
(12) STANDARD PATENT (11) Application No. AU 2011302030 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Pharmaceutical compositions

(51) International Patent Classification(s)
A01N 43/38 (2006.01) A61K 31/40 (2006.01)

(21) Application No: 2011302030 (22) Date of Filing:

(87) WIPONo: WO12/037320

(30) Priority Data

(31) Number (32) Date (33) Country
61/383,541 2010.09.16 US

(43) Publication Date: 2012.03.22
(44) Accepted Journal Date: 2015.01.22

(71) Applicant(s)
ViiV Healthcare Company

(72) Inventor(s)
Mundhra, Deepak B.;Pan, Rennan

(74) Agent / Attorney
Phillips Ormonde Fitzpatrick, 367 Collins Street, Melbourne, VIC, 3000

(56) Related Art
WO 2010/011815 A1 (SMITHKLINE BEECHAM CORPORATION) 28 January 2010 
WO 2010/011814 A1 (SMITHKLINE BEECHAM CORPORATION) 28 January 2010 
WO 2006/116764 A1 (SHIONOGI & CO., LTD) 02 November 2006



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

PCT

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date 
22 March 2012 (22.03.2012)

(10) International Publication Number

WO 2012/037320 A2

(51) International Patent Classification:
A61K31/4985 (2006.01)

(21) International Application Number:
PCT/US2011/051713

(22) International Filing Date:
15 September 2011 (15.09.2011)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
61/383,541 16 September 2010 (16.09.2010) US

(71) Applicant (for all designated States except US): GLAX­
OSMITHKLINE LLC [US/US]; One Franklin Plaza, 
200 N. 16th Street, Philadelphia, Pennsylvania 19102 
(US).

(72) Inventors; and
(75) Inventors/Applicants for US only): MUNDHRA, Deep- 

ak B. [IN/US]; c/o GlaxoSmithKline, Global Patents De­
partment, 1250 South Collegeville Road, P. O. Box 5089, 
Collegeville, Pennsylvania 19426 (US). PAN, Rennan 
[US/US]; c/o GlaxoSmithKline, Global Patents Depart­

ment, 709 Swedeland Road, P. O. Box 1539, King of 
Prussia, Pennsylvania 19406 (US).

(74) Agents: PRUS, Karen L. et al.; c/o GlaxoSmithKline, 
Global Patents Department, Five Moore Drive, P. O. Box 
13398, Research Triangle Park, North Carolina 27709 
(US).

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

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

[Continued on next page]

W
O

 20
12

/0
37

32
0 A

2

(54) Title: PHARMACEUTICAL COMPOSITIONS

(57) Abstract: The present invention relates to pharma­
ceutical compositions of (3S,llaR)- N-[(2,4-difluo- 
rophenyl)methyl]-2,3,5,7,l 1,1 la-hexahydro-6-hydroxy-3- 
methyl-5,7- dioxo-oxazolo[3,2-a]pyrido[l,2-
d]pyrazine-8-carboxamide, useful in the treatment or pre­
vention of Human Immunodeficiency Virus (HIV) infec­
tions.



WO 2012/037320 A2 lllllllllllllllllllllllllllllllllllllllllllllllllllh
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, 
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to applicant's entitlement to apply for and be granted 

a patent (Rule 4.17(H))

— as to the applicant's entitlement to claim the priority of 
the earlier application (Rule 4.17(iii))

— of inventorship (Rule 4.17(iv))

Published:
— without international search report and to be republished 

upon receipt of that report (Rule 48.2(g))



20
11

30
20

30
 

14
 M

ar
 2

01
3

PHARMACEUTICAL COMPOSITIONS

BACKGROUND OF THE INVENTION

WO 2006/116764 discloses a class of compounds useful in the treatment of HIV 

5 infection and AIDS. There is a continuing need for pharmaceutical compositions suitable for

treatment over a long period of time. We have discovered pharmaceutical compositions of 

(3S,11aR)- N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11a-hexahydro-6-hydroxy-3-methyl-5,7- 

dioxo-oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8-carboxamide that are long-acting and therefore 

suitable for administration to patients in the treatment of HIV infections.

10 Patient non-compliance is a well known problem accompanying the complex HIV

treatment regimens. Patient non-compliance is a critical problem in the treatment of HIV 

because such non-compliance may lead to the emergence of multiple-drug resistant strains of 
HIV.

