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RAJESHWARI & ASSOCIATES

Trademark & patent attorneys

July 28, 2020

The Controller of Patents

The Patent Office

Boudhik Sampada Bhawan, Plot No. 32,
Sector 14, Dwarka, New Delhi-110078

Re: REPRESENTATION U/S 25(1) OF THE PATENTS ACT - BY THE DELHI
NETWORK OF POSITIVE PEOPLE AGAINST [INDIAN PATENT
APPLICATION NO. 201817014361 DATED 05/10/2016
APPLICANT: THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC

Dear Sir,

We submit herewith a Representation under Section 25(1) of the Patents Act, 2005 along with
Form 7A.

The Controller is requested to take the documents on record and proceed further in the matter and
keep the Petitioner advised of each and every step taken in the matter.

We crave the leave of the Controller to submit additional documents or evidence or if necessary
to support any of the averments in the representation as may be necessitated in the proceeding.

Lastly, we request the Controller to grant an opportunity of being heard before the above
representation is finally decided.

Thanking you,

i‘ 0) "g/,ﬁ/W@ﬁ/(/"

RAJESHWARI H.
AGENT FOR OPPONENT
RAJESHWARI AND ASSOCIATES

M

ncl:

Form 7;
Opposition; and
e List of documents

O

.C.:
S MAJUMDAR & CO.



BEFORE THE CONTROLER OF PATENTS, THE PATENT OFFICE, NEW DELHI

In the matter of Section 25(1) of The Patents Act, 1970 as amended by The Patents
(Amendment)Act 2005;

And

In the matter of Rule 55 of The Patents Rules 2003 as amended by the Patent (Amendment)
Rules, 2006

And

IN THE MATTER of Indian Patent Application No. 201817014361 dated 05/10/2016 in the
name of THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC.

REPRESENTATION BY:

THE DELHI NETWORK OF POSITIVE PEOPLE
Al-5, HOUSE NO. 141, GALI NO. 3,
IGNOU MAIN ROAD, NEB SARAI
NEW DELHI - 110068

...... OPPONENTS/ PETITIONERS

VS.
THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC.
40, WALL STREET
NY, 10005 U.S.A.
.....APPLICANT/RESPONDENT

PRE-GRANT OPPOSITION BY THE DELHI NETWORK OF POSITIVE PEOPLE

SI. No. PARTICULARS Page Nos.
1. Form 7A 1
2. Pre-grant Representation 2-42
3. Annexure 1: Copy of Present Specification with claims 43-78
4. Annexure 2: Copy of NCT02333799 (D1) 79-89
5. Annexure 3: Copy of article Nix- TB (D2) 90-91
6. Annexure 4: Copy of US20110190199A1 (D3) 92-113
7. Annexure 5: Copy of article Linezolid for Treatment of Chronic 114-141

Extensively Drug-Resistant Tuberculosis and table 4 appendix (D4)




8. Copy of Power of Authority Will follow

Dated this 28" day of July, 2020

Lo [osluusa
RAJESHWARI H.
AGENT FOR OPPONENT
OF RAJESHWARI AND ASSOCIATES
To,
The Controller of Patents
The Patent Office, Delhi




FORM 7A
THE PATENTS ACT,
1970 (39 OF 1970)
AND
THE PATENTS RULES, 2003
REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT
[See Rule 55]

We, THE DELHI NETWORK OF POSITIVE PEOPLE, an Indian citizen of Al-5, House No.
141 Gali No. 3, IGNOU Main Road, Neb Sarai, New Delhi - 110068, India; hereby give
representation by way of opposition to the grant of patent in respect of Indian Patent Application
201817014361 filed on 16/04/2018 titled COMBINATION ANTIBACTERIAL COMPOSITION
AND SHORT COURSE ANTIBACTERIAL REGIMEN and published under Section 11A on

07/09/2018 belonging to THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC., of
40, Wall Street, NY 10005 (US), on the following grounds:

1.

That the invention claimed in any and all claims of the complete specification was published
before the priority date of the claim in India or elsewhere in any other document — Section
25(1)(b);

That the invention claimed in any and all claims of the complete specification was publicly
known or publicly used in India before the priority date of the claim — Section 25(1)(d);

That the invention claimed in any and all claims of the complete specification is obvious and
clearly does not involve any inventive step — Section 25(1)(e);

That the subject of any and all claims of the complete specification is not an invention within
the meaning of this Act, or is not patentable under this Act — Section 25(1)(f);

That the complete specification does not sufficiently and clearly describe the invention or the
method by which it is to be performed- Section 25(1)(g);

That applicants deliberately did not disclose to the Controller the information required by
Section 8 or has furnished the information which in any material particular was false to their
knowledge — Section 25(1)(h).

(Detailed grounds are set out in the Opposition as attached)

My address for service in India is:

RAJESHWARI & ASSOCIATES
A —202, FIRST FLOOR,
SHIVALIK COLONY,

MALVIYA NAGAR,

NEW DELHI - 110017,

INDIA

TEL +91-11-41038911
FAX +91-11-43851067
MOBILE NO: 9910206718

Dated, this 28" day of July, 2020

To

RAJESHWARI H.
AGENT FOR OPPONENT
OF RAJESHWARI AND ASSOCIATES

The Controller of Patents,
The Patent Office, New Delhi



BEFORE THE CONTROLLER OF PATENTS, THE PATENT OFFICE,DELHI

In the matter of Section 25(1) of The Patents Act,1970 as amended by The Patents (Amendment)
Act 2005;
And

In the matter of Rule 55 of The Patents Rules 2003 as amended by thePatent (Amendment)
Rules, 2006
And

IN THE MATTER of Indian Patent Application 201817014361 dated 05/10/2016 in the name of
THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC.

REPRESENTATION BY:

THE DELHI NETWORK OF POSITIVE PEOPLE
Al-5 HOUSE NO. 141, GALI NO. 3
IGNOU MAIN ROAD, NEB SARAI
NEW DELHI - 110068
...... OPPONENTS/ PETITIONER
VS.

THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT INC.
40, WALL STREET
NY, 10005 U.S.A.
.....APPLICANT/RESPONDENT

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER SECTION 25(1)
OF THE PATENTS ACT, 1970

We, THE DELHI NETWORK OF POSITIVE PEOPLE, an Indian organization, hereby
submit my representation by way of oppostion to the grant of patent in respect of application no.
201817014361 filed on 16/04/2018 entitled “COMBINATION ANTIBACTERIAL
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COMPOSITION AND SHORT COURSE ANTIBACTERIAL REGIMEN” on the following

grounds.

STATEMENT OF CASE OF OPPONENT

1. The Opponent, THE DELHI NETWORK OF POSITIVE PEOPLE, is a community based
non-profit organisation representing the needs of people living with HIV/AIDS (“PLHAs”)
and Hepatitis C (HCV), and is registered as a Trust under Registration No. 8525, Additional
Book No. 1423/1-23 1V Sub Registrar, New Delhi, with its registered address at Flat no. Al-
5, Property 141 Gali No. 3, Harijan Colony, Neb Sarai, New Delhi, 110068.

2. The Opponent is a PLHIV (People Living with HIV) network working extensively in the area
of access to medicines. The Opponent’s work includes but is not limited to service delivery,
treatment literacy and community empowerment. The main focus and emphasis is advocating
for access to medicines as they believe every individual should get treatment and no one
should suffer and die due to lack of medicines. Of main concern to the Opponent, is the
impact of product patent protection on access to effective and affordable medicines for people

not just in India but across the developing world.

3. Cognisant of public health concerns, Parliament introduced certain provisions, while passing
the Patents (Amendments) Act, 2005 to amend the Patents Act, 1970 (hereinafter referred to
as the “Patents Act”), to ensure that patents are granted only for genuine inventions — which
can either be product or processes only (refer definition of invention in S.2(1)(j) that states
that ‘invention means a new product or process...” and when read in conjunction with S.3(1),
bring a complete bar to patenting of any method of treatment). The statute thus, does not
allow patenting of medical use and also seeks to prevent “ever-greening”, i.e. creation or
extension of monopolies through patent terms by obtaining patents for minor or routine

modifications.

4. The Opponents firmly believe that a proper application of the patentability standards set out in
Section 3 as well as those embodied in Section 2(1)(j) and Section 2(1)(j)(a) of the Patents
Act, in a manner that fully carries out the objectives of the Amending Act, will result in the

rejection of the present application in its entirety. The Opponents, therefore, humbly request
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the Hon’ble Patent Controller to scrutinise the present application with appropriate care, as its
decision will determine whether millions of people will have access to affordable life-saving

treatment.

5. As per Section 25(1), a pre-grant representation can be instituted by any person as long as an
Application is still under prosecution. As per the on-line status check on IPASS site, the
present Application has not matured into a patent as of the date of filing of this pre-grant
representation. Hence, the present pre-grant opposition being filed by PLHIV is validly filed
and is not time barred. A copy of the complete specification with claims as originally filed
(with 10 claims) and downloaded from IPASS is attached as Annexure 1.

FILING DETAILS OF THE PRESENT APPLICATION

6. The Opponent has reviewed the file available at the IPASS system of the Indian Patent
Office in respect of 201817014361 and notes that this Indian application filed at the Patent
Office, Delhi — is a national phase filing of afore-mentioned PCT and claims priority from a
US provisional filing # 62/241,280 dated 14/Oct/2015. According to the information

available therein, following are the relevant details:

APPLICATION NUMBER 201817014361

THE GLOBAL ALLIANCE FOR TB DRUG
APPLICANT NAME DEVELOPMENT INC.

DATE OF FILING 16/Apr/2018

PUBLICATION DATE (U/S
11A) 07/Sep/2018

COMBINATION ANTIBACTERIAL COMPOSITION
AND SHORT  COURSE  ANTIBACTERIAL
TITLE OF INVENTION REGIMEN

PCT Publication number W02017066053




PCT INTERNATIONAL

FILING DATE 05/0ct/2016

PCT INTERNATIONAL

APPLICATION NUMBER PCT/US2016/055414
REQUEST FOR

EXAMINATION DATE 11/Oct/2018
PRIORITY DATE 14/Oct/2015

FIRST EXAMINATION

REPORT DATE 11/Dec/2019

REPLY TO FER DATE 04/June/2020

TUBERCULOSIS: BACKGROUND

7. The bacterium Mycobacterium Tuberculosis (MTB) causes Tuberculosis (TB). This is an
infectious disease. Tuberculosis generally affects the lungs, but can also affect other parts of
the body. When infections do not show symptoms, it is termed as latent tuberculosis. The
Government of India has a Tuberculosis division at the Central Government level and for the
year 2019, India had a total 24.04 lac notified cases of tuberculosis®. The WHO estimates that
India has an estimated incidence of 26.9 lakh cases in 2019. WHO’s ‘Global tuberculosis
report 2019” available at the WHO site? gives detailed data and estimates on Tuberculosis
patient numbers, prevalence etc. As of 2018, one quarter of the world's population is thought
to have latent infection with TB and within this population, India accounts for slightly more

than 25% of the total number of infected populace.

8. Since tuberculosis is a disease emanating from a bacterium, the treatment regime consists of
administering anti-bacterial medicines, over a prolonged period of time. If patients are found

to have developed resistance to existing treatment regime, the case is termed as multi-drug

thttps://tbcindia.gov.in/showfile.phprlid=3538
2WHO report is available at:
<https://apps.who.int/iris/bitstream/handle/10665/329368 /97892415657 14-eng.pdfrua=1>
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resistant tuberculosis (MDR-TB) and extensively drug resistant tuberculosis (XDR-TB). The
resistance can either be primary i.e. resistance developed before the initiation of treatment or
secondary resistance developed after the initiation of anti-tuberculosis treatment in patients.
Active tuberculosis (i.e. Patients with active symptoms), requires several drugs (involving
multiple antibiotics) to be co-administered in a regime for a period of minimum 6 months or

more.
CURRENT TREATMENT REGIME

9. The current treatment regimen is a combination of multiple drugs and the current

medications used to treat tuberculosis include®:

a. Isoniazid

b. Rifampicin (Rifampin)

c. Ethambutol (Myambutol)

d. Pyrazinamide
Multiple research/ trials are on-going to assess suitability of other/ newer drugs to treat
tuberculosis. These research attempts focus on repurposing older drugs (for instance:
Linezolid, Moxifloxacin, Clofazimine) or finding new anti-bacterial drugs (e.g. Bedaquiline,
Delaminid or Sutezolid) and below are some of the alternative/ new drugs that are being used
/ considered for use as add-on therapy to the current drug-resistant combination treatment,
including:

e. Bedaquiline

f. Linezolid

g. Pretomanid
DISCUSSION ON DEVELOPMENT OF NEW COMBINATION THERAPIES

10. Before moving forward to the current Specification and claims contained therein, it must be
noted that most of the above drugs are old drugs that have been disclosed many years ago for
use in the anti-biotic or specifically in the tuberculosis space. The basic patents covering each

of the drugs that feature in the current Specification, are as follows.

Shttps:/ /www.mayoclinic.otg/diseases-conditions/ tuberculosis / diagnosis-treatment/drc-20351256
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12.

a. Linezolid — US5688792 granted in the year 1997

b. Pretomanid — US5668127 granted in the year 1997, US6087358 granted in the
year 2000;

c. Bedaquiline — US7498343 granted in the year 2009

d. Pyrazinamide seems to be covered in US2675385 from the 1950s.

US20110190199 (hereinafter D3 or ‘199) is a patent specification carrying a publication
dated 04/Aug/2011 that discloses and claims combination therapy for tuberculosis. The
patent focuses on combining Sutezolid(compound 1) + multiple drugs for the treatment of
tuberculosis. These drugs include Bedaquiline and Pretomanid and optionally Pyrazinamide
as well.Linezolid is acknowledged therein as an earlier approved oxazolidinone antibiotic
while Sutezolidisdisclosed as a newoxazolidinoneantibiotic.While the <199 focuses on use of
Sutezolid along with bedaquiline + pretomanid, using of alreadyapprovedoxazolidinoneclass
drugs is not precluded(approvedLinezolid in place of newer Sutezolid).

Para no. 0034 of the 199 discloses use of Sutezolid with Bedaquiline (TMC-207) and
Pyrazinamide. Para. 0080-84 discloses a pharmaceutical composition comprising Sutezolid
and anti-TB drugs including Bedaquiline, Pretomanid and Pyrazinamide. ‘199 further
discloses aspects of synergy arising from combining drugs - at para 144-7:
However, a synergistic effect is observed when the compound of formula (I) [sutezolid] of
the invention is administered in combination with at least two agents useful in the
treatment of tuberculosis. ..
Such synergy is advantageous in that it may allow for administration of each of the
components in the combination in an amount less than that would be required if
administered individually which may reduce the likelihood of adverse events or
unpleasant side effects. Alternatively, such synergy may shorten the duration of treatment
for TB.
Thus, administration of both the compound of [sutezolid] of the invention and the at least
two agents useful in the treatment of tuberculosis, ... was found to produce an effect,
which results in improved treatment of tuberculosis as compared to the effect when the

compound of [sutezolid] of the invention alone, when the at least two agents useful in the




13.

14.

15.

16.

treatment of tuberculosis administered individually or when the at least two agents useful
in the treatment of tuberculosis are administered in combination with one another.

Para 0167 discloses use of Sutezolid with Pretomanid and Pyrazinamide and at para 0175, it

discloses use of Sutezolid with Bedaquiline and Pyrazinamide.

Three of the drugs mentioned in the present Specification (and claim 1) were investigated as
a multi-agent combination drugs for the treatment of tuberculosis as early as 2012. Refer:
“14 day bactericidal activity of PA-824 (Pretomanid), bedaquiline, pyrazinamide and
moxifloxacin combinations: a randomized trial” that carries a publication date of
23/July/2012%,

In late 2012°, the U.S. Food and Drug Administration (US FDA) approved Sirturo
(Bedaquiline) as part of combination therapy in adults in following language:
‘SIRTURQO should only be used in combination with at least 3 other drugs to which the

patient’s MDR-TB isolate has been shown to be susceptible in vitro.’

As seen from the 2012 approval, the combination treatment methods and need for a shorter
drug regime and using newer drugs with existing drugs have been scientifically studied and
approved. For example, “Principles for designing future regimens for multidrug resistant
tuberculosis” carrying a publication® date of 25/0ct/2013 specifically states (refer Abstract):
‘Regimens should contain at least one new class of drug; be broadly applicable for use
against MDR and extensively drug-resistant Mycobacterium tuberculosis complex
strains; contain three to five effective drugs, each from a different drug class; be
delivered orally; have a simple dosing schedule; have a good side-effect profile that
allows limited monitoring; last a maximum of 6 months; and have minimal interaction

with anti-retrovirals.’

Coming to use of Linezolid in the Tuberculosis regime, use of Linezolid (LZD) against drug-
resistant Tuberculosis treatment was already disclosed and so was the possibility of exploring

the use of this drug at lower dosage to minimize the adverse side effects. This comes in from

410.1016/S0140-6736(12)61080-0
Shttps:/ /www.accessdata.fda.gov/drugsatfda_docs/nda/2012/204384Orig1sO00Lbl.pdf
6doi: http://dx.doi.org/l0.2471 /BLT.13.122028
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18.

19.

9

a 17/July/2012 document’ titled: “WHO Group 5 Drugs for the treatment of Drug Resistant
Tuberculosis: Unclear Efficacy or Untapped Potential .

Problems linked to prolonged use of Linezolid and alternatives for such use in form of
intermittent use, dose reduction were also studied long before the priority date for present
Specification. For instance, the Supplementary Appendix® to “Linezolid for Chronic
Extensively Drug-Resistant TB” —a 2012 document (hereinafter D4) - discusses re-
administration of linezolid after one or two week of drug holiday at table 4 (page 13 of
Supplement) as well as the possibility of discontinuing linezolid for a period of time to
overcome the problem of adverse side effects, when administered to TB patients.

The clinical efficacy of Linezolid when its dosage was reduced from 600mg to 300mg and
the approach of its intermittent dosing while continuing to maintaining its efficacy was

disclosed in a 2015 document® - “New anti-tuberculosis drugs and regimens:2015 Update”.

“Archive History for NCT02333799” (hereinafter D1) is a document downloaded from
Clinicaltrial.gov website. This document carries a publication date of 08/June/2015. It is a
dataset entry on a clinical trial bearing the official title, ‘A Phase 3 Open-label Trial
Assessing the Safety and Efficacy of BedaquilinePlus PA-824 Plus Linezolid in Subjects With
Pulmonary Infection of Either Extensively Drug-resistant Tuberculosis (XDR-TB) or
Treatment Intolerant / Non-responsive Multi-drug Resistant Tuberculosis (MDR-TB).” This
experimental trial had patients who were given the following treatment/ intervention:

‘Bedaquiline + PA-824 + Linezolid

bedaquiline 400 mg once daily for 2 weeks then 200mg 3 times per week plus PA-824

200mg once daily plus linezolid 1200mq once daily.’

Thus, D1 categorically discloses treating of tuberculosis using Pretomanid + Bedaquiline +

Linezolid.

"Dol: 10.1093/infdis/jis460)
$2012 (E) (N Engl ] Med 2012;367:1508-18. DOI: 10.1056/NEJMoal201964)
9Dol: 10.1183/23120541.00010-2015
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20. “Nix-TB: Testing a New Potential Treatment for XDR-TB” (hereinafter D2) is document that
carries a publication of 06/May/2015. It is a factsheet about a treatment regime that discusses
a new study (‘Nix-TB trial’). The document, at page 2 categorically mentions the following:
‘Nix-TB tests a three-drug regimen consisting of bedaquiline, which received
conditional regulatory approval in several high-TB disease burden countries; the
novel antibacterial drug compound pretomanid, which is being tested in multiple
clinical trials for TB; and linezolid, an oxazolidinone that has been used off-label to
treat’
Thus, D2 also categorically discloses treating of tuberculosis using Bedaquiline +

Pretomanid + Linezolid.

21. The US FDA approved Pretomanid Tablets in combination with bedaquiline and linezolid for
the treatment of a specific type of highly treatment-resistant tuberculosis (TB) of the lungs in
2019'%. Several newer drugs like Delaminid, Telacebec etc. are also being investigated for

treatment in this disease and most of them have pending patent applications in India.
THE SPECIFICATION & ALLEGED INVENTION

22. The Specification for the present Application runs into approx. 33 odd pages of text. The
Specification gives the following statement, generally:
‘The invention relates generally to combinations of compounds with
antibacterial activity and, more specifically, with anti-tuberculosis properties.
In particular, it relates to chemically stable combinations of anti-bacterial
agents linezolid, bedaquiline and pretomanid, and optionally with
pyrazinamide, in a short-course oral dosage regimen for the treatment of

tuberculosis.’

23. The Specification acknowledges that present treatment regime for treating tuberculosis goes
up to 2 years. The need or the problem that Specifications seeks to solve is discussed later, in

following words:

10https:/ /www.fda.gov/news-events/press-announcements/ fda-approves-new-drug-treatment-resistant-
forms-tuberculosis-affects-lungs
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‘a need exists in the art for novel regimens that are more effective than the
current first-line regimen for drag-susceptible TB, thereby shortening and
simplifying treatment for pulmonary TB irrespective of resistance to existing

drugs.’

24. The solution or answer the Specification brings to the public is then mentioned as:
‘Provided is a pharmaceutical composition, comprising a therapeutically
effective amount of each of linezolid, bedaquiline and pretomanid, and
optionally pyrazinamide, or a pharmaceutically acceptable salt of each
thereof, and a pharmaceutically acceptable carrier.

Also provided is a method for the treatment of tuberculosis, comprising the

step of administering to a patient in need thereof a therapeutically effective
amount of each of linezolid, bedaquiline and pretomanid, and optionally
pyrazinamide, or a pharmaceutically acceptable salt of each thereof, and a
pharmaceutically acceptable carrier. In one embodiment of the invention,
linezolid is removed from the treatment regimen after one or two months. In
another embodiment linezolid can be re-administered after one or two week

drug holiday.’

25. A key aspect of the Applicant’s invention is centred on the point that when Linezolid is used
in combination with Bedaquiline +Protemanid, it adds bactericidal and sterilizing activity and
apparently even when Linezolid is administered only for two months, it is still able to retain
the sterilizing activity in the treatment. The Specification also notes that Linezolid can be re-
administered after one or two week interruption (treatment holiday) in the treatment regime.

However, D4 already disclosed these points.

26. The Specification specifically acknowledges that a regimen of ‘bedaquiline + pretomanid +
linezolid” was already initiated in the NiX-TB Trial (hereinafter D2). It discusses various
examples and specifically discusses the concept of synergy in context of using multiple

drugs, at page 8.
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The Opponent submits that a very large part of this Specification is a verbatim reproduction
from another 2004 patent document that has no bearing to Tuberculosis or present 3-4 drug
regime for treating tuberculosis. A closer analysis (after reading the below copied sections)
thus make it clear that the Specification does not cover any patentable invention under Indian
law at all and given the above state of art (using multi-agent drug regime in the treatment of
tuberculosis, possible drug combinations to be co-administered for achieving clinical efficacy
and also various approaches explored in reducing the treatment duration, information on
intermittent use of Linezolid), the Opponent submits that present Specification is an attempt
to seek unmerited patent protection, over existing knowledge.

The Opponent submits that the present Specification is nothing but a discussion of an already
known drug administration regime enveloped within a (heavily copied) Specification — that is
thereafter converted into the present Specification; and thus this Specification does not
consists of any genuine patentable product or process. The below table provides a
comparison of the text copied exactly from the other patent document and included in the

present Specification.

Present Specification

W02004064846

Entire page 9 of present Specification
‘When

intend to independently include the trade

tradenames are used applicants

name product and the active pharmaceutical

ingredient (s) of the trade name product.

The term "chemical stability" means that the
three antibacterial agents in combination are
substantially stable to chemical degradation.
Preferably, they are sufficiently stable in
physical combination to permit commercially
useful shelf life of the combination product

Typically, "chemically stable” means that a

Please refer specification:

‘When tradenames are used herein,

applicants intend to independently include
the tradename product and the active

pharmaceutical  ingredient(s) of  the

tradename product.

The term "chemical stability” means that the
two primary antiviral agents in combination

are substantially stable to chemical

degradation. Preferably, they are sufficiently
stable in physical combination to permit
shelf life of the

commercially useful
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first component of the mixture does not act to
degrade a second component when the two
are brought into physical combination to
form a pharmaceutical dosage form. More
typically, "chemically stable™ means that the
acidity of a first component does not
catalyzes or otherwise accelerate lite acid
decomposition of a second or a third

component.

combination product. Typically, "chemically
stable” means that a first component of the
mixture does not act to degrade a second
component when the two are brought into
physical ~ combination to form a
pharmaceutical dosage form. More typically,
"chemically stable” means that the acidity of
a first component does not catalyzes or
otherwise accelerate the acid decomposition

of a second component.

The terms "synergy” and "synergistic” mean
that the effect achieved with the compounds
used together is greater than the sum of the
effects that results from using the compounds
separately, i.e. greater than what would be
predicted based on the two active ingredients

administered separately.

A synergistic effect may be attained when the
compounds are: (1) co-formulated and
administered or delivered simultaneously in
a combined fonmuation; (2) delivered by
alternation or m parallel as separate
formulations; or (3) by some other regimen.
When delivered in alternation therapy, a
synergistic effect may be attained when ie
compounds are administered or delivered
sequentially, e.g. in separate tablets, pills or
capsules, or

by different injections in

separate syringes, in general, during

alternation therapy, an effective dosage of

The terms "synergy™ and "synergistic” mean
that the effect achieved with the compounds
used together is greater than the sum of the
effects that results from using the compounds
separately, i.e. greater than what would be
predicted based on the two active ingredients

administered separately.

A synergistic effect may be attained when the
compounds are: (1) co-formulated and
administered or delivered simultaneously in
a combined formulation; (2) delivered by
alternation or in parallel as separate
formulations; or (3) by some other regimen.
When delivered in alternation therapy, a
synergistic effect may be attained when the
compounds are administered or delivered
sequentially, e.g. in separate tablets, pills or
capsules, or

by different injections in

separate syringes. In general, during

alternation therapy, an effective dosage of
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each active ingredient is administered

sequentially, i.e, serially, whereas in
combination therapy, effective dosages of two
or more active ingredients are administered

together.

A synergistic antibacterial effect denotes an
antibacterial effect which is greater than the
predicted purely additive effects of the

individual compounds of the combination.

each active ingredient is administered

sequentially, i.e. serially, whereas in
combination therapy, effective dosages of two
or more active ingredients are administered

together.

A synergistic anti- viral effect denotes an
antiviral effect which is greater than the
predicted purely additive effects of the

individual compounds of the combination.

"Bioavailability” is the degree to which, the

pharmaceutically active agent becomes
available to the target tissue after the agent's
introduction into the body.

Enhancement of the bioavailability of a
pharmaceutically active agent can provide a
more efficient and effective treatment for
patient because, for a given dose, more of the
will  be

pharmaceutically active agent

available at the targeted tissue sites.

"Bioavailability” is the degree to which the

pharmaceutically active agent becomes
available to the target tissue after the agent's
the body.

Enhancement of the bioavailability of a

introduction into
pharmaceutically active agent can provide a
more efficient and effective treatment for
patients because, for a given dose, more of
the pharmaceutically active agent will be

available at the targeted tissue sites.

Page 10 of present Specification

The compounds of the combinations of the
invention may be referred to as "active
ingredients” or "pharmaceutically active

agents."

Please refer specification:

The compounds of the combinations of the
invention may be referred to as "active
ingredients” or “pharmaceutically active

agents."

The term "prodrug™ as used herein refers to
any compound that when administered to a
biological system generates the drug
substance, i.e. active ingredient, as a result

of spontaneous chemical reaction(s), enzyme

The term "prodrug™ as used herein refers to
any compound that when administered to a
biological system generates the drug
substance, i.e. active ingredient, as a result

of spontaneous chemical reaction(s), enzyme
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catalyzed chemical reaction(s), and/or

metabolic chemical reaction(s).

"Prodrug moiety” means a labile functional
group which separates from the active
inhibitory compound during metabolism,
systemically, inside a cell, by hydrolysis,
enzymatic cleavage, or by some other
process (Bundgaard, Hans, "Design and
Application of Prodrugs" in Textbook of
Drug Design and Development {1991), P.
Krogsgaard-Larsen and H. Bundgaard, Eds.

Harwood Academic Publishers, pp. 113-1 1).

Prodrug moieties can serve to enhance
solubility, absorption and lipophilicity to
optimize drag delivery, bioavailability and
efficacy. A "prodrug” is thus a covalently
modified analog of a therapeutically active

compound.

Stereochemical definitions and conventions
used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical
Terms (1984) McGraw-Hill Book Company,
New York; and Eliel, E, and Wilen, S.,
Stereochemistry of Organic Compounds
(3994) John Wiley & Sons, Inc., New York.

Many organic compounds exist in optically

catalyzed chemical reaction(s), and/or

metabolic chemical reaction(s).

"Prodrug moiety" means a labile functional
group which separates from the active
inhibitory compound during metabolism,
systemically, inside a cell, by hydrolysis,
enzymatic cleavage, or by some other
process (Bundgaard, Hans, "Design and
Application of Prodrugs” in Textbook of
Drug Design and Development (1991), P.

Krogsgaard- Larsen and H. Bundgaard, Eds.
Harwood Academic Publishers, pp. 113-

191).

Prodrug moieties can serve to enhance
solubility, absorption and lipophilicity to
optimize drug delivery, bioavailability and
efficacy. A "prodrug” is thus a covalently
modified analog of a therapeutically-active

compound.

Stereochemical definitions and conventions
used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical
Terms (1984) McGraw-Hill Book Company,
New York; and Eliel, E. and Wilen, S.,
Stereochemistry of Organic Compounds
(1994) John Wiley & Sons, Inc., New York.

Many organic compounds exist in optically
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active forms, i.e., they have the ability to
rotate the plane of plane-polarized light. In
describing an optically active compound, the
prefixes D and L or R and S are used to
denote the absolute configuration of the
molecule about its chirai center(s). The
prefixes d and 1 or (+) and (-) are employed
to designate the sign of rotation of plane-
polarized light by the compound, with (-) or 1
meaning that the compound is levorotatory.

A compound prefixed with (+) or d is

dextrorotatory. For a given chemical

structure,  these  compounds, called
stereoisomers, are identical except that they
are mirror images of one another. A specific
stereoisomer is also referred to as an
enantiomer, and a mixture of such isomers is
often called an enantiomeric mixture. A
50:50 mixture of enantiomers is referred to
as a racemic mixture or a racemale. The
terms "racemic mixture” and "racemate"
refer to an equimolar mixture of two
enantiomeric species, devoid of optical

activity.

active forms, i.e., they have the ability to
rotate the plane of plane-polarized light. In
describing an optically active compound, the
prefixes D and L or R and S are used to
denote the absolute configuration of the
molecule about its chiral center(s). The
prefixes R and S, d and 1 or (+) and (-) are
employed to designate the sign of rotation of
plane-polarized light by the compound, with
(-) or 1 or S meaning that the compound is

levorotatory.

A compound prefixed with (+) or d or R is

dextrorotatory. For a given chemical

structure,  these  compounds, called
stereoisomers, are identical except that they
are mirror images of one another. A specific
stereoisomer is also referred to as an
enantiomer, and a mixture of such isomers is
often called an enantiomeric mixture. A
50:50 mixture of enantiomers is referred to
as a racemic mixture or a racemate. The
terms "racemic mixture” and "racemate"
refer to an equimolar mixture of two
enantiomeric species, devoid of optical

activity.

Page 11 of present Specification
The term “chiral™ refers to molecules which
have the property of non- superimposability

of the mirror image partner, while the term

Please refer Specification
The term “chiral™" refers to molecules which
have the property of non- superimposability

of the mirror image partner, while the term




17

refers to molecules which are
their

"achiral"

superimposable on mirror image

partner.

refers to molecules which are
their

"achiral"

superimposable on mirror image

partner.

Any reference to any of the compounds in the
compositions of the invention also includes
any physiologically acceptable salt thereof.
Examples of physiologically acceptable salts
their functional

and physiologically

derivatives include salts derived from an
appropriate base, such as an alkali metal (for
example, sodium), an alkaline earth (for
example, ammonium  and
NX4+ (wherein X is Ci-Cs4 alkyl), or an

organic acid such as fumaric acid, acetic

magnesium),

acid, succinic acid.

Physiologically acceptable salts of an

hydrogen atom or an amino group include
salts of organic carboxylic acids such as
lactic, fumaric, tartaric,

acetic, benzoic,

maleic, malonic, malic, isethionic,

lactobionic and succinic acids; organic
sulfonic acids, such as methanesnlfonic,

ethanesulfonic, benzenesulfonie and p-
toluenesulfonic acids; and inorganic acids,
such as hydrocliloric, sulfuric, phosphoric
and  sulfamic  acids.  Physiologically
acceptable salts of a compound of anhydroxy
group include the anion of said compound in
combination with a suitable cation such as

NaT and X4 * (wherein X is independently

Any reference to any of the above compounds
also includes a reference to a physiologically
acceptable salt thereof. Examples of
physiologically acceptable salts of GS-7340,
emtricitabine and their physiologically
acceptable derivatives include salts derived
from an appropriate base, such as an alkali
metal (for example, sodium), an alkaline
earth (for example, magnesium), ammonium

and NX + (wherein X is C1-Caalkyl).

Physiologically acceptable salts of an

hydrogen atom or an amino group include
salts of organic carboxylic acids such as
lactic, fumaric, tartaric,

acetic, benzoic,

maleic, malonic, malic, isethionic,

lactobionic and succinic acids; organic
sulfonic acids, such as methanesulfonic,

ethanesulfonic, benzenesulfonic and p-
toluenesulfonic acids; and inorganic acids,
such as hydrochloric, sulfuric, phosphoric
and sulfamic  acids.  Physiologically
acceptable salts of a compound of anhydroxy
group include the anion of said compound in
combination with a suitable cation such as
Na+ and NX4+ (wherein X is independently

selected from H or a Ci-C4alkyl group).
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selected from H or a. C1-C4 alkyl group).

For therapeutic use, salts of active
ingredients of the combinations of the
invention will be physiologically acceptable,
i.e. they will be salts derived from a
physiologically acceptable acid or base.
However, salts of acids or bases which are
not physiologically acceptable may also find
use, for example, in the preparation or
purification of a physiologically acceptable
compound. All salts, whether or not derived
from a physiologically acceptable acid or
base, are within the scope of the present

invention.

The combination may be formulated in a unit
dosage formulation comprising a fixed
amount of each active pharmaceutical
ingredient for a periodic, e.g. daily, dose or

subdose of the active ingredients.

Pharmaceutical formulations according to
the present invention comprise a combination
according to the invention together with one
or more pharmaceutically acceptable
carriers or excipients and optionally other

therapeutic agents.

For therapeutic use, salts of active
ingredients of the combinations of the
invention will be physiologically acceptable,
i.e. they will be salts derived from a
physiologically acceptable acid or base.
However, salts of acids or bases which are
not physiologically acceptable may also find
use, for example, in the preparation or
purification of a physiologically acceptable
compound. All salts, whether or not derived
from a physiologically acceptable acid or
base, are within the scope of the present

invention.

The combination may be formulated in a unit
dosage formulation comprising a fixed
amount of each active pharmaceutical
ingredient for a periodic, e.g. daily, dose or

subdose of the active ingredients.

Pharmaceutical formulations according to
the present invention comprise a combination
according to the invention together with one
or more pharmaceutically acceptable
carriers or excipients and optionally other

therapeutic agents.

Page 12
Pharmaceutical formulations containing the

active ingredient may be in a form suitable

Please refer Specification:
Pharmaceutical formulations containing the

active ingredient may be in any form suitable
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for the intended method of administration.
When used for oral use for example, tablets,

troches, lozenges, aqueous or oil

suspensions,  dispersible  powders  or

granules, emulsions, hard or soft capsules,

syrups or elixirs may be prepared

(Remington's ~ Pharmaceutical  Sciences

(Mack Publishing Co., Easton, Pa.).

for the intended method of administration.

For example, tablets, troches, lozenges,

aqueous or oil suspensions, dispersible
powders or granules, emulsions, hard or soft
capsules, syrups or elixirs may be prepared
for oral administration (Remington's
Pharmaceutical Sciences (Mack Publishing

Co., Easton, PA).

Compositions intended for oral use may be
prepared according to any method known to
the the  manufacture  of

art for

pharmaceutical compositions and such
compositions may contain one or more
agents including antioxidants,, sweetening
agents, flavoring agents, coloring agents
and. preserving agents, in order to provide a

palatable preparation.

Tablets containing the active ingredient in
admixture with non-toxic pharmaceutically
acceptable excipient or auxiliary agents
which are suitable for manufacture of tablets

are acceptable.

Compositions intended for oral use may be
prepared according to any method known to
the the  manufacture  of

art for

pharmaceutical compositions and such
compositions may contain one or more
agents including antioxidants, sweetening
agents, flavoring agents, coloring agents and
preserving agents, in order to provide a

palatable preparation.

Tablets containing the active ingredient in
admixture with non-toxic pharmaceutically
acceptable excipient which are suitable for

manufacture of tablets are acceptable.

Page 13, 2"%para onwards:

Formulations for oral use may he also
presented as hard gelatin capsules where the
active ingredient is mixed with an inert, solid
diluent, for example pregelatinized starch,
calcium phosphate or kaolin, or as soft
wherein  the active

gelatin  capsules

Please refer Specification:

Formulations for oral use may be also
presented as hard gelatin capsules where the
active ingredient is mixed with an inert solid
diluent, for example pregelatinized starch,
calcium phosphate or kaolin, or as soft
wherein  the active

gelatin  capsules
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ingredient is mixed with water or an oil
medium, such as peanut oil, liquid paraffin

or olive oil.

ingredient is mixed with water or an oil
medium, such as peanut oil, liquid paraffin

or olive oil.

Aqueous suspensions of the invention contain
the active materials in admixture with
excipients suitable for the manufacture of
aqueous suspensions. Such excipients include
sodium

a suspending agent, such as

earboxymethylcellulose, methylcellulose,
hydroxypropylmethylcelluose, sodium

alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing
or wetting agents such as a naturally
occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide
with a fatty acid (e.g., polyoxyethylene
stearate), a condensation product of ethylene
oxide with a long chain aliphatic alcohol
(e.9.,

heptadecaethyleneoxycetanol), a
condensation product of ethylene oxide with
a partial ester derived from, a fatty acid and
(e.9.,

a hexitol anhydride

polyoxyethylenesorbitanmonooleate).

The aqueous suspension may also contain
one or more preservatives such as ethyl or n-
propyl
coloring agents, one or more flavoring

p-hydroxybenzoate, one or more

agents and one or more sweetening agents,

Aqueous suspensions of the invention contain
the active materials in admixture with
excipients suitable for the manufacture of
aqueous suspensions. Such excipients include
sodium

a suspending agent, such as

carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcelluose, sodium

alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing
or wetting agents such as a naturally
occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide
with a fatty acid (e.g., polyoxyethylene
stearate), a condensation product of ethylene
oxide with a long chain aliphatic alcohol
(e.9.,

condensation product of ethylene oxide with

heptadecaethyleneoxycetanol), a

a partial ester derived from a fatty acid and a

hexitol anhydride (e.g.,

polyoxyethylenesorbitanmonooleate).

The aqueous suspension may also contain
one or more preservatives such as ethyl or n-
propyl
coloring agents, one or more flavoring

p-hydroxybenzoate, one or more
agents and one or more sweetening agents,

such as sucrose, sucralose, or saccharin.
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such as sucrose, sucralose or saccharin.

