal” means delivery of the pharmacclogical agent
to the mucosa lining the oral cavity.

“Iabial” means delivery of the pharmacological agent
locally to the labia.

“Translabial” means delivery of the pharmacological
agent systemically through the non-mucosal non-cornified
labial epithelium to the systemic circulation.

“Serotal” means delivery of the drug locally to the
gcrotum.

“Transscrotal” means delivery of the drug systemically
through the scrotal non-mucosal lightly cornified epithelium
into the systemic circulation.

wornified” means keratinized tissue.

“Agent”, “pharmacologically effective agent”,
“pharmacologically acceptable agent”, “pharmacological
agent”, “an active pharmacologically acceptable agent” or

“drug” means a natural or synthetic chemical compound which
induces a biological or therapeutic effect when administered
to a mammal, including human subject, through the mucosal
or labial or scrotal epithelium.

“Pharmaceutical agent” or “pharmaceutically acceptable
agent” means an excipient, typically pharmacologically
inactive.

ZReleagse modifier” or ‘“carrier” means a compound able
to aid in the release of the drug from the composition.

"Alginic acid” means alginic acid or a salt thereof,
guch as alginic acid sodium salt.

“Non-ionizable glycol derivative” means a synthetic ox
non-naturally occurring conjugate of aliphatic glycol or a

conjugate of aliphatic glycol with aliphatic or aromatic
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alcohol or ether, such as ethoxydiglycol known under its
trade name TRANSCUTOL®, or mixtures thereof.

ZWTRANSCUTOL®” means ethoxydiglycol also known under the
name of diethyleneglycél monoethyl ether.

“AVICEL®” means microcrystalline cellulose of nominal
size 50 microns, commercially available from FMC
Biopolymers. ,

"NOVEON®” means polycarbophil or polyacrylic acid
crosslinked by di-vinyl glycol.

“Poloxamer” means a family of ethylene oxide-propylene
oxide block copolymers, also known as a copolymers of
polyoxyethylene and polyoxypropylene.

“Carbopol” means polyacrylic acid polymers lightly
cross-linked with a polyalkenyl polyether, commercially
available from B. F. Goodrich.

BRIEF DESCRIPTION OF FIGURES

Figure 1 illustrates a release of ketorolac
tromethamine from the alginic acid hydroxypropyl
methylcellulose foams into a pH 4.2 phosphate buffer.

Figure 2 shows a release of ketorolac from alginic acid
film into a synthetic vaginal fluid at pH 4.2.

Figure 3 shows a water uptake and dissolution of
hydroxypropyl methylcellulose and hydroxypropyl
methylcellulose-Avicel foams at different percentile
mixtures.

DETAITLED DESCRIPTION OF THE INVENTION

The current invention describes therapeutically useful
biodegradable or non-degradable foam or film compositions
and a method for topical epithelial or transepithelial
delivery of therapeutic agents to and across a nasal,
buccal, vaginal, 1labial or scrotal epithelium into the
general systemic circulation.

The foam or film compositions of the invention permit
efficacious delivery of pharmacologically active agents

locally directly to the vaginal, nasal or buccal epithelia
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or through a penetration of the wvaginal, nasal, buccal,
labial or scrotal epithelium into the general systemic
circulation. The new compositionsg, in combination with new
delivery routes, avoid problems connected. with the oral
administration which often leads to drug deactivation, or
with the invasive intravenous, intramuscular,
intraperitoneal, intracutaneous, cutaneous or subcutaneous
routes of delivery requiring injections, wvisit to the
doctor’s office and/or assistance of medical personnel.

The newly discovered routes of topical epithelial or
transepithelial nasal, buccal, vaginal, labial or scrotal
administration are noninvasive, require no assistance by
medical personnel or visit to the doctor’s office, eliminate
the need for excessive doses of the drug needed for oral
delivery, and are altogether more convenient, practical and
economical. The transepithelial delivery of drugs across
the vaginal, nasal, buccal, labial, or scrotal epithelium
according to the invention bypasses the gastrointestinal
tract absorption, liver metabolism and kidney deactivation
and delivers the drug locally or directly to the systemic
blood circulation. Moreover, all foam or f£ilm compositions
are eminently practical, non-intrusive and comfortable as
they are soft and pliable and easily conformable to a tissue
surface. i

The foam compogitions may e preformed into a
structural foam which is either biodegradable or non-
degradable and easily takes on the contouring of the tissue
surface. The f£ilm compogitions may be conveniently used
alone as a one or multilayered one-sided or a two sided
nasal, buccal, vaginal or labial film inserts or placed or
spraved on the scrotal and other tissue surface or used as
a coating on the non-£film devices, even as a coating on the
foam device.

Moreover, the compositions of the invention, due to the

chemical properties of their components‘combined with their
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processing, promote and permit delivery of the drug with
variable chemical properties, such as drugs with variable
drug stability, solubility and absorption into the tissue,
and permit elimination of side effects observed with
administration of higher doses of these drugs, because the
drug is delivered 1locally or directly to the blood
circulation aided by the composition’s mucoadhesive,
adhering and penetration properties. These wvariable
chemical properties depend on the presence of a compound
acting as a mucoadhesive or release modifying agent,
typically a hydrophilic or hydrophobic polymer, alone or in
a combination with another polymer, and/or further in
combination with appropriate penetration enhancers or
sorption promoters and/or release modifiers, depending on
the drug.

I. Therapeutic Compositions

Therapeutic compogitions according to the invention
comprise essentially a hydrophilic or hydrophobic polymer
component, preferably the hydrophilic polymer, in
combination with a pharmacologically effective agent, said
combination processed into a polymer foam or film. This
combination has been found to efficaciously deliver the
therapeutic agents to and through nasal, oral or wvaginal
mucosal epithelium as well as through the non-cornified or
lightly cornified epithelium of labia and scrotum. A
therapeutic agent incorporated into the foam or £ilm is
released from said composition upon placement of said
composition on the surface of vaginal, nasal or oral mucosal
epithelium and the epithelium of the labia and scrotum and
acts either locally or penetrates through the tissue, or
both. The foam or film of the invention has a controllable
rate of gelling, swelling and degradation.

The foam or f£ilm composition of the invention comprises
at least two components, namely a polymer, preferably a

hydrophilic polymer or a mixture thereof, which typically
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has mucoadhesive or carrier properties, and a therapeutic
agent or a mixture thereof, but may, additionally, contain
another mucoadhesive agent, release modifier, penetration
enhancer, sorption promoter and/or another pharmaceutically
acceptable excipient and additive.

The foam or film compositions of the invention are
particularly suitable for a topical and transepithelial
vaginal, mnasal, buccal, labial and scrotal delivery of
therapeutic agents locally or to the general circulation.
Representative therapeutic agents are anti-inflammatory
agents, local anesthetics, calcium channel antagonists,
potassium channel blockers, R-adrenergic agonists,
vasodilators, cyclooxygenase inhibitors, antimicrobial,
antiviral, antifungal, antipsychotic, anti-osteoporotic,
anti-migraine, anti-HIV, anti-neoplastic, anti-epileptic,
anti-neurodegenerative and chemotherapeutic agents, and
biotechnology-derived pharmacoclogical agents, such as
proteins and peptides.

The compositions of the invention are preferably
formulated into the solid, semi-solid or ligquid foams or
films.

A. Foam Formulations

The foam formulations suitable for delivery of
pharmacological agents comprise a foam preformed into a
specific shape of solid structure or a semi-solid or liquid
preparation, which forms a foam layer upon contact with the
epithelial tissue or the surface of ‘a device. The
pharmacologically effective agent may be incorporated before
foam formation or by coating of the inner pores of a
prefabricated polymeric foam scaffold or coating or surface
of the foam or £ilm.

Drugs and other additives can be added to a
prefabricated polymeric foam scaffold by gpraying the foam
with a dilute solution of the drug or additive in methylene

chloride or ethanol. Preferably the gquantity of solution,
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the temperature, and the ambient air velocity are such that
the solvent evaporates immediately after the solution is
absorbed within the foam or on its surface. This process
ig similar to that used when applying coatings to pills.

The volume of solution applied per gram of foam is
gselected such that a substantial portion of the foam is
coated. Having determined the appropriate solution volume,
the drug concentration is selected so that the desired drug
dose per unit weight or per unit volume is obtained.

Alternatively, drugs and additives can be incorporated
by emulsion coating where water-in-oil or oil-in-water
emulsions prepared in polymer solution is forced through a
prefabricated foam scaffold by applying wvacuum. After
solvent evaporation, a polymer f£ilm containing the drugs and
additives is ‘then deposited on the porous scaffold surface.
Processing parameters of this emulsion coating are known to
the gkilled in the art and any type of process, additilves
and equipmeﬁt required to optimize stability and release of
pharmacological agents from within the scaffold structure
are intended to be within the scope of this invention.

1. Fabrication of Foams

The present invention concerns foam compositions
suitable for delivery of therapeutic agents to and through
the nasal, buccal, vaginal, labial, and scrotal cornified
and non-cornified epithelia. Said compositions of
biodegradable or non-degradable foams having solid, semi-
solid, or ligquid structure may be prepared by processes
known in the art that introduce porosity in a polymer
matrix, namely by lyophilization, aeration, freeze drying,
hydrocarbon templating, salt or particulate leaching, gel
or solvent casting, gas expansion, sintering, polymerization
of high internal phase emulsions, and free form fabrication
techniques such as three-dimensional polymer printing. The
most preferred process to fabricate foams is lyophilization,

which is described in detail below. Examples of the process
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applications that may be used to fabricate foams included
in the invention have been disclosed previougly. See, for
example, Proc. Natl. Acad. Sci. USA, 97, 1970-1975 (2000);
Polymexr, 35, 1068-1077 (1994); J. Biomat. Sci. Polym. Ed.,
7, 23—28‘(1995); Biomaterialg, 17, 1417-1422 (1996); J.
Biomed. Mat. Regs., 30, 449-461 (1996); J. Contrelled Rel.,
40, 77-87 (1996); Biomaterials, 24, 3133-3137 (2003) and J.
Controlled Rel., 87, 57-68 (2003)).

Lyphilized foams are open cell, high-surface-area,
biodegradable or non-degradable constructs that can be
manufactured from a variety of polymers, preferably from
hydrophilic polymers. The foam materials are characterized
by controlled chemical and physical properties that can be
tailored according to their intended application.

Tuneable properties include hydrophilicity, rate of
fluid absorption, degradation profile and dissolution rate,
a measure of which is the time needed to complete
disappearance of the foam. The release of the drug, water
uptake and dissolution of the foams or £ilms are illustrated
in Figures 1-3.

The invention thus can be a foam that hydrates and
forms a gel quickly and is capable of dispersing over a
relatively large area. The invention can also be a foam
that hydrates and forms a gel slowly to provide sustained
release of a therapeutic agent over hours or days. These
properties are advantageously modifiable by changing
polymers, ratios of the polymers to each other or to the
drug and/or additives, as seen in Figures 1 and 3.

Typically, the lyophilized foam is prepared by
dissolving an appropriate polymer, preferably a hydrophilic
polymer, or a mixture thereof serving as a sgubstrate
material, as listed below in section C, in an amount needed
to prepare solution from 1 to 10% (w/w) in an agueous oOr
non-agueous solvent, such as methanol, ethanol, glycerine,

methylene, chloride, propylene glycol, propylene carbonate,
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glycofurol, cetyl alcohol, difluroethane and isopropyl
alcohol, preferably a purified water. Alternatively,
polymeric solutions with the drug and additives may be
prepared in acetic acid, cyclohexane, acetonitrile, tert-
butanol, ethanol, -and isopropanol or in mixtures of agqueous
and non;aqueous solvents.

Compositions are prepared by dissolving an appropriate
amount from about 0.01 to about 2000 mg or more, of a
selected pharmacological agent or a mixture of two or more
of such agents in a suitable solvent, preferably purified
water, mixing this solution together with the polymer
gsolution for from about 10 minutes to about several hours,
preferably about 15-60 minutes, freezing said mixture at
from -60°C to about -100°C, preferably at -80°C, into a
desirable shape, for example by pouring said mixture, before
freezing, into a wvial, pan, plate, tube, etc., of a
desirable shape or into a foam sheet and, when frozen,
cutting said sheet into a structure of a degirable shape and
iyophilizing said frozen mixture by using any type of
appropriate lyophilizer or lyophilizing equipment.
Lyophilization conditions and apparatuses and equipment are
known in the art and any type of lyophilization process or
equipment is intended to be within the scope of thig
invention.

Typically, the polymer or polymer mixture and drug
golution, as described above, ig first frozen for at least
15 minutes, and typically at least 30 minuteg, in a form
having the shape and size desired for the finished
lyophilized £foam. For water solutions, the freezing
temperature 1s from 0°C to -80°C and preferably less than
-10¢°C. After freezing, the frozen samples are ejected or
removed from the forms, optionally by brief warming on the
outgide of thekforms. The frozen samples are placed in
trays pre-cooled to a temperature below the freezing point

of the solvent. While under vacuum, the sampleg are then
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converted to foams by lyophilization (freeze-drying) at 0°C
to -80°C and preferably below -20°C for about 48 hours to
about 144 hours. Less time or more time may be reguired
depending on the foam or film thicknesgs and composition.
After the water has been removed, the foams or films are
warmed to room temperature, typically while still under
vacuum. The procedure yields therapeutically useful foams
or films containing a drug incorporated therein.

In the alternative, a closed-cell form can be prepared
by aeration process. In this process, a polymer solution
is rapidly mixed in a mixer such as Oakes mixex, by high-
shear mixing blades, while air or another gas is injected.
The resulting foam can be metered into molds or gpread as
a thin layer onto a substrate film. The foam can then be
dried under ambient conditions or with heat.

Alternatively, the above foam can be frozen and
lyophilized according to the procedures described above.

2. Biodegradable and Non-Degradable Foam

In one embodiment, thisg invention concerns compositions
formulated into a foam for delivery of therapeutic adgents
to or through nasal, buccal, wvaginal, labial, and scrotal
epithelia. Physical and chemical properties of foams of the
invention can be tailored to optimize their intended use,
which is achieved by controlling the rate of release of the
pharmacologically active agents incorporated into foamsg with
salid compositions. Drug release from the delivery device can
occur by diffusion or erosion, or by a combination of both,
leading to immediate, controlled, or pulsed delivery of the
agent to or through the nasal, buccal, vaginal, labial, or
scrotal epithelia.

The rate of drug release depends on physicochemical
properties of the drug, the composition of the foam, and the
surrounding media at the site of administration wherein pH,
ionic strength, temperature, buffer capacity, enzyme

activity, and cellular activity are only a few examples of
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variable that have an influence.

Foam sgscaffolds, fabricated from compositions that
undergo degradation at the site of administration into
smaller wunits or polymers by various mechanisms, are
clasgified as biodegradable systems. Biodegradable polymers
are preferably designed to allow drug release by bulk or
surface erosion and include natural and synthetic polymers
alone or in combination with representative but not limiting
examples of polysaccharides such as alginate, dextran,
cellulose, collagen, and chemical derivatives thereof,
proteins such as albumin and gelatin and copolymers and
blends thereof, polvhydroxy acids such as polylactides,
polyglycolides and co-polymers thereof, polyethylene
terephthalate, polybutiric acid, polyvaleric acid,
polyvlactide-co-caprolactone, polyanhydrides,
polyorthoesters, and blends and co-polymers thereof.

