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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 (8) 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 mayresult in termination of proceedings or abandonmentof 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 ofInformation Act.

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 counselin the course of
settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof 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.
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).
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.
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 pursuantto the Atomic Energy Act (42 U.S.C.
218(c)).
A record from this system of records may bedisclosed,as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSAaspart of that agency’s
responsibility to recommend improvements in records managementpractices 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 recordsfor this purpose, and any other relevant(i.e., GSA or Commerce)directive. Such
disclosure shall not be used to make determinations about individuals.

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 bedisclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
wasfiled in an application which became abandonedorin 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.
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 awareof a violation or potential violation of law or regulation.
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

icati

Application Data Sheet 37 CFR 1.76
Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions   
The application data sheetis part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arrangedin a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document maybe printed and included in a paperfiled application. 

Secrecy Order 37 CFR 5.2

Oo Portionsorall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuantto
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may notbefiled electronically.)

 

 

Inventor Information:

Inventor

Legal Name

 

 

Prefix} Given Name Middle Name Family Name

TepeTE
ResidenceInformation (Select One) @ US Residency Non US Residency Active US Military Service

|city|| State/Province [Ry|Country of Residencd

Mailing Addressof Inventor:WaiingAdaressoftwvenfor——
[Adtisst‘|feBewivanOre——OSCSC~C~“SC~“S*S*S*S*~“‘~“~S~S~S
faddess?[P|
roy[fervorSdSitProvince
[PostalCode[joo——SSCSCSCSC~dSmetSS
‘menorpT

Legal Name

[Prefix]GivenName|MiddleName|FamilyName|Sufix
[EyBremelesS™~é~tSsSCO

Residence Information (Select One) () US Residency @ Non US Residency Active US Military Service

City obart TAS Country of Residence i

 

 

Addresst|Pedals?

fciy[Faas SSCSC~*~C~*diSatlProvinceTPSSCSCSC*
[PostalGode[yuo—————S—SCSC~iRoumSSSCSCSC~*S

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generatedwithin this form by selecting the Add button.  

 
Correspondence Information:

EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions

Enter either Customer Number or complete the CorrespondenceInformation section below.
For further information see 37 CFR 1.33(a).

[_] An Addressis being provided for the correspondenceInformation of this application.

Customer Number fi 5200
Email Address |eCpatents@klgates.com Add Email Remove Email

Application Information:

 
 
 

Title of the Invention OsteoclastInhibitors for Knee Conditions

Application Type [Pomowsonal
Subject Matter py

Total Numberof Drawing Sheets(if any) /4|SuggestedFigureforPublication(ifany)||_|
Filing By Reference:

  
 

Only complete this section whenfiling an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this sectionif
application papers including a specification and any drawingsare being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposesofa filing date under 37 CFR 1.53(b), the description and any drawingsof the present application are replaced by this
reference to the previouslyfiled application, subject to conditions and requirements of 37 CFR 1.57(a). i

Application numberofthe previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Po
Publication Information:

 

 
 

   Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby requestthat the attached application not be published under
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.

 

 

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a powerof attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Numberwill be used for the Representative Information during processing. 
 

Please Select One: @ Customer Number US Patent Practitioner © Limited Recognition (37 CFR 11.9)
Customer Number 

EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions 
Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365{c), or 386(c) or indicate National
Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
Whenreferring to the current application, please leave the application numberblank.

[PriorApplicationStatus|Pending
Prior Application Number|Filing Date (YYYY-MM-DD)

[PriorApplicationStatus]Fabandoned [Reno

 

  
  

  
 
 

 
 
 

  
  

  

 

  
   

  

 
   

 
 
  

 
  
  
 
 
 

 
 
   
 

  
  

 
 

 
 

 
Application a Prior Application Filing Date Issue Date

Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)  

2014-07-29 fu 2015-04-14

[PirApictenStas]Pabues Row
“er Ria, [rosie |

ee[peefoepenn[ieee[ome|PriorApplicationStatus|Exped
Prior Application Number Filing Date (YYYY-MM-DD}

PretApplicatonStatus]Patened [Remove]
a ER[meme Ry

arose|Bousefamrome——_|Forwis|pas—_|porsanse
Prior Application Status [Patented Remove

Prior Application Status [Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

Fereser|Petrvatoninnatoe
|_PriorApplicationStatus|Fxpred

Prior Application Number|Filing Date (YYYY-MM-DD)

i 3/894274 | laims benefit of provisional -| 61/803721 2013-03-20
Prior Application Status [Bvired Remove

EFS Web 2.2.12

 
 
 

  

 

 
 

  
   
 

   
  

   

 
 
 
   
  
 

 
 
 

Filing Date Patent Numb Issue Date
(YYYY-MM-DD) atent Number|(yvYYY-MM-DD)

2013-10-25 2014-08-12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number 1958603.001 16 
Application Data Sheet 37 CFR 1.76 —

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

i 34894274 | laims benefit of provisional | 61/767647 2013-02-21
Prior Application Status [Exired Remove 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

i 3/894274 | laims benefit of provisional | 61/767676 2013-02-21

Application Number Continuity Type Prior Application Number

Remove

Filing Date (YYYY-MM-DD) 

|fisieoa274 | laims benefit of provisional | 61/764563 2013-02-14

Remove 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

i 34894274 | laims benefit of provisional | 61/762225
Prior Application Status [Exred

2013-02-07

Remove

 
 

Application Number Continuity Type Prior Application Number

i 3/894274 | laims benefit of provisional | 61/655541

Application Number Continuity Type Prior Application Number

Filing Date (YYYY-MM-DD)

2012-06-05

Remove

Filing Date (YYYY-MM-DD) 

i 3/894274 | laims benefit of provisional >| 61/655527 2012-06-05

Remove 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

i 3/894274 | laims benefit of provisional | 61/654383 2012-06-01

Remove 

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 

i 3/894274 | laims benefit of provisional | 61/654292 2012-06-01

 
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

 i 3/894274 | laims benefit of provisional | 61/647478 2012-05-15

Application Number Continuity Type Prior Application Number

i 34894274 | laims benefit of provisional | 61/646538
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

2012-05-14

  
Filing Date (YYYY-MM-DD)

 

Foreign Priority Information: 

EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16 
Application Data Sheet 37 CFR 1.76 —

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)! the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program,applicant bears the ultimate

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

Remove

Application Number Filing Date (YYYY-MM-DD) Access Code! (if applicable)

 

 

 

Additional Foreign Priority Data may be generated within this form by selecting the
Addbutton.

 
 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
16, 2013.

NOTE:By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined underthefirst inventorto file provisions of the AIA.

 

  
 

 

Authorization to Permit Access:

[_] Authorization to Permit Access to the Instant Application by the Participating Offices

EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions 
If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any otherintellectual property offices in which a foreign application claiming priority to the instant patent application
is filled access to the instant patent application. See 37 CFR 1.14{c) and (h). This box should not be checkedif the applicant
does not wish the EPO, JPO, KIPO, WIPO,or otherintellectual property office in which a foreign application claiming priority
to the instant patent applicationis filed to have accessto the instant patent application.

In accordance with 37 CFR 1.14(h)(3), accesswill be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application
claimspriority under 35 U.S.C. 119{a)-{d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has beenfiled in the instant patent application; and 3) any U_S. application-as-filed from which benefit is
soughtin the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date offiling this Authorization.

 

Applicant Information:

Providing assignmentinformation in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant ff

If the applicantis the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
Theinformation to be provided in this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise showssufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46.If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Clear

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

 

 

 

Person to whom theinventoris obligated to assign. Person who showssufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

Nameof the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. xX

 

 

Mailing Address Information For Applicant:

fAddesst|

a|State/Province

Postal Code

 

  
Phone Number Fax Number

 
  

EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions

Additional Applicant Data may be generated within this form by selecting the Add button. Add

 
 

Assignee Information including Non-Applicant Assignee Information:
 

Providing assignment information in this section does not subsitute for compliance with any requirementof part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee ,
 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assigneeis also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. LC]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

 

 

 
 

 

Address 1

Address 2  

State/Province 

 Postal Code    Phone Number Fax Number

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

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

|Signature Brent A. Johnson/ | Date (YYYY-MM-DD) |pos-12.1

 
 

Additional Signature may be generated within this form by selecting the Add button. Add  
EFS Web 2.2.12
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PTO/AIA/14 (07-14)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.

Attorney Docket Number|1958603.001 16 
Application Data Sheet 37 CFR 1.76

Application Number 

Title of Invention Osteoclast Inhibitors for Knee Conditions 
This collection of information is required by 3 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upontheindividual case. Any comments on the amountof 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, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.12

10
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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(\(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 abandonmentof 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 Departmentof Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

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 recordin 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, whenthe individual has requested assistance from the Memberwith respect to the subject matter of
the record.

4. A recordin 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 C o o p eration Treaty.

6. A recordin 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 GSAaspart of that agency's responsibility to recommend improvements in records
managementpractices 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 aboutindividuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
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 orin which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections 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.

 
EFS Web 2.2.12
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PTOIALAION (06-12)
Approved for use through 04/31/2014, OMB 0551-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no sersars are required to respond to @ collection of information uniess f displays a vaild OMB contro! number. i

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76}

Titeof|OSTEOCLAST INHIBITORS FOR KNEE CONDITIONS
nvention

| As the below named inventor, | hereby declare that:

This declaration [gl +. ‘ ;
I is directed to: ei The atlached application, or

[| United States agplication or PCTinternational application number
filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an Griginal joint inventor of a claimed invention in the appiication.

i hereby acknowledge that any willful false staternent made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Patitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may f
coriribute to identily theil. Personal infomation such as social security numbers, bank account numbers, or credit card numbers |
{ather than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO}
to support a petition or an application. if this type of personal information is Included in documents submitted to the USPTO, 5
petitioners/applicants should consider redacting such personal information from the documents before submitting them io the
USPTO. Pelitioner/applicant is advised that the recard of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213{a) is made in the application) or issuance of a

‘patent. Furthermore, the record from an abandonedapplicationmay also be available to the public ifthe application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and creditcard authorization forms

TO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Herriot Tabuteau
Inventor Date (Optional:

/Herriot Tabuteau/
Signature:

‘icte: An application data sheet (PTO/S8/14 or equivalent), including naming the entire inventive entity, must accompanythis form or must have
en previously filed. Use an additional PTO/AIA/O1 formfor each additional inventor,

 
This coflection of information is required by 35 U.S.C. 115 and 3? CFR 1.83. The information {s required to obtain ar retain a benefit by ihe public whichis to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14 and 1.14. This collection is estimated to take t minute to
complete, including gathering, preparing, and subrnitting 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 suggestionsfor reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Gox 1450, Alexandria, VA 22313-1456. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22343-1460,

ffyou need assistance in completing the form, call 1-800-PTO-9799 and select option 2

 

  

12



13

PTOUAIIBL 81H
Approved for use MhmughOU/S1/2014.. OMS C6St-O0S2

U.S: Patent and Yrademark Office: US. DEPARTMENT OF COMMERCE

Underthe Pagerank Reduction Atot TOSS, ne péisons ans requirest$5 iespond tea collention af idormation unless Realaptayea Valid OMB control nbsribes.
DECLARATION (37 GER 4.63) FOR UTILITY OR DESIGN APPLICATION USING AN

\ APPLICATION DATA SHEET(87 CFR 1.78}
“Tite of | OST:EOCLAST INHIBITORS FOR KNEE CONDITIONS

| invention | 
i As thebelow named inventor, | hereby declarethat

Ths declaration
Js directed fa’  The attached application,‘or

i] United States application or POT international application nuraber
filed or

f The alicve-identiied appication was meds or authorized to be made by:me.

Et beliave that lamihe original inventor-or anh origiial joint iventor of a claiméd invention in the-application
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OSTEOCLASTINHIBITORS FOR KNEE CONDITIONS

inventors: Herriot Tabuteau and Graeme Jones

SUMMARY

[0001] Bisphosphonate compounds are potent inhibitors of osteoclast activity, and

are usedclinically to treat bone-related conditions such as osteoporosis and Paget’s disease

of bone: and cancer-related conditions including multiple myeloma, and bone metastases from

solid tumors. They generally have low oral bioavailability.

[0002] Patchy osteoporosis and bone marrow edema may result from osteoclast

hyperactivity. Zoledronic acid is a potent inhibitor of bone resorption and osteoclast activity.

Nitrogen containing bisphosphonates, such as zoledronic acid, also inhibit the mevalonate

pathwayin the osteoclast thereby interrupting normal osteoclast function.

[0003] It has been discovered that oral dosage forms of bisohosphonate compounds,

such as zoledronic acid, can be used to treat or alleviate pain or related conditions.

[0004] Some embodiments include a method of enhancing the oral bioavailability of

zoledronic acid comprising orally administering a dosage form containing zoledronic acid in the

disodium salt form.

[0005] Some embodiments include a dosage form comprising zoledronic acid in the

disodium salt form, wherein the bioavailability, in a mammal, of zoledronic acid in the disodium

salt form is greater than the bioavailability of zoledronic acid in the diacid form would bein the

same dosage form.

[0006] Some embodiments include a dosage form comprising zoledronic acid in the

disodium salt form, wherein the dosage form contains an amount of zoledronic acid in the

disodium salt form that provides an area under the plasma concentration curve of zoledronic

acid of about 4 ng*h/mL to about 2000 ngsh/mL to a humanbeing to which the dosageform is

administered.

[0007] Some embodiments include a dosage form comprising zoledronic acid in the

disodium salt form, wherein the disodium salt form is present in a lower molar amount than
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would be presentif the zoledronic acid were in the diacid form; and wherein the zoledronic acid

in the disodium salt form has an improved bioavailability as compared to the zoledronic acid in

the diacid form to the extent that the lower molar amount of the disodium salt in the dosage

form does not reduce the amountof zoledronic acid delivered to the plasma of a mammal.

[0008] Although an oral dosage form with enhanced bioavailability with respect to the

bisphosphonate compound can be used, the treatment can also be effective using an oral

dosage form that includes a bisphosphonate compound, such as zoledronic acid, wherein the

bioavailability of the bisphosphonate is unenhanced, or is substantially unenhanced.

[0009] Some embodiments include a method of relieving inflammatory pain

comprising administering an oral dosage form containing zoledronic acid to a mammal in need

thereof, wherein the mammal experiences significant pain relief more than 3 hours after

administration of the dosage form.

[0010] Some embodiments include a method of relieving pain associated with an

arthritis comprising administering an oral dosage form containing zoledronic acid to a human

being in need thereof.

[0011] Some embodiments include a method of treating complex regional pain

syndrome comprising administering an oral dosage form containing zoledronic acid to a

mammalin need thereof.

[0012] Some embodiments include an oral dosage form comprising zoledronic acid,

wherein the oral bioavailability of zoledronic acid is substantially unenhanced. For example,in

some embodiments, the oral bioavailability in the dosage form is about 0.01% to about 4%.

[0013] Some embodiments include a pharmaceutical product comprising more than

one unit of an oral dosage form described herein. In some embodiments, each unit of the oral

dosage form contains about 1 mg to about 50 mg of zoledronic acid.

[0014] Some embodiments include a method of relieving inflammatory pain

comprising administering an oral dosage form containing zoledronic acid to a mammal in need

thereof.

[0015] In some embodiments, the mammal receives a total monthly dose of

zoledronic acid that is about 800 mg/m?orless.
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[0016] In some embodiments, the dosage form contains about 10 mg/m? to about 20

mg/m? based uponthe body surface area of the mammal.

[0017] Some embodiments include a method of relieving inflammatory pain

comprising orally administering zoledronic acid to a mammal in needthereof.

[0018] In some embodiments, about 300 mg/m? to about 600 mg/m? of zoledronic

acid is administered per month, based upon the body surface area of the mammal.

[0019] In some embodiments, about 50 mg/m? to about 600 mg/m? of zoledronic acid

is administered per month, based upon the body surface area of the mammal.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a plot of pain compression thresholds in a rat model of inflammatory

pain using three different doses of zoledronic acid. Measurements were taken at baseline (BL)

and at various time points after dosing on the days indicated.

[0021] FIG. 2A is a graph depicting reversalof arthritis pain for two different doses of

zoledronic acid in a rat modelof arthritis pain.

[0022] FIG. 2B is a graph depicting pain thresholds for two different doses of

zoledronic acid in a rat modelof arthritis pain.

[0023] FIG. 3 is a graph summarizing the results for vehicle and zoledronic acid

treated rats in a rat model of complex regional pain syndrome.

[0024] FIG. 4 depicts hindpaw pain thresholds for vehicle and zoledronic acid treated

rats in a rat model of complex regional pain syndrome.

[0025] FIG. 5 depicts weight bearing for vehicle and zoledronic acid treated rats ina

rat model of complex regional pain syndrome.

[0026] FIG. 6 depicts paw thickness change for vehicle and zoledronic acid treated

rats in a rat model of complex regional pain syndrome.

[0027] FIG. 7 depicts the aqueoussolubility of disodium zoledronate tetrahydrate as

comparedto the diacid form of zoledronic acid.
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[0028] FIG. 8 depicts the plasma concentration of zoledronic acid in dogs over time

after administration of 150 mg of the disodium salt form of zoledronic acid and the diacid form

of zoledronic acid.

[0029] FIG. 9 depicts the compressibility of dosage forms containing zoledronic acid

in the disodium salt form as compared to the diacid form.

[0030] FIG. 10 depicts the change in VAS pain score compared to placebo at three

months with zoledronic acid treatment in patients with osteoarthritis of the knee, bone marrow

lesions, and different degrees of joint space narrowing.

[0031] FIG. 11 depicts the change in VAS pain score compared to baseline at three

months with zoledronic acid treatment in patients with osteoarthritis of the knee, bone marrow

lesions, and different degreesof joint space narrowing.

[0032] FIG. 12 depicts the change in VAS pain score compared to placebo at three

months with zoledronic acid treatment in different subgroups of patients with osteoarthritis of

the knee and bone marrow lesions.

[0033] FIG. 13 depicts the change in BML lesion size compared to placebo at six

months with zoledronic acid treatment in patients with osteoarthritis of the knee, bone marrow

lesions, and different degreesof joint space narrowing.

DETAILED DESCRIPTION

[0034] Inhibitors of osteoclast activity include bisphosphonate compounds such as

pamidronate or pamidronic acid, neridronate or neridronic acid, olpadronate or olpadronicacid,

alendronate or alendronic acid, incadronate or incadronic acid, ibandronate or ibandronic acid,

risedronate or risedronic acid, cimadronate or cimadronic acid, zoledronate or zoledronic acid,

etidronate or etidronic acid, clodronate or clodronic acid, tiludronate ortiludronic acid, etc.

[0035] RANK/RANKL antagonists may be inhibitors of osteoclast activity.

RANK/RANKL antagonists include but are not limited to OPG (osteoprotegerin) or a variant

thereof, an anti-RANKL antibody such as denosumab, a monoclonal anti-RANKL antibody, a

small interfering RNA, a microRNA, a precursor molecule, a ribozyme, an antisense nucleic

acid, or an aptamertargeting RANKL. Antibodies such as AB-25E9, small molecules, small
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interfering RNAs, microRNAs, precursor molecules, ribozymes, antisense nucleic acids, or

aptamers that target the cell-surface protein Siglec-15 may be osteoclastinhibitors.

[0036] Some Bruton’'s tyrosine kinase (BTK) inhibitors may be inhibitors of osteoclast

activity. BTK inhibitors can include ONO-4059; ibrutinib; Benzo[b]thiophene-2-carboxamide,

N-[3-[6-[[4-[(2R)-1 ,4-dimethy|-3-oxo-2-piperazinyl]phenyl]amino]-4,5-dihydro-4-methy|-5-0xo-2-

pyrazinyl]-2-methylpheny|]-4,5,6,7-tetrahydro- (GDC-0834); RN-486; Benzamide, 4-(1,1-

dimethylethyl)-N-[3-[8-(phenylamino)imidazo[1 ,2-a]pyrazin-6-yl]phenyl]- (CGI-560);

Benzamide, N-[3-[4, 5-dihydro-4-methy|-6-[[4-(4-morpholinylcarbonyl)phenyljamino]-5-0xo-2-

pyrazinyl|]-2-methylpheny|]-4-(1,1-dimethylethyl)- (CGI-1746CAS Registry No. 910232-84-7).