Oil

suspending

suspensions may be formulated by

the active ingredient in a
vegetable oil, such as arachis oil, olive oil,
sesame oil or coconut oil, or in a mineral oil

such as liquid paraffin.

Oil

suspending

suspensions may be formulated by

the active ingredient in a
vegetable oil, such as arachis oil, olive oil,
sesame oil or coconut oil, or in a mineral oil

such as liquid paraffin.

At pg. 14 —top para:

The oral suspensions may contain a
thickening agent, such as beeswax, hard
paraffin or eetyl alcohol. Sweetening agents,
such as those set forth above, and flavoring
agents may be added to provide a palatable
oral preparation. These compositions may be
preserved by the addition of an antioxidant

such as ascorbic acid, BHT, etc.

Please refer Specification:

The oral suspensions may contain a
thickening agent, such as beeswax, hard
paraffin or cetyl alcohol. Sweetening agents,
such as those set forth above, and flavoring
agents may be added to provide a palatable
oral preparation. These compositions may be
preserved by the addition of an antioxidant

such as ascorbic acid, BHT, etc.

Dispersible powders and granules of the
invention suitable for preparation of an
aqueous suspension by the addition of water
provide the active ingredient in admixture
with a dispersing or wetting agent, a
and one or

suspending agent, more

preservatives. Suitable dispersing or wetting

agents and suspending agents are
exemplified by those disclosed above.
Additional excipients,  for  example

sweetening, flavoring and coloring agents,

may also be present.

Dispersible powders and granules of the
invention suitable for preparation of an
aqueous suspension by the addition of water
provide the active ingredient in admixture
with a dispersing or wetting agent, a
and one or

suspending agent, more

preservatives. Suitable dispersing or wetting

agents and suspending agents are
exemplified by those disclosed above.
Additional excipients,  for  example

sweetening, flavoring and coloring agents,

may also be present.

The pharmaceutical compositions of the

invention may also be in the form of oil -in-

The pharmaceutical compositions of the

invention may also be in the form of oil-in-
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water emulsions or liposome formulations.
The oily phase may be a vegetable oil, such
as olive oil or arachis oil, a mineral oil, such
as liquid paraffin, or a mix lure of these.

Suitable include

emulsifying  agents

naturally-occurring gums, such as gum

acacia and gum tragacanth, naturally
occurring phosphatides, such as soybean
lecithin, esters or partial esters derived from
fatty acids and hexitol anhydrides, such as
sorbitanmonooleate, and  condensation
products of these partial esters with ethylene
oxide, such as

polyoxyethylenesorbitanmonooleate.

The emulsion may also contain sweetening
and flavoring agents. Syrups and elixirs may
be formulated with sweetening agents, such
Such

formulations may also contain a demulcent, a

as glycerol, sorbitol or sucrose.

preservative, a flavoring or a coloring agent.

water emulsions or liposome formulations.
The oily phase may be a vegetable oil, such
as olive oil or arachis oil, a mineral oil, such
as liquid paraffin, or a mixture of these.

Suitable include

emulsifying  agents

naturally-occurring gums, such as gum

acacia and gum tragacanth, naturally
occurring phosphatides, such as soybean
lecithin, esters or partial esters derived from
fatty acids and hexitol anhydrides, such as
sorbitanmonooleate, and  condensation
products of these partial esters with ethylene
oxide, such as

polyoxyethylenesorbitanmonooleate.

The emulsion may also contain sweetening
and flavoring agents. Syrups and elixirs may
be formulated with sweetening agents, such
Such

formulations may also contain a demulcent, a

as glycerol, sorbitol or sucrose.

preservative, a flavoring or a coloring agent.

The amount of active ingredient that may be
combined with the carrier material to
produce a single dosage form will vary
depending upon the host treated and the
particular mode of administration. For
example, a time-release formulation intended
for oral administration to humans may

contain approximately 1 to 1000 mg of active

The amount of active ingredient that may be
combined with the carrier material to
produce a single dosage form will vary
depending upon the host treated and the
particular mode of administration. For
example, a time-release formulation intended
for oral administration to humans may

contain approximately from about 1 to 1000
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material compounded with an appropriate
and convenient amount of carrier material
which may vary from about 5 to about 95%
of the total compositions (weight: weight).

The pharmaceutical composition can be
prepared to provide easily measurable

amounts for administration.

As noted above, formulations of the present
invention suitable for oral administration
may be presented as discrete units such as
capsules, cachets or tablets each containing
a predetermined amount of the active
ingredient as a powder or granules; as a
solution or a suspension in an agqueous or
non-aqueous liquid; or as an oil-in-water
liquid emulsion or a water-in-oil liquid

emulsion.

mg of active material compounded with an
appropriate and convenient amount of
carrier material which may vary from about
5 to about 95% of the total compositions
(weight: weight).

The pharmaceutical composition can be
prepared to provide easily measurable

amounts for administration.

As noted above, formulations of the present
invention suitable for oral administration
may be presented as discrete units such as
capsules, cachets or tablets each containing
a predetermined amount of the active
ingredient; as a powder or granules; as a
solution or a suspension in an aqueous or
non-aqueous liquid; or as an oil-in-water
liqguid emulsion or a water-in-oil liquid

emulsion.

At pg. 15 — para 2:

The combinations of the invention may
conveniently  be  presented as a
pharmaceutical formulation in a unitary
dosage form. A convenient unitary dosage
formulation contains the active ingredients in
any amount from 1 mg to 1 g each, for
example but not hunted to, 10 mg to 500 mg
for each, active ingredient In certain
embodiments, 50 mg to 300 mg of each active

ingredient can be used.

Please refer Specification:

The combinations of the invention may
conveniently  be  presented as a
pharmaceutical formulation in a unitary
dosage form. A convenient unitary dosage
formulation contains the active ingredients in
amounts of from about 1 mg to 1 g each, for

example, 100 mg to 300 mg.
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Segregation of active ingredients in
pharmaceutical powders and granulations is
a widely recognized problem that can result
in inconsistent dispersions of the active
ingredients in final, dosage forms. Some of
the main factors contributing to segregation
are particle size, shape and density.
Segregation is particularly troublesome when
attempting to formulate a single homogenous
tablet containing multiple active ingredients
having different densities and different

particle sizes.

Segregation of active ingredients in
pharmaceutical powders and granulations is
a widely recognized problem that can result
in inconsistent dispersions of the active
ingredients in final dosage forms. Some of
the main factors contributing to segregation
are particle size, shape and density.
Segregation is particularly troublesome when
attempting to formulate a single homogenous
tablet containing multiple active ingredients
having different densities and different

particle sizes.

Glidants are substances that have
traditionally been used to improve the flow
characteristics of granulations and powders
by reducing interparticulate friction, See

Schwartz,
Dosage Forms: Tablets,

Volume 1, p, 177- 178 (1989), incorporated

Lieberman, Lachman, &

Pharmaceutical

Glidants are substances that have
traditionally been used to improve the flow
characteristics of granulations and powders
by reducing interparticulate friction. See
Lieberman,

Pharmaceutical

Lachman, & Schwartz.

Dosage Forms: Tablets. Volume 1, p. 177-

herein by reference. 178 (1989), incorporated herein by
reference.

Glidants are typically added to| Glidants are typically added to

pharmaceutical compositions immediately | pharmaceutical compositions immediately

prior to tablet compression to facilitate the
flow of granular material into the die cavities

of tablet presses,

Glidants include: colloidal silicon dioxide,
asbestos free talc, sodium aluminosilicate,

calcium silicate, powdered cellulose,

microcrystalline cellulose, corn starch,

prior to tablet compression to facilitate the
flow of granular material into the die cavities

of tablet presses.

Glidants include: colloidal silicon dioxide,
asbestos free talc, sodium aluminosilicate,

calcium silicate, powdered cellulose,

microcrystalline  cellulose, com starch,
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sodium benzoate, calcium carbonate,

magnesium carbonate, metallic stearates,
calcium stearate, magnesium stearate, zinc
stearate, stearowet C, starch, starch 1500,
magnesium lauryl sulfate, and magnesium

oxide.

sodium benzoate, calcium carbonate,

magnesium carbonate, metallic stearates,
calcium stearate, magnesium stearate, zinc
stearate, stearowet C, starch, starch 1500,
magnesium lauryl sulfate, and magnesium

oxide.

The novel compositions of the present
invention may contain glidants to effect and
maintain homogeneity of active ingredients

during handling prior to tablet compression.

The novel compositions of the present
invention may contain glidants to effect and
maintain homogeneity of active ingredients

during handling prior to tablet compression.

At pg. 16 — para 1:
Compositions of the present invention are
administered to a human or other mammal in
a safe and therapeutically effective amount
These

therapeutically effective amounts will vary

as described herein. safe and
according to the type and size of mammal
being treated and the desired results of the

treatment.

Please refer specification:

Compositions of the present invention are
administered to a human or other mammal in
a safe and effective amount as described
herein. These safe and effective amounts will
vary according to the type and size of
mammal being treated and the desired results

of the treatment.

At pg. 16 -

‘Any of the various methods known by

para 2:

persons skilled, in the art for packaging
tablets, caplets, or other solid dosage forms
suitable for oral administration, that will not
degrade the components of the present
invention, are suitable for use in packaging.
The combinations may be packaged in glass
and plastic bottles. Tablets, caplets, or other
suitable for oral

solid dosage forms

administration may be packaged and

contained in various packaging materials

Please refer specification:

‘Any of the various methods known by
persons skilled in the art for packaging
tablets, caplets, or other solid dosage forms
suitable for oral administration, that will not
degrade the components of the present
invention, are suitable for use in packaging.
The combinations may be packaged in glass
and plastic bottles. Tablets, caplets, or other
suitable for oral

solid dosage forms

administration may be packaged and

contained in various packaging materials
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optionally including a dessicant e.g. silica
gel.

Packaging may be in the form of unit dose
blister packaging. For example, a package
may contain one blister tray of tenofovir DF
and another blister tray of emtricitabine
pills, tablets, caplets, or capsule. A patient
would take one dose, e.g. a pill, from one
tray and one from the other.

Alternatively, the package may contain a
blister tray of the co- formulated combination
of tenofovir DF and emtricitabine in a single
pill, tablet, caplet or capsule. As in other
combinations and packaging thereof, the
the include

combinations of invention

physiological functional derivatives of

tenofovir DF and FTC.

The packaging material may also have
labeling and information related to the
pharmaceutical composition printed thereon.
Additionally, an article of manufacture may
contain a brochure, report, notice, pamphlet,
or leaflet containing product information.
This form of pharmaceutical information is
referred to in the pharmaceutical industry as
a "package insert." A package insert may be
with a

attached to or included

pharmaceutical article of manufacture. The

optionally including a dessicant, e.g. silica
gel.

Packaging may be in the form of unit dose
blister packaging. For example, a package
may contain one blister tray of GS-7340 and
another blister tray of emtricitabine pills,
tablets, caplets, or capsule. A patient would
take one dose, e.g. a pill, from one tray and
one from the other.

Alternatively, the package may contain a
the co-
GS-7340
and emtricitabine in a single pill, tablet,

blister tray of

formulated combination of

caplet or capsule. As in other combinations
and packaging thereof, the combinations of
the invention include physiological functional
derivatives of GS- 7340 and emtricitabine.

The packaging material may also have
labeling and information related to the
pharmaceutical composition printed thereon.
Additionally, an article of manufacture may
contain a brochure, report, notice, pamphlet,
or leaflet containing product information.
This form of pharmaceutical information is
referred to in the pharmaceutical industry as
a "package insert." A package insert may be
with a

attached to or included

pharmaceutical article of manufacture. The
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package insert and any article of

manufacture labeling provides information
relating to the pharmaceutical composition.
The

various forms of information utilized by

information and labeling provides

health-care professionals and patients,

describing the composition, its dosage and
various other parameters required by
regulatory agencies such as the United States

Food and Drug Agency.’

package insert and any article of

manufacture labeling provides information
relating to the pharmaceutical composition.
The

various forms of information utilized by

information and labeling provides

health-care professionals and patients,

describing the composition, its dosage and
various other parameters required by
regulatory agencies such as the United States

Food and Drug Agencies.’

29.

30.

31.

As noted above, pages 10-14 — while copied in wholesale from prior art, discuss general
aspects on formulating a pharmaceutical formulation for this combination of drugs in very

general terms — by discussing excipients, type of composition etc.

Going further, the Specification has no human clinical data / efficacy / efficiency data points
pertaining to any of the 06 composition claims. The Specification has the ‘Examples’ section

starting at page 16. All the examples (total 4) were only treatment regimen run on mice and

at no point of time was a specific/ single ‘composition’ covering all the 3 (or 4) drugs was
disclosed/ formulated as a ‘composition’ for human administration, disclosed in the
Specification. The Specification notes (at pg. 17-18):
‘Treatment was administered once daily, 5 days per week, by gavage. ... Each drug
was administered once daily, by gavage, 5 days per week. For all combinations,
PMD was administered immediately after the dose of BDQ +/- PZA, which were
formulated together (9. 12). Oxazolidinones were administered at least 4 hours later.’
The term gavage refers to supplying a nutritional substance by means of a small plastic

feeding tube passed through the nose or mouth into the stomach.

There is no specific guidance given at any stage in the entire Specification on what type of
composition (subject matter of claim 1) is sought to be prepared or actually prepared or
contains what specific excipients (tablet/ capsule/ injection- containing what drug and

excipient components) and hence this entire discussion is not the ‘sweat of the inventor’s
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brow’. The entire discussion on composition aspect in the Specification — viz. pages 10-15
and examples section- does not support any specific or even a single composition that was
ever made / can be made- comprising anti-TB drugs. The Opponent states that by no stretch
of imagination can the disclosed regimen be equated to an actual ‘composition’ sought to
claimedin claim 1 nor can such regimen disclosure be equated to a product or process (as
required under the Patents Act).

As mentioned earlier, each of the drugs individually as well as in a multi-agent drug regimen
have been used in treatment of antibacterial diseases (including tuberculosis) and the present
claims are only an attempt to mask a ‘method of use’/ regime as a composition and secure a

patent for the same.

THE CLAIMS OF IN201817014361 & EXAMINATION AT PATENT OFFICE:

32.

33.

34.

The PCT Application was originally published with 16 claims. Claim 1 was an independent
claim for a pharmaceutical composition, with claims 2, 3, 13, 15, 16 as dependent on claim 1;
while claim 4 was an independent claim for a method of use, with claims 5-12, and 14 being

dependent on this method of use claim 4.

The Applicant filed the Indian Application with 10 claims (from the original 16 PCT claims).
The composition claims and independent method of use claims were retained but the
dependent claims for the method viz. 5/6/7/10/11/12 were deleted. The First Examination
Report was issued on 11/Dec/2019. The Applicant responded to this Report on 03/June/2020
and also carried out modifications to the claims. Original claims 4 to 10 were deleted (i.e. the
method claim was deleted). New dependent claims 4 to 6 — for composition- were added.
Remaining claims were renumbered — and currently 06 claims — all allegedly pertaining to a

pharmaceutical composition are present in the Application.

Claim 1 is the sole independent claim and covers a composition that has at least 3 specific
drugs (Linezolid, BedaquilineandPretomanid) and such composition optionally may have a
4™ drug- pyrazinamide. Claims 2 -6 are dependent on claim 1. The present pre-grant

opposition is filed against the 06 claims as currently submitted by Applicant.
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GROUNDS OF OPPOSITION:

S.25(1)(b) Lack of Novelty/ publicly known in India.

S.25(1)(b) states that an application can be opposed on the ground that
‘the invention so far as claimed in any claim of the complete specification has been
published before the priority date of the claim —
(1) in any specification filed in pursuance of an application for patent made in India
on or after the 1% day of January, 1912; or
(i1) in India or elsewhere, in any document’

This section covers lack of novelty as a ground for refusal of claims.

35. Claim 1 has following components:
a. a pharmaceutical composition, comprising
b. atherapeutically effective amount of each of linezolid,
c. bedaquiline, and

o

pretomanid, and
e. optionally pyrazinamide,
or a pharmaceutically acceptable salt of each thereof,
and a pharmaceutically acceptable carrier.’
Claim 1 does not state what this alleged composition is norspecific dosage amount for the 3
drugs. The later claims also do not cover any specific type of composition or excipients for
use in making any composition or even a bare mention of what type of composition is

claimed (e.g. tablet/ capsule/ injection).

36. The impugned Application claims priority from US provisional filing # 62/241,280 originally
dated 14/0ct/2015. If a single prior art reference, published before this date, discloses the 3
drugs being administered in a clinical setting for treating tuberculosis, then the claim(s)

stands anticipated by such reference.

37. The Opponent submits that D1 anticipates every mandatory component of present claim 1.
As noted earlier, this experimental trial of D1had patients being administered the following

treatment/ intervention:




38.

39.

40.
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‘Bedaquiline + PA-824 + Linezolid

bedaquiline 400 mg once daily for 2 weeks then 200mg 3 times per week plus PA-824
200mg once daily plus linezolid 1200mq once daily.’

Thus, D1 categorically discloses every single component of claim 1 - treating tuberculosis
using Pretomanid + Bedaquiline + Linezolid(and their dosages) and thus destroys novelty of

claim 1.

The Opponent submits thatD2(independent of D1)also anticipates claiml on every
component. D2 (‘Nix-TB trial’)at page 2 categorically mentions the following:
‘Nix-TB tests a three-drug regimen consisting of bedaquiline, which received
conditional regulatory approval in several high-TB disease burden countries; the
novel antibacterial drug compound pretomanid, which is being tested in multiple
clinical trials for TB; and linezolid, an oxazolidinone that has been used off-label to

treat’

Thus, D2 categorically discloses every single component of claim 1 — a treatment regimen
using Pretomanid + Bedaquiline + Linezolid for treating tuberculosis and it thus destroys

novelty of claim 1.

When an independent claim is deemed not patentable, dependent claims arising from such
independent claims would also fall if they do not bring in any patentable limitation. The
dependent claims (2-6) do not bring in any patentable distinction to the independent claim
when compared with D1 or D2. D1 clearly shows that the drugs are administered via
individual tablets and their dosages and hence anticipates claims 4 and 5 that cover the

invention in the form of multiple, discrete drug dosages.

The Opponent submits that claims 1—6 of present Application are anticipated by D1 and/or
D2,and hence are liable to be rejected in entirety on account of S.25(1)(b)(ii) — that the

claimed invention was already published in India/ elsewhere in a document.

S.25(1)(d) Publicly known / used in India.
S.25(1)(d) states that an application can be opposed on the ground that
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‘the invention so far as claimed in any claim of the complete specification was publicly known
or publicly used in India before the priority date of that claim’
This section covers public knowledge/ use in India prior to priority date, as a ground for refusal

of claims.

41. D1 / D2 categorically disclose every single component of claim 1 - treating tuberculosis
using Pretomanid + Bedaquiline + Linezolid to a reader. The Opponent submits that both D1
and / or D2 were publicly available via the internet, in India before the priority.Accordingly
these documents render the claimed invention - publicly known prior to the priority date. The
Opponent submits that based on availability of D1/ D2 on the internet and accessibility in

India, claims 1-6 are liable to be refused in entirety, under the ambit of S.25(1)(d).

S.25(1)(e) Obviousness / lacking an inventive step.

S.25(1)(e) states that an application can be opposed on the ground that
‘the invention so far as claimed in any claim of the complete specification is obvious and
clearly does not involve any inventive step ...’

This section covers obviousness or lack of inventive step as a ground for refusal of claims.

42. The Hon’ble Supreme Court’s decision in Biswanath Prasad RadheyShyam v/s Hindustan
Metal Industries!! is the leading decision on analysis of inventive step. The Court
specifically said:

“It is important to bear in mind that in order to be patentable an
improvement on something known before or a combination of different
matters already known, should be something more than a mere workshop
improvement; and must independently satisfy the test of invention or an
‘inventive step’.

To be patentable the improvement or the combination must produce a
new result, or a new article or a better or cheaper article than before. The
combination of old known integers may be so combined that by their working

inter-relation they produce a new process or improved result.

11[(1979) 2SCC 511]
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Mere collocation of more than one integers or things, not involving
the exercise of any inventive faculty, does not qualify for the grant of a

patent.”

Very importantly, the Apex Court quoted an old case (Rickmann v. Thierry??)

43.

44,

45,

‘It is not enough ’that the purpose is new or that there is novelty in the
application, so that the article produced is in that sense new, but there
must be novelty in the mode of application. By that, | understand that
in adopting the old contrivance to the new purpose, there must be
difficulties to be overcome, requiring what is called invention, or

there must be some ingenuity in the mode of making the adoption’.

The Intellectual Property Appellate Board has ruled™® on obviousness / inventive step in the
context of claims covering combination of pharmaceutical substances. That case covered a
patent for combination of two drugs (Bimatoprost and Timolol) for treatment of ocular
hypertension- without any specific dosage or excipient in claim 1. The prior art disclosed a
combination of Latanoprost and Timolol for glaucoma.The IPAB held the claims as obvious
as the end result of the combination was merely additive and that a person skilled in the art
would have tried such a combination. So, taking guidance from the above SC and IPAB
Judgements, it is clear that the invention or combination of known integers must produce a

new or improved result.

D3 discloses use of Sutezolid in combination with multiple drugs, including Protemanid,
Bedaquiline and Pyrazinamide. It specifically states that use of combination results in

synergistic effects.BothSutezolid and Linezolid are oxazolinones.

There is absolutely no discussion in present Specification on how/ which ‘composition’
allegedly sought to be claimed in present claims is actually made or how the claimed
composition can be multiple discrete units as well. Present Specification does not disclose
any specific hurdle that the claimed ‘composition’ jumps over or what is the actual

composition or how is it better (inventive) over any prior art composition.

12(1896)14 Pat. Ca. 105
13Case: Ajanta Pharma v. Allergan Inc. [ORA/21/2011/PT/KOL]
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D1 discloses every single mandatory component of the present claim land gives information
about a clinical study that analysed the 3 drug regimen to patients with Tuberculosis and also
gives the specific drug dosages for the 3 drugs (Bedaquiline at 400mg, Pretomanid at 200 mg
and Linezolid at 200 mg. The Specification gives comparative data from the mice study
while D1 did not have data from the human study, as of the date of publication. However, the

animal model data is not a part of the claims.

The Applicant, while responding to the Controller on inventive step objections in the First
Examination Report, argued that the shorter time duration / administration and
discontinuation of Linezolid as distinguishing aspect over prior art. The Opponent has
already discussed various prior arts that discuss Linezolid being used in short duration mode.
Importantly, use of Linezolid in short mode or for partial point of time is not a component of
claim 1 or the later claims. Interestingly, while the Applicant seeks to distinguish by asserting
that prior art does not mention what type of ‘composition’ is administered — whether single
or plurality of unit dosages or adding of the 4™ drug, the Applicant does not admitthatthe
Specification itself does not disclose even a single, actual ‘composition’, so the claims fall on

that count.

D4 is a part of the state of the art and clearly discusses Linezolid and how by reducing the
dosage of Linezolid and its intermittent administration, helps in achieving clinical efficacy
vis-a-vis addressing the adverse side-effects and finally combining more than 3 or 4 anti-TB

drugs in a treatment regime to shorten the duration of TB treatment.

The Opponent submits that the cited prior art - D3+ DlorD3 + D20rD3 + D1+D2, in
combination with the existing knowledge of the person skilled in the art(D4) discloses a
combination of Linezolid with Bedaquiline and Pretomanid and renders the invention
claimed in claims 1-6, as obvious and devoid of inventive step, thus rendering claims 1-6 as

liable to rejectionin entirety, under the ambit of S.25(1)(d).

S.25(2)(f) Not an invention/ Not patentable under the Act.
S.25(1)(f) states that an application can be opposed on the ground that
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‘the subject of any claim of the complete specification is not an invention within the meaning
of this Act, or is not patentable under this Act’
Chapter II of the Patents Act covers ‘Inventions not patentable’. Specifically, S.3 states:
‘3. What are not inventions.- The following are not inventions within the meaning of
this Act,--

(d) the mere discovery of a new form of a known substance which does not result in
the enhancement of the known efficacy of that substance or the mere discovery of any
new property or new use for a known substance or of the mere use of a known
process, machine or apparatus unless such known process results in a new product
or employs at least one new reactant.
Explanation.—For the purposes of this clause, ... combinations ... shall be
considered to be the same substance, unless they differ significantly in properties
with regard to efficacy;

(e) a substance obtained by a mere admixture resulting only in the aggregation of the

properties of the components thereof or a process for producing such substance;

(i) any process for the medicinal, surgical, curative prophylactic, diagnostic,
therapeutic or other treatment of human beings to render them free of disease or to
increase their economic value of that of their products.’

S.3 is a chapter covering inventions thatmay pass the test of S.2(1)(ja) and hence patentable

as such, they are still not patentable inventions by virtue of a deeming fiction.
3(d) discussion

50. The Opponent submits that prior art document(s) D1, D2 and D3 — each individually disclose
a combination regiment of the 3 drug for administration to patients. For a claim to pass the
S.3(d) threshold, the Specification has to contain data which shows that the claimed
combination is significantly differing with regard to efficacy as compared to the prior art
(specifically, D1 or D2). Thus, it is incumbent uponthepresent Specification to show data on
how the combination of the substances claimed therein is beyond prior art disclosure on the

touchstone of ‘significantly differing in properties with regard to efficacy’.The present



https://indiankanoon.org/doc/1675745/

51.

52.

53.

54,
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Specification has no discussion on how the alleged invention of claims 1-6 (the combination
regimen) issignificantly different when compared to D1 or D2.

The examples in the Specification look at the efficacy when a drug from the oxazolidinone
class is combined with the Bedaquline + Pretomanid. Thus, 3oxazolidinone class drugs
(Tidozolid, Linezolid and Sutezolid) are combined with Bedaquline + Pretomanid and the
efficacy of such regimen, is disclosed. The examples indicate that, in general, oxazolidones
exhibit similar sterilizing activity, refer page no. 20, para no.2, line no.7 and 8. The
Specification further notes Linezolid has similar activity to Sutezolid when used in
combination with Bedaquline + Pretomanid (refer example 2, page no.21).

When compared to Bedaquline + Pretomanid alone, addition of oxazolidones significantly
increased bactericidal activity at 1 and 2 months (refer page no. 23, Example 3, para no. 2,
line no. 12, 13 and 14). The given data does not indicate any superiority of the claimed
pharmaceutical composition Linezolid +Bedaquline + Pretomanid over the already known

pharmaceutical composition of anti-TB drugs Sutezolid+Bedaquline + Pretomanid.

Applicant’s argument that discovery of use of Linezolid in combination with Bedaquline +
Pretomanid displayed bactericidal and sterilizing activity is baseless as it is not substantiated
by the data include in the specification. The present Specification only contains test data on
mice (no human data) and there is no discussion on how this regime / alleged

inventiondifferswhen compared to D1 or D2.

The Opponent submits that the decision in App. 2751/DEL/2006 applies to the present
claims. The ‘2751 claimed a composition of Ivabradine + Amlodipine without any specific
composition / excipients. The IPO rejected the claims with the following reasoning:
Also no improvement in the therapeutic efficacy of present compound as compared to its
prior art compound has been provided. In fact both the compounds. Pharmaceutical
composition comprising a selective and specific sinus node If current inhibitor and a
calcium inhibitor use to treat angina which is also the activity shown by the prior art
compound. The applicant submits that clinical study pages 6 to 8 of the description of the

present patent application but it is not sufficient to prove that the present invention have
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better therapeutic efficacy over prior art. In view of above | state that the subject matter
for application no. 2715/DEL/2006 is not patentable under section 3(d).

55. Likewise, IPO’s decision in 1996/DEL/2006 is equally applicable to present claims. The
‘1996 covered a combination of Agomelatine + Valproate in composition form. The IPO
rejected this combination with following reasoning:

However the applicant has not provided any argument and experimental proof of any
enhancement of the above properties and significant improvement in therapeutic efficacy,
i.e. to say no comparative experimental data is available in the specification to prove the
improvements are significant and the composition is efficacious than the earlier one. In
such circumstances of failure to prove efficacy the composition as claimed is merely a
new form of the known substances which is not Patentable U/S 3(d) of the Patent Act.

56. The Opponent submits that the Specification does not contain any data for enhanced efficacy
for the combination composition covered in claims 1-6, when compared with the disclosure
of D1 or D2. Thus, the claims 1-6 are liable to be rejected S. 25(1)(f) when read in

conjunction with S.3(d).
3(e) discussion

57. The Opponent submits that claims 1-6 are deemed not patentable as they are hit by S.3(e).
The Specification does not disclose any specific ‘composition’ or any process to make any
such specific ‘composition’. What the Applicant has claimed is actually a combination
regimen of 3 drugs (and optionally a 4" drug) that was already known in D1 that
categorically gave the specific drugs and their dosage ranges for use in the treatment of
tuberculosis. The Applicant has not disclosed details for even a single, specific composition
that displays synergistic relation between the drug components and the excipients. All the
components of the claimed composition have been disclosed in the same dosage range in D1
and perform their individual functions and there is no surprising or unexpected effect that is

resultant of aggregating such components over D1.
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58. Paragraph 10.13 of the Guidelines for Examination of Patent Applications in the Field of
Pharmaceuticals states:

“It is a well-accepted principle of Patent Law that mere placing side by side of old

integers so that each performs its own proper function independently of any of the others

is not a patentable combination, but that where the old integers when placed together has

some working inter-relation producing a new or improved result, then there is patentable

subject matter in the idea of the working interrelationship brought about by the

collocation of the integers”.

59. The IPO has consistently held a position that composition claims have to be specific with
regard to the components of the composition. IPO’s following decisions throw some light on

patentability of composition claims:

1324/DELNP/2006

‘Synergism of the combination/composition has also not been proved. It is an undue
burden for a skilled person, in trying to assess the scope of the matter for which
protection is sought in the claim concerned, to provide a complete overview of all known
(and future) compounds functionally defined or very generally indicated as above from
the multitude of possible compounds, even when provided with means to do so in the
application. Claim 1 Composition of a compound whose activity results in a direct or
indirect activation of the alpha 2 receptor (notably an alpha-2 agonist) combined with an
alpha 1 adrenergic receptor antagonist, for treatment of pain . Therefore the composition
as claimed in claim 1 fall U/S 3(e) of the Act.

314/MUM/2008

‘The composition claimed by the applicant is a mere admixture of above mentioned
ingredients without showing any synergism. The combination does not result in any
enhanced additive effect....

The question of efficacy and or synergism are matters of scientific facts which are
required to be embodied in the specification so that the said characteristics are apparent

from the specification. The applicant vaguely claimed that the composition is a
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synergistic composition but no support in this regard was provided in the specification.

In the absence of synergism between the defined components , which applicant failed, the
claimed composition of the alleged application is considered mere admixture as defined

under clause (e) of Section 3 of the Act.’

1997/DEL/2006

It is observed that the composition comprising agomelatine... and reboxetine used for
preparation of pharmaceutical compositions for preparing medicaments as claimed in
Claim 1 of the present application is not patentable under Section 3(e) of the Indian
Patent Act, 1970 as amended by the Patents (Amendment) Act, 2005, as it is a mere
admixture of two or more known substances which does not fulfil the requirement to be
patentable under Section 3(e) of the Act.

Further, no comparative data is provided that the composition has any beneficial /
superior or surprising effect over the prior art. Therefore Claim 1 of the application is
not patentable under the provisions of the Section 3(e) of the Indian Patent and the
claimed composition is a admixture of different ingredients without demonstration of any
synergistic effect. The applicant also failed to provide any specific amount /ratio of the

different ingredients use for the composition.

60. The mice data in the Specification, even if viewed as a support to overcome the admixture
test of S.3(e), does not really help the Applicant as the discussion in the Specification is
merely a direct outcome of the regime already mentioned in D1 and is not an evidence of

surprise or synergy by itself by present Specification when compared with D1.

61. When the claims only cover a mere admixture of components in a ‘composition’ (which itself
is never disclosed) such composition claimsfailand hence claims 1-6 are liable to be rejected
S. 25(1)(f) when read in conjunction with S.3(e).
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3(i) discussion

62. A claims falls under statutory bar of 3(i) once it is clear that the claim only covers a regimen/

63.

64.

65.

method or use/ method of treatment. The Opponent submits that present claims 1-6 are not
patentable due to the statutory bar of S.3(i). These claims, while worded as a ‘composition’,
do not go beyond attempting to patent an already known drug regimen or method of use —

using a combination of drugs to treat tuberculosis.

PresentSpecification does not even disclose a single composition that can be equated with ‘a
composition’ of claim 1/6 or ‘plurality of unit dosages’ of 4/5. There is no actual
‘composition in the claims and all that is covered is ‘a drug regimen’ that is already disclosed
in D1 or D2. Once this analysis of the components of claim 1 is analysed with the actual
disclosure of the Specification, it is apparent that the claims are only a drug regimen, then the

claims necessarily fail under the lens of S.3(i).

Paragraph 10.20 of the ‘Guidelines for Examination of Patent Applications in the Field of
Pharmaceuticals’ has also noted this practise:
“In the field of pharmaceuticals, it is noticed that method of treatments are often claimed in

the guise of composition claims.”

The Opponent submits that clever drafting of use claims crafted as composition claims is not

legally valid and submits the following decisions from the IPO:

417/DEL/2011

Obijection:

1. Claim 1 mention about the dosage of the peptide is to be from 5 to 40 ug and this
dosage aids in the treatment of cancer. Therefore the subject matter of claim 1 is objected
under section 3(i) of the Patents Act, 1970.

This claim was later modified to a ‘composition’ claim and the IPO rejected the same.

201714032478
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Aclaim for ‘combination’ of 2 drugs Cenicriviroc + Tropifexorfor‘use in treating or
preventing a fibrotic or cirrhotic disease’ was objected and the claim was finally
disallowed.

66. The Opponent submits that claims 1-6 are not ‘composition’ claims but merely a clever
attempt of couching a method into a composition format and hence claims 1-6 are liable to be
rejected S. 25(1)(f) when read in conjunction with S.3(i).

S.25(1)(g)Insufficiency or lack of clarity in description or manner for performing the

invention.

S.25(1)(g) states that an application can be opposed on the ground that

‘the complete specification does not sufficiently and clearly describe the invention or the method
by which it is to performed’

67. At this juncture, the Opponent submits that the present Specification does not sufficiently and
clearly describe the manner in which the claimed invention is to be performed. A very large
part of the Specification — especially the discussion on composition- is copied from a
previous publication. The Specification does not even disclose a single ‘working’
composition that was actually produced or a composition that would align to the invention
sought to be protected in claims 1-6. On the one hand, each of the 06 claims specifically
cover ‘a composition’; the Specification does not disclose what this actual ‘composition’ is
(i.e. is it a tablet/ capsule or injection?) or any specific manufacturingprocessto make such

claimed composition (for instance, tableting via wet granulation or making capsules etc.).

68. Accordingly, the Opponent submits that present Specification does not sufficiently describe
or support the claimed invention (viz. any actual composition or any actual method to make a
specific composition) and henceclaimsl-6 of the present Specification are liable to be
rejected in entirety u/s 25(1)(h).

S.25(1)(h) — Non disclosure of information required u/s 8:
S.25(1)(h) states that an application can be opposed on the ground that
‘the Applicant has failed to disclose to the Controller the information required by section 8 or

has furnished the information which in any material particular was false to his knowledge.’




41

69. The Opponent submits that Applicant has deliberately not provided detailed particulars and
copies of all the relevant office actions/ responses and examination reports pending against
the corresponding foreign filings of this case to the Patent Office.

70. The Division Bench of the Delhi HC has elucidated the law relating to S.8 submissions
(though that case dealt with revocation u/s 64) in SukeshBehl vs. Koninklijke Phillips
Electronics'®. At Para 40, the Hon’ble Court stated:

‘40. For the aforesaid reasons, we are of the view that the power to revoke a patent
under Section 64(1) is discretionary and consequently it is necessary for the Court to
consider the question as to whether the omission on the part of the plaintiff was
intentional or whether it was a mere clerical and bonafide error.’

Hence only a bona-fide and clerical error in context of S.8 filings is pardonable.

71. The Applicant’s latest Form 3discloses 12 active family members (excluding present Indian
application) and gives a common status for all 12 — as simply, ‘Pending’. But Opponent
submits that critical, negative developments have not been reported by the
Applicant.Specifically, the Applicant has hidden thedetailed legal position for two key

jurisdictions, as notedbelow:

EP3362068 US20180280401

Applicant has not disclosed the following | Applicant has not disclosed the following:
actions: 1. Non-final rejection dated 31/Dec/2018,
1. Negative ‘Supplementary Search Report’ | 28/June/2019 and  final rejection dated
dated 16/May/2019 08/Jan/2020

2. Claims amended in mid-Dec 2019 2. New claims and request for continued

examination dated 08/July/2020

72. The clear attempt to hide negative search/ examination report is not merely a clerical or
administrative error. This is an attempt to secure an Indian patent while hidingthe negative
examination report of the EPO andthe US PTO. The Opponent submits that since the
Applicant has wilfully hidden prejudicial US PTO and EPO examination reports from the

14 FAO(OS) No.16 OF 2014, Otder dated 07/Nov/2014
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Indian Patent Office, this is a clear and mala-fide violation of Applicant’s obligations strict

u/s 8 and hence the Controller has to refuse the present application,in its entirety.
PRAYERS

73. In the fact and circumstances of the case, the Opponent now prays as follows:
a. that the Controller take the present Opposition on record;
b. that the Indian Patent Application No. 201817014361, be rejected in entirety under Section
25(1) of the Patents (Amendment) Act, 2005;
c. that we be allowed to file further documents as evidence if necessary to support our case;
d. that we be given an opportunity of a personal hearing in this matter before any final orders
are passed;
e. that we be provided copies of any further submissions/ claim amendments /response by
Applicant;
f. that we be allowed to make further submissions, amend pleadings, add or edit grounds of
opposition in case the Applicant makes any amendments in the claims or files any response;

g. any other reliefs that may be just and fair in favour of the Opponent.

Dated this the 28™ day of July 2020

Lo ’é?#W '

RAJESHWARI H.
AGENT FOR THE OPPONENT
RAJESHWARI & ASSOCIATES
TO
THE CONTROLLER,
THE PATENT OFFICE BRANCH
DELHI
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ANNEXURE -1

THE PATENTS ACT, 1970
(39 of 1970)
&
THE PATENTS RULES, 2003

COMPLETE SPECIFICATION
(See section 10, rule 13)

“COMBINATION ANTIBACTERIAL COMPOSITION AND
SHORT-COURSE ANTIBACTERIAL REGIMEN”

THE GLOBAL ALLIANCE FOR TB DRUG DEVELOPMENT,
INC. of 40 Wall St New York, NY 10005, US;

The following specification particularly describes the invention and the
manner in which it is to be performed.
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WO 20174066033 PCT/US2016/035414

COMBINATION ANTIBACTERIAL COMPOSITION AND SHORT-COURSE
ANTIBACTERIAL REGIMEN

Field of the Invention

The invention relates generally to combinations of compounds with antibacterial
activity and, more specifically, with anti-tuberculosis properties. In particular, it relates to
chemically stable combinations of anti-bacterial agents linezolid, bedaquiline and pretomanid,
and optionally with pyrazinamide, in a short-course oral dosage regimen for the treatment of

tuberculosis.

All documents cited to or relied upon below are expressly incorporated herein by

reference.

Background of the Invention

Mycobacterium tuberculosis is the causative agent of tuberculosis (“TB”), a
devastating infectious disease. It is estimated that about 2 million TB patients die each year
globally.  Failure to properly treat tuberculosis has caused global drug resistance in
mycobacterium tuberculosis and thus rendering some medications ineffective.