The present invention addresses the issue of non-compliance by formulating
15 (3S,11aR)- N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11a-hexahydro-6-hydroxy-3-methyl-5,7-

dioxo-oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8-carboxamide as a long-acting parenteral 
composition suitable for administration, for example, once per month, once every 2 months, 

once every 3 months, once every 6 months or once every 12 months.
The compositions of the present invention provide for once monthly dosing or longer,

20 thereby addressing the problem of patient non-compliance and pill burden.

The discussion of documents, acts, materials, devices, articles and the like is included 
in this specification solely for the purpose of providing a context for the present invention. It is 
not suggested or represented that any or all of these matters formed part of the prior art base 
or were common general knowledge in the field relevant to the present invention as it existed

25 before the priority date of each claim of this application.
Where the terms "comprise", "comprises", "comprised" or "comprising" are used in this 

specification (including the claims) they are to be interpreted as specifying the presence of 
the stated features, integers, steps or components, but not precluding the presence of one or 
more other features, integers, steps or components, or group thereof.

30
SUMMARY OF THE INVENTION

The present Invention relates to pharmaceutical compositions of (3S,11aR)- N-[(2,4-

difluorophenyl)methyl]-2,3,5,7,11,11a-hexahydro-6-hydroxy-3-methyl-5,7- dioxo-oxazolo[3,2-

a]pyrido[1,2-d]pyrazine-8-carboxamide useful in the treatment or prevention of Human

35 Immunodeficiency Virus (HIV) infections.

1



The present invention relates to a parenteral pharmaceutical composition comprising

a compound of formula (I)
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or a pharmaceutically acceptable salt thereof, and a surfactant system comprising a 

5 polysorbate and polyethylene glycol.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Plasma Concentration-Time Profiles of a Compound of Formula (I) in 
Individual Male or Female Rats Following a Single Subcutaneous Injection of a compound of

10 formula (I) Followed by at least a 74-Day Nontreatment Period at a Nominal Dose of 5, 30, or 
100 mg/kg.

Figure 2: Plasma Concentration-Time Profiles of a Compound of Formula (I) in Individual 

Female Rats Following a Single Subcutaneous Injection of a compound of formula

1a
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(I) Followed by at least a 74-Day Nontreatment Period at a Nominal Dose of 5, 30, or
100 mg/kg.

Figure 3: Plasma Concentration-Time Profiles of a Compound of Formula (I) in 
Individual Male or Female Rats Following a Single Intramuscular Injection of a compound of 
formula (I) Followed by at least a 74-Day Nontreatment Period at a Nominal Dose of 2.5, 10, 
or 75 mg/kg.

Figure 4: Plasma Concentration-Time Profiles of a Compound of Formula (I) in 
individual Female Rats Following a Single Intramuscular Injection of a compound of formula 
(I) Followed by at least a 74-Day Nontreatment Period at a Nominal Dose of 2.5, 10, or 75 
mg/kg.

DETAILED DESCRIPTION OF THE INVENTION

(3S, 11 aR)- N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11 a-hexahydro-6-hydroxy-3- 
methyl-5,7- dioxo-oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8-carboxamide, a compound of 
formula (I), also referred to as compound (I), has proven antiviral activity against human 
immunodeficiency virus (HIV).

The present invention features pharmaceutical compositions comprising the active 
ingredient (3S, 11 aR)- N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11 a-hexahydro-6-hydroxy-3- 
methyl-5,7- dioxo-oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8-carboxamide, or a pharmaceutically 
acceptable salt thereof, suitable for administration once monthly or longer.

A further feature of the present invention is a method of using these pharmaceutical 
compositions.

The present invention features pharmaceutical compositions, comprising (3S,11aR)- 
N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11 a-hexahydro-6-hydroxy-3-methyl-5,7- dioxo- 
oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8-carboxamide, ora pharmaceutically acceptable salt 
thereof, and a surfactant system.

The present invention features a pharmaceutical composition, comprising a 
therapeutically effective amount of (3S,11aR)- N-[(2,4-difluorophenyl)methyl]-2,3,5,7,11,11a-

2
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hexahydro-6-hydroxy-3-methyl-5,7- dioxo-oxazolo[3,2-a]pyrido[1,2-d]pyrazine-8- 
carboxamide, or a pharmaceutically acceptable salt thereof, and a surfactant system.