HM-71224: 2-Propenamide, N-[3-[[5-fluoro-2-[[4-(2-methoxyethoxy)phenyljamino]-4-

pyrimidinyl]Jamino]phenyl]- (CC-292, CAS Registry No. 1202757-89-8); 2-Pyridinecarboxamide,

4-[4-[[5-fluoro-4-[[3-[(1-oxo-2-propen-1-yl)amino]phenyllamino]-2-pyrimidinyl]jamino]phenoxy]-

N-methyl- (CNX-774, CAS Registry No. 1202759-32-7), AVL-101 (CAS Registry No. 1552307-

34-2), AVL-291 (CAS Registry No. 1552307-35-3), and AVL-292 (CAS Registry No. 1552307-

36-4), [N-(2-chloro-6-methylphenyl)-2-(6-(4-(2-hydroxyethyl) piperazin-1-yl)-2-methylpyrimidin-

4-ylamino)thiazole-5-carboxamide] (dasatinib), alpna-cyano-beta-hydroxy-beta-methyl-N/-(2,5-

bromophenyl) propenamide (LFM-A13), and ONO-WG-307.
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[0037] Inhibitors of osteoclast activity may be used for a number of medical

purposes, such as treatment of undesirable conditions or diseases, including pain relief. This

may be accomplished in many instances by administration of oral dosage forms. Generally, an

oral dosage form comprising a bisphosphonate such as zoledronic acid is administered orally

to a mammal, such as a human being, at least once, to treat a disease or condition, or to

relieve pain.

[0038] The following compounds may also be osteoclastinhibitors:

+

PO3H2
O /-\

HONN POsH>
OH

Compound 1
+

PO3H»2

N —— HworTX N~ ee
HO

OH

Compound 2

[0039] The term “treating” or “treatment” broadly includes any kind of treatment

activity, including the diagnosis, cure, mitigation, or prevention of disease in man or other

animals, or any activity that otherwise affects the structure or any function of the body of man

or other animals.
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[0040] An oral dosage form of a bisphosphonate such as zoledronic acid may be

used to treat, or provide relief of, any type of pain including, but not limited to, inflammatory

pain, arthritis pain, complex regional pain syndrome, lumbosacral pain, musculoskeletal pain,

neuropathic pain, chronic pain, cancer-related pain, acute pain, postoperative pain, etc. In

some instances, pain relief may be palliative, or pain relief may be provided independent of

improvement of the disease or condition or the underlying cause of the disease or condition.

For example, although the underlying disease may not improve, or may continue to progress,

an individual suffering from the disease may experience pain relief. In some embodiments,

enhanced bioavailability of the zoledronic acid may be achieved in treating one of these

conditions by administering a dosage form comprising zoledronic acid in the form of a

disodium salt. This may allow a reduced molar amount of the disodium salt to be used as

compared to what would be used with the diacid form.

[0041] In some embodiments, the mammalbeing treated is not suffering from bone

metastasis. In some embodiments, the mammal being treated is not suffering from cancer. In

some embodiments, the mammalbeing treated is not suffering from osteoporosis.

[0042] For example, zoledronic acid or another bisphosphonate may be

administered orally to relieve musculoskeletal pain including low back pain, and pain

associated with rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, erosive

osteoarthritis, sero-negative (non-rheumatoid) arthropathies, non-articular rheumatism, peri-

articular disorders, axial spondyloarthritis including ankylosing spondylitis, Paget's disease,

fibrous dysplasia, SAPHO syndrome, transient osteoarthritis of the hip, vertebral crush

fractures, osteoporosis, etc. In some embodiments, enhanced bioavailability of the zoledronic

acid may be achieved in treating one of these conditions by administering a dosage form

comprising zoledronic acid in the form of a disodium salt. This may allow a reduced molar

amount of the disodium salt to be used as compared to what would be used with the diacid

form.

[0043] In some embodiments, zoledronic acid or another bisphosphonate may also

be administered orally to relieve neuropathic pain, including diabetic peripheral neuropathy,

post-herpetic neuralgia, trigeminal neuralgia, monoradiculopathies, phantom limb pain, and

central pain. Other causes of neuropathic pain include cancer-related pain, lumbar nerve root
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compression, spinal cord injury, post-stroke pain, central multiple sclerosis pain, HIV-

associated neuropathy, and radio-therapy or chemo-therapy associated neuropathy. In some

embodiments, enhanced bioavailability of the zoledronic acid may be achievedin treating one

of these conditions by administering a dosage form comprising zoledronic acid in the form of a

disodium salt. This may allow a reduced molar amount of the disodium salt to be used as

compared to what would be used with the diacid form.

[0044] In some embodiments, zoledronic acid or another bisphosphonate may be

administered orally to relieve inflammatory pain including musculoskeletal pain, arthritis pain,

and complex regional pain syndrome. In some embodiments, enhanced bioavailability of the

zoledronic acid may be achieved in treating one of these conditions by administering a dosage

form comprising zoledronic acid in the form of a disodium salt. This may allow a reduced

molar amount of the disodium salt to be used as compared to what would be used with the

diacid form.

[0045] Examples of musculoskeletal pain include low back pain; and pain associated

with vertebral crush fractures, fibrous dysplasia, osteogenesis imperfecta, Paget’s disease of

bone, transient osteoporosis, and transient osteoporosis of the hip.

[0046] Arthritis refers to inflammatory joint diseases that can be associated with pain.

Examples of arthritis pain include pain associated with osteoarthritis, erosive osteoarthritis,

rheumatoid arthritis, juvenile rheumatoid arthritis, sero-negative (non-rheumatoid)

arthropathies, non-articular rheumatism, peri-articular disorders, neuropathic arthropathies

including Charcot’s foot, axial spondyloarthritis including ankylosing spondylitis, and SAPHO

syndrome.

[0047] In some embodiments, a human being that is treated for arthritis by an oral

dosage form of zoledronic acid has an age of about 10 years to about 90 years, about 20

years to about 80 years, about 30 years to about 75 years old, about 40 years to about 70

years, about 1 year to about 16 years, or about 80 years to about 95 years.

[0048] In some embodiments, a human being that is treated for arthritis by an oral

dosage form of zoledronic acid has suffered from the arthritis for at least 1 month, at least 2

months,at least 6 months, or at least 1 year.
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[0049] In some embodiments, the arthritis affects a knee, an elbow, a wrist, a

shoulder, an ankle, the spine, or a hip.

[0050] For treatment of arthritis or joint pain, such as knee pain, in some

embodiments the person being treated has OARSI Grade 0, or Kellgren and Lawrence Grades

0 or 1, joint space narrowing.

[0051] In some embodiments, the person has lesions, such as bone marrowlesions.

In some embodiments the person being treated for bone marrow lesions has normal joint

space knee pain, OARSI Grade 0, or Kellgren and Lawrence Grades O or 1, joint space

narrowing.

[0052] In some embodiments, the person has baseline pain intensity of 5 or greater

measured using the 0-10 numerical rating scale (NRS), or 50 mm or greater using the 100 mm

visual analog scale (VAS). In some embodiments the person being treated for pain has normal

joint space knee pain, OARSI Grade 0, or Kellgren and Lawrence Grades 0 or 1, joint space

narrowing.

[0053] Bone marrow lesions (BMLs) include regional bone marrow signal intensity

alterations on magnetic resonance imaging (MRI). BMLs can be present in the knee and can

be an important feature of osteoarthritis of the knee. BMLs have also been described in other

rheumatic conditions such as rheumatoid arthritis, osteonecrosis, ankylosing spondylitis, and

transient osteoporosis of the hip and are often referred to as bone marrow edema (BME).

[0054] In some embodiments, a person being treated for arthritis, such as with

zoledronic acid, has osteoarthritis of the knee associated with bone marrow lesions.

[0055] In some embodiments, an inhibitor of osteoclast activity can be used to treat

bone marrow lesions.

[0056] In some embodiments, an inhibitor of osteoclast activity can be used to treat

bone marrow lesions of the knee, shoulder, ankle, wrist, hand, fingers, spine, or hip.

[0057] Commonly used measures of pain intensity include the visual analog scale

(VAS) and the numerical rating scale (NRS). With the VAS approach, patients rate the severity

of their pain by marking a point on a 10-cm (or 100 mm) VAS (O=no pain and 10=worst

possible pain). With the NRS approach, patients rate the severity of their pain by verbally

11
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responding to a 10-point NRS (O=no pain and 10=worst possible pain). VAS and NRS scores

have been shownto be strongly correlated (slope of regression line, 1.01), indicating that a

score on the 10-cm VASis equivalent to the same score on 10-point NRS (Bijur PE et al. Acad

Emerg Med 2003; 10:390-392). For example, a VAS score of 5 cm (or 50 mm) is equivalent to

an NRSscore of 5. Knee pain in a person with a VAS score of 5 cm or 50 mm orhigher, or an

NRSscore of 5 or higher, may be referred to herein as moderate to severe knee pain.

[0058] In some embodiments, the patient suffering from pain, inflammation, a similar

condition, or any of the conditions described herein, has an NRSof 5 or greater, or a VAS of 5

cm or greater. In some embodiments, the patient has an NRS of 4 or greater, or a VAS of 4. cm

or greater. In some embodiments, the patient has an NRSof 6 or greater, or a VAS of 6 cm or

greater. In some embodiments, the patient has an NRSof 7 or greater, or a VAS of 7 cm or

greater. In some embodiments, the patient has an NRS of about 1, about 2, about 3, about 4,

about 5, about 6, about 7, about 8, about 9, or about 10. In some embodiments, the patient

has a VAS of about 1 cm, about 2 cm, about 3 cm, about 4 cm, about 5 cm, about 6 cm, about

7 cm, about 8 cm, about 9 cm, or about 10 cm.

[0059] For knee pain or pain associated with bone marrow lesions, in some

embodiments, treatment with a nitrogen-containing bisphosphonate such as zoledronic acid

may decrease the visual analog (VAS) pain score measured using a 100 mm scale,by at least

about 5 mm, at least about 8 mm, at least about 10 mm,at least about 15 mm, up to about 50

mm, or up to about 100 mm. In some embodiments, the VAS score, may be decreased byat

least about 5 mm, at least about 8 mm, at least about 10 mm, at least about 15 mm, up to

about 50 mm, or up to about 100 mm, as comparedto a placebo.

[0060] Treatment with a nitrogen-containing bisphosphonate such as zoledronic acid

may decrease the numerical rating scale (NRS) pain score measured using a 0-10 scale, by at

least about 0.1, at least about 0.5, at least about 0.8, at least about 1, at least about 1.5, up to

about 5, or up to about 10. In some embodiments, the NRS score may be decreased by at

least about 0.1, at least about 0.5, at least about 0.8, at least about 1, at least about 1.5, up to

about 5, or up to about 10, as compared to a placebo.

[0061] In some embodiments, an inhibitor of osteoclast activity can be used to

reduce the size of bone marrow lesions. The area of the lesions may be measured asthetotal
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area of all lesions or as the area of any one lesion. In some embodiments, the total area

includes the medial tibial area, the medial femoral area, the lateral tibial area, and the lateral

femoral area. In some embodiments the bone marrow lesion in located in the patella.

[0062] In some embodiments,the use of an inhibitor of osteoclast activity achieves a

reduction in the total area of the bone marrow lesions of at least about 240 mm?. In some

embodiments, the reductionin total area is at least about 220 mm?, at least about 200 mm7?,at

least about 150 mm?, at least about 100 mm?, or at least about 50 mm*. In some

embodiments, the reduction in size of bone marrow lesions represents a reduction relative to

baseline of at least about 10%, at least about 20%, at least about 30%, at least about 40%, at

least about 50%, at least about 60%, at least about 70% at least about 80%, at least about

90%, or about 100%. In some embodiments, the reduction in area of bone marrow lesions

represents an improvement relative to placebo of at least about 10%, at least about 20%, at

least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about

70%, at least about 80%, at least about 90%, at least about 100%, at least about 120%, at

least about 150%, at least about 170%, at least about 200%, at least about 250%, at least

about 300%, at least about 350%, at least about 400%, or at least about 450%. In some

embodiments, the use of an inhibitor of osteoclast activity inhibits an increase in the size of the

bone marrow lesions over time.

[0063] Joint space narrowing (JSN) is typically graded using the Osteoarthritis

Research Society International (OARSI) atlas criteria, or the Kellgren and Lawrence (K/L)

system. The OARSI atlas criteria grades JSN using a 0-3 scale with Grade 0 indicating an

absence of JSN, and Grades 1, 2 and 3 indicating mild, moderate, and severe JSN,

respectively (Altman and Gold, Osteoarthritis Cartilage 2007;15(Suppl A):A1-A56). The K/L

system grades JSN using a 0-4 scale with Grade 0 indicating an absence of JSN, Grade 1

indicating doubtful JSN, and grades 2, 3 and 4 indicating minimal, moderate, and severe JSN,

respectively (Kellgren and Lawrence , Ann Rheum Dis 1957;16:494—-502). Based on these

criteria, OARSI Grade 0 (absence of JSN), approximates K/L Grades 0-1 (absence of, or

doubtful presence of JSN). Knee pain in a person having OARSI Grade 0 or K/L Grade or 1

JSN in the knee where the pain occurs may bereferred to herein as a “normal joint space knee

pain.”

13
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[0064] In some embodiments for patients having OARSI Grade O or K/L Grades 0-1

JSN, the use of an inhibitor of osteoclast activity achieves a reduction in the total area of the

bone marrow lesions of at least about 240 mm’. In some embodiments, the reduction in total

area is at least about 220 mm’, at least about 200 mm’, at least about 150 mm?, at least about

100 mm?, or at least about 50 mm*. In some embodiments, the reduction in size of bone

marrow lesions represents a reduction relative to baseline of at least about 10%, at least about

15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least

about 40%, at least about 45%, at least about 50%, at least about 60%, at least about 70% at

least about 80%, at least about 90%, or about 100%. In some embodiments, the reduction in

area of bone marrow lesions represents an improvementrelative to placebo of at least about

10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least

about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%,

at least about 120%, at least about 150%, at least about 170%, at least about 200%, at least

about 250%, at least about 300%, at least about 350%, at least about 400%, or at least about

450%. In some embodiments, the use of an inhibitor of osteoclast activity inhibits an increase

in the size of bone marrow lesions over time.

[0065] In some embodiments for patients having OARSI Grades 1-2 or K/L Grades

2-4 JSN, the use of an inhibitor of osteoclast activity achieves a reduction in the total area of

the bone marrowlesions of at least about 100 mm?. In some embodiments, the reduction in

total area is at least about 50 mm7”, at least about 60 mm7, at least about 80 mm’, at least

about 85 mm7?,at least about 90 mm, at least about 100 mm7”,at least about 105 mm7,at least

about 110 mm?, or at least about 115 mm. In some embodiments, the reduction in size of

bone marrow lesions represents a reduction relative to baseline of at least about 10%, at least

about 20%, at least about 30%, at least about 40%,at least about 50%, at least about 60%, at

least about 70% at least about 80%, at least about 90%, or about 100%. In some

embcdiments, the reduction in area of bone marrow lesions represents an improvement

relative to placebo of at least about 10%, at least about 20%, at least about 30%, at least

about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at

least about 90%, at least about 100%,at least about 115%, at least about 125%, at least about

135%, at least about 150%, at least about 170%, at least about 200%, at least about 250%, at

least about 300%, at least about 350%, at least about 400%,or at least about 450%. In some
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embodiments, the use of an inhibitor of osteoclast activity inhibits an increase in the size of

bone marrow lesions over time.

[0066] In some embodiments, an inhibitor of osteoclast activity, such as a nitrogen-

containing bisphosphonate, including e.g. zoledronic acid, minodronic acid, etc., is used to

treat fibromyalgia.

[0067] According to some embodiments, administration of an inhibitor of osteoclast

activity achieves a reduction in pain that lasts at least about one month, two months, three

months, four months, six months, or even at least about 12 months. According some

embodiments, administration of an inhibitor of osteoclast activity achieves a reduction in pain

that is observed at greater than three hours, at about one day, at about two to aboutfive days,

at about one week, at about two weeks, at about three weeks, at about one month, at about

five weeks, at about six weeks, at about seven weeks, at about two months, at about nine

weeks, at about ten weeks, at about eleven weeks, at about three months, at about four

months, at about six months, or at about 12 months after administration of the inhibitor of

osteoclast activity.

[0068] According some embodiments, administration of an inhibitor of osteoclast

activity achieves a reduction in pain that is observed at greater than three hours, but at or

before one week, two weeks, three weeks, four weeks, five weeks, six weeks, seven weeks,

eight weeks, nine weeks, 10 weeks, 11 weeks, 12 weeks, four months, five months, or six

months.

[0069] According some embodiments, administration of an inhibitor of osteoclast

activity achieves a reduction in pain that is observed at greater than three hours with a duration

of no more than about three months, no more than about four months, no more than about five

months, or no more than about six months.

[0070] According to some embodiments, after the administration of an inhibitor of

osteoclast activity, the area of bone marrowlesionsrelative to the size prior to administration

remains reduced for up to three months, four months, five months, six months, or even up to

12 months or more. According to some embodiments, after the administration of an inhibitor of

osteoclast activity, the area of bone marrow lesions relative to the size prior to administration is
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reduced at about three months, at about four months, at about five months, at about six

months, or at about 12 months.

[0071] According to some embodiments, after administration of an inhibitor of

osteoclast activity, the size of Modic changes or VESCsrelative to the size prior to

administration remains reduced for up to three months, four months, five months, six months,

or even up to 12 months or more. According to some embodiments, after the administration of

an inhibitor of osteoclast activity, the size of Modic changes or VESCsrelative to the size prior

to administration is reduced at about three months, at about four months, at about five months,

at about six months, or at about 12 months.

[0072] In some embodiments, an osteoclast inhibitor, such as a nitrogen-containing

bisphosphonate, e.g. zoledronic acid, ibandronic acid or minodronic acid, may be administered

to relieve complex regional pain syndrome, such as complex regional pain syndrome type |

(CRPS-I), complex regional pain syndrome type II (CRPS-II), CRPS-NOS, or another type of

CRPS.

[0073] In some embodiments, zoledronic acid or another bisphosphonate may be

administered orally to relieve complex regional pain syndrome, such as complex regional pain

syndrome type I (CRPS-l), complex regional pain syndrome typeII (CRPS-II), CRPS-NOS,or

another type of CRPS. CRPS is a type of inflammatory pain. CRPS can also have a

neuropathic component.

[0074] Complex regional pain syndrome is a debilitating pain syndrome. It is

characterized by severe pain in a limb that can be accompanied by edema, and autonomic,

motor and sensory changes.

[0075] In some embodiments, an osteoclast inhibitor, such as a nitrogen-containing

bisphosphonate, e.g. zoledronic acid or minodronic acid, may be used to reduce the use of

non-steroidal anti-inflammatory drug (NSAIDs), opioids, or other pain medications, for a patient

suffering from pain, inflammation, a similar condition, or any condition described herein. For

example, use of NSAIDs, opioids, or other pain medications may be reduced by at least about

5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least

about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at

least about 60%, at least about 70%, at least about 80%, or at least about 90%, up to about
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100%, as compared to the use of NSAIDs, opioids or other pain medications without

administration of the osteoclast inhibitor. Use of the opioids, NSAIDs, or other pain

medications may be reduced by at least about 5%, at least about 10%, at least about 15%,at

least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about

40%, at least about 45%, at least about 50%, at least about 60%, at least about 70%, at least

about 80%, or at least about 90%, up to about 100%, as compared to the use of NSAIDS,

opioids, or other pain medications at baseline.

[0076] The reduction in the use of NSAIDs, opioids, or other pain medications may

be observed at about one week, about two weeks, about three weeks, about one month, about

two months, about three months, about four months, about five months, about six months,

about seven months, about eight months, about nine months, about 10 months, about 11

months, or about one year or more, after the administration of osteoclast inhibitor.

[0077] With respect to use of oral zoledronic acid for relieving pain associated with

an inflammatory condition, relief of pain can be short-term, e.g. for a period of hours after

administration of the dosage form, and/orrelief of pain can be long-term, e.g. lasting for days,

weeks, or even months after oral administration of zoledronic acid. In some embodiments, a

mammal, such as a humanbeing, experiences significant pain relief at least about 3 hours, at

least about 6 hours, at least about 12 hours, at least about 24 hours, at least about 48 hours,

at least about one week, at least about 2 weeks, or at least about 3 weeks after administration

of an oral dosage form comprising zoledronic acid. In some embodiments, a mammal, such as

a humanbeing, experiences significant pain relief during at least part of the time from about 3

hours to about 2 weeks, about 3 hours to about 3 weeks, about 3 hours to about 24 hours,

about 6 hours to about 2 weeks, or about 6 hours to about 24 hours, about 3 days to about 2

weeks, about 6 days to about 2 weeks, after administration of an oral dosage form comprising

zoledronic acid. In some embodiments, a human being treated has significant pain relief at

three months, six months, nine months, or one year after administration of the most recent

dose of an osteoclast inhibitor such as zoledronic acid.