Approximately half a million new cases of multidrug-resistant (MDR) tuberculosis
occur annually (1). Current recommendations call for up to 2 years of treatment with second-line
drugs that are poorly tolerated, toxic, more difficult to administer and less effective than the 6-
month, so-called short course regimen for drug-susceptible TB. Regimens containing at least 6
drugs, including newer fluoroquinolones in high doses, an injectable agent, clofazimine (CFZ),
pyrazinamide (PZA) and high-dose isoniazid (INH) have shown potential as effective 9-month
regimens in MDR-TB cases with minimal bacillary resistance to second-line drugs (2-4).
However, these regimens remain quite cumbersome to administer and are not expected to be as
effective in the setting of resistance to fluoroquinolones and/or injectable agents (3).

Agents from 2 novel classes recently received conditional regulatory approval for use
in MDR-TB: the diarylquinoline bedaquiline (BDQ) and the nitroimidazole derivative
delamanid. Aside from some mutations known to confer cross-resistance between BDQ and CFZ
(5, 6), these agents are not known to exhibit cross-resistance with other TB drugs. It was recently

reported that the 3-drug regimen of BDQ plus pretomanid (PMD; formerly known as PA-824),
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WO 2017/066053 PCT/US2016/055414

the second nitroimidazole to enter phase 3 clinical trials, and the oxazolidinone swezolid (8ZD;
formerty known as PNU-100480) have greater sterilizing activity than the first-line regimen of
vifampin (RIF), INH and PZA in 2 murine model of TB (7-16). The 3-drug combo was more
active than any of its 2-drug components, indicating that 3ZD contributes important activity.
However, SZD has only completed a single phase 2a trial of #ts carly bactericidal activity (8) and
its further development cannot be assured,

Until recently, linezolid (L2113} was the only marketed oxazolidinone antibiotic. It has
proven efficacy in salvage therapy for recalcitrant cases of MDR-TE patients, but its usage has
been curtailed by dose- and duration-dependent toxicity, Novel regimens based on 3 or more oral
agents, ope of which 1¢ LZD, with little or no pre-existing resistance would provide simpler,
more universatly active regimens. Thus, a need exists in the art for novel regimens that are more
effective than the current first-line regimen for drug-susceptible TB, therehy shortening and

simplifying treatment for pulmonary TB itrespective of resistance to existing drugs.

Summary of the Inventon

Provided is a pharmaceutical composition, comprising a therapeutically effective
amount of each of linezolid, bedaquiline and pretomanid, and optionally pyrazinamide, or a
pharmaceutically acceptable salt of each thereof, and s pharmaceutically acceptable carrier.

Also provided is a method for the treatment of tuberculosis, comprising the step of
adminisiering to a patient in need thereof a therapeutically effective amount of each of linezolid,
bedaquiline and pretomanid, and optionally pyrazisamide, or & pharmaceutically acceptable salt
of eachi thereof, and a pharmacewtically acceptable carrier. In one embodiment of the inverdion,
hinezolid is removed frons the treatment regimen after one to two months. In another

embodiment, lnexohd can be re-administered afler a one to two week drug holiday.,

Detailed Description of the Invention

It is to be uaderstood that the descriptions of the present invention have been
sienplified to illostrate elements that wre relevant for a clewr understanding of the present
invention, while eliminating, for the purpose of clarity, many other elements found in typical
pharmacewtical compostions. Those of ordinary skill in the art will recogrize that other elements
and/or steps are desirable and/or required i implementing the present invention.  However,
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because such elements and steps are well known in the ari, and because they do not facilitate a
better understanding of the present invention, a discussion of such elements and steps is not
provided heren. The disclosure herein is directed to all such variations and modifications to such
elements and methods known to those skilled in the art.  Purthermore, the embodiments
dentified and illustrated herein are for exemplary purposes only, and are not meant to be

exclusive or limited in thelr description of the present invention.

Despite the conventional understanding that it is necessary to continuously adwminister
antibacterial agents over a period of many months to obtain the desired antibacterial effect, the
inventors surprising discovered that LZD in a multi-agent dosage form can be administered for
one 10 two months and still retain sterilizing activity. More specifically, the inventors discovered
that LZD adds bactericidal and sterilizing activity in formulation comprising BDQ and PMD. Its
additive stertlizing activity was indistinguishable from that of SZD &s shown in Example 1. In
Example 3, in which the bacterial burden and the dose of PMD were higher, LZD did not appear
as effective as SZD, although the difference was not statistically significant. Thus, the impact of
substituting LZD for 8ZD in terms of duration needed to cure mice is small. This finding
constitutes the basis for moving the evaluation of the BDQ+PMDHLZID regimen into patients
with extensively drug-resistant TB (XDR-TB) or trestment-intolerant or pon-responsive MDR-

TE in the recently initiated NiX-TH trial.

Given the superior sterilizing activity of BDQ+PMD plus an oxazolidinone compared
to the first-line regumen, it is alse reasonable to consider whether regimens based on this
combination could also shorten the treatment of drug-susceptible TB. B was previousty shown
that the addition of PZA 1o the BDQ+PMDHSZD combination produced even greater sterilizing
activity, curing nearly all mice after just 6 weeks of treatment (7} However, the contribution of
SZD to the 4-drug combination was not confirmed. In Example 2, it was confirmed that addition
of LZD to BDO+PZAPMD also significanily increases the bactericidal and sterilizing activity
of the regimen, curing all mice after & weeks of treatment, while at least 5 months of ireatment
with the first-line regimen is typically required to produce this result under the same condititions,

The 100 mg/kg dose of LZD used in the Examples produced a mean plasma AUCq24,
comparable to that produced by a dose of 600 mg twice daily in humans (19, 263, the same dose
at which treatment is mitiated in the NiX-TB trial. This dose has preduced unaccepiably high
rates of myelotoxicity and neuropathy when administered for long durations in salvage regimens

4
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to treat MDR- and XDR-TB (28). Because these toxicities are dose- and duration-dependent, the
inventors determmed whether the contribution of LZD {o the steriizing activity of these
regimens would be adversely affected by reducing the dose and duration of LZD. The potent
stenilizing activity of the $-drug regimen containing PZA in Example 2 was such that all mice
were cured after 1.5 months of treatment. Nevertheless, limiting the duration of LZD 100 mg/ky
te the first month did not adversely affect LZIYs contribution to the sterilizing activity. In the
absence of PZA, reducing the LD dose to 50 mg/kg, which produces a mean AUCy 24
equivalent to a 600 my daily dose in hutnans, reduced the bactericidal activity over the first
month of treatment. However, after 2 months of treatment, only small nombers of CFU were
recovered irrespective of whether LZD was administered as 100 myg/kg for 1 or 2 months or as
54 mglkg for 2 months. Moreover, Himiting LZD 100 mg/kyg to the first month of treatment did
not significantly increase the rate of relapse after 2 or 3 months of treatment. These resulis
suggest that use of LZD 600 mg once daily for the first 1-2 months of treatment and/or front-
ioading therapy with higher doses for even shorter periods may enable LZD o contribute
taportant bacteriodal and stertlizing activity before the onset of potentially irreversible
seuropathy develops (27, 28).

The taventors further discovered that Hinezolid can be re-adminisiered at o lower dose
after a one to two week intepruption (¢.g., drug or treatment holiday) based on newropathy
findings and subsequent improvement or, sinilarly, hematelogy findings. Clinical doses for
pretomanid can be 200 mg qd or 109 mg gd. For bedaguiline, chinical doses can be 400 mg gd
for two weeks followed by 200 g Hiw or 200 my gd. And clinical doses for linezolid are 600

mg bid or 1200 mg gd to start,

Cereain Embodiments of the Invention
The present invention generally relates to a oral dossge combination of linezolid,

bedaquiline and pretomanid, optionally with pyrazinamide.

Linezolid is a synthetic antibacterial agent of the oxazolidinone class. The chemical
name for inezolid i (§3-N-[{3-[3-Fluore-4-{(4morpholinvliphenyl}-2-oxo-S-oxazolidinyi]
methyl}-acetamide. The empirical formula is CigH20FN2Oy. Is molecular weight is 33735, and

its chemical structure is represented below:
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Bedaqmline is a diarylquinolive antimycobacterial drog marketed in fumarate form as
SIRTURQO. The chemical name of bedaquiline fumarate is (1R, 28)-1-(6-bromo-2methoxy-3-
quinotinyl}-4-(dimethylamino)-2-( L -naphthalenyl}- {-phenyl-2 -butanol compound with fumaric
acid {1:1}. It has a molecular formula of CuHaBrN; O CiHoy and a molecular weight of

&71.58 (855.50 + 116.07}), The molecalar structure of bedaquiline fomarate is the following:

] HGQC“’\VCOGH

8F‘\ ., {R?E St L\\

\ K.f‘{ EH\‘\E i\“ a
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Pretorganid is a novel nitrimidarole anti-bacterial agent corrently in development by
Global TH Alliance. As apotential TB therapy, it has many attractive characteristics ~ most
notably its novel mechanism of action, Hs actvity fn vitre against all tested drug-resistant clindeal
isolatey, and its activity as both a potent bactericidal and a sterilizing agent. In addition, the
compound shows no evidence of mutagenicity in a standard battery of genotoxicity studies, no
significant oytochrome P430 interactions, and no sipaificant activity egainst a broad range of
Gram-postiive and Gram-negative bacterta, The IUPAC designation for pretomanid is (6532~
nitro-O- {{d-{nfluoromethoxyibenzytjoxvi-6,7-dibydro-SH imidawo 2, 1-0} 1 Y oxazine.

Pretomamd has the following structure

“}(w\

Pyrazinamide {pyrazine-2-carboxamide}:
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is the pyrazine analogue of nicotivamide and used as an anti-toberculosis agent. Pwazinamide

4

18 most commonly used for treatment of active taberculosis (TB) during the initial phase of
therapy (generally the frst two months of treatment), in combination with other agents.
Pyrazinamide demonstrates clinically significant antibacterial activity against Mycobacierium

fubercidosis and M. africanum,

Thus, in one embodiment of the present invention, provided is a pharmaceutical
composition, comprising a therapeutically effective amount of cach of linezolid, bedaguiline and
pretomanid, and optionally pyrazinamide, or a pharmaceutically scceptable salt of each thereof,

and a pharmsceutically acceptable carrier.

In another embodiment of the invention, provided is a phenmaceutical composition

wherein linezolid is at a dosage of 100 mp/kg.

In apother embodiment of the invention, provided is a pharmacentical composition

wheremn linezolid 18 at a dosage of S0 mg/kg.

In & further embodiment of the invention, provided is a method for the treatment of
tuberculosis, comprising the step of admmnistering to a patient in need thereof a therapeutically
effective amount of each of linczolid, bedaguiline and pretomanid, and optionally pyrazinamide,

or a pharmaceutically acceptable salt of each thereof, and a pharmacentically acceptable carrier,

In another embodiment of the invention, provided is a method for the treatment of

tubereulosis, wherein linezolid is administered for up 1o three months.
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in another embodiment of the invention, provided is a method for the treatment of

tuberculosis, wherein linezolid is administered for up to two months.

In apother embodiment of the invention, provided is a method for the treatment of

tuberculosis, wherein linezolid is administered for up o one month.

In ancther embodiment of the Invention, provided is a method for the treatment of

tuberculosis, wherein linerolid is administered for up to one to two months at 100 mg/kg per day.

In another embodiment of the invention, provided is 2 method for the treatment of

tuberculosis, wherein Hnezolid is administered for up to two months at 50 mg/kg per day.

In another embodiment of the invention, provided s a method for the treatment of

tuberculosis, wherein linezolid is administered for up to one month at 100 mg'kg per day.
Fa ancther embodiment of the invention, provided is a method for the treatment of
tuberculosis, wherein linerolid is administered at a dosage of 600 mg once daily for the first one

{o two months.

In another embodiment,, wherein Hanezolid is re-admunistered after @ one to two week

drug holiday.

In a further embodiment, bedaquiline is at a dosage of 200 to 400 m gqd. Inan
alternative embodiment, bedaguiline is administered at 400 mg qd tor two weeks followed by
200 myg tiw,

In a still further embodiment, linezolid ig at a dosage of 600 mg bid or 1200 mg gd.

In another embodiment, pretomanid is at a dosage of 100 o 200 mg ad.

Definitious and Certain Components of the Invention
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When trade names ave used herely, applicans infond 1o independently fnclude tho

frade name product and the aotve pharmacentival ingredisnt{s) of the trade name peoduct.

1

Be tamm Mehenpnioal sttty means that the threo antthactoriad agemts i combination

o

are substantially stable to chomical degradation. Freforably, they ave suffciently stable in

hysical combination fo penmdt commercially usefld shelf e of the combination product,

i

Typically, “chemically stable” means that a fost component of the mixtuwre does ant act 1o

degrade a second componant whan the two are brought into physical combination o form a

pharmaceutics! dosage formn Move typically, “chemically stable” means that the acldity of a e

component does not catalyzes or otherwise accelerate the adld decomposition of a second or a

thard component.

The tevms “sypergy” and “eynergisiic” mean that the effect achiaved with the
compotaids used together v greater than the sum of the offects that results fom using the
comprunds sepavately, Lo grester than what wopld be predicted based on the two setive
mgredionts admipistered separately. A synerglatio stiect may be attained when the eompounds
aved (1} co-tormulated and aduimstored or delivered simulansousty i w combined formulation;
(2} delivered by allernation or b parallel ay sepavate formulations; or {3) by some other regimen.
When delivered i aliemation therapy, @ synergistie effect may be attained when the compounds
are administered or delivered sequontially, o.g. 10 separate tablots, pills or capsaley, or by
different tujections in separato syringes. In general, duving ahernation thevapy, an effective
dosage of each active ingraciond is sdministered sequentially, Le, sevially, wherens in
comabination therapy, offechive dosages of two oy more active ingredicnts aro adminisiered
together. A synergistic suftbacionial offvot denotos an anttbacterial effect which s grester than

£y

e prodicted pursly additive effects of the individual compounds of the eombinstion.

51

“Bicavailability™ Is the degres o which the pharmacoutioally active agant becoines
avastable to the target Hssue affer the ageats Introduction into the bady, Brhanwementt of the
bioavailabilit

treatment v pattonte beciise, for g given dose, more of the phasmacentically active sgent will

tv of & pharmacontically active agent cun provide amore sfficient and effective

be available ab the tar it ed Hasue sibes,
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The compounds of the combinations of the invention may be referred to as “active

ngredients” or “pharmaceuntically active agenis.”

The ferm “prodrug” as used hereln refers to any compound that when administered o
a brological system generates the drog substance, i.¢. active ingredient, as a result of spontancons
chemieal reaction{s), enzyme catabyvzed chemical reaction(s}, and/or metabolic chemical

reacton(sh.

“Prodrug motety” means a labile functional group which separates from the active
inhibitory mmpnuhd during metabolism, systemically, inside a cell, by hydrolysis, enzymatic
cleavage, or by some other process (Bundgaard, Hans, “Design and Application of Prodrugs”
in Textbook of Drug Design and Development (1991}, P. Krogsgaard-Larsen and H. Bundgaard,
Eds. Harwood Academic Publishers, pp. 113-191). Prodrug moleties can serve to enhance
solubiiity, absorption and lipophilicity to optimize drug delivery, bivavailability and efficacy, A

“pradrug” ie thus a covalently modified analog of a therapeutically-active compound.

Stereochemical definitions and conventions used herein generally follow 8. P. Parker,
Bd., McGraw-Hill Dictionary of Chemical Terms (1984 McGraw-Hill Book Company, New
York; and Eliel, E, and Wilen, 8., Stereochemistry of Organic Compounds (1994) John Wiley &
Sons, ne., New York. Many organic compounds exist in optically active forms, 1.e,, they have
the ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L or R and 8 are used to dencte the absolute configuration of the
molecule about its chiral center(s). The prefixes d and L or (+) and (-} are employed to designate
the sign of rotation of plane-polarized light by the compound, with {~} or | meaning that the
compound is levorotatory. A compound prefixed with (+) or d is dextrorotatory, For a given
chemical structure, these compounds, called sterecisomers, are identical except that they are
mirror images of one another, A specific sterecisomer 18 also referred to as an enantiomer, and a
mixture of such isomers is ofien called an enantiomeric mixture, A 50:50 mixture of enantiomers
is referred to a8 a racemic mixture or a racemate. The terms “racentic mixture” and “racemate”

refer to an eguimnolar mixture of two cnantiomeric species, devoid of optical activity,

10
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‘The term “chiral” refers to molecules which have the property of non-
superimposability of the mirror tmage partuer, while the term “achiral” refers to molecules which

are superimposable on thelr mirror mage parther,

Any reference to any of the compounds in the compostiions of the invention also
inclodes any physiologically acceptable salt thereof. Examples of physiclogically acceptable
salts and their physiologically functional derivatives include salis derived from an appropriate
base, such as an atkali metal (for example, sodium), an alkaline earth (for example, magnesiumy,
gramonium and NXq * (wherein X is C-Cqalkyl), or an organic geid such as Rmmaric acid, acetic
acid, succinte acid. Physiologically acceptable salts of an hydrogen atom or an amino group
include salts of organic carboxylic scids such as acetic, benzoie, lactic, fumaric, tartaric, maleic,
malonic, malic, isethionic, lactobionic and succinic acids; organic sulforic acids, such as
rncthanesulfonic, ethanesulfonic, benzenesulfonic and p-m}_ueﬂesuifm';jc acids; and inorganic
acids, such as hydrochloric, sulfurie, phosphoric and sulfamnic acids. Physiclogically acceptable
salts of a compound of an bydroxy group include the anion of said compound in combination
with a suitable cation sach as Na~ and NX, ™ (wherein X is independently selected from Hora

Cy-C4 alloyt group).

For therapeutic use, salts of active ingredients of the combinations of the invention
will be physiologically acceptable, i.e. they will be salts derived from a physiclegically
accepiable acid or base. However, salfs of acids or bases which are not physiologically
acceptable may also find use, for example, in the preparation or purification of a physiologically
acceptable compound. All salts, whether or not derived from a physiologically acceptable acid or

base, are within the scope of the present invention.

The combination may be formulated in o vnit dosage formulation comprising a fixed
amount of each active pharmaceutical ingredient for a periodic, e.g. datly, dose or subdose of the

active mgredients.

Pharmaceutical fonmulations according to the present invention comprise a
combination according 1o the invention together with one or more pharmaceutically acceptable

carriers or exciptents and optionally other therapeutic agents. Pharmaceutical foroulations

11
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contamng the active ngredient may be in any form suitable for the intended methad of
administration. When used for oral use for example, tablets, wroches, lozenges, aqueous or off
suspensions, dispersible powders or granules, emalsions, hard or soft capsules, syrups or elixirs
may be prepared (Remington’s Pharmaceutical Sciences {Mack Publishing Co., Easton, Pa.).
Compositions intended for oral use may be prepared according to any method known fo the ant
for the manufacture of pharmaceutical compositions and such compositions may contain one or
more agents including antionidants, swoeetening ageants, flavoring agents, coloring agents and
preserving agents, in order o provide a palatable preparation. Tablets containing the sctive
ingredient in admixture with non-toxic phanmaceutically acceptable excipient or anxiliary agents
which are suitable for manifacture of tablets are acceptable, Suitable excipients or auxiliary
agents inclade but are ot limited to, for example, inext diluents, solabilizers, suspending agents,
adjuvants, wetting agents, sweeteners, perfuming or flavoring sabstances, isotonic substances,
coloidal dispersants and surfactants, including, but not Hmited 1o, charged phospholipids sueh ag
dimyristoyiphosphatidylglycenin, algininic acid, alginates, acacia resin, gum arabic, §,3-butylene
glyeol, benzatkontum chioride, colloidal silicon dioxide, cetosteryl alcohol, cotomacrogol
emulsifying wax, casein, calcium stearate, cetylpyridine chloride, cetyl aloohol, cholesteral,
caloiom carbonate, CRODESTAS FA110, which is a mixture of sucrose stearate and suerose
distearate (Croda Inc.), clays, kaoln and bentonite, derivates of cellulose and salts thereof, such
as hydroxypropyl methyleeliulose (HPMO), sodiom carboxymethy! eellutose, carboxymethyl
cellalose and salts thereof, methyl cellulose, hvdroxyethyl cellulose, hydroxpropyt cellulose,
hydroxypropy! methyleelhtlase phialate, non-erystalline cellnlose, dicaloium phosphate,
dodecylirimethylanmontum bromide, dextrane, dialkylester of sodiwm sulfosuceinate {e.g.
AERQSEL OF, Amencan Cyanamid), gelatine, glveerel, glycerol monostearate, glucose, p-
isononyiphenoxypoly (glycided), also known as Oln 10-G or 10-GR surfactant {Olin Chemicals,
Stamford, Conn.); ghocamides such as octanoyb-Nemethviglocamide, decanoyi-N-
methylghicamide and heptanoyl-Nemethylglucamide, lactose, tecithin (phosphatides), maltosides
such as nedodecyi-beta-Damaltoside, mamitol, magnestunm sterarate, magnesinm aluminiom
silicates, oils such as colton oil, seed ofl, olive ofl, castor ofl and sesame ofl; paraflin, potato
starch, polyethyvlene glveol {e.g. CARBOWAX 3358, CARBOWAX 1430 and CARBOPOL
340 {Union Carbide), polyoxyethylene alkvl ester (e.2. macrogolethers such as

CETOMACROGOL 1000}, polyoxyethylene sorbitol fatty acid esters (e.p. TWEENS, K1
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Specialty Chermicals), polyoxyethylene castor oil derivatives, polyoxyethvlene steasates,
polyvinyl alcahol (PVA), polyvinylpyrrolidone (PVP), phosphates, 4-(1,1.3,3-
tetramethylbutyliphenol polymer with ethylene oxide and formaldehyde {also known as
TYLOXAPOL, SUPERIONE and TRITON), poloxamers and polaxamines (¢.g. PLURONICS
F63LF, F&7, F108 and TETRONIC 908, available from BASF Corporation, Mount Olive, N.1L),
pyranosides such as n-hexyl-beta-D-glucopyranoside, n-decyl-beta-D-glucopyranoside, n-octyl-
beta-D- glucopyranoside, quaternary ammonivm compounds, silica, sodium citrate, starches,
sorbitol esters, sodium carbonate, solid polvethylene glyeols, sodium dodecy! sulfate, sodiom
laury! sulfate (e.g. DUPONAL P, DuPont), stearic acid, sucrose, fapioka starch, tale,
thioglucosides such as n-heptyl- beta.-D-thioglucoside, tragacanth, tricthanclamine, TRITON X-

200 (Rohm and Haas); and the like.

Formulations for oral use may be also presented as hard gelatin capsules where the
active ingredient is mixed with an inert solid diluent, for example pregelatinized starch, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water

or an oil medinm, such as peanut oil, Hyuid paraffin or olive oil.

Agueous suspensions of the invention contain the active materials it admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients inchude a
suspending agent, such as sodium carboxymethylcellulose, methyleellulose, hydroxypropyl
methylceliuose, sodium alginate, polyvinvipyrrotidone, gum tragacanth and gum acacia, and
dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide with a falty scid {e.g., polvoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic aleoho! (e.g.,
heptadecacthyleneoxyeetanol), a condensation product of ethylenc oxide with a partial ester
derived from a fatly acid and a hexitol anhydride (e.g.. polyvoxyethylene sorbilan monooleate).
The aqueous suspension may also contain one or more preservatives such as ethyl or n-propyl p-
hydroxybenzoate, one or more coloring agents, one or more flavoring agenis and one or more

sweetening agents, such as sucrose, sucealose or saccharin.

(il suspensions may be formulaled by suspending the active ingredient in a vegetable

oif, such as arachis oil, olive oil, sesame oil er coconut oil, or in a minersl oil such as liquid

13
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parattin. The oral suspensions may contain a thickening agent, such as beeswax, hard paraffin or
cetyl alcohol. Sweetening agents, such as those set forth above, and flavering agents may be
added to provide a palatable oral preparation. These compositions may be preserved by the

addition of an antioxidant such as ascorbic acid, BHT, ste.

Dispersible powders and granales of the invention suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetting agent, a suspending agent, and one or more preservatives. Suitable
dispersing or wetting agenis and suspending agents are exeraplified by those disclosed above.
Additional excipients, for example sweetening, flavoring and coloring agents, may also be

present,

According to another embodiment of the invention, provided is a pharmaceutical
composition in the form of a dispersible tablet. Dispersible tablets are intended to be dispersed
in water before administration, providing a homogeneous dispersion. Dispersible tablets

drsirtegrate within, for exarople, 3 minuies using water at 15-25°C.

The pharmacentical compositions of the invention may also be in the form of ofl-in-
wates emulsions or liposome formulations. The oily phase may be a vegetable oil, such as olive
o1l of arachis o1, a mineral oil, such as Hquid paraffin, or a2 mixture of these, Suitable
emulsifying agents wclnde naturally-ocourring gums, such ss gum acacia and gum tragacanth,
naturally oceurring phosphatides, such as soybean lecithin, esters or partial esters derived from
fatty acids and hexitol anbydrides, such as sorbitan monooleate, and condensation products of
these partial esters with ethylene oxide, such as pelvoxvethyvlene sorbitan monooleate. The
ermulsion may alse contain swestening and flavoring agents, Syrups and elixirs may be
formulated with sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may

also contain a demuleent, a preservative, g flavoring or a coloring agent.

The amount of active mgredient that may be combined with the cartier material to
produce a single dosage form will vary depending upon the host treated and the particular mode
of admunistration. For example, a tfime-release formulation intended for oral administration to

hurnans may contain approximatety 1 to 1000 mg of active material compounded with an

14
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appropriaie and copvenient amod of carier matarial which may vary Som sbout § o about

&

53% of the total compositions (wolghtweight), The pluemecentioal eomposition can be prepared
0 provide easily meastrable amonnts S administration. As noted above, formudations of the

present nvention suitahie for oral administralion may be presented as disoreto units such as

capsutes, cachets or fablets cach containing & predetennined amount of the active tngredient; as 2

povder o gramules! as @ soluhion or & suspenaion I an aqueous or son-agquecus Hauid or as an

cif-inwator gmid emmuilsion or g water ineoil Haud evmalaion,

The combingtinns of the invention may conveniently be presented a9 2 pharmacentiond

formudation m o wilary dosage foreu & conventont wnitary dosage formudation contains the
sotive ngrodionts v any amotnt from Tmg o 1 g each, for example but not Himited t, W0 mg o
SO0 g for each activo ingrediont. i coviain embodimenss, 3G mg to 300 mg of cach active

mprodient can be used,

Segregation of sotive fugredions fo pharmaceutical powders and gramulations fs a

iy

widely recogmzed problem that can vesuly In inconsistent dispersions of the active ingredients in
fimal dosage forms. Some of the main factors comtuibuting 1o segregetion ave pasticle size, shape
and density. Segregation 18 partioularty rouhlegome when atiempting 1o formulate s single

b

Bomogenous fablel containing multiple sctive ingredients having Hiffereny dereitios and diferon

b

particle sizes. Glidants are substancss that have radittonally been wsed 1o improve the Sow

chiavactensties of gramalations and powders by reducing Interpaniculate frivtion. See

L+

Frer
-
.y

L
o _E:?.

Licberman, Lachman, & Sohwards, Plormmacasiond Hosage Forms: Tallets, Foboue
P78 {1589, weorporated horein by roference. Glidtants sve typically addedt to pharmacenionl
compositiony imnisdiately priov to tublet compression o facilitate the Sow of gramday waterial
e the die cavities of tabley prosses. Glidanis inclade: colleidad silicon dioxide, ashestos free
talke, sodium aluminosilicate, calelum silicute, powdersd cellulose, miovoorystaiiine callulose,
comn stavely, sodium benzoate, calohum carbonate, magnesium carbonate, mastallic stoarates,
calciom sigaraie, wagneshum stearate, xine stearaie, steavowet T, staveh, starch 1500, mugneshay
tmavyt ontfate, and magneshum oxade. The novel compositions of the present fnvention may
contain glidants to offect and mainfain homogenstty of active ingrodients during haondling prioy

o tbstet compression.
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Conpesitions of the present invention are administered to a hwman or other mammal
in a safe and therapeutically effective amount as described herein. These safe and therapeutically
effective amounts will vary according to the type and size of mammal being treated and the
desired results of the treatment. A “rtherapentically effective amount” is an amount effective for
treating tuberculosis. The term “treating”, with regard to a subject, refers to improving at least
one symptom of the subject's disorder. Treating can be curing, improving, or at least partially

ameliorating the disorder.

Any of the vanous methods known by persons skilled in the art for packaging tablets,
caplets, or other solid dosage forms suitable for oral administration, that will not degrade the
components of the present invention, are suitable for use in packaging. The combinations may be
packaged in glass and plastic bottles. Tablets, caplets, or other solid dosage forms suitable for
oral administration may be packaged and contained in various packaging materials optionally
including & dessicant e.g. silica gel. Packaging may be in the form of unit dose blister packaging,
For example, a package may contain one blister tray of tenofovir DF and another blister tray of
emtricitabine pills, tablets, caplets, or capsule. A patient would take one dose, e.g. a pill, from
one tray and one from the other. Allernatively, the package may contain a blister tray of the co-
formulated combination of tenofovir DF and emtricitabine in a single pill, tablet, caplet or
capsule. As in other combinations and packaging thereof, the combinations of the invention

mclude physiclogical functionsl derivatives of tenofovir DF and FTC.

The packaging material may also have labeling and information related to the
pharmaceutical composition printed thereon. Additionally, an article of manufacture may contain
a brochure, report, notice, panphiet, or leaflet confaining product information. This form of
pharmaceutical information is referred to in the pharmaceutical industry as a “package insert.” A
package msert may be attached to or included with a pharmaceutical article of manutaciore. The
package insert and any anticle of manufacture labeling provides information relating to the
pharmaceutical composition. The information and labeling provides various forms of
information utilized by health-care professionals and patients, describing the compaosition, its
dosage and various othey parameters required by regulatory agencies such as the United Sates

Food and Drug Agency.
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Examples

The following examples firther desoribe and demonstrate particolar embodiments
within the scope of the preseat invention. Techniques and formulations generally are found
in Remingion’s Pharmacewtical Sefences (Mack Publishing Co., Haston, Pa). The disclosure &
further HHustrated by the following examples, which are not {0 be construed as lmiting this
disclosure 1 seope ot spirit to the specific procedures herein deseribed. ¥ is to be understoad
that the examples are provided to Hustrate certain embodiments and that o Hmitation to the
seope of the disclosure is intended thereby, [t is to be further understoad that resort may be had
to vanous other embodiments, modifications, and equivalents thereof which may suggest
themselves to those skifled i the art withowt departing from the spirit of the present discloswee

and/or scope of the appended claims.

Materials and Methods
Mycobacterial straln, M swdercidoris HITRvY was mouse-passaged, frozen in
aliquots and sub-cultured in Middiebrook THS broth with 10% olsie acid-albumin-dextrose-

catalase (OADC) (Fisher, Prtisburgh, PAY and 0.03% Tween 80 prior to infection,

Antimicrohials, INH, RIF, PZA, BDQ, PMD and LID were obtained and formulated
for oral adminisiration as previously described (9, 16, 12, 13), SZD (prepared in g PRG-
200/0.5% methyleellulose suspension) and TZD {prepared as phosphate prodrug dissolved in
water) were synthesized by WX (Huber, China). AZD {prepared as disodiuvm phosphate
prodeug dissobved i (.3% detrose and 0.9% saline) was provided by Astrafenseca. RWI
{prepared m 0.5%

methylcelhulose) was provided by Johmson and Johnson,

Fharmacokineties of sxazelidinones. Uninfected fomale BALB/ mice weighing
approximately 20 g received single doses of SZD (38 mgkg), LED (00 mgke), TED G or 20
mg/kal or ALD 50 or 200 mg/kg). Three mice per dose per time point were sampled by cardiae
pmeture at 0.5, 1, 4, 4, 8 and 24 howrs post-dose {plus an additional 16 hour time point for
AL, Plasma drug concentrations were quantified by a validated LO/MS miethod perfurmed at
Astradencea (for AZD only} (141 or Rutgers New Jersey Medical School {for other
oxazoidinones). Standards for the ditferent oxazolidinones were provided by the sponsors, Af
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Rutgers, analytes of interest were extracted by combining 20 gl of mouse plasma with 20 pl of
acetonitrolerwater {1:1}, and 180 ul of methanol:acetonitrile {1:1} containing 10 ng/mi of
verapamil {Sigma-Aldrich) as intersal standard. The mixture was vortexed and centrifoged, and
100 pL of the supernatant was recovered and combined with 100uL of water for analysis.
LC/MS-MS analysis was performed with an Agilent 1260 LC-system coupled to an AB Sciex
43040 Q-trap Mass Spectrometer (positive mode, electrospray ionization), and an Agilent column
SB-C8, 2.1 x 30mm, 3.5 ym, with the column temperature fixed at 24°C. Mobile phase A was
1.1% formic acid in 100% HyO and mobile phase B was 0.1% formic acid in 100% acetonirile.
Injection volumes were routinely 2 ul. The Mass Selective Detector was set to MRM (multiple
reaction monttoring) mode using positive polarity ionization, monttoring for the ions of interest
SZE (m/z 354.12/382.04), BZD-MI370.13/238.12), LZD(338.00/235.00), and
TZD(371.12/343.00) and the internal standard (mv/z 455.4/165.2). The lower limit of
guantification for all oxazelidinones was $ ng/ml. PK parameters were determined by non-

comparimental analysis using WinNonlin 6.4 {(Certara, Princeton, NJ}.

Aerosol mfection with M, wberculosis, All animal procedures were approved by the
lohns Hopkins Universily Animal Care and Use Committee. High-dose agrosol infection was
performed as previously described (15). Briefly, $-to-6-week-old fomale BALB/c mice {Charles
River, Wilmington, MA} were infected with Mycobacterivam tuberewlosis H37Rv, using the
inhalation Exposure System ((Glas-Col, Terre Haute, IN} and a fresh log phase broth culture
{optical density at 600 nm of 0.8-1.0) with the goal of implanting 3.5-4.0 log)s CFU in the fungs
of each mouse. Two or three mice from each asrosol infection run (Examples 1, 2, 4) or five
myce from the only run {Examples 3a and 3b) were humanely killed 1 day after infection and on
the day of treatment initiation (D0} to determine the nwmber of bacteria implanted in the lungs

and at the start of treatment, respectively.

Chemotherapy. Mice were block-randomized by aerosel ran to experimental anmns
prior to treatment. Treatment was initiated 14-17 days afler infection. Treatment was
administered once datly, 5 days per week, by gavage. Except for dose-ranging monotherapy
examples, drug doses (in mg/kg) were: INH (103, RIF (10), PZA (150), BDG (25), PMD (50 or
100}, SZD (50, LZD (50 or 100), TZD (16), AZD (125) and RWI (100) (12, 14, 16-18). Each
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drug was administered once daily, by gavage, 5 days per week. For all combinationg, PMD was
administered immediately after the dose of BDQ +/- PZA, which were fornmdated together (9,

12} Oxarolidinones wers administered at least 4 hours later,

in Example 1, control mice received RIFHNHAPZA for 2 months followed by

RIF+HINH alore for a total of ap to 4 months. To compare the contribution of SZD and LZD., test
mice recetved a 3-drug combination of BDQ and PMD {30 mg/kg) plus either SZD (50 mg/kg)
or LZD {100 mg/kg}, or each |- or 2-drug component comprising these 3-drug regimens. Ons-
and two-drug regimens were Hited to 1 and 2 months of treatiment, respectively, except that the
BDQ+PMD combination was given for ap to 4 months along with the 3-drug combinations. In
Example 2, the contribution of LZD to regimens containing BROAPMD plus PZA was assessed.
Control mice received BDOHPZA plus PMD at either 30 or 100 mg/kg. Test wice received
BOOGHPLAHPMD (100 mg/kg) plos LZD (100 mg/kg) for up to 2 months. One cohort received

LZD for the entive 2 months. Another received LZD for the first month only.

Assessment of treatment efficacy. Efficacy was assessed on the basis of hung CFU
counts at selected time points during treatment (3 measure of bactericidal activisy) and the
proporiion of mice wi th culture-positive relapse after treatment completion (& messure of
steritizing activity)l. Quantitative coltures of fung homogenates were performed in parallel on
THI1 agar enviched with OADC (basic agar) and on basic agar supplemented with 0.4%
activated charcoal t reduce drag carvyover stfects (12). Plates were tnenbated for up to 42 days
at 37°C before tinal CFU coumts were determined. Lung CFU counts were assessed in four or
five mice per freatment group at each time point in Examples 1 and 2, respectively. The
proportion of mice with culture-positive relapse was determined by holding coborts of 1320
muce for 3 additional months after completion of treatment, then sacrificing them to determine
the proportion with positive lung cultures, as defined by 1 CFU of M. wberculosis detected
atter plating the entire hung homogenate onto five TH1 T plates with and without 0.4% activated

charcoal,

Statistical apalysis. CFU counts (x) were log-transformed as (x+1) before analvsis

and group means were compared by one-way analysis of variance with Dunnetl's post-test to
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control for multiple comparisons. Group relapse proportions were compared using Fisher's exact
test, adjusting for multiple comparisons. GrapbPad Prism version 5 (GraphPad, San Diego, CA)
was used for all analyses. Use of 15 mice per group for relapse assessment provides greater than
80% power to detect 40 percentage point differences in the relapse rate, after seiting & at 8.01 to
adjust for up to 5 simultaneous two-sided comparisons. Smaller differences mav not be

meanngful in terms of shortening the duration of treatment,

Examule 1

Contribution of LZD and 5ZD (o novel combinations with BBO+PMD

Example |

i was performed to evaluate whether the marketed axasclidinone LED s able

0 replace 8452 i thag combination without loss of efficacy and to clavify the conteibution of

sach drug component to the sotivity of the

-
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faing

17 2 027 The long OFU counts after 1,2, and 3

F counis Suring treaiment.

oominnadion,

’i‘s‘ﬁi}ﬁi& §

The wean OFU comnt 50 Y st the st
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avi of estrnent was

nronths of weatmont ave prosonted i Table §:

Proportion (%)
Mean (+8D) logis CFU count at®: velapsing affer
freatment for
Drug Regimen B3 0§ M1 M2 M3 2 3 4
mos | mes | mos
Unireated 26828,13 1 & 178027 6 4TH008
IRIFFINHHPIAS 3472037 1 155025 1 050051 13718 1 120
RIF+INH CURRS
BG 3.2440.258
BMD EETOT
LD 497638
SED 3.85:0.37
BHGHEMD 4212040 1 162:039 1 08231036 1 18/18 1 10418 1 320
(00 60y | (10
RDOLED 2824018 1] 914066
L BDOHSED 2 8R:.GT  0.6320.50
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PMIHLID 323041 | 1.48:0.12
PMDHRZD ' 652033 | 0.2%330.40
BDOFPMDALED | 3.28:0.65 1 (342041 | 000000 1 1151 9141000
(B0 ¢ @)
BOOAPMIHETD (.9440.14 | 0.0050.00 14201 1714
{70 {7}

* Time points are shown iy days fe.g, D13, day-13; TH), day 03 or months (e, M1, 1 month) of

freatinent.