Non-degradable foam systems in this invention are the
system whereiln compositions resist a destruction of the
three-dimensional function of the delivery system at the
gsite of administration allowing drug release predominantly
by diffusion from the composition. Representative but not
limiting examples of non-bicdegradable polymers that may be
used exclusively or in combination with biodegradable
polymers to fabricate foam compositions with desired
characteristics as described by this invention include
polyamides, polyethylene, polypropylene, polystyrene,
polyvinyl chloride, polymethacrylic acid, and derivatives
thereof élone or as co-polymeric mixtures thereof.

3. Shape of Foam

Foam compositions can be prepared by lyophilization in
a . range of sizes and a variety of shapes including foam
films, sheets, pillows, tubes, cylinders, spheres, tablets,
rings, beads or any other desirable shape using an
appropriate processes known in the art that introduce

porosity in a polymer matrix, namely lyophilization,
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aeration or freeze drying, hydrocarbon templating, salt or
particulate leaching, gel or solvent casting, gas expansion,
sintering, polymerization of high internal phase emulsions,
and free form fabrication techniques such as three-
dimensional polymer printing.

The foam ig preformed into a device such as a tampon,
tampon-like cylinder, strip, pad, pillow, tube, film, sheet,
sphere, tablet, ring, bead or any other shape as might be
desirable or is applied, as a one component, to a surface
of a more complex drug delivery system which comprises, as
a second component, a device made of a different material,
such as, for example, a conventional vaginal tampon, tampon-
like device, pessary, ring, strip, pad, pillow, sheet, tube,
sphere, tablet or a bead covered by said foam.

Drug-containing £foams can be utilized as stand-alone
drug delivery platforms wherein the drug is incorporated
into and is a part of the foam, or they can be used as one
component of a more complex drug delivery system which may
also comprise a suppository, tampon, or tampon-like device.
The drug can be incorporated into the composition before
foam formation of solid, semi-solid, or liquid structure,
or it can be incorporated by partially or totally coating
of the inner pores or a surface of a prefabricated polymeric
foam scaffold. '

A preferred route to deposit the drug would be to spray
the foam with a concentrated drug solution, followed by
drying of the solvent. .

Drugse and other additives can be added to a lyophilized
foam by spraying the foam with a dilute solution of the drug
or additive in methylene chloride or ethanol. Preferably
the quantity of solution, the temperature and the ambient
air wvelocity are such that the solvent evaporates
immediately after the solution is absorbed within the foam.
This process is similar to that used when applying coatings

to pills.
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The volume of solution applied per gram of foam should
be selected so that a substantial portion of the foam is
coated. Having determined the appropriate solution volume,
drug concentration is selected so that the desired drug dose
per unit weilght or per unit volume is obtained.

Alternatively, and less preferably, the drug solution
can be metered by a nozzle onto the foam. This method may
give less uniform coverage and slower solvent removal that
the spraying method described above.

4, Release of the Drug From the Foam

In use, the preformed foam device is placed in a closge
contact with the epithelium in the nasal, oral, wvaginal
cavity or covering the labia and scrotum or the fcam is
formed in situ at the degired site of administration using
a suitable composition that generates a porous foam
structure immediately after administration, for example
using sprayable or gellable composgitions. The time of
contact is determined by the desired therapeutic action of
the drug and the release profile of the agents from the foam
composition. Most preferred contact with the epithelium is
at least two hours following in vivo placement. Optimal
release of pharmacologically active agents can be attained
up to 72 hours by the teachings of this invention. Longer
drug release is possible by utilizing mixtures of polymers
and/or additives permitting a long-term sustained extended
drug release.

The release profiles are controlled by varying the
composition of incorporated polymers and other additives,
which affect porosity and density as well as by varying size
of the device as will be apparent to those skilled in the
art. Biodegradable foam systems begin to disintegrate into
gsmaller units upon interaction with components at the gite
of administration. As the breakdown of the device occurs,
drug is released from the foam following immediate,

controlled or pulsed release kinetics.
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Preferably, the active ingredient is continucusly
released for at least 8 hours after contact with the
epithelium. Pulsed release can be desired for the first few
hours, followed by a slower “maintenance” release rate up
to 72 hours. Similar delivery profiles of drugs may be
achieved using non-biodegradable foam systems whereas the
rate of delivery of the pharmacologically active agent to
or through the epithelial tisgssue is predominantly controlled
by dissolution.

The device of the invention has good adhesive
properties to maintain close contact to the epithelium at
the gite of administration. Adhesion may require interaction
of polymeric compositions in this device with components at
the site of administration such as water or ions.

Alternatively, foam compositions in the inventions may
contain excipients that promote inherent adhesive properties
of the device after administration. Adhesion of the device
permits secure positioning of the device when worn and
asgsures desgired delivery of the active agent over the time
frame beneficial to the therapy of the disease.

The active ingredient can primarily affect the surface
of the epithelium where administered, which results in
topical or local treatment of a disease or, alternatively,
the primary effect occurs at a therapeutic target that is
digtinctly separated from the site of administration and,
therefore, relies on systemic distribution of the active
agent following transfer across the epithelial tissue into
the systemic circulation. Upon contact with the mucus layer
covering the vaginal epithelium, the lyophilizied foam first
adsorbs fluid, which initiates the release of the active
agent by dissolution and, simultaneously, supports the
degradation process of the foam structure into a gel that
possesses good structural integrity to deliver sumatriptan
for a prolonged period prior to further dissolution into a

liguid. This feature facilitates adhesion of the device and
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helps to control the rate of delivery of the active
ingredient.

The time required for the devices of the invention to
attain substantial dissolution to a liquid up to a point
when the foam or £ilm device structure is no longer evident
ig called the dissolution time and can be determined using
in vitro dissolution techniques. At the time of complete
dissolution, the biodegradable foam has completely dispersed
ag smaller polymer units within the nasal secretion, saliva
or vaginal fluid. Therefore, there is no need to remove the
device and normal excretion from the nasal, buccal oxr
vaginal cavity will be completed by the continuous flow of
physioclogical vaginal secretion.

A dissolution pattern and water uptake are seen in
Figure 3. Drug release from the foams or films of the
inventions is controllable and may be changed by design.
Specifically, certain polymers permit faster water uptake
into the foam or gel resulting in faster release of the
drug. Other polymers or mixtures, particularly those
containing hydroxypropyl methylcellulose contribute to a
slower water uptake and a decreased rate of the drug
release. Water uptake rate is one indicator of the ability
of a foam to release a drug. To determine the water uptake
rate from foams, microcrystalline cellﬁlose (Avicel) and
HPMC, alone or in combination, were evaluated. Foams were
prepared for this study according to Examples 5-7.

B. Film Compositions

In one embodiment, the invention concerns a polymer
formulated into a film for topical or transepithelial
vaginal, buccal, mnasal, 1labial or scrotal delivery of
therapeutic agents. The polymer films of the invention are
high-surface-area sheets that are prepared from a variety
of polymer solutions which are processed into a film.

Similarly to the foame, films of the invention are

characterized by their controlled chemical and physical
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prcperties that can be tailored accorxding to their intended
application. Tuneable properties include hydrophilicity,

rate of fluid absorption and degradation profile including

a dissolution rate. The films of the invention thus release

the active ingredient by dissolution or erosgion or a
combination of these mechanisms which may depend on
interaction of the film composition with components at the
site of administration, including but not limiting to fluid
and ions. This will attain desired bicadhesive properties
of the film and contrxrol the release rate of the agent as
required by the therapeutic regimen for hours or days.

Typically, the film is prepared by dissolving an
appropriate polymer, preferably a hydrophilic polymer, ox
a mixture thereof serving as a substrate material, as listed
below, in an amount needed to prepare a solution of from
about 1 to about 10% (w/w), 1in an agueous or non-agueous
solvent, such as methanol, ethanol, glycerine, methylene,
chloride, propylene glycol, propylene carbonate, glycofurol,
cetyl alcohol, diflurocethane and igopropyl alcohol,
preferably purified water. A selected pharmacological
agent or mixture of two or mwmore such agents in an
appropriate amount from about 0.01 to about 2000 mg and
occasionally more, is then dissolved in an agueous or non-
aqueous solvent, preferably a purified water. Both
solutions are mixed together for from about 10 minutes to
about several hours, preferably about 15-60 minutes, said
mixture is spread over the flat surface or plate, such as
a glass plate in a layer from 0.5 to about 2 mm, preferably
about 1 mm, using, for example, a TLC coater and let dry at
25°C for as long as it takes for the water to completely
evaporate. The film layer typically dries in about 24 to
about 148 hours, usually in about 70 hours. Alternatively,
the film may be prepared by spraying said mixture and
drying.

In alternative embodiments, polymeric solutions with
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the drug and additives way be prepared in acetic acid,
cyclohexane, acetonitrile, tert-butanocl, ethanol, and
isopropanol or in mixtures of aqueous and non-agueous
solvents.

1. Single Layer Films and Multiple-layver Films

Single-laver £ilms containing drugs would be
particularly useful applications where the £film is in
contact with tissue on both sides. Thus the drug would be
able to diffuse out from both sides of the film.

Two-layer or more than two-layer films will be useful
when a distinct function isg required from the second layer.

For example, for buccal applications, a drug-eluting layer
is most desirable against the mucous membrane. On the
oprosite side, however, a second barrier f£ilm layer may be
useful to prevent loss of the drug into the saliva and the
digestive system. Useful barrier film polymers include
polyethylene terephthalate, polyethylene, and nylon.

As a functional example of a multi-layer £ilm, a multi-
layer film would consist of a barrier film as described
above, a middle layer which serves asgs the primary reservoir
for the drug, and a third layer comprising mucocadhesives
and/or zrelease modifiers, which contacts the body and
controls the adhesion of the film to the tissue and the rate
at which the drug is released from the reservoir layer.

2. Film v. Foam Compositions

A polymer film is a uniform layer of material, usually
less than 4 mm thickness, composed at least partly of a
polymer which provides structural integrity. A film can
optionally have a multilayer structure where each layer has
a distinct composition. Normally the entrapped air in a
film will be much less than 10% by volume. Thicker polymer
layers up to 0.5 inches thick are usually referred to as
sheets.

For ﬁhe films of the current invention, the production

method is to create a solution of at least one polymer.
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This solution can contain additional soluble and non-soluble
polymers, drugs, transcutol, excipients, etc. The solution
can be uniformly spread or spraved over a £flat surface
(glass, paper, or another polymer sheet) and allowed to dry
under ambient conditions or optionally with some heat.
After the solvent evaporates, a film remains which can be
peeled off. Films, due to their thinness, provide good
patient comfort for nasal, buccal, wvaginal, labial oxr
scrotal applications. '

In contrast, a polymeric foam may consist of a polymer
composition, as described above, which contains at least
10%, and usually greater than 50%, void volume filled by air
or another gas. For lyophilized foams, one starte with a
solution of polymers and additives. Normally at least one
polymer is water-soluble. After pouring the solution into
molds of the desired shape, the solution is frozen solid.
The frozen solutions, optionally after removal £from the
molds, are lyvophilized at a low temperature, e.g. -40°C, and
at low pressure until the water content has been reduced to
a low level. After warming the samples under dry
conditions, lyophilized foams in the shape of the mold are
obtained. Foams are soft three-dimensional devices which
can be particularly convenient for wvaginal and labial
treatments.

C. Subgtrate Materialg for Producing Feocam or Film

Compositions

Substrate materials for preparation of foam or film
compogitions of the invention are polymers, hydrophilic or
hydrophobic, preferably hydrophilic polymers. These
polymers may be used singly or in combination with each
other. They may be used in variable concentrations and ratio
to each other when in admixture of two or several polymers.

Non-exclusive 1list of substrate polymers comprises
cellulose and cellulose derivatives, microcrystalline

cellulose, polyacrylic acid, polyethylene glycol,
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polypropylene glycol, divinyl glycol, polyethylene oxide,
polypropylene oxide. Other possible polymers include the
cellulose derivatives such as carboxymethyl cellulose,
hydroxyethyl cellulose, polylactide, polyglycolide,
polymethacrylic acid, poly-vy-benzyl-L-glutamate,
polypropylene fumarate, poly-&-caprolactone, poly-butylene
terephthalate, polyvinyl alcochol, polyvinyl ether, poly-1-
vinyl-2-pyrrolidinone, 2,5-dimethyl-1,5-hexadiene, divinyl
benzene, polystyrene-divinyl benzene, polyanhydrides such
as polvybisp-carboxy-phenoxypropane-co-sebacic acid,
polvhydroxyalkanoates such as poly-RB-hydroxybutyrate or
poly-B-butvrolactone, and alkyl-subsgstituted silica gel such
as tetraethylorthosilicate and dimethyldiethoxysilane.
1. Hydrophilic Polymers

Examples of hydrophilic polymers suitable for a foam
or film manufacture include hydroxypropyl methylcellulose
(HPMC) , sodium carboxymethylcellulose, polyethylene glycol
(PEG), alginic acid, alginic acid sodium salt, pectin,
gelatin, collagen, polyvinyl pyrrolidone, poloxamer,
acrylic-acid baged polymers, such asg carbopol, noveon,
polyurethanes, polyvinyl alcohol, chitosan, hydroxypropyl
cellulose, polyethylene oxide, fibronectin, hyaluronic acid,
polysacéharide gums such as karaya gum, polyacrylamide,
polycarbophil, dextran, xanthan gum, polyacrylamide,
polyvacrylamide, crosslinked polymethyl vinyl ether-co-maleic
anhydride, commercially available as Gentrez™, gelatin, corn
starch and mixtures thereof.

2. Hydrophobic Polvmers

Examples of hydrophobic polymers suitable for formation
of the foam and or film are, among others, polypfopylene
oxide, polyamides, polystyrene, and polymethacrylic acid.

Examples of suitable and preferred substrate materials
and mixtures thereof for preparation of foams and films are
listed in Table 1.
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Table 1
Polymers Composition Foxm
(% polymer)
HPMC 1.0 Films
2.5 Films
5.0 Films
Gelatin 1.0 Films
2.5 Films, Rods
5.0 Films, Rods
10.0 Films, Rods
5 Gelatin/HPMC 1.0 Films
(50/50) 2.5 Films
5.0 Films
10.0 Films
Alginic Acid 1.0 Films
2.5 Films, Rods
5.0 Films, Rods
10.0 Films
Alginic Acid/HPMC 1.0 Films
(50/50) 2.5 Films
5.0 Films
10 Alginic Acid/PEG 400 5.0 Films, Rods
(25/75)
Alginic Ac id/PEG 1400 5.0 Films, Rods
(25/75)
Alginic Acid/PEG 4000 | 5.0 Films, Rods
15 (25/175)
Alginic Acid/PEG 400 5.0 Rods
w/ Ketoconazole
{(25/75)
20 Carbopol 0.5 Films
1.0 Films
2.5 Films
Noveon 0.5 Films
1.0 Films
2.5 Films
Pectin 1.0 Films
2.5 Films, Rods
5.0 Films, Rods
10.0 Rods
Pectin/HPMC 1.0 Films
(50/50) 2.5 Films
5.0 Films
25 Collagen 0.5 Films
1.0 Films
2.5 Films
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Alginic acid used is alginic acid sodium salt.