Pharmaceutically acceptable salts include, but are not limited to calcium, magnesium, 
sodium, or potassium salts and solvates such as hydrates or alcoholates.

The term “therapeutically effective amount,” as used herein, means a sufficient 
amount of a drug, compound, composition, product or pharmaceutical agent to abate or 
reverse or treat a malady in a human or other mammal.

The present invention features parenteral pharmaceutical compositions for 
administration to a subject, for example a human.

The present invention features long-acting parenteral pharmaceutical compositions 
comprising a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a 
surfactant system for once monthly administration.

The present invention features long-acting parenteral pharmaceutical compositions 
comprising a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a 
surfactant system for bi-monthly (once every two months) administration.

The present invention features long-acting parenteral pharmaceutical compositions 
comprising a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a 
surfactant system for tri-monthly (once every three months) administration.

The present invention features long-acting parenteral pharmaceutical compositions 
comprising a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a 
surfactant system administration once every six or twelve months, or any time point within 
this range.

The compositions of the present invention provide for the slow release of a compound 
of formula (I). Therefore, in order to achieve therapeutic levels of drug, a compound of 
formula (I) advantageously is released from the composition within approximately one to 
three months, or any time point within this range.

An embodiment of the present invention is a pharmaceutical composition suitable for 
parenteral administration comprising a compound of formula (I) and a surfactant system 
comprising a combination of polymers providing for the release of a compound of formula (I) 
over a period of one to three months. A suitable combination of polymers is, for example, 
polysorbate 20 and polyethylene glycol (PEG) 3350.

A suitable combination of polymers, namely wetting agent and stabilizer, is required to 
manufacture a stable suspension. Wetting agents can be selected from a class of non-ionic 
and anionic surfactants. Representative examples of wetting agents include polyoxyethylene 
castor oil derivatives, polyoxyethylene sorbitan fatty acid esters (Polysorbate), sorbitan esters 
of fatty acids (SPAN), Poloxamers, such as LUTROL™ F68, F108 and F127 which are block

3
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copolymers of ethylene oxide and propylene oxide, sodium dodecylsulfate and sodium lauryl
sulphate.

Representative stabilizers include, but are not limited to, polyethylene glycols, 
carboxymethylcellulose calcium, carboxymethylcellulose sodium, methylcellulose, 
hydroxyethylcellulose, hydroxypropylcellulose, hydroxymethylpropylcellulose, 
polysaccharides, hyarluronic acid, polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP).

An example of combination of polymers includes a polysorbate, for example, 
polysorbate 20 or polysorbate 60 as wetting agent and a polyethylene glycol (PEG), for 
example, PEG 3350, PEG4000 or PEG8000 as stabilizer.

The present invention features a parenteral pharmaceutical composition comprising a 
compound of formula (I), or a pharmaceutically acceptable salt thereof, and polysorbate 20 
and polyethylene glycol (PEG) 3350.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be nanomilled to 200nM.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be nanomilled to 200nM in less than 10 hours on a ball mill.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be size reduced to a mean particle size of 0.1 - 1.0 pm.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be size reduced to a mean particle size of 0.1 - 0.5 pm or 0.2 - 0.4 pm.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be size reduced to a mean particle size of 0.1 - 1.0 pm using wet bead milling.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
may be size reduced to a mean particle size of 0.1 -1.0 pm using a high pressure milling 
technology such as microfluidizer or other rotor-stator type of mill or jet mill.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system 
suitable for commonly known sterilization technologies such as gamma irradiation, electron 
beam irradiation and autoclave sterilization.

4
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An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system that 
can be manufactured using aseptic technique.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system 
suitable for gamma radiation sterilization.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration comprising a compound of formula (I) and a surfactant system 
suitable for sterilization technologies by electron beam irradiation or autoclave sterilization.

An embodiment of the present invention is a pharmaceutical composition for 
parenteral administration that can be presented as a “ready to use” sterile suspension or 
lyophile for reconstitution.

In general, the pharmaceutical compositions of the present invention comprise 0.1 - 
50% by weight of a compound of formula (I). In general, the pharmaceutical compositions of 
the present invention comprise 0.1 - 5% polysorbate 20 as a surfactant and 0.1 - 5% 
polyethylene glycol. The pharmaceutical compositions of the present invention may 
comprise 0.1 - 10% polysorbate 20 as a surfactant and 0.1 - 10% polyethylene glycol.