[0078] With respect to the treatment of any condition recited herein, in some

embodimentsa first oral dosage form comprising zoledronic acid is administered and a second

oral dosage form comprising oral zoledronic acid is administered. The timing of the
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administration of the two dosage forms may be suchthat, with respect to the first oral dosage

form, the second oral dosage with respectto the first oral dosage form, the second oral dosage

form is administered at 5 x Tmax or greater (e.g., if Tmax is 1 hour, at 5 hours or later), at least 10

X Tmax Or greater, at least about 15 x Tmax or greater, at least about 20 x Tmax or greater, at

least about 50 x Tmax or greater, or at least about 200 x Tmax or greater, wherein Tmax is the

time of maximum plasma concentrationfor the first oral dosage

[0079] Some embodiments include treatment of a condition recited herein, such as

inflammatory pain, arthritis, or complex regional pain syndrome, wherein the treatment

comprises either: administering only one dosage form to a mammal to treat the condition, or

administering a first dosage form to the mammal, followed by administering a second dosage

form to the mammal. If two or more dosage forms are administered, the second oral dosage

form is administered before the maximum pain relieving effect of the first oral dosage form is

achieved, or before a peak in the pain relieving effect of the first oral dosage form is

experienced by a mammal, receiving the dosage form. In some embcadiments, the second oral

dosage form is administered before an observable pain relieving effect is achieved. In some

embodiments, the second dosage form is administered about 12 hours to about 60 days, about

24 hours to about 28 days, about 24 hours to about 7 days, about 24 hours to about 14 days,

or about 24 hours to about 21 days, after the first dosage form is administered.

[0080] Some embodiments include treatment of a condition recited herein, such as

inflammatory pain, arthritis, or complex regional pain syndrome, wherein the treatment

comprises administering a first dosage form to the mammal, followed by administering a

second dosage form to the mammal, wherein the second dosage form is administered after the

maximum pain relieving effect of the first oral dosage form is achieved, and the second oral

dosage form is administered while the mammalis still experiencing pain relief from thefirst oral

dosage form, or while the pain relieving effect from the first oral dosage form is observable. In

some embodiments, the second dosage form is administered about 12 hours to about 60 days,

about 24 hours to about 28 days, about 24 hours to about 7 days, about 24 hours to about 14

days, or about 24 hours to about 21 days, after the first dosage form is administered.

[0081] Zoledronic acid or another bisphosphonate may also be administered orally to

relieve cancer-related pain, including pain associated with multiple myeloma and bone
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metastases from solid tumors. In some embodiments, zoledronic acid is used to treat pain that

is not cancer-related pain. For example, zoledronic acid may be usedto treat pain that is not

associated with multiple myeloma, bone metastasis from solid tumors, hypercalcemia of

malignancy, giant cell tumor of bone, blood cancers or leukemias, or solid tumors or cancers.

In some embodiments, enhanced bioavailability of the zoledronic acid may be achieved in

treating one of these conditions by administering a dosage form comprising zoledronic acid in

the form of a disodium salt. This may allow a reduced molar amount of the disodium salt to be

used as compared to what would be used with the diacid form.

[0082] In addition to relieving pain, oral administration of zoledronic acid or another

bisphosphonate may also be useful to treat diseases or conditions that may or may notinclude

a pain component. For example, zoledronic acid or another bisphosphonate may be useful to

treat any of the pain conditions or types of conditions listed above, including treatment that

does not simply relieve the pain of those conditions, and treatment that is carried out in such a

way that the condition is treated without pain relief occurring. In addition to any pain relief

zoledronic acid or another bisphosphonate may or may not provide, zoledronic acid or another

bisphosphonate may be used to treat a disease or condition such as a metabolic disease or

condition; an inflammatory disease or condition, including an inflammatory disease or condition

that is not associated with pain; a cancer disease or condition; a neurological disease or

condition; etc. In some embodiments, enhanced bioavailability of the zoledronic acid may be

achieved in treating one of these conditions by administering a dosage form comprising

zoledronic acid in the form of a disodium salt. This may allow a reduced molar amount of the

disodium salt to be used as compared to what would be used with the diacid form.

[0083] In some embodiments, oral administration of zoledronic acid or another

bisphosphonate may also be useful to treat complex regional pain syndrome, rheumatoid

arthritis, osteoarthritis, erosive osteoarthritis, axial spondyloarthritis including ankylosing

spondylitis, acute vertebral crush fracture, fibrous dysplasia, SAPHO syndrome, osteoporosis,

transient osteoporosis, or transient osteoporosis of the hip. In some embodiments, enhanced

bioavailability of the zoledronic acid may be achieved in treating one of these conditions by

administering a dosage form comprising zoledronic acid in the form of a disodium salt. This

may allow a reduced molar amount of the disodium salt to be used as compared to what would

be used with the diacid form.
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[0084] In some embodiments, oral administration of zoledronic acid or another

bisphosphonate may also be useful to treat hypercalcemia of malignancy, multipole myeloma,

bone metastases from solid tumors, Paget’s disease of bone, giant cell tumor of bone, blood

cancers or leukemias, or solid tumors or cancers. In some embodiments, enhanced

bioavailability of the zoledronic acid may be achieved in treating one of these conditions by

administering a dosage form comprising zoledronic acid in the form of a disodium salt. This

may allow a reduced molar amountof the disodium salt to be used as compared to what would

be used with the diacid form.

[0085] Some nitrogen-containing bisphosphonates may be represented by Formula

A:

Ri R?
O O

\, i
“ \ ™HO OH Ho OH

Formula A

[0086] With respect to Formula A, R' is F, Cl, Br, H, or OH. In some embodiments,

R' is OH.

[0087] With respect to Formula A, R? is aminoalkyl, such as aminoethyl,

aminopropyl, aminopentyl, dimethylaminoethyl, methylpentylaminoethyl, etc; or optionally

substituted heterocyclyl alkyl, such as optionally substituted imidazolylmethyl, optionally

substituted pyridinymethyl, etc. In some embodiments R? is optionally substituted

imidazolylalkyl.

[0088] Unless otherwise indicated, wnen a compound or chemical structural feature

such as heterocyclyl alkyl is referred to as being “optionally substituted,” it includes a feature

that has no substituents (i.e. unsubstituted), or a feature that is substituted, meaning that the

feature has one or more substituents. The term “substituent” has the broadest meaning known

to one of ordinary skill in the art, and includes a moiety that replaces one or more hydrogen

atoms in a parent compoundorstructural feature. The term “replaces” is merely used herein

for convenience, and does not require that the compound be formed by replacing one atom

with another. In some embodiments, a substituent may be any ordinary organic moiety known
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in the art, which may have a molecular weight (e.g. the sum of the atomic massesof the atoms

of the substituent) of 15 g/mol to 50 g/mol, 15 g/mol to 100 g/mol, 15 g/mol to 150 g/mol,15

g/mol to 200 g/mol, 15 g/mol to 300 g/mol, or 15 g/mol to 500 g/mol. In some embodiments, a

substituent comprises, or consists of: 0-30, 0-20, 0-10, or 0-5 carbon atoms; and 0-30, 0-20, 0-

10, or 0-5 heteroatoms, wherein each heteroatom may independently be: N, O, P, §, Si, F, Cl,

Br, or |; provided that the substituent includes one C, N, O, P, S, Si, F, Cl, Br, or | atom. In

some embodiments, substituents can independently have a molecular weight of about 15 Da

to about 600 Da and can consist of 2 to 5 chemical elements, wherein the chemical elements

are independently C, H, O, N, P, §, Si, F, Cl, or Br. In some embodiments, a substituent is

optionally substituted alkyl, -O-alkyl (e.g. -OCHs, -OC2H5, -OC3H7, -OC4Hs, etc.), -S-alkyl (e.g.

-SCH3, -SCoHs, -SC3H7, -SC4Hy, etc.), -NR’R’, -OH, -SH, -CN, -CFs, -NOz, perfluoroalkyl,

optionally substituted aryl, optionally substituted heteroaryl, optionally substituted amine or a

halogen, wherein R’ and R” are independently H or optionally substituted alkyl. Wherever a

substituent is described as “optionally substituted,” that substituent can be substituted with the

above substituents.

[0089] Examples of nitrogen-containing bisphosphonates include but are not limited

to pamidronic acid, incadronic acid, ibandronic acid, risedronic acid, minodronic acid,

cimadronic acid, neridronic acid, alendronic acid, olpadronic acid, zoledronic acid, etc.

N—

Oo

\,-0" HO OHO

HO™— \ | \f OHP—OHOH OQ ) Y
HO a SA ba O HO—P—=oH° O HO On HO
pamidronic acid incadronic acid ibandronic acid
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poh Ae

“ ™S OHO~ | | “OH OHLNba wo We
HN OH

HO PR=O

Ho Sou
risedronic acid cimadronic acid minodronic acid

[0090] Zoledronic acid has the structure shown below, and is also referred to as

zoledronate.

O OH
Sf

Nou
oon

HO

= ae
om \

OH

Zoledronic acid

[0091] Unless otherwise indicated, any reference to a compound herein, such as

zoledronic acid, by structure, name, or any other means, includes pharmaceutically acceptable

salts, such as the disodium salt; alternate solid forms, such as polymorphs, solvates, hydrates,

etc.. tautomers; or any other chemical species that may rapidly convert to a compound

described herein under conditions in which the compounds are used as described herein.

[0092] In some embodiments, zoledronic acid is administered in a dosage form

comprising a salt form, such as a salt of a dianion of zoledronic acid. In some embodiments,

zoledronic acid is administered in a dosage form comprising a disodium salt form of zoledronic

acid. In some embodiments, zoledronic acid is administered in a sodium salt form, such as a

monosodium salt, a disodium salt, a trisodium salt, etc. In some circumstances, use of the

disodium salt may be desirable. For example, the disodium salt is much more soluble in water

than the diacid form. As a result, in some processes, the disodium salt can be easier to work
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with than the diacid form. Additionally, the sodium salt may be more bioavailable and/or more

rapidly absorbed whentakenorally as compared to the diacid form.

[0093] In some embodiments, the administration of an osteoclast inhibitor, such as a

nitrogen-containing bisphosphonate, including, e.g. zoledronic acid, minodronic acid, etc., to a

patient or mammal in need thereof affects Modic changes (MCs). For example, any of the

above compounds could be used to treat Modic changes, or vertebral endplate signal changes

(VESC) and bone marrow changesvisible using magnetic resonance imaging (MRI), or neck

pain or back pain associated with Modic changes.

[0094] Modic changes, as used herein, includes its ordinary meaning in the art and

refers to pathological vertebral endplate and bone marrow changes visible using magnetic

resonance imaging (MRI). Modic changes mayalso bereferred to as vertebral endplate signal

changes (VESC). Modic changes, can be classified into various types including type 1 (M1),

type 2 (M2), and type 3 (M3) lesions or changes, any of which may be treated using an

osteoclast inhibitor, such as a nitrogen-bisphosphonate, including, e.g. zoledronic acid,

minodronic acid, etc. Different types of Modic changes may occur in the same patient, for

example type 1 and type 2 Modic changes (M1/2). In some cases, M1 changesare related to

lower back pain than other types of Modic change.

[0095] VESCs may be found in patients with different types of low back pain

including but not limited to spondylitis, trauma, spondyloarthropathies including ankylosing

spondylitis, Schmorl’s nodes, fracture, tumor, and spinal cord infarction. Lesions in ankylosing

spondylitis include osteitis and spondylodiscitis, which can be detected using MRI or another

medical imaging instrument.

[0096] Modic changes may be found in the cervical, thoracic, lumbar, and sacral

spine. Modic changes maybe found at various spinal levels such as at C1/2, C2/3, C3/4, C4/5,

C5/6, C6/7, C7/T1, T1/2, T2/3, T3/4, T4/5, T5/6, T6/7, T7/8, T8/9, T9/10, T10/11, 111/12,

T12/L1, L1/2, L2/3, L3/4, L4/5, L5/S1, etc., any of which may be treated using an osteoclast

inhibitor, such as a nitrogen-bisphosphonate, including, e.g. zoledronic acid, minodronic acid,

etc.

[0097] In some embodiments, the Modic change being treated is located at L2/3. In

some embodiments, the Modic change being treated is located at L3/4. In some
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embodiments, the Modic change being treated is located at L4/5. In some embodiments, the

Modic change being treated is located at L5/S1.

[0098] In some embodiments, the Modic change being treated is located at C3/4. In

some embodiments, the Modic change being treated is located in at C4/5. In some

embodiments, the Modic change being treated is located in at C5/6. In some embodiments, the

Modic change being treated is located in at C6/7.

[0099] In some embodiments, the Modic change being treated is located at T5/6. In

some embodiments, the Modic change being treated is located in at T6/7. In some

embodiments, the Modic change being treated is located in at T7/8. In some embodiments, the

Modic change being treated is located in at T8/9. In some embodiments, the Modic change

being treated is located at T9/10.

[0100] In some embodiments, the patient being treated has predominantly M1. In

some embodiments, the patient being treated has predominantly M1/M2. In some

embodiments, the patient being treated has predominantly M2. In some embodiments, the

patient being treated has predominantly M3.

[0101] In some embodiments, the worst type of lesion that the patient being treated

has is M1. In some embodiments, the worst type of lesion that the patient being treated hasis

M1/2. In some embodiments, the worst type of lesion that the patient being treated has is M2.

[0102] In some embodiments, the use of an inhibitor of osteoclast activity, such as a

nitrogen-containing bisphosphonate, including e.g. zoledronic acid, minodronic acid, etc., to a

patient or mammal in need thereof, achieves a reduction relative to baseline in the size of

Modic changes or VESCsofat least about 5%, at least about 10%, at least about 15%, at least

about 20%, at least about 25%, at least about 30%, at least about 40%, at least about 50%, at

least about 60%, at least about 70% at least about 80%, at least about 90%, or about 100%. In

some embodiments, the reduction the size of Modic changes or VESCs represents an

improvementrelative to placebo of at least about 10%, at least about 15%, at least about 20%,

at least about 25%, at least about 30%, at least about 40%, at least about 50%, at least about

60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%,at least

about 120%, at least about 150%, at least about 170%, at least about 200%, at least about

250%, at least about 300%, at least about 350%, at least about 400%, or at least about 450%.
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In some embodiments, the use of an inhibitor of osteoclast activity inhibits an increase in the

size of Modic changes or VESCsovertime.

[0103] The oral bioavailability of zoledronic acid may be enhanced by orally

administering the zoledronic acid in the disodium salt form. For example, the bioavailability of

zoledronic acid may be improved by at least about 10%, at least about 20%, at least about

30%, at least about 50%, and/or up to about 100%, or up to about 200%, as compared to

administration of zoledronic acid in the diacid form.

[0104] Because of the improved bioavailability of the disodium salt a dosage form

may contain, or a mammal, such as a human being, may receive, on a molarbasis, less of the

disodium salt form of zoledronic acid than would otherwise be administered of the diacid form

of zoledronic acid. For example, a dosage form may contain, or a mammal may receive, at

least about 10 mole% less, at least about 20 mole% less, at least about 40 mole% less, at

least about 50 mole% less, and/or up to about 90 mole% less or 95 mole% less, of the

disodium salt form as compared the amount of the diacid form of zoledronic acid that would

otherwise be administered, such as a molar amount that would be administered of zoledronic

acid in the diacid form in order to achieve the same plasmalevels of zoledronic acid.

[0105] In some embodiments, a dosage form contains, or a mammal (such as a

human being) is administered, an amountof the disodium salt form, on a molar basis, that has

a value of about 0.8ng to about 1.2ny or about 0.9ng to about 1.1ng, wherein:

Ng = (Ba/by)(Na)

wherein bg is the bioavailability of the diacid form, bg is the bioavailability of the disodium salt

form, and ng is the numberof moles of the diacid that would be administered in a dosage form

containing the diacid form of zoledronic acid. For example, if the diacid form has a

bioavailability (b,) of 0.01 and the disodium salt form has a bioavailabity (by) of 0.015, and a

dosage form would normally contain 0.001 moles of the diacid, ng would be (0.01/0.015)(0.001

moles), or about 0.00067 moles. In some embodiments, the disodium salt is administered in

an amount that has a value of about ng.

[0106] With respect to oral dosage forms comprising a reduced molar amount of the

disodium salt of zoledronic acid as compared to the diacid form of zoledronic acid, in some
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embodiments, the bioavailability of the zoledronic acid in the disodium salt form is sufficiently

high that, if the drug is administered to a mammal, at least as much zoledronic acid is present

in the blood of the mammal as would be present if zoledronic acid were administered in the

diacid form.

[0107] With respect to oral dosage forms comprising the disodium salt form of

zoledronic acid, in some embodiments, the disodium salt form is present in a lower molar

amount than would be presentif the zoledronic acid were in the diacid form; and the zoledronic

acid in the disodium salt form has an improved bioavailability as compared to the zoledronic

acid in the diacid form to the extent that the lower molar amount of the disodium salt in the

dosage form does not reduce the amount of zoledronic acid delivered to the plasma of a

mammal.

[0108] In some embodiments, the zoledronic acid in the disodium salt form is present

in an amount such that the oral dosage form provides an area under the plasma concentration

curve of zoledronic acid of about 4 ngeh/mL to about 2000 ngeh/mL to the mammal each time

the zoledronic acid in the disodium salt is administered.

[0109] In some embodiments, the zoledronic acid in the disodium salt form is present

in an amount such that the oral dosage form provides an area under the plasma concentration

curve of zoledronic acid of about 100 ngsh/mL to about 2000 ngsh/mL, about 100 ngs*h/mLto

about 1000 ngsh/mL, about 500 ngsh/mL to about 1000 ngsh/mL, or about 500 ngsh/mL to

about 700 ngeh/mL in the mammal to which the dosage form is administered. This amount

may be suitable for administration of the oral dosage form about every 3 to 4 weeks.

[0110] In some embodiments, the zoledronic acid in the disodium salt form is present

in an amount such that the oral dosage form provides an area under the plasma concentration

curve of zoledronic acid of about 20 ng*h/mL to about 700 ngeh/mL, about 50 ngeh/mL to about

500 ngsh/mL, or about 100 ngeh/mL to about 200 ngsh/mL, in the mammal to which the dosage

form is administered. This amount may be suitable for weekly administration of the oral

dosage, or for administration of 3 to 5 individual dosages during a month. The individual

dosages could be given at regular intervals, given during the first week, or at any other

schedule that provides 3 to 5 dosages during the month.
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[0111] In some embodiments, the zoledronic acid in the disodium salt form is present

in an amount such that the oral dosage form provides an area under the plasma concentration

curve of zoledronic acid of about 4 ng*eh/mL to about 100 ngeh/mL, about 10 ngeh/mL to about

50 ngeh/mL, or about 10 ngsh/mL to about 30 ngeh/mL, in the mammalto which the dosage

form is administered. This amount may be suitable for daily administration of the oral dosage

form.

[0112] Oral administration of zoledronic acid, particularly oral administration of the

disodium salt form of zoledronic acid, can result in more sustained plasma levels of the drug as

compared to parenteral modes of administration, such intravenous or subcutaneous. For

example, the amount of zoledronic acid in the plasma can be significantly higher for oral

administration of the disodium salt about 24 hours or 48 hours, or longer, after administration.

In some embodiments, oral zoledronic acid has a 24 hour sustained plasma level factor of

about 1 or higher, such as about 1 to about 10, about 1 to about 5, about 3 to about 5, or about

3 to about 4. In some embodiments, an orally administered dosage form of zoledronic acid

has a 24 hour sustained plasma level factor or a 48 hour sustained plasma level factor that is

higher, such as at least 1.2 times, at least about 2 times, at least about 5 times, about 1.2

times to about 20 times, about 2 times to about 15 times, about 5 times to about 10 times, or

about 8 to about 15 times that of intravenously administered zoledronic acid. A “sustained

plasmalevel factor,” p;, is determined by the equation:

Pr = 1000 (CiCmax)

wherein Cmax is the maximum plasma concentration of zoledronic acid after it is administered

and C,; is the plasma concentration of zoledronic acid at the time of interest, such as 24 hours.

For parenteral administration, the Cmax can be about the Co, or the concentration right after

injection of the entire amount of the drug into the body. Sustained plasma level factors can

also be obtained for other times, such as 48 hours, by using the plasma concentration of

zoledronic acid for C; in the equation above. For example, if the maximum plasma level of

zoledronic acid after administration is 1000 ng/mL and the plasma level of zoledronic acid at

24 hours is 1 ng/mL, the 24 hour sustained plasma levelfactoris 1.

[0113] In some embodiments, the disodium salt form of zoledronic acid provides an

enhancement to bioavailability, as compared to the diacid form of zoledronic acid, which adds
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to any enhancementto bioavailability provided by any bioavailability-ennhancing agents in the

dosage form. In some embodiments, the disodium salt form of zoledronic acid provides an

enhancement to bioavailability, as compared to the diacid form of zoledronic acid, which is

greater than any enhancement to bioavailability provided by any bicavailability-ennancing

agents in the dosage form. In some embodiments, the disodium salt form of zoledronic acid

may be administered in a dosage form that is substantially free of bioavailability-enhancing

agents.

[0114] In some embodiments, a dosage form comprising a disodium salt of

zoledronic acid is a solid.

[0115] In some embodiments, a dosage form comprising a disodium salt of

zoledronic acid is used to treat an inflammatory condition.

[0116] In some embodiments, a dosage form comprising a disodium salt of

zoledronic acid is used to treat arthritis.

[0117] In some embodiments, a dosage form comprising a disodium salt of

zoledronic acid is used to treat complex regional pain syndrome.