3. Additives

Foam and film formulations can comprise solely of two
components, namely the polymer described above and the
therapeutic agent described below in section D, or they can
contain additional components including a variety of
excipients and additives, such as release modifiers,
mucoadhesive agents, and/or penetration enhancers/sorption
promoters, fillers, dyes, etc., or other pharmaceutically
acceptable excipients and additives.

a. Mucoadhesive Agents

As described above, the foam or £ilm compositions of
the invention contain a polymer, which may or may not have
mucoadhesive properties. In many cases, the polymer,
particularly a hydrophilic polymer, has a certain degree of
mucoadhesgive properties. Such properties advantageously
support ability of the composgition of the invention to
adhere to the mucosal, 1labial or scrotal epithelium,
however, it may or may not be sufficient to achieve the
complete mucoadhesion for local adherence of the composition
to the tissue or provide a sufficient support for a
transepithelial, translabial or transscrotal delivery of the
pharmacological agents. In such a case, the composition may
conveniently contaiﬁ still another mucoadhesive agent to
achieve the prolonged and close contact with the tissue,
adhesion of the composition to the tissue and interaction
of the drug with the mucosal, labial or scrotal surface.

The mucoadhegive agent used to increase the adhesion
of a film or foam device to a mucous membrane is preferably
a polymer such as hydroxypropyl methylcellulose,
carboxymethylcellulose, polylactide-co-glycolide, chitosan,
chitosan ester or trimethylene chloride chitosan, sodium
alginate, poloxamer, carbopol, pectin, or another cellulose
derivative. Hydroxypropyl methylcellulose (HPMC) is

particularly preferred for use in the present invention as
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it can be one of the gubstrates for preparation of the foam
or film. Other examples of mucoadhesive agents include
polyacrylic acid, hyaluronic acid, polyvinyl alcchol,
polyvinyl pyrrolidomne, polycarbophil and carbopol.

The muccadhesive agent 1s typically present in from
about 0.5 to about 10%.

b. Penetration Enhancers/Sorption Promoters

For delivery of drugs into the gystemic circulation
using transmucosal, translabial or transscrotal
compogitiong, the composition additionally comprises a
sorption promoter or penetration enhancer.

Sorption promoters or penetration enhancers are either
ionizable or non-ionizable molecules that alter physical
and/or biochemical barrier properties of the epithelia
resulting in enhanced transfer of pharmacologically active
agent to the systemic circulation.

Ionizable permeation enhancers include cationic,
anionic, and zwitterionic excipients that are suitable to
improve transfer of hydrophilic and lipophilic drug
molecules across covering epithelia of the vaginal, nasal,
oral cavity and labial or scrotal surfaces.

Preferred anionic permeation enhancers include
derivatives of fatty acids, bilé acids, phosphoric acid
esters, carboxylates, and sulfates/sulfonates. For
gimplicity, godium counterion is shown for anionic
permeation enhancers, which is not limiting and includes any
other biocompatible counterion that is currently known to
thelskilled in the art or will be discovered in the future.

Specifically, preferred anionic permeation enhancers
include sodium caproate, sodium caprylate, sodium caprate,
godium laurate, sodium myristate, sodium palmitate, sodium
palmitoleate, sodium oleate, sodium ricinoleate, sodium
linoleate, sodium stearate, sodium lauryl sulfate, sodium
tetradecyl sulfate, sodium laryl sarcosine, sodium dioctyl

sul fosuccinate, sodium cholate, sodium taurocholate, sodium
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glycocholate, sodium deoxycholate, sodium taurodeoxycholate,
sodium glycodeoxycholate, sodium ursodeoxycholate, sodium
chenodeoxycholate, sodium taurochenodexoycholate, sodium
glycol chenodesoxycholate, sodium cholylsarcosine, sodium
N-methyl taurocholate, sodium tauro-24,25-dihydrofusidate,
disodium polyoxyethylene-10 oleyl ether rhosphate,
esterification products of fatty alcohols or fatty alccohol
ethoxylates with phosphoric acid or anhydride, ether
carboxylates, succinylated monoglycerides, sodium stearyl
fumarate, steaoryl propylene glycol hydrogen succinate,
mono/diacetylated tartaric acid esters of mono- and
diglycerides, citric acid esters of mono- and diglycerides,
glyceryl-lacto esters of fatty acids, lactylic esters of
fatty acids, alginate salts, ethoxylated alkyl sulfates,

alkyl benzene sul fones, o-olefin sulfonates, acyl
igethionates, acyl taurates,. alkyl glyceryl ether
sulfonates, 'octyl sulfosuccinates disodium, disodium
undecylenamideo-MEA-sulfosuccinate, phogphatidic acid,

phosphatidyl glycerol, polyacrylic acid, hyaluronate sodium,
glycyrrhetinic acid, ethylene diamine tetraacetate and
sodium citrate.

Cationic ;pérmeation. enhancers include ammonium and
pyridinium salts. For simplicity, chloride conterion is
shown for cationic permeation enhancers, which is not
limiting and includes any other biocompatible counterion
that is currently known to the gkilled in the art or will
be discovered in the future. Specifically, preferred
cationic permeation enhancers include chitosan, trimethyl
chitosan, poly—L—arginine chitosan, poly-L-lysine chitosan,
aminated gelatin, hexadecyl triammonium chloride, decyl
trimethylammonium chloride, cetyl trimethylammonium
chloride, alkyl benzyldimethylammonium chloride, diisobutyl
phenoxyethoxydimethyl benéylammonium chloride, ethyl
pyridinium chloride, isopropyl pyridinium chloride, N-

lauryl,N,N-dimethylglycine, N-capryl,N,N-diethylglycine,
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polyoxyethylene-15 coconut amine, poly—L—iysine, poly-L-
arginine.

Zwitterionic permeation enhancers include naturally
occurring and synthetic compounds that exhibit simultaneous
positive and negative charges at the site of administration.
Specifically, preferred zwitterionic permeation enhancers
include lecithin, 1lysolecithin, hydroxylated lecithin,
lyvysophosphatidylcholine, phosphatidylcholine,
phosgphatidylethanolamine, phosphatidylserine, didecanoyl-L-
a-phosphatidylcholine, laurolylcarnitine, acylcarnitine,
palmitoyl-D,L-carnitine. '

Concentration of these enhancers varies significantly
from compound to compound, however, they are preferably used
in concentration from aboﬁt 0.01 to about 60%, and more
preferably from about 10 to about 15%.

Non-ionizable glycol ether derivative is a
polvoxyethylene alkyl ether, ester or a glycol derivative
with glycerol ester represented by a compound selected from
the group consisting of polyoxyethylene alkyl ether such as,
for example, polyoxyethylene lauryl ether, polyoxyethylene
monooleyl ether and ethoxydiglycol, polyoxyethylene alkyl
phenol, such as, for example polyoxyethylene nonylphenol and
polyvoxyethylene octylphenol ether, polyoxyethylene sterol,
such as, for example polyoxyethylene cholesterol ether and
polvoxyethylene soya sterol ether and cyclodextrins, such
as, for example, o-cyclodextrin, B-cyclodextrin, Y-
cyclodextrin, dimethyl-P-cyclodextrin, methylated-p-
cyclodextrin, 2-hydroxypropyl-§-cyclodextrin and sorbitol.

Non-iconizable glycol ester derivative is a
polyoxyethylene glycol ester, polyoxyethylene glycerol
fatty acid ester, polyoxyethylene glycerol fatty acid ester,
polyoxyethylene glyceride or polyoxyethylene vegetable or
hydrogenated oil, said derivative represented by a compound
gselected from the group consisting of polyoxyethylene glycol

ester, such as, for example, polyoxyethylene monooleate,
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polyoxyethylene dilaurate, polyoxyethylene mono and
dioleate, polyoxyethylene glycerol fatty acid ester, such
as, for example, polyoxyethylene glyceryl laurate and
polyoxyethylene glyceryl oleate, polypropylene glycol fatty
acid ester, such as, for example, propylene glycol oleate
and propylene glycol stearate, polyoxyethylene glyceride,
such as, for example, polyoxyethylene sorbitan monooleate
and polyoxyethylene tristearate, polyoxyethylene vegetable
or hydrogenated oil, such as, for example, polyoxyethylene
hydrogenated castor oil, polyoxyethylene almond oil,
polyoxyethylene apricot kernel oil, polyoxyethylene caprylic
or capric glyceride and lauroyl macrogol glyceride.

Non-ionizable glycol derivative with glycerol ester is
represented by glycol derivative with glycerol ester, such
as, for example, polyoxyethylene oleate and polyoxyethylene
glyceryl stearate.

In polymer compositions used for formation of foam or
films according to the invention, the variable or non-
ionizable enhancers are present in an amount from about 0.01
to about 60%, preferably from about 5 to about 25%, most
preferably from about 10 to about 15%, by weight.

The most preferred non-ionizable glycol derivative is
ethoxydiglycol, also known as TRANSCUTOL®, commercially
available from Gattefosse, Westwood, N.J.

c. Release Modifiers

In order to achieve desirable drug release from the
mucosal, transmucosal, labial, translabial, scrotal, or
trangscrotal foam or film compositions, the pharmacological
agent is optionally incorporated into a vehicle or carrier
for which the drug has low affinity and which promote a drug
release fxrom the foam or film or which can meodify a rate of
such release. Hence, lipophilic drugs are incorporated into
hydrophilic modifiers and lipophilic drugs are incorporated
into hydrophilic carriers.

Hydrophilic modifiers include polyethylene glycol 200,
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polyethylene glycol 8000, poloxamer, polyoxyethylene
glycerylcocoate and carbopol.

Hydrophobic modifiers include Suppocire AS2, Suppocire
AS2X, suppocire CM, Witepsol H15, Witepsol W25, mineral oil,
corn oil, paraffin oil, canola oil, castor oil, cottonseed
0il, lecithin, peanut oil, sesame oil, soybean oil and
hydrogenated vegetable oil.

Release modifiers may be present in the composition in
the amounts from about 5% to about 70% by weight.

d. Additional BExcipients and Additives

1. Scolubilizing Agents

Solubilizing agents are used to increase the solubility
of an agent in a formulation during the production of a
device or, alternatively, to increase the solubility of an
agent in fluids of tissue during the use of a device.

Any pharmaceutically acceptable solubilizing agent may
be used. Preferred solubilizing agents are polyethylene
glycol (PEG), cyclodextran, glycofurol, propylene glycol,
propylene carbonate and surfactants.

Solubilizing agents are typically added in amount from
about 5% to about 30%.

2. Buffering Agents

Buffering agents are used for control of the pH of the
immediate environment of the device in order to control or
enhance the release of an agent. Any pharmaceutically
acceptable buffering agent or a mixture thereof may be used
for the purposes of this invention. Exemplary buffering
agents are potassium metaphosphate, potassium phosphate,
monobasic soddium acetate, sodium carbonate, sodium
bicarbonate, boric acid, tartaric acid, tris citrate and
triethanolamine.

Buffering agents are typically added in amount from
about 1% to about 10%.

3. Fillers

Fillers are inert ingredients used to increase the gize
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or improve the usability of a device. Any pharmaceutically
acceptable filler may be conveniently used for the purposes
of this invention. Exemplary fillers are calcium carbonate,
silicon dioxide, titanium dioxide, paraffin, stearic acid,
talc, wax and zinc stearate.

Fillers are typically added in amount from about 5% to
about 15%.

4. Preservatives

Preservatives are used to prevent the growth of
microorganisms during storage. All pharmaceutically
suitable preservatives may be used. The preferred
preservatives are benzalkonium chloride, propyl paraben,
benzyl alcohol, sorbic acid, phenol, phenylethyl alcohol,
BHA and BHT.

Preservatives are typically added in amounts from about
0.01% to about 5%.

5. Plasticizers

Plasticizers are compounds used to soften the film or
foam. Exemplary plasticizers are glycerin, water,
polyethylene glycol, propyléene glycol, sorbitol ' and
triacetin, to name a few.

Plasticizers are typically added in amount from about
5% to about 25%.

6. Surfactants

Surfactants, such as Tween 80, sodium lauryl sulfate
and Brij, may be advantageously added as needed in amount
from 0.01% to about 5%.

7. Antioxidants

Antioxidants suitable to be used for foams and filﬁs
are selected from ascorbic acid, BHA, BHT, sodium bisulfite,
vitamin E, sodium metabisulphite and propyl gallate and may
be added in amounts from 0.1% to about 3%.

D. Pharmacological Agents

Foam or film compositions of the invention are suitable

for topical or transepithelial delivery of any
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pharmacological agent or a mixture of two or more agents
which asserts a therapeutic effect when delivered locally
to vaginal, nasal, buccal, labial or scrotal epithelium or
can be delivered to the systemic circulation through the
vaginal, mnasal, buccal, labial or scrotal epithelium.

a. Represgentative Pharmacological Agents

Representative pharmacological agents which may be
conveniently delivered using foams or £films of this
invention are groups of anti-inflammatory agents, calcium
or potassium channel antagonists, [(-adrenergic agonists,
vasodilatoxs, topical anesthetics, cyclooxygenase
inhibitors, antimicrobial, antiviral, antipsychotic, anti-
epileptic, antifungal, anti-osteoporotic, anti-migraine,
anti-HIV, anti-neurocdegenerative, anti-cancer agents, opioid
analgesics, and biotechnology-derived  pharmacological
agents, such as proteins and peptides. Non-limiting
representative examples of these drugs are nonsteroidal
anti-inflammatory drugs which include aspirin, ibuprofen,
indomethacin, diclofenac, phenylbutazone, bromfenac,
fenamate, sulindac, nabumetone, ketorolac, and naproxen.

Examples of calcium channel antagonists include
diltiazem, israpidine, nimodipine, felodipine, verapamil,
nifedipine, nicardipine, and bepridil.

Examples of potassium channel Dblockers include
dofetilide, almokalant, sgematilide, ambasilide, azimilide,
tedisamil, sotalol, piroxicam, and ibutilide.

Examples of B-adrenergic agonists include terbutaline,
salbutamol, metaproterenol, and ritodrine.

Vasodilators include nitroglycerin, isosorbide
dinitrate and isosorbide mononitrate.

Examples of cyclooxygenase  (COX) inhibitors are
acetylsalicylic acid, naproxen, ketoprofen, ketorolac,

indomethacin, fenamate, ibuprofen, diclofenac, tenoxicam,

bromfenal, celecoxib, nabumetone, phenylbutazone, rofecoxis,

sulindac, meloxicam and flosulide.
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Examples of local anesthetics include lidocaine,
mepivacaine, etidocaine, bupivacaine, 2-chloroprocaine
hydrochloride, procaine, and tetracaine hydrochloride.