As expectad, RIPAPINH-PZA reduced the mesn lung CFU count by 2.70 log:, and by
4,58 loge sfler 1 and 2 months of treatment, respectively, and left fower than 18 CFUknouss
afier 3 months of treatment, Due 1o the previously described amtagonism of PMD on BDQ
activity (7, 12}, BDOHPMD had lower activity than BDG alone over the first month. However,
s aotivity wae virlally identical to that of the frst-line reghmen over 2-3 months. Addition of
SL1 wignificantly mereased the inttial bactericidal aotivity of BDO-PMD (p< 6.001), renslering
ail mice eolture-negative batween 1 and 2 montbs of treatment. The activity of BDOFMD+SFD
was significamly greater than that of RIF+INH+PZA after 1 and 2 months of treatment (p<
0.6501}. Addition of LZD also ggnificantly mereased the activity of BDOPMD (o< 0.01) and
produced activity supsticr 1o that of RIF +INH+PEA after 2 and 3 months of ssatment {p<
(L0071}, All 2-drug combinations had inferior activity compared to the 3-drug combinations of
BOQHPMD plus 3210 or LED at 2 months (p< .01, confirming that sach component drag
contributes o the efficacy of the 3-drug combinations, However, the 3-drog L¥D-comaining
regivaen was only superior to BDOHLZD afier 2 months of treatment, L2 D-containing regimens

prosfuced migher CFU counts comapared to thetr SED-containing comparaior regimen,

Relapse after reqiment complerion. The relapse reaulis are displayed in Table
Treatment with the firet-line reghyen for 3 and 4 months rosulted m relapse of 12 (87%) of 15
and 1 (3%} of 20 mice, respectively. The higher cure rate compared o provious examples is due
tor the lower than usual bacterial burden at the initiation of treatment. Consistent with the COFU
couid resuits, treatmend with BOCHFMD produced relapse resulis sinilar to ii}ﬁb first-fine
regimen alier 3 and 4 months but did not prevent relapse afler just 2 months of reatment.
However, uniike the reore rapid decline in CFU counts with the 3-drug regimen containing 325

compared to LZD, the two BROAPMEHoxazolidinone regimens bad similar steribizing aotivity.
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While only the difference between the SZD-containing regimen and BDQ+PMD alone was
statistically significant afier 2 months of trestment, both oxazolidinone-containing regimens
resulted in significantly fewer relapses after 3 months of treatment compared o both BDQ+PMD

and the first-line regimen.

Exanpte 2
Contribution of LZD t¢ BDOQ+PZA+PMD
It was previously reported the polent sterilizing activity of BDQ+PZA4SZD in mice
and the additive sterihzing activity of PMD (7, 9, 10, 12). After observing that LZD had
comparable sterilizing activity to SZD in combination with BDGHPMD in Example 1, LZD
could also replace SZD in the BDQHPZA+PMIDHSZD combination. The mean CFU count at the
start of treatiment was 7.92 £ 0.26, The lung CFU count and relapse results are displayed in Table
2

Table 2
Lung CFU counts assessed during treatment and proportion of mice relapsing after
trestiment completion
Proportion (%%}
Mean (50} logis CFU count at™ relapsing after
frestment for:
Regimen D-13 Do hill M2 1.5mes | 2 mes
Untreated 442 | 792202 | |
- 2015 6
RIF+INH+PZA ' 1206203
BRQPLAVPMIDsy : 291103 § 0.9510.3
: 3 _ g
BDOHPZAFPMD 2.93£0.3 1 00601 (915 {60) 1 1/15(T)
: 1 3 :
1 .11%0.2 540y | O/15{0)
i BOQHPZAPMB+LE 4
1 1 BDQ+PZALPMD _ _
| BDOAPZAPMDHLY, 0450y | 11S5(D)
= :

* Time points are shown in days (e.g., D13, day-13; DO, day 0 or months {e.g., M1, | month) of
treatment.
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As previcusly observed, BDOHPZA+PMD had significantly greater hactericidal
aciivity compared to RIFHNH+PZA (p< 0.001). Greater activity was observed when PMD was
dosed at 100 rather than 50 mg/kg, but the difference was only noted afler 2 months of treatment
(p< 0.01}. The higher PMD dose helped render all mice but one culture negative at this time
point, The addition of LZD had a dramatic effect on efficacy, significantly reducing the CFU
count at 1 month {p< 4.001} and rendering all mice but one culiure-negative one month carlier.
The addition of LZD to BDQPZA+FMD also significantly reduced the proportion of mice
relapsing after 1.5 months of treatment from 60% 1o 0% (p< 0.001), irrespective of whether LZD

was discontinued after the first month of tregtment.

Example 3
Contribution of oxazelidinones to sovel combinations with BDOHPMD

Example 3 was performed to confirm the additive sterilizing activity of $ZD and LZD
when added to BDOHPMD in Example 1 and to evaluate whether reducing the LZD dose by
50% or limiting the duration of LZD to the first 1-2 months would significantly affect its

contribution,

Lung CFU counts during treatment. The mean CFU count at the start of treatment
was 7,74 + 0.20. The lung CFU counts observed atter |, 2 and 3 months of {reatment are
presented inTable 3. RIFHINH+PZA reduced the mean lung CFU count by almost 6 logg over 2
months of treatment. BDO+PME alone had modestly lower activity over this period. As
previously observed, addition of SZD 50 mg/kg conferred superior activity compared to LZD
00 mg/ky, although both oxazolidinones significantly increased the initial bactericidal activity
of BDO+PMD. However, results with BDQ4PMDHLZD 100 mg/'kg were similar whether LZD
was discontinued after I month or continued for 2 months, Stmilarty, use of LZD 30 mg/kg in
place of 100 mg/kg resulted in higher CFU counts at 1 month, but not 2 months, suggesting that
the total LEZD dose achieved with 100 mg/kg for 1 month or 50 mg/kg for 2 months sutficiently
maximized the contribution of LZD to the regimen. RWT at 100 mg/kg performed very similarly
to LZD at 50 mg/kg, whereas AZD and TZD were somewhat less effective. Compared to

BDG+PMID slone, all oxazolidinones significantly increased bactericidal activity at | and 2
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months, except TZD at the 1-month time point {(p< 0.0 for AZD and for TZD at M2; p< 0.001

for other oxazolidinones).

Relapse afier reatment completion. The relapse results are displaved in Table 3:

Eung CFU counts assessed during treatment and proportion of mice relapsing after

Table 3

treatment completion

Mean &S0} logye CFU count at™

Proportion (%)
velapsing after
treatment for:

Regimen 3-13 )] BEl M2 2 mos 3 mos
1 Untreated 3962001 7.7430.2
8 g
IRIF+INH+PZA/ 1.94+0.72 £/14
IRIF+INH 7 (57}
BDQ+PMD 448021 233203 1 314
0 0 (21}
BDOQ-BPMDHTZD 4.2040.1 § 1.6740.4
- 1 I
BDQ+PMDHAZD 4.0740.3] 1.43£0.3
: & &
BDO+PMD+R W] 13.63£0.11 0.54+0.4
g T
BDQ+PMD-LZD - 3.48+0.31 039202 |
50 1 6 6
1BDQHPMDHLZ 2.69+0.31 0.93:0.4 9/15 G/15
D0/ ' 7 9 {60} {0}
BDO+PMD _
2BDG+PMDHLE, 1 0.6640.3 6/15 /15
Do 9 (40} &
BDO+PMD
PBDO+PMDHLZ 8712
Bhgo/ (ﬂ;}
BDGHEMDHLZD
50
BDO+PMDHLZD /15
1100 (0
| BDOPMDHSZD 1.88:0.21 .60£0.0 {1 1/14 o/14
2 0 () {B)
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" Time points are shown in days (e.g., D-13, day-13; DO, day 0) or months {e.g., ML, 1
month) of treatment, .

Treatment with the first-line regimen for 3 months resulted in relapse of § {(37%) of 14
mice. Treatment with BDQ+PMD produced numerically superior results, with just 3 {21%) of 14
mice relapsing at 3 months, although this differcnce was not statistically significant. Addition of
SZE to BDOHPMD resulted in only one relapse after just 2 months of treatment, a resolt that
was at Jeast as effective as 3 months of BDOAHPMD and more effective than 3 months of the
first-line regimen. Addition of SZD at 50 mg/kg also resulted in fewer relapses than did the
addition of LZD 100 mg/kg for 2 months, although the difference did not reach statisticat
significance. Use of LZD at 100 my/kg for the first month only was less effective than SZD for 2
months, but not significantly different from LZD 100 mg/kg for 2 months. Similarly, among
regimens administered for 3 months, no relapse was observed irrespective of whether LZD 100
mg/kg was continued throughout or discontinued after 1 or 2 months, or replaced with LZD 50
mg/kg after 2 months. In a post Aoc analysis comparing BDQ+PMD to all BDOHPMDHLZD
regimens, the addition of LZD 100 mp/kp for at least one month resulied in fewer relapses after 3

months of freabment,

Summary of Examples 1-3:

Oxarolidinone pharmacokinetics in BALB/c mice are presented in Table 4:

Table 4
Pharmacokinvetic parameters atfter single dose oral administration of sutezolid, inezolid,
tedizolid or AZDS5847 in BALB/c mice

AUCH-
Compound 3/ Tmaxy Cmax 24hy
{dose, mg/kg) he ke ng/mi  hreng/mi
Sutezolid Mean 2.8 4.5 1292 3359
50 SB35 4.0 07 490
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Sutezolid M1  Mean 8.5 15233 319458
Sp 0.0 7875 5853
Linezolid Mean 3.8 6.5 81833 243547
160 SD 2.3 0.0 32240 31577
Tedizolid Mean 3.0 8.7 6417 46414
16 S 04 0.3 624 2942
Tedizohd Mean 39 8.5 11433 71698
26 S 14 0.0 1665 6107
AZD5847 Mean 24 8.7 20433 T4761
59 S 02 &3 2079 6138
AZDSR4T Mean 8.6 8.7 31387 220246
200 S 29 0.3 1270 34953

As previously described (18), oral administration of SZD at 50 me/kg resulted in vapid
and extensive metabolism to the active sulfoxide M1 metabolite (alse known as PNU-101603)
for which the mean AUCqo0 and Cu were approximately 10 times higher than that of the SZD
parent. Overall, the SZD and SZD M1 AUC, 24, values were similar to o, in the case of 82D,
modestly lower than the geometric means observed in TR patients receiving 1,200 mg per day
(8} LZD showed the highest exposure among the tested compounds with AUCy 4, of 244
hr*ag/mL that is comparabie 1o the average among TB patients receiving 1,200 mg daily (19,
20). TZD exposure was dose proportional from 10 mg'kg to 20 mgkg. For the 10 mg/kg dose
evaluated in the efficacy study, the total drug TZI) AUC04, 0f 40 hr¥ug/ml, was similar to that
determined in other infection models (21-23). Inserpolating between the mean AZD AUC -4
values produced by the 50 and 200 mg/kg doses, the predicted AUC04, of 160-190 hr¥ug/ml
produced by the 125 mg/kg dose used in the combination efficacy study (Example 3 below) is
similar to the steady state AUC 24, in healthy luman volunteers receiving 800 mg twice daily

{24), the highest dose administered in a recent dose-ranging trial of early bactericidal activity.

The oxazolidinones were cleared relatively rapidly, with t» values between 2.8 to 3.9 hrs. ALIC,.

24 values from all the compounds were approximately equal to AUC:, values (& 98%),

suggesting that no accumulation would be expected after multiple doses in BALB/¢ mice.
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The invention is fiwther described in the following numbered paragraphs:
I. A pharmacentical composition, comprising a therapeutically effective amount of each of
linezolid, bedaquiline and pretomanid, and optionally pyrazinamide, or a pharmaceuiically
acceptable salt of each thereof, and a pharmacentically acceptable carrier. JADD CLINICAL
DOSAGESL

2. The pharmaceutical composition according to paragraph 1, wherein linezolid is at a dosage of

O mgks

3. The pharmaceutical composition according to paragraph 1, wherein Hnezolid is at a dosage of
P £ &

A0 mgkg.

4. A method for the treatiment of tuberculosis, comprising the step of administering to a patient
in need thereol a therapeutically effective amount of each of linezolid, bedaguiline and
pretornanid, and optionally pyrazinamide, or a pharmaceutically acceptable salt of each thersof

and a pharmaceutically acceptable carrier,

5. The method according to paragraph 4. wherein linezolid is administered for up to three

maonths.

6. The method according fo paragraph 4, wherein linezolid is administered for up fo two months.

3

. The method according to paragraph 4, wherein linezolid is administered for up to one month.

&. The method according to paragraph 4, wherein hinezolid is administered for up to one to two

months at 100 mgkg per day.

9. The method according to paragraph 4, wherein linezolid is administered for up to two months

at 50 mg/'kg per day.
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10. The method according to paragraph 4, wherein linezolid is administered for up to one month

at 100 mg'kg per day.

11. The method according to paragraph 4, wherein linozolid is administered at a dosage of 600

mg once daily for the first one to two months,

12, The method according to paragraph 4, wherein linezolid is re-administered after a one to two

week drug holiday.

13. The pharmaceutical composition according fo paragraph 1, wherein bedaguiline is at a

dosage of 200 t0 400 mg qd.

14. The method according to paragraph 4, wherein bedaguiline is administered at 400 mg qd for
two weeks followed by 200 mg tiw,

{5, The pharmaceutical composition according to paragraph 1, wherein linezolid is at a dosage

of 600 mg bid or 1200 mg gd.

16. The pharmacentical composttion according to paragraph 1, wherein pretomantd is at a

dosage of 100 to 200 mg gd.
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It is to be understood that the invention is not limited to the panicular embodiments of the
invention described above, as variations of the particular embodiments may be made and stil] fall

within the scope of the appended claims,
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We claim

1. A pharmaceutical composition, comprising a therapeutically effective amount of each of
linezolid, bedaquiline and pretomanid, and optionally pyrazinamide, or a pharmaceutically
acceptable salt of each thereof, and a pharmaceutically acceptable carrier.

2. The pharmaceutical composition according to claim 1, wherein linezolid is at a dosage of 100
mag/kg.

3. The pharmaceutical composition according to claim 1, wherein linezolid is at a dosage of 50
mg/Kkg.

4. A method for the treatment of tuberculosis, comprising the step of administering to a patient
in need thereof a therapeutically effective amount of each of linezolid, bedaquiline and
pretomanid, and optionally pyrazinamide, or a pharmaceutically acceptable salt of each thereof,
and a pharmaceutically acceptable carrier.

5. The method according to claim 4, wherein linezolid is administered for up to one to two
months at 100 mg/kg per day.

6. The method according to claim 4, wherein linezolid is administered for up to two months at
50 mg/kg per day.

7. The pharmaceutical composition according to claim 1, wherein bedaquiline is at a dosage of

200 to 400 mg qd.
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8. The method according to claim 4, wherein bedaquiline is administered at 400 mg qd for two
weeks followed by 200 mg tiw.

9. The pharmaceutical composition according to claim 1, wherein linezolid is at a dosage of 600
mg bid or 1200 mg qd.

10. The pharmaceutical composition according to claim 1, wherein pretomanid is at a dosage of

100 to 200 mg qd.

Dated this 13" day of April 2018

N
NAMRATA SHADHA
OF K & SPARTNERS

AGENT FOR THE APPLICANT(S)
IN/PA-1904
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ABSTRACT

“COMBINATION ANTIBACTERIAL COMPOSITION AND SHORT-COURSE
ANTIBACTERIAL REGIMEN?”

The present invention relates to therapeutic combinations of anti-bacterial agents linezolid,
bedaquiline and pretomanid, and optionally with pyrazinamide, in a short-course oral dosage

regimen for the treatment of tuberculosis.
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B u.s. National Library of Medicine ANNEXU RE - 2

ClinicalTrials.gov

Trial record 1 of 1 for: nct02333799

Previous Study | Returnto List | Next Study

A Phase 3 Study Assessing the Safety and Efficacy of Bedaquiline Plus PA-824 Plus Linezolid
in Subjects With Drug Resistant Pulmonary Tuberculosis

The safety and scientific validity of this study is the responsibility of the study sponsor and
A investigators. Listing a study does not mean it has been evaluated by the U.S. Federal
Government. Read our disclaimer for details.

ClinicalTrials.gov Identifier: NCT02333799

Recruitment Status @ : Active, not recruiting
First Posted @ : January 7, 2015

Last Update Posted @ : April 24, 2020

Sponsor:
Global Alliance for TB Drug Development

Information provided by (Responsible Party):
Global Alliance for TB Drug Development

Study Details Tabular View No Results Posted Disclaimer How to Read a Study Record

Tracking Information

First Submitted Date 'MJE

January 6, 2015
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First Posted Date '“MJE

January 7, 2015

Last Update Posted Date
April 24,2020

Study Start Date '“ME

March 2015

Actual Primary Completion Date

January 14,2019 (Final data collection date for primary outcome measure)

Current Primary Outcome Measures 'MJE

(submitted: May 15, 2018)

Incidence of bacteriologic failure or relapse or clinical failure through follow up until 6 months after the end of treatment.
[ Time Frame: Treatment Period: Day 1, Week 1,2, 4, 6, 8, 12, 16, 20, 26, 30, 34, 39 Follow Up: Month 1,2,3,6,9, 12, 15, 18,
21,24]

Bacteriologic failure: During the treatment period, failure to attain culture conversion to negative. Bacteriologic
relapse: During the follow-up period, failure to maintain culture conversion to negative status in culture, with
culture conversion to positive status with a Mycobacterium tuberculosis (M.tb.) strain that is genetically identical to
the infecting strain at baseline. Clinical failure: A change from protocol-specified TB treatment due to treatment
failure, retreatment for TB during follow up, or TB-related death. Note: Culture conversion requires at least 2
consecutive culture negative/positive samples at least 7 days apart. Subjects who are documented at a visit as
unable to produce sputum and who are clinically considered to be responding well to treatment will be considered

to be culture negative at that visit.

Original Primary Outcome Measures '“M/E

(submitted: January 6, 2015)

Incidence of bacteriologic failure or relapse or clinical failure through follow up until 24 months after the end of treatment.
[ Time Frame: Treatment Period: Day 1, Week 1, 2, 4,6, 8, 12, 16, 20, 26, 30, 34, 39 Follow Up: Month 1, 2, 3,6, 9, 12, 15, 18,
21,24]

Bacteriologic failure: During the treatment period, failure to attain culture conversion to negative. Bacteriologic
relapse: During the follow-up period, failure to maintain culture conversion to negative status in culture, with
culture conversion to positive status with a of Mycobacterium tuberculosis (M.tb.) strain that is genetically identical
to the infecting strain at baseline. Clinical failure: A change from protocol-specified TB treatment due to treatment
failure, retreatment for TB during follow up, or TB-related death. Note: Culture conversion requires at least 2
consecutive culture negative/positive samples at least 21 days apart. Subjects who are documented at a visit as
unable to produce sputum and who are clinically considered to be responding well to treatment will be considered

to be culture negative at that visit.

Change History



Complete list of historical versions of study NCT02333799 on ClinicalTrials.gov Archive Site

Current Secondary Outcome Measures '“M’E

(submitted: January 6, 2015)

* Time to sputum culture conversion to negative status through the treatment period. [ Time Frame: Day 1,
Week 1,2, 4,6, 8, 12, 16, 20,26, Month 1, 2, 3, 6, 9, 12, 15, 18, 21, 24 |

* Proportion of subjects with sputum culture conversion to negative status at 4, 6, 8, 12, 16 and 26 or 39 weeks.
[ Time Frame: Week 4, 6, 8, 12, 16, 26,39 ]

* Incidence of Treatment Emergent Adverse Events (TEAEs) presented by incidence, and seriousness, leading
to TB related or non-TB related death. [ Time Frame: Day 1, Week 1, 2, 4, 6, 8, 12, 16, 20, 26, 30, 34, 39, Follow-
up Month 3,6, 9, 12, 15, 18, 21, 24 ]

* All Subjects- Pre-dose sampling at weeks 2, 8 and 16 to measure Ctrough levels of bedaquiline, bedaquiline
metabolite M2, Linezolid and PA-824. [ Time Frame: Weeks 2, 8 and 16 ]

¢ Time to sputum culture positivity [ Time Frame: Treatment Period: Day 1, Week 1, 2, 4, 6, 8, 12, 16, 20, 26, 30,
34,39 Follow Up: Month 1, 2, 3,6,9, 12,15, 18, 21, 24 ]

If liquid culture in the MGIT platform is used, the rate of change in time to sputum culture positivity (TTP)
over time in the Mycobacterial Growth Indicator Tube (MGIT) system in sputum, represented by the model-

fitted log(TTP) results as calculated by the regression of the observed log(TTP) results over time.

Original Secondary Outcome Measures '“M/E

Same as current

Current Other Pre-specified Outcome Measures
Not Provided

Original Other Pre-specified Outcome Measures

Not Provided

Descriptive Information

Brief Title 'MJE

A Phase 3 Study Assessing the Safety and Efficacy of Bedaquiline Plus PA-824 Plus Linezolid in Subjects With Drug Resistant
Pulmonary Tuberculosis

Official Title '“MJE

A Phase 3 Open-label Trial Assessing the Safety and Efficacy of Bedaquiline Plus PA-824 Plus Linezolid in Subjects With

Pulmonary Infection of Either Extensively Drug-resistant Tuberculosis (XDR-TB) or Treatment Intolerant / Non-responsive


https://clinicaltrials.gov/ct2/history/NCT02333799
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Multi-drug Resistant Tuberculosis (MDR-TB).
Brief Summary

The purpose of this study is to evaluate the efficacy, safety, tolerability and pharmacokinetics of bedaquiline plus PA-824
plus linezolid after 6 months of treatment (option for 9 months for subjects who remain culture positive at month 4) in
Subjects with either pulmonary extensively drug resistant tuberculosis (XDR-TB), treatment intolerant or non-responsive
multi-drug resistant tuberculosis (MDR-TB).

Detailed Description

Not Provided

Study Type '“MJE

Interventional

Study Phase '“MJE

Phase 3

Study Design '“MJE

Allocation: N/A

Intervention Model: Single Group Assignment
Masking: None (Open Label)

Primary Purpose: Treatment

Condition '“MJE

Pulmonary Tuberculosis

Intervention 'MJE

* Drug: Bedaquiline
100mg tablets
Other Names:
o B
o TMC-207
* Drug: PA-824
200mg tablets
Other Names:
° Pa
© pretomanid
* Drug: Linezolid

Scored 600mg tablets
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Other Names:
o L

o Lin

Study Arms 'CMJE

Experimental: Bedaquiline + PA-824 + Linezolid

bedaquiline 400 mg once daily for 2 weeks then 200mg 3 times per week plus PA-824 200mg once daily plus
linezolid 1200mg once daily .

Interventions:
* Drug: Bedaquiline
* Drug: PA-824

* Drug: Linezolid

Publications *

Conradie F, Diacon AH, Ngubane N, Howell P, Everitt D, Crook AM, Mendel CM, Egizi E, Moreira J, Timm J, McHugh TD, Wills
GH, Bateson A, Hunt R, Van Niekerk C, Li M, Olugbosi M, Spigelman M; Nix-TB Trial Team. Treatment of Highly Drug-
Resistant Pulmonary Tuberculosis. N Engl J Med. 2020 Mar 5;382(10):893-902. doi: 10.1056/NEJM0a1901814.

* Includes publications given by the data provider as well as publications identified by ClinicalTrials.gov Identifier (NCT
Number) in Medline.

Recruitment Information

Recruitment Status 'MJE

Active, not recruiting

Actual Enrollment 'MJE

(submitted: May 15, 2018)

109

Original Estimated Enrollment '“M/E

(submitted: January 6, 2015)
200
ICMJE

Estimated Study Completion Date

July 13,2020

Actual Primary Completion Date


https://clinicaltrials.gov/ct2/bye/rQoPWwoRrXS9-i-wudNgpQDxudhWudNzlXNiZip9Ei7ym67VZRFnaRFtORCRA6h9Ei4L3BUgWwNG0it.

January 14,2019 (Final data collection date for primary outcome measure)

Eligibility Criteria '“M/E

Inclusion Criteria

1. Provide written, informed consent prior to all trial-related procedures (if under 18, include consent of legal

guardian).
2. Body weight of 235 kg (in light clothing and no shoes).
3. Willingness and ability to attend scheduled follow-up visits and undergo study assessments

4. Provide consent to HIV testing (if an HIV test was performed within 1 month prior to trial start, it should not
be repeated as long as documentation can be provided [ELISA and/or Western Blot]. If HIV status is a

confirmed known positive, repeated HIV test is not needed provided documentation is available.
5. Male or female, aged 14 years or above.
6. Subjects with one of the following pulmonary TB conditions:

a. XDR-TB with

i. documented culture positive (for M.tb.) results within 3 months prior to screening or M.tb. confirmed in

sputum based on molecular test within 3 months prior to or at screening;

ii. documented resistance to isoniazid, rifamycins, a fluoroquinolone and an injectable historically at any

time or at screening;

b. MDR-TB documented by culture positive results (for M.tb.) within 3 months prior to or at screening with
documented non-response to treatment with the best available regimen for 6 months or more prior to
enrolment who in the opinion of the Investigator have been adherent to treatment and will be adherent to

study regimen;

c. MDR-TB documented by culture positive (for M.tb.) results within 3 months prior to or at screening who

are unable to continue second line drug regimen due to a documented intolerance to:
i. PAS, ethionamide, aminoglycosides or fluoroquinolones;
ii. Current treatment not listed above that renders subject eligible for the study in the Investigator's opinion.

7. Chest X-Ray picture (taken within a year prior to screening) consistent with pulmonary TB in the opinion of

the Investigator.

8. Be of non-childbearing potential or using effective methods of birth control, as defined below:
Non-childbearing potential:

1. Subject - not heterosexually active or practices sexual abstinence; or

2. Female Subject/sexual partner - bilateral oophorectomy, bilateral tubal ligation and/or hysterectomy or has

been postmenopausal with a history of no menses for at least 12 consecutive months; or

3. Male Subject/sexual partner - vasectomised or has had a bilateral orchidectomy minimally three months

prior to Screening.



Effective birth control methods:

A double contraceptive method should be used as follows:

1

2.

3.

Double barrier method which can include any 2 of the following: a male condom, diaphragm, cervical cap,

or female condom (male and female condoms should not be used together); or

Barrier method (one of the above) combined with hormone-based contraceptives or an intra-uterine device

for the female Subject/partner;

and are willing to continue practicing birth control methods throughout treatment and for 6 months (both
male and female Subjects) after the last dose of study medication or discontinuation from study medication

in case of premature discontinuation.

Note: Hormone based contraception alone may not be reliable when taking investigational medicinal products;

therefore, hormone based contraceptives alone cannot be used by female Subjects or female partners of male

Subjects to prevent pregnancy.

Exclusion Criteria Medical History

1

o U~ W

Any condition in the Investigator's opinion (i.e., an unstable disease such as uncontrolled diabetes or
cardiomyopathy, extra-pulmonary TB requiring extended treatment), where participation in the trial would

compromise the well-being of Subject or prevent, limit or confound protocol specified assessments.

. Abuse of alcohol or illegal drugs, that in the opinion of the Investigator would compromise the Subjects'

safety or ability to follow through with all protocol-specified visits and evaluations.

. In the judgment of the Investigator, the patient is not expected to survive for more than 12 weeks.
. Karnofsky score < 50 within 30 days prior to entry.
. Body Mass index (BMI) < 17 kg/m?

. History of allergy or known hypersensitivity to any of the trial Investigational Medicinal Products or related

substances.

. HIV infected Subjects having a CD4+ count < 50 cells/uL; For HIV infected Subjects having a CD4+ count >50

cells/uL;

a. Currently treated with or will need to initiate antiretroviral therapy (ART) which is not compatible with the
allowed ARTs and is not considered an appropriate candidate for switching to a regimen of ARVs which is
allowed. Examples of allowed treatment include but are not limited to the following. If there are any

questions, discuss with the Sponsor Medical Monitor for confirmation of appropriate ARV regimen.
i. Nevirapine based regimen consisting of nevirapine in combination with any NRTIs;

ii. Lopinavir/ritonavir (Aluvia™) based regimen consisting of lopinavir/ritonavir (Aluvia™) in combination with
any NRTIs;

iii. The combination of tenofovir/lamivudine/abacavir should be considered in patients with normal renal

function to address myelosuppression cross toxicity of idovudine and linezolid;

iv. An alternate regimen that may be considered if the above are not appropriate is a triple nucleosidase

reverse transcriptase inhibitors (NRTI) based regimen consisting of zidovudine, lamivudine and abacavir
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8.

9.
10.

11

12

13.

14.

15.

16.

may be used with caution. Regimens including zidovudine should be used with special caution as

zivovudine and linezolid may both cause peripheral nerve toxicity;

v. Raltegravir in combination with nucleoside reverse transcriptase inhibitors (NRTIs). b. Cannot ensure a 2

week interval between commencing IMP and the start of ART, if not already on ARTSs.

Having participated in other clinical studies with dosing of investigational agents within 8 weeks prior to
trial start or currently enrolled in an investigational study that includes treatment with medicinal agents.
Subjects who are participating in observational studies or who are in a follow up period of a trial that

included drug therapy may be considered for inclusion.
Significant cardiac arrhythmia requiring medication.

Subjects with the following at Screening:

a. QTcF interval on ECG >500 msec. Subjects with QTcF > 450 must be discussed with the sponsor

medical monitor before enrolment.

b. History of additional risk factors for Torsade de Pointes, (e.g., heart failure, hypokalemia, family

history of Long QT Syndrome);
c. Clinically significant ventricular arrhythmias;

d. Subjects with other cardiac abnormalities that may place them at risk of arrhythmias must be
discussed with the sponsor medical monitor before enrolment. Such abnormalities include: Evidence
of ventricular pre-excitation (e.g., Wolff Parkinson White syndrome); Electrocardiographic evidence of
complete or clinically significant incomplete left bundle branch block or right bundle branch block;
Evidence of second or third degree heart block; Intraventricular conduction delay with QRS duration

more than 120 msec.

Females who have a positive pregnancy test at Screening or already known to be pregnant, breastfeeding,
or planning to conceive a child during the study or within 6 months of cessation of treatment. Males

planning to conceive a child during the study or within 6 months of cessation of treatment.

A peripheral neuropathy of Grade 3 or 4, according to DMID (Appendix 2). Or, subjects with a Grade 1 or 2
neuropathy which is likely to progress/worsen over the course of the study, in the opinion of the

Investigator.

Concomitant use of Monoamine Oxidase Inhibitors (MAOIs) or prior use within 2 weeks of treatment

assignment.

Concomitant use of serotonergic antidepressants or prior use within 3 days of treatment assignment if

Investigator foresees potential risks for serotonin syndrome when combined with linezolid.

Concomitant use of any drug known to prolong QTc interval (including, but not limited to, amiodarone,
bepridil, chloroquine, chlorpromazine, cisapride, cyclobenzaprine, clarithromycin, disopyramide, dofetilide,
domperidone, droperidol, erythromycin, fluoroquinolones, halofantrine, haloperidol, ibutilide,
levomethadyl, mesoridazine, methadone, pentamidine, pimozide, procainamide, quinidine, sotalol,

sparfloxacin, thioridazine).

Concomitant use of any drug known to induce myelosuppression.
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17. Use of any drugs or substances within 30 days prior to dosing known to be strong inhibitors or inducers of
cytochrome P450 enzymes(including but not limited to quinidine, tyramine, ketoconazole, fluconazole,
testosterone, quinine, gestodene, metyrapone, phenelzine, doxorubicin, troleandomycin, cyclobenzaprine,
erythromycin, cocaine, furafylline, cimetidine, dextromethorphan). Exceptions may be made for subjects
that have received 3 days or less of one of these drugs or substances, if there has been a wash-out period

before administration of IMP equivalent to at least 5 half-lives of that drug or substance.

18. Subjects may have previously been treated for DS/MDR-TB (with specific excepetions for Bedaquiline and/or
linezolid as noted below) provided that treatment is/was discontinued at least 3 days prior to treatment

assignment.

19. Subjects should not receive more than 2 weeks of bedaquiline or linezolid prior to enrolment/first dose of
IMP.

Based on Laboratory Abnormalities

20. Subjects with the following toxicities at Screening (labs may be repeated) as defined by the enhanced

Division of Microbiology and Infectious Disease (DMID) adult toxicity table (November 2007):

a. serum potassium less than the lower limit of normal for the laboratory;
b. Hemoglobin level grade 2 or greater (< 8.0 g/dL);

c. Platelets grade 2 or greater(<75,000/mma3);

d. Absolute neutrophil count (ANC) <1000/ mm3;

e. Aspartate aminotransferase (AST)

Grade 3 or greater (> 3.0 x ULN) to be excluded;

Greater than ULN must be discussed with and approved by the sponsor Medical Monitor
f. Alanine aminotransferase

Grade 3 or greater (> 3.0 x ULN) to be excluded

greater than ULN must be discussed with and approved by the sponsor medical monitor ;
g. Total bilirubin:

Grade 3 or greater (=2.0 x ULN), or if 21.5 up to 2.0 x ULN when accompanied by an increase in other
liver function test (ALT, AST, Alk Phos or GGT);

1-1.5 x ULN must be discussed with and approved by the sponsor Medical Monitor
h. Direct bilirubin:

Greater than ULN to be excluded
i. Serum creatinine level greater than 2 times upper limit of normal

j- Albumin <32 g/L
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ANNEXURE - 3

Testing a New Potential Treatment for XDR-TB

Tuberculosis has evolved faster than our medicines

Extensively drug-resistant tuberculosis, or XDR-TB, is a strain

of tuberculosis, airborne and infectious, that is resistant to four
commonly used anti-TB drugs. Essentially, there is no cure and
XDR-TB is often considerd a death sentence. XDR-TB has been
confirmed in more than 100 countries around the world. There are
an estimated 40,000 people infected with XDR-TB today—nine
percent of all multidrug resistant-TB (MDR-TB) cases—and the
problem is growing worse. Without new treatments, XDR-TB is
emerging as an extremely deadly and costly global health threat that
the world is inadequately equipped to tackle.

Current care and treatment for XDR-TB

There is no regulatory-approved regimen for curing XDR-TB.
Instead, healthcare providers try to individualize treatment, often
using antibiotics not normally used for TB, as well as highly toxic
medicines not intended to be used for the length of time that TB
treatment requires.

Treatment of XDR-TB routinely lasts two years or longer, and
consists of thousands of pills plus injections and horrible side
effects. It is also extraordinarily costly. In South Africa, for example,
the per patient health care cost of XDR-TB is $26,392, four times

More than 100 countries have reported XDR-TB

Source: World Health Organization, 2013

Health Care Costs of $26,392

Treating TB, Per Patient,
in South Africa

Source: PLOS ONE, 2013

$6,772

$257

DS-TB MDR-TB XDR-TB

greater than MDR-TB ($6,772), and 103 times greater than drug-
sensitive TB ($257). Drug-resistant TB comprises only 2.2 percent

of South African cases, but it consumes 32 percent of the country’s
total TB budget.

Despite the length, cost, and intensity of the treatment, outcomes
are extremely poor. In one study published in the Lancet in 2014,

after two years of treatment, only a fraction (16 percent) of people
with XDR-TB were cured and nearly half (46 percent) died.
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XDR-TB patients are often isolated or quarantined because of

the public health risk of contagion, a measure that is costly for
countries and also takes a massive toll on patients and their families.
However, this public health measure has failed to contain XDR-TB
since patients who fail on treatment—the vast majority—are often
discharged back into their communities, where they risk spreading
the disease even further.

Worse, most XDR-TB is not treated at all because the cost and
complexity of such programs are out of reach for many health
systems in TB-endemic countries.

Nix-TB trial: Hope in research

TB Alliance and partners have launched the world’s first clinical
trial to study an XDR-TB drug regimen with minimal pre-
existing resistance. If successful, the injection-free regimen being
tested in Nix-TB could transform XDR-TB treatment, with
patients being cured by taking a relatively short, simple, and
effective regimen. Importantly, the regimen being tested could
reduce the complexity and cost of the treatment to a fraction of
what it is today, facilitating the global implementation of XDR-
TB treatment in resource-poor nations.

Nix-TB tests a three-drug regimen consisting of bedaquiline,
which received conditional regulatory approval in several high-TB
disease burden countries; the novel antibacterial drug compound
pretomanid, which is being tested in multiple clinical trials for TB;
and linezolid, an oxazolidinone that has been used off-label to treat

Nixs

¥ @tballiance

TB. The trial brings hope to those with XDR-TB who have no other
treatment options. It includes patients as young as 14 and those who
are co-infected with HIV with a CD4 count of 50 or higher.

Nix-TB is an open-label trial that enables patients to be assessed at
regular intervals with the aim of being cured in six to nine months.
After completing treatment, participants are monitored for two
years to ensure they do not relapse. The trial has an adaptive design;
if improved treatments become available during the course of the
study, they can be incorporated into the trial.

Nix-TB is a partnership between TB Alliance, the sponsor of the
trial; Janssen Pharmaceuticals, the discoverer of bedaquiline; and
the sites in South Africa where the study is being conducted (Sizwe
Hospital, TASK at Brooklyn Chest Hospital, and THINK at

Doris Goodwin Hospital.) The study may expand to include other
partners and sites.

Pursuing a universal regimen

Nix-TB study is a crucial first step toward establishing a truly

“universal” treatment, a regimen to which there is no pre-existing
resistance and could therefore treat any type of TB. If the regimen
tested in Nix-TB is successful and safe, the study will expand to
include people with MDR-TB and then, potentially, people with
drug-sensitive TB. Having a regimen that would be usable in such a
broad range of TB patients could significantly improve TB control
efforts globally.

TB Alliance operates with the support of the Bill & Melinda Gates Foundation, AIDS Clinical Trial Group, UK aid, Irish Aid, UNITAID, the United States
Agency for International Development (USAID), Australian Department of Foreign Affairs and Trade (DFAT), European Commission, Global Health Innovative
Technology (GHIT) Fund, National Institute Of Allergy And Infectious Diseases (NIAID), and the United States Food and Drug Administration (FDA).

For more information on TB drug development and TB Alliance, please visit www.tballiance.org.
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(21) Appl. No.: 13/061,233 culosis. More particularly, the present invention relates to a
method of treating tuberculosis in a mammal comprising
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3. 2008. able carriers or vehicles.,
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COMBINATION THERAPY FOR
TUBERCULOSIS

FIELD OF THE INVENTION

[0001] The present invention relates to methods of treating
tuberculosis, including multi-drug resistant varieties and
latent tuberculosis. More particularly, the present invention
relates to a method of treating tuberculosis n a mammal
comprising administering to said mammal in need thereof an
etfective amount of a compound of formula (1), (S}—N-[[3-
[3-fluoro-4-(4-tluomorpholinylyphenyl]-2-oxo-5-oxazolidi-
nyl]methyl]acetamide, or a pharmaceutically acceptable salt
thereof in combination with at least two agents useful in the
treatment of tuberculosis. The present invention also relates
to a pharmaceutical composition comprising: i) a therapeuti-
cally effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof, (i1) a therapeuti-
cally effective amount of at least one agent useful in the
treatment of tuberculosis and (iii} one or more pharmaceuti-
cally acceptable carriers or vehicles.

BACKGROUND OF THE INVENTION

[0002] Tuberculosis (TB) kills approximately 1.6 million
people worldwide each year, making it the second leading
killer of adults belund HIV. Nearly 500,000 new cases of
multidrug-resistant {MDR) TB occur each year, and the
recent emergence of extensively drug-resistant (XDR-TB)
TB portends new epidemics of untreatable TB. (See Dorman,
8. E. et al., Nat. Med 13:295-298 2007, Zignol, M. et al., J
Infect. Dis 194:479-485, 2006). New drugs with potent anti-
tuberculosis activity, especially against non-multiplying per-
sisters, are needed to shorten the duration of treatment for TB
and thereby facilitate the global implementation of directly-
observed therapy. (See O°Brien, R. J. etal., Am. J. Respir. Crit
Care Med. 163:1055-1058, 2001).