10718] in some embodiments, zoledronic acid is in a form that has an aqueous

solubility, meaning the solubility in water, greater than 1% Qw/v), about S% (wiv) to about 50%

(wiv), about 5% (wiv) fo about 20% (w/v), about 10% (wiv) to about 15% Ow/y), or about 12%

(wiv) to about 73% wi}.

0719] The disodium salt forrn of zoledronic acid can be rnore cormpressible than the

diacid form of zoledranic acid. This can make if easier for a dosage form to have a desired

hardness. H can also make it easier to increase the drug ioad, so that a smaller tablet can be

given for @ given dosage strength. in some embodiments, a solid dosage form of zoledronic

acid, such as the diacid form of zoledronic acid or the disodium salt farm of zoledronic acid,

can have a hardness of about 5 kPa to about 20 kPa or about 5 kPa to about 14 kPa,

[0120] Zoledronic acid or another bisphosphonate may be combined with a

pharmaceutical carrier selected on the basis of the chosen route of administration and

standard pharmaceutical practice as described, for example, in Remington's Pharmaceutical

Sciences, 2005, the disclosure of which is hereby incorporated herein by reference, in its
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entirety. The relative proportions of active ingredient and carrier may be determined, for

example, by the solubility and chemical nature of the compounds, chosen route of

administration and standard pharmaceutical practice.

[0121] Zoledronic acid or another bisphosphonate may be administered by any

means that may result in the contact of the active agent(s) with the desired site or site(s) of

action in the body of a patient. The compounds may be administered by any conventional

means available for use in conjunction with pharmaceuticals, either as individual therapeutic

agents or in a combination of therapeutic agents. For example, they may be administered as

the sole active agents in a pharmaceutical composition, or they can be used in combination

with other therapeutically active ingredients.

[0122] In some embodiments, an osteoclast inhibitor is co-administered with a

steroid. Suitable steroids include, for example, hydrocortisone, hydrocortisone acetate,

cortisone acetate, tixocortol pivalate, prednisolone, methylprednisolone, prednisone,

triamcinolone acetonide, triamcinclone alcohol, mometasone, amcinonide, budesonide,

desonide, fluocinonide, fluocinolone acetonide, halcinonide, betamethasone, betamethasone

sodium phosphate, dexamethasone, dexamethasone sodium phosphate, fluocortolone,

hydrocortisone-17-valerate, acleometasone dipropionate, betamethasone_valerate,

betamethasone dippropionate, prednicarbate, clobetasone-17-butyrate, clobetasol-17-

propionate, fluocortilone caproate, fluocortolone pivalate, and fluprednidene acetate,

hydrocortisone-17-butyrate, 17-aceponate, 17-buteprate, and prednicarbate.

[0123] Any effective dose of steroid can be administered to a person. In some

embodiment, the dose of steroids may be about 1 to about 500 mg of the steroid. In some

embodiments, the dose of steroids does not exceed the 25 mg of the steroid, and is not less

than 5 mg of the steroid.

[0124] The steroid can be given orally (for example, 7.5 mg of prednisone), by a

separate infusion (for example, 7.5 mg of methyl prednisolone), mixed in with zoledronic acid

in the same infusion, or be administered intramuscularly, subcutaneously, by rectal

suppository, by inhalation, or injected directly into a joint.

[0125] Zoledronic acid or another bisphosphonate may be administered to a human

patient in a variety of forms adapted to the chosen route of administration, e.g., orally, rectally,
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or parenterally. Parenteral administration in this respect includes, but is not limited to,

administration by the following routes: pulmonary, intrathecal, intravenous, intramuscular,

subcutaneous, intraocular, intrasynovial, transepithelial including transdermal, sublingual and

buccal; topically; nasal inhalation via insufflation; and rectal systemic.

[0126] The effective amount of zoledronic acid or another bisphosphonate will vary

depending on various factors known to the treating physicians, such as the severity of the

condition to be treated, route of administration, formulation and dosage forms, physical

characteristics of the bisphosphonate compound used, and age, weight and response of the

individual patients.

[0127] The amount of zoledronic acid or another bisphosphonate in a therapeutic

composition may vary. For example, some liquid compositions may comprise about 0.0001%

(w/v) to about 50% (w/v), about 0.01% (w/v) to about 20% (w/v), about 0.01% to about 10%

(w/v), about 0.001% (w/v) to about 1% (w/v), about 0.1% (w/v) to about 0.5% (w/v), about 1%

(w/v) to about 3% (w/v), about 3% (w/v) to about 5% (w/v), about 5% (w/v) to about 7% (w/v),

about 7% (w/v) to about 10% (w/v), about 10% (w/v) to about 15% (w/v), about 15% (w/v) to

about 20% (w/v), about 20% (w/v) to about 30% (w/v), about 30% (w/v) to about 40% (w/v), or

about 40% (w/v) to about 50% (w/v) of zoledronic acid.

[0128] Some solid compositions may comprise at least about 5% (w/w), at least

about 10% (w/w), at least about 20% (w/w), at least about 50% (w/w), at least about 70%

(w/w), at least about 80%, about 10% (w/w) to about 30% (w/w), about 10% (w/w) to about

20% (w/w), about 20% (w/w) to about 30% (w/w), about 30% (w/v) to about 50% (w/w), about

30% (w/w) to about 40% (w/w), about 40% (w/w) to about 50% (w/w), about 50% (w/w) to

about 80% (w/w), about 50% (w/w) to about 60% (wAwv), about 70% (w/w) to about 75% (w/w),

about 70% (w/w) to about 80% (w/w), or about 80% (w/w) to about 90% (w/w) of zoledronic

acid.

[0129] Any suitable amount of an osteoclast inhibitor, including a bisphosphonate,

such as a nitrogen-containing bisphosphonate, e.g. zoledronic acid, minodronic acid,

ibandronic acid, may be used. Somesolid or liquid oral dosage forms, or units of oral dosage

forms (referred to collectively herein as “oral dosage form(s)”) may contain about 0.005 mg to

about 20 mg, about 0.1 mg to about 10 mg, about 0.5 mg to about 10 mg, about 0.2 mg to
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about 5 mg, about 1 mg to about 500 mg, about 1 mg to about 50 mg, about 10 mg to about

250 mg, about 100 mg to about 300 mg, about 20 mg to about 200 mg, about 20 mg to about

150 mg, about 30 mg to about 100 mg, about 1 mg to about 1,000 mg, about 10 mg to about

50 mg, about 40 mg to about 60 mg, about 50 mg to about 60 mg, about 55 mg, about 10 mg

to about 300 mg, about 10 mg to about 150 mg, about 10 mg to about 100 mg, about 40 mg to

about 150 mg, about 10 mg to about 600 mg, about 40 mg to about 600 mg, about 40 mg to

about 2000 mg, about 40 mg to about 800 mg, about 25 mg to about 800 mg, about 30 mg to

about 800 mg, about 10 mg to about 500 mg, about 50 mg to about 150 mg, about 50 mg,

about 100 mg, about 50 mg to about 500 mg, about 100 mg to about 2000 mg, about 300 mg

to about 1500 mg, about 200 mg to about 1000 mg, about 100 mg to about 500 mg, or about

150 mg of zoledronic acid, or any amount of osteoclast inhibitor in a range bounded by, or

between, any of these values. In some embodiments, the oral osteoclast inhibitor is

administered daily, weekly, monthly, every two or three months, once a year, or twice a year.

[0130] Some oral dosage forms may contain about 0.005 mg to about 20 mg, about

0.1 mg to about 10 mg, about 0.5 mg to about 10 mg, about 0.2 mg to about 5 mg, about 1 mg

to about 500 mg, about 1 mg to about 50 mg, about 10 mg to about 250 mg, about 100 mg to

about 300 mg, about 20 mg to about 200 mg, about 20 mg to about 150 mg, about 30 mg to

about 100 mg, about 1 mg to about 1,000 mg, about 10 mg to about 50 mg, about 40 mg to

about 60 mg, about 50 mg to about 60 mg, about 55 mg, about 10 mg to about 300 mg, about

10 mg to about 150 mg, about 10 mg to about 100 mg, about 40 mg to about 150 mg, about 10

mg to about 600 mg, about 40 mg to about 600 mg, about 40 mg to about 2000 mg, about 40

mg to about 800 mg, about 25 mg to about 800 mg, about 30 mg to about 800 mg, about 10

mg to about 500 mg, about 50 mg to about 150 mg, about 50 mg, about 100 mg, about 50 mg

to about 500 mg, about 100 mg to about 2000 mg, about 300 mg to about 1500 mg, about 200

mg to about 1000 mg, about 100 mg to about 500 mg, or about 150 mg of osteoclastinhibitor,

or any amountof osteoclast inhibitor in a range bounded by, or between, any of these values.

In some embodiments, the oral osteoclast inhibitor is administered daily, weekly, monthly,

every two or three months, once a year, or twice a year.

[0131] In some embodiments, an oral dosage form may contain about 10 mg/m? to

about 20 mg/m?, about 15 mg/m? to about 20 mg/m”, about 18 mg/m’, about 80 mg/m? to

about 150 mg/m?, about 90 mg/m? to about 150 mg/m”, about 100 mg/m? to about 150 mg/m?
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of zoledronic acid, or any amount of zoledronic in a range bounded by, or between, any of

these values. All dosage ranges or amounts expressed in mg/m? are based upon the body

surface area of the mammal.

fO132] In some embodiments, the daily oral dose of an osteoclast inhibitor, including

a bisphosphonate, such as a_nitrogen-containing bisphosphonate, e.g. zoledronic acid,

minodronic acid, ibandronic acid, is about 0.605 mg fo about 20 mg, about 0.7 mg to about 10

mg, about 0.5 mg to about 10 mg, abaut 0.2 mg to about 5 mg, or any amountin a range

bounded by, or between, any of these values. in some embodiments, the daily oral dose of

osteoclastinhibitor is less than about 35 mg/m*, less than about 30 mg/m", less than about 25

mg/m, about 1 mg/m" to about 35 ma/m*, about 1 mg/m? to about 30 mg/m’, about 1.5 ma/m?

to about 25 mg/m*, about 1.8 mg/m? to about 20 mg/m", about 10 ma/m* to about 20 mg/m”,

about 10 mg/m? to about 30 mg/m”, about 15 mg/m* to about 20 mg/m’, about 18 ma/m*, or

any amount of zoledronic acid in a range boundedby, or between, anyof these values.

{0733] In some embodiments, the daily oral dose of an osteoclast inhibitor, including

a bisphosphonate, such as a_nitrogen-containing bisphosphonate, e.g. zoledronic acid,

minodronic acid, ibandronic acid, is about 0.005 mg to about 20 mg, about 0.1 mg to about 10

mg, about 0.5 mg to about 10 mg, about 0.2 mg to about 5 mg, or any amount of osteoclast

inhibitor in a range bounded by, or between, any of these values. in some embodiments, the

daily oral dose of osteoclast inhibitor is less than about 35 mg/m, less than about 20 ma/m*,

less than about 25 mg/m’, about 1 ma/m* to about 35 mg/m*, about 1 mg/m" to about 30

mg/m”, about 1.5 mg/m? to about 25 mg/m", about 1.8 ma/m* to about 20 mg/m?, about 10

mg/m* to about 20 mg/m*, about 10 mg/m? to about 30 mg/m’, about 15 mg/m* to about 20
2

mg/m, about 18 mg/m*, or any amount of osteoclast inhibitor in a range bounded by, or

between, any of these values.

[0134] In some embodimeris the daily oral dose of zoledronic acid is about 0.005

mg to about 20 mg, about 0.17 mg to about 10 mg, about 0.5 mg to about 10 mg, about O.2 mg

fo about 5 mg, or any amount of zoledronic acid in a range bounded by, or between, any of

these values. in some embcdirnents, the daily oral dose of zoledronic acid is less than about

35 mg/m®, less than about 30 mg/m’, less than about 25 mo/m*, about 1 mg/m? to about 35

ma/m*, about 1 ma/m* to about 30 mg/m*, about 1.5 mg/m? to about 25 mag/m*, about 1.8
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rgim* to about 20 mg/m", about 10 mg/mto about 20 mg/m, about 10 mg/m? to about 30

mg/m?, about 15 mg/m? to about 20 mg/m®, about 1&8 mg/m*, or any amountof zoledronicacid

in a range boundedby, or between, any of these values.

fO135] In some embodiments, the weekly oral dose of the osteoclast inhibitor,

including a bisphosphonate, such as a nitrogen-containing bisphosphonate, e.g. zoledronic

acid, minodronic acid, ibandronic acid, is aoout 1 mg to about 1000 mg, about 1 mg to about

500 mg, about 10 mg to about 250 mg, about 100 mg to about 300 mg, about 10 mg to about

100 mg, about 10 mg to about 150 mg, about 10 mg te about 100 mg, about 10 mg io about

300 mg, about 20 mg to aboul 150 mag, about 20 mg to about GO mg, about 30 mg to about 70

mg, about 40 mg to about GO mg, about 50 mg to about 70 mg, about 50 mg, about 55 mq,

about 100 mg to about 150 mg, or about 30 mg fo about 100 mg. in some embodiments, the

weeky oral dose of the osteoclast inhibitor is less than about 250 mg/m*, less than about 200

mg/m, less than about 175 mg/m’, about 6 ma/m® to about 250 mg/m’, about 10 ma/m* to

about 210 ma/m*, about 10 ma/m® to about 170 mg/m?, about 4 mg/m® to about 140 ma/m?,

about 100 ma/m* to about 140 mg/m*, about 126 mg/m*, or any amount in a range bounded

by, or between, any of these values. The weekly oral dose may be given as a single dose,

given once during the week, or may be given in 2, 3, 4, 5, 6, or 7 individual doses during the

week.

fO136] in some embodiments the weekly oral dose of zoledronic acid is about 1 mag

to about 1000 mq, about 1 mg to about 500 mg, about 10 mg to about 250 mg, about 100 mg

to about 200 mg, about 10 mg to about 100 mq, about 10 mg to about 150 ma, about 14 mg to

about 190 mg, about 10 mg to about 300 mg, about 20 mg to about 150 mg, about 20 mg fo

about GO mg, about 30 mg to about 70 mag, about 40 mg to about GO mg, about 50 mg to about

7O mg, about 50 mg, about 55 mg, about 100 mg fo about 150 mg, or about 30 mg to about

{00 mg. In some embodiments, the weeky oral cose of zoledronic acid is less than about 250

mg/m", jess than about 200 mg/m*, less than about 175 mg/m*, about 6 mg/m? to about 250

mg/m, about 10 mg/m* to about 210 mg/m, about 106 ma/m* to about 170 mg/m*, about 4

mg/m to about 140 mg/m?, about 100 mg/m* to about 140 ma/m*, about 126 mg/m’, or any

amount of zoledronic acid in a range bounded by, or between, any of these values.

The weekly oral dose may be given as a single dose, given once during the week, or may be

given in 2, 3, 4, 5, 6, or 7 individual doses during the week.
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[0137] In some embodiments, the monthly dose of the osteoclast inhibitor, including

a bisphosphonate, such as a nitrogen-containing bisphosphonate, e.g. zoledronic acid,

minodronic acid, ibandronic acid, or the amount of the osteoclast inhibitor that is administered

over a period of a month, is about 5000 mg or less, about 4000 mg orless, about 3000 mg or

less, about 2000 mg or less, about 1000 mg or less, about 700 mg or less, about 600 mg or

less, about 1 mg to about 4,000 mg, about 1 mg to about 1,000 mg, about 10 mg to about

1000 mg, about 50 mg to about 1000 mg, about 10 mg to about 600 mg, about 40 mg ta about

600 mg, about 50 mg to about 600 mg, about 40 mg to about 400 mg, about 50 rma to about

200 mg, about 200 mg to about 300 mg, about 250 mg to about 350 mg, or about 100 mg to

about 600 mg, about 40 mg to about 2000 mg, about 40 mg to about 800 mg, about 50 me to

about 800 mg, or about 100 mg to about 800 mag, about 40 mg to about 1000 mg, about 50 mg

to about 7000 mg, or about 100 mg to about 1900 mg, or any monthly dose in a range

boundedby, or between, any of these values. In some embodiments, the monthly oral dose of

the osteoclast inhibitor is less than about 1000 mg/m’, less than about 800 mg/m’, less than

about 600 mg/m?, about 10 mg/m? to about 1000 mg/m?, about 50 mg/m? to about 800 mg/m?,

about 70 mg/m? to about 700 mg/m?, about 100 mg/m? to about 700 mg/m?, about 100 mg/m?

to about 600 mg/m”, about 50 mg/m? to about 200 mg/m’, about 300 mg/m? to about 600

mg/m”, about 450 mg/m? to about 600 mg/m?, about 300 mg/m? to about 1000 mg/m”, about

400 mg/m? to about 1000 mg/m’, about 500 mg/m? to about 1000 mg/m”, about 400 mg/m? to

about 700 mg/m’, about 500 mg/m? to about 600 mg/m?, about 540 mg/m”, or any amountina

range bounded by, or between, any of these values. A monthly dose may be given as a single

dose, or as two or more individual doses administered during the month. In some

embodiments, the monthly dose is administered in 2 or 3 weekly doses. In some

embodiments, the monthly dose is administered in 4 or 5 weekly doses. In some

embodiments, the monthly dose is administered in 28 to 31 daily doses. In some

embodiments, the monthly dose is administered in 5 to 10 individual doses during the month.

The monthly dose may be administered for only 1 month, or may be repeatedly administered

for 2 or more months.

[0138] In some embodiments, the monthly dose of zoledronic acid, or the amount of

zoledronic acid that is administered over a period of a month, is about 5000 mg or less, about

4000 mg orless, about 3000 mg or less, about 2000 mg or less, about 1000 mg orless, about
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700 mg or less, about 600 mg or less, about 1 mg te about 4,000 mg, about 1 mg to about

1,000 mg, about 10 mg to about 1000 mg, about 50 mg to about 1000 mg, about 10 mg to

about GOOG mg, about 40 mg to about G00 mg, about 50 mg to about 600 mg, about 40 mg to

about 400 mg, about 50 mg to about 200 mg, about 200 mg to about 300 mq, about 250 mg to

about S50 mg, or about 100 mg to about 600 mg, about 40 mg to about 2000 mg, about 40 mg

to about 800 mg, about 50 mg to about 800 mg, or about 100 mg to about 800 mg, about 40

mg to about 1000 mg, about SQ mg to about 1000 mg, or about 100 mg io about 1000 mg,or

any monthly dose in a range bounded by, or between, any of these values. In some

embodiments, the monthly oral dose of zoledronic acid is less than about 1000 mg/m7, less

than about 800 mg/m?, less than about 600 mg/m?, about 10 mg/m? to about 1000 mg/m?,

about 50 mg/m? to about 800 mg/m”, about 70 mg/m? to about 700 mg/m”, about 100 mg/m?to

about 700 mg/m’, about 100 mg/m’ to about 600 mg/m’, about 50 mg/m? to about 200 mg/m?,

about 300 mg/m? to about 600 mg/m?, about 450 mg/m? to about 600 mg/m?, about 300 mg/m?

to about 1000 mg/m”, about 400 mg/m? to about 1000 mg/m?, about 500 mg/m? to about 1000

mg/m?, about 400 mg/m? to about 700 mg/m”, about 500 mg/m? to about 600 mg/m?, about

540 ma/m*, or any amountof zoledronic acid in a range boundedby, or between, any of these

values. A monthly dose may be given as a single dose, or as two or moreindividual doses

administered during the month. In some embodiments, the monthly dose is administered in 2

or 3 weekly doses. In some embodiments, the monthly dose is administered in 4 or 5 weekly

doses. In some embodiments, the monthly dose is administered in 28 to 31 daily doses. In

some embodiments, the monthly dose is administered in 5 to 10 individual doses during the

month. The monthly dose may be administered for only 1 month, or may be repeatedly

administered for 2 or more months.

[0139] In some embodiments, the osteoclast inhibitor comprises zoledronic acid, and

the oral zoledronic acid, or disodium salt thereof, may be administered in combination with

about 0.1 mg to about 10 mg of zoledronic acid, or a salt thereof, administered parenterally,

such as intravenously. In some embodiments, about 50 mg, about 100 mg, or about 150 mg

of the disodium salt of zoledronic acid is administered orally in combination with 1 mg

parenteral, such as intravenous, zoledronic acid. In some embodiments the parenteral dose of

zoledronic acid is about 0.25 mg to about 25 mg, about 0.25 mg toe about 10 mg, or about 0.5

mg io about 7.5 mg.
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[0140] With respect to oral administration of an osteoclast inhibitor, such as

zoledronic acid, minodronic acid, ibandronic acid, or another bisphosphonate, for the treatment

of pain associated with inflammation, arthritis, CRPS, or any other condition recited herein, it

may helpful if the mammal or human being to which the osteoclast inhibitor is administered

does not eat food or drink beverage, (other than any water required to swallow the oral dosage

form) for at least about 1 hour, at least about 2 hours, at least about 4 hours, at least about 6

hours, at least about 8 hours, at least about 10 hours, or at least about 12 hours before the

osteoclast inhibitor is administered. It may also be helpful if the mammal or human being to

which the osteoclast inhibitor is administered does not eat food or drink beverage for at least

about 30 minutes, at least about 1 hour, at least about 2 hours, at least about 3 hours, or at

least about 4 hours after the osteoclast inhibitor is administered. In some embodiments, a

human being to which the zoledronic acid is administered avoids lying down, or remains

upright or sits upright, for at least about 30 minutes or about 1 hour after receiving a dosage

form containing the osteoclast inhibitor. Avoiding food or beverage before or after oral

administration of the osteoclast inhibitor can improve the bioavailability of the osteoclast

inhibitor.