Examples of anti-osteoporotic drugs are bisphosphonates
selected from the group consisting of alendronate,
clodronate, etidronate, pamidronate, tiludronate,
ibandronate, alpadronate, residronate, neridronate and

zoledronic acid.

Examples of antifungal, antimicrobial drugs are
miconazole, terconazole, isoconazole, fenticonazole,
fluconazole, nystatin, ketoconazole, clotrimazole,

butoconazole, econazole, metronidazole, clindamycin, 5-
fluoracil, acyclovir, AZT, famovir, penicillin,
tetracycline, erythromycin, amprenavir, amividine,
ganciclovir, indivaris, lapinavis, nelfinavir, rifonavir and
saguinar.

Examples of anti-migraine drugs are almotriptan,
eletriptan, flavotriptan, naratriptan, rizatriptan,
sumatriptan, zolmitriptan, ergotamine, dihydroergotamine,
bosentan and lanepitant.

Examples of anti-neoplastin or chemotherapeutic drugs
are vincristine, cisplastin, doxorubicin, daunorubicin,
actinomycin D, colchicin, digoxin, etoposide, topoteéan,
irinotecan, paclitaxel, docetaxel, cyclophosphamide,
methotrexate, gemcitabine, mitoxantrone, topotecan,
teniposide, vinblastine and mytomycin C.

Examples of anti-HIV drugs are saquinavir, ritonavir,
indinavir, amprenavir, nelfinavir, lopinavir and
ganciclovir.

Examples of antinausea drugs are aprepitant, cyclizine,
dolasetron, domperidone, dronabinol, levonantradol,
metoclopramide, nabilone, ondansetron, prochlorperazine,
promethazine and tropisetron.

Examples of opioid analgesics are buprenorphine,

dynorphin A, fentanyl, Met-enkaphalin, morphine, naloxone,
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pentazosine and spiradoline.

Examples of antiepileptic drugs are carbamazepine,
clonazepan, phenobarbital, phenytoin, primidone, and
valproate.

Examples of anti-psychotic drugs for treatment of
neurogenerative diseases are bromocriptine, carbidopa,

galantamine, memantine, pergolide, selegiline, tacrine and

trihexyphenidyl.

Examples. of drugs for treatment of psychiatric
disorders are alpraﬁolam, amitriptyline, amoxapine,
bupropion, buspirone, chlordiazepoxide, chlorpromazine,

clozapine, diazepam, f£luoxetine, fluphenazine, haloperidol,
imipramine, loxapine, metrotiline, oxazepam, paroxetine,
perephenazine, phenelzine, pimozide, prazepam,
protriptyline, risperidone, selegiline, sertraline,
thoridazine and trazodone.

Examples of antinausea drugs are aprepitant, cyclizine,
dolasetron, domperidone, dronabinol, levonantradol,
metoclopramide, nabilone, ondansetron, prochlorperazine,
promethazine and tropisetron.

Examples of biotechnology-derived drugs are insulin,
calcitonin, somatostatin, vasopressin, luprolide, oxytocin,
bivalirudin, integrilin, natrecor, abarelix, gastrine G197
peptide, =ziconotide, cereport, interleukins, humanized
antibodies and growth hormone.

b. Doges of Pharmacological Agents

Pharmacological agents are added in amount which is
therapeutically effective locally or systemically.
Typically, the drug will be added in amount from about 0.01
to about 2000 mg as shown below. Occasionally, the dose may
exceed 2000 mg range up to 20,000 mg, particularly when
there is a repeated administration.

Calcium channel antagonists: bepridil (50-1600 mg),
diltiazem (30-1500 mg), felodipine (1-50 mg), israpidine (1-
20 mg), nicardipine (30-600 mg), nifedipine (15-650 mg),
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nimodipine (100-1400 mg), verapamil (100-1500 mg).

Potassium channel blockers: almokalant, ambasilide,
azimilide, dofetilide (0.2-5 mg), ibutilide (0.3-5 mg),
sematilide, sotalol, (80-1300 mg), tedisamil.

f-Adrenergic agonists: metaproterenol (20-240 mg),
ritodrine (100-2000 mg), salbutamol (0.1-5 mg), terbutaline
(1-60 mg) .

Vasocdilators: isosorbide dinitrate (10-500 mg),
isosorbide mononitrate (10-250 mg), nitroglycerin (2-150
mg) .

Cyclooxygenase inhibitors: acetylsalicylic acid (5-8000
mg) , bromfenac, celecoxib (100-2400 mg), diclofenac (50-800
mg) , fenamate, flosulide, ibuprofen (600-6,000 myg),
indomethacin (30-600 mg), ketoprofen (50-1200 mg), ketorolac
(5-200 mg), meloxicam (2-60 mg), nabumetone (500-4,000 mg),
naproxen (100-3000 mg), phylbutazone, rofecoxib (5-200 mg),
sulindac, tenoxicam.

Local anesthetics: 2-chloroprocaine (50-2400 mg),

bupivacaine (50-1600 mg), etidocaine, lidocaine (10-150 mg),

mepivacaine (25-1600 mg) , procaine (150-3,000 mg) ,
tetracaine.
Anti-osteoporotic drugs: alendronate (2-160 mg),

alpadronate, clodronate (1-3200 mg), etidronate (2-1400 mg),

ibandronate (0.01-100 mg), neridronate (0.1-200 mg),
pamidronate (1-3,000 mg), residronate (0.05-50 mg),
tiludronate (0.02-400 mg), zoledronic acid (0.0S—iSO mg) .

Antimicrobial drugs: acyclovir (100-4,000 mg) ,
amprenavir (150-7,200 mg), amivudine (10-1200" mg),

butoconazole, clindamycin (75-20,000 mg), clotrimazole (5-
200 mg), econazole (2-100 mg), erythromycin (100-16,000 mg) ,
famovir, fenticonazole, fluconazole (50-1600 mg) ,
ganciclovir (250-12,000 mg), indinavir (400-9,600 mg),
isoconazole, ketoconazole (1-6400 mg), lopinavir (50-2000
mg), metronidazole (100-10,000 mg), miconazole (600-15,000
mg), nelfinavir (300-10,000 mg), nystatin (0.5-12 Mio U),

0152



WO 2004/041118 PCT/US2003/034643

39

penicillin VK (100-8000 mg), ritonavir (150-4800 mg),
saquinavir (300-15,000 mg), terconazole (2-400 mg),
tetracycline (300-16,000 mg). |

Antimigraine drugs: almotriptan (2-100 mg), bosentan
(50-1000 mg) , dihydroergotamine (1-20 mg), eletriptan (1-400
mg) , ergotamine, flavotriptan, lanepitant, naratriptan (0.5-
20 mg), rizatriptan (2-120 mg), sumatriptan (10-800 mg),
zolmitriptan (0.5-40 wmg).

Antineoplastic/Chemotherapeutic drugs: actinomycin D,
cisplatin (5-400 mg/m?) , colchicin (0.1-50 mg) ,
cyclophosphamide (50-800 mg), daunorubicin, docetaxel,
doxorubicin (50-2,500 mg/m?), etoposide, gemcitabine (70-
4,000 mg/m?) , irinotecan, methotrexate (0.2-40 wmyg),
mitoxantrone (0.05-2 mg/m?), wmytomycin C, paclitaxel,
teniposide, topotecan, vinblastine, vincristine (1-200 mg) .
' Biotechnology-derived drugs: abarelix, bivalirudin
(0.5-1000 mg), calcitonin (100-20,000 1IU), cereport,
gastrine G17 peptide, growth hormones, humanized antibodies,
insulin, integxrilin (0.1-1400 mg), interleukins, luprolide,
natrecor (0.001-2 mng) , oxytocin (0.01-10,000U),
somatostatin, vasopressin (0.1-40,000U), ziconotide.

Antinausea drugs: aprepitant (40-600 mg), cyclizine,
dolasetron (25-400 mg), domperidone, dronabinol (1-60
mg/m?) , levonantradol, metoclopramide (10-200 mg), nabilone,
ondansetron (4-75 mg) , prochlorperazine (5-600 mg),
promethazine (5-200 mg), tropisetron.

Opioid analgesics: buprenorphine (0.5-2000 mg),
dynorphin A, fentanyl (0.1-10 mg), met-enkephalin, morphine
(30-1000 mg), naloxone (0.1-3000 mg), pentazocine (50-1500
mg), spiradoline.

Antiepileptic drugs: carbamazepine (100-9,600 mg),
clonazepam (3-60 mg), phenobarbital (15-800 mg), phenytoin
(150-1200 mg), primidone (5-3000 mg), valproate (350-12,000
mg)

Drugs in neurodegenerative diseases: bromocriptine
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(0.5-400 mg), carbidopa (5-400 mg), galantamine {(4-100 mg),
memantine, pergolide (0.02-20 mg), selegiline (2-40 wmg),
tacrine (20-650 mg), trihexypehenidyl (0.5-40 mg)

Drugs in psychiatric disorders: alprazolam (0.2-40 mg) ,
amitriptyline (5-400 mg), amoxapine (25-1200 mg), bupropion
(25-1800 mg) , buspirone (5-250 mg), chlordiazepoxide (5-1200
mg) , chlorpromazine (10-3200 mg), clozapine (5-1200 mg),
diazepam (1-200 mg), fluoxetine (5-350 mg), fluphenazine
(0.2-40 mg), haloperidol (0.5-400 mg), imipramine (10-1200
mg), loxapine (10-1000 mg), maprotiline (10-1000 mg),
oxazepam (20-600 mg), paroxetine (5-250 mg), perphenazine
(10-300 mg), phenelzine (20-400 mg), pimozide (0.5-40 mg),
prazepam, protriptyline (10-300 mg), risperidone (0.1-20
ng) , selegiline (2-40 wmg), sertraline (10-800 mg),
thoridazine, trazodone (50-1200 mg.

c. Uniformity and Release of Pharmacological Agents

from the Foam or Film Composition

In order to determine whether the foam or film of the
invention is efficacious for the drug delivery and thus
suitable for therapeutic purposes, release of the drug from
the foam or film and its uniformity was determined.

Uniformity, expressed as % of recovery and release of
pharmacological agents from the foam was determined using
lyophilized foam rods comprising ketorolac tromethamine in
alginic acid sodium salt.

The uniformity of the distribution of the ketorolac in
the foams prepared according to Example 5 was measured by
a UV absorbance method. A standard curve for ketorolac in
deionized water was developed by measuring the UV absorbance
at 322.5 nm (path length 12.31 mm) for alginic acid alone,
for ketorolac solutions comprising ketorolac (7.4%) and
alginic acid, sodium salt (92.6%), and ketorolac (3.8%),
alginic acid (48.1%) and hydroxypropyl methylcellulose
(48.1%) mixture. Alginic acid solution alone without the

drug serving as a control had a negligible absorbance.
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For this study, three foam rods A, B and C prepared
from the mixture containing 7.4% ketorolac and 92.6% alginic
acid, were selected for analysis. About 2 mm of irregular
material was trimmed from both ends of the foam rods. Using
a razor blade, each foam rod was divided into 5 shorter
cylindrical sections of length 9 mm. The weight of each
section was recorded. Each section was dispersed into 200
ml deionized water using a high intensity mixer. The UV
absorbance at 322.5 nm was recorded for each solution.

From the standard curve, the ketorolac concentration
in ug/ml of solution was calculated from the following
relationship: absorbance = 0.051 X Concentration + 0.0001.

For each foam section, the concentration multiplied by
200 ml gives the weight (ug) of ketorolac in that section.
For each section, the ketorolac weight is divided by the
weight of the foam section to yield the ketorolac weight per
section in ug ketorolac per mg of foam. Finally, the
obtained result is divided by the ideal wvalue from -the
formulation (73.4 ug/mg of foam) to give the % ketorolac
recovered for each foam gection.

Results are seen in Table 2.

Table 2
Ketorolac Recovery (%)
Foam Rod A Foam Rod B Foam Rod C
Foam Section #
1 89.7 98.6 26
2 100 927.3 97.3
3 92.1 96.7 95.8
4 21.8 99.5 99
5 96 94 .7 97.7
Mean 85.9 97.4 97.2
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Standard Deviation 3.95 1.85 1.31
High/Low Ratio 1.09 1.04 1.03
High/Low Ratio, 1.09
All Data

Ideal, 100 %, recovery of ketoroclac is 73.4 ug of
ketorolac per 1 mg of foam.

Alginic acid sodium salt (AA) solution concentration
contained 2.5 g of alginic acid per 100 g water.

Concentration of ketorolac tromethamine represented
7.43% of foam weight. Ratio of ketorolac:AA was 2:25.

As seen in Table 2, mean recovery for all three rods
were very close to 100%, namely 95.7, 97.4 and 97.7%,
regpectively. Results show that almost 100% release of
ketoroloc can be achieved from the foam prepared from
alginic acid sodium salt when the drug is present in about
2:25 ratio of the drug to the polymer.

The above study was further expanded for release of
ketorolac tromethamine from alginic acid sodium salt/HPMC
foams in pH 4.22 phosphate buffer. For that study,
ketorolac concentration was 7.4%, normalized to 120 mg foam.
The foam was prepared from alginic acid sodium salt/HPMC
mixture.

Results are seen in Figure 1 which shows that the foam
prepared from a mixture of ketorolac, alginic acid and HPMC
has slower more controlled release of ketoreclac than the one
prepared from ketorolac and alginic acid only.

Results seen in Figure 1 show that the foams prepared
from mixtures of ketorolac, alginic acid sodium salt, and
HPMC have slower more controlled release than the one

prepared from ketorolac and alginic acid sodium salt only.

Ag seen in Figure 1, approximately 93% of ketorolac was

releagsed from the alginic acid foam at 2 hours, while
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approximately 54% of the drug was released at the same time
from the 50:50 AA:HPMC foam.

These results illustrate the point of a slow versus
fast release of the drug from the foam. The speed of the
release may be conveniently controlled and regulated by
changing the substrate or by combining the substrate
materials and varying their proportions relativevto each
other or relative to the drug.

The data further show that the distribution of
ketorolac in the 1lyophilized alginic acid oxr alginic
acid/HPMC mixture is extremely uniform.

As seen in Figure 1, approximately 93% of ketorolac was
released from the alginic acid foam at 2 hours, while
approximately 54% of the drug was released at the same time
from the alginic acid/HPMC foam (50:50).

These results illustrate the point of a slow versus
fast release of the drug from the foam. The speed of the
release may be conveniently controlled and regulated by
changing the substrate or by or combining the sgubstrate
materials and varying their individual proportions relative
to each other or relative to the drug.

The data further show that the distribution of
ketorolac in the Ilyophilized alginic acid or alginic
acid/HPMC mixture is extremely uniform.

The same type of experiment was performed for a film
composition where the ketorolac release from the alginic
acid film into a synthetic wvaginal fluid at pH 4.2 was
determined.

As seen in Figure 2, at two hours intexval,
approximately 55% of ketorolac was released from the f£ilm
prepared from a film prepared from a solution consisting of
96.2 % alginic acid (sodium salt) and 3.8% of ketorolac. The
film was prepared according to Example 7.