[0003] Currently, the treatment of drug-sensitive tubercu-
losis consists of administering a combination of at least the
following drugs, 1soniazid, rifampin, and pyrazinamide. For
effective treatment, the above-mentioned drugs are givento a
patient in an initial phase of treatment for § weeks, during
which the drugs are used in combination to kill the rapidly
multiplying population of Mycobacterium tuberculosis as
well as to prevent the emergence of drug resistance. The
initial phase of treatment is followed by a continuvation or a
sterilization phase for 18 weeks during which two or more
sterilizing drugs (e.g. isoniazid and rifampin) are given to kill
the intermittently dividing population (non-multiplying per-
sisters) of Mycobacterium tuberculosis.

[0004] Wlule the above-mentioned combination of drugs
together provide treatment against sensitive Mvcobacteriunt
twberculosis infection in 4 to 6 months time, such a combi-
nation therapy is not always successful, especially in patients
harboring drug resistant strains. Also, the long duration of
treatment consisting of six months may lead to unpleasant
side effects. Further, compliance with the relatively long
course of treatment is generally poor. Such non-compliance
may lead to treatment failure resulting in development of drug
resistance.

[0005] The oxazolidinones comprise a class of protein syn-
thesis inhibitors that block translation by preventing forma-
tion of the initiation complex (for mechanism, see K. Leach et
al., Molecular Cell, 26:4, 460-462_ 2007). Linezolid (LZD,
Zyvox®), the only marketed oxazolidinone, has actwity

Aug. 4,2011

agast Gram-positive bactetia and is currently approved for
use in complicated skin and skin structure infections and
hospital-acquired pneumonia (Zyvox® package insert).
However, it 15 also active against many mycobactenial spe-
cies, including Mycobacterium tuberculosis, Tor which its
MIC ranges from 0.125-1 pg/mL, with an MIC,, of 0.5
pg/mL and an MICg, of 1 pg/mL. (See Alcala, L., et al.,
Antimicrob Agents Chemother 47:416-417, 2003, Cynamon,
M. H., et al., Antimicrob Agents Chemother 43:1189-1191,
1999; Fattorimi, L., et al., Antimicrob Agents Chemother
47:360-362, 2003). As aresult, LZD has been used outside of
labeled indications to treat recalcitrant cases of MDR- and
XDR-TB. Although several case series suggest that LZD may
contribute to successful sputum culture conversion in such
cases, its individual activity in TB patients and its precise
contribution to combination regimens remain unclear. These
studies also demonstrate that the duration of LZD adminis-
tration may be limited by hematologic and neurologic toxic-
ity that can occur with long-term administration. (See Fortun,
J.. et al., 56:180-185, 2005, Park, 1. N., et al., Antimicrob
Chemother 58:701-704, 2006; Zignol, M., et al., J Infect. Dis
194.479-485, 2006). Therefore, new oxazolidinones with
more potent in vivo activity against Mycobacterium tubercu-
losis and lower risk of toxicity with prolonged administration
are desirable.

[0006] Omazolidinones with more potent activity against
Mycobacterium tubercilosis have previously been described.
(See Barbachyn, M. R etal., JMed Chem. 39:680-685, 1996
Sood, R., et al., Antimicrob Agents Chemother 49:4351-
4353, 2005). The antituberculosis activity of the compound of
formula (1), (S)—N-[[3-[3-fluoro-4-(4-thiomorpholinyl)
phenyl]-2-ox0-5-0xazolidinyl methyl Jacetarmde, was first
described in 1996. (See Barbachyn, M. R, etal., ] Med Chem.
39:680-685, 1996). Subsequent experiments in a mutine
model found the compound of formula (1) to be more active
than LZD when both drugs were administered at 100 mg/kg,
but the clinical relevance of this LZD dose was not estab-
lished and the activities of the compound of formula (1), and
LZD were not clearly ditferent when compared at lower
doses. (See Cynamon, M. H., et al., Antimicrob Agents
Chemother 43:1189-1191, 1999). Moreover, although the
compound of formula (I) appeared to have modest activity
when combined with rifampin (RIF) in an acute (early) infec-
tion model, the compound of formula {I) had no additional
activity when combined with isoniazid (INH). (Cynamon, M.
H., et al., Antimicrob Agents Chemother 43:1189-1191,
1999,y Most importantly, the activity of the compound of
formla (1), whether alone or in combmation with RIF or
INH, was only evaluated over the initial 4 weeks of treatment
which is insufficient to assess the activity of a compound or
combination of agents against non-multiplying persisters
which, in turn, ultimately determines the duration of treat-
ment necessary for cure (i.e., prevention of relapse after
completion of treatiment).

[0007] Hence, there is an urgent need to develop newer
regimens that can be used to preveunt, treat and/or reduce
tuberculosis and/or eliminate the threat of multi-drug resis-
tant tuberculosis or shorten the duration of treatment.

SUMMARY OF THE INVENTION

[0008] The present invention relates to a method of treating
tuberculosis in a mammal comprising administering to said
mammal 11 need thereof an effective amount of a compound
of formula (1) or a pharmaceutically acceptable salt thereof:
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in conbination with at least two agents useful in the treatment
of tuberculosis.

[0009] In one embodiment, the at least two agents are
selected from the group consisting of isoniazid, rifampin,
rifapentine, rnifabutin, pyrazinamide, ethambutol, streptomy-
cin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levof-
loxacin, ofloxacin, ciprofloxacin, capreomycin, ethionamide,
cycloserine, para-aminosalicylic  acid,  thiacetazone,
clarithromycin, amoxicillin-clavulanic acid, imipenem,
meropenem, viomycin, terizidone, clofazimine, TMC207,
PA-824, OPC-7683, LL-3858 and 8Q-109.

[0010] In another embodiment, one of said at least two
agents is selected from the group consisting of isoniazid,
rifampin, rifapentine, rifabutin, pyrazinamide, moxitloxacin,
gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, clofaz-
imine and ethambutol.

[0011] In yet another embodiment, one of said at least two
agents is pyrazinamide.

[0012] In yet another embodiment, one of said at least two
agents 1z rifampin.

[0013] Inyet another embodinient, one of said at least two
agents is rifapentine.

[0014] In yet another embodiment, one of said at least two
agents is PA-824.

[0015] Inyet another embodinient, one of said at least two
agents 1s OPC-67683

[0016] In yet another embodiment, one of said at least two
agents is TMC-207.

[0017] In yet another embodiment, one of said at least two
agents 1s selected from the group consisting of moxifloxacin,
gatifloxacin, levofloxacin, and ofloxacin.

[0018] In vet another embodiment one of said at least two
agents is moxitloxacin.

[0019] In a specific embodiment, said at least two agents
are pyrazinamide and rifampin.

[0020] Inyetanother specificembodiment, said at least two
agents are pyrazinamide, rifampin and 1soniazid.

[0021] Inyet another specific embodiment, said at least two
agents are pyrazinamide and rifapentine.

[0022] Inyetanother specific embodiment, said at least two
agents are pyrazinamide, rifapentine, and isoniazid.

[0023] In a specific embodiment, said at least two agents
are pyrazinamide and moxifloxacin.

[0024] Inyet another specific embodiment, said at least two
agents are pyrazinamide, moxifloxacin, and rifampin.
[0025] Inyetanother specific embodiment, said at least two
agents are pyrazinamide, moxifloxacin, and rifapentine.
[0026] Inyetanother specificembodiment, said at least two
agents are PA-824 and pyrazinamide.

[0027] Inyetanother specific embodiment, said at least two
agents are PA-824, pyrazinamide and an agent selected from
the group consisting of streptomycin, kanamycin, amikacin
and capreomycin.
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[0028] Inyetanotherspecific embodiment, said at leasttwo
agents are PA-824 and moxitloxacin.

[0029] Inyetanother specific embodiment, said at least two
agents are PA-824, moxifloxacin and an agent selected from
the group consisting of streptomycin, kanamycin, amikacin
and capreomycin.

[0030] Inyetanother specific embodiment, said at least two
agents are OPC-67683 and pyrazinamide.

[0031] Inyetanotherspecific embodiment, said at leasttwo
agents are OPC-67683, pyrazinamide and an agent selected
frrom the group consisting of streptomycin, kanamycin, ami-
kacin and capreomycin.

[0032] Inyetanother specific embodiment, said at least two
agents are OPC-67683 and moxifloxacin.

[0033] Inyetanotherspecific embodiment, said at least two
agents are OPC-67683, moxifloxacin and an agent selected
from the group consisting of streptomycin, kanamycin, ami-
kacin and capreomycin.

[0034] Inyetanotherspecific embodiment, said at least two
agents are TMC-207 and pyrazinamide.

[0035] Inyetanotherspecific embodiment, said at least two
agents are TM(C-207, pyrazinamide and moxifloxacin or iso-
niazid.

[0036] In yet another embodiment, said tuberculosis com-
prises active tuberculosis or latent tuberculosis.

[0037] Inyet another embodiment, said active tuberculosis
comprises drug sensitive, mono-drug resistant, multi-drug-
resistant tuberculosis (MDR) or extensively drug-resistant
tuberculosis (XDR).

[0038] In yet another embodiment, the method of the
present invention completely eradicates drug-sensitive tuber-
culosis, mono-drug resistant, multi-drug-resistant tuberculo-
sis, and extensively drug-resistant tuberculosis (XDR) on
completion of the treatment.

[0039] In vet another embodiment, said tuberculosis is
caused by a Mycobacterium infection selected from the group
consisting of Mycobacterium tuberculosis, Mvcobacterium
bovis or other related mycobacterial species.

[0040] In yet another embodiment, the method of the
present invention prevents relapse of the Mycobacterium
mnfection after completion of the treatment.

[0041] In yet another embodiment, the compound of for-
mula (I) and pharmaceutically acceptable salts thereof is
administered orally.

[0042] In vet another embodiment, saxd at least two agents
are each administered orally.

[0043] In vet another embodiment, saxd at least two agents
are administered together in a composition.

[0044] In yet another embodiment, said at least two agents
are administered separately.

[0045] In vet another embodiment, saxd at least two agents
are administered together and another agent useful for the
treatment of tuberculosis is administered separately.

[0046] In yet another embodiment, the compound of for-
mula (I) and pharmaceutically acceptable salts thereof is
administered once per day (QD) or twice per day (BID).
[0047] In yet another embodiment, the compound of for-
nla (I) and pharmaceutically acceptable salts thereof is
administered once per week, twice per week, thrice per week
or every other day.

[0048] Inone embodiment, the compound of formula (1) or
a pharmaceutically acceptable salt thereof is administered
between about 10 mg to about 2000 mg.
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[0049] In vet another embodiment, the compound of for-
mula (I}, or a pharmaceutically acceptable salt thereof, is
administered between about 250 mg to about 1000 mg.
[0050] In vet another embodiment, the compound of for-
mula (I}, or a pharmaceutically acceptable salt thereof, 1s
administered between about 600 mg to about 1000 mg.
[0051] In yet another embodiment, the compound of for-
mula (I} or a pharmaceutically acceptable salt thereof is
administered between about 25 mg to about 1000 mg.
[0052] In vet another embodiment, the compound of for-
mula (I} or a pharmaceutically acceptable salt thereof 1s
administered between about 50 mg to about 300 mg.

[0053] In yet another embodiment, the compound of for-
mula (I} or a pharmaceutically acceptable salt thereof 1s
administered between about 100 mg to about 500 mg.
[0054] The present invention also relates to a method of
treating tuberculosis in a mammal after said mammal has
undergone an initial phase of treatment comprising adminis-
teting to said mammal in need thereof an effective amount of
a compound of formula (I) or a pharmaceutically acceptable
salt thereot:

S/_\N NJI\O [0}

in combination with at least one agent usetul in the treatment
of tuberculosis.

[0055] In one embodiment, said at least one agent is
selected from the group consisting of rifampin, rifapentine,
rifabutin, pyrazinamide, ethambutol, streptomycin, kanamy-
cin, amikacin, moxifloxacin, gatifloxacin, levotloxacin,
ofloxacin, ciprofloxacin, capreomycin, ethionamide, cyclos-
erine, para-aminosalicylic acid, thiacetazone, clarithromy-
cin, amoxicillin-clavulanic acid, imipenent, meropenem, clo-
fazimine, viomycn, terizidone, TMC207, PA-824, OPC-
7683, LL-3858 and 5Q-109.

[0056] Inyet another embodiment, said at least one agent is
selected from the group consisting of rifampin, rifapentine,
rifabutin, pyrazinamide, moxifloxacin, gatifloxacin, levof-
loxacin, ofloxacin, and ethambutol.

[0057] In a specific embodiment, said at least one agent is
pyrazinamide.

[0058] In a specific embodiment, said at least one agent is
rifampin.

[0059] In a specific embodiment, said at least one agent is
rifapentine.

[0060] In a specific embodiment, said at least one agent is
PA-824.

[0061] In a specific embodiment, said at least one agent is
OPC-7683.

[0062] In a specific embodiment, said at least one agent is
TMC-207.

[0063] In a specific embodiment, said at least one agent is
selected from the group consisting of moxitloxacin, gati-
floxacin, levofloxacin, and ofloxacin.

[0064] In a specific embodiment, said at least one agent is
moxifloxacin.

(I}
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[0065] In yet another embodiment, said tuberculosis com-
prises active tuberculosis or latent tuberculosis.

[0066] In yet another embodiment, said active tuberculosis
comprises drug-sensitive tuberculosis, mono-drug resistant,
multi-drug-resistant tuberculosis (MDR ) or extensively drug-
resistant tuberculosis (XDR).

[0067] In yet another embodiment, the method of the
present invention completely eradicates drug-sensitive tuber-
culosis, mono-drug resistant, multi-drog-resistant tuberculo-
sis, and extensively drug-resistant tuberculosis (XDR) on
completion of the treatment.

[0068] In yet another embodiment, said tuberculosis is
caused by a Mycobacterium infection selected from the group
consisting of Mycobacterium tuberculosis, Mycobacterium
bovis or other related mycobacterial species.

[0069] In yet another embodiment, the method of the
present invention prevents relapse of the Mvcobacterium
infection after completion of the treatment.

[0070] In yet another embodiment, the compound of for-
nla (I) and pharmaceutically acceptable salts thereof is
administered orally.

[0071] Inyetanother embodiment, said at least one agent is
administered orally.

[0072] In yet another embodiment, the compound of for-
nla (1) and pharmaceutically acceptable salts thereof and
said at least one agent are administered together in a compo-
sition.

[0073] In vet another embodiment, the compound of for-
nla (1) and pharmaceutically acceptable salts thereof and
said at least one agent are admimistered separately.

[0074] In yet another embodiment, the compound of for-
mula (I) and pharmaceutically acceptable salts thereof is
administered once per day (QD) or twice per day (BID).
[0075] In yet another embodiment, the compound of for-
nla (I) and pharmaceutically acceptable salts thereof is
administered once per week, twice per week, thrice per week
or every other day.

[0076] Inone embodiment, the compound of formula (1) or
a pharmaceutically acceptable salt thereof is administered
between about 10 mg to about 2000 mg.

[0077] In yet another embodiment, the compound of for-
mula (I) or a pharmaceutically acceptable salt thereof is
administered between about 25 mg to about 1000 mg.
[0078] In yet another embodiment, the compound of for-
nla (I) or a pharmaceutically acceptable salt thereof is
administered between about 50 mg to about 500 mg.

[0079] In yet another embodiment, the compound of for-
mula (I) or a pharmaceutically acceptable salt thereof is
administered between about 100 mg to about 500 mg.
[0080] The present invention also relates to a pharmaceu-
tical composition comprising:

[0081] i)a therapeutically effective amount of a compound
of formula (I) or a pharmaceutically acceptable salt thereof:

S/_\N N)I\O O
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[0082] (ii)atherapeutically effective amount of at least one
agent useful in the treatment of tuberculosis and

[0083] (iii) one or more pharmaceutically acceptable carri-
ers or vehicles.

[0084] Inyet another embodiment, said at least one agent is
selected from the group consisting of 1somazid, rfampin,
rifapentine, rnifabutin, pyrazinamide, ethambutol, streptomy-
cin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levof-
loxacin, ofloxacin, ciprofloxacin, capreomycin, ethionamide,
cycloserine, para-aminosalicylic  acid,  thiacetazone,
clarithromycin, clofazimine, amoxicillin-clavulanic acid,
imipenem, meropenem, viomycin, terizidone, clofazimine,
TMC207, PA-824, OPC-7683, LL-3858 and 3Q-109.

[0085] Inyetanother embodiment, said at least one agent is
selected from the group consisting of 1somazid, rfampin,
rifapentine, rifabutin, pyrazinamide, moxitloxacin, gatifloxa-
cin, levofloxacin, ofloxacin, and ethambutol.

[0086] In a specific embodiment, said at least one agent is
pyrazinamide.

[0087] In a specific embodiment, said at least one agent is
rifampin.

[0088] In a specific embodiment, said at least one agent is
rifapentine.

[0089] In a specific embodiment, said at least one agent is
isomazid.

[0090] In a specific embodiment, said at least one agent is
PA-324.

[0091] In a specific embodiment, said at least one agent is
OPC-7683.

[0092] In a specific embodiment, said at least one agent is
TMC-207.

[0093] In a specific embodiment, said at least one agent is
selected from the group consisting of moxifloxacin, gati-
floxacin, levofloxacin, and ofloxacin.

[0094] In a specific embodiment, said at least one agent is
moxifloxacin.

[0095] In yet another embodiment, the pharmaceutical
composition comprises about 10 mg to about 2000 mg of
compound of formula (I} or a pharmaceutically acceptable
salt thereof.

[0096] In yet another embodiment, the pharmaceutical
composition comprises about 250 mg to about 1000 mg of
compound of formula (I} or a pharmaceutically acceptable
salt thereot.

[0097] In yet another embodiment, the pharmaceutical
composition comprises about 600 mg to about 1000 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereot.

[0098] In yet another embodiment, the pharmaceutical
composition comprises about 25 mg to about 1000 mg of
compound of formula (I} or a pharmaceutically acceptable
salt thereof.

[0099] In yet another embodiment, the pharmaceutical
composition comprises about 50 mg to about 500 mg of
compound of formula (I} or a pharmaceutically acceptable
salt thereot.

[0100] Additionally, any formulation, including the com-
binations below, may contain from 250 mg to 1000 mg of the
compound of formula (I) or a pharmaceutically acceptable
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salt thereof or from 600 mg to 1000 myg of compound of
formula (I) or a pharmaceutically acceptable salt thereof.

[0101] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereof.

[0102] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 600 mg rifampin.

[0103] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 300 mg of isoniazid.

[0104] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 300 mg of isoniazid and about 600 mg
of rifampin.
[0105] In vyet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of
compound of formula (I) or a pharmaceutically acceptable
salt thereof, about 300 mg of isoniazid, about 600 mg of
rifampin and about 20-25 mg/kg to about 50-70 mg/'kg of
pyrazinamide.
[0106] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of a
compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 10-15 mg/kg to about 20-30 mg/kyg of
isomazid.
[0107] In yet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of a
compound of formula (I) or a pharmaceutically acceptable
salt thereof and about 10-15 mg/kg to about 20-30 mg/kg of
isoniazid and about 10 mg/kg to about 20 mg/kg of rifampin.
[0108] In vet another embodiment, the pharmaceutical
composition comprises about 100 mg to about 500 mg of a
compound of formula (I) or a pharmaceutically acceptable
salt thereof, about 10-15 mg/kg to about 20-30 mg/kg of
1somazid, about 10 mg/kg to about 20 mg/kg of rnfampin and
about 15-30 mg/kg to about 50 mg/kg pyrazinamide.
[0109] In vet another embodiment, the pharmaceutical
composition comprises about 50 mg to about 250 mg of a
compound of formula (I) or a pharmaceutically acceptable
salt thereof, about 75 my isoniazid, about 150 mg of rifampin
and about 400 mg of pyrazinamide.
[0110] In yet another embodiment, the pharmaceutical
composition comprises about 25 mg to about 250 mg of a
compound of formula (I) or a pharmaceutically acceptable
salt thereof, about 300 mg of rifampin.
[0111] The present invention also relates to an article of
manufacture comprising:
[0112] a packaged composition comprising:
[0113] (a)

[0114] i) a therapeutically effective amount of a com-

pound of formula (I) or a pharmaceutically acceptable
salt thereof:
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[0115] (3i) a therapeutically effective amount of at least
one agent useful in the treatment of tuberculosis and
[0116] (iii) one or more pharmaceutically acceptable
carriers or vehicles
[0117] (b) an insert providing instructions for administra-
tion of the packaged composition of (a) to treat tuberculosis;
and
[0118] i(c) a container for {a) and (b).
[0119] The present invention also relates to a pharmaceu-
tical package for treating tuberculosiz in a mammal which
comprises a compound of formula (I) or a pharmaceutically
acceptable salt thereof.

S/_\N N)I\O o}
\__/ Q \_k/{;ul_;

and an insert providing instructions for administering said
composition in combination with at least one agent useful in
the treatment of tuberculosis.

[0120] These and other aspects, advantages, and features of
the invention will become apparent for the following detailed
description of the invention.

(I}

DETAILED DESCRIPTION OF THE INVENTION

[0121] The present invention relates to a method of treating
tuberculosis in a mammal comprising administeting to said
mammal an effective amount of a compound of formula (I) or
a pharmaceutically acceptable salt thereof:

S/_\N NJ\O [0}
S @7 \_k/EJl_

incombination with at least two agents vseful in the treatment
of tuberculosis.

[0122] The compound of formula (I) of the invention is
disclosed m U.S. Pat. No. 5,880,118, (incorporated in its
entirety herein by reference) in Example 1, (S)—N-[[3-[3-
fluoro-4-(4-thiomorpholiny)pheny1]-2-oxo0-5-oxazolidinyl]
methyllacetamide. As described in more detail below, the
compound of formula (I) of the nvention may be adminis-
tered as the free base or in the form of a salt thereof.

(I}
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[0123] The phrase “pharmaceutically acceptable salt(s)”,
as used herein. unless otherwise indicated, includes salts of
acidic or basic groups which may be present in the com-
pounds of formula (I).

[0124] For example, the compounds of formula (I) that are
basic in nature are capable of forming a wide variety of salts
with various inorganic and organic acids. The acids that may
be used to prepare pharmaceutically acceptable acid addition
salts of such basic compounds of those that form non-toxic
acid addition salts, 1.e., salts contamning pharmacologically
acceptable anions, such as the hydrochloride, hiydrobromide,
hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid phos-
phate, isonicotinate, lactate, salicylate, citrate, acid citrate,
tartrate, pantothenate, bitartrate, ascorbate, succinate, male-
ate, fumarate, gluconate, ghicuronate, saccharate, formate,
benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate [ie., 1.1'-
methylene-bis-(2-hydroxy-3-naphthoate)] salts.

[0125] Examples of salts wclude, but are not limited to,
acetate, acrylate, benzenesulfonate, benzoate (such as chlo-
robenzoate, methylbenzoate, dinitrobenzoate, hiydroxyben-
zoate, and methoxybenzoate), bicarbonate, bisulfate,
bisulfite, bitartrate, borate, bromide, butyne-1.4-dioate, cal-
cium edetate, camsylate, chloride, caproate, caprylate, cit-
rate, decanoate, dihydrogenphosphate, edetate, edislyate,
estolate, esylate, ethylsuccinate, formate, fumarate, glu-
ceptate, gluconate, glutamate, glycollate, glycollylarsanilate,
heptanoate, hexyne-1.6-dioate, hexylresorcinate, hydrabam-
e, hydrobromide, hydrochloride, y-liydroxybutyrate,
iodide, 1sobutyrate, 1sothionate, lactate, lactobionate, laurate,
malate, maleate, malonate, mandelate, mesylate, metaphos-
phate, methane-sulfonate, methylsulfate, monohydrogen-
phosphate, mucate, napsylate, naphthalene-1-sulfonate,
naphthalene-2-sulfonate, nitrate, oleate, oxalate, pamoate
{embonate), palmitate, pantothenate, phenylacetates, phenyl-
butyrate, phenylpropionate, plithalate, phospate/diphos-
phate, polygalacturonate, propanesulfonate, propionate, pro-
piolate, pyrophosphate, pyrosulfate, salicylate, stearate,
subacetate, suberate, succinate, sulfate, sulfonate, sulfite, tan-
nate, tartrate, teoclate, tosylate, triethiodode, and valerate
salts.

[0126] The invention also relates to base addition salts of
the compounds of formula (I). The chemical bases that may
be used as reagents to prepare pharmaceutically acceptable
base salts of the compounds of formula (I} that are acidic in
nature are those that form non-toxic base salts with such
compounds. Such non-toxic base salts include, but are not
limited to, those derived from such pharmacologically
acceptable cations such as alkali metal cations (e.g., potas-
sium and sodivm) and alkaline earth metal cations {e.g., cal-
cium and magnesium}, ammonivm or water-soluble amine
addition salts such as N-methylglucamine-{meglumine), and
the lower alkanolammoniium and other base salts of pharma-
ceutically acceptable organic amines.

[0127] Hemisalts of acids and bases may also be formed,
for example, hemisulphate and hemicalcium salts.

[0128] For a review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties, Selection, and Use by Stahl
and Wermuth {Wiley-VCH, 2002). Methods for making phar-
maceutically acceptable salts of compounds of formula (I) of
the invention are known to one of skill in the art.

[0129] As vsed herein the terms **“formula (I)" and “for-
nla (I} or pharmaceutically acceptable salts thereof™ are
defined to mnclude all forms of the compound of formula (I},
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including isomers, crystalline and non-crystalline forms, iso-
morphs, polymorphs, metabolites, solvates, hydrates and pro-
drugs thereof.

[0130] The term “solvate” is used herein to describe a non-
covalent or easily reversible combination between solvent
and solute, or dispersion means and disperse phase. It will be
understood that the solvate can be in the form of a solid, slurry
{e.g., a suspension or dispersion), or solution. Non-limiting
examples of solvents include ethanol, methanol, propanol,
acetonitrile, dimethyl ether, diethyl ether, tetrahydrofuan,
methylene chlonde, and water. The term “hydrate™ 1s
employed when said solvent is water.

[0131] A currently accepted classification system for
organic hydrates 15 one that defines isolated site, or channel
liydrates—see Polymorphism in Pharmaceutical Solids by K.
R. Morris {Ed. H. G. Brittain, Marcel Dekker, 1995). Isolated
site liydrates are ones in which the water molecules are iso-
lated from direct contact with each other by intervening
organic molecules. In channel hydrates, the water molecules
lie  lattice channels where they are next to other water
molecules.

[0132] When the solvent or water is tightly bound, the
complex will have a well-defined stoichiometry independent
of humidity. When, however, the solvent or water is weakly
bound, as in channel solvates and hygroscopic compounds,
the watet/solvent content will be dependent on hunudity and
drying conditions. In such cases, non-stoichiometry will be
the norm.

[0133] The invention also relates to prodrugs of the com-
pounds of formula (1). Thus certain derivatives of compounds
of formula (I} which may have little or no pharmacological
activity themselves can, when administered into or onto the
body, be converted into compounds of formula (1) having the
desired activity, for example, by liydrolytic cleavage. Such
derivatives are referred to as “prodrugs”. Further information
on the vse of prodrugs may be found in Pro-drugs as Novel
Delivery Systems, Vol. 14, ACS Symposium Series (T. Higu-
cli and W. Stella) and Bioreversible Carriers in Drug Design,
Pergamon Press, 1987 (Ed. E. B. Roche, American Pharma-
ceutical Association).

[0134] Prodrugs in accordance with the invention can, for
example, be produced by replacing appropriate functional-
ities present in the compounds of formula (I) with certain
moieties known to those skilled 1 the art as “pro-moieties’ as
described, for example, in Design of Prodrugs by H. Bund-
gaard (Elsevier, 1985).

[0135] Some non-limiting examples of prodrugs in accor-
dance with the invention include:

[0136] (i) where the compound of formula (I) contains a
carboxylic acid functionality which is functionalized into a
suitably metabolically labile group {esters, carbamates, etc.)
compound of formula (I).

[0137] (ii) where the compound of formula (I) contains an
alcohol functionality which is functionalized into a suitably
metabolically labile group (ethers, esters, carbamates,
acetals, ketals, etc.) compound of formula (1); and

[0138] (iii} where the compound of formula (I) contains a
primary or secondary amino functionality, or an amide which
are functionalized into a suitably metabolically labile group,
e.g., a hydrolysable group (amides, carbamates, ureas, phos-
phonates, sulfonates, etc.) compound of formula (I).
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[0139] Further examples of replacement groups n accor-
dance with the foregoing examples and examples of other
prodrug types may be found in the aforementioned refer-
ences.

[0140] The compounds of the formula (1) of the invention
may exhibit the phenomena of tautomerism and structural
isomerism. For example, the compounds of formula (1) ofthe
invention may exist in several tautomeric forms, including the
enol and imine form, and the keto and enamine form and
geometric 1somers and mixtures thereof. All such tautomeric
forms are included within the scope of compounds of formula
(I) of the invention. Tautomers exist as mixtures of a tauto-
meric set in solution. In solid form, usuvally one tautomer
predominates. Even though one tautomer may be described,
the present invention inchides all tautomers of the compounds
of formula (1) of the invention.

[0141] The present invention also includes isotopically-
labeled compounds, which are identical to those recited in
forniula (I) above, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number
different from the atomic mass or mass number usvally found
in nature. Examples of isotopes that may be incorporated into
compounds of formula {I} include isotopes of hydrogen, car-
bon, nitrogen, oxygen, phosphorus, fluorine and chlorine,
such as, but not limited to, 2H, *H, *C, **C, '*N, 20, 70, %8
and '®F. Certain isotopically-labeled compounds of formula
(D) of the invention, for example those into which radicactive
isotopes such as *H and *C are incorporated, are useful in
drug and/or substrate tissue distribution assays. Tritiated, i.e.,
*H, and carbon-14, i.e., "*C, isotopes are particularly pre-
ferred for their ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium, i.e., ZH,
can afford certain therapeutic advantages resulting from
greater metabolic stability, for example increased mn vivo
half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. Isotopically-labeled com-
pounds of formula (I of the invention may generally be
prepared by carrying out the procedures disclosed in the
Schemes and/or in the Examples and Preparations below, by
substituting an isotopically-labeled reagent for a non-isoto-
pically-labeled reagent.

[0142] The compounds of formula (I} of the invention may
exhibit polymorphism. Polymorphs of the compounds of for-
nmla (Iyofthe invention may be prepared by crystallization of
a compound of formula (1) of the invention under various
conditions. For example, there may be employed various
solvents (including water) or different solvent mixtures for
recrystallization; crystallization at different temperatures;
various modes of cooling ranging from very fast to very slow
cooling during crystallization. Polymorphs may also be
obtained by heating or melting a compound of formula (I} of
the wvention followed by gradual or fast cooling. The pres-
ence of polymorphs may be determined by solid probe NMR.
spectroscopy, IR spectroscopy, differential scanning calofim-
etry, powder X-ray diffraction or other such techniques.
[0143] The minimum amount of the compound of formula
(I} of the invention to be administered is an effective amount.
The term “effective amount™ means the amount of a com-
pound of formula (I)of the invention wlich prevents the onset
of, alleviates the symptoms of, stops the progression of, and/
or eliminates a TB infection in a mammal, e.g., a human.
[0144] Atherapeutically effective amount of the compound
of formula (I) of the invention was found to possess the
desired antitubercular properties described below. However,
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a synergistic effect is observed when the compound of for-
mula (I) of the invention is administered in combination with
at least two agents useful in the treatment of tuberculosis.
[0145] By synergistic effect it 1s meant that the therapeutic
effect of administering a compound of formula (1) of the
invention and the at least two agents useful in the treatment of
tuberculosis, is greater than the therapeutic effect obtained on
administration of the effective amount of either compound of
the formula (I) of the invention alone, or the therapeutic
effective amount of the at least two agents useful in the
treatment of tuberculosis administered individvally or in
combination.

[0146] Such synergy is advantageous in that it may allow
for administration of each of the components in the combi-
nation in an amount less than that would be required if adimin-
istered individvally which may reduce the likelihood of
adverse events or unpleasant side effects. Alternatively, such
synetgy may shorten the duration of treatment for TB.
[0147] Thus, administration of both the compound of for-
mula (I) of the invention and the at least two agents useful in
the treatment of mberculosis, for example, at least two of the
compounds selected from the group consisting of isoniazid,
rifampin, rifapentine, rifabutin, pyrazinamide, moxitloxacin,
gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin, and
ethambutol was found to produce an effect, which results in
improved treatment of tuberculosis as compared to the effect
when the compound of formula (I) of the invention alone,
when the at least two agents useful in the treatment of tuber-
culosis administered individually or when the at least two
agents useful in the treatment of tuberculosis are adminis-
tered in combination with one another.

[0148] Inone embodiment of the invention, administration
of both the compound of formula (I) of the mvention or a
pharmaceutically acceptable salt thereof and at least two of
the compounds selected from the group consisting of iso-
niazid, rifampin, rifapentine, rifabutin, pyrazinamide, moxi-
floxacin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin,
and ethambutol was found to produce an effect, which results
in complete eradication of tuberculosis compared with
incomplete eradication when the compound of formula (T} of
the invention or the at least two agents useful in the treatment
of tuberculosis are admimstered mdividually or in combina-
tion with one another.

[0149] The term “complete eradication” means no cultur-
able mycobacterium could be observed in the target organ, i.e.
lungs of the nfected mammals, after the treatment regimen
with the combination of the present invention. It is noted that
at the end of treatment of infected mammals with the existing
drug regimen, i.e. a combination of the at least two agents
useful in the treatment of tuberculosis, 1somazid, pyrazina-
mide and rifampin, a significantly culturable amount of tuber-
cule bacilli is recovered from the target organ i.e, lungs. This
is evident from the data in Table 3 below. It is further noted
that even after treatment for 4 months with the standard of
care, 2 months of 1somiazid, pyrazinanide and rifampin fol-
lowed by 2 months of isoniazid and rifampin, 90% of mice
relapse after completion of treatment, meaning that viable
bacilli remain at the completion of treatment, even if they
cannot be cultured at the time of treatment completion, which
is evident from the data in Table 4.

[0150] In one embodiment of the present invention, the at
least two agents useful in the treatment of tuberculosis used in
conjunction with a compound of formula (I) and pharmaceu-
tical compositions of the invention described herein are as
follows: isoniazid, rifampin, rifapentine, rifabutin, pyrazina-
mide, ethambutol, streptomycin, kanamycin, amikacin,
moxifloxacin, gatifloxacin, levofloxacin, ofloxacin, ciprof-
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loxacin, capreomycin, ethionamide, cycloserine, para-ami-
nosalicylic acid, thiacetazone, claritliromycin, amoxicillin-
clavulanic acid, imipenem, meropenem, clofazimine,
viomycin, tenzidone, TMC207, PA-824, OPC-7683,
LL-3858 and 5Q-109.

[0151] In another embodiment, one of said at least two
agents is selected from the group consisting of isoniazid,
rifampin, nfapentine, rifabutin, pyrazinamide, moxifloxacin,
gatifloxacin, levofloxacn, ofloxacin, ciprofloxacin, and
ethambutol.

[0152] In yet another embodiment, one of said at least two
agents is pyrazinamide.

[0153] In vet another embodiment, one of said at least two
agents is ritampin.

[0154] In yet another embodiment, one of said at least two
agents is rifapentine.

[0155] In vet another embodiment, one of said at least two
agents is PA-324,

[0156] In yet another embodiment, one of said at least two
agents is OPC-67683

[0157] In vet another embodiment, one of said at least two
agents is TMC-207,

[0158] In yet another embodiment, one of said at least two
agents is selected from the group consisting of moxifloxacin,
gatifloxacin, levofloxacin, and ofloxacin.

[0159] In yet another embodiment one of said at least two
agents is moxifloxacin.

[0160] In a specific embodiment, said at least two agents
are pyrazinamide and rifampin.

[0161] Inyetanother specific embodiment, said at least two
agents are pyrazinamide, rifampin and isoniazid.

[0162] Inyetanotherspecific embodiment, said at leasttwo
agents are pyrazinamide and nifapentine.

[0163] Inyetanother specific embodiment, said at least two
agents are pyrazinamide, rifapentine, and isoniazid.

[0164] In a specific embodiment, said at least two agents
are pyrazinamide and moxifloxacin.

[0165] Inyetanotherspecific embodiment, said at leasttwo
agents is pyrazinamide, moxifloxacin, and rifampin.

[0166] Inyetanother specific embodiment, said at least two
agents are pyrazinamide, moxifloxacin, and rifapentine
[0167] Inyetanotherspecific embodiment, said at least two
agents are PA-824 and pyrazinamide.

[0168] Inyetanother specific embodiment, said at least two
agents are PA-824, pyrazinamide and an agent selected from
the group consisting of streptomycin, kanamycin, amikacin
and capreomycin.

[0169] Inyetanother specific embodiment, said at least two
agents are PA-824 and moxifloxacin.

[0170] Inyetanotherspecific embodiment, said at least two
agents are PA-824, moxifloxacin and an agent selected from
the group consisting of streptomycin, kanamycin, amikacin
and capreomycin.

[0171] Inyetanotherspecific embodiment, said at least two
agents are OPC-67683 and pyrazinamide.

[0172] Inyetanother specific embodiment, said at least two
agents are OPC-67683, pyrazinamide and an agent selected
frrom the group consisting of streptomycin, kanamycin, ami-
kacin and capreomycin.

[0173] Inyetanother specific embodiment, said at least two
agents are OPC-67683 and moxifloxacin.

[0174] Inyetanotherspecific embodiment, said at least two
agents are OPC-67683, moxifloxacin and an agent selected
from the group consisting of streptomycin, kanamycin, ami-
kacin and capreomycin

[0175] Inyetanotherspecific embodiment, said at least two
agents are TMC-207 and pyrazinamide.
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[0176] Inyetanother specificembodiment, said at least two
agents are TMC-207, pyrazinamide and moxitloxacin or iso-
niazid.

[0177]) It was further found that a synergistic effect is
observed when the compound of formula (1) of the invention
is administered in combination with at least one agent useful
in the treatment of tuberculosis, for example rifampin, during
the continuation (sterilization) phase of treatment (after the
initial phase of treatment) when non-multiplying persisting
hacteria are prevalent. Such synergy is advantageous in that it
may shorten the duration of treatment for TB. More signifi-
cantly, the data below show that on administration of a com-
pound of formula (I} in combination with at least two agents
vseful for the treatment of TB may shorten the duration of
therapy for drug-susceptible TB, mono-drug-resistant TB and
multi-drug resistant TB.

[0178] In one embodiment of the present invention, the
methods of the present invention provide treating a mammal
after the mammal has undergone an initial phase of treatment
comprising at least one agent useful in the treatment of tuber-
culosis used in conjunction with a compound of formula (I).
[0179] Inanother embodiment, the at least one agent useful
in the treatment of tuberculosis selected from the group con-
sisting of rifampin, rifapentine, rifabutin, pyrazinamide,
ethambutol, streptomycin, kanamycin, amikacin, moxifloxa-
cin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin,
capreomycin, ethionamide, cycloserine, para-aminosalicylic
acid, thiacetazone, clarithromycin, amoxicillin-clavulanic
acid, imipenem, meropenem, clofazimine, viomycin, terizi-
done, TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.
[0180] Inyet another embodiment, said at least one agent is
selected from the group consisting of rifampin, rifapentine,
rifabutin, pyrazinamide, moxifloxacin, gatifloxacin, levof-
loxacin, ofloxacin, and ethambutol.