[0141] The oral bioavailability of osteoclast inhibitor in a dosage form can vary.

Some dosage forms may have ingredients added to enhance the bioavailability. However,

bioavailability enhancement is not necessary for an oral dosage form to be effective. In some

embodiments, the dosage form is substantially free of bioavailability-enhancing agents. In

some embodiments, an oral dosage form may have an oral bioavailability of the osteoclast

inhibitor—such as zoledronic acid, minodronic acid, ibandronic acid—of about 0.01% to about

10%, about 0.1% to about 7%, about 0.1% to about 5%, etc. Without ingredients or other

methods to enhance bioavailability, bisonosphonates such as zoledronic acid typically have a

low bioavailability in an oral dosage form. In some embodiments, the oral bioavailability of

zoledronic acid is unenhanced or substantially unenhanced. For example, the oral

bioavailability of zoledronic acid can be about 0.01% to about 5%, about 0.01% to about 4%,

about 0.1% to about 3%, about 0.1% to about 2%, about 0.2% to about 2%, about 0.2% to

about 1.5%, about 0.3% to about 1.5%, about 0.3% to about 1%, about 1% to about 3%, about

1.2% to about 3.5%, about 1.2% to about 3%, about 1% to about 4%, about 1.5% to about

45%, about 0.1% to about 0.5%, about 0.3% to about 0.5%, about 0.5% to about 1%, about
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0.6% to about 0.7%, about 0.7% to about 0.8%, about 0.8% to about 0.9%, about 0.9%, about

1% to about 1.1%, about 1.1% to about 1.2%, about 1.2% to about 1.3%, about 1.3% to about

1.4%, about 1.4% to about 1.5%, about 1.5% to about 1.6%, about 1.6% to about 1.8%, or

about 1.8% to about 2%.

[0142] One embodiment is a pharmaceutical composition comprising an osteoclast

infubitor such as zoledronic acid, minodronic acid, or ibandronic acid wherein the oral

bioavailability of zoledronic acid in the dosage form ts from about 0.01% to about 10%.

0143] in some embedirnerits, the oral bioavailability of the osteoclast inhibitor in the

dosage farm is about 0.01% to about 5%, about 0.1% to about 7%, about 0.1% to about 5%,

about 6.1% fo about 3%, about 0.1% to about 2%, about 0.2% fo about 2%, about 0.2%to

about 1.5%, about 0.3% to about 1.5%, or about 0.3% toa abaut 1.0%.

jo144] in some embedimenis, the oral bioavailability of zcledronic acid in the dosage

form is about 0.01% to about 5%.

[0145] in some embodiments, the oral bioavailability of zolecronic acid in the dosage

farm is about 0.1%to about 7%.

10746] In some embodiments, the oral bioavailability of zoledronic acid in the dosage

form is about 0.1% fo about 5%.

[O147] in same embodiments, the oral bioavailability of zolecdronic acid in the dosage

form is about 0.1% to about 3%.

{0148] in some embodiments, the oral bioavailability of zoledronic acid in the dosage

form is about 0.1%to about 2%.

[0749] In sore embodiments, the oral bioavailability of zoledronic acid in the dosage

form is about 0.2% to about 2%.

fO1s0] in some embodiments, ithe oral bioavailability of zolecronic acid in the dosage

form is about 0.2% to about 1.5%.

[01571] in some embodiments, the oral bioavailability of zolecronic acid in the dosage

farm is about 0.3% to about 1.5%.
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[0152] in some embodiments, the oral bioavailability of zolecronic acid in the dosage

form is about 0.3% to about 1.0%.

[0153] in some embodiments, an cral dosage form comprises about 10 mg to about

300 mg of zoledronic acid, minodronic acid, or ibandronic acid and is administerec daily for

about 2 to about 15 consecutive days. This regimen may be repeated once monthly, once

every two monihs, once every three months, once every four months, once every five montns,

once every six months, once yearly, or once every two years.

fo1s4] in some embodiments, an cral dosage form comprises about 16 mig to about

150 mg or about 10 mg to about 100 mg af zoledronic acid, minodronic acid, or ibandronic acid

and is administered daily for about 3 to about 15 cansecutive days. This regimen may be

repeated once monthly, once every two months, once every three months, once every four

months, once every five months, once every six manths, once yearly, or once every two years.

{0155] in some embodiments, an oral dosage form comprises about 10 mg to about

150 mg or about 10 mg te about 160 mg of zoledranic acid, minodronic acid, or ibandronic acid

and is administered daily for about 5 to about 10 consecutive days. This regimen may be

repeated once monthly, once every two months, once every three months, orice every four

months, once every five months, once every six months, once yearly, or once every two years.

[0156] In some embodiments, an cral dosage form comprises about 40 mg to about

150 mg of zoledronic acid, minodronic acid, or ibandronic acid and is administered daily for

about 5 to about 10 consecutive days. This regirmen may be repeated once monihly, once

every two months, once every three monihs, once every four months, once every five months,

once every six months, once yearly, or once every two years.

[0157] in some embodiments, the coral zoledronic acid, minodronic acid, or

ibandronic acid may be administered as one dose of about 100 mg to about 2000 mg. in some

embodiments, the oral zoledronic acid, minodronic acid, or ibandronic acid may be

administered as cone dose of about 300 mg ta about 1500 mg. in some embediments, the oral

zaledronic acid, minodronic acid, or ibandronic acid may be administered as one dose of about

200 mg to about 1000 mg. The dose of zoledronic acid, minodronic acid, or ibandronic acid

may be administered in a single or divided dose.
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[0158] An osteoclast inhibitor, such as zoledronic acid, minodronic acid, or

ibandronic acid, may be formulated for oral administration, for example, with an inert diluent or

with an edible carrier, or it may be enclosed in hard or soft shell gelatin capsules, compressed

into tablets, or incorporated directly with the food of the diet. For oral therapeutic

administration, the active compound may be incorporated with an excipient and used in the

form of ingestible tablets, buccal tablets, coated tablets, troches, capsules,elixirs, dispersions,

suspensions, solutions, syrups, wafers, patches, and thelike.

[0159] Tablets, troches, pills, capsules and the like may also contain one or more of

the following: a binder such as gum tragacanth, acacia, corn starch or gelatin; an excipient,

such as dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic

acid and the like; a lubricant such as magnesium stearate; a sweetening agent such as

sucrose, lactose or saccharin; or a flavoring agent such as peppermint, oil of wintergreen or

cherry flavoring. When the unit dosage form is a capsule, it may contain, in addition to

materials of the above type,a liquid carrier. Various other materials may be present as coating,

for instance, tablets, pills, or capsules may be coated with shellac, sugar or both. A syrup or

elixir may contain the active compound, sucrose as a sweetening agent, methyl and

propylparabens as preservatives, a dye and flavoring, such as cherry or orange flavor. It may

be desirable for material in a dosage form or pharmaceutical composition to be

pharmaceutically pure and substantially non toxic in the amounts employed.

[0160] Some compositions or dosage forms may be a liquid, or may comprise a solid

phase dispersed inaliquid.

[0161] An osteoclast inhibitor, such as zoledronic acid, minodronic acid, or

ibandronic acid may be formulated for parental or intraperitoneal administration. Solutions of

the active compoundsasfree acids or pharmacologically acceptable salts can be prepared in

water suitably mixed with a surfactant, such as hydroxypropylcellulose. A dispersion can also

have an oil dispersed within, or dispersed in, glycerol, liquid polyethylene glycols, and mixtures

thereof. Under ordinary conditions of storage and use, these preparations may contain a

preservative to prevent the growth of microorganisms.

[0162] In some embodiments, an oral dosage form may comprise a silicified

microcrystalline cellulose such as Prosoly. For example, about 20% (wt/wt) to about 70%
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(wt/wt), about 10% (wt/wt) to about 20% (wt/wt), about 20% (wt/wt) to about 40% (wt/wt), about

25% (wt/wt) to about 30% (wt/wt), about 40% (wt/wt) to about 50% (wt/wt), or about 45%

(wt/wt) to about 50% (wt/wt) silicified microcrystalline cellulose may be present in an oral

dosage form or a unit of an oral dosage form.

[0163] In some embodiments, an oral dosage form may comprise a crosslinked

polyvinylpyrrolidone such as crospovidone. For example, about 1% (wt/wt) to about 10%

(wt/wt), about 1% (wt/wt) to about 5% (wt/wt), or about 1% (wt/wt) to about 3% (wt/wt)

crosslinked polyvinylpyrrolidone may be present in an oral dosage form or a unit of an oral

dosage form.

[0164] In some embodiments, an oral dosage form may comprise a fumedsilica

such as Aerosil. For example, about 0.1% (wt/wt) to about 10% (wt/wt), about 0.1% (wt/wt) to

about 1% (wt/wt), or about 0.4% (wt/wt) to about 0.6% (wt/wt) fumed silica may be present in

an oral dosage form or a unit of an oral dosage form.

[0165] In some embodiments, an oral dosage form may comprise magnesium

stearate. For example, about 0.1% (wt/wt) to about 10% (wt/wt), about 0.1% (wt/wt) to about

1% (wt/wt), or about 0.4% (wt/wt) to about 0.6% (wt/wt) magnesium stearate may be presentin

an oral dosage form or a unit of an oral dosage form.

[0166] An oral dosage form comprising zoledronic acid or another bisphosphonate or

osteoclast inhibitor may be inciuded in a pharmaceutical praduct camprising more than one

unit of the oral dasage form.

fO1S7] <A pharmaceutical product containing oral dosage forms for daily use can

corain 28, 29, 30, or 31 units of the oral dosage form for a monthly supply. An approximately

6 week daily suoply can contain 40 to 45 units of the oral dosage form. An approximately 3

month daily supply can contain 85 to 95 units of the oral dosage form. An approximately six-

month daly supply can cantain 170 to 200 units of the oral dosage farm. An approximately

one year daily supply can cortain 350 to 380 units of the oral dosage form.

0168] A pharmaceutical product containing oral dosage forms for weekly use can

corniain 4 or 5 units of the oral dosage form for a monthly supply. An approximately 2 month

weekly supply can contain & or 9 units of the oral dosage form. An approximately 6 week

weekly supply can coniain about 6 units of the oral dosage form. An approximately 3 month
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weekly supply can contain 12, 13 or 14 units of the oral dosage form. An approximately six-

month weekly supply can contain 22 to 30 units of the oral dosage form. An approximately

one year weekly supply can contain 45 to GO units of the oral dosage form.

fo168] A pharmaceutical product may accommodate other dosing regimes. For

example, a pharmaceutical product may comprise 5 to 10 units of the oral dosage form,

wherein each unit of the oral dosage form contains about 40 mg to about 150 mg of zoledronic

acid, minodronic acid, or ibandronic acid. Some pharmaceutical products may comprise 1 to 10

units of the oral dosage form, wherein the product contains about 200 mg to about 2000 mgof

zoledronic acid, minodronic acid, or ibandronic acid. For such a product, each unit of the oral

dosage form may be taken daily for 1 to 10 days or 5 to 10 days during a month, such asat the

beginning of a month.

[0170] Some oral dosage forms comprising an osteoclast inhibitor-—such as suitable

bisphosphonates like zoledronic acid, minodronic acid, or ibandronic acid or salts thereof—

may have enteric coatingsor film coatings. In some embodiments, an oral dosage form of an

osteoclast inhibitor comprises a tablet having an enteric coating. In some embodiments, an

oral dosage form of an osteoclast inhibitor comprises a capsule having an enteric coating. In

some embodiments, an oral dosage form of an osteoclast inhibitor comprises a tablet having a

film coating. In some embodiments, an oral dosage form of an osteoclast inhibitor comprises a

capsule having a film coating.

[0171] Useful doses for an antibody against RANK or RANKL, such as denosumab,

may range from about 0.1 mg/kg to about 20 mg/kg, about 0.75 mg/kg to about 7.5 mg/kg,

about 0.1 mg/kg to about 5 mg/kg, about 1 mg/kg to about 2 mg/kg, about 10 mg/kg to about

20 mg/kg, about 12 to about 17 mg/kg, about 15 mg/kg to about 20 mg/kg, about 1 mg/kg,

about 1 mg/kg to about 10 mg/kg, or any value bounded by orin between these ranges based

on the body weight of the mammal. The chosen dose may be administered repeatedly,

particularly for chronic conditions, or the amount per dose may be increased or decreased as

treatment progresses. The chosen dose may be administered one or more times per week,

monthly, every two months, every three months, every six months, or every year.

[0172] In some embodiments, 60 mg of denosumabis administered subcutaneously

to patient in need of treatment. In some embodiments, the administration is repeated every six

months.
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[0173] Inthe examples below, zoledronic acid was administered in the disodium salt

form as disodium zoledronate tetrahydrate. No bioavailability enhancing agents were usedin

the test compositions.

Example 1

Effect of Orally Administered Zoledronic Acid in Rat Model of Inflammatory Pain

Method:

[0174] The effect of orally administered zoledronic acid on inflammatory pain was

examined using the rat complete Freund’s adjuvant (CFA) model. Inflammatory pain was

induced by injection of 100% CFA in a 75 uL volume into the left hind paws of Sprague-Dawley

rats on day O, followed by assessments on days 1-3. Animals were orally administered vehicle

(control), zoledronic acid 18 mg/m? (or 3 mg/kg), zoledronic acid 120 mg/m? (or 20 mg/kg), or

zoledronic acid 900 mg/m? (or 150 mg/kg) daily on days 1-3. Drug was dissolved in distilled

water and prepared fresh daily. Animals were fasted prior to dosing. Under current FDA

guidelines for extrapolating starting dosages from animals to humans, dosages expressedin

mg/m? are considered equivalent between mammalian species. Thus, for example, 18 mg/m?

in a rat is considered equivalent to 18 mg/m? in a humanbeing, while 3 mg/kg in a rat may not

be equivalent to 3 mg/kg in a human being.

[0175] Values for inflammatory pain (mechanical hyperalgesia) in the vehicle and

drug-treated animals were obtained on day 0 prior to CFA injection, and at baseline and post-

treatment on days 1-3. Pain was assessed using a digital Randall-Selitto device (dRS; IITC

Life Sciences, Woodland Hills, CA). Animals were placed in a restraint sling that suspended

the animal, leaving the hind limbs available for testing. Paw compression threshold was

measured by applying increasing pressure to the plantar surface of the hind paw with a dome-

shaped tip placed between the 3rd and 4th metatarsus. Pressure was applied gradually over

approximately 10 seconds. Measurements were taken from the first observed nocifensive

behavior of vocalization, struggle or withdrawal. A cut-off value of 300 g was used to prevent

injury to the animal.

[0176] Reversal of inflammatory pain was calculated according to the formula:
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% reversal = ( Post-treatment —-— Post-CFA baseline)/(Pre-CFA baseline - Post-CFA

baseline) x 100.

[0177] The experiment was carried out using 9-10 animals per group.

Results:

[0178] Oral administration of zoledronic acid significantly improved inflammatory pain

thresholds compared to vehicle. Pain threshold measurements taken at various times are

shown in FIG. 1. Paw compression thresholds in the 18 mg/m* group were higher than for

vehicle during the entire measurement period after 30 minutes from the start of treatment. On

day three, paw compression thresholds for both the 18 mg/m? and 900 mg/m? groups were

greater than for vehicle. An improvementin pain threshold of 49% and 83% from baseline was

observed for the 18 mg/m? and the 900 mg/m? groups respectively.

[0179] Orally administered zoledronic acid produced a 29% reversal of inflammatory

pain at the 18 mg/m*, and a 48% reversal at the 900 mg/m? dose. This magnitude ofeffect is

comparable to that obtained with clinical doses of commercially available NSAIDs whentested

in a similar model of inflammatory pain. Under current FDA guidelines, the reference body

surface area of a human adult is 1.62 m?. Thus, a daily dose of 18 mg/m? correspondsto a

monthly dose of about 500-560 mg/m? or a human doseof about 800-900 mg.

[0180] Surprisingly, the two higher doses resulted in thresholds that were lower than

vehicle on the first two days of dosing. The 120 mg/m? group was approximately equal or

inferior to vehicle at all time points during the assessment period. While the 800 mg/m? group

showed effectiveness on day 3, this result was accompanied by significant toxicity

necessitating euthanization of all the animals in this group two days after cessation of dosing.

Example 2

Effect of Orally Administered Zoledronic Acid in Rat Model of Arthritis Pain

Method:

[0181] The effect of orally administered zoledronic acid on arthritis pain was

examined in the rat complete Freund’s adjuvant (CFA) model of arthritis pain. In this model,

injection of 100% complete Freund’s adjuvant (CFA) in a 75 uL volumeinto the left hind paws

is followed by a 10-14 day period to allow for the developmentof arthritis pain. Animals were
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orally administered vehicle (control), zoledronic acid 54 mg/m? (or 9 mg/kg), or zoledronic acid

360 mg/m? (or 60 mg/kg), divided in three equal daily doses on thefirst three days post CFA

injection. Drug was dissolved in distilled water and prepared fresh daily. Animals were fasted

prior to dosing.

[0182] Arthritis pain (mechanical hyperalgesia) in the vehicle and drug-treated

animals was evaluated on day 14 post CFAinjection using a digital Randall-Selitto device

(dRS; IITC Life Sciences, Woodland Hills, CA). Animals were placed in a restraint sling that

suspendedthe animal, leaving the hind limbs available for testing. Paw compression threshold

was measured by applying increasing pressure to the plantar surface of the hind paw with a

dome-shapedtip placed between the 3rd and 4th metatarsus. Pressure was applied gradually

over approximately 10 seconds. Measurements were taken from thefirst observed nocifensive

behavior of vocalization, struggle or withdrawal. A cut-off value of 300 g was used to prevent

injury to the animal.

[0183] Reversal of arthritis pain in the ipsilateral (CFA-injected) paw was calculated

according to the formula:

% reversal = (ipsilateral drug threshold — ipsilateral vehicle threshold)/(contralateral

vehicle threshold — ipsilateral vehicle threshold) x 100.

[0184] The experiment was carried out using 7-10 animals per group.

Results:

[0185] Oral administration of zoledronic acid significantly improved arthritis pain

thresholds compared to vehicle. As shown in FIGS. 2A and 2B, orally administered zoledronic

acid produced a dose-dependentreversal of arthritis pain. A reversal of 33% was observed in

the 54 mg/m? group, and reversal of 54% was observed in the 360 mg/m? group. Under

current FDA guidelines, the reference body surface area of a human adult is 1.62 m*. Thus,

54 mg/m?in a rat is equivalent to an implied human dose of about 87 mg, and 360 mg/m? in a

rat is equivalent to an implied human dose of about 583 mg.

Example 3. Treatment of Complex Regional Pain Syndrome with Orally Administered    

Zoledronic Acid.
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[0186] The effect of orally administered zoledronic acid was examinedin the rat tibia

fracture model of complex regional pain syndrome (CRPS). CRPS wasinduced in the rats by

fracturing the right distal tibias of the animals and casting the fractured hindpaws for 4 weeks,

as described in Guo TZet al. (Pain. 2004;108:95-107). This animal model has been shownto

replicate the inciting trauma, natural history, signs, symptoms, and pathologic changes

observed in human CRPS patients (Kingery WSet al., Pain. 2003;104:75—84).

[0187] Animals were orally administered either vehicle (control) or zoledronic acid, in

a dosage of 18 mg/m*/day (3 mg/kg/day) for 28 days, starting on the day of fracture and

casting. Drug was dissolved in distilled water and administered by gavage. Animals were

fasted for 4 hours before and 2 hours after dosing. At the end of the 28-day period, casts were

removed, and on the following day, the rats were tested for hindpaw pain, edema, and warmth.

Pain assessments

[0188] Pain was assessed by measuring hyperalgesia, and weight bearing.

[0189] To measure hyperalgesia, an up-down von Frey testing paradigm was used.

Rats were placed in a clear plastic cylinder (20 cm in diameter) with a wire mesh bottom and

allowed to acclimate for 15 minutes. The paw wastested with one of a series of eight von Frey

hairs ranging in stiffness from 0.41 g to 15.14 g. The von Frey hair was applied against the

hindpaw plantar skin at approximately midsole, taking care to avoid the tori pads. The fiber

was pushed until it slightly bowed and then it was jiggled in that position for 6 seconds. Stimuli

were presented at an interval of several seconds. Hindpaw withdrawal from the fiber was

considered a positive response. The initial fiber presentation was 2.1 g and the fibers were

presented according to the up-down method of Dixon to generate six responses in the

immediate vicinity of the 50% threshold. Stimuli were presented at an interval of several

seconds.