The compositions of the present invention may be administered by subcutaneous or 
intramuscular injection. The compositions of the present invention may be administered by 
intradermal or intravitreal injection or implant. The compositions of the present invention may 
be administered by other parenteral routes of administration.

The preparation of the compositions of the present invention may be performed by 
milling using a wet bead mill and sterilized by gamma irradiation.

Another feature of the present invention is to simplify treatment regimens for HIV with 
the goal of enhancing patient compliance by providing a simplified dosage form containing 
therapeutically effective amounts of a compound of formula (I) ora pharmaceutically 
acceptable salt thereof.

The present invention also features a method for treating HIV infections in a human, 
which method comprises administering to said human a composition according to the 
invention. The present invention features the use of a pharmaceutical composition according 
to the invention in the treatment of HIV infections. The present invention features the 
manufacture of a medicament according to the invention for use in medical therapy.

The present invention also features a method for treating HIV infections in a human 
which method comprises administering to said human a composition according to the 
invention before, during, or after therapy with a compound of formula (I) in tablet or solution 
form.

5
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It will be appreciated by those skilled in the art that reference herein to “treatment” 
extends to treatment of an established malady, infection or symptoms thereof.

The present invention also features a method for preventing HIV infections in a 
human, which method comprises administering to said human a composition according to the 
invention. The present invention features the use of a pharmaceutical composition according 
to the invention in the prevention of HIV infections. The present invention features the 
manufacture of a medicament according to the invention for use in prophylactic medical 
therapy.

The present invention also features a method for treating or preventing HIV infections 
in a human which method comprises administering to said human a composition according to 
the invention before, during, or after therapy with a compound of formula (I) in tablet or 
solution form.

Methods for the preparation of a compound of formula (I) are described in WO 

2006/116764, W02010/011814, WO2010/068262, and W02010/068253 incorporated 

herein by reference.
The pharmaceutical compositions of the invention are presented as pharmaceutical 

compositions suitable for parenteral administration. The compositions may also include a 
safe and effective amount of other active ingredients, such as antimicrobial agents, antiviral 
agents, or preservatives.

It will be appreciated by those skilled in the art that the amount of active ingredients 
required for use in treatment will vary according to a variety of factors, including the nature of 
the condition being treated and the age and condition of the patient, and will ultimately be at 
the discretion of the attending physician, veterinarian or health care practitioner.

Compositions of the present invention enable patients greater freedom from multiple 
dosage regimens and ease the needed diligence required in remembering complex daily 
dosing times and schedules. The compositions of the present invention are particularly 
suitable for administration as a single dose monthly, bi-monthly or tri-monthly, or at any 
interval between 30 and 365 days, including every six or twelve months

Advantageously, the compositions of the present invention may be administered once 
per month.

The compositions of the present invention conveniently allow administration in unit 
dosage form containing, for example, from about 1 mg to about 800 mg, 100 mg to about 800 
mg of a compound of formula (I), from about 100 mg to about 600 mg or from about 100 mg 
to about 400 mg per unit dosage form.

The compositions of the present invention may be used in combination with other 
pharmaceutical formulations as a component of a multiple drug treatment regimen.

6



WO 2012/037320 PCT/US2011/051713

5

10

15

20

25

30

35

Compositions of the present invention may also be packaged as articles of 
manufacture comprising a therapeutically effective amount of a compound of formula (I), or a 
pharmaceutically acceptable salt thereof; and therapeutically effective amount of one or more 
of the following: nucleoside reverse transcriptase inhibitor, non-nucleoside reverse 
transcriptase inhibitor, protease inhibitor, integrase inhibitor. An example of a non-nucleoside 
reverse transcriptase inhibitor is rilpivirine hydrochloride (TMC-278).

The packaging material may also have labelling 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 attached to or included with a pharmaceutical 
article of manufacture. The package insert and any article of manufacture labelling provides 
information relating to the pharmaceutical composition. The information and labelling 
provides various forms of information utilized by 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.