The same type of experiment was performed for a film

composition where the ketorolac release from the alginic
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acid film into a synthetic wvaginal fluid at pH 4.2 was
measured. Asg seen in Figure 2, after 2 hours approximately
55% of the ketorolac was released from a film prepared from

a solution consisting of 96.2% alginic acid sodium galt and

3.8% of ketorolac. The film was prepared according to
Example 7.

d. Drug Release from the Foam

Drug release from the foams or films of the inventions

is controllable and may be changed by design. Specifically,
certain polymers permit a fast water uptake into the foam
or gel resulting in faster release of the drug, other
pelymers or mixtures, particularly those containing
hydroxypropyl methyl cellulose contribute to a decreased
rate of the drug release.
To determine a water uptake and drug release from the foam,
microcrystalline cellulose (AVICEL), HPMC, alone or in
combination in wvarious concentrations was tested. Foam
prepared for this study were according to Examples 4-6.

Results of this study are shown in Figure 3. Figure
3 clearly shows that the foam prepared from the AVICEL/HPMC
mixture (95.2%/4.8%) takes up water much faster and in
larger amounts than the foam prepared from AVICEL/HPMC
mixture containing the same amount of each (50%/%50%) or
foam prepared solely from HPMC.

Figure 3 demonstrates that for foam prepared from
AVICEL/HPMC mixtures, the water uptake depends on a
proportion of microcrystalline cellulose (AVICEL). Faster
water uptake is observed when the proportion relative to
HPMC is higher. HPMC slows down the water uptake.

€. Medifying Drug Release

To fabricate foam or film layers with rapid release
properties of the pharmacologically active agent, the
polymer or mixture of polymers is selected to enhance
solubility of the drug in the hydrated polymer layer. For
high-solubility drugs, hygroscopic polymers such as
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cellulose derivatives are used alone or in combination with
excipients that decrease viscosity, such as, for example,
surfactants. Alternatively, dissolution of low-solubility
drugs can be accelerated by incorporation of small fractions
of hydrophobic polymers such as polyethyliene or
polypropylene and the use of solubility enhancers and/or
surfactants.

Controlled or sustained release is achieved by
incorporating polymers that increase +viscosity upon
hydration or polymers that decrease solubility of the drug.
Incorporation of drug particles of different physical forms
such as amorphous vs. crystalline can also delay the release
of the drug from the foam or film device. Balanced
approaches that include a combination of zrapid with
sustained release layers will achieve pulsed release that
may be beneficial for the therapy of the disease.

The topical foams, films, and sprays typically contain
a mucoadhesive agent in the amount of about 0.5% to about
10% concentration by weight, about 1% to about 10%
penetration enhancer, and about 1% to about 10% buffering
agent, wherein the drug to polymer ratio is from about 1-15
to about 85-99.

The transmucosal, translabial or trangsgcrotal foams and
films typically contain a mucoadhesive agent in the amount
of about 0.5% to about 25% concentration by weight, about
5% to about 25% penetration enhancer and about 1% to about
10% buffering agent, wherein the drug to polymer ratio is
about 1-15 to about 85-99.

Topical foams or films of the invention comprise at
least of a hydrophilic or hydrophobic polymer, preferably
a polymer which has a wmucoadhesive properties and a
pharmacological agent. If the mucoadhesive properties of the
polymer are slight or if the polymer has no mucoadhegive
properties, then the mucoadhesive agent is added.

Transmucosal drug delivery permits transport of the
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drug into the systemic circulation directly through the
nasal, buccal, wvaginal, labial or scrotal epithelium,
thereby avoiding invasive intravenousg or lesg effective oral
administration.

II. ZIherapeutic Compositions

Therapeutical compositions of the invention are either
topical nasal, buccal, vaginal, labial or scrotal
compositions or transepithelial compositions delivering the
drug to the systemic circulation through the nasal, buccal
or wvaginal mucosa or through the labial or scrotal
epithelium.

d. Topical Nagsal, Buccal, Vaginal, I.abial or Scrotal

Foams or Films
Topical foams or films of the invention comprise at
least of a hydrophilic or hydrophobic polymer, preferably
a polymer which has a wmucoadhesive properties and a
pharmacological agent. If the mucoadhesive properties of the
polymer are slight or if the polymer has no mucocadhesive
properties; then the mucoadhesive agent is added.

B. Trangepithelial Compogitions

Transepithelial drug delivery permits transport of the
drug into the systemic c¢irculation directly through the
nasal, buccal and wvaginal mucosa or through 1labial or
scrotal epithelium, thereby avoiding invasive intravenous
or less effective oral administration.

Transmucosal or trans-epithelial foams or films of the
invention typically comprise at least of a hydrophilic or
hydrophobic polymer substrate, preferably a polymer which
has a mucoadhesive properties, penetration enhancer or
sorption promoter and a pharmacological agent. If the
mucoadhesive properties of the polymer are slight or if the
polymer substrate has no mucoadhesive properties, then the
additional mucoadhesive agent is added.

C. Specific Exemplary Foam or Film Compositions

specific and preferred topical, and transepithelial
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foam or film compositions are those comprising a polymer,
preferably mucoadhesive polymer or a mixture of polymers
formulated for rapid or slow drug delivery. Thege
compositions and also include empty foams or films which can
be conveniently incorporated with a drug solution or powder.
Also included are compositions wherein the foam or film is
used for coating of conventional devices, such as tampons
and, depending on the polymer (s) used for regulation of drug
release form such devices, depending on their use.

~Thus, for rapid drug release for topical use the
composition contains mostly AVICEL-like ©polymers in
combination with an appropriate mucoadhesive agent while for
a slow release the composition will primarily contain HPMC-
like polymers which may have mucoadhesive properties but
primarily regulate the release of the drug.

Foam or film compositions of the invention consist
essentially of a combination of an effective amount of a
pharmacological agent from about 0.01 mg to about 2000 mg
and occasionally higher, said agent selected from the group
of agents exemplarily listed above in section D or any other
drug suitable for transmucosal delivery, incorporated into
a foam or film prepared from a polymer or mixture thereof
and preferably containing at least one or several
penetration enhancers and/or a release modifier and/or
additional mucoadhesive agent and/or additional nontoxic
pharmacologically acceptable biocompatible excipient.

Said composition is typically formulated as a foam or
film suitable for insertion into a nasal, buccal or vaginal
cavity or in a shape suitable for placement on the labia or

scrotum, said composition further optionally incorporated

into a nasal, buccal, vaginal, labial or scrotal device or

covering such device.
Specific representative compositions are listed in
Table 3.
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In a general method for preparing the transmucosal or
trans-epithelial compositions of the invention, 0.01 to 2000
mg of the drug is dissolved in a solvent, agueous or non-
agqueous, depending on the nature of the drug and combined
with a polymer or polymer mixture used for foam or f£ilm
preparation and subjected to appropriate process to
fabricate foams and films as described above, preferably
lyophilization, aeration, spray-drying or drying as
described above. Other additives, as described, may or may
not be added. Resulting foam or film may be formed as a
stand alone device or incorporated into a device, such as
an intravaginal tampon, foam suppository, foam tablet, foam
pessary, etc., or molded into a buccal dissclvable tablet,
strip or patch or incorporated into a foam capsule, gel
capsule or another form suitable for buccal, nasal insertion
and suitable for these applications, or as described above,
may be incorporated into or used for coating of an
independent non-foam, non-film device.

Typically, for transepithial wvaginal, labial and
scrotal delivery, the composition will contain higher
percentage of the mucoadhesive agent and penetration
enhancer than for nasal or buccal transmucosal delivery as
the barrier properties of the nasal and buccal mucosa are
legs restrictive and blood supply ig closer to the mucosal
surface than in the vaginal mucosa. For labial or scrotal
use, the foam or film will contain the higher amount of the
mucoadhesgive agent and amount of penetration enhancer will
also be generally higher as these compositions have to cross
non-cornified or cornified non-mucosal epithelium.

The foam or film according to the invention
compositions are useful for delivery of drugs by permeation
through the wvaginal, mnasal, buccal, labial or scrotal
epithelium directly to the systemic circulation. The
mucoadhegive polymer enhances adhesion of the foam or film

to the covering epithelia and the glycol derivative
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optimally present in these compositions enhances permeation
through the mucosa, particularly of the drugs which would
otherwise not be able to cross the nasal, oral, wvaginal,
labial or scrotal epithelial barrier.

Moreover, the drug compounds solubilized with a glycol
derivative in combination with an appropriate mucoadhesive
agent allow a prolonged contact of the drug with the mucosal
surface, thereby further enhancing the efficiency of
delivery'of the compound.

ITTI. Formulations and Devices

Each foam or £f£ilm composition of the invention is
formulated for its specific use, namely for the use as
topical or transepithial vaginal, nasal, buccal or labial,
translabial, scrotal or transscrotal foam or film.

Al Formulations

Formulations are prepared specifically for the intended
use of delivery route.

Thus, for nasal transepithelial administration, the
composition is formulated as a foam or film, preferably
sprayable foam or gellable £ilm.

For buccal transepithelial delivery, the composition
is formulated as a foam tablet or capsule or gel foam or
spray or is microincorporated into a device insertable into
the buccal space, such as a buccal patch, strip, permeable
pad or bag, etc.

For vaginal transmucosal delivery, the composgition is
formulated as a foam tampon, foam ring, foam pessary, foam
guppository or foam sponge. Each of these may be
conveniently incorporated into an intravaginal device, such
as, for example, a conventional tampon, vaginal ring,
pessary, suppository or vaginal sponge.

For labial transepithelial delivery, the foam or film
will take on the structure conveniently attachable to labia,
such as strip, pillow, pad, butterfly bandage, etc.

For scrotal transepithelial delivery, the compogition
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is preferably formulated as a liquid or semi-liquid which
ig conveniently sprayed or otherwise applied to scrotum.

For transepithelial scrotal delivery, the foam or f£ilm
is formulated as strip, attachable or spraved on as a
gellable film.

For a low release, biocadhesive foam tablets, strips,
pads, or £films consist essentially of hydroxypropyl
cellulose and polyacrylic acid. These foams or films
release drugs for up to five days once they are placed on
or in close proximity of labial or scrotal epithelium.

For all these transmucosal administrations, the drug
can also be first formulated as a solution, suspension,
cream, lotion, paste, ointment or gels which can be
incorporated into the foam or £ilm and applied to the nasal
or buccal cavity or vagina, labia or scrotum.

The choice of additional suitable additives and
excipient depends on the exact nature of the particular
transmucosal delivery route and the form in which the drug
ig delivered. Thus, the actual formulation depends on the
properties of the pharmacological agent and on whether the
active ingredient(g) is/are to be formulated into a foam or
film or indirectly into a cream, lotion, foam, ointment,
paste, solution, or gel, which is then incorporated into the
foam or film, as well as on the identity of the active
ingredient (s) .

2. Devices

A therapeutic foam or f£film according to the invention
can be a stand alone device or it may become a part of a
more complex assembly comprising as one component the foam
or film and as a second component a device or formulation
made of a different material than foam or film described
herein. Such other device may ‘be in the form of, for
example, a structural device such as a strip, pad, sphere,

pillow, tampon, tampon-like device, vaginal ring, sponge
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or pessary, or it may be in a form of a formulation, such

as a tablet, paste, suppository, bicadhesive tablet,
biocadhesive microparticles, cream, lotion, olntment, oxr
gel.

The structural device such asg the tampon can be
completely or partially coated or covered with the foam or
film or the foam or f£ilm may be inserted inside of the
device or into certain part of the device in any convenient
arrangement.

In the alternative, the drug could be incorporated into
the non-foam, non-film device and an empty foam or f£ilm
composition could be used for coating or covering such
device solely for the purpose of control of release rate.

IV. Routeg of Delivery

The present invention concerns a polymer foam or f£ilm
for delivery of therapeutic agents to and through nasal,
oral or vaginal mucosal epithelium ags well ag through the
cornified or noncornified epithelium of labia and scrotum.
In particular, the invention concerns a solid, semi-solid
or liquid polymeric foam or film having a therapeutic agent
incorporated therein wherein said agent is released from
said foam or film upon placement of said foam or f£ilm on the
surface of mnasal, buccal or vaginal mucosa, labia or
scrotum. The foam of the invention has a controllable rate
of gelling, swelling and degradation.

Treatment of wvarious diseases, such asg osteoporosgis,
inflammation, pain, prostate cancer and other neoplastic
growthsg, fungal, bacterial, viral or parasitic infections
and other medical conditions using a method of invention
involves contacting the nasal, buccal, vaginal, labial or
scrotal epithelium directly with a therapeutic agent
suitable for treatment of such condition. Such direct
contact permits an immediate, continuous and efficacious
treatment of various diseases or medical conditions.

Systemic drug delivery using transepithelial route
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eliminates inactivation of the agent by gastrointestinal
tract or by liver metabolism. Such direct treatment also
permits use of only such a dosage of the agent as is
therapeutically required for treatment of the affected
tissue.

For each of these treatments, the drug is formulated
differently, as described. Briefly, the active drug is
formulated to adhere to and directly cross or be transported
through the mucosal, labial or scrotal epithelium. Forxr
transepithelial delivery to the general circulation, if
necessary and appropriate for the properties of the drug,
the additives which promote adhesion to transport and
penetration of the drug through the nasal, buccal, vaginal,
labial or scrotal epithelium are added.

A. Vaginal Delivery

The vaginal drug delivery system provides a sustained
delivery of the'drug to the wvaginal epithelium for the
treatment of various conditions including dysmenorrhea,
osteoporosis, neoplastic growth, migraine, neurodegenerative
diseases, vaginal or systemic infections, among others.

The vaginal delivery may be achieved by the foam device
or film having a drug incorporated therein or it can be a
solid object delivery system such as a conventional vaginal
tampon, ring, pessary, tablet or suppository, for example,
coated with or containing the foam or film. Alternatively,
it can be a paste or gel incorporated into the foam or film
having a sufficient thickness to maintain prolonged vaginal
epithelium contact. Alternatively, the foam or film can
provide a coating on a suppository wall or a sponge or other
absorbent material impregnated with a liquid drug containing
solution, lotion, or suspension of biocadhesive particles,
for example. Any form of drug delivery system which will
effectively deliver the treatment agent to the vaginal
epithelium is intended to be included within the scope of

this invention.
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Intravaginal topical delivery comprises contacting the
vaginal epithelium and mucosa with a foam or film
composition compriging a therapeutically effective agent
alone or in admixture with a carrier, mucoadhesive agent,
sorption enhancer or penetration promoter.

Intravaginal delivery is achieved either directly by
delivering the foam or film composgition of the invention to
the vagina or by delivering the composition of the invention
to the wvagina incorporated into a vaginal device, as
described above. The foam or film composition or the device,
coated or incorporated therewith, is placed into a close
contact with or into a close proximity of the wvaginal
epithelium wherein the agent is either released from the
composition or device or released from the foam or film
device and either directly or through the action of the
mucoadhesive compound it comes into a contact with or
adheres to the vaginal epithelium and mucosa where it
penetrates the vaginal wall and is delivered to the uterus
and/or to the blood circulation by being absorbed or
transported through vaginal mucosa.