[0190] An incapacitance device (IITC Inc. Life Science, Woodland, CA, USA) was

used to measure hindpaw weight bearing, a postural effect of pain. The rats were manually

held in a vertical position over the apparatus with the hindpawsresting on separate metal scale

plates and the entire weight of the rat was supported on the hindpaws. The duration of each

measurement was 6 seconds and 10 consecutive measurements were taken at 60-second

intervals. Eight readings (excluding the highest and lowest ones) were averaged to calculate
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the bilateral hindpaw weight-bearing values. Weight bearing data were analyzed as theratio

betweenright (fracture) and left hindpaw weight bearing values ((2R/(R+L)) x100%).

Edema assessment

[0191] A laser sensor technique was used to determine the dorsal-ventral thickness

of the hindpaw. Before baseline testing the bilateral hindpaws were tattooed with a 2 to 3 mm

spot on the dorsal skin over the midpoint of the third metatarsal. For laser measurements each

rat was briefly anesthetized with isoflurane and then held vertically so the hindpaw rested on a

table top below the laser. The paw was gently held flat on the table with a small metal rod

applied to the top of the ankle joint. Using optical triangulation, a laser with a distance

measuring sensor was used to determine the distance to the table top and to the top of the

hindpaw at the tattoo site and the difference was used to calculate the dorsal-ventral paw

thickness. The measurement sensor device used in these experiments (4381 Precicura,

Limab, Goteborg, Sweden) has a measurement range of 200 mm with a 0.01 mm resolution.

Hindpaw temperature measurement

[0192] The temperature of the hindpaw was measured using a fine wire

thermocouple (Omega, Stanford, CT, USA) applied to the paw skin. Six sites were tested per

hindpaw. The six measurements for each hindpaw were averaged for the mean temperature.

Results

[0193] Asillustrated in FIG. 3, treatment with orally administered zoledronic acid

reversed pain, restored weight bearing, and prevented edema as comparedto vehicle treated

animals.

[0194] Asillustrated in FIG. 4, von Frey pain thresholds for the right (fracture)

hindpaw were reduced by 72% versus the contralateral (normal) hindpaw in vehicle treated

animals. Zoledronate treatment reversedfracture induced pain by 77% as compared to vehicle

treatment.

[0195] Asillustrated in FIG. 5, reduction in weight bearing, a postural effect of pain,

wassignificantly higher in the vehicle treated group as comparedto the zoledronic acid treated

group. Weight bearing on the fracture hindlimb was reduced to 55% of normal in the vehicle
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treated group. Zoledronate treatment significantly restored hindlimb weight bearing as

comparedto vehicle treatment (86% of normal).

[0196] Asillustrated in FIG. 6, the expected increase in hindpaw thickness was

greater in the vehicle treated group as compared to the zoledronic acid treated group,

reflecting the development of edema. Zoledronate treatment reduced hindpaw edema by 60%

versus vehicle treatment.

[0197] Zoledronic acid reduced hindpaw warmth by 5% versus vehicle treatment.

[0198] The daily dose in the above experiment was 18 mg/m?/day. Under current

FDA guidelines, the reference body surface area of a human adult is 1.62 m?. Thus, a daily

dose of 18 mg/m? corresponds to a monthly dose of about 500-560 mg/m? or a human doseof

about 800-900 mg.

Example 6. Solubility of Disodium Salt of Zoledronic Acid

[0199] The aqueous solubility of zoledronic acid and disodium zoledronate

tetrahydrate was determined. One gram of the test compound was measuredin to a beaker.

Demineralized water (pH 5.5) was then added in small increments to the test compound, and

sonification was applied to the mixture. The procedure was continued until complete

dissolution was achieved. Full dissolution was determined to have been reached whena clear

solution was present with no visible material. The volume of water required to reach full

dissolution was used to calculate a solubility value expressed in grams per 100 mL. The

procedure was performed for each compound.

Results

[0200] As shown in FIG. 7, the aqueous solubility of disodium zoledronate

tetrahydrate is approximately 50 times that of zoledronic acid. Disodium zoledronate

tetrahydrate has a solubility of 12.5 g/100 mL compared to only 0.25 g/100 mL for zoledronic

acid.

Example 7. Bioavailability of Orally Administered Zoledronic Acid and Disodium

Zoledronate

[0201] Tablets were manufactured containing either pure zoledronic acid or the

disodium salt of zoledronic acid (disodium zoledronate tetrahydrate). Both types of tablets
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contained 50 mg of zoledronic acid equivalent per tablet. Identical excipients were usedin both

types of tablets, with amounts adjusted to account for the difference in molecular weights

between the acid and the disodium salt.

[0202] Beagle dogs were orally administered tablets containing 150 mg zoledronic

acid equivalent either in the form of disodium zoledronate (Group 1) or pure zoledronic acid

(Group 2). Each animal was given three 50 mg equivalent tablets (150 mg total), which were

administered together. The animal's oral cavity was wetted with water before placing the

tablets on the back of the animal’s tongue. Animals were fasted before and after dosing.

Animals were 6 to 9 months of age and weighed 6 to 10 kg on the day of dosing. There were

three dogs per group.

[0203] Serial blood samples were collected from each animal by venipuncture of the

jugular vein at various points after dosing for measurement of plasma concentrations of

zoledronic acid. Blood samples were collected into chilled tubes containing K2EDTA as the

anticoagulant. Samples were then centrifuged at approximately 3000 rpm at +4°C for 10

minutes for plasma derivation. Plasma concentrations of zoledronic acid were measured using

an LC/MS/MS method.

Results

[0204] The average plasma concentrations of zoledronic acid for each group of dogs

is summarized in Table 1 andillustrated in FIG. 8. Detectable plasma levels of zoledronic acid

were observedfor the entire 48 hours that they were measured.

Table 1

Zoledronic Acid plasma concentrations in beagle
dogs

Plasma

Time concentration

(hour) (ng/mL)
Group 1 Disodium Zoledronate
(N=3) Tablets 0 0.00

(150 mg acid equivalent) 0.25 1193.97
0.5 1852.12

0.75 1776.51

1 1626.56

2 640.57

4 136.93
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6 53.11

8 26.97

12 13.74

24 6.78

48 5.39

Group 2
(N=3) Zoledronic Acid Tablets 0 0.00

(150 mg acid equivalent) 0.25 390.92
0.5 846.19

0.75 819.15

1 831.77

2 477.76

4 90.11

6 28.22

8 15.10

12 6.13

24 3.18

48 1.84 

[0205] Disodium zoledronate produced significantly higher plasma levels of

zoledronic acid than pure zoledronic acid, indicating improved oral absorption with the salt

form. Measured using peak plasma concentrations (Cmax), the disodium salt resulted in a 119%

actual and 74% weight-adjusted increase in bioavailability as compared to pure zoledronic

acid. Measured using area under the plasma concentration curve (AUC»>.-), bioavailability was

84% and 46% greater with the disodium salt than with pure zoledronic acid, on an actual and

weight-adjusted basis respectively. The average AUC»... for the disodium salt was 4073

ngehr/mL and the average AUC... for the diacid was 2217 ngshr/mL. The AUCpo.. was found to

be dose proportional. Thus, for beagle dogs similar to those tested, about 3 mg to about 4 mg

of the disodium salt would be expected to result in an AUCo.. of about 100 ngehr/mL, and

about 7 mg to about 8 mg of the disodium salt would be expected to result in an AUC... of

about 200 ngehr/mL.

Example 8

[0206] Tablets were prepared by blending zoledronic acid, either in the form of the

free acid or the disodium salt, with identical excipients. For dosage forms with a greater
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amountof active, the amount of the excipients was reduced proportionally to keep the weight

of the tablet at about 100 mg. After blending, the ingredients were compressed at varying

pressures, followed by a film coating. The resulting tablets were then tested for hardness

using a Dr. Schleuniger Pharmatron 8M Tablet Hardness Tester. The results are shown in

Table 2 and FIG.9.

Table 2

Compression
Force Hardness (kPa)

Disodium|Disodium

Diacid Salt Salt

(psi) 50mg|50mg 7/img

|100|ot|112|68 
[0207] Some embodiments related to joint pain, bone marrow lesions, and

osteoarthritis were conceived as a result of analyzing data fromaclinical study. Someof the

results of this study were reported by Laslett et. al. in Ann Rheum Dis 2012;71:1322-1328.

Someof the description and data reported below was not publishedprior to filing the present

application. Fifty-two (52) patients with clinical knee osteoarthritis and knee bone marrow

lesions (BML) were randomized to receive either intravenous zoledronic acid (5 mg) or placebo

in a double blind fashion.All patients had to have at least one bone marrow lesion (BML) in the

affected knee on magnetic resonance imaging (MRI). All patients had x-ray of the knee for

determination of joint space narrowing (JSN), which was graded according to the Osteoarthritis

Research Society International (OARSI) atlas. Patients had either no joint space narrowing

(OARSI Grade 0), or greater degrees of joint space narrowing (OARSI Grade 1 and Grade 2).

Twenty six patients were treated with zoledronic acid (8, 6, and 12 with OARSI Grades0, 1,
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and 2, respectively). Twenty six patients received placebo (8, 8, and 10 with OARSI Grades 0,

1 and 2, respectively).

[0208] Pain intensity was assessed, at baseline and at three months, using a 100

mm visual analog scale (VAS), with zero representing no pain and 100 representing extreme

pain. The changein pain intensity from baseline to 3 months wascalculated.

[0209] With zoledronic acid treatment, pain was reduced significantly as compared to

placebo in patients with no joint space narrowing (OARSI Grade 0), but not in patients with

joint space narrowing (OARSI Grades 1-2). As shown in Table 3 and FIG. 10, average VAS

scores were reduced by 15 mm as compared to placebo in the OARSI Grade O group, but only

by 0.28 as comparedto placebo in patients with OARSI Grades 1-2.

[0210] In the zoledronic acid group, average VAS scores at 3 months decreased

from baseline by approximately 25 mm and 21 mm in patients with OARSI Grades 0 and 1,

respectively, but only by 9 mm in the OARSI Grade 2 patients (FIG. 11).

Table 3. Change in VAS Pain Scores at Three Months by OARSI Grade (mm)

POARSI Grade 0|OARSI Grades1-2

Zoledronic Acid

Placebo

Difference from Placebo

  
[0211] With zoledronic acid treatment, pain was reduced significantly as compared to

placebo in patients with baseline VAS pain intensity scores of 50 mm or greater, but not in

patients with baseline VAS scores less than 50 mm. As shownin Table 4, average VAS scores

were reduced by 9 mm as comparedto placeboin the patients with baseline VAS = 50 mm,but

only by 0.6 as compared to placebo in patients with baseline VAS < 50 mm.

Table 4. Change in VAS Pain Scores at Three Months by Baseline VAS (mm)
 

Baseline VAS = 50 mm|Baseline VAS < 50 mm

Zoledronic Acid -26.2 -7.3

   Placebo -17.2 -6.7

Difference from Placebo -9.0 -0.6
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[0212] As summarized in Table 5 and illustrated in FIG. 12, pain reduction was

greater in patients with baseline VAS 2 50 mm, greaterstill in patients with OARSI Grade 0

joint space narrowing, and greatest in patients with both baseline VAS 2 50 mm and OARSI

Grade 0 joint space narrowing.

Table 5. Pain Reduction Compared to Placebo at Three Months (mm)

VAS Change

All patients -4.8

 

Baseline VAS = 60 mm 30
OARSI Grade 0

Baseline VAS 2 50 mm + OARSI Grade 0 -19.4

 
 

[0213] BMLs were evaluated using proton density-weighted fat saturation MR

images. BMLswere scored using Osiris software (University of Geneva, Geneva, Switzerland).

The maximum size was measured in mm? using software cursors applied to the greatest area

of each lesion. The lesion with the highest score was used if more than one waspresent at the

same site. Each patient was given a BML score (mm?) at each of the four sites (medialtibial,

medial femoral, lateral tibial, and lateral femoral sites) and these were summedto create a

total BML score (mm?). The changein the total area of BMLs from baseline to 6 months was

calculated.

[0214] The size of BMLs was reduced with zoledronic acid treatment. As shown in

FIG. 13 and Table 6, average BML area decreased by approximately 190 mm? as compared to

placebo in the OARSI Grade O group, but only by approximately 33 mm? as compared to

placeboin patients with OARSI Grades1-2.

Table 6. Change in BML Size (mm?)

POARSI Grade 0|OARSI Grades1-2

Zoledronic Acid 

Placebo 
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[0215] The following embodiments are specifically contemplated:

Embodiment1. A method of relieving inflammatory pain comprising administering

an oral dosage form containing zoledronic acid to a mammal in need thereof, wherein the

mammal receives a total monthly dose of zoledronic acid that is about 800 mg/m? orless

based upon the body surface area of the mammal.

Embodiment 2. The method of embodiment 1, wherein the mammal is a human

being that receives a total monthly dose of zoledronic acid that is about 30 mg/m? to about 700

mg/m”.

Embodiment3. The method of embodiment 2, wherein the total monthly dose is

administered in 4 or 5 weekly doses.

Embodiment4. The method of embodiment 2, wherein the total monthly dose is

administered in 28 to 31 daily doses.

Embcdiment5. The method of embodiment 2, wherein the total monthly dose is

administered in 5 to 10 individual doses during the month.

Embodiment6. The method of embodiment 1, wherein the mammal is a human

being that receives a total weekly dose of zoledronic acid that is about 10 mg to about 300 mg.

Embodiment7. The method of embodiment 6, wherein the total weekly dose is a

single dose, administered once a week.

Embodiment8. The method of embodiment 6, wherein the total weekly dose is

administered in 2 to 7 individual doses during the week.

Embodiment9. The method of embodiment 1, wherein the mammal is a human

being that receives a total weekly dose of zoledronic acid that is about 10 mg to about 150 mg.

Embodiment 10. The method of any preceding embodiment, wherein the mammal

experiences significant pain relief more than 3 hours after administration of the dosage form.

Embodiment 11. The method of embodiment 10, wherein the mammal experiences

significant pain relief during at least a part of a time from about 3 hours to about 24 hours after

administration of the dosage form.

Embodiment 12. The method of embodiment 10, wherein the mammal experiences

significant pain relief during at least a part of a time from about 3 hours to about 3 weeks after

administration of the dosage form.
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Embodiment 13. A method of relieving inflammatory pain comprising administering

an oral dosage form containing zoledronic acid to a mammal in need thereof, wherein the oral

dosage form contains about 10 mg/m? to about 20 mg/m? of zoledronic acid based upon the

body surface area of the mammal.

Embodiment 14. The method of embodiment 13, wherein the oral dosage form

contains about 15 mg/m? to about 20 mg/m? of zoledronic acid based upon the body surface

area of the mammal.

Embodiment 15. A method of relieving inflammatory pain comprising orally

administering to a mammal in need thereof, about 300 mg/m? to about 600 mg/m? of

zoledronic acid per month to the mammal, based upon the body surface area of the mammal.

Embodiment 16. The method of embodiment 15, comprising orally administering

about 450 mg/m? to about 600 mg/m? of zoledronic acid per month to the mammal, based

upon the body surface area of the mammal.

Embodiment 17. The method of any preceding embodiment, wherein the mammalis

not suffering from bone metastasis.

Embodiment 18. The method of any preceding embodiment, wherein the mammalis

not suffering from cancer.

Embodiment 19. The method of any preceding embodiment, wherein the zoledronic

acid is administered as a salt of a dianion of zoledronic acid.

Embodiment 20. A method of relieving pain associated with an arthritis comprising

administering an oral dosage form containing zoledronic acid to a human being in need

thereof.

Embodiment 21. The method of embodiment 20, wherein the human being receives

a total monthly dose of zoledronic acid that is about 40 mg to about 2000 mg.

Embodiment 22. The method of embodiment 21, wherein the total monthly doseis

administered in 4 or 5 weekly doses.

Embodiment 23. The method of embodiment 21, wherein the total monthly dose is

administered in 28 to 31 daily doses.

Embodiment 24. The method of embodiment 21, wherein the total monthly dose is

administered in 5 to 10 individual doses during the month.
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Embodiment 25. The method of embodiment 20, wherein the human being receives

a total weekly dose of zoledronic acid that is about 100 mg to about 300 mg.

Embodiment 26. The method of embodiment 25, wherein the total weekly doseis a

single dose, administered once a week.

Embodiment 27. The method of embodiment 25, wherein the total weekly dose is

administered in 2 to 7 individual doses during the week.

Embodiment 28. The method of embodiment 20, wherein the human being receives

a total weekly dose of zoledronic acid that is about 10 mg to about 100 mg.

Embodiment 29. The method of any of embodiments 20-28, wherein the human

being experiences significant pain relief more than 3 hours after administration of the dosage

form.

Embodiment 30. The method of embodiment 29, wherein the human_being

experiences significant pain relief during at least a part of a time from about 3 hours to about

24 hours after administration of the dosage form.

Embodiment 31. The method of embodiment 29, wherein the human_being

experiences significant pain relief during at least a part of a time from about 3 hours to about 3

weeksafter administration of the dosage form.

Embodiment 32. The method of any of embodiments 20-31, wherein the dosage

form contains about 10 mg/m? to about 20 mg/m? of zoledronic acid based upon the body

surface area of the humanbeing.

Embodiment 33. The method of embodiment 32, wherein the dosage form contains

about 15 mg/m? to about 20 mg/m? of zoledronic acid based upon the body surface area of the

humanbeing.

Embodiment 34. The method of any of embodiments 20-33, wherein about 50 mg/m?

to about 200 mg/m? of zoledronic acid is orally administered per month, based upon the body

surface area of the humanbeing.

Embodiment 35. The method of any of embodiments 20-31, wherein the dosage

form contains about 80 mg/m? to about 150 mg/m? of zoledronic acid based upon the body

surface area of the human being.
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Embodiment 36. The method of embodiment 35, wherein about 300 mg/m? to about

1000 mg/m?of zoledronic acid is orally administered per month, based upon the body surface

area of the humanbeing.

Embodiment 37. The method of any of embodiments 20-36, wherein the human

being is not suffering from bone metastasis.

Embodiment 38. The method of any of embodiments 20-37, wherein the human

being is not suffering from cancer.

Embodiment 39. The method of any preceding embodiment, wherein the zoledronic

acid is in the disodium salt form.

Embodiment 40, An oral dosage form comprising zoledroric acid, wherein the oral

bioavailability of zoledronic acid in the dosage form is about 0.07% to shout 4%.

Embodiment 47, The oral dosage form of embodiment 40, wherein the oral dusage

form contains about 19 mg to about 300 mg of zoledranic acid

Embodiment 42, The oral dosage form of embodiment 40, wherein the oral dosage

form cortains about 12 mg to about 50 mg of zoledronic acic.

Embodiment 43. The oral cosage form of any of embodiments 40-42, wherein the

oral bioavailability of zoledronic acic in tne dosage form is about 0.1% to about 2%.

Embodiment 44. A pharmaceutical product comprising more than one unit of an oral

dosage form of embodimeni 40.

Embodiment 45. The pharmaceutical product of embodiment 44, wherein each unit

of the oral dosage form contains about 1 mg to about 50 ma of zoleciranic acid.

Embodiment 46. The pharmaceutical product of embodiment 45, comprising 28, 29,

30, or 341 units of the oral dosage form, for a total of about 28 mq to about 1600 mg of

zoledronic acid to be administered in about 1 month.

Embodiment 47. The oharmaceutical product of embacdiment 45, comprising 645 to 95

units of the oral dosage form, for a total of about S85 mg to about 4800 mg of zoledronic acid to

be administered in about 3 months.

Embodiment 48, The pharmaceutical product of embadiment 45, comprising 170 to

200 unlis of the oral dosage form, for a total of about 170 mq to about 10,000 mg of zoledronic

acid to be administered in about 6 months.
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Embodiment 49. The pharmaceutical product of embodiment 45, comprising 250 to

380 units of the oral dosage form, for a total of about 350 mg to about 19,000 mg of zoledronic

atic fo be administered in about 1 year.

Embodiment 80. The pharmaceutical product of embodiment 44, wherein each unit

of the cral dosage form caniains about 10 rng to about 300 rma.

Embodiment 81. The pharmaceutical product of embodiment 50, comprising 4 or 5

units of the oral dosage form, for a total of about 40 mg to about 1500 mg of zoledronic acid to

be administered within a period of about 1 month.

Embodiment 62. The pharmaceutical product of embodiment 50, comprising 8 or 9

units of the oral dosage form, for a total of about 80 mg to about 2700 mg of zcledronic acid ta

be administered in about 2 months.

Embodiment 63. The pharmaceutical product of embodiment &0, comarising 12, 13

or 14 units of the oral dosage form, for a total of about 120 mg to about 4200 mg of zoledronic

acid to be administered in about 3 months.