[0181] In a specific embodiment, said at least one agent is
pyrazinamide.

[0182] In a specific embodiment, said at least one agent is
rifampin.

[0183] In a specific embodiment, said at least one agent is
rifapentine.

[0184] In a specific embodiment, said at least one agent is
PA-824,

[0185] In a specific embodiment, said at least one agent is
OPC-7683.

[0186] In a specific embodiment, said at least one agent is
TMC-207.

[0187] In a specific embodiment, said at least one agent is
selected from the group consisting of moxitloxacin, gati-
floxacin, levofloxacin, and ofloxacin.

[0188] In a specific embodiment, said at least one agent is
moxifloxacin.

[0189] The methods and compositions of the invention are
particularly effective against tuberculosis including active
tuberculosis and latent tuberculosis. In one example, the
active tuberculosis comprises drug-sensitive tuberculosis,
mono-drug-resistant tuberculosis, multi-drug-resistant tuber-
culosis and extensively drug-resistant tuberculosis. In
another example, the present invention provides a method to
completely eradicate drug-sensitive tuberculosis, mono-drug
resistant, multi-drug-resistant tuberculosis, and extensively
drug-resistant tuberculosis {XDR) on completion of the treat-
ment,

[0190] In addition, the methods and composition of the
invention may be used in conjunction with diagnostic tests to
identity the tuberculosis in the mammal which are known to
those so skilled n the art. For example, the methods and
compositions of the invention may be used  conjuaction
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with the so-called line-probe assay (Hain Life-science
GmbH}) which may be used to identify genes linked with
resistance to rifampin and isoniazid to indicate multi-drug-
resistant tuberculosis and/or extensively drug-resistant tuber-
culosis. Other assays may also be used in conjunction with the
methods and composition of the invention, which are known
to those so skilled in the art.

[0191] In another embodiment, the methods and composi-
tions of the invention are particularly effective against tuber-
culosis caused by a Mycobacterium infection selected from
the group consisting of Mvcobacteriun tuberculosis, Mvco-
bacterium bovis or other related mycobacterial species,
which would be known by one skilled in the art. In one
example, the present invention provides methods and com-
positions to prevent relapse of the Mycobacterium infection
after completion of the treatment.

[0192] Such combination may be for simultaneous, sepa-
rate or sequential vse. In one embodiment, the at least two
agents (or the at least one agent) useful for the treatment of
tuberculosis are administered prior to administration of the
compound of formula (I of the invention. In another embodi-
ment, the at least two agents (or the at least one agent) useful
for the treatment of tuberculosis are administered after
administration of the compound of formula (1) of the inven-
tion. In another embodiment, the at least two agents (or the at
least one agent) useful for the treatment of tuberculosis are
administered at about the same time as administration of the
compound of formula (1) of the invention.

[0193] Separate administration of each compound, at dif-
ferent times and by different routes, in some cases would be
advantageous. Thus, the components in the combination i.e.
the compound of formula (1) of the invention and the at least
two agents (or the at least one agent) in the treatment of
tuberculosis need not be necessarily admimstered at essen-
tially the same time or in any order. The administration can be
s0 timed that the peak pharmacokinetic effect of one com-
pound coincides with the peak pharmacokmnetic effect of the
other.

[0194] All the active ingredients can be formulated into
separate or individual dosage forms which can be co-admin-
istered one after the other. Another option is that if the route of
administration is the same (e.g. oral ) two or more of the active
compounds can be formulated into a single form for co-
administration, both methods of co-administration, however,
being part of the same therapeutic treatment or regimen.
[0195] Preferred agents useful for the treatment of tubercu-
losis may be as follows: isomazid, sifampin, nifapentine,
rifabutin, pyrazinamide, ethambutol, streptomycin, kanamy-
cin, amikacin, moxifloxacin, gatifloxacin, levofloxacin,
ofloxacin, ciprofloxacin, capreomycin, ethionamide, cyclos-
erine, para-aminosalicylic acid, thiacetazone, clarithromy-
cin, amoxicillin~clavulanic acid, imipenem, meropenem, clo-
fazimine, viomycin, terizidone, TMC207, PA-824, OPC-
7683, LL-3858 and SQ-109. The agents useful for the
treatment of tuberculosis can be used in the present invention
in a variety of forms, including acid form, salt form, race-
mates, enantiomers, solvates, and tautomers. The agents use-
ful for the treatment of tuberculosis may be administered by
any route useful to administer said agents, which are known to
those of skill in the art.

[0196] The invention also relates to compositions of the
mvention which comprise (i) a therapeutically effective
amount of a compound of formula (I) or a pharmaceutically
acceptable salt thereof, (ii) at least one agent usetul in the
treatment of tuberculosis and (iii) a pharmaceutically accept-
able carriers or vehicles (hereinafter “the compositions of the
mnvention™).
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[0197] Compositions of the invention that are suitable for
administration to a patient in need thereof (e.g., a human) are
also referred to herein as “pharmaceutical compositions of
the invention.”

[0198] The pharmaceutical compositions of the wvention
may be in any form suitable for administration to a patient.
For example, the pharmaceutical compositions of the inven-
tion may be in a form suitable for oral administration such as
atablet, capsule, pill, powder, sustained release formulations,
solution, and suspension; for parenteral injection as a sterile
solution, suspension or emulsion; for topical administration
as an ointment or cream; or for rectal administration as a
suppository. The pharmaceutical compositions of the ven-
tion may be in unit dosage forms suvitable for single admin-
istration of precise dosages.

[0199] Exemplary parenteral administration forms include
solutions or suspensions of active compounds in sterile aque-
ous solutions, for example, aqueous propylene glycol or dex-
trose solutions. Such dosage forms can be svitably buffered,
if desired.

[0200] In one embodiment, the pharmaceutical composi-
tions of the invention may be in the form of an oral dosage
form. Non-limiting examples of oral dosage forms include
such as, e.g., chewable tablets, capsules, pills, lozenges, tro-
ches, sachets, powders, syrups, elidrs, solutions and suspen-
sions, and the like, in accordance with standard pharmmaceu-
tical practice. In another embodiment, the pharmaceutical
compositions of the invention can also be delivered directly to
a patient’s gastrointestinal tract through a nasogastric tube.
[0201] The compound of formula (I) of the invention will
be present in the pharmaceutical composition of the invention
in an amount sufficient to provide the desired dosage amount
in the range described herein. The proportional ratio of com-
pound of formula (1) of the invention to excipients will natu-
rally depend on the chemical nature, solubility and stability of
the active ingredients, as well as the dosage form contem-
plated. Typically, pharmaceutical compositions of the present
invention can contain about 20% to about 99% of the com-
pound of formula (1) of the invention by weight.

[0202] In one embodiment, the compound of formula (1)
and pharmaceutically acceptable salts thereof is administered
hetween about 10 mg to about 2000 mgln yet another embodi-
ment, the compound of formula (I) and pharmaceutically
acceptable salts thereof is admimstered between about 25 mg
to about 1000 mg.

[0203] In vet another embodiment, the compound of for-
mula (I} and pharmaceutically acceptable salts thereof is
administered between about 50 mg to about 300 mg.

[0204] In vet another embodiment, the compound of for-
mula (I} and pharmaceutically acceptable salts thereof 1s
administered between about 100 mg to about 500 mg.
[0205] Techniques for formulation and administration of
the compound of formula (1) of the instant invention and the
compositions of the invention the can be found in Remington:
the Science and Practice of Pharmacy, 19th ed., Mack Pub.
Co., Easton, Pa. (1993).

[0206] The term “excipient™ means an inett material that is
combined with the compound of formula (I} to produce a
pharmaceutical composition or oral drug dosage form.
[0207] The term “pharmaceutically acceptable excipient™
means that the excipient must be compatible with other ingre-
dients of the composition, and not deleterious to the recipient
thereof. The plharmaceutically acceptable excipients are cho-
sen on the basis of the intended dosage form.

[0208] The tablets, pills, capsules, and the like may contain
excipients selected from binders such as polyvinylpyrroli-
done, hydroxypropylmethy! cellulose (HPMC), hiydroxypro-
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pyleellulose (HPC), sucrose, gelatin, acacia, gum tragacanth,
or com starch; fillers such as microcrystalline cellulose, lac-
tose, sodium citrate, calcium carbonate, dibasic calcium
phosphate, glycine and starch; disintegrants such as com
starch, potato starch, alginic acid, sodium starch glycolate,
croscarmellose sodium and certain complex silicates; lubri-
cants such as magnesium stearate, sodium laury] sulfate and
talc; and sweeteners such as sucrose lactose or saccharin.
When a dosage unit form 15 a capsule, it may contain, in
addition to materials of the above type, a liquid carrier such as
a fatty oil. Various other materials may be present as coatings
or to modify the physical form of the dosage umit. For
mnstance, tablets may be coated with shellac, sugar or both.
[0209] Inthecase ofpediatric oral suspensions and sachets,
these excipients may comprise suspending aids such as xan-
tham gum or hydroxypropylmethyleellulose, ghidants such as
colloidal silica, diluents and bulking agents such as silicon
dioxide, flavors such as bubble gum, orange, banana, rasp-
berry and golden syrup or mixtures thereof, sweeteners such
as aspartame or sugar, and stabilizers such as succinic acid.
Powder or granular formulations, such as pediatric suspen-
sion formulations and sachets, may be manufactured using
techniques which are generally conventional in the field of
mamifacture of pharmaceutical formulations and in the
mamifacture of dry formulations for reconstitution into such
suspensions. For example a suitable technique is that of mix-
ing dry powdered or granulated ingredients.

[0210] Typically, an effective daily dose (i.e., total dosage
over about 24 hours) of the compound of formula (1) of the
invention for adults is about 10 mg to about 2000 mg; about
25 mg to about 1000 mg; about 50 mg to about 500 mg; and
100 mg to about 500 mg with or without food. In some cases,
it may be necessary to use dosages outside these limits,
[0211] A daily dosage of the compound of formula (1) of the
invention is usvally administered from 1 to 4 times daily in
equal doses.

[0212] In one embodiment, a single dose of compound of
formula (I} of the invention is administered per day (i.e.. in
about 24 hour intervals) {i.e., QD). in another embodiment,
two doses of compound of formula (I) of the invention are
administered per day (i.e., BID); in another embodiment,
three doses of compound of formula (I) of the invention are
administered per day (i.e., TID): and in another embodiment,
four doses of compound of formula (1) of the wvention are
administered per day (i.e., (QID); in another embodiment a
single dose of compound of formula (I) of the invention is
administered every other day {i.e.. in about 48 hour intervals),
i another embodiment a single dose of compound of formula
(I) of the invention is admunistered twice per week; in another
enibodiment a single dose of compound of formula (I) of the
invention is administered thrice per week.

[0213] In one embodiment, the effective dose of the com-
pound of formula (1) of the invention is administered BID in
about 12 hour intervals.

[0214] In ancther embodiment, the effective dose of the
compound of formula (1) of the invention is administered TID
in about § hour intervals.

[0215] In another embodiment, the effective dose of the
compound of formula (1) of the invention for is administered
QID in about & hour intervals.

[0216] In one embodiment, an effective dose of the com-
pound of formula (1) of the invention is about 25 mg to about
1000 mg which is administered BID in about 12 hour inter-
vals.

[0217] Oral administration is preferred.

[0218] The pharmaceutical composition of the invention in
a fixed dose combination comprising a compound of formula
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(I} of the invention and at least one agent useful for the
treatment of tuberculosis and pharmaceutically acceptable
carriers can be prepared by conventional methods in the art.
For e.g., a tablet form of the combination can be prepared by
any one of skill in the art.

[0219] Some examples of the present invention are combi-
nations and the pharmaceutical compositions which encom-
pass the following non-limiting mixtures:

[0220] a)a compound of formula (I) or a pharmaceutically
acceptable salt thereof and pyrazinamide,

[0221] b)acompound of formula (I} or a pharmaceutically
acceptable salt thereof and rifampin;

[0222] c¢)acompound of formula (I) or a pharmaceutically
acceptable salt thereof and rifapentine;

[0223] d)acompound of formula (I} or a pharmaceutically
acceptable salt thereof, and PA-824,

[0224] e)acompound of formula (I) or a pharmaceutically
acceptable salt thereof, and TMC-207;

[0225] ) a compound of formula (I) or a pharmaceutically
acceptable salt thereof, and an agent selected from the group
consisting of moxifloxacin, gatifloxacin, levofloxacin,
ofloxacin moxifloxacin;

[0226] g)acompound of formula (1) or a pharmaceutically
acceptable salt thereof, isoniazid and rifampin;

[0227] h)acompound of formula (I} or a pharmaceutically
acceptable salt thereof, isoniazid, rifampin and pyrazina-
mide; and

[0228] 1) a compound of formula (1) or a pharmaceutically
acceptable salt thereof, rifampin and pyrazinamide.

[0229] Other examples of the present invention are combi-
nations and the pharmaceutical compositions that encompass
the following non-limiting mixtures,

[0230] ;) about 100 mg to about 500 mg of a compound of
formula (I) or a pharmaceutically acceptable salt thereot and
about 600 mg of rifampin;

[0231] k) about 100 mg to about 500 mg of a compound of
formula (1) or a pharmaceutically acceptable salt thereof and
about 300 mg of isoniazid.,

[0232] 1) about 100 mg to about 500 mg of a compound of
formula (I) or a pharmaceutically acceptable salt thereot and
about 300 mg of isoniazid and about 600 mg of rifampin;
[0233] m)about 100 mg to about 500 mg of a compound of
formula (I} or a pharmaceutically acceptable salt thereof,
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about 300 mg of 1somazid, about 600 mg of rifampin and
about 20-25 mg/kg to about 50-70 mg/kg of pyrazinamide;

[0234] n)about 100 mg to about 300 mg of a compound of
formula (I) or a pharmaceutically acceptable salt thereof and
about 10 mg/kg to about 20 mg/kg of rifampin,

[0235] o)about 100 mg to about 300 mg of a compound of
formula (I) or a pharmaceutically acceptable salt thereof and
about 10-15 mg/kg to about 20-30 mg/kyg of isoniazid;

[0236] p)about 100 my to about 5K mg of a compound of
forniula (I) or a pharmaceutically acceptable salt thereof and
about 10-15 mg/kg to about 20-30 mg/kg of somazid and
about 10 mg/kg to about 20 mg/kg of rifampin;

[0237] q)about 100 myg to about 5K mg of a compound of
formula (I) or a pharmaceutically acceptable salt thereof,
about 10-13 mg/kg to about 20-30 mg/kg of isoniazid, about
10 mg/kg to about 20 mg/kg of rifampin and about 15-30
mg/kg to about 50 mg/kg pyrazinamide;

[0238] r)about 50 mg to about 250 mg of a compound of
fornla (I) or a pharmaceutically acceptable salt thereof,
about 75 mg isoniazid, about 150 mg of rifampin and about
400 myg of pyrazinamide; and

[0239] s)about 25 mg to about 250 mg of a compound of
fornula (1) or a pharmaceutically acceptable salt thereof, and
about 300 mg of rifampin.

[0240] The compounds of formula (I) of the present inven-
tion are readily prepared according to synthetic methods
familiar to those skilled in the art. The compound of formula
(I) of the invention can be prepared in a manner similar to that
described for the preparation of Example 1 described in the
Examples section in U.S. Pat. No. 5,880,118. In addition, the
compound of formula (1) can be prepared by the processes set
forth in international Publication WO97/37980 and W99/
24393, both of wluch are herein incorporated by reference.
[0241] Another example of the preparation of (S)—N-[[3-
[3-fluoro-4-(4-thiomorpholinyljphenyl]-2-oxo0-5-oxazohdi-
nyl]methyl]acetamide is as follows:

[0242] Scheme | illustrates a general synthetic sequence
for preparing compounds of the present invention.

SCHEME [
Cl Cl
O CH
+ —_—
1 H NHziaq 1 \/l\/ N
'f,,’/ \

t1}
2}

(3}

pO

4

A




US 2011/0190199 Al Aug. 4, 2011
11
-continued
S
N
la]
F N)‘\O

1

[0243] Scheme 1 illustrates a method of synthesizing com-
pounds of formula (T) of the vention 11 a multistep synthesis
via a compound of formula 6. Referring to Schieme [, the
synthesis begins with the formation of intermediate (3) by
reacting {S)-epichlorohydrin (1) with a mixture of the appro-
priately substituted benzaldehyde derivative (2) (preferably
0.5 to 2 eq, most preferably 1 eq) and aqueous ammonia
(preferably 0.5 to 3 eq, most preferably 1.5 eq). The reaction
is best performed in both protic and aprotic non-nucleophilic
and inert solvents such as alcohols {including C, C; branched
and linear alcohols and polyols), ethers (including MTBE,
THEF, and other C, C; linear, branched and cyclic ethers) as
well as chlorinated solvents such as methylene chloride.
MTBE is a preferred solvent. Temperatures in a range from
about 15 to about 60° C. are preferred, most preferably
between 30 to 50° C. After extractive 1solation and concen-
tration, the imine moiety (3) is obtained. It 1s then crystallized
from a second liquid phase, in the presence of non-polar
liydrocarbon solvents such as, but not limited to, alkanes,
nmuixtures of alkanes (hexane, heptane, octane, 1s0-octane and
commercially available alkane mixtures), optionally in the
presence of aprotic polar solvents, preferably ethereal sol-
vents such as MTBE or aromatic solvents such as toluene or
chlorinated solvents such as methylene chloride or mixtures
thereof. Preferred solvents are a mimxture of MTBE and hep-
tane or a mixture of toluene and heptane. The crystallization
process can be conducted at a temperature in a range from
ambient temperature {about 18-25° C.) to about 53° C., pref-
erably in a range of 30 to 50° C_, more preferably in a range of
38 to 45° C. This crystallization provides surprisingly high
yield and affords significantly improved enantiomeric purity

3}
/ﬁ HOl ]
(Y
Q
F N)]\O
\_&NH:
HCL |

6)

after 1solation by filtration. (S)-epichlorohydrin (1) and ben-
zaldehyde derivative (2) are commercially available or can be
made by methods well known to those skilled in the art.

[0244] The substituted imine moiety {3} is coupled with
carbamate (4) (which is known to those skilled in the art, for
example see J Med. Chem.. 1996, 39, (3), 680-685 and also
Exaniple 2 below, (preferably 1 to 3 eq, most preferably 1.5to
2 eq)) to provide the corresponding (8)-oxazolidinone imine
(5). The reaction is carried out preferably at a temperature in
a range from ambient temperature to about 63 C. in the
presence of a base with pKa greater than 12, preferably a
tertiary alkoxide base, most preferably lithium tert-butoxide
and an aprotic non-nucleophilic solvent (preferably DMF,
DMAc, acetonitrile, C, C; linear, branched and cyclic ethers
and/or clilorinated solvents and/or mixtures of these solvents,
most preferably MTBE or methylene chlonide). Most prefer-
ably, the temperature is from about 30-60° C. and the reaction
time is 2 to 24 hours. Preferably, the {S)-oxazolidinone imine
(5), after an aqueous extractive workup, is isolated by filtra-
tion from a 1:1 mixture of an ether (including MTBE, THF,
and other C,-C  linear, branched and cyclic ethers) and water,
most preferably MTBE. Alternatively, (5) is isolated after an
aqueous extractive workup, by filtration or crystallization
from an alcohol (including C,-Clinear, branched alcohols
and polyols); most preferably isopropanol. Hydrolysis of
compound (5} with an aqueous acidic solution provides com-
pound (6) and subsequent acylation provides crude com-
pound (7). Compound (5)is best hydrolyzed with a mixture of
water and a strong acid such as hydrochloric acid and the
substituted benzaldehyde byproduct 1s removed by extraction
with a water immiscible organic solvent (preferably toluene,
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MTBE, methylene chloride or ethyl acetate), most preferably
ethyl acetate. The resulting aqueous solution of amine hydro-
chloride (6} is preferably acylated with acetic anhydride,
preferably in the presence of water and a water-immiscible
organic solvent (most preferably methylene chloride). The
conversion of amine hydrochloride (6) to compound (7) is
well known in the literature. (See Brickner, S. J. et. al. J Med.
Chem. 1996 39 (3) 673-679, U.S. Pat. No. 5,837,870, U.S,
Pat. No. 5,688,792).

[0245] The examples provided below further illustrate and
exemplify the compounds of formula (I} of the invention,
compositions of the invention and methods of using the com-
pound of the invention. It is to be understood that the scope of
the present invention is not limited in any way by the scope of
the following examples and preparations.

Example 1

Preparation of (8)-1-chloro-3-[{4-chloro-E-ben-
zylidene}-amino]-propan-2-ol

Method A

[0246] A 5 L three neck round bottom flask equipped with
a mechamical stirrer, thermocouple, reflux condenser and
lLieating mantle is charged with 4-chlorobenzaldehyde (351.0
g, 2.5 mol, 1.0 eq.). MTBE (1.5 L} is then charged into the
round bottom to give a homogeneous solution. Aqueous
ammonia (28 wt %, 252.98 mL, 3.75mol, 1.5 eq.)is added in
asingle portion resulting in a white precipitate that turned into
a thin slurry within 15 minutes of stirring. {3)-(+)-epichloro-
lLiydrin (>99% ee, 196.0 mL, 2.5 mol, 1.0 eq.} is then slowly
charged mto the vessel. After 40 minutes, the contents are
then slowly heated to 43° C. The reaction is stirred at 40° C.
for 18 hours at wlich time 8.4% area of epichorohydrin
remained by GC. Upon cooling, the reaction mixture is trans-
ferred to a separatory funnel and the layers are separated. The
lower aqueous layer is discarded. The organic layer is trans-
ferred to a 3 L round bottom flask, concentrated in vacuo to
about halfthe volume (800-900 mL ) at which time iso-octane
is slowly added from a feed tube {(~750 mL) until cloudiness
is observed. The biphasic mixture is seeded with ~4 mgs of
the title compound. The reaction is cooled with an ice bath for
45 munutes while stirring. The precipitate is collected and
rinsed with cold iso-octane (SO0 mL). The solid is dried for 18
Lours at 50° C., under vacuum to give 345.19 g (59% yield) of
the title compound as a while solid. GC assay: 100%, 99.7%
ee by Chiral SFC). GC (conditions: column-30 meter HP-1,
0.25 mum ID and 0.25 micron film and 15 psi head pressure,
1.0 pl injection size; T, =70° C., ramp of 20° C./min) T,
{epichlorohydrin}=2.4 min, T (4-chlorobenzaldehyde)=4.8
min and T, (title compound)=%.7 min: HPLC conditions:
Chiralpak AD-H 250 mmx4.6 mm column, eluting with 70%
CO,/30% MeOH at 3.0 ml /min, detecting at 255 nm. T, [title
compound]=3.9 min; T, {enantiomer of title compound)=2.8
min; 'H NMR (400 MHz, CDCL,) & 3.69 (bs, 2H), 3.80 (m,
2H), 4.15(s, 1H). 7.41 (d, J=8 Hz, 2H), 7.69 (d. ]=8 Hz, 2H),
8.33 (s, 1H); *C NMR (CDCl,) & 47.05, 63.09, 70.82, 128,
93, }29‘39. 134,08, 137.07, 162.30; IR (KBr Pellet) 1630

cim

Method B

[0247] A 5 L three neck round bottom flask equipped with
a mechamical stirrer, thermocouple, reflux condenser and
heating mantle is charged with 4-chlorobenzaldehyde (375 g,
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2.67 mol, 1.0 eq.). Methanol (0.75 L) 1s added to give a
homogeneous solution after warming from 10to 23° C. Aque-
ous ammonia {28 4 wt %, 264 mL, 3.95 mol, 1.5 eq.) is added
in a single portion resulting in a biphasic solution forming
after stirring for 15 minutes at 23 to 26° C. (8)-(+)-epichlo-
rohiydrin (99.3% ee, 207 mL, 2.64 mol, 1.0 eq.}is then added
in one portion. The reaction mixture is stirred at 23-24° C. for
18 hiours, then warmed to 40 to 45° C. and stirred for 2.5 hours
at which time 0.26% area of (8)-epichiorohydrin remains by
GC (GC conditions, 0.050 mL reaction mixture n 1 mL
acetonitrile, inject 1 microliter; 15 M DB-1 column, 0.25 mm
ID and 0.25 micron film and 15 psi head pressure, 1.0 pl
injection size; T,,,=38° C., ramp of 10° C./min) T (epichlo-
rohydrin)=1.1 min, T, (4-chlorobenzaldehyde)=6.9 min and
T (title compound)=16.0 min}. The mixture is concentrated
in vacuo to a total volume of 1250 mL. Toluene (250 mL) is
added and the mixture concentrated in vacuo to a total volume
of 1250 mL. Toluene (250 mL) i1s added and the mixture
concentrated in vacuo to a total volume of 1145 mL. Toluene
(355 mL}1s added and the mixture concentrated in vacuo to a
total volume of 900 mL. Toluene (600 mL) is added and the
mixture concentrated in vacuo to a total volume of 1120 mL.
While maintaining 45 to 50° C., heptane (1500 mL) is added.
The resulting biphasic solution 1z cooled to 45° C. and seeded.
The mixture is then further cooled to 38° C. over V2 hour while
seeding after every 1 degree of cooling. The mixture is then
further allowed to slowly cool to 23° C. over 16 hours. The
white crystals are then collected by vacuum filtration and
washed with room temperature heptane (180 mL). The prod-
uct is dried in a nitrogen stream to give the title compound
(431.57 g, 70.4%). HPLC 95 area % [Kromasil 150 mmx4.6
mm column, 254 nm, flow rate 1.5 mL/min; A=1000 mL
water+0.52 mL trifluoroacetic acid+1.20 mL triethylamine;
B=acetonitrile; [socratic 47: 53 A: B for 5 min then gradient
to 100% B over 3 min Ty [title compound]=2.1 min; T
{4-chlorobenzaldehyde)=2.3 min]: 99.72% ee by Chiral SFC.
Chiral HPLC conditions: Cluralpak AD-H 250 mm=4.6 mm
column, eluting with 70% CO,/30% MeOH at 3.0 mL/min,
detecting at 255 nm. T, [title compound]=3.9 min; T, {enan-
tiomer of title compound)=2.8 min. 'H NMR (400 MHz,
CDCl;) 6 3.69 (bs, 2H), 3.80 {m, 2H), 4.15 (s, LH), 7.41 (d,
J=8 Hg, 2H), 7.69 (d, J=8 Hz, 2H), 8.33 (s, 1H); '*C NMR
(CDCl,) 6 47,05, 63.09, 70.82, 128 93, 129.39, 13408, 137.
07, 162.30.

Method C

[0248] A 5L three neck round bottom flask equipped with
a mechanical stirrer, thermocouple, reflux condenser and
heating mantle 1s charged with 4-chlorobenzaldehyde (375 g,
2.67 mol, 1.0 eq.). MTBE (1.50 L) is then added to give a
homogeneous solution after warming from 9 to 24° C. Aque-
ous ammonia {28.4 wt %, 265 mL, 3.97 mol, 1.5 eq.) is added
in a single portion resulting in a biphasic solution forming
after stirring for 15 minutes at 23 to 26° C. (8)-(+)-epichlo-
rohydrin (99.3% ee, 209 mL, 2.67 mol, 1.0 eq.) 15 then added
in one portion. The reaction mixture is stirred at 23-24° C. for
3 days. The phases are separated and the upper phase concen-
trated under atmospheric pressure from 2000 to 1000 mL
total volume (boiling point 58 to 67° C.). While maintaining
45 to 50° C., heptane {1700 mL) is added. The resulting
biphasic solution is cooled to 45° C. and seeded. The mixture
is then further cooled to 38° C. over ¥2 hour while seeding
after every 1 degree of cooling. The mixture is then further
allowed to slowly cool to 23° C. over 1 hour. The snow white
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heavy crystals are then collected by vacuum filtration and
washed with room temperature heptane (180 mL). The prod-
uct is dried in a nitrogen stream to give the title compound
(462.43 g, 74.7%). HPLC 94 area % [Kromasil 150 mmx4.6
mm column, 254 nm, flow rate 1.5 mL/min; A=1000 mL
water+0.52 mL trifluoroacetic acid+1.20 mL triethylamine;
B=acetonitrile; Isocratic 47: 53 A: B for 5 min then gradient
to 100% B over 5 min. Ty [title compound]=2.1 min; T,
{4-chlorobenzaldehyde)=2 .3 min]; 99.92% ee by Chiral SFC.
Chiral HPLC conditions: Chiralpak AD-H 250 mmx4.6 mm
column, eluting with 70% CO,/30% MeOH at 3.0 mL/min,
detecting at 255 nm. T, [title compound]=3.9 min; T, (enan-
tiomer of title compound)=2.8 min; '"H NMR (400 MHz,
CDCl,) & 3.69 (bs, 2H), 3.80 (m, 2H), 4.15 (s, 1H), 7.41 (d,
J=8 Hz, 2H). 7.69 (d. J=8% Hz, 2H), 8.33 (s. |H); *C NMR
(CDCl,) 8 47.05, 63.09, 70.82, 128.93, 129.39, 134.08, 137
07, 162.30.

Example 2
Preparation of (3-fluoro-4-morpholin-4-yl-phenyl)-
carbamic acid benzyl ester
[0249] Thetitle compound can be prepared according to the

method described in /. Med. Chem., 1996, 39, (3), 680-685
and depicted in SCHEME I1.
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[0250] Additional methods for the conversion of interme-

diate A to 3-fluoro-4-thiomorpholin-4-ylaniline (B) are pro-
vided.
Method A

[0251] 4-(2-Fluoro-4-nitrophenylithiomorpholine (A, 250
2. 1.03 mole) was charged into a mixture of dioxane (1400
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mL), EtOH (1000 mL) and water (600 mL ) n a 5000 ml_ three
neck round bottom flask equipped with a mechanical stirrer.
Into the stirred mixture was charged ammonium chloride
(166 g, 3.1 moles) followed by iron powder (247 g, 4.25
mwoles), each in single portions. The reaction was warmed to
reflux with vigorous stirring. The reaction was heated at
reflux for a total of 16 hours and was then allowed to cool to
room temperature. The dark mixture was diluted with EtOAc
(800 mL), filtered through a pad of celite, and concentrated in
vacuo to a pasty residue. The residue was partitioned between
brine (1000 mL) and dichloromethane (750 mL). One filtra-
tion through celite removed particulates that were interfering
with pliase separation. The aqueous layer was then extracted
with additional dicldoromethane (750 mL). The combined
organic layers were dried over anhydrous potassium carbon-
ate and concentrated in vacuo to give 225 g of a dark solid.
This crude material was dissolved in dichloromethane (1000
mL), treated with 200 g silica gel (230-400 mesh) and the
mixture was concentrated to dryness. The plug was filtered
over 500 g silica gel (230-400 mesh, packed as a slurry with
20% EtQAc/hexane) eluting with 20-30% EtOAc/hexane
while collecting 1000 mL fractions. Fractions 3-11 were
combined and concentrated to give 3-fluoro-4-thiomorpho-
lin-4-ylaniline (B, 232 g 106% yvield) as an off-wlnte solid.
'H NMR indicated the desired material along with trace
residval solvents to account for the greater than theoretical
recovery. "H NMR (400 MHz, CDCL, ). 6 2.8 (m, 4H), 3.2 {m,
4H), 3.6 (s, 2H), 6.4 (m, 2H), 6.8 (m, 1H).

Method B

[0252] A 2000 mL Parr shaker flask was charged with 5%
sulfided palladium on carbon (Johnson Matthey type
Al03038-5, 18 g) and 4-(2-fluoro-4-nitrophenylythiomor-
pholine (A, 60 g, 0.25 mole). The mixture was suspended in
MeOH (1050 mL) and the reaction was hydrogenated at 50
PSI for 7 h. The catalyst was removed by filtration through
celite and the filter cake was washed well with fresh MeOH.
The clear gray filtrate was concentrated in vacuo to give
3-fluoro-4-thiomorpholin-4-ylamline (B, 51.3 g, 98% yield)
as a gray solid. '"H NMR (400 MHz, CDCl,): 6 2.8 (m, 4H),
3.2 (m, 4H), 3.6 (s, 2H), 6.4 (m, 2H), 6.8 {m, 1H).

Example 3

Preparation of (58)-5-{[(4-chlorobenzylidene)
amino]methyl}-3-(3-fluoro-4-thiomorphiolin-4-
ylphenyl}-1,3-0xazolidin-2-one

[02583] The title compound in Example 2 (194 g, .56
mole), and the title compound of Example 1 (195 g, (.84
mwole), and lithium tert-butoxide (116 g, 1.4 mole) were
charged mnto a 3000 mL three neck round bottom flask under
nitrogen. The reactants were slurried with methy] tert-butyl
ether {1200 mL) and the mixture was warmed to 56° C. and
stirred for 2 h as a vellow solid gradually formed. The reaction
was cooled to room temperature, and diluted with 1200 mL
water. The mixture was then stitred vigorously over 60 min as
the solid changed from dark yellow to a more pale yellow
solid. The mixture was cooled to 10° C., filtered, and the filter
cake was washed with ice cold methyl tert-buty] ether (450
mL). The resulting light yellow solid was dried in air for 30
min, then placed in a vacuum oven and dried at 40° C. over-
night to afford the title compound (243 g, 99% yield). 'H
NMR (400 MHz, CDX}CL,): 6 2.8 (m, 4H), 3.2 (m, 4H), 3.9 (m,
2H). 4.1 (m, 2H), 5.0 (m, 1H), 6.9 (m, 1H)}, 7.2 (m, 1H), 7.4
{m, 3H), 7.6 {m, 2H), 8.4 (s, 1H).
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Exaniple 4

Preparation of N-{[(58)-3-(3-fluoro-4-thiomorpho-
lin-4-yIphenyl)-2-0x0-1,3-0xazolidin-5-y1]
methyl}acetamide

[0254] The title compound in Example 3 (243 g, 0.56 mole)
was combined with EtOAc (1300 mL) and water (1300 mL)
in a 5000 mL three neck roumd bottom flask equipped with a
mechanical stirrer. The mixture was treated drop-wise with
12N HCI (140 mL, 1.68 moles) and the mixture was stirred
vigorously for 1 hour at room temperature. The layers were
separated and the aqueous layer was washed with EtOAc
{1x500 mL). The resulting aquecus solution containing {S)-
S-{aminomethyl}-3-(3-fluoro-4-thiomorpholinophenyl)ox-
azolidin-2-one hydrochloride was combined with a mixture
of dichloromethane (1800 mL ) and MeOH (120 mL), and the
vigorously stirred mixture was charged with acetic anhydride
{132 mL, 1.4 mole) in one portion and subsequently treated
drop-wise with 10 N NaOH (200 mL, 2.0 mole) over 15 min.
An extremely thick reaction mixture resulted from addition of
the base, which gradually thinned as the pH rose and the
acylation rapidly progressed. The reaction was stirred vigor-
ously for 1 hour after the mixture resolved to two phases. At
that time, 10 M NaQH (160 mL, 1.6 mole) was added drop-
wise to the mixture until the pH was stable at 7. The layers
were separated, the aqueous layer was extracted with dichlo-
romethane {250 mL), and the combined organic layers were
dried over anhydrous potassium carbonate. The volatiles
were removed 1 vacuo to give an off-white solid which was
titrated with methy! tert-butyl ether (250 mL}), collected, and
dried in vacuo to give title compound (5) (186.1 g, 94% yield)
as a fine white solid with greater than 98% HPLC purity
{retention time=3.93 minutes, HPLC conditions reported
below).

[0255] Thecrudesolid was dissolved in warm 6% methanol
indichloromethane (1250 mL) in a 5000 mL three neck round
hottom flask equipped with a mechanical stirrer. The solution
was warmed to reflux, diluted by the portion-wise (300 mL)
addition of 2500 mL isopropanol (IPA), and, in order to
maintain reflux, the temperature was ramped to 50-70° C. On
completion of this addition of IPA, the reflux condenser was
replaced with a short-path distillation head and distillation
was continued into a cooled flask. During distillation, a 500
mlL portion of fresh IPA was added after 500 mL of distillate
was collected to maintain between 2000 and 2500 mL [PA
present at all times. After this addition (internal flask tem-
perature dropped to 60° C.) the mixture became slightly
cloudy and remained so for the balance of the distillation,
becoming increasingly cloudy as the distillate temperature
exceeded 70° C; particulate matter appeared as the distillate
temperature exceeded 75° C. The temperature controller was
ramped to 85° C. and held there vntil the conclusion of the
distillation. When the distillate was clearly isopropanol alone
(82-83° C.) the volume was reduced to 2500 mL hot IPA, the
heating mantle was removed, stirring was discontinued, and
the paddle was removed from the tlask. The mixture was
allowed to continve to crystallize as the flask cooled. The
white crystalline solid was then collected by filtration,
washed with methyl tert-butyl ether (250 mL), and dried in
vacuo at 40° C. to afford 180 g (91% vield) of the title
compound in greater than 99% HPLC purity (retention
time=3.93 minutes, HPLC conditions reported below). 'H
NMR (400 MHz, DMSO-d,): & 1.8 (3, 3H), 2.7 (m, 4H), 3.2
(m, 4H), 3.4 (m, 2H), 3.7 (m, 1H}, 4.7 (m, 1H), 7.1 {m, 1H),
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7.15 (m, 1H), 7.2 (m, 1H), 82 {m, 1H). Mass Spec.
CsHzoFN,0,5: m/z 354.1 (M+1).

[0256] HPLC conditions for analyses mentioned in the text:
HP Series 1100; Column: Symmetry C8 5 uM 4.6x50 mm;
Flow rate 1.2 mL/min; Solvent A: water with 0.1% formic
acid, Solvent B: acetonitrile with 0.1% formic acid; Injection
volume=10uL. of 1 mg/mL (acetonitrile); Gradient. Solvent
B 0-100%% over 7 minutes then 100% B for 1 minute; wave-
length=254 nm.

Biclogical Examples

[0257] The following abbreviations are used in the follow-
ing Examples and have the definitions indicated unless oth-
erwise noted: CFU is colony forming vnit, INH is isoniazid,
RIF is rifampin; PZA 1z pyrazinamide; MXF 1z moxifloxacin,
and LZD is linezolid.

[0258] The bacterial strain Mycobacterium tuberculosis
H37Rv was passaged in mice, frozen in 1 mL aliquots and
stored at -80° C. before use. For each infection, an aliquot
was thawed and sub-cultured in Middlebrook 7H9 broth
supplemented with 10% oleic acid-albumin-dextrose-cata-
lase {OADC) (Difco, Detroit, Mich.) and 0.05% Tween 80
(Sigma, St. Lovis Mo.). Female BALB/c mice (Charles River,
Wilmington, Mass.), aged four to six weeks were infected via
aerosol using the Inhalation Exposure System (Glas-col Inc,
Terre Haute, Ind.) and a log phase broth culture with an
optical density of approximately 1.0 at 600 nm. Mice were
randomized to treatment groups (5 mice per group per time
point) after aerosol infection. Untreated mice were routinely
sacrificed (1) on the day after infection to determune the num-
ber of CFU implanted in the lungs and (ii) on the day of
treatment initiation to determine the pre-treatment CFU
count.