Delivery of the drugs through the vaginal mucosa using
the current foams or films significantly improves systemic
bicavailability and greatly increases concentrations of
these drugs in the plasma.

B. Buccal Delivery

Transepithelial foam or £film for buccal delivery of
drugs permits transport of the drug into the systemic
circulation directly through the nasal mucosa, thereby
avoiding invasive intravenous or less effective oral
administration.

In one embodiment, this invention concerns buccal
delivery systems that are designed to interact with the
epithelium lining the oral cavity wherein drug released from
thege devices may act topically on the buccal mucosa or

successfully traverse the barrier of the buccal epithelium
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and reach mucosal and submucosal areas where they gain
access to the gystemic circulation for distribution to
targets distinctly .separated from the gite of
administration.

Drug delivery via the buccal route is applicable to
patients of both genders, achieves high compliance since it
is non-invasive and offers easy access to the site of
administration. The buccal mucosa is rich in blood vessels
facilitating access to systemic circulation. Furthermore,
drug absorbed from the buccal mucosa will avoid hepatic
first-pass metabolism similar to the wvaginal route.

C. Nasal Delivery '

In yet another embodiment, this invention also concerns
administration of foam and £ilm drug delivery devices to the
nasal mucosa where incorporated drug may be released to the
nasal epithelium or permeates the epithelial barrier to
reach deeper mucosal tissue, where it may gain access to the
systemic circulation for distribution. The nasal route has
the advantage of providing rapid absorption with little or
no degradation of drugs that have systemic targets since
blood drainage from the nasal cavity also bypasses hepatic
first-pass metabolism. This route is well-received by
patients due to ease in administration of nasal
preparations. Of particular interest are nasal delivery
approaches for biotechnology-based drugs such as proteins
that are designed to interact with the body immune system
and boost immune defense (i.e., wvaccines). Access to the
immune system through the nose is provided only a few cell
layers below the epithelium in form of the nasal-associated
lymphatic tissue (NALT).

D. Labial Delivery

The current invention concerns delivery through the
external non-cornified mucosal labial epithelium.
The foam or £ilm the invention comprises administration

of therapeutic and/or palliative anti-inflammatory,
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analgesic, chemotherapeutic, antineoplastic,
antiosteoporptic, antifungal, antibacterial, antiviral or
parasgiticidal drugs to the non-cornified labial epithelium
or through this barrier to deliver the pharmacologically
active agents directly to the systemic circulation.

The foam or f£ilm composition or the medicated device
is applied once, twice or several times a day, as needed,
or according to a treatment regimen. The device, or its
active part, such as for example a pad containing or covered
with the foam or film composition, is typically provided in
dry or wet form or may be wetted prior insertion.

The foam or £film female device for drug delivery
through labial epithelium is typically an insert, such as
a tape, small pillow, minipad, small preferably rectangular
pad or combination of two tapes or pads connected in
butterfly-like fashion or one or two of these inserts
attached to labia may be held in place with vaginal insert.
The advantage of labial administration is that two devices
and/or both sides of the device, be it the pad or the tape,
can be medicated and two cf these inserts may be applied at
the same time along each side of clitoris.

One embodiment of the invention is a female foam or
film device having a design of a labial butterfly pad, a
pair of labial pads or a combination of a labial butterfly
with a vaginal insert to hold the labial device in place.
Both above devices are modified for containment of, or to
accept, include or be impregnated with, a pharmacological
agent formulated as a c¢ream, lotion, foam, ointment,
microparticles, nanoparticles, microemulsions, solution, or
gel incorporated within said device.

Alternatively, the drug can be incorporated into a
coating on a foam pad or sponge, or included within the foam
pad as a suppository, sponge, tablet or other absorbent
material may be impregnated with a liquid, drug containing

solution, lotion, or suspension of biocadhegive particles,
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shaped into a pad may be used.

The female device for drug delivery through labia is
generally any structure which can be attached or applied to
labia. Device may be stand alone or attached to some
structural support, such as a slip.

Typically, additionally to the devices described above,
the female device may be a foam tape, adhesive tape,
bandage, pad, pouch or bag which can be attached to the
labia directly or is mounted into some structural support,
such as a slip or strap, etc.

The device may optionally include a battery powered
heating device to enhance blood flow and/or promote drug
release and delivery. The battery is either attached to the
pad or may be attached to the waistband of the slip or
strap.

E. Scrotal Delivery

The foam or film of the invention permits
administration of therapeutic anti-inflammatory, analgesic,
chemotherapeutic, antiosteoporotic, antineoplastic,
antifungal, antibacterial, antiviral or parasiticidal
pharmacological agents to the cornified scrotal epithelium
or through this barrier to deliver the pharmacologically
active agent to prostate, testes or directly to the systemic
circulation for systemic drug delivery.

The invention concerns a discovery that many of the
problems noted with systemic delivery could be overcome by
focusing the delivery of drug therapy directly to the non-
mucosal scrotal epithelium using a topical composition or
a device comprising a specially formulated therapeutical
agent. The specially formulated foam or £ilm composition
promotes adhesion of the drug released from the device to
the scrotum £f£or transscrotal delivery. Optionally, such
composition comprises additional components that enhance
drug penetration and absorption through scrotal epithelium.

The method for transscrotal treatment encompasges a
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typical topical treatment comprising contacting the lightly
cornified scrotal epithelium directly with the drug or with
the device comprising the drug, for extended periods of time
for as long as needed, by providing a topical foam or £ilm
composition or a device comprising a topical composition
comprising the drug formulated in combination with at least
a mucoadhesive agent to promote adherence of the drug to the
scrotal epithelium and, optionally, with penetration
enhancer.

One embodiment of the invention concerns a male device
made of or coated with foam or film for delivery of a
pharmacological agent through non-mucosal lightly cornified
scrotal tissue. The device provides a continuous contact
with the scrotal epithelium thereby asserting a therapeutic
effect of the composition of the invention incorporated
therein.

Typically, the male device is a foam or film tape,
adhesive tape, bandage, pad, or set of tapes, bandages or
pads, pouch or bag which can be attached to the scrotum
directly or is mounted into some structural support, such
as a strap, athletic supporter, suspender, etc., but it may
also be a foam or film gel sprayed on the scrotum.

The foam or f£ilm compositions or the foam or film

coated devices are administered or applied to the nasal,

oral or vaginal cavity or to labia or scrotum once, twice
or several times a day, as needed, or according to a
treatment regimen. It may be applied once and left on the
covering epithelium for several hours or days or it may be
applied repeatedly in various intervals. The device, or its
active part, such as for example a stand-alone foam or f£ilm
coated pad or pad containing the composition is typically
provided in dry or wet form or may be wetted prior to
emplacement into the nasal, oral or vaginal cavity'or labia

or gscrotum.
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EXAMPLE 1

Ketoconazole Foam

This example illustrates preparation of the foam
containing ketoconazole.

Polyethylene glycol 400 was obtained from Fluka
Chemika, alginic acid sodium salt was obtained from Sigma-
Aldrich, and ketoconazole (USP 24, micronized) was obtained
from Quimica Sintetica S.A.

Ketoconazole was dissolved in polyethylene glycol (PEG)
400 to form a homogeneous 10 mg/mL solution. Alginic acid
sodium salt was dissolved in distilled water to produce a
5.0 w/w% solution. Forty-five milliliters (45.0 mL) of the
alginic acid solution was combined with 5.0 mL of the
ketoconazole/PEG 400 sgolution, and these solutions were
mixed together at 70°C for 15 minutes. Five milliliter (5.0
mL) aliquots of this solution were poured into 5.0 mL
plastic syringes and frozen at -80°C. Frozen cylindrical
samples were subseguently removed from the syringe molds and

lyophilized using a Virtis Unitop 1000L shelf lyophilizer.

Cylindrical ketoconazole-containing polymeric foams
resulted.
EXAMPLE 2

Preparation of Drug-Containing Foam for Vaginal Delivery

This example describes a process for preparation of a
foam for topical vaginal delivery of ketoconazole.

Ketoconazole (USP 24, micronized) was obtained from
Quimica Sintetica S.A. Hydroxypropyl methylcellulose
(Methocel@ K, HPMC K15M), was obtained from Dow Chemical,
Midland, Michigan. Polysorbate 80 (Tween@ 80) wag obtained

"from Spectrum Chemical Manufacturing Corp., Gardena,

California.

Foams were prepared by adding 1.0 gm of Tween 80 to
100.0 mL of distilled water in a beaker. The solution was
heated to 80°C and 2.5 gm of Methocel were subsequently

added. Mechanical stirring was used to ?repare a homogenous

0173



10

15

20

25

30

35

WO 2004/041118 PCT/US2003/034643

60

solution. The solution was cooled to 60°C and 2.0 gm
ketoconazole was added. Mechanical stirring was used to
completely mix the resgsulting formulation.

Eighteen 5.0 mL plastic syringes were filled with the
drug-containing solution and placed into a freezer at -80°C
for one hour. Frozen cylinders of the solution were then
expelled from the syringes and placed in a Virtis Unitop
1000L lyophilizer. The cylinders were subsequently
lyophilized to produce cylindrical ketoconazole-containing
foam samples.

EXAMPLE 3

Preparation of Drug-Containing Foam

for Topical Vaginal Delivery

This example describes a process for preparation of a
foam for transvaginal delivery of ketoconazole.

Ketoconazole (USP 24, micronized) was obtained from
Quimica Sintetica S.A. Hydroxypropyl methylcellulose
(Methocel®@ K, HPMC K15M) was obtained from Dow Chemical,
Midland, Michigan. Polysorbate 80 (Tween@ 80) was obtained
from Spectrum Chemical Manufacturing Corporation, Gardena,
California. All other chemicals were obtained from Sigma
Aldrich, St. Louis, Missouri.

A citric acid/phosphate buffer solution (pH=5.0) was
prepared using a 0.1 molar citric acid solution and a 0.2
molar disodium phosphate solution. One hundred milliliters
of the solution was prepared by adding 49.0 mL of the citric
acid solution to 51.0 mL of the disodium phosphate solution.

Foams were prepared by adding 1.0 gm of Tween to 80 to
100.0 mL of the citric acid/phosphate buffer solution in a
beaker. The solution was heated to 80°C and 2.5 gm of
Methocel were subsequently added. Mechanical stirring was
uged to prepare a homogenous solution. The solution was
cooled to 60°C and 2.000 mg ketoconazole was added.
Mechanical stirring was used to completely mix the resulting

formulation.
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Eighteen 5.0 mL plastic syringes were filled with the
drug-containing solution and placed into a freezer at -80°C
for one hour. Frozen cylinders of the solution were then
expelled from the syringes and placed in a Virtis Unitop
1000L lyophilizer. The cylinders were subsequently
lyophilized to produce cylindrical ketoconazole-containing
foam samples.

EXAMPLE 4

Preparation of Drug-Containing Foam for

Transvaginal Delivery

This example describes a process for preparation of a
foam for transvaginal delivery of ketoconazole.

Foams were prepared by adding 2.5 gm of Methocel to
100.0 mL of distilled water and heating the solution to
80°C. Mechanical stirring was used to prepare a homogenous
golution. The solution was cooled to 60°C and 2.0 gm
ketoconazole was added.

EBighteen 5.0 mL plastic syringes were filled with the
drug-containing solution and placed into a freezer at -80°C
for one hour. Frozen cylinders of the gsolution were then
expelled from the syringes and placed in a Virtis Unitop
1000L lyophilizer. The cylindersg were subsequently
lyophilized to produce cylindrical ketoconazole-containing
foam samples.

EXAMPLE 5

Ketorolac Containing Foam

This example describes preparation of the ketorolac
containing foam using alginic acid/hydroxypropyl
methylcellulose substrates.

A solution was prepared by mixing 0.2015 g ketorolac
tromethamine with 100.0 ml deionized water at 70-80 C with
stirring, followed by adding 1.2507 g hydroxypropyl
methylcellulose followed by 1.2503 g alginic acid with
continued gtirring. The warm solutions were dispensed into

10 ml plastic syringes in 10 ml aliguots. The samples were
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frozen at -80°C for 18 hr. After brief warming at room
temperature, the samples were ejected from the syringes onto
a metal pan precooled to -40°C. The samples were converted
to foams by freeze-drying under vacuum at -20°C for 117 hr,
followed by warming to ambient temperature for 5 hr while
under vacuum. The resulting foams were stored under dry
conditions.
EXAMPLE 6

Alginic Acid Foam Containing Ketorolac

This example describes preparation of alginic acid foam
containing ketorolac tromethamine.

A solution was prepared by mixing 0.2002 g ketorolac
tromethamine with 100.0 ml deionized water at 70-80°C with
stirring, followed by adding 2.5023 g alginic acid with
continued stirring. ‘

The warm solutions were dispensed into 10 ml plastic
syringes in 10 ml aliguots. The samples were frozen at -80°C
for 18 hr. After brief warming at room temperature, the
samples were ejected from the syringes onto a metal pan
precooled to -40°C. The samples were converted to foams by
freeze-drying under vacuum at -20°C for 117 hr, followed by
Warming to ambient temperature for 5 hr while under vacuum.
The resulting foams were stored under dry conditions.

EXAMPLE 7

Alginic Acid Film Containinag Ketorolac

This example describes preparation of alginic acid film
containing ketorolac tromethamine.

A solution was prepared by mixing 2.5 g alginic acid
with 50.0 ml deionized water at 80°C with stirring. After
cooling to rcom temperature, 100 mg of ketorolac was added
and stirred for 1 hr. The solution was poured into 4-inch
diameter molds and was allowed to dry at room temperature
for 70 hr. The resulting films were stored under dry

conditions.
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EXAMPLE 8

Hyvdroxvpropvl Methvlcellulose-Avicel Foam

This example describes preparation of foam using
hydroxypropyl methylcellulose and microcrystalline cellulose
derivative as a substrate.

A solution was prepared by mixing 1.0046
hydroxypropylmethyl cellulose and 20.0192 g avicel PH-101
microcrystalline cellulose with 79.0 g deionized water at
about 70°C with stirring. The warm solution was dispensed
into 5 ml plastic syringes in 5 ml aliquots. After coocling
to room temperature, the samples were frozen at -80°C for
2 hr. After brief warming at room temperature, the samples
were ejected from the syringes onto a metal pan precocoled
to -20°C. The samples were converted to foams by freeze-
drying at -20°C for 90 hr and -10°C for 2 hr. The samples
were then warmed to ambient temperature under vacuum for 22
hr. The resulting foam rods were stored under dry
conditions.

EXAMPLE 9
Hydroxypropyl Methylcellulose Foam

This example describes preparatién. of foam wusing
hydroxypropyl methylcellulose and microcrystalline cellulose
derivative as a substrate.

A solution was prepared by mixing 5.0014
Hydroxypropylmethyl Cellulose and 5.0050 g Avicel PH-101
microcrystalline cellulose with 90.0 g deionized water at
about 70°C with gtirring. The warm solution was dispénsed
into 5 ml plastic syringes in 5 ml aliguots. After cooling
to room temperature, the samples were frozen at -80°¢ for

2 hr. After brief warming at room temperature, the samples

were ejected from the syringes onto a metal pan pPrecooled

to -20°C. The samples were converted to foams by freeze-
drying at -20°C for 90 hr and -10°C for 2 hr. The samples
were then warmed to ambient temperature under vacuum for 22

hr. The resulting foam rods were stored under dry
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conditions.