Embodiment 64. The pharmaceutical product of embodiment 50, comprising 22 to 20

units of the oral dosage form, for a total of about 220 mg to about 9000 ma of zoledronic acid

to be administered in about 6 months.

Embodiment 85. The pharmaceutical product of embodiment 50, carmprising 45 to 60

units of the oral dosage form, for a total of about 450 mg to about 18000 mg of zoledronic acid

to be administered in about 1 year.

Embodiment $6. The pharmaceutical product af embodiment 44, comprising 1 to 10

units of ihe oral dosage form, wherein the product contains about 200 mq to about 2000 mg of

zoledronic acid,

Embodiment 57. The oral dosage form of any preceding embodiment, wherein the

zoledronic acid is in the farm of a socium salt.

Embodiment $8. The oral cosage form cf any preceding embodiment, wherein the

zoledronic acid is in a form that has an aqueous solubility greater than 1% (w/v).

Embodiment 59. The oral dosage form of any preceding embodiment, wherein the

zoledronic acid is in a form that has an aqueous solubility of about 5% (w/v) to about 50%

Gal}.
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Embodiment 60. An cral dosage form comoprising zoledronic acid and an excipient,

wherein the zoledronic acid is in a forrn that has an aqueous solubility greater than 1% (w/v).

Embodiment 67. The cral cosage form of embodiment 60, wherein the zoledronic

acid is in a form that has an aqueus solubility of about 5% (w/v) to about 50% (w/v).

Embodiment 62. A method of treating complex regional pain syndrome comprising

administering an oral dosage form containing zoledronic acid to a mammalin need thereof.

Embodiment 63. The method of embodiment 62, wherein the mammal is a human

being that receives an amountof zoledronic acid that is about 30 mg/m? to about 700 mg/m?in

a period of one month orless.

Embodiment 64. The method of embodiment 63, wherein 4 or 5 weekly doses are

administered in a period of one month orless.

Embodiment 65. The method of embodiment 63, wherein 28 to 31 daily doses are

administered in a period of one month orless.

Embodiment 66. The method of embodiment 63, wherein 5 to 10 individual doses

are administered during a period of one monthorless.

Embodiment 67. The method of embodiment 63, wherein about 30 mg/m? to about

700 mg/m? of zoledronic acid is administered during only one month.

Embodiment 68. The method of embodiment 63, wherein about 30 mg/m? to about

700 mg/m? of zoledronic acid is administered in a period of one month or less for 2 or more

consecutive months.

Embodiment 69. The method of embodiment 62, wherein the mammal receives

about 10 mg/m? to about 30 mg/m?of zoledronic acid daily.

Embodiment 70. The method of embodiment 62, wherein the mammal is a human

being that receives a total weekly dose of zoledronic acid that is about 10 mg to about 300 mg.

Embodiment 71. The method of embodiment 70, wherein the total weekly dose is a

single dose, administered once a week.

Embodiment 72. The method of embodiment 70, wherein the total weekly dose is

administered in 2 to 7 individual doses during the week.

Embodiment 73. The method of any of embodiments 62-72, wherein the complex

regional pain syndromeis complex regional pain syndrometypeI.
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Embodiment 74. The method of any of embodiments 62-72, wherein the complex

regional pain syndrome is complex regional pain syndrometypeIl.

Embodiment 75. The method of any preceding embodiment, wherein the zoledronic

acid is in a salt form.

Embodiment 76. The method of any of embodiments 62-75, wherein the dosage

form contains about 10 mg/m? to about 20 mg/m? of zoledronic acid based upon the body

surface area of the mammal.

Embodiment 77. The method of embodiment 76, wherein the dosage form contains

about 15 mg/m? to about 20 mg/m?of zoledronic acid based upon the body surface area of the

mammal.

Embodiment 78. A method of treating complex regional pain syndrome, comprising

administering pamidronic acid to a human being in need thereof.

Embodiment 79. A method of treating complex regional pain syndrome, comprising

administering nericronic acid to a human being in needthereof.

Embodiment 80. A method of treating complex regional pain syndrome, comprising

administering olpadronic acid to a human being in need thereof.

Embodiment 81. A method of treating complex regional pain syndrome, comprising

administering alendronic acid to a human being in need thereof.

Embodiment 82. A method of treating complex regional pain syndrome, comprising

administering incadronic acid to a humanbeing in need thereof.

Embodiment 83. A method of treating complex regional pain syndrome, comprising

administering ibandronic acid to a humanbeing in need thereof.

Embodiment 84. A method of treating complex regional pain syndrome, comprising

administering risedronic acid to a humanbeing in need thereof.

Embodiment 85. A method of treating pain, comprising administering pamidronic

acid to a humanbeing in need thereof.

Embodiment 86. A method of treating pain, comprising administering neridronic acid

to a humanbeing in need thereof.
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Embodiment 87. A method of treating pain, comprising administering olpadronic acid

to a humanbeing in need thereof.

Embodiment 88. A method of treating pain, comprising administering alendronic acid

to a humanbeing in need thereof.

Embodiment 89. A method oftreating pain, comprising administering incadronic acid

to a humanbeing in need thereof.

Embodiment 90. A method of treating pain, comprising administering ibandronic acid

to a humanbeing in need thereof.

Embodiment 91. A method of treating pain, comprising administering risedronic acid

to a humanbeing in need thereof.

Embodiment 92. A method of treating arthritis pain, comprising administering

pamidronic acid to a human being in need thereof.

Embodiment 93. A method of treating arthritis pain, comprising administering

neridronic acid to a human being in need thereof.

Embodiment 94. A method of treating arthritis pain, comprising administering

olpadronic acid to a human being in need thereof.

Embodiment 95. A method of treating arthritis pain, comprising administering

alendronic acid to a human being in need thereof.

Embodiment 96. A method of treating arthritis pain, comprising administering

incadronic acid to a humanbeing in need thereof.

Embodiment 97. A method of treating arthritis pain, comprising administering

ibandronic acid to a human being in needthereof.

Embodiment 98. A method of treating arthritis pain, comprising administering

risedronic acid to a human being in need thereof.

Embodiment 99. A method of treating inflammatory pain, comprising administering

pamidronic acid to a human being in need thereot.
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Embodiment 100. A method of treating inflammatory pain, comprising administering

neridronic acid to a human being in needthereof.

Embodiment 101. A method of treating inflammatory pain, comprising administering

olpadronic acid to a human being in need thereof.

Embodiment 102. A method of treating inflammatory pain, comprising administering

alendronic acid to a human being in need thereof.

Embodiment 103. A method of treating inflammatory pain, comprising administering

incadronic acid to a human being in need thereof.

Embodiment 104. A method of treating inflammatory pain, comprising administering

ibandronic acid to a human being in needthereof.

Embodiment 105. A method of treating inflammatory pain, comprising administering

risedronic acid to a human being in need thereof.

Embodiment 106. A method of treating complex regional pain syndrome, comprising

administering etidronic acid to a human being in need thereof.

Embodiment 107. A method of treating pain, comprising administering etidronic acid

to a humanbeing in need thereof.

Embodiment 108. A method of treating arthritis pain, comprising administering

etidronic acid to a human being in need thereof.

Embodiment 109. A method of treating inflammatory pain, comprising administering

etidronic acid to a human being in need thereof.

Embodiment 110. A method of treating complex regional pain syndrome, comprising

administering clodronic acid to a human being in need thereof.

Embodiment 111. A method of treating pain, comprising administering clodronic acid

to a humanbeing in needthereof.

Embodiment 112. A method of treating arthritis pain, comprising administering

clodronic acid to a humanbeing in need thereof.
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Embodiment 113. A method of treating inflammatory pain, comprising administering

clodronic acid to a human being in need thereof.

Embodiment 114. A method of treating complex regional pain syndrome, comprising

administering tiludronic acid to a human being in need thereof.

Embodiment 115. A method of treating pain, comprising administering tiludronic acid

to a humanbeing in need thereof.

Embodiment 116. A method of treating arthritis pain, comprising administering

tiludronic acid to a human being in need thereof.

Embodiment 117. A method of treating inflammatory pain, comprising administering

tiludronic acid to a human being in need thereof.

Embodiment 118. The method of any of embodiments 78-117, wherein the active

compoundis orally administered.

Embodiment 119. The method of any of embodiments 78-117, wherein the active

compoundis parenterally administered.

Embodiment 120. A method of enhancing the oral bioavailability of zoledronic acid

comprising orally administering a dosage form containing zoledronic acid in the disodium salt

form.

Embodiment 121. The method of embodiment 120, wherein the zoledronic acid in the

disodium salt form provides an enhancementto bioavailability, as compared to zoledronic acid

in the diacid form, which adds to any enhancement to bioavailability provided by any

bioavailability-enhancing agents in the dosage form.

Embodiment 122. The method of embodiment 120, wherein the dosage form is

substantially free of bioavailability-enhancing agents.

Embodiment 123. The method of embodiment 120, wherein the zoledronic acid in the

disodium salt form is administered to a mammal in an amountthat provides an area under the

plasma concentration curve of zoledronic acid of about 4 ng*eh/mL to about 2000 ngeh/mL to

the mammal each time the zoledronic acid in the disodium salt is administered.
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Embodiment 124. The method of embodiment 123, wherein the zoledronic acid in the

disodium salt form is administered at an interval of about 3 to about 4 weeks in an amountthat

provides an area under the plasma concentration curve of zoledronic acid of about 100

ngsh/mL to about 2000 ngsh/mL to the mammaleach time the zoledronic acid in the disodium

salt form is administered.

Embodiment 125. The method of embodiment 123, wherein the zoledronic acid in the

disodium salt form is administered weekly, or 3 to 5 times in a month, in an amount that

provides an area underthe plasma concentration curve of zoledronic acid of about 20 ng*h/mL

to about 700 ngsh/mL to the mammal each time the zoledronic acid in the disodium salt form is

administered.

Embodiment 126. The method of embodiment 123, wherein the zoledronic acid in the

disodium salt form is administered daily in an amount that provides an area underthe plasma

concentration curve of zoledronic acid of about 4 ngeh/mL to about 100 ngeh/mL to the

mammal each time the zoledronic acid in the disodium salt form is administered.

Embodiment 127. The method of embodiment 120, wherein the dosage form is a

solid.

Embodiment 128. The method of embodiment 120, 121, 122, 123, 124, 125, 126, or

127, wherein the bioavailability of zoledronic acid is improved by at least about 20% as

compared to administration of zoledronic acid in the diacid form.

Embodiment 129. The method of embodiment 120, 121, 122, 123, 124, 125, 126,

127, or 128, further comprising administering, on a molar basis, less of the zoledronic acid in

the disodium salt form than would be administered of zoledronic acid in the diacid form in order

to achieve the same plasma levels of zoledronic acid.

Embodiment 130. The method of embodiment 129, wherein at least about 10 mole%

less of the disodium salt form is administered as compared the amount of zoledronic acid in

the diacid form that would be administered in order to achieve the same plasma levels of

zoledronic acid.
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Embodiment 131. The method of embodiment 129, wherein the disodium salt form is

administered in an amount, on a molar basis, that has a value of about 0.8ng to about 1.2ng,

wherein:

Ng = (Ba/bg)(Na)

wherein b, is the bioavailability of the diacid form, by is the bioavailability of the disodium salt

form, and nag is the number of moles of zoledronic acid in the diacid form that would be

administered in order to achieve the same plasma levels of zoledronic acid.

Embodiment 132. The method of embodiment 131, wherein the disodium salt is

administered in an amount that has a value of about ng.

Embodiment 133. The method of any of embodiments 120-132, wherein the

zoledronic acid is used to treat an inflammatory condition.

Embodiment 134. The method of embodiment 133, wherein the zoledronic acid is

used to treat arthritis.

Embodiment 135. The method of embodiment 133, wherein the zoledronic acid is

used to treat complex regional pain syndrome.

Embodiment 136. The method of any of embodiments 1-39, 62-77, and 120-135,

wherein:

a first oral dosage form is administered; and

a second oral dosageform is administered:

wherein, with respect to the first oral dosage form, the second oral dosage form is

administered at 10 X Tmax or greater, wherein Tmax is the time of maximum plasma

concentration for the first oral dosage form.

Embodiment 137. A dosage form comprising zoledronic acid in the disodium salt form,

wherein the bioavailability, in a mammal, of zoledronic acid in the disodium salt form is greater

than the bioavailability of zoledronic acid in the diacid form would bein the same dosageform.

Embodiment 138. A dosage form comprising zoledronic acid in the disodium salt form,

wherein the dosage form contains an amountof zoledronic acid in the disodium salt form that
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provides an area under the plasma concentration curve of zoledronic acid of about 4 ng*h/mL

to about 2000 ng-h/mL to a humanbeing to which the dosage form is administered.

Embodiment 139. The dosage form of embodiment 138, wherein the dosage form

contains an amount of zoledronic acid in the disodium salt form that provides an area under

the plasma concentration curve of zoledronic acid of about 100 ngsh/mL to about 2000

ngsh/mL to a human being to which the dosage form is administered.

Embodiment 140. The dosage form of embodiment 138, wherein the dosage form

contains an amount of zoledronic acid in the disodium salt form that provides an area under

the plasma concentration curve of zoledronic acid of about 20 ngeh/mL to about 700 ngsh/mL

to a humanbeing to which the dosage form is administered.

Embodiment 141. The dosage form of embodiment 138, wherein the dosage form

contains an amount of zoledronic acid in the disodium salt form that provides an area under

the plasma concentration curve of zoledronic acid of about 4 ng*h/mL to about 100 ngeh/mL to

a human being to which the dosageform is administered.

Embodiment 142. A dosage form comprising zoledronic acid in the disodium salt form,

wherein the disodium salt form is present in a lower molar amount than would be

presentif the zolecronic acid werein the diacid form; and

wherein the zoledronic acid in the disodium salt form has an improved bioavailability as

comparedto the zoledronic acid in the diacid form to the extent that the lower molar amountof

the disodium salt in the dosage form does not reduce the amount of zoledronic acid delivered

to the plasma of a mammal.

Embodiment 143. The dosage form of embodiment 137, 138, 139, 140, 141, or 142,

wherein the dosageform is a solid.

Embodiment 144. The dosage form of embodiment 142 or 143, wherein the

bioavailability of zoledronic acid in the disodium salt form is improved byat least about 10% as

comparedto an otherwise identical dosage form containing zoledronic acid in the diacid form.

Embodiment 145. The dosage form of embodiment 142, 143, or 144, containing at

least about 20 mole% less of the disodium salt form as compared to the amount of the
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zoledronic acid in the diacid form that would be presentif the zoledronic acid were in the diacid

form.

Embodiment 146. The dosage form of embodiment 142, wherein the disodium salt

form is present in an amount, on a molarbasis, that has a value of about 0.9nd to about 1.1nd,

wherein:

Ng = (Ba/bg)(Na)

wherein bagis the bioavailability of the diacid form, bg is the bioavailability of the disodium

salt form, and ng is the number of moles of the diacid form that would be present if the

zoledronic acid were in the diacid form.

Embodiment 147. The dosage form of embodiment 146, wherein the disodium salt is

administered in an amount that has a value of about ng.

Embodiment 148. The method of any of embodiments 1-39, 62-77, and 120-136,

wherein:

only a single oral dosage form is administered; or

a first oral dosage form is administered, and a second oral dosage form is administered

after the first oral dosage form, wherein the second oral dosage form is administered before

the maximum pain relieving effect of the first oral dosage form is achieved, or the secondoral

dosage form is administered before an observable pain relieving effect is achieved.

Embodiment 149. The method of embodiment 148, wherein the second oral dosage

form is administered before an observable pain relieving effect is achieved.

Embodiment 150. The method of any of embodiments 1-39, 62-77, and 120-132,

wherein a first dosage form is administered, followed by administration of a second dosage

form, wherein the second dosage form is administered after the maximum pain relieving effect

of the first oral dosage form is achieved, and the second oral dosage form is administered

while a pain relieving effect from the first oral dosage form is observable.

Embodiment 151. The method of embodiment 148, 149, or 150, wherein the second

oral dosage form is administered about 24 hours to about 28 days after the first oral dosage

form is administered.
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Embodiment 152. The method of any of embodiments 20-39, wherein the human

being is about 30 years old to about 75 years old.

Embodiment 153. The method of any of embodiments 20-39, wherein the human

being is about 1 year old to about 16 years old.

Embodiment 154. The method of any of embodiments 20-39, wherein the human

being is about 80 years old to about 95 yearsold.

Embodiment 155. The method of any of embodiments 20-39, wherein the human

being has suffered from the arthritis for at least 2 months.

Embodiment 156. The method of any of embodiments 20-39, wherein the arthritis

affects, a knee, an elbow, a wrist, a shoulder, or a hip.

Embodiment 157. The method of any of embodiments 1-44, 62-133, and 144-156,

wherein the mammal or human being to which the zoledronic acid is administered does not eat

food or drink beveragefor at least 1 hour before the zoledronic acid is administered.

Embodiment 158. The method of embodiment 157, wherein the mammal or human

being to which the zoledronic acid is administered does not eat food or drink beveragefor at

least 2 hours before the zoledronic acid is administered.

Embodiment 159. The method of embodiment 158, wherein the mammal or human

being to which the zoledronic acid is administered does not eat food or drink beverage forat

least 4 hours before the zoledronic acid is administered.

Embodiment 160. The method of embodiment 159, wherein the mammal or human

being to which the zoledronic acid is administered does not eat food or drink beveragefor at

least 6 hours before the zoledronic acid is administered.

Embodiment 161. The method of any of embodiments 157-160, wherein the mammal

or human being to which the zolecronic acid is administered does not eat food or drink

beverage for at least 30 minutes after the zoledronic acid is administered.

Embodiment 162. The method of embodiment 161, wherein the mammal or human

being to which the zoledronic acid is administered does not eat food or drink beveragefor at

least 1 hour after the zoledronic acid is administered.
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Embodiment 163. The method of embodiment 161, where in the mammal or human

being to which the zoledronic acid is administered does not eat food or drink beveragefor at

least 2 hours after the zoledronic acid is administered.

Embodiment 164. The method, dosage form, or product, of any preceding

embodiment, wherein the zolecronic acid in the oral dosage form has a 24 hour sustained

plasmalevel factor of about 1 or higher.

Embodiment 165. The method, dosage form, or product, of any preceding

embodiment, wherein the zoledcronic acid in the oral dosage form has a 24 hour sustained

plasma level factor that is higher than that of intravenously administered zoledronic acid.

Embodiment 166. The method, dosage form, or product, of any preceding

embodiment, wherein the oral dosage form is a solid that has a hardness cf about 5 kPa ta

about 20 kPa.

Embodiment 167. A method of treating bone marrow lesions comprising: selecting a

patient having a bone marrow lesion and OARSI grade O of joint space narrowing, and

administering an inhibitor of osteoclast activity to the patient for the treatment of the bone

marrow lesion.

Embodiment 168. The method of embodiment 167, wherein the inhibitor of osteoclast

activity is administered at least twice.

Embodiment 169. The method of embodiment 167, wherein the inhibitor of osteoclast

activity is administered about every three months, or more frequently.

Embodiment 170. The method of embodiment 167, wherein the inhibitor of osteoclast

activity comprises a nitrogen-containing bisphosphonate.

Embodiment 171. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises zoledronic acid.

Embodiment 172. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises pamidronic acid.

Embodiment 173. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises neridronic acid.

Embodiment 174. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises olpadronic acid.
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Embodiment 175. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises alendronic acid.

Embodiment 176. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises incadronic acid.

Embodiment 177. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises ibandronic acid.

Embodiment 178. The method of any one of embodiments 167-170, wherein the

inhibitor of osteoclast activity is or comprises risedronic acid.

Embodiment 179. The method of any one of embodiments 167-178, wherein the

inhibitor of osteoclast activity is administered orally.

Embodiment 180. The method of any one of embodiments 167-178, wherein the

inhibitor of osteoclast activity is administered intravenously.

Embodiment 181. The method of any one of embodiments 167-180, wherein the

patient experiences a reduction in bone marrow lesion size that is at least about 100% greater

than a reduction in bone marrow lesion size achieved with a placebo.

Embodiment 182. The method of any one of embodiments 167-180, wherein the

patient experiences a reduction in bone marrow lesion size that is at least about 150% greater

than a reduction in bone marrow lesion size achieved with a placebo.

Embodiment 183. The method of any one of embodiments 167-182, wherein the

inhibitor of osteoclast activity is administered at least twice over a period of at least four weeks.

Embodiment 184. The method of any one of embodiments 167-183, wherein the

inhibitor of osteoclast activity is administered once weekly for a period of six weeks.

Embodiment 185. The method of any one of embodiments 167-184, wherein the

inhibitor of osteoclast activity comprises zoledronic acid, and the weekly dose is between

about 25 mg and about 75 mg.

Embodiment 186. A method of treating knee pain comprising: selecting a patient

having knee pain and OARSI grade 0 of joint space narrowing, and administering an inhibitor

of osteoclast activity to the patient for the treatment of the knee pain.