[0259] The compound of formula (I} of the wvention and
LZD (obtained from Pfizer Inc. Ann Arbor, Mich. and Groton,
Conn.) used in the tests described below was suspended in a
solution composed of 5% polyethylene glycol-200 (PEG-
200 and 95% methylcellulose {0.5%) in distilled water. MXF
was obtained from Bayer (Rolling Meadows, 1L}, PZA was
obtained from Fisher, and INH and RIF were obtained from
Sigma. Stock solutions were prepared weekly using distilled
water. All antibiotic solutions were stored at 4° C.

[0260] Except where otherwise indicated, antibiotics were
administered once daily, five days per week in 0.2 ml by
gavage. Both oxazolidinone suspensions wete sonicated
briefly prior to use and shaken between doses. RIF was given
1 hour prior to administration of other drugs to avoid an
adverse pharmacokinetic interaction.

Example 5
In Vitro Activity of the Compound of Formula (1)

[0261] The MIC of the compound of formula (I) and LZD
was determined by the agar dilution method on Middlebrook
7H11 agar supplemented with 10% OADC (Becton-Dickin-
son, Sparks, Md.). Plates containing serial two-fold concen-
trations of the compound of formula (1) and LZD ranging
from 0.125 to 4 pg/ml. were inoculated with approximately
5%10° CFU of Mycobacterium tuberculosis H37Rv. CFU
were counted after 28 days incubation at 37° C. with 5%
ambient CO,. The MIC was defined as the lowest concentra-
tion to inhibit at least 99% of bacterial growth.

[0262] The MIC of the compound of formula (I) and LZD
agamnst Mycobacterium tuberculosis H37Rv was 0.25 pg/mlL.
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Dose-Ranging Activity of the Compound of Formula (I and
LZD in an Established Infection Model

[0263] Mice were infected by the aerosol route with
4.4420.04 log, , CFU. Beginning 13 days after aerosol infec-
tion, when the mean lung CFU count was 7.49+0.11 log, , and
the mean spleen weight was 10511 mg, control mice
received one of the following treatments: INH at 25 mg/kg,
LZD 25 mg/kg to 260 mg/kg (single dose and 130 mg/kg
twice daily), and compound of formula (1) 25 mg/kg to 100
mg/kg doses. Atthe end ofthe treatment petiod, 28 days later,
only 2 of 5 untreated mice remained alive. The mean spleen
weight among those living mice had increased to 237+16 mg.
[0264] In contrast, monotherapy with INH at 25 mg/kg
prevented splenomegaly (mean spleen weight=100+1 mg)
and death. A dose-dependent decrease in spleen weight rela-
tive to untreated controls was observed with increasing doses
of LZD between 25 mg/kg (200247 mg) and 130 mg'kg
(102+5 mg). However, spleens from mice treated with LZD
260 mg/kg (whether as a single dose or 130 mg/kg twice
daily) were larger than expected (190+£52 mg) and similar in
size to spleens from mice treated with LZD 25 mg/kg/day.
Because the number and size of lung lesions decreased with
increasing daily doses of LZD including 260 mg/kg, the
splenomegaly observed in mice receiving 260 mg/kg/day was
not telt to be due to reduced anti-tuberculosis activity. Treat-
ment with the compound of formula (I) prevented splenom-
egaly at all doses admimistered, including the 25 mg/kg dose
{mean spleen weight=113+17 mg).

[0265] Surviving untreated mice experienced an increase in
CFU counts to nearly 8 log,,. Treatment with INH reduced
the mean lung CFU count to 5.62 log,,, for a log kill of 1.87
compared to the baseline value. All regimens including the
compound of formula (1) resulted in a significant reduction in
mean CFU count from baseline (p<0.01), starting with a 0.78
log, , reduction with 25 mg/kg. At 50 mg/kg, the compound of
formula (I} exlhibited bactericidal activity (defined by the
2-log-reduction criterion} by reducing the mean CFU count to
5.28 log,,. for a log kill of 2.21, greater than that observed
with INH. Alhough LZD also displayed dose-dependent
activity, its activity was more limited than that of the com-
pound of formula (1). Only at LZD doses=100 mg/kg was a
significant reduction from the baseline CFU count demon-
strated (p<0.01). Even at the highest dose tested, 260 mg/kg,
LZD did not meet the 2-log-reduction criterion defining bac-
tericidal activity, producing a log kill of only 1.46. The com-
pound of formula (1) was significantly more active than LZD
at each dose tested.

Treatment with the compound of formula (I) at 25 mg/kg
resulted in a CFU count lower than that observed after treat-
ment with LZD at 25 or 50 mg/kg (p<(.01) and not signifi-
cantly different from that observed after treatment with LZD
at 100 or 130 mg/kg. At 50 and 100 mg/kg, the compound of
formula (I) was more active than any dose of LZD {p<0.001).
Dividing the total daily dose of the compound of formula (1)
and LZD into two daily doses had no clear effect (i.e., positive
or negative) on activity (Table 1).

TABLE 1

Mean log, o CFU
count (= 5D on:

Dmg Daily dosing regimen Day 0 Day 28

None None 749 =011 792 £0.03
INH 25 mg'kgonce 562 = 0.3
Compound 25 gk once 671 x0.28
of Fermula (1) 25 mg'kg twice 551 =014
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TABLE 1-continued
Mean log,, CFUJ
count (£ 5Dy on:
Drug Daily dosing regimen Day 0 Day 28
50 me/kg once 528 £0.53
30 mgkg twice 489 0,27
100 mg/ks once 507 =014
LZD 25 mg'kg once 7552024
50 mg'kg once 733011
100 mg/ks once 675014
13 mg'kg once 657 20,13
130 mg/kg twice 602 =017
260 me'kz once 603 =012

[0266] Hence, the compound of formula (1) demonstrated
that it is significantly more active than the human-equivalent
dose (i.e. 100 mg/kg) of LZD, the only clinically available
oxazolidinone, which is being used off-label for the treatment
of MDR.- and XDR-TB.

Pharmacokinetics of the Compound of Formula (I)

[0267] To determine the single-dose and steady-state phar-
macokinetic profiles of the compound of formula (1) and LZD
in the murine model, a sub-study was nested n the above
dose-ranging study using mice treated with the compound of
formula (I at 100 mg/kg once-daily or LZD at 130 mg/kg
once- or twice-daily. Three mice per group were sacrificed at
0.5,1,2, 4, 8 and 24 hours after the first dose of treatment (D1 )
and at the aforementioned time points with the addition of a9
hour time point {i.e., 1 hour after the second daily dose) on
Day 24 (D24) of treatment. Mice were anesthetized with
chloroform and exsanguinated by cardiac puncture. Whole
blood was collected on ice and then centrifuged to obtain
serum. Acetonitrile was added to the samiples before storage
in gasketed screwcap tubes at -20° C. D24 samples were
collected and processed n the same manner and stored at
=207 C. before being sent together with D1 samples to Pfizer
{Groton, Conn.) for determination of drug concentrations.
The supematant was injected (10 pL injection volume) onto
the LC (Shimadzu SCL-10A, Kyoto, Japan)-MS/MS (Sciex
AP 3000, Applied Biosystems Group, Foster City, Calif)
using a Hypersil C18 column (5 pm, 50x2.1 mm, Thermo
Electron Corp, Waltham, Mass.) and a step gradient consist-
ing of a mobile phase of A: water with 0.05% 5 mM ammo-
nivm formate and B: acetonitrile/water/5 mM ammonmm
formate (80:20:0.05%). The ionization was electrospray
positive ion mode. Bicanalytical data were captured vsing
Analyst (Version 1.4.1, Applied Biosystems Group, Foster
City, Calif.). Pharmacokinetic calculations were based on
mean serum concentrations and performed using the non-
compartmental approach (linear trapezoidal rule for AUC
calculation with the aid of Watson 7.2 Bioanalytical LIMS
[Therme Electron Corp, Waltham, Mass.)). In the AUC cal-
culations for D24, the plasma level of analytes at time zero
was set to the 24-hour concentration. Concentrations of 0
were used for kinetic calculations for all results below the
lower limit of quantitation (5 ng/mL).

[0268] Selected pharmacokinetic parameter values for the
compound of formula (I} and LZD are presented in Table 2.
The 130 mg/kg daily dose of LZD produced a steady state
AUC of 379 pg-b/ml, approximately 50% higher than the
anticipated steady state AUC observed in humans adminis-
tered 600-625 mg by mouth twice daily, 215-294 pg-h/ml.
(See Gee, T. et a; Antimicrob Agents Chemother 45:1843-
1846, 2001; Stalker D J et al, J Antimicrob Chemother
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51:1239-46, 2003.) Based on linear kinetics in this dose
range, the 100 mg/kg dose of LZD in the mouse represents the
upper end of the steady-state AUC range in humans, albeit
with a C,,, that is approximately 3 times higher than that
obtained in humans. As expected there was significant first-
pass metabolism of the compound of formula (I} to the major
sulfoxide metabolite and the minor sulfone metabolite (Bar-
bachyn et al. ] Med Chem. 39:680-683, 1994). Because each
of these metabolites has an MIC,,, of 0.5 pg/mlL against M.
tuberculosis, close to the MIC,,, of 0.25 pg/mL for the com-
pound of formula (1), the concentration of each metabolite
was added to that of the parent for the pharmacokanetic analy-
ses. The steady-state AUC for the compound of formula (1)
and its metabolites observed with the 100 mg/kg daily dose
was approximately 3-fold lower than that observed with LZD
at 130 mg/kg. The fact that the 25 mg/kg dose of the com-
pound of formula (I) was as active as this dose of LZD
suggests that the compound of formula (1) is 12 times more
potent in vivo than LZD despite the similar MICs for both
compounds.
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Example 6
In Vivo Activity of the Combination

[0269] Mice were aerosol infected with 3.8920.19 log,,,
CFU. Beginning 14 days after aerosol nfection, when the
mean lung CFU count was 7.37£0.05 log,,. control mice
received one of the following treatments: INH (25 mg/kg)
alone, RIF (10 mg/kg) alone, RIF+PZA (150 mg/kg), RIF+
INH+PZA, MXF (100 mg'kg+PZA or RIF+MXF+PZA.
Test mice received the compound of formula (1) (100 mg/kg)
alone or added to each of the control regimens. Additional
niice went untreated to serve as negative controls. Mice were
sactificed after 4 and 8 weeks of treatment for assessment of
spleen weights and lung CFU counts. Untreated control mice
died during the second monith of the experiment.

[0270] The synergistic effect on lung CFU counts ot adding
the compound of formula (I) to a variety of 1-, 2- and 3-drug
regimens is evident in Table 3.

TABLE 3

Lung log,o CFLY counts (=200

After treatment with the
indicated regimen plus
the compound of

Before After treatment with formula (I3 100 mgike’
treatment the indicated regumen day
R.egimen Day 0 Day 28 Day 56 Day 28 Day 56
No 7375012 L6009 nd. 472017 270029
treatment
INH 579£0.14  453:024 4332039 2587023
RIF 574 £0.17  465:024 373009 129022
RIF-FZA 3972011 105=044 3042022 0502033
RIF-INH- 485 £0.09 247018 354024 047020
PZa
RIF-MXF-PZA 3722020 0612038 3412018 0122027
MXF-PZA 510013 317028 333033 093:0.34
[0271] Monotherapy with the compound of formula (I) of
TABLE 2 the invention resulted in a 2.65 log,,, teduction in CFU counts
Cone from baseline to 4.72 log,,, over the first 28 days, whereas
Regimen {ug/ml)  AUC, ,, (ng-vmL) INH and RIF monotherapy reduced the lung CFU counts by

Compound of formula (1) 100 mg/kg

Day 1 6.07 7.33
Day 24 4.32 8.74
Sulfoxide metabolite

Day 1 20,0 378
Day 24 16.9 98.8
Sulfone metabolite

Day 1 0.79 2.58
Day 24 0.66 .73
Compound of formula (1) +

metallites

Day 1 24.1 47.8
Day 24 21.7 117
LZ2D 130 meikg

Day 1 64.9 164
Day 24 8.4 37

1.38 and 1.63 log,, to 5.79 and 5.74 log,,, respectively.
Remarkably, the compound of formula (1) of the invention
continued to exert bactericidal activity during the second
month of treatment, reducing the CFU count to 2.70 log,,,
CFU greater than the activity of INH or RIF alone and similar
to the CFU count in mice treated with the standard first-line
combination regimen of RIF-INH-PZA which reduced the
CFU count to 2.47 log, ;. The combination of INH and the
compound of formula (1) of the nvention was no more active
than the compound of formula (1) alone, while combining RIF
with the compound of formula {I) had a multiplicative effect,
resulting in a mean lung CFU count nearly 30 times lower
than that observed with the compound of formula (1) alone.
The combination of RIF-PZA had activity which reduced the
mean lung CFU count to 1.05.

[0272] In this example, the addition of INH to RIF-PZA
had a significant antagonistic effect, resulting in mean lung
CFU counts of 1.05+0.44 and 2.47+0.18 after 2 months of
treatment with RIF-PZA and RIF-INH-PZA, respectively.
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This effect could falsely suggest that substituting a new drug
for INH in the RIF-INH-PZA regimen has a significant ben-
eficial effect, even if the new drug is completely inactive
itself, simply because the antagonistic effect of INH has been
removed. Inthis example, however, the compound of formula
(I) of the invention had similarly strong eftects whether it was
added to RIF-INH-PZA or substituted for INH (i.e., as RIF-
PZA-~compound of formula (I). After 2 months of treatment,
the mean lung CFU counts were 0.4720.20 and 0.50+£0.33 1n
mice treated with RIF-INH-PZA-compound of formula (I)
and RIF-PZA-compound of formula (I}, respectively, result-
ing in a mean lung CFU count approximately 3.5 times lower
than the mean lung CFU count in mice receiving RIF-PZA
alone (p<0.05), providing further evidence that the benefit of
substituting the compound of formula (I) of the invention for
INH does not come from the removal of the antagonistic
influence of INH. The compound of formula (I} of the inven-
tion also improved the activity of the RIF-MXF-PZA regi-
men. Treatment with RIF-MXF-PZA for 2 months resulted in
a mean lung CFU count of 0.61+0.38, with 1 of 5 mice
culture-negative, while treatment with RIF-MXF-PZA- and
the compound of formula (1) resulted in a mean CFU count of
0.12+0.27, with 4 out of 5 mice culture-negative (complete
eradication) (p=0.05 for difference 10 mean CFU counts). The
difference was of marginal statistical significance, likely due
to the low CFU counts, but implies that the compound of
formula (1) of the invention may further improve the regi-
men’s sterilizing activity to prevent relapse. Finally, treat-
ment with MXF-PZA-compound of formula (1) for 2 months
resulted in a mean lung CFU count of (-93+0.34, resulting in
a mean lung CFU count nearly 175 times lower than that
observed without the compound of formula (I) demonstrating
that the compound of formula (I) of the invention is able to
replace RIF in the treatment-shortening RIF-MXF-PZA regi-
men without diminishing the regimen’s activity.

Example 7

In Vivo Activity of the Combination after Prolonged
Administration and Follow-Up

[0273] Mice were aerosol infected with 4.45£0.05 log,,
CFU. Beginming 14 days after aerosol infection, when the
mean lung CFU count was 7.9220.15 log,,, control mice
received RIF-INH-PZA for 8 weeks followed by RIF-INH for
8 weeks. One cohort of test mice received the same regimen
to which the compound of formula (I} {160 mg/kg) was added
for the entire 16 weeks duration, added for the first 8 weeks
only, or added for the entire 16 weeks duration with the
removal of INH atter the first 8 weeks. Another cohort of test
mice recejved the control regimen to which LZD was added
for the entire 16 weeks duration or added for the first 8 weeks
only. Additional mice went natreated to serve as negative
controls. Mice were sacrificed after 8, 12 and 16 weeks of
treatment for assessment of lung CFU counts. Additional
mice were held without treatment for 12 weeks after com-
pleting 12 or 16 weeks of treatment. Untreated control mice
died during the second month of the experiment.

The synergistic effect on lung CFU counts by adding the
compound of formula (I} (Abbreviated as “1I""} to the control
regimen during the first 8 weeks is evident in Table 4. The
hactericidal effect of the control regimen was increased by 2
orders of magmtude. This effect is quantitatively and quali-
tatively different from the antagonistic effect of adding LZD.
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TABLE 4

Proportion (%) of
mice with
culture-positive
relapse after

Lung log,, CFU
counts (5D}
after treatment for:

Regimen 0 days % wks 12whs 16 wks
Untreated T92x0.15

2 mo. RIF-INH-PZA + 317027 15 of 20
2 me, RIF-INH (90%)
2 me, RIF-INH-PZA-1T+ 071 =026 Dof20 1o 20
2 mo. RIF-INH-U (d5%) (5%
2 me, RIF-INH-PZA-1T+ Tof20  1of 20
2 mo. RIF-U (35%) (5%
2 mo. RIF-INH-PZA-UT + 17a0f20  Tof20
2 me, RIF-INH (85%) (35%)
2 mo. RIF-INH-PZA- 4.28 024 200f 20
LZD + (100%)
2 me, RIF-INH-LZD

2 mo. RIF-INH-PZA- 200f 20
LZD + (100%)
2 mo. RIF-INH

[0274] Treatment with regimen including the compound of
formula (I} (abbreviated as *U™ in Table 4) was associated
with a lower likelihood of relapse (the gold standard measure
of complete eradication) after completion of 12 and 16 weeks
of treatment compared to mice receiving other regimens.
After 12 weeks of treatment with the control regimen all mice
remained culture-positive and would be expected to exhibit a
100% relapse rate. This is further supported by a 90% relapse
rate after 16 weeks of treatment.

[0275] In contrast, groups receiving a regimen including
the compound of formula (1) for the entire 16 weeks had an
average relapse rate of 40% after 12 weeks and 5% after 16
weeks. When the compound formula (1) was added to the
control regimen for only the first 8 weeks, 85% and 35% of
mice relapsed afier total treatment durations of 12 and 16
weeks, respectively. On the other hand, addition of LZD was
antagomistic and prevented complete eradication 1 any
mouse. Overall, these data demonstrate that the compound of
fornla (1) has synergistic effect when combined with the
standard first-line regimen and is capable of shortening the
duration of treatment by 1-to-2 months without sacrificing
efficacy.

[0276] Hence, the compound of formula (1) has synergistic
effect when combined with at least two agents useful for the
treatment of tuberculosis. Most importantly, combining the
compound of formula (I) with at least two agents for the
treatment of taberculosis dramatically increases bactericidal
activity, suggesting that it may shorten the duration of che-
motherapy for drug-susceptible TB as well as MDR-TB.

Example 8
Examiple 84

Four Week Dose Ranging Study i Combination
with Standard First Line Agents, Rifampin, Iso-
niazid, and Pyrazinamide

[0277] Example § describes the results of a study in which
mice were infected with Mvcobacterium tuberculosis similar
to the manner described in Example 6 above. Other than the
controls, all of the mice were treated with the following three
drugs:

treatment for:
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[0278] 1) rifampin, 10 mg/kg(R),
[0279] 2)isoniazid, 25 mg/kg(H), and
[0280] 3) pyrazinamide, 150 mg/kg(Z).

[0281] The mice were divided into eight groups (8)and six
of the groups recewved varying doses of the compound of
Formula I{*'U™). Doses ranged from 12.5 mg/kg to 160 mg/kg
and are listed in Table 5 below.

[0282] The study was carried out in the following manner.
Si-week-old female BALB/c mice were infected by the
aerosol route with Mycobacterium tuberculosis H3TRv. On
that day (D-17), 5 mice were sacrificed to determine the
number of CFU implanted in the lungs. Seventeen days later
(D0), 5 additional mice were sacrificed to determine the base-
line CFU count in the lungs. The remaining mice were ran-
domuized to treatment groups, as indicated in Table 5, and
started on the specified drug regimen. Treatment was admin-
istered once daily, 5 days per week, except for group 8, which
received thrice weekly treatment (3/7) throughout. At the
conclusion of the 4 week test period, all of the ammals were
sacrificed for lung CFU counts, except for 80 animals from
the Group 4, below, These animals were utilized in an 8 week
protocol which is described below in Example 8B.
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TABLE 6-continued

# of Mice

U given with or without R:

5 U o H-R
6) U jgo +- R
T Usg +i-R
8)Ups +- R
U5 +-R
10} Ust 3T} +— R

aon G batn e

[0285] As described above, 5 animals served as the control
and no further drugs were given. Five were given the combi-
nation of rifampin{R) and isomiazid (H), five given isoniazid
(H) or nfampin(R) alone. Of the twelve (12) remaiming
groups, all were given with the compound of formula (I} in
doses ranging from 12.5 mg/kg to 160 mg/kg. Six of these
groups were also dosed with rifampin (R). The rifampin and
isomiazid was dosed in the same manner and in the same
amount as in Example 8A.

[0286] At the conclusion of the eight (8) week experiment,
all of the animals were sacrificed and CFU lung counts were

TABLE 5 obtained. The following results were obtained:

# CFU Count Day  CFUCownt CFU Count
Repimen Wice -317 Day ¢ 4 weeks TABLE 7
Contmols Treatment Lung CFU
1) Untreated 15 3302023 771 £ 0,06 dead 1} Untreated 5492023
2)RHZ : 4712017 2) Isoniazid(H) 446 = 0.37
Test Regimen 3} Rifampin(R} 4.18 £ 0.35

4}Rand H 3.84 £ 0.46

3IRHZU 5 5 5 451 =0.16
4)RHZU,; 3] 419 £0.26
3) RHZUs, 5 4.32=0.26 [0287] At the initiation of this second phase, the eighty
83 RHZU00 : 3.6 20.23 animals had a mean CFU of 4.19+0.26 (based upon the other
7V RHZU, 4, 3 401 £0.21 . : A P
6) RHZU(317) 5 485 +0.33 mice from Group 4 that were sacrificed). Table 7 shows the

[0283] As depicted above, the compound formula I dem-
onstrated a dose dependent effect on CFU numbers. The
addition of this compound to the standard regimen of RHZ
produced further reduction in the number of TB colonies
contained witlin the lung.

Example 8B
Eight Week Dose Ranging Smdy

[0284] Eighty of the mice from Group 4 (in Example 8A)
that had been receiving 25 mg/kg of the compound of formula
1(U)) along with rifampin(R), isoniazid{H}), and pyrazinamide
{Z) were evaluated in the second phase of the study. They
were assigned to one of the groups described below in Table
6 and the study was continued for an additional 4 weeks (i.e.
8 week results).

TABLE 6
# of Mice
Diug Regimen
1) No treatment 5
2yRH 5
IR 3
4 H 5

results obtained with control group, the rifampin{R) only,
isoniazid{H) only and the combination of both isoniazid(H})
and rifampin(R).

Table 8 shows the results obtained with the mice recerving the
compound of formula (I}U) aloge or in combination with
rifampin(R}.

TABLE 8

Dose of 17 CFULU only CFU-U and R
Upzs 499 0,10 342 =040
U,y 4.26 10024 283 +0.24
Uy 3.56=0.15 249 £0.31
Ujoo JEE 2034 L34 £ 0.43
U, 2422031 L6 £0.53
Uen(37) 4.21 =0.26

[0288] Thecompound of Formula I (U)demonstrated dose-
dependent bactericidal activity against persisting tubercle
bacilli that remained viable after the initial 4 weeks of treat-
ment with RHZU,.. The following effects were observed
with U monotherapy: a growth-inhibitory effect at 12.5
mg/kyg, a bacteriostatic effect at 25 mg/kg, a >0.5 log reduc-
tion at 30 mg/kg, a >1 log reduction at 100 mg/kg, and a
nearly 2 log reduction at 160 mg/kg. The combination of
rifampin(R} and the compound of formula (I} U was syner-
gistic and proved to have strong bactericidal activity against
persisters. When the compound of formula (I) U was admin-
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istered at doses 25 mg/kg, the combination of 1t and rifampin
R was more effective than the standard regimen of rifampin
{R) and isoniazid {H). Results with U alone support the con-
clusion that U-containing regimens may be capable of sig-
nificantly shortening the duration of treatment for both
multidrug-resistant tuberculosis and extensively drug-resis-
tant tuberculosis.

Example 8C
Additional Dose Ranging Study

[0289] The protocol described above in Example 8A and
8B was carried out on an alternative occasion. The only sub-
stantive changes were the number of animals per group and
the imitial incubation period. Table 9 provides the results
obtained

TABLE &

# CFU Count Day  CFU Count CFU
R.egimen Mice =112 Day 0 Count 4 wesks
Cantrols
1) Untreated 12 3.26 £0.14 5,28 = .05 723015
2)RHZ 4 4.58 £ 0.15
Test
Regimen
1) RHZL o 4 416 0,28
I RHZU oy 684 39301
3)RHZUs, 4 430+ 0.27
4) RHZL 4 430023
5)RHZU 5 5 4 430+ 0.25
61 RHZLT, 55 4 4.39

[0290] Testing continued for an additional 4 weeks with 60
of the mice from Test Group 2 immediately above. The mice
either received U alone, at varying doses, or the combination
of U and R. The following results were obtained.

TABLE 10
Regimen # Mice CFU Count & weeks
Controls
1) Untreated 4 491 =017
hER 4 4.16 = 0.63
3 RH 4 300 =016
Test Regimen
11U g 4 290 =032
2 RU 40 a4 216 £0.20
31U 4 386 £ 053
4) RUyon 4 235021
51Us, 4 4.39 £ (.28
6) RUs, 4 317 =076
TiUazs 4 3327 =020
B1RU.; 4 4.27 £0.33
91U} a4 4 530 £ 0,08
101RU |54 4 3.62 £0.40
111U 55 4 4.93 £0.32
121 RlUg 04 4 438 =016

[0291] As depicted above, the compound formula I dem-
onstrated a dose dependent effect on CFU numbers. The
addition of this compound to the standard regimen of rifamp-
in(R) and isoniazid (H) and rifampin (R) alone produced
further reduction in the number of TB colomes contained
within the lung at both 4 and 8 weeks.
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Example 9

[0292] In Example 9 the impact of the compound of for-
nmlal on existing first and second line anti-tuberculosis drugs
was evaluated. Two doses of the compound were evaluated,
25 mg/kg and 100 mg/kg. The following standard anti-tuber-
culosis agents were evaluated, at the specified doses:

[0293] 1)isoniazid, 10 mg/kg (H)

[0294] 2)rifampin, 10 mg/kg (R)

[0295] 3)pyrazinamide, 150 mg/kg. (Z)

[0296] 4) ethambutol 100 mg/kg (Eb)

[0297] 5) moxifloxacin 100 mg (M)

[0298] 6) ethionamide 50 mg/kg (Ef)

[0299] 7)amikacin 150 mg/kg subcutaneously, (A)

[0300] 8)cycloserine 250 mg/kg twice daily (Cs)

[0301] 9) para-aminosalicyclic acid 750 mg/kg (Ps)
[0302] 10) capreomycin 125 mg/kg subcutaneously (Cap)
[0303] 11)clofazimine 20 mg/kg (C)

The study was carried out in the following manner:

Methods

[0304] Mice: female BALB/c, 6 weeks old

[0305] Infection: aerosol infection with ~10° CFU M.
tnberculosis H37Rv followed by randomization to treatment
group

[0306] Treatment: initiated on day 14 after infection (D0
when the CFU counts in the mouse lungs was ~10% CFU.
[0307] All drugs were given once daily (except cyclos-
erine—twice daily) by the oral route (except amikacin and
capreomycin—subcutaneous injection), 5 days per week.
[0308] Mouse sacrifices for CFU counts in lungs: Accord-
ing to the experimental scheme, 4 mice were sacrificed the
day afterinfection (D-13) and 2 weeks later (DO} to assess the
number of implanted CFU and the baseline CFU counts on
treatment initiation, respectively. The activity of each regi-
men was be assessed by lung CFU counts after 4 weeks of
treatment.

Results

[0309] Mice were infected with ~4.5 log,,, CFU. Fourteen
days later the lung CFU count at the mitiation of treatment on
day zero was approximately 8.3 log, . Untreated mice died
within the first 3 weeks of infection (Table 11). The survival
of mice treated with pyrazinamide (Z), cycloserine (Cs), and
capreomycin (Cap) was not significantly different from
untreated controls. Treatment with para-aminosalicylic acid
(Ps) delayed but did not prevent mortality. Treatment with
ethambutol (Eb) and clofazimine (C) prevented some, but not
all, mortality. Treatment with isomazid (H), rifampin (R),
moxifloxacin (M), amikacin (A) and ethionamide (Et) pre-
vented death, as did treatment with the compound of formula
I {U) at either dose, whether alone or in combination with
other drugs.

TABLE 11

Proportion (%) surviving Timne to 30% mortality
Treatment group to Day 42 post-infection (days)
Any U-containing 474 {100%) NiA
regimen
H. E.M. A or Et 44 (100%) NiA
C 34 (T5%) NiA
Eb 274 (30%) 30
Pz 04 (0%5) 3
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TABLE 11-continued

Propottion (%) surviving Time to 30% mortality

Treatment group to Dray 42 post-infection idays)

Cap 0/4 {0%) 22

Cs 074 {0%) 22

Z 0:4{0%) ed |

No treatment 0/4 {0%) 21

[0310] Inaddition to measuring survival, lung CFU counts

were also determined as described above and are reported
below in Table 12

TABLE 12

Mean lune log, . CFU count (£} S.D.

at
treatment after 4 weeks of treatment with:
imitiation  Regimen Regimen + U Regimen +
Regimen (D) alone 25 mg'ke U100 me/kg
1) 8.36 =010 NiA TAT =023 540 =010
Untreated
21 H 701 +0.14 8.22 £ 0.06 AT 033
IR 623011 391 =021 502 =010
412 Nia 4.73 £ 0.38 =3, 50%%
5 Eb T4l £0.57% 6,80 =016 550 =013
M 649 0,12 TOR =010 533 =050
71 Et 719 0.04 718 018 5462015
1A T2 =014 6,78 =016 518017
9 Cs Nia 719 x0.21 5662011
107 Ps Nia 887 £0.217* A3 a0.32
11 Cap NiA 6,81 =013 535 =017
1nC 502%0.24%% 825 £0.20 491 = 0.14

Mia, not avanlable due to death m 4 of 4 mice before Way

*1of 4 mice survived:

*23 of 4 nnce survived,

*44the CFU counts was below the lower limit of detection of 3.4 for 2 of 4 mice

[0311] A review of the data shows that the addition of the
compound of Formula I (U}, significantly reduced bacterial
load in a dose dependent manner when added to standard
anti-tubercular drugs. These results suggest that the com-
pound of formula I could be used to improve the efficacy of
treatment regimens for drug resistant tuberculosis (either
multidrug-resistant or extensively drug-resistant).

[0312] All patents, applications, publications, test meth-
ods, literature, and other materials cited lLerein are hereby
incorporated herein by reference in their entireties.

1. Use of a compound of the formula or a pharmaceutically
acceptable salt thereof.

S/_\N N)ko o]

in combination with at least two anti-tuberculin agents in the
manufacture of a medicament for the treatment of tuberculo-
18,

(I}
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2. The use of claim 1, wherein said at least two agents is
selected from the group consisting of isoniazid, rifampin,
rifapentine, rifabutin, pyrazinamide, ethambutol, streptomy-
cin, kanamycin, amikacin, moxifloxacin, gatifloxacin, levof-
loxacin, ofloxacin, ciprofloxacin capreomycin, ethionamide,
cycloserine, para-aminosalicylic  acid, thiacetazone,
clarthromycin, amoxicillin-clavulanic acid, imipenem,
meropenem, viomycin, terizidone, TMC207, PA-824, OPC-
7683, LL-3858 and 3Q-109.

3. The use of claim 1, wherein one of said at least two
agents is selected from the group consisting of 1somazid,
rifampin, nfapentine, rifabutin, pyrazinamide, moxifloxacin,
gatifloxacin, levofloxacn, ofloxacin, ciprofloxacin, and
ethambutol.

4. The use of claim 1, wherein one of said at least two
agents are selected from the group consisting of pyrazina-
mide, rifampin, rifapentine and isoniazid.

5. Use of a of a compound of formula (1) or a pharmaceu-
tically acceptable salt thereof:

S/_\N N)I\O Q

in combination with at least one anti-tuberculin agent in the
mamifacture of a medicament for treating tuberculosis after a
subject has undergone an iniial phase of treatment, for tuber-
culosis.

s}

6. The medicament of claim 5, wherein said at least one
agent is selected from the group consisting of rifampin, rifa-
pentine, nifabutin, pyrazinamide, ethambutol, streptomycin,
kanamycin, amikacin, moxifloxacin, gatifloxacin, levofloxa-
cin, ofloxacin, ciprofloxacin, capreomycin, ethionamide,
cycloserine, para-aminosalicylic  acid, thiacetazone,
clarithromycin, amoxicillin-clavulanic acid, imipenem,
meropenem, viomyciq, terizidone, TMC207, PA-824, OPC-
7683, LL-3858 and 8(-109.

7. The method of claim 5 or 6 wherein said active tubercu-
losis is selected from the group consisting of drug-sensitive
tuberculosis, mono-drug resistant tuberculosis, multi-drug-
resistant tuberculosis (MDR) and extensively drug-resistant
tuberculosis (XDR).

8. A pharmaceutical composition comprising:

1) a therapeutically effective amount of a compound of

formula (I} or a pharmaceutically acceptable salt
thereof®

S/_\N N)I\O O
N Q \_k/EJ_

I



US 2011/0190199 Al

(ii}) a therapeutically effective amouunt of at least one agent

useful in the treatment of tuberculosis and,

(iii} one or more pharmaceutically acceptable carriers or

vehicles.

9. The pharmaceutical composition of claim 8, wheremn
said at least one agent is selected from the group consisting of
isoniazid, rifampin, rifapentine, rifabutin, pyrazinamide,
ethambutol, streptomycin, kanamycin, amikacin, moxifloxa-
cin, gatifloxacin, levofloxacin, ofloxacin, ciprofloxacin,
capreomycin, ethionamide, cycloserine, para-aminosalicylic

Aug. 4,2011

acid, tluacetazone, clarithromycin, amoxicillin-clavulanic
acid, imipenem, meropenem, viomycin, terizidone,
TMC207, PA-824, OPC-7683, LL-3858 and SQ-109.

10. The pharmaceutical composition of claim 8 or 9,
wherein said at least one agent is selected from the group
consisting of isoniazid, rifampin, nfapentine, nifabutin,
pyrazinamide, moxifloxacin, gatifloxacin, levofloxacin,
ofloxacin, and ethambutol.

® % K % %
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ABSTRACT

BACKGROUND

From the International Tuberculosis Re-  Linezolid has antimycobacterial activity in vitro and is increasingly used for patients

search Center, Changwon (M.L, J.L. ith highly drug-resistant tuberculosis.
H.C, .M., T.S., EX. BJ., H.P, H. kwak,

H. Kim, H.-SJ., S.D.S.), the Department METHODS
zfer:::frg:(') “l";‘j'cj'”;) )N:;:’gae' e':"rten‘i'ec:t' We enrolled 41 patients who had sputum-culture—positive extensively drug-resistant
) ul (1J.,J.S.).), . .

of Family Medicine, Seoul N atizna| uni. (XDR) tuberculosis and who had not had a response to any available chemotherapeu-
versity Hospital, Seoul (J.-K.L.), the Korea  tic option during the previous 6 months. Patients were randomly assigned to linez-
Centers for Disease Control and Preven-  iq therapy that started immediately or after 2 months, at a dose of 600 mg per
tion, Osong (D.L.), the National Masan . . . . . .
Hospital, Masan (C.T.K., S.-K.P), and the ~day, wWithout a change in their background regimen. The primary end point was the
Department of Microbiology and Institute  time to sputum-culture conversion on solid medium, with data censored 4 months
of Immunology and Immunological Dis- 5 fer study entry. After confirmed sputum-smear conversion or 4 months (which-
ease, Yonsei University College of Medi- £ . .. . . .
cine, Seoul (5.-N.C.) —allin South Korea;  €Ver came first), patients underwent a second randomization to continued linezolid
the Tuberculosis Research Section (MW.C., therapy at a dose of 600 mg per day or 300 mg per day for at least an additional

LEV, LCG, CEB,)andImmunopatho- 18 months, with careful toxicity monitoring.
genesis Section (K.N.O.), Laboratory of

Clinical Infectious Diseases, the Office of RESULTS
tGIS";’Ezl S:::::CC: E(;TQ:SH)’(:T ;heDB'F°)5ti By 4 months, 15 of the 19 patients (79%) in the immediate-start group and 7 of the
all at the National Institute of Allergyand 20 (35%) in the delayed-start group had culture conversion (P=0.001). Most patients
Infectious Diseases, National Institutes of (34 of 39 [87%]) had a negative sputum culture within 6 months after linezolid had
Health, Bethesda, MD; and the Novartis  hoep gdded to their drug regimen. Of the 38 patients with exposure to linezolid, 31
Institute for Tropical Diseases, Singapore, .. .o .
Singapore (V.D.). Address reprint requests (82%) had clinically significant adverse events that were possibly or probably related
to Dr. Barry at cbarry@niaid.nih.gov. to linezolid, including 3 patients who discontinued therapy. Patients who received
) 300 mg per day after the second randomization had fewer adverse events than those
Drs. Cho and Barry contributed equally to . X . .
this article. who continued taking 600 mg per day. Thirteen patients completed therapy and have

N Engl) Med 2012:367:1508.15. not had a relapse. Four cases of acquired resistance to linezolid have been observed.

DOI: 10.1056/NEJMoal 201964 CONCLUSIONS

Copyright © 2012 Massachusetis Medical Society. - inezolid is effective at achieving culture conversion among patients with treatment-
refractory XDR pulmonary tuberculosis, but patients must be monitored carefully for
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LINEZOLID FOR CHRONIC EXTENSIVELY DRUG-RESISTANT TB

INEZOLID (ZYVOX, PFIZER) WAS APPROVED

in 2000 for drug-resistant, gram-positive bac-

terial infections.* A member of the oxazolid-
inone antibiotic class, linezolid inhibits protein
synthesis by binding the 23S ribosomal RNA
(rRNA) portion of the bacterial 50S ribosomal
subunit.? In adults, linezolid is administered at a
dose of 600 mg twice daily, with phase 3 and
postmarketing trials showing an acceptable side-
effect and adverse-event profile during the FDA-
approved 28 days of therapy.? Data on longer-term
use are limited, but serious neuropathies (e.g., pe-
ripheral and optic neuropathies), myelosuppres-
sion, and hyperlactatemia have been observed*>
and are considered to be related to the inhibition
of mitochondrial protein synthesis.®”

Linezolid exhibits in vitro bacteriostatic ac-
tivity against Mycobacterium tuberculosis, including
multidrug-resistant (MDR) and extensively drug-
resistant (XDR) strains, with a minimum inhibi-
tory concentration of less than 1 ug per millili-
ter.>11 It has only modest activity in murine
models of tuberculosis.'?'3 A study of the early
and extended bactericidal activity of linezolid
showed only minimal early activity (during the
initial 2 days) and no late activity (during the sub-
sequent 5 days), with the authors concluding that
linezolid had little tissue-sterilizing ability and
therefore had a limited role in the treatment of
MDR tuberculosis.** Despite these characteristics,
a number of case reports and retrospective studies
suggest that linezolid may be effective in treating
MDR and XDR tuberculosis.’>?* These studies
all have important limitations, including a retro-
spective design, small numbers, the use of linez-
olid with multiple other active agents, no controls,
and limited follow-up. This apparent discrepancy
between preclinical data and clinical observations
prompted us to undertake a prospective, random-
ized trial of linezolid in patients with chronic XDR
tuberculosis who did not have a response to all
other available chemotherapeutic options.