EXAMPL.E 10

Hydroxvpropyl Methyvlcellulose Foam

This example describes preparation of Ffoam using
hydroxypropyl methylcellulose and microcrystalline cellulose
derivative as a substrate.

A solution was prepared by mixing 5.0044
hydroxypropylmethyl cellulose and 20.0017 g avicel PH-101
microcrystalline cellulose with 75.0 g deionized water at
about 70°C with stirring. The warm solution was dispensed
into 5 ml plastic syringes in 5 ml aliquots. After cooling
to room temperature, the samples were frozen at -80°C for
2 hr. After brief warming at room temperature, the samples
were ejected from the syringes onto a metal pan precooled
to -20°C. The samples were converted to foams by freeze-
drying at -20°C for 90 hr and -10°C for 2 hr. The samples
were then warmed to ambient temperature under vacuum for 22
hr. The resulting foam rods were stored under dry
conditions.

EXAMPLE 11

Alginic Acid-HPMC Foams Containing

Transcutol and Ketorolac Tromethamine

This example describes preparation of alginic acid/HPMC
foams containing penetration enhancer transcutol and
ketorolac tromethamine.

A solution was prepared by mixing 0.20 g ketorolac
tromethamine with 100.0 ml deionized water at 70-80°C with
stirring, followed by adding 1.25 g hydroxypropyl
methylcellulose followed by 1.25 g Alginic Acid with
continued stirring. The warm solutions were dispensed into
10 ml plastic syringes in 10 ml aliquots. The samples were
frozen at -80°C for 18 hr. After brief warming at room
temperature, the samples were ejected from the syringes onto

a metal pan precooled to -40°C. The samples were converted
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to foams by freeze-drying under vacuum at 20°C for 117 hr,
followed by warming to ambient temperature for 5 hr while
under vacuum. Foam rods, cut to about 4 cm length and
weighing about 160 mg, were sprayed with about 1.0 ml of
1.6% transcutol tromethamine in methylene chloride. The
methylene chloride was evaporated using gentle heat, leaving
about 16 mg of transcutol tromethamine in the foam rod. The
resulting foams were stored under dry conditions.
EXAMPLE 12

HPMC Foams Containing Cvclodextrin B

This example describes preparation of HPMC foams

containing Cyclodextrin B.

Composition:
Foam #1 Foam #2 Foam #3
HPMC 2.4992 g 2.5100 g 2.4906 g
(95.21%) (921.0%) (83.2%)
Beta-Cyclodextrin 0.1258 g 0.2940 g 0.5015 g
(4.79%) (9.02%) (16.8%)
Water 97.5 g 897.5 g
BCD:HPMC Ration 1:20 1:10 1:5

Solutions were prepared by mixing hydroxypropylmethyl
cellulose, pP-gyclodextrin, and deionized water at about
70°C with stirring. The warm solution was dispensed into 5
ml plastic syringes in 5 ml aliquots. After cooling to room
temperature, the samples were frozen at -80°C for 35 min.
After brief warming at room temperature, the samples were
ejected from the syringes onto a metal pan precocoled to -
20°C. The samples were converted to foams by freeze drying
at -20°C for 17 hr and -10°C for 4%hr. The samples were then
warmed to ambient temperature under vacuum for 4.5 hr. Soft
white foam rods were produced in all cases. The foam rods

were stored under dry conditions.

0179



WO 2004/041118 PCT/US2003/034643

10

15

20

25

30

35

66

EXAMPL:E 13
Alginic Acid Film

This example describes preparation of alginic acid

film.

Alginic acid sodium salt was obtained from Sigma-
Aldrich and dissolved in distilled water to produce a 5.0
w/w% solution. The alginic acid and water were mixed for at
least 2 hours at 80°C using a magnetic stir bar to form a
homogeneous solution. Layers of this viscous alginic acid
solution, with thicknesses ranging from 300 mm to 2.0 mm,
were coated onto glass plates (20 x 20 cm?) using a manual
thin layer chromatography (TLC) plate coater (CAMAG,
Switzerland) . The layers of solution were allowed to dry for
24 hours at 25°C, and the resultant polymer films were
removed from the glass plates. Clear, flexible, hydrophilic
alginic acid filmg resulted.

EXAMPLE 14
Alginic Acid Alendronate Sodium Film

This example describes preparation of alginic acid film

comprising alendronate.

Alginic acid sodium salt was obtained from Sigma-
Aldrich and dissolved in distilled water to produce a 5.0
w/w% solution using the above described method. Alendronate
sodium (Lot #ASFPGO04) was obtained from Albany Molecular
Research, Albany, New York, and 50.6 mg was added to 25.0
mlL of the alginic acid solution. The solution was agitated
at 25°C for at least one hour in a plastic 50 mL conical
tube using a wrist action sghaker to form a clear,
homogeneous solution. The viscous alginic acid alendronate
sodium solution was coated onto glass plates (20 x 20 cm?)
in layers approximately 1.0 mm thick using a manual thin
layer chromatography (TLC) plate coater (CAMAG,
Switzerland) . The layers of solution were allowed to dry for
24 hours at 25°C, and the resultant polymer films were
removed from the glass plates. Clear, flexible, hydrophilic

0180



WO 2004/041118 PCT/US2003/034643

10

15

20

25

30

35

67

alginic acid alendronate sodium films resulted.
EXAMPIE 15
Alginic Acid Metoclopramide Hydrochloride Film

This example describes preparation of alginic acid £ilm
comprising metoclopramide.

Alginic acid sodium sgalt was obtained from Sigma-
Aldrich and dissolved in distilled water to produce a 5.0
w/w% solution using the above described method.
Metoclopramide hydrochloride was obtained from ICN
Biomedicals, Inc., Aurora, Ohio, and 51.6 mg was added to
25.0 mL of the alginic acid sgolution. The solution was
agitated at 25°C for at least one hour in a plastic 50 mL
conical tube using a wrist action shaker to form a clear,
homogeneous solution. The viscous alginic acid
metoclopramide hydrochloride solution was coated onto glasé
plates (20 x 20 cm®) in layers approximately 1.0 mm thick
using a manual thin layer chromatography (TLC) plate coater
(CAMAG, Switzerland). The layers of solution were allowed
to dry for 24 hours at 25°C, and the resultant polymer films
were removed from the glass plates. Clear, flexible,
hydrophilic alginic acid/metoclopramide hydrochloride films
resulted.

EXAMPLE 16
HPMC/Alendronate Sodium Film

This example describes procedure used for preparation
of alendronate containing f£ilm.

Hydroxypropyl methylcellulose (HPMC) was obtained from
The Dow Chemical Company (Methocel K15M) and dissolved in
distilled water to produce a 2.5 w/w% solution using the
above described method. Alendronate sodium (Lot H#ASFPGO04)
was obtained from Albany Molecular Research, Albany, New
York, and 49.0 mg was added to 25.0 mL of the HPMC solution.
The solution was agitated at 25°C for at least one hour in
a plastic 50 mL conical tube using a wrist action shaker to

form a clear, homogeneocus solution. The viscous
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HPMC/alendronate sodium solution was coated onto glass
plates (20 x 20 cm®) in layers approximately 1.0 mm thick
using a manual thin layer chromatography (TLC) plate coater
(CAMAG, Switzerland). The layers of solution were allowed
to dry for 24 hours at 25°C, and the resultant polymer films
were removed from the glass plates. Clear, flexible,
hydrophilic HPMC/alendronate sodium films resulted.
EXAMPLE 17
HPMC/Metoclopramide Hydrochloride Film

This example describes procedure used for preparation
of £ilm containing metoclopramide.
Hydroxypropyl methylcellulose (HPMC) was obtained from
The Dow Chemical Company (Methocel K15M) and dissolved in
distilled water to produce a 2.5 w/w% solution using the
above described method. Metoclopramide hydrochloride was
obtained from ICN Biomedicals, Inc., Aurora, Ohio, and 50.8
mg was added to 25.0 mh of the HPMC solution. The solution
was agitated at 25°C for at least one hour in a plastic 50
mL conical tube using a wrist action shaker to form a clear,
homogeneous solution. The viscous HPMC/metoclopramide
hydrochloride solution was coated onto glass plates (20 x
20 cm?) in layers approximately 1.0 mm thick using a manual
thin layer chromatography (TILC) plate coater (CAMAG,
Switzerland) . The layers of solution were allowed to dry for
24 hours at 25°C, and the resultant polymer films were
removed from the glass plates. Clear, flexible, hydrophilic
HPMC/metoclopramide hydrochloride films resulted.
EXAMPLE 18

Preparation of Foams or Films Containing

Pharmacological Agent

This example describes the preparation of foams or
films for mucosal, transmucosal, scrotal, transscrotal,
labial or tarns-labial delivery of various Pharmacological
agents.

A foam or film prepared according to any of the
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Examples 1 through 17 for mucosal, transmucosal, labial,
translabial, scrotal or transscrotal administration of each
one of the following drugs at the indicated dose: aspirin
(975 mg), piroxicam (20 mg), indomethacin (50 mg), fenamate
(500 mg), sulindac (200 mg), nabumetone (750 mg), detorolac
(10 mg), ibuprofen (200 mg), phenylbutazone (50 mg),
bromfenac (50 mg), naproxen (550 mg), lidocaine (100 mg),
mepivacaine (0.2 mg), etidocaine (200 mg), bupivacaine (100
mg) , 2-chloroprocaine hydrochloride (100 mg), procaine (200
mg), tetracaine hydrochloride (20 mg), diltiazem (60 mg),
israpidine (10 mg), nimodipine (30 mg), felodipine (450 mg),
nifedipine (90 mg), nicardipine (30 mg), ritodrine (150 mg) ,
bepridil (300 mg), dofetilide (1 mg), almokalant (1 mg),
sematilide (1 mg), ambasilide (1 mg); azimilide (1 mg),
tedisamil (100 mg), sotalol (240 mg), ibutilide (1 mg),
terbutaline (5 mg), salbutamol (1 mg), piroxicam (20 mg),
metaproterenol sulphate (20 mg), nitroglycerin (3 mg),
isosorbide dinitrate (40 mg), isosorbide mononitrate (120
mg) . Other drugs, in amounts as described above in Section
D, may be formulated in the same fashion.

The quantity of the drug dosage needed to deliver the
desired dose depends on the concentration of the active
ingredient in the composition and the amount of the
penetration enhancer or mucoadhesive agent. The therapeutic
dosage range for vaginal transmucosal administration of the
compositions of the present invention will vary with the
size of the patient.

EXAMPLE 19

Preparation of Film Solution Containing Ketorolac for

Transmucosal Nasal Delivery

This example describes the preparation of a

transmucosal ethoxydiglycol-containing nasal Composition.
Using a high-shear mixer, 1 g ketorolac tromethamine,
1.5 g Tween 80, 1.0 g polycarbophil, 0.05 g sodium chloride,

and 2.5 g sorbitol were dispersed in 44 g deionized water.
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The solution is sterilized by passing it through a 0.2
micron Millipore filter. The resulting translucent mixture
was suitable for spraying or spreading onto nasal tissue.

EXAMPLE 20

Preparation of a Transmucosal Foam Gel

Compogition Containing Ketorclac

This example describesg the preparation of a
transmucosal gel composition containing ketorolac for
transvaginal delivery.

Ketorolac tromethamine (1 g), Tween 80 (5 g), propylene
glycol (10 g), andlethoxydiglycol (Transcutol P) (15 g) were
added to deionized water (44 g) heated to 70 - 80°C in a 200
ml beaker while mixing with a high-shear mixer. Triacetin
(20 g) and hydroxypropyl methylcellulose (5 g) were added
gradually while maintaining the temperature and mixing. Upon
cooling, the viscosity increased until the mixture had the
consistency of a gel.

EXAMPLE 21

Preparation of Pamidronate Containina Buccal Foam Pad

This example describes preparation of pamidronate
containing buccal pad.

The dose of unlabeled pamidronate, commercially
available from Sigma, St. Louis, MO, was 0.2 mg/kg body
weight. The pamidronate buccal pad is prepared by soaking
the cotton, hydroxypropyl methyl cellulose or foam pad in
the solution of pamidronate prepared similarly as described
in Example 4.

EXAMPLE 22

Mucoadhegive Buccal Film

This example describesg the preparation of a
mucoadhesive buccal film containing the peptide drug salmon
calcitonin as the hydrophilic drug for transmucosal
delivery.

Salmon calcitonin (MW = 3.4 kD) was purchased from

Bachem (Toxrrance, CA). 50:50 Poly(D,L—lactide~co—glycolide)
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was obtained from Boehringer Ingelheim (Ingelheim, Germany) .
Chitosan glutamate salt, medical grade (MW = 150 kD) wasg
received from Pronova Biochemical AS (0slo, Norway).
Methanol, dichlormethane, and glycerol were purchased from
Sigma Chemical (St Louis, MO). An oil-in-water emulsion was
formed by dropping 5 g of a’*solution prepared with 0.5 mL
of 2% (w/w) salmon calcitonin in methanol and 4.5 mL of 20%
(w/w) poly(D,L-lactide-co-glycolide in chloroform into a
chitosan aqueous solution (2%, w/w) with 0.5% (w/w) glycerol
under stirring (9500 rpm) at 15°C. The mixture was
maintained under stirring for 20 minutes, spread as a thin
layer onto a glass plate using a CAMAG TLC plate coater, and

kept at 30°C to allow solvent evaporation.
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WHAT TS CLAIMED 1IS:

1. A polymer foam or film composition for delivery of
pharmacologically effective agents topically to mnasal,
buccal, wvaginal, labial or scrotal epithelium or through
nasal, buccal, wvaginal, labial or scrotal epithelium into
a systemic circulation, said compogition comprising at least
one substrate polymer or a mixture of substrate polymers and
a pharmacologically effective agent.

2. The composition of claim 1 wherein said substrate
polymer is hydrophilic, hydrophobic or a mixture of both.

3. The composition of claim 3 wherein said substrate
polymer is selected for the group consisting of hydropropyl
methylcellulose, gelatin, alginic acid, alginic acid sodium
salt, polyethyleneglyccl, pectin, collagen, poloxamer,
carbopol, microcrystalline cellulose, polyacrylic acid,
polyethylene glycol, polypropylene glycol, divinyl glycol,
polyethylene oxide, polypropylene oxide, carboxymethyl
cellulose, hydroxypropylmethyl cellulose, hydroxyethyl
cellulose, polylactide, polyglycolide, polymethacrylic acid,
poly-y-benzyl-L-glutamate, polypropylene fumarate, poly-e-
caprolactone, poly-butylene terephthalate, polyvinyl
alcohol, polyvinyl ether, poly-1-vinyl-2-pyrrolidinone, 2,5-
dimethyl-1, 5-hexadiene, divinyl benzene, polystyrene-divinyl
benzene, polybisp—carboxy—phenoxypfopane—co—sebacic acid,
poly-B-hydroxybutyrate, poly-p-butyrolactone,
tetraethylorthosilicate and dimethyldiethoxysilane.