Embodiment 187. The method of embodiment 186, wherein the inhibitor of osteoclast

activity is administered at least twice.
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Embodiment 188. The method of any one of embodiments 186-187, wherein the

inhibitor of osteoclast activity is administered about every three months, or more frequently.

Embodiment 189. The method of any one of embodiments 186-188, wherein the

inhibitor of osteoclast activity comprises a nitrogen-containing bisphosphonate.

Embodiment 190. The method of any one of embodiments 186-189, wherein the

patient experiences pain relief three months after administration of the inhibitor of osteoclast

activity.

Embodiment 191. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises zoledronic acid.

Embodiment 192. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises pamidronic acid.

Embodiment 193. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises neridronic acid.

Embodiment 194. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises olpadronic acid.

Embodiment 195. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises alendronic acid.

Embodiment 196. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises incadronic acid.

Embodiment 197. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises ibandronic acid.

Embodiment 198. The method of any one of embodiments 186-190, wherein the

inhibitor of osteoclast activity is or comprises risedronic acid.

Embodiment 199. The method of any one of embodiments 186-198, wherein the

patient experiences a reduction in pain intensity—when using a 100 mm visual analog scale—

of at least about 20.

[0216] Unless otherwiseindicated, all numbers expressing quantities of ingredients,

properties such as molecular weight, reaction conditions, and so forth used in the

specification and claims are to be understoodin all instances as indicating both the exact

values as shown and as being modified by the term “about.” Accordingly, unless indicated
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to the contrary, the numerical parameters set forth in the specification and attached claims

are approximations that may vary depending upon the desired properties sought to be

obtained. At the very least, and not as an attempt to limit the application of the doctrine of

equivalents to the scope of the claims, each numerical parameter should at least be

construed in light of the number of reported significant digits and by applying ordinary

rounding techniques.

[0217] The terms “a,” “an,” “the” and similar referents used in the context of

describing the invention (especially in the context of the following claims) are to be

construed to cover both the singular and the plural, unless otherwise indicated herein or

clearly contradicted by context. All methods described herein can be performed in any

suitable order unless otherwise indicated herein or otherwise clearly contradicted by

context. The use of any and all examples, or exemplary language (e.g., “such as’)

provided herein is intended merely to better illuminate the invention and does not pose a

limitation on the scope of any claim. No languagein the specification should be construed

as indicating any non-claimed element essential to the practice of the invention.

[0218] Groupings of alternative elements or embodiments disclosed herein are not to

be construed as limitations. Each group member may be referred to and claimed

individually or in any combination with other members of the group or other elements found

herein. It is anticipated that one or more members of a group may beincluded in, or

deleted from, a group for reasons of convenience and/or patentability. When any such

inclusion or deletion occurs, the specification is deemed to contain the group as modified

thusfulfilling the written description of all Markush groups usedin the appended claims.

[0219] Certain embodiments are described herein, including the best mode knownto

the inventors for carrying out the invention. Of course, variations on these described

embodiments will become apparent to those of ordinary skill in the art upon reading the

foregoing description. The inventor expects skilled artisans to employ such variations as

appropriate, and the inventors intend for the invention to be practiced otherwise than

specifically described herein. Accordingly, the claims include all modifications and

equivalents of the subject matter recited in the claims as permitted by applicable law.

Moreover, any combination of the above-described elements in all possible variations
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thereof is contemplated unless otherwise indicated herein or otherwise clearly contradicted

by context.

[0220] In closing, it is to be understood that the embodiments disclosed herein are

illustrative of the principles of the claims. Other modifications that may be employed are

within the scope of the claims. Thus, by way of example, but not of limitation, alternative

embodiments may be utilized in accordance with the teachings herein. Accordingly, the

claims are not limited to embodiments precisely as shown and described.
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CLAIMS

Whatis claimedis:

1. A method of treating a bone marrow lesion of the knee comprising: selecting a patient

having a bone marrow lesion of the knee and OARSI Grade 0 or Kellgren and Lawrence Grade

O or Grade 1 of joint space narrowing, and administering an inhibitor of osteoclast activity to

the patient for the treatment of the bone marrow lesion, wherein the inhibitor of osteoclast

activity is ibandronic acid, risedronic acid, or alendronic acid.

Z. The method of claim 1, wherein the inhibitor of osteoclast activity is administered at

least twice.

3. The method of claim 2, wherein the inhibitor of osteoclast activity is administered about

every three months, or more frequently.

4. The method of claim 1, wherein the inhibitor of osteoclast activity is ibandronic acid.

5. The methodof claim 1, wherein the inhibitor of osteoclast activity is risedronic acid.

6. The method of claim 1, wherein the inhibitor of osteoclast activity is alendronic acid.

7. The method of claim 1, wherein the inhibitor of osteoclast activity is administered orally.

8. The method of claim 1, wherein the inhibitor of osteoclast activity is administered

intravenously.

9. The method of claim 1, wherein the patient experiences a reduction in bone marrow

lesion size that is at least about 15% within about six months after the inhibitor of osteoclast

activity is administered to the patient.

10. The method of claim 1, wherein the patient experiences a reduction in bone marrow

lesion size that is at least about 25% within about six months after the inhibitor of osteoclast

activity is administered to the patient.

11. The method of claim 2, wherein the inhibitor of osteoclast activity is administered at

least twice over a period of at least four weeks.

12. |The method of claim 9, wherein the inhibitor of osteoclast activity is administered once

weekly for a period of six weeks.
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13. |The method of claim 9, wherein the weekly dose of the inhibitor of osteoclast activity is

between about 25 mg and about 75 mg.

14.|The method of claim 10, wherein the inhibitor of osteoclast activity is administered once

weekly for a period of six weeks.

15. |The method of claim 10, wherein the weekly doseof the inhibitor of osteoclast activity is

between about 25 mg and about 75 mg.

16. The methodof claim 1, wherein the patient is about 10 years to about 90 years old.

17.|The method of claim 1, wherein the patient has had knee pain associated with a bone

marrow lesion of the knee for at least two months.

18. |The method of claim 4, wherein the patient has had knee pain associated with a bone

marrow lesion of the knee for at least two months.

19. The method of claim 5, wherein the patient has had knee pain associated with a bone

marrow lesion of the knee for at least two months.

20. The method of claim 6, wherein the patient has had knee pain associated with a bone

marrow lesion of the knee for at least two months.
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ABSTRACT

Oral dosage forms of osteoclast inhibitors, such as __nitrogen-containing

bisphosphonates, can be used to treat or alleviate pain or related conditions.
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4\[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)KX] Claim(s) 1-20 is/are pending in the application.

 
5a) Of the above claim(s) ___ is/are withdrawn from consideration.

6)L] Claim(s) is/are allowed.
7)K] Claim(s) 1-20 is/are rejected.
8)L] Claim(s)__ is/are objected to.
9)F] Claim(s) are subjectto restriction and/or election requirement.

 

* IF any claims have been determined allowable, 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

hito:/Awww.usoto.dov/patents/init events/poh/index.jso or send an inquiry to PPHieedback@uspto.qov.    

Application Papers

10)L The specification is objected to by the Examiner.
11) The drawing(s) filed on 12/11/2015 is/are: a)X] accepted or b)_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacementdrawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)T] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) All bb) Some** c) Noneofthe:
1..] Certified copies of the priority documents have been received.
2.1 Certified copies of the priority documents have been received in Application No.
3.0] Copiesof the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PGT Rule 17.2(a)).
™ See the attached detailed Office action for a list of the certified copies not received.

 
Attachment(s)

1) Xx Notice of References Cited (PTO-892) 3) TC Interview Summary (PTO-413)
, : Paper No(s)/Mail Date. :

2) Oo Information Disclosure Statement(s) (PTO/SB/08a and/or PTC/SB/0&b) 4 | Other:Paper No(s)/Mail Date . ) ther: _.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160208
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Application/Control Number: 14/967,224 Page 2
Art Unit: 1628

The present application, filed on or after March 16, 2013, is being examined

underthefirst inventor to file provisions of the AIA.

DETAILED ACTION

1. This application claimspriority of the provisional applications:

61/646,538 with a filing date 05/14/2012; 61/647,478 with a filing date 05/15/2012;

61/654,292 withafiling date 06/01/2012; 61/654,383 witha filing date 06/01/2012;

61/655,527 withafiling date 06/05/2012; 61/655,541 with a filing date 06/05/2012;

61/764,563 withafiling date 02/14/2013; 61/762,225 witha filing date 02/07/2013;

61/767,647 with a filing date 02/21/2013; 61/767,676 with a filing date 02/21/2013; and

61/803,721 with a filing date 03/20/2013.

2. Claims 1-20 are pendingin the application.

Double Patenting

3. The nonstatutory double patenting rejection is based onajudicially created

doctrine groundedin public policy (a policy reflected in the statute) so as to preventthe

unjustified or improper timewise extension of the "right to exclude" granted by a patent

and to prevent possible harassment by multiple assignees. See /n re Goodman, 11

F.3d 1046, 29 USPQé2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA

1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and /n re Thorington,

418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be

used to overcomean actualor provisional rejection based on a nonstatutory double
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Application/Control Number: 14/967,224 Page 3
Art Unit: 1628

patenting ground providedthe conflicting application or patent is shown to be commonly

ownedwith this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer. A terminal disclaimer signed by the assignee mustfully comply with

37 CFR 3.73(b).

Claims 1-20 are rejected underthe judicially created doctrine of the

obviousness-type double patenting as being unpatentable over claim 1 of Tabuteau et

al. US 9,216,153. Although the conflicting claims are not identical, they are not

patentably distinct from each other and reasonsareasfollows.

Applicants claim methodsof usefor treating bone marrow lesion of the knee ina

patient using an inhibitor of osteoclast activity selected from ibandronic acid, risedronic

acid, or alendronic acid, see claim 1. Dependent claims 2-20 furtherlimit the scope of

methodsofuse, i.e., the patient has knee pain in claim 17, and treating dose orperiod in

claims 2-16 and 18-20.

Tabuteau et al. ‘153 claims methodsof usefor treating knee pain (i.e., bone

marrow lesion of the knee ) using zoledronic acid, minodronic acid, risedronic acid or

neridronic acid, see column 56

The difference betweeninstant claims and Tabuteauet al. ‘153 is that the

instant inhibitors of osteoclast activity are embraced within the scope of Tabuteauetal.

‘153. Tabuteau's ‘153 methodsof use overlap with the instant invention.

One having ordinary skill in the art would find the claims 1-20 prima facie obvious

because one would be motivated to employ the methods of use of Tabuteau et al. ‘153
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Application/Control Number: 14/967,224 Page 4
Art Unit: 1628

to obtain instant invention. Dependent claims 2-20 are also rejected along with claim 1

under the obviousness-type double patenting.

The motivation to make the claimed methods of use derived from the known

methodsof use of Tabuteau et al. ‘153 would possesssimilar activity to that whichis

claimed in the reference.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Rei-tsang Shiao whose telephone numberis (571) 272-

0707. The examiner can normally be reached on 8:30 AM - 5:00 PM. If attempts to

reach the examiner by telephone are unsuccessful, the examiner’s supervisor, Winston

Shen, can be reached on (571)272-3157. The fax phone numberfor the organization

wherethis 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 htip://pair-

direct.uspto.gov. Should you have questions on accessto 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
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Application/Control Number: 14/967,224 Page 5
Art Unit: 1628

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/REI-TSANG SHIAO/

Rei-tsang Shiao, Ph.D.
Primary Examiner
Art Unit 1628

February 08, 2016
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Application/Control No. Applicant(s)/Patent Under
Reexamination

14/967,224 TABUTEAU ET AL.
Notice of References Cited
 

Examiner Art Unit

REI-TSANG SHIAO 1628

U.S. PATENT DOCUMENTS

Page 1 of 1 
D t Numb Dat

CountryCode-Number-Kind Code MM-YYYY Name CPG Classification US Classification 
S-9,216,153 B2 12-2015 Tabuteau; Herriot A61K9/0053

  
*A copyofthis reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYYformat are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20160208
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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 22313-1450www.uspto.gov

 
NOTICE OF ALLOWANCEAND FEE(S) DUE

EXAMINER

K&L Gates LLP-Orange County SHIAO, REI TSANG
1 Park Plaza
Twelfth Flor

IRVINE, CA 92614 1628

DATE MAILED: 05/23/2016

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

14/967 224 12/11/2015 Herriot Tabuteau 1958603.00116 1942
TITLE OF INVENTION:Osteoclast Inhibitors for Knee Conditions

APPIN. TYPR ENTITY STATUS ISSTTF FRE DUR PUBLICATION FER DUP.|PREV. PAID ISSUE FRR TOTAT. FER(S) DUE DATE DUR

nonprovisional SMALL $480 $480 08/23/2016
 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. TIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CER 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 THEISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUSshownabove.If the ENTITY STATUSis shown as SMALL or MICRO,verify whether entitlement to that
entity status sull applies.

If the ENTITY STATUSis the same as shownabove, pay the TOTAL FEE(S) DUE shownabove.

If the ENTITY STATUSis changed from that shown above, on PART B - FER(S) TRANSMITTAL, complete section number5 titled
"Change in Entity Status (fromstatus indicated above)".

For purposesof this noticc, small entity fecs are 1/2 the amount of undiscountcd fees, and micro entity fees are 1/2 the amountof small cntity
fees.

I. 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 PUBLICATIONFEE(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 dueto the difficulty in recognizing
the paperas an equivalent of Part B.

I. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEEunlessadvisedto the contrary.

IMPORTANT REMINDER:Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. 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 FEECommissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

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

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 | for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
45200 7590 05/23/2016 I hereby certify that this Kee(s) ‘lransmittal is being deposited with the United

K&L Gates LLP-Orange Counly States Postal Service with sufficient postage for first class mail in an envelope
1 Park PL addressed to the Mail Stop ISSUE FEE address above, or being facsimileaL. aza transmitted to the USPTO (571) 273-2885, on the date indicated below.
Twelfth lloor

IRVINE, CA 92614 Pepostons nan)
(Signature)

(Date) 
 APPLICATION NO. FILING DATE FIRS’) NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

14/967 ,224 12/11/2015 Herriot Tabuteau 1958603.00116 1942

TITLE OF INVENTION:Ostcoclast Inhibitors for Knee Conditions

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

nonprovisional SMATT. $480 $480 08/23/2016

EXAMINER ART UNIT CLASS-SUBCLASS

SHIAO, REI TSANG 1628 514- 108000

1. Change,of correspondenceaddress orindication of "Fee Address" (37 2. For printing on the patent front page,listCER 1.363).

LY Changeof correspondenceaddress (or Change of CorrespondenceAddress foorm PTO/SB/122) attached.
L] "Fee Address"indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

3. ASSIGNEE NAME AND RESIDENCE DATA 'TO BE PRINTED ON THE PATENT(printor 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 beenfiled for
recordation asset forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAMEOF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

(1) The namesof upto 3 registered patent attorneys
or agents OR,alternatively,

(2) The nameof 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 nameis 3
listed, no namewill be printed.

  
 

Please check the appropriate assignee categoryor categories (will not be printed on the patent) : (CW individual LI Corporation or other private group entity (J Government

 
Aa. ‘The following fee(s) are submitted: 4b. Paymentof Kee(s): (Pleasefirst reapply any previously paid issue fee shown above)

LB issue Fee LIA check is enclosed.

LY Publication Fee (No small entity discount permitted) Lj Paymentby credit card. Form PTO-2038 is attached.
LY Advance Order - # of Copies [_] The directoris herebyauthorized 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)

LJ Applicantcertifying micro entity status. See 37 CFR 1.29 NOTE:Absenta valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be accepted atthe risk of application abandonment.

 

LJ Applicantasserting 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.

  
LJ 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 mustbe signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 14 for signature requirements and certifications.

  

  
Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3

PLOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB0651-0033 U.S. Patentand ‘Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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 22313-1450www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEYDOCKET NO. CONFIRMATION NO.

 
 

14/967,224 12/11/2015 Herriot Tabuteau 1958603.00116 1942

Penne45200 7590 05/23/2016

K&L Gates LLP-Orange County SHIAO, REI TSANG
1 Park Plaza
Twelfth Flor

IRVINE, CA 92614 1628

DATE MAILED: 05/23/2016

Determination of Patent Term Adjustment under35 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)G) 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
PTOL-85 (Rev. 02/11)
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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 OMBapproves 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 informationis required to obtain
or retain a benefit by the public whichis to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CI'R 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 10: Commissioner for Patents, P.O. Box

1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respondto 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 mayresult in termination of
proceedings or abandonmentofthe application or expiration of the patent.

The information provided by you in this form will be subjectto 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. Arecord 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‘lreaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuantto 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.
Suchdisclosure shall not be used to make determinations about individuals.

8. A record fromthis 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 wasfiled 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 becomesaware ofa violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/967,224 TABUTEAU ET AL.

Notice of Allowability ExaminersuIAo ArUnit|Fi)status
Yes 
 

 
-- The MAILING DATEof 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 issueat the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. KX] This communication is responsive to amendmentfiled on 3/21/2016.

L] A declaration(s)/affidavit(s) under 37 GFR 1.130(b) was/werefiled on

2. DJ An election was made bythe applicant in responsetoarestriction requirementsetforth during the interview on : the restriction
requirement and election have been incorporatedinto this action.

3. KJ The allowed claim(s) is/are 1-30. As a result of the allowed claim(s), you may beeligible to benefit from the Patent Prosecution

Highway program at a participating intellectual property office for the corresponding application. For moreinformation, please see
http ./Awww. usplo.gov/paients/init events/peh/index. ise or send an inquiry to PFHfeedback¢    

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

Certified copies:

a) All=b)(1Some_ *c) [1] None ofthe:

1. LJ Certified copies of the priority documents have been received.

2. Certified copies of the priority documents have been received in Application No.

3. C1 Copies of the certified copies of the priority documents have been receivedin 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 communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIODIS NOT EXTENDABLE.

5. LJ] CORRECTED DRAWINGS( as “replacement sheets”) must be submitted.

(including changes required by the attached Examiner's Amendment / Commentorin 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 drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as suchin the header according to 37 CFR 1.121(d).

6. DJ DEPOSIT OF and/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

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

2. Information Disclosure Statements (PTC/SB/08), 6. Examiner's Statement of Reasonsfor Allowance
Paper No./Mail Date 2/18/16 ,5/17/16,5/18/16

3. OJ Examiner's Comment Regarding Requirementfor Deposit 7. CJ Other
of Biological Material

4, (1 Interview Summary (PTO-413),
Paper No./Mail Date 

/REI-TSANG SHIAO/

Primary Examiner, Art Unit 1628  
 U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20160429
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Application/Control Number: 14/967,224 Page 2
Art Unit: 1628

The present application, filed on or after March 16, 2013, is being examined

underthefirst inventor to file provisions of the AIA.

DETAILED ACTION

1. This application claimspriority of the provisional applications:

61/646,538 withafiling date 05/14/2012; 61/647,478 with a filing date 05/15/2012;

61/654,292 with a filing date 06/01/2012; 61/654,383 with a filing date 06/01/2012;

61/655,527 with a filing date 06/05/2012; 61/655,541 with a filing date 06/05/2012;

61/764,563 with a filing date 02/14/2013; 61/762,225 with a filing date 02/07/2013;

61/767,647 with a filing date 02/21/2013; 61/767,676 with a filing date 02/21/2013; and

61/803,721 with a filing date 03/20/2013.

2. Amendment including addition of claims 21-30 and a terminal disclaimerin the

amendmentfiled on 3/21/2016 is acknowledged. Claims 1-30 are pending in the

application. No new matter has been found. Since the newly added claims 21-30 are

commensurate within the scope of invention, claims 1-30 are prosecutedin the case.

Reasons for Allowance

3. Since the terminal disclaimer against Tabuteauet al. ‘153 has beenfiled and

approved in the Office, the rejection of claims 1-20 under the obviousness-type double

patenting has been overcomein the amendmentfiled on 3/21/2016

4. Claims 1-30 are neither anticipated nor rendered obvious overthe art

of record, and therefore are allowable. A suggestion for modification of a reference to

obtain the instant methods of use has not been found. Claims 1-30 are allowed.

Any comments considered necessary by applicant must be submitted no later

than the paymentof the issue fee and, to avoid processing delays, should preferably
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accompanythe issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasonsfor Allowance”.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examinershould be directed to Rei-tsang Shiao whose telephone numberis (571) 272-

0707. The examiner can normally be reached on 8:30 AM - 5:00 PM. If attempts to

reach the examinerby telephone are unsuccessful, the examiner’s supervisor, Winston

Shen, can be reached on (571)272-3157. The fax phone numberfor the organization

wherethis 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 hitp://pair-

direct.uspto.gov. Should you have questions on accessto the Private PAIR system,

contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would

like assistance from a USPTO CustomerService Representative or accessto the

automated information system, call 800-786-9199 (IN USA OR CANADA)or 571-272-

1000.
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Rei-tsang Shiao, Ph.D.
Primary Examiner
Art Unit 1628

April 29, 2016
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