The present invention further provides the following embodiments:
(a) A parenteral pharmaceutical composition comprising an effective amount of 
compound of formula (I) or a pharmaceutically acceptable salt thereof, for the long 
term treatment of HIV infection, or prevention of HIV infection in an individual at risk of 
being infected by HIV, wherein the composition is administered intermittently at a time 
interval of at least one week.
(b) The composition according to (a) wherein the composition is administered once 
every two weeks.
(c) The composition according to (a) wherein the composition is administered once 
every month.
(d) The composition according to any one of (a) to (c) wherein the effective amount of 
compound of formula (I) or a pharmaceutically acceptable salt thereof is selected 
such that the blood plasma concentration of compound of formula (I) in a subject is 
kept during a prolonged period of time at a level between a maximum blood plasma 
level which is the blood plasma level that causes significant side effects and the 
minimum blood plasma level that is the lowest blood plasma level that causes a 
compound of formula (I) to provide effective treatment or prevention of HIV infection.
(e) The composition according to (d) wherein the blood plasma level of a subject is 
kept at a level equal to or above about 150 ng/ml, in particular equal to or above 
about 600 ng/ml.

7
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(f) The composition according to any one of (a) to (e), wherein the composition is 
administered subcutaneously or intramuscularly.

(g) The composition according to any one of (a) to (f), which comprises the 
aforementioned surfactant system comprising polysorbate and /or polyethylene glycol.

(h) A method for the treatment or prevention of an HIV infection in a human 
comprising a pharmaceutical composition according to any of the above (a) to (g).

The dose of a compound of formula (I) administered, which is the amount of 
compound (I) in the parenteral composition for use in the invention, may be selected such 
that the blood plasma concentration of compound (I) in a subject is kept during a prolonged 
period of time above a minimum blood plasma level. The term "minimum blood plasma level" 
(or Cmin.) in this context refers to the lowest efficacious blood plasma level, that is, the blood 
plasma level of compound (I) that provides effective prevention or treatment HIV infection. In 
the case of transmission of HIV from an individual infected by HIV to an individual not 
infected by HIV, this is the lowest blood plasma level that is effective in inhibiting said 
transmission.

The blood plasma level of compound (I) in a subject may be kept at a level above a 
minimum blood plasma level of about 170 ng/ml, about 700 ng/ml, or about 1000 ng/ml. The 
blood plasma levels of compound (I) in a subject may be kept above these minimum blood 
plasma levels because at lower levels the drug may no longer be effective, thereby 
increasing the risk of transmission of HIV infection, and may be suboptimal for treatment of 
HIV infected subjects. Plasma levels of compound (I) may be kept at higher levels to avoid 
the development of HIV mutations, while maintaining a safety margin.

An advantage of the mode of administration of compound (I) is that high Cmin levels 
can be achieved without a commensurate high Cmax, which could mitigate potential side 
effects associated with Cmax·

The effective amount of compound (I) to be administered may be selected such that 
the blood plasma concentrations in a subject are kept during a prolonged period of time at a 
level between a maximum plasma level (or Cmax) and the minimum blood plasma level (or 
Cmin)·

In some embodiments the blood plasma level of compound (I) in a subject may be 
kept between the minimum blood plasma level (or Cmin as specified above) and the lower 
maximum plasma level of compound (I) (or Cmax) which is defined as the level that 
corresponds to the lowest blood plasma level where compound (I) acts therapeutically. The 
lowest level where compound (I) acts therapeutically is the lowest blood plasma level that is 
effective in inhibiting replication of HIV in individuals infected by HIV so that the viral load of 
HIV is relatively low, for example where the viral load (represented as the number of copies 
of viral RNA in a specified volume of serum) is below about 200 copies/ml, in particular below

8
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about 100 copies/ml, more particularly below 50 copies/ml, specifically below the detection 
limit of the assay for HIV.

As mentioned above, the blood plasma levels of compound (I) depend on the amount 
of active ingredient in each parenteral dosage administered. However, it also depends on the 
frequency of the administrations (i.e. the time interval between each administration). Both 
parameters can be used to direct the blood plasma levels to the desired values. The dose 
may be higher where administrations are less frequent.

Although the plasma levels of compound (I) should remain below a maximum or 
above a minimum value, they may surpass the maximal value or drop below the minimal 
value during relatively short periods of time, which may be as short as possible. The 
maximum and minimum plasma levels therefore can be expressed as mean plasma levels 
during a certain period of time.