4. The composition of claim 2 wherein the polymer is
hydropropyl methylcellulose, gelatin, alginic acid, alginic
acid sodium salt, polyethyleneglycol, pectin, collagen,
poloxamer, carbopol or microcrystalline celluloge.

5. The composition of claim 4 further comprising a
penetration enhancer, sorption promoter, mucoadhesive agent,
hydrophilic or hydropholic release modifier, or a mixture

thereof.
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6. The composition of claim 5 wherein said
mucoadhesive agent is selected form the consisting of
hydroxypropyl methylcellulose, carboxymethylcellulose,
polylactide-coglycolide, chitosan, chitosan ester or
trimethylene chloride chitosan, sodium alginate, poloxamer,
carbopol, pectin, polyacrylic acid, hyaluronic acid,
polyvinyl alcohol, polyvinyl pyrrolidone, polycarbophil and
carbopol,

wherein said penetration enhancer is selected from the
group consisting of sodium caproate, sodium caprylate,
sodium caprate, sodium laurate, sodium myristate, sodium
palmitate, sodium palmitoleate, sodium oleate, sodium
ricinoleate, sodium linoleate, sodium stearate, sgodium
lauryl sulfate, sodium tetradecyl sulfate, sodium laryl

sarcosine, sodium dioctyl sulfosuccinate, sodium cholate,

sodium taurocholate, sodium glycocholate, sodium
deoxycholate, sodium taurcdeoxycholate, sodium
glycodeoxycholate, sodium ursodeoxycholate, sodium

chencdeoxycholate, sodium taurochenodexoycholate, sodium
glycol chenodesoxycholate, sodium cholylsarcosine, sodium
N-methyl taurocholate, sodium tauro-24,25-dihydrofusidate,
disodium polyoxyethylene-10 oleyl ether phosphate,
esterification product of fatty alcohols, fatty alcochol
ethoxylate with phosphoric acid or anhydride, ether
carboxylate, succinylated monoglyceride, sodium‘ stearyl
fumarate, steaoryl propylene glycol hydrogen succinate,
mono/diacetylated tartaric acid ester of wmono- and
diglycerides, citric acid esters of mono- and diglycerides,
glyceryl-lacto esters of fatty acids, lactylic ester of
fatty acids, alginate salt, ethoxylated alkyl sulfate, alkyl
benzene sulfone, a-olefin sulfonate, acyl isethionate, acyl
taurate, alkyl glyceryl ether sulfonate, octyl
sulfosuccinate disodium, disodium undecylenamideo-MEA-
sulfosuccinate, phosphatidic acid, phosphatidyl glycerol,

polyacrylic acid, hyaluronate sodium, glycyrrhetinic acid,
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ethylene diamine tetraacetate, sodium citrate, chitosan,
trimethyl chitosan, poly-L-arginine chitosan, poly-L-lysine
chitosan, aminated gelatin, hexadecyl triammonium chloride,
decyl trimethylammonium chloride, cetyl trimethylammonium
chloride, alkyl benzyldimethylammonium chloride, diisobutyl
phenoxyethoxydimethyl benzylammonium chloride, ethyl
pyridinium chloride, isopropyl pyridinium chloride, N-
lauryl,N,N-dimethylglycine, N-capryl,N,N-diethylglycine,
polyoxyethylene- coconut amine, poly-L-lysine, poly-L-
arginine, lecithin, lysoleéithin, hydroxylated lecithin,
lysophosphatidylcholine, phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, didecanoyl-L-
o-phosphatidylcholine, laurolycarnitine, acylcarnitine,
palmitoyl-D,L-carnitine, polyoxyethylene lauryl ether,
polyoxyethylene monoocleyl ether, ethoxydiglycol,
polyoxyethylene nonylphenol polyoxyethylene octylphenol
ether, polyoxyethylene cholesterol ether, polyoxyethylene
soyva sterol ether, o-cyclodextrin, p-cyclodextrin, v-
cyclodextrin, dimethyl-B-cyclodextrin, methylated-f3-
cyclodextrin, 2 -hydroxypropyl-p-cyclodextrin, sorbitol,
polyoxyethylene glycol ester, polyoxyethylene glycerol
fatty acid ester, polyoxyethylene glycerol fatty acid ester,
polyoxyethylene glyceride, polyoxyethylene vegetabie or
hydrogenated oil, polyvoxyethylene monooleate,
polyoxyethylene dilaurate, polyoxyethylene  mono and
dioleate, polyoxyethylene glyceryl laurate, polyoxyethylene
glyceryl oleate, propylene glycol oleate, propylene glycol
gstearate, polyoxyethylene sorbitan monooleate,
polyoxyethylene tristearate, polyoxyethylene hydrogenated
castor oil, polyoxyethylene almond oil, polyoxyethylene
apricot kernel oil, polyoxyethylene caprylic glyceride,
polyoxyethylene capric glyceride, lauroyl macrogol
glyceride, and

wherein said release modifier is selected from the

group congisting of polyethylene glycol 200, polyethylene
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glycol 8000, poloxamer, polyoxyethylene glycerylcocoate,
carbopol, suppocire AS2X, suppocire CM, Witepsol H1ES,
Witepsol W25, mineral oil, corn oil, paraffin oil, canola
0il, castor oil, cottonseed oil, lecithin, peanut oil,
sesame oil, soybean oil and hydrogenated vegetable oil.

7. The composition of c¢laim 6 wherein said
mucoadhesive agent is present in from about 0.5% to about
10% by weight, wherein said penetration enhancer is present
in amount from about 0.1% to about 60% by weight, wherein
said release modifier is present in amount from about to
about 5% to about 70% by weight.

8. The composition of claim 7 further comprising
pharmacologically acceptable additives or excipients.

9. The composition of claim 8 wherein said additives
or excipients are solubilizing agents, buffering agents,
fillers, preservatives, plasticizers, surfactants or anti-
oxidants.

10. The composition of claim 9 wherein the substrate
polymer, alone or in combination, is further combined with
a pharmacologically effective agent selected from the group
consisting of an anti-osteoporotic, non-steroidal anti-
inflammatory, calcium channel antagonist, local anesthetic,
potassium channel antagonists, B-adrenergic agonist,
vasodilator, cyclooxygenase inhibitor, = anti-fungal,
antiviral, antimicrobial, antiparasitic, anti-epileptic,
anti-migraine, anti-HIV, anti-neurodegenerative, anti-
psychotic, chemotherapeutic or anti-neoplastic and opioid

analgesic agent.

11. The composition of claim 10 wherein gaid
nonsteroidal anti-inflammatory drug is selected from the
group consisting of aspirin, ibuprofen, indomethacin,
phenylbutazone, bromfenac, fenamate, sulindac, nabumetone,

ketorolac, and naproxen;

0189



WO 2004/041118 PCT/US2003/034643

10

15

20

25

30

35

76

wherein said calcium channel antagonist is selected
from the group consisting of diltaizem, israpidine,
nimodipine, felodipine, verapamil, nifedipine, nicardipine,
and bepridil;

wherein said potassium channel blocker is selected from
the group consisting of dofetilide, almokalant, sematilide
ambagilide, azimilide, tedisamil, sotalol, piroxicam and
ibutilide;

wherein said PB-adrenergic agonist is selected from the
group consisting of terbutaline, salbutamol, metaproterenol,
ritodrine;

wherein said COX-2 or COX-1 inhibitor is selected from
the group consisting of naproxen, ketoprofen, ketorolac,
indomethacin, diclofenac, teroxicam, celecoxib, meloxicam
and flosulide;

wheréin said vasodilator is selected from the group
consisting of nitroglycerin, isosorbide dinitrate, and
igosorbide mononitrate;

wherein said bisphosphonate is selected from the group
consisting of alendronate, clodronate, etidronate,
pamidronate, tiludronate, ibandronate, zoledronate,
alpadronate, residronate and neridronate;

wherein said antifungal agent selected from the group

consisting of miconazole, terconazole, isoconazole,
fenticonazole, tioconazole, fluconazole, nystatin,
ketoconazole, clotrimazole, butoconazole, econazole,

metronidazole and itraconazole;
wherein said antibacterial agent is selected from the

group consisting of metronidazole, clindamycin, tetramycin,

erythromycin, doxicycline, lumefloxacin, norfloxacin,
afloxam, ciproflaxin, azitromycin, cefltoxime and
doxicycline;

wherein said selected parasiticidal agent is

metronidazole and clotrimazole;

wherein said antiviral agent is acyclovir or AZT;
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wherein said anti-migraine agent is almotriptan,
eletriptan, flovatriptan, naratriptan, rizatriptan,
sumatriptan, =zolmitriptan, ergotamine, dihydroergotamine,
bosentan and lanepitant;

wherein said anti-cancer agent is vincristine,
cisplastin, doxorubicin, daunorubicin, etoposide, topotecan,
irinotecan, paclitaxel, docetaxel, cyclophosphamide,

methotrexate, and gemcitabine;

wherein said anti-HIV agent is saquinavir, ritonavir,

indinavir, amprenavir, nelfinavir, lopinavir and
ganciclovir; and

wherein said biotechnology-derived protein or peptide
is  insulin, calcitonin, vasopressin, luprolide,
somatostatin, oxytocin, bivalirudin, integrilin, natrecor,
abarelix, gastrine Gl17, peptide, ziconotide, cereport,
interleukin, humanized antibodies and growth hormone.

12. The composition of c¢laim 11 administered to a

surface of a nasal, buccal, wvaginal, labial or scrotal

device.
13. The composition of claim 12 formulated as a foam.
14. The composition of claim 13 wherein the foam has

a variable shape and size.
15. The composition of claim 14 wherein the foam is
preformed into a device shaped as a sheet, tube, tampon,

cylinder, pillow, strip, pad, sphere, tablet, ring, or bead.

16. The composition of claim 12 formulated ag a film.

17. The composition of claim 16 wherein the foam has
a variable thickness and size.

18. The composition of claim 12 wherein the film is
used as a coating for a nasal, buccal, vaginal or labial
device.

19. The composition of claim 18 wherein said foam or

film is prepared by lyophilization or by aeration.
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20. A device comprising a polymer foam or film
composition of claims 1-18, said device suitable for
delivery of therapeutically effective agents topically to
a nasal, buccal, vaginal or labial cavity wherein said
device is either coated with said composition or said
composition is incorporated into said device.

21. The device of claim 19 wherein the device is a
tampon, tampon-like device, ring, sponge, pessary,
suppository, pillow, pad, strip, cylinder, sphere or bead
and wherein the composition is a foam or film coating or a
foam or film incorporated into said device.

22. A method for topical or systemic delivery of drugs
to or through nasal, buccal, wvaginal, labial or scrotal
epithelium said method comprising a step of contacting the
vaginal, nasal, buccal, labial or scrotal epithelium with
a foam or film composition consisting essentially of a
substrate polymer and a pharmacologically effective agent.

23. The method of claim 22 wherein pharmacologically
effective agent is selected from the group:consisting of an
nonsteroidal anti-inflammatory, anti-prostaglandin,
prostaglandin inhibitor, cyclooxygenase inhibitor, calcium
channel blocker, potassium channel blockers, B-adrenergic
agonists, vasodilator, antibiotic, antimycotic,
bisphosphonate, anti-nausea, anti-psychotic, anti-migraine,
anti-HIV, anti-cancer, chemotherapeutic, a biotechnology
derived ©protein or ©peptide, anti-epileptic, opioid
analgesic,

wherein the amount of said pharmacological agent in the
said composition administered to the mucosa is sufficient
to deliver a therapeutically effective dose from about 0.01
to about 2000 mg of the pharmacological agent to the
systemic circulation.

24 . The method of claim 23 wherein said nonsteroidal
anti-inflammatory drug is selected from the group conegisting

of aspirin, ibuprofen, indomethacin, phenylbutazone,
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bromfenac, fenamate, sulindac, nabumetone, ketorolac, and
naproxen;

wherein said calcium channel antagonist is selected
from the group consisting of diltaizem, israpidine,
nimodipine, felodipine, verapamil, nifedipine, nicardipine,
and bepridil;

wherein said potassium channel blocker is selected from
the group consisting of dofetilide, almokalant, sematilide
ambasilide, azimilide, tedisamil, sotalol, piroxicam and
ibutilide;

wherein said P-adrenergic agonist is selected from the
group consisting of terbutaline, salbutamol, metaproterenol,
ritodrine;

wherein said cyclooxygenase inhibitor is selected from
the group consisting of naproxen, ketoprofen, ketorolac,
indomethacin, diclofenac, teroxicam, celecoxib, meloxicam
and flosulide;

wherein said vasodilator is selected from the group
consisting of nitroglycerin, isosorbide dinitrate, and
isosorbide mononitrate;

wherein said bisphosphonate is selected from the group
consisting of alendronate, clodronate, etidronate,
pamidronate, tiludronate, ibandronate, zoledronate,
alpadronate, residronate and neridronate;

wherein said antifungal agent selected from the group

consisting of miconazole, terconazole, isoconazole,
fenticonazole, tioconazole, fluconazole, nystatin,
ketoconazole, clotrimazole, butoconazole, econazole,

metronidazole and itraconazole;
wherein said antibacterial agent is selected from the

group consisting of metronidazole, clindamycin, tetramycin,

erythromycin, doxicycline, lumefloxacin, norfloxacin,
afloxam, ciproflaxin, azitromycin, cefltoxime and
doxicycline;

wherein said gselected parasiticidal agent is
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metronidazole and clotrimazdle;

wherein said antiviral agent is acyclovir or AZT;

wherein said anti-migraine agent is almotriptan,
eletriptan, flovatriptan, naratriptan,‘ rizatriptan,
sumatriptan, zolmitriptan, ergotamine, dihydroergotamine,
bosentan and lanepitant;

wherein said anti-cancer agent is vincristine,
cisplastin, doxorubicin, daunorubicin, etoposide, topotecan,
irinotecan, paclitaxel, docetaxel, cyclophosphamide,
methotrexate, and gemcitabine;

wherein said anti-HIV agent is saquinavir, ritonavir,
indinavir, amprenavir, nelfinavir, lopinavizx and
ganciclovir; and

wherein said biotechnology-derived protein or peptide
is insulin, calcitonin, vasopressin, luprolide,
somatostatin, oxytocin, bivalirudin, integrilin, natrecor,
abarelix, gastrine G17, peptide, =ziconotide, cereport,
interleukin, humanized antibodies and growth hormone.

25. The method of claim 24 wherein said composition

is delivered through wvaginal epithelium.

26. The method of claim 24 wherein said composition
ie delivered through nasal mucosa.

27. The method of claim 24 wherein said composition
is delivered through buccal mucosa.

28. The method of claim 24 wherein said composition

is delivered through scrotal epithelium.
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FIG. 1
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FIG. 2

Ketorolac Release from Alginic Acid Film in pH 4.2
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FIG. 3

WATER UPTAKE AND DISSOLUTION OF HPMC + AVICEL PH-101
FOAMS
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