METHODS

STUDY PATIENTS

From December 2008 through May 2011, we en-
rolled adults, 20 years of age or older, with chron-
ic XDR pulmonary tuberculosis (positive sputum
smear and culture) and with confirmed genotypic
or phenotypic resistance to isoniazid, rifampin,
kanamycin, ofloxacin, and moxifloxacin or a doc-

umented nonresponse to treatment, despite test
results showing drug susceptibility. Patients were
eligible if they had been treated with an un-
changed, failing regimen for 6 months or more
before enrollment. Exclusion criteria were previ-
ous treatment with linezolid, anticipated surgical
treatment, a positive test result for the human
immunodeficiency virus (HIV), specific baseline
laboratory abnormalities, moderate-to-severe pe-
ripheral or optic neuropathy, and need for treat-
ment with contraindicated drugs. Additional
details regarding the inclusion and exclusion cri-
teria, regimen changes, dose adjustments, study
timeline, and adverse events are provided in the
Supplementary Appendix and the study protocol,
both of which are available with the full text of
this article at NEJM.org.

STUDY DESIGN AND OUTCOME MEASURES
This phase 2a, randomized, two-group study was
conducted at the National Masan Hospital in
Changwon and the National Medical Center in
Seoul, South Korea. Patients were randomly as-
signed to receive linezolid, at a dose of 600 mg per
day, in addition to their existing regimen, either
immediately or after a 2-month delay. Permuted-
block randomization was performed, with strati-
fication according to status with regard to diabe-
tes mellitus (types 1 and 2 included). A 2-month
delay was used to minimize the possibility that
study effects other than linezolid could account
for observed improvement. All patients continued
their existing regimen and were hospitalized from
the time of enrollment until sputum-culture con-
version. The microbiology staff were unaware of
treatment assignments throughout the study.
The primary end point was sputum-culture
conversion, with data censored at 4 months. Con-
version was defined as negative sputum samples
on solid (Lowenstein—Jensen) medium for 3 con-
secutive weeks; culture on liquid medium was
performed with the use of the MB/BacT auto-
mated mycobacterial culture system. Patients con-
tinued taking linezolid at a dose of 600 mg per
day until they had negative sputum smears (Ziehl-
Neelsen staining) for 2 consecutive weeks or until
they had received 4 months of linezolid treat-
ment, whichever came first. Regimen changes,
which were not allowed during the 6 months
before enrollment, were allowed after sputum-
smear conversion and at least 2 months of treat-
ment with linezolid. After conversion to negative
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sputum smears (or receipt of 4 months of thera-
py), patients underwent a second randomization,
stratified according to diabetes mellitus status,
either to continue receiving linezolid at a dose of
600 mg per day or to receive a lower dose, 300 mg
per day, for an additional 18 months or until
therapy was stopped owing to side effects or
laboratory abnormalities.

If adverse events occurred that were consid-
ered to be related to linezolid, a reduction in the
dose or a rechallenge at a dose of 300 mg per day
was allowed after a limited drug holiday (described
in Table 2 in the Supplementary Appendix). Lin-
ezolid was administered by means of directly
observed therapy during hospitalization. The study
staff monitored outpatient adherence by means
of videophone or telephone every weekday and also
performed pill counts monthly. Patients were
treated for at least 18 months after sputum-culture
conversion and were followed for an additional
12 months after completing the treatment. Blood
was collected for pharmacokinetic analysis?? of
linezolid at both doses.

ADVERSE-EVENT MONITORING
Patients underwent baseline and serial safety
evaluations (including complete blood counts,
blood chemical measurements, and liver-function
tests) weekly until 16 weeks, every 2 weeks from
17 through 24 weeks, and then monthly thereaf-
ter. A neurologist evaluated all patients at entry
with the use of nerve-conduction studies and was
available for repeat consultation if any peripheral
neuropathy developed. The Subjective Peripheral
Neuropathy Screen, a screening tool used in the
treatment of HIV infection (Supplementary Mate-
rial 2 in the Supplementary Appendix),?* and clin-
ical neurologic examinations were performed by
the study staff at baseline and monthly thereafter.
To monitor patients for linezolid-induced optic
neuropathy, the study staff performed testing for
visual acuity (using the Han test, which is similar
to the Snellen chart), contrast sensitivity, and color
vision (using Ishihara plates). Patients with any
symptoms or abnormal findings were referred to
an ophthalmologist.

STUDY OVERSIGHT
Written informed consent was obtained from all
participants. The study was approved by the local
institutional review boards and by the U.S. National

Institute of Allergy and Infectious Diseases and was
conducted in accordance with Good Clinical Prac-
tice guidelines. A data and safety monitoring board
reviewed adverse events and provided management
guidance to investigators. All serious adverse events
were reported to the data and safety monitoring
board, all institutional review boards, and the U.S.
and Korean Food and Drug Administrations, per
protocol. The study was monitored by an indepen-
dent clinical research organization. Pfizer provided
linezolid at no cost and reviewed the protocol with-
out comment. The authors are fully responsible
for the study design, data collection, analysis, com-
pleteness of data reporting, fidelity of this report to
the study protocol, and interpretation of the data.

STATISTICAL ANALYSIS
From prior case studies, we estimated a culture-
conversion rate of more than 90% with linezolid
during the first 4 months of therapy, and on the
basis of historical data, we assumed that less than
10% of patients would have spontaneous culture
conversion without having received linezolid.
Thus, we calculated that a sample of 16 patients
per group would provide 92% power, assuming a
two-sided type 1 error rate of 0.05 and a 10% dis-
continuation rate. We planned to recruit 20 pa-
tients per group to allow for additional loss to
follow-up and death. For the primary analysis of
time to culture conversion on solid medium, we
used a generalized Wilcoxon test?* and a modified
intention-to-treat analysis, which excluded 2 pa-
tients who withdrew (owing to baseline neuropa-
thy) before receiving any linezolid. Data from
other patients who withdrew were included in
the modified intention-to-treat analysis as treat-
ment failures. Ethical concerns regarding the
delayed-start group prompted the data and safety
monitoring board to request two unplanned in-
terim analyses: one when 16 patients had an end
point that could be evaluated and one when 32 had
such an end point. For the interim analysis of the
primary end point, the Haybittle-Peto rule was
used, which specifies a strict significance level of
0.001 as the criterion for stopping the study early
because of efficacy and allows for the usual 0.05
level of significance at the final analysis.?> The
boundary for early stopping was not met, and
follow-up of the 39 patients in the modified
intention-to-treat cohort continued until the
planned stopping point.
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RESULTS

STUDY PATIENTS

A total of 41 patients underwent randomization,
with 21 assigned to the immediate-start group and
20 to the delayed-start group (Fig. 1). Owing to pre-
existing neuropathy, 2 patients in the immediate-
start group were withdrawn from the study before
receiving any dose of linezolid and were excluded
from the modified intention-to-treat analysis. The
remaining 39 patients were predominantly men
(72%), with a mean age of 41.2 years (range, 20 to
64), and 36% of the patients had diabetes mellitus
(Table 1). On the basis of radiologic testing, 77%
of the patients were classified as having “far ad-
vanced” tuberculosis, which was defined accord-
ing to the guidelines of the Korea Centers for Dis-
ease Control and Prevention?® as the presence of
disseminated lesions of slight-to-moderate density
exceeding the total volume of one lung, or dense
and confluent lesions exceeding one third the vol-
ume of one lung, or the presence of cavities great-
er than 4 cm in diameter. Patients had a median of
5 previous treatment episodes for pulmonary tuber-
culosis (interquartile range, 3 to 8), and their iso-
lates were resistant to a mean of 11 drugs (range,
6 to 15). The baseline characteristics reported in
Table 1 were well balanced between the two
groups.

PRIMARY OUTCOME

The primary outcome was the time to sputum-
culture conversion, with data censored at 4 months.
By 4 months, 15 of the 19 patients (79%) in the
immediate-start group and 7 of the 20 (35%) in the
delayed-start group had conversion to negative spu-
tum cultures on solid medium (P=0.001) (Fig. 2A).
Although culture conversion on solid medium is
historically the standard used to gauge the effec-
tiveness of a treatment, we also monitored culture
results on liquid medium. With data censored at
4 months, 12 of the 19 patients (63%) in the im-
mediate-start group and 11 of the 20 (55%) in the
delayed-start group had culture conversion on lig-
uid medium (P=0.07) (Fig. 2B). Liquid culture me-
dium is thought to have higher sensitivity and more
reproducible results than solid-culture medium.??
In our study, however, the culture results on lig-
uid medium had only borderline significance at
the per-protocol censored time point (4 months),
owing to the higher-than-expected rate of conver-

sion to negative cultures on liquid medium in the
delayed-start group.

Combining the two groups, we observed that
34 of the 38 patients who received linezolid
(89%) had culture conversion on solid medium by
6 months (Fig. 2C), at a median of 75 days after
the start of treatment with linezolid. One patient
withdrew before receiving the study drug, owing to
a diagnosis of metastatic colon cancer; data from
this person were included in the modified inten-
tion-to-treat analysis as a treatment failure. As of
May 1, 2012, of the 38 patients who received lin-
ezolid, 17 were still receiving the treatment per
protocol, and 13 had completed treatment, includ-
ing 6 with no relapse during the treatment period,
4 with no relapse at the 6-month follow-up, and
3 with no relapse at the 12-month follow-up (end
of study). Eight patients withdrew early: 4 patients
owing to treatment failure, 1 for personal reasons,
and 3 owing to adverse events (Fig. 4 in the Sup-
plementary Appendix).

SAFETY
Of the 38 patients who received linezolid, 33 (87%)
had clinically significant adverse events; 31 pa-
tients (82%) had events that were possibly or
probably related to linezolid (Table 2 in the Sup-
plementary Appendix). Most adverse events re-
solved relatively quickly, and only 3 patients per-
manently discontinued linezolid owing to drug
toxicity (2 patients because of optic neuropathy, and
1 because of anemia). We observed seven episodes
of myelosuppression, including anemia and neutro-
penia, which occurred primarily within the first
5 months (Fig. 3A, and Table 3 in the Supplemen-
tary Appendix). In addition, we observed 7 cases
of optic neuropathy, 21 cases of peripheral neu-
ropathy, and 1 case of rhabdomyolysis,?® with
these events occurring during the first year of
treatment.

Of the 38 patients who received linezolid, 33
(87%) underwent the scheduled second random-
ization (1 patient had an adverse event requiring
withdrawal from the study and 4 had an adverse
event requiring dose reduction before undergoing
this randomization) (Fig. 1). In the second ran-
domization, 17 patients were assigned to con-
tinue receiving the 600-mg daily dose, and 16 to
receive 300 mg per day. Of the 17 patients who
continued taking 600 mg per day, 15 (88%) had
an adverse event related to the study drug, with
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50 Patients underwent screening

9 Were excluded

41 Underwent randomization

20 Were assigned to delayed treatment

21 Were assigned to immediate treatment
(2-mo delay) with 600 mg of linezolid daily

with 600 mg of linezolid daily

2 Were withdrawn before
receiving any linezolid owing
to baseline neuropathy

19 Were included in the analysis 20 Were included in the analysis

6 Were excluded

33 Underwent second randomization

17 Were assigned to continue receiving
600 mg of linezolid daily

17 Were included in the analysis

16 Were assigned to receive
300 mg of linezolid daily

16 Were included in the analysis

118

Figure 1. Enrollment, Randomization, and Follow-Up of the Study Patients.

Between December 2008 and May 2011, a total of 50 patients were screened for eligibility and 41 underwent random-
ization. Two patients were subsequently withdrawn owing to preexisting peripheral neuropathy that was discovered
during the baseline examination; the remaining 39 patients were included in the modified intention-to-treat analysis.
Two other patients who withdrew before culture conversion were considered to have treatment failure: 1 patient, who
had an adverse event requiring a drug holiday, was withdrawn 79 days after starting treatment with linezolid because
the drug holiday exceeded the protocol-specified window (28 days before sputum-culture conversion and 42 days
after sputum-culture conversion); the other patient was withdrawn 32 days after study entry because of a diagnosis
of advanced colon cancer (this patient was in the delayed-start group and had not received any linezolid). Thirty-three
patients underwent the second randomization; 17 patients were randomly assigned to continue receiving linezolid
at a dose of 600 mg per day, and 16 to receive the reduced dose of 300 mg per day. The 6 patients who did not un-
dergo the second randomization included 4 who had dose reductions due to adverse events before culture conver-
sion and the 2 withdrawn patients mentioned above who were included in the modified intention-to-treat analysis
as having treatment failure.
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Table 1. Baseline Characteristics of the Study Participants According to Treatment Group.*

Characteristic
Age —yr
Mean
Range
Male sex — no. (%)
Body-mass indexy
Mean
Range
Diabetes mellitus — no. (%)
BCG vaccination scar — no. (%)
Radiographic findings — no. (%)
Far advanced tuberculosisi
Cavitary tuberculosis
Bilateral lesions
No. of previous treatment episodes for tuberculosis
Median
Interquartile range
No. of resistant drugs§
Mean

Range

Immediate-Start
Group Delayed-Start Group Total
(N=19) (N=20) (N=39)
42.1 40.4 41.2
20-64 23-63 20-64
12 (63) 16 (80) 28 (72)
19.6 20.5 20.0
14.9-25.7 14.4-28.1 14.4-28.1
7 (37) 7 (35) 14 (36)
14 (74) 17 (85) 31 (79)
15 (79) 15 (75) 30 (77)
9 (47) 8 (40) 17 (44)
18 (95) 20 (100) 38 (97)
5.0 5.0 5.0
3.0-8.5 4.0-7.0 3.0-7.3
11.6 10.4 11.0
8-15 6-14 6-15

* There were no significant between-group differences. BCG denotes bacille Calmette-Guérin.

7 The body-mass index is the weight in kilograms divided by the square of the height in meters.

i Far advanced tuberculosis was defined according to the guidelines of the Korea Centers for Disease Control and
Prevention?® as the presence of disseminated lesions of slight-to-moderate density exceeding the total volume of one
lung, or dense and confluent lesions exceeding one third the volume of one lung, or the presence of cavities greater

than 4 cm in diameter.

§ Drug-susceptibility testing for 15 drugs was performed: isoniazid, para-aminosalicylic acid, streptomycin, ethambutol,
rifampin, protionamide, cycloserine, kanamycin, amikacin, ofloxacin, levofloxacin, pyrazinamide, rifabutin, moxifloxacin,

and capreomycin.

11 subsequently taking the reduced dose of 300 mg
per day; of the 16 patients who received 300 mg
per day, 11 (69%) had an adverse event related to
the study drug. A Cox proportional-hazards anal-
ysis showed that, after the second randomization,
the group receiving the 600-mg dose was 2.7 times
(95% confidence interval, 1.1 to 6.5) as likely to
have an adverse event as the group receiving the
300-mg dose (P=0.03) (Fig. 3B, and Fig. 3 in the
Supplementary Appendix).

DRUG RESISTANCE
Of the four patients who did not have a response
to treatment, three (two in the 300-mg group, and

one in the 600-mg group) did not have confirmed
culture conversion; the sputum smears and cul-
tures for these three patients improved initially,
but they did not have a consistent negative-culture
status and were classified as having treatment
failure rather than treatment relapse. The fourth
patient, who was in the 600-mg group, had a
treatment relapse (cultures became negative but
turned positive again after 1 year of treatment).
The minimum inhibitory concentration of the
corresponding isolates for these four patients in-
creased by a factor of 8 to a factor of 32, as com-
pared with baseline (Fig. 4A). DNA sequencing
of these isolates revealed mutations, either in 23S
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A Culture Conversion in Solid Medium
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rRNA or in the ribosomal protein L3, in all four
patients (Fig. 4A). The observed mutations have
previously been reported in association with lin-

Figure 2. Kaplan—Meier Curves for Culture Conversion
According to Time since Randomization.

Panel A shows the results for solid culture medium,
and Panel B the results for liquid culture medium. In
both panels, the gray vertical lines indicate the start of
treatment (at 2 months) in the delayed-treatment
group and the time of data censoring (at 4 months).
Panel C shows the time to culture conversion on solid
medium (solid line) along with the 95% confidence inter-
val (dashed lines) for the 38 participants who received
linezolid, according to the duration of linezolid therapy.
Tick marks indicate the censored observations at the
time of the last follow-up visit with culture results.

ezolid resistance from M. smegmatis*® and M. tu-
berculosis.30:31

PHARMACOKINETICS
The maximal and minimal plasma concentra-
tions that we observed for linezolid (Fig. 4B) are
generally in agreement with published pharma-
cokinetic data in patients with other infectious
diseases.?2:32:33 Considering that the plasma pro-
tein binding of linezolid is approximately 30%,
plasma levels of free linezolid were above the
measured minimum inhibitory concentration for
each isolate during the entire dosing interval in
almost all patients taking 600 mg per day. Among
those taking 300 mg per day, the trough level
was lower than the mean minimum inhibitory
concentration in nine patients, including the two
in whom linezolid resistance developed during
treatment with that dose. The two doses provided
proportional exposures, with a mean (+SD) area
under the curve of 180.4+89 g per milliliter per
hour for the 600-mg dose and 91.1+43 ug per
milliliter per hour for the 300-mg dose. Using
Cox regression, we found no association between
the time to culture conversion (measured from the
date of the start of treatment with linezolid) and
either the peak level (P=0.93) or the trough level
(P=0.92), measured after at least 2 weeks of lin-
ezolid treatment.

DISCUSSION

In this analysis involving 39 patients with XDR pul-
monary tuberculosis who had not had a response
to any standard treatment regimen for 6 months
or more, we found that the immediate addition of
linezolid at a dose of 600 mg per day to the ongo-
ing background treatment regimen had a signifi-
cant beneficial effect on the time to sputum-culture
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conversion on solid medium, as compared with
the delayed addition of linezolid at the same dose.
During the first 6 months of treatment, 34 of the
39 patients (87%) had confirmed culture conver-
sion, at a median of 76 days.

In studies conducted immediately after the dis-
covery of streptomycin, which is also a protein-
synthesis inhibitor, the rate of culture conversion
at 3 months was only 19%,3* whereas in the pres-
ent study, 60% of patients who received linezolid
had negative sputum cultures at 3 months. Mono-
therapy with isoniazid was also studied through-
out the 1950s, and in those studies, less than 32%
of patients had sputum-culture conversion during
the first 3 months of treatment.3’ First-line qua-
druple drug therapy (isoniazid, rifampin, pyra-
zinamide, and ethambutol) has been associated
with a mean time to culture conversion on solid
medium of 30 to 40 days.?*3” In patients with
MDR tuberculosis who were treated with second-
line agents, the conversion rate was substantially
lower, and the time to conversion was longer. For
example, in a recent study that used a five-drug
regimen (kanamycin, ofloxacin, ethionamide, pyr-
azinamide, and cycloserine), less than 10% of pa-
tients had a negative culture after 2 months.3® In
larger studies involving patients with MDR tuber-
culosis, the estimated median time to culture
conversion was 63 days.3? Linezolid alone would
therefore appear to be similar to the five-drug
chemotherapy regimen currently used as second-
line treatment, and the incorporation of linezolid
into second-line regimens may substantially im-
prove culture-conversion rates.

A major concern in undertaking this trial was
the emergence of acquired resistance to linezolid
because we were adding a single active drug to a
failing regimen. In early studies of streptomycin as
monotherapy, 35 of 41 patients (85%) had resistant
organisms at a mean of 53 days after the initiation
of therapy.3* Likewise, by 3 months, resistant ba-
cilli developed in 83% of the patients who received
isoniazid monotherapy.?> In our study, 4 of the
38 patients who received linezolid for 6 months
or more (11%) had apparent acquired resistance.
This low frequency of acquisition of resistance may
be related to the low rate of observed mutation to
linezolid resistance in vitro (estimated at 1079).3°
The dose of 600 mg per day also maintained lin-
ezolid levels above the published mutant-preven-
tion concentration of 0.6 ug per milliliter*® and
may have played a role in reducing the incidence
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Figure 3. Probability of Event-free Survival over Time.

The Kaplan—Meier curves in Panel A show the time to the onset of clinically
significant adverse events that resulted in a drug holiday or dose adjustment
during the study. Symbols indicate data-censoring points for patients remain-
ing in the study (see Table 3 in the Supplementary Appendix for detailed risk
estimates corrected for person-years of exposure). The curves in Panel B
show the time to the first adverse event in patients after the second random-
ization to either a continuation of the 600-mg daily dose or a reduced dose
of 300 mg per day. Tick marks indicate data-censoring points for individual
patients who continued to receive the study drug.
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Figure 4. Resistance to and Pharmacokinetics of Linezolid.

Acquired resistance to linezolid was observed in the
isolates from four patients; mutations in the linezolid-
binding site of the 23S ribosomal RNA (rRNA) devel-
oped in two patients, and mutations in the mycobacte-
rial ribosomal protein L3 gene (rp/C) in the other two
(Panel A). Numbers for 23S rRNA indicate the location
of mutations according to Escherichia coli numbering. The
pharmacokinetics of exposure to linezolid were measured
for all patients while they were receiving 600 mg per day
and for all patients who subsequently received 300 mg
per day (Panel B). Plasma concentrations for the four
patients in whom resistant organisms developed are
shown in red, and the dose the patient was taking at the
time of resistance detection is indicated by triangles
(600 mg) or circles (300 mg). The minimum inhibitory
concentration (MIC) for linezolid in the initial isolates
from the patients and the mean MIC (horizontal line)
are shown at the right.

of acquired resistance. The relatively small num-
ber of clinical isolates with reported linezolid
resistance is consistent with this observation.*

The significant beneficial effect of linezolid
was tempered, as expected, by the high rates of
drug-related adverse events, although almost all
events resolved quickly with a reduction in the
dose or the temporary cessation of linezolid, and
only three patients discontinued the study owing
to adverse events. As we also expected, adverse
events were significantly reduced in patients
who subsequently received the reduced dose of
300 mg per day. The pharmacokinetic profile of
the 300-mg dose, as compared with the minimum
inhibitory concentration of the isolates, showed
that this dose was sufficient to maintain serum
levels above the minimum inhibitory concentra-
tion in most patients, although it is worrisome
that three of the patients in whom resistance
developed had relatively low exposures while
receiving the 300-mg dose (Fig. 4B). Whether the
lower dose, which is associated with fewer ad-
verse events, has sufficient potency will need to
be further evaluated, along with the possible role
of therapeutic drug monitoring. Linezolid shows
good pulmonary penetration*>** and has been
shown to have favorable distribution in infected
soft tissue.***> These pharmacokinetic properties
may also play a role in maintaining linezolid con-
centrations that are high enough to prevent the
emergence of resistant organisms.

This study is limited by the small number of
patients evaluated, particularly the small number
of patients who did not have a response to treat-
ment or in whom resistance developed. Although
the small numbers of treatment failure and cases
of acquired resistance are encouraging, they also
preclude more in-depth analyses of the associ-
ated risk factors. Balancing the long-term risk—
benefit ratio of linezolid requires identifying a
dose with sufficient potency but less toxicity.
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Supplemental Material 1: Inclusion and Exclusion Criteria

(1) Inclusion criteria

1)
2)
3)
a)
5)

6)

7)

8)

9)

Males and females age 20 and above

Documented pulmonary tuberculosis at screening

Radiographic evidence of tuberculous disease of the lung(s)

History of chronic, AFB positive sputum smears and culture positive TB
Mycobacterium species identification as Mycobacterium tuberculosis

Confirmed resistance to INH, RIF, kanamycin, ofloxacin, and moxifloxacin by genotypic
or phenotypic testing OR subjects with documented failure to respond to treatment

despite DST susceptibility

Failure to respond (after at least 6 months) to an anti-TB drug regimen including any

known active agents
Willingness to be an inpatient at NMTH until 2 consecutive AFB-negative sputum smears

When an outpatient, willing to come back for weekly tests and scheduled follow-up

visits

10) Willingness to have samples stored

11) Ability and willingness to give written or oral informed consent

(2) Exclusion criteria

1)
2)

3)

Subjects below 20 years of age
Subjects who have previously been on LZD

Women of childbearing potential, who are pregnant, breast feeding, or unwilling to
avoid pregnancy (i.e., the use of appropriate contraception including oral and

subcutaneous implantable hormonal contraceptives, condoms, diaphragm, intrauterine



4)

5)

6)
7)
8)

9)

129

device (IUD), or abstinence from sexual intercourse) [Note: Prospective female
participants of childbearing potential must have negative pregnancy test (urine) within

48 hours prior to study entry.]

Men who are unwilling to use contraceptives or practice abstinence
People with any of the following in their current medical assessments:
a. Absolute neutrophil count < 1000 cells/mL

b. White blood cell count (WBC) < 3.0 X 10°/uL

c. Hemoglobin < 7.0 g/dL

d. Platelet count < 75,000 cells/mm?

e. Serum creatinine > 2.0 mg/dL

f. Aspartate aminotransferase (AST or SGOT) >100 IU/L

g. Alanine aminotransferase (ALT or SGPT) >100 IU/L

h. Total bilirubin > 2.0 mg/dL

i. Moderate or severe peripheral or optical neuropathy (or a history of)
j. HIV-1 or HIV-2 infection

k. Systemic lupus erythematosus, rheumatoid arthritis, or other connective tissue

disease
Patients who, in the investigator’s judgment, are too ill to participate in the study
History of allergy or serious adverse reaction to the LZD formulation used in this study
Patients with anticipated surgical intervention

The use of any of the following drugs within 30 days prior to study or anticipated use of
these drugs within the next 60 days: (Please note, bronchodilators and cough syrup (or
similar cough medicines) are allowed before and during the study if blood pressure is

monitored regularly, per Contraindications, p.12, of the Zyvox Package Insert.)
a. Selective serotonin reuptake inhibitors (SSRIs)

b. Monoamine oxidase inhibitors (MAOIs)



Supplemental Table 1: Initial regimen, final regimen, susceptible drugs at entry*, Treatment status and follow up

Subject Treatment outcomet/status, study status and follow
Entry regimen Current/Final regimen  Susceptible drugs at entry
ID up
F101 H,R R,Mfx,Clr Cs, S, Mfx Cure, completed study without relapse
Cure, withdrew after end of therapy (EOT) plus 6 months
F102 Z,Cs,Mfx Cs,Mfx,Clr,Amx/Clv None
without relapse
Withdrawn due to SAE (anemia) before culture
F103 H,Pto,Cs,Lfx Na¥ Cs
conversion to negative
F104 H,Lfx Mfx,Clr,Amx/Clv None Cure, completed study without relapse
F105 H,E,Cs,Mfx,Clr E,Mfx Z,PAS, S Cure, lost to follow-up after EOT
F106 Pto,Cs,PAS,Clr,Amx/Clv,Km Cs,Mfx,Clr,Amx/Clv Cs,Km,Cm,Am Cure, lost to follow-up after EOT
Withdrawn prior to receiving study drug after being
F108 H,R,Lfx Na Pto,Cs,S,Km,Cm,Am,Rb
diagnosed with metastatic colon cancer
F109 Pto,Mfx,PAS,ClIr,Rb Pto,Cs,Mfx,PAS,Clr,Km  Cs,Km,Cm,Am,Rb Cure, awaiting EOT plus 6 month without relapse
F110 H,R Mfx,Clr,Amx/Clv Pto,Mfx,PAS,S,Cm,Rb Cure, awaiting EOT plus 12 month without relapse
Treatment failure, never converted sputum culture to
F111 Pto,Cs,Lfx,PAS Pto,Mfx,Clr,Amx/Clv None
negative
Withdrawn due to AE (optic neuropathy) after becoming
F112 R,Z,Mfx,PAS Z,Mfx,Amx/Clv,Am Pto,PAS,Km,Cm,Am
culture negative
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F113

F114

F115

F116

F117

F118

F119

F120

F121

F122

F123

F124

F125

F126

F201

F202

Pto,Cs,Lfx,Clr

Pto,Cs,Mfx,Clr,Amx/Clv,Rb

Pto,Cs,Lfx

H,R,Z,Pto,Cs,Mfx
Z,Pto,Cs,Mfx,PAS,Km
Z,Pto,Cs,Mfx,Rb
E,Cs,Lfx

None
Cs,Lfx,PAS,Clr,S
E,Z,Cs,Mfx

Pto,Cs,Lfx
Z,Cs,Mfx,Clr,Rb
Z,Pto,Cs,Lfx,Rb

H,R

Mfx,Clr

H,Clr,Amx/Clv

Am

Cs,Mfx,Clr,Amx/Clv,S

Na

Mfx,Clr,Amx/Clv,Am
Z,Mfx,Clr,Amx/Clv,Km
Clr,Amx/Clv,S
Mfx,Clr,Amx/Clv,Am
Mfx,Clr,Amx/Clv,Am
Lfx,PAS,Clr,S
Cs,Mfx,Clr,Amx/Clv,S
Mfx,Clr,Amx/Clv,Am
Na
Mfx,Clr,Amx/Clv,Km

R,Clr,Amx/Clv,S

Mfx,Clr,S

E,Cs

Km,Cm,Am

E,S,Rb

Z,PAS,Km,Cm,Am

Km,Am

PAS

Z,Lfx,Mfx,PAS,S
Z,Mfx,PAS,Km,Cm,Am
Mfx,PAS,Km,Cm,Am

Z,0fx,Lfx,Mfx,S,Km,Cm,Am,Rb

Pto,Km,Cm,Am

Mfx,PAS,S,Km,Cm,Am

Rb

Cs,Mfx,PAS,S

Treatment Failure. Initially converted sputum culture to

negative but reverted to positive after primary endpoint
On therapy, culture negative
On therapy, culture negative

Treatment failure, never converted sputum culture to

negative

On therapy, culture negative

On therapy, culture negative

On therapy, culture negative

On therapy, culture negative
Withdrawn before EOT for personal reasons
On therapy, culture negative

On therapy, culture negative

On therapy, culture negative

On therapy, culture negative

On therapy, culture negative

Cure, completed study without relapse

Cure, lost to follow-up after EOT plus 6 month without

relapse
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F203

F204

F205

F206

F208

F209

F210

F211

F212

F213

F214

F215

Z,Pto,Cs,Clr,Amx/Clv
Pto,Cs,Mfx
Pto,Cs,Lfx,PAS,Clr,S
Pto,Cs,Mfx,PAS
H,E,Z,Mfx,Clr

E,Pto,Cs,Lfx,PAS

Z,Pto,Cs,PAS,Rb

Z,Mfx,PAS,Clr,Amx/Clv
None

Pto,Cs

E,Pto,Mfx,Rb

H,Pto,Lfx

Pto,Cs,Mfx,Clr,Amx/Clv
Pto,Cs,Mfx,Amx/Clv,S
H,Mfx,Clr,Amx/Clv,Am
Cs,Mfx,PAS
E,Mfx,Clr,Amx/Clv,Km

Amx/Clv,Am

Z,Clr,Amx/Clv,Am

No change
Z,Mfx,PAS,Clr,Am

Z,Mfx,Clr,Amx/Clv,Km

Na

Pto,Mfx,Clr,Amx/Clv,S

E,Mfx,S,Km,Am
PAS,S
Km,Cm,Am

Z,Cs,PAS,Km,Cm,Am

E,Lfx,Mfx,PAS,S,Km,Cm,Am,Rb

E,Km,Cm,Am,Rb

Km,Cm,Am

Cs,Lfx,PAS,Cm,Am,Rb
H,Cs,PAS,Cm,Am

E,S,Km,Cm,Am

PAS,Km,Cm,Am,Rb

E,PAS,S,Rb

Cure, awaiting EOT plus 12 month without relapse
Cure, awaiting EOT plus 6 month without relapse
Cure, awaiting EOT plus 6 month without relapse
Cure, awaiting EOT plus 6 month without relapse
On therapy, culture negative

On therapy, culture negative

Withdrawn due to AE (optic neuropathy); initially
became culture negative on LZD but reverted after

discontinuation of LZD due to AE
On therapy, culture negative
On therapy, culture negative
On therapy, culture negative

Treatment failure, never converted sputum culture to

negative

On therapy, culture negative

* Abbreviation of drugs as following: isoniazid (H), rifampicin (R), ethambutol (E), pyrazinamide (Z), prothionamide (Pto), cycloserine (Cs), ofloxacin (Ofx), levofloxacin (Lfx),
moxifloxacin (Mfx), p- aminosalicylic acid (PAS), clarithromycin (Clr), amoxicillin/clavulanate (Amx/Clv), streptomycin (S), kanamycin (Km), amikacin (Am) capreomycin
(Cm), rifabutin (Rb), linezolid(Lzd)

T Status as of May 1, 2012. Cure and treatment failures were defined using WHO criteria.
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Supplemental Figure 1: Study timeline (Immediate arm)
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Supplemental Figure 2: Study timeline (Delayed arm)
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Supplemental Table 2: All clinically significant adverse events* regardless of
relationship to linezolid and number reported as serious adverse events (SAEs)

Event Total Reported as SAE
Peripheral neuropathy 21 6
Myelosupression 7 7
Optic Neuropathy 7 7
Hepatic dysfunction 4 3
Hyperglycemia 3 0
Pneumonia 3 3
Uric acid elevation 2 0
Rhabdomyolysis 2 2
Other t 7 5
Total 56 33

*Clinically significant adverse events were defined as follows: Peripheral neuropathy, all subjects with
an SPNS score=2, or any SPNS score of one that resulted in a dose adjustment; Optic neuropathy >
grade 2; other AEs = grade 3; and other < grade 3 events reported as SAEs at the investigators
discretion (dizziness n=1 and reaction to psychotropic medications n=1)

T dizziness (n=1), reaction to psychotropic medications ( n=1), colon cancer with metastasis (n=1),
esophageal hemorrhage due to Mallory-Weiss Tear (n=1), hemoptysis (n=1), cataract (n=1) and
diarrhea (n=1)

All adverse events were graded using the DAIDS Toxicity Tables, located at http://rsc.tech-
res.com/safetyandpharmacovigilance/gradingtables.aspx.

Recurrent events in a single subject were only counted once.
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Supplemental Figure 3: Kaplan-Meier survival curves of type of adverse event and time
since 2™ randomization, stratified by treatment arm
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Supplemental Table 3: Frequency of clinically significant adverse events possibly or probably related to linezolid |l

137

Event 0-4 Mo 4-8 Mo 8-12 Mo
N* PYt Rate LO% L300§ L600]| | N PY Rate LO L300 L600 PY Rate LO L300 L600
Myelosuppression 5 12.0 0.42 0.0 13 10.7 1 10.1 0.10 0.0 6.8 3.3 8.4 0.00 0.4 6.7 0.9
Peripheral Neuropathy 5 12.1 0.41 0.1 1.6 10.4 10 8.2 1.22 0.0 5.8 2.4 4.7 1.07 0.1 3.7 0.7
Optic Neuropathy 1 12.5 0.08 0.1 1.7 10.7 2 10.7 0.19 0.0 7.4 3.3 8.0 0.38 0.0 6.5 1.5
Hepatic Enzyme Elevation 1 12.4 0.08 0.1 15 10.8 1 10.9 009 0.0 7.5 3.4 8.6 0.12 0.4 7.0 0.9
Rhabdomyolysis 0 12.5 0.00 0.1 1.7 10.8 1 11.3 0.09 0.0 7.9 3.4 9.0 0.00 0.4 7.3 0.9

*N, number of events observed during the specified time interval from linezolid start; TPY, Person-Years of study interval; L0, Person-Years of subjects receiving no linezolid during the
study interval; §L300, person-years of subjects receiving 300 mg linezolid during the study period; | | L600, person-years of subjects receiving 600 mg linezolid during the study period
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Supplemental Table 4: Linezolid stoppage and dose adjustments*

Stoppage period
Subject ID Reason Relationship to LZD Dose adjustment
(days)
F101 2 Hepatic enzyme elevation Possibly related Re-challenge with 600mg
F103 - Anemia Probably related Permanently stopped
F104 1 Joint pain Unrelated Re-challenge with 600mg
18 Neutropenia Probably related De-escalation to 300mg
F106 18 Peripheral neuropathy Probably related Re-challenge with 300mg
F110 11 Peripheral neuropathy Probably related De-escalation to 300mg
F112 - Optic neuropathy Possibly related Permanently stopped
F113 21 Peripheral neuropathy Probably related De-escalation to 300mg
F114 5 Hepatic enzyme elevation Possibly related Re-challenge with 300mg
20 Rhabdomyolysis Possibly related Re-challenge with 300mg
F117 23 Hepatic enzyme elevation Possibly related Re-challenge with 300mg
F119 17 Optic neuropathy Probably related De-escalation to 300mg
F121 34 Peripheral neuropathy Probably related De-escalation to 300mg
F122 22 Anemia Probably related De-escalation to 300mg
12 Peripheral neuropathy Probably related Re-challenge with 300mg
F123 14 Peripheral neuropathy Probably related De-escalation to 300mg
33 Optic neuropathy Probably related Re-challenge with 300mg
F124 20 Anemia Probably related De-escalation to 300mg
F126 21 Peripheral neuropathy Probably related De-escalation to 300mg
F201 8 Gastrointestinal bleeding Unrelated Re-challenge with 600mg
14 Peripheral neuropathy Probably related De-escalation to 300mg
F202 25 Neurologic reaction to Unlikely related Re-challenge with 600mg
psychological medicines
F203 10 Peripheral neuropathy Probably related De-escalation to 300mg
13 Pneumonia Unlikely related Re-challenge with 300mg
F205 28 Optic neuropathy Possibly related Re-challenge with 300mg
F208 16 Peripheral neuropathy Probably related De-escalation to 300mg
F209 25 Optic neuropathy Possibly related De-escalation to 300mg
F210 26 Optic neuropathy Probably related Re-challenge with 300mg
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F212 25

F213 26
14

F215 11
3

Optic neuropathy
Anemia

Peripheral neuropathy
Peripheral neuropathy
Anemia

Total bilirubin elevation

Probably related
Probably related
Possibly related
Possibly related
Probably related

Possibly related

Permanently stopped
De-escalation to 300mg
De-escalation to 300mg
Re-challenge with 300mg
De-escalation to 300mg

Re-challenge with 300mg

*For this table 3 cases of brief drug stoppages for personal reasons (unrelated to the study) were excluded
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Supplemental Figure 4: Current status of study subjects

Subject Month EOT+6 Complete
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Supplemental Material 2: Subjective Peripheral Neuropathy Score (SPNS)

1. Instruction for recording; ask the patient to rate the severity of each symptom (a-f)onas
cale of 1 (mild)-10 (most severe). Enter the score for each symptom in the column marke
d Presence/Severity. If symptom has been present in the past, but not since the last visit,
enter”00”/Currently Absent. If the symptom has never been present, enter “11”/Always
Been Normal.
Always Currently 1 o VU SUSRUPTUPRUUUPRUPRTE =11/ =] o
been absent
normal
11 00 01] 02| 03| 04] o5] o6] 07] 08] 09| 10
2.  Symptom(s) Presence/Severity
a. Pain, aching or burning in hands, arms ...
b. Pain, aching or burning in feet, legs ......cccoceveveeeceeeneee.
c. “Pins and needles” in hands, arms .......cccceeeveeveieieeceee
d. “Pins and needles” in feet, |€gS ...ccccevveeeeeevivviceveieeieiins
e. Numbness (lack of feeling) in hands, arms .....................
f. Numbness (lack of feeling) in feet, legs .....cccecveeeeennenne.
3. Instructions for grading subjective patient-elicited symptoms:
Use highest severity score recorded in (a-f) above to obtain a subjective peripheral
neuropathy grade :
Presence/Severity Score of 01-03 = Grade of 1
04-06 = Grade of 2
07-10 = Grade of 3
11 or 00 = Grade of O
4. Subjective peripheral neuropathy grade?......ccocvvevivvvverveceinnnns
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