In some instances there may be a small initial plasma concentration peak shortly after 
administration, after which the plasma levels achieve a steady-state.

The dose to be administered may be calculated on a basis of about 1 mg/day to about 
50 mg/day, preferably 3 mg/day to about 30 mg/day. This corresponds to a weekly dose of 
about 7 mg to about 350 mg, preferably about 20 mg to about 200 mg, or to a monthly dose 
of about 30 mg to about 1500 mg, preferably about 90 mg to about 900 mg. Doses for other 
dosing regimens can readily be calculated by multiplying the daily dose with the number of 
days between each administration.

The dose to be administered may be calculated on a basis of about 0.001 mg/kg//day 
to about 1 mg/kg/day, preferably 0.05mg/kg/ day to about 0.5 mg/kg/day. This corresponds 
to a weekly dose of about 0.5 mg to about 500 mg, preferably about 20 mg to about 200 mg, 
or to a monthly dose of about 30 mg to about 1500 mg, preferably about 90 mg to about 900 
mg. Doses for other dosing regimens can readily be calculated by multiplying the daily dose 
with the number of days between each administration.

Once administered, the blood plasma levels of compound (I) in a subject may be 
more or less stable. After initial rise of the blood plasma levels, a steady state mode may be 
achieved during a prolonged period of time. By "steady state" is meant the condition in which 
the amount of drug present in the blood plasma of a subject stays at more or less the same 
level over a prolonged period of time. The plasma levels of compound (I) may then gradually 
decrease over time, and when the minimum plasma level is reached, then the next dose of 
compound (I) may be administered. The term "stays at more or less the same level" does not 
exclude that there can be small fluctuations of the plasma concentrations within an 
acceptable range, for example, within about 30%, about 20%, or about 10%.

The parenteral compositions of compound (I) may be administered by intravenous 
injection or, preferably by subcutaneous or intramuscular administration.

9
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The present invention is based on the use of parenteral compositions of the active 
ingredient compound (I) and therefore the nature of the carrier is selected for suitability for 
parenteral administration. The carrier in most cases will comprise sterile water, in although 
other ingredients, for example, to aid solubility, may be included. Injectable solutions or 
suspensions, for example, may be prepared in which the carrier comprises saline solution, 
glucose solution or a mixture of saline and glucose solution. Further, the carrier may contain 
the surfactant system mentioned above such as polysorbate and polyethyleneglycol.

Effect of the Invention
The parenteral pharmaceutical composition comprising compound (I) of the present 

invention is long-acting. Accordingly, the composition is useful for the treatment or 
prevention of HIV infection with administration at long time intervals, compared with 
conventional compositions or with other compounds similar to compound (I) in chemical 
structure. The compositions of the present invention can be intermittently administered to a 
patient, e.g., once per week, once per month, once per every 2 months, or one per every 3 
months. Therefore, the compositions of the present invention and an administration by 
subcutaneous (SC) or intramuscular (IM) injection using the same can lead to a remarkable 
reduction in medication (pill) burden or difficulty in patient compliance. Further, such 
intermittent administration of a composition of the present invention can contribute 
to maintaining therapy at appropriate compliance which leads to prevention of emergence 
of drug resistant HIV and maintaining the efficacy of therapy for an extended period of time.

EXAMPLES

The following examples further describe and demonstrate particular 
embodiments within the scope of the present Invention. The examples are given solely for 
illustration and are not to be construed as limitations as many variations are possible without 
departing from spirit and scope of the Invention.

Example 1: Pharmaceutical Composition

Table 1 Composition of a compound of formula (I) Injectable Suspension

Component Quantity 
(mg /mL)

Function

Compound of 
Formula (I)

200.0 Active

Mannitol 45.0 Tonicity agent

Polysorbate 20 20.0 Wetting agent

10
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Polyethylene Glycol 
(PEG) 3350

20.0 Stabilizer

Water for Injection QS to 1.0 mL Solvent
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Manufacturing Process
A compound of formula (I), mannitol, polysorbate 20, PEG 3350, and water for 

injection were compounded and milled using a wet bead mill. The resulting suspension was 
filled into 3 mL, USP Type I glass vials at a fill volume of 1.5mL, the vials are stoppered and 
sealed, and then terminally sterilized by gamma irradiation.

Example 2: Particle Size
A sample of a compound of formula (I) injectable suspension prepared by the process 

as described in Example 1 was irradiated by gamma irradiation at 29.9-31.5 kGy dose. The 
milling time was 5 hours. The particle size determined by laser diffraction technique is the 
following:

X10 = 75 nm
X50 = 157 nm
X90 = 646 nm
X 50 of less than 200nm was achieved.

Example 3: Gamma irradiation
A sample of a compound of formula (I) injectable suspension prepared by the process 

as described in Example 1 was irradiated by gamma irradiation at 29.9-31.5 kGy dose. 
Samples pre gamma irradiation and post gamma irradiation were tested for drug related 
impurities by HPLC.

Total Drug Related Impurities, %area/area
Pre Gamma Irradiation 0.19
Post Gamma Irradiation 0.16

The formulation is stable upon gamma irradiation.

Example 4: Manufacturing process using high pressure Microfluidizer

Table 2 Composition of a compound of formula (I) Injectable Suspension

Component Quantity 
(mg /mL)

Function

Compound of 200.0 Active

11
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Formula (I)

Mannitol 45.0 Tonicity agent

Polysorbate 20 20.0 Wetting agent

Polyethylene Glycol 
(PEG) 3350

20.0 Stabilizer

Water for Injection QS to 1.0 mL Solvent

Manufacturing Process
A compound of formula (I), mannitol, polysorbate 20, PEG 3350, and water for 

injection were compounded and microfluidized using a Microfluidizer M-110P. The
5 suspension was passed through an interaction chamber (G10Z) with a minimum internal 

dimension of 87pm and after 50 pass achieved the particle size as listed below:

X10 = 82 nm 
X50 = 221 nm

10 X90 = 726 nm

Example 5: Rat pharmacokinetics
A compound of formula (I) was given once to male and female rats (10/sex/group) at 

0 (vehicle), 5, 30, or 100 mg/kg by subcutaneous (SC) injection or 0 (vehicle), 2.5, 10, or 75
15 mg/kg by intramuscular (IM) injection. After dosing, rats were retained for a 75- to 76-day 

(SC, including 1st 5 control rat/sex) or 84- to 85-day (IM, last 5 control rats/sex; IM) 
nontreatment period. The vehicle control rats were given both SC and IM injections. Figures 
1 - 4 display present plasma concentration-time profiles by route of administration and 
gender.

12



The claims defining the invention are as follows:

1. A parenteral pharmaceutical composition comprising a compound of formula

(I)
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5 or a pharmaceutically acceptable salt thereof, and a surfactant system comprising a

polysorbate and polyethylene glycol.

2. A pharmaceutical composition according to claim 1 for subcutaneous 

administration.

3. A pharmaceutical composition according to claim 1 for intramuscular 

10 administration.

4. A pharmaceutical composition according to any one of claims 1 - 3 for once 

per month administration.

5. A pharmaceutical composition according to any one of claims 1 - 3 for 

administration once every two months.

15 6. A pharmaceutical composition according to any one of claims 1 - 3 for

administration once every three months.

7. A pharmaceutical composition according to any one of claims 1 - 3 for 

administration at any interval between 30 and 365 days.

8. A pharmaceutical composition according any one of claims 1 - 7 wherein the 

20 amount of a compound of formula (I) is from about 10 mg to about 500 mg per ml of the

dosage form.

9. A pharmaceutical composition according any one of claims 1 - 8 wherein the 

the particle size is less than or equal to 200nm.

10. A pharmaceutical composition according any one of claims 1 - 8 wherein the 

25 the particle size is in the range of 0.1 - 0.5 urn.
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11. A pharmaceutical composition according to any one of claims 1-10 that can 

be terminally sterilized by gamma irradiation.

12. A method for the treatment of an HIV infection in a human comprising 

administering a pharmaceutical composition according to any one of claims 1-11.

5 13. A method for the prevention of an HIV infection in a human comprising

administering a pharmaceutical composition according to any one of claims 1-11.

14. Use of a pharmaceutical composition according to any one of claims 1 - 11 in 

medical therapy.

15. Use of a pharmaceutical composition according to any one of claims 1 - 11 in 

10 the treatment or prevention of an HIV infection.

16. A pharmaceutical composition according to claim 1, substantially as 

hereinbefore described, with reference to any of the examples.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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