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METHODS FOR IMPROVING THE PHARMACOKINETICS OF HIV
INTEGRASE INHIBITORS

PRIORITY OF INVENTION
This application claims priority to United States Provisional Patent
Applications 60/755,039, filed 30 December 2005; 60/ 756,631, filed 06 January
2006; and 60/763,901, filed 01 February 2006.

BACKGROUND OF THE INVENTION

Infection by the retrovirus known as human immunodeficiency virus
(HIV) continues to be a serious human health problem. Methods for treating HIV
infections include administering agents that inhibit the activity of viral enzymes
that are essential to the life cycle of the virus.

Ritonavir ((28,3S,58)-5-(N-(N-((N-Methyl-N-((2-isopropyl-4-
thiazolyl)methyl)amino)-carbonyl)-L-valinyl)amino)-2-(N-((5-
thiazolyDmethoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane) is an HIV
protease ix‘lhibitor‘that can be synthesized by procedures disclosed in International
Patent Application Publication Number WO 1994/14436 and United States Patent
Number 5567823. As a protease inhibitor, ritonavir can be effective in humans
for inhibiting an HIV infection. Ritonavir has also been.shown as an inhibitor of
the metabolic enzyme cytochrome P450 monooxygenase, particularly, the 3A4
isoform (CYP 3A4) involved in the metabolic pathway of many drugs. See U.S.
Pat. Nos. 5541206, 5635523, 5648497, 5674882,5846987 and 5886036.

- Protease inhibitors are metabolized by cytochrome P450 monooxygenase,
leading to unfavorable pharmacokinetics and the need for more frequent and
higher doses than are desirable. Administration of such drugs with an agent that
inhibits metabolism by cytochrome P450 monooxygenase can improve the
pharmacokinetics (e.g., increases in half-life, time to peak plasma concentration
and blood levels) of the drug.

Ritonavir can be used to improve the pharmacokinetics of certain HIV
protease inhibitors that are metabolized by cytochrome P450 monooxygenase. See
United States Patent Numbers 6,037,157 and 6,703,403. Co-administration of
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ritonavir with a drug metabolized by cytochrome P450 monooxygenase,
especially, the P450 3A4 isoform (isozyme), may cause an improvement in the
pharmacokinetics‘ of such a drug. More particularly, co-administration of ritonavir
with another HIV protease inhibitor that is metabolized by cytochrome P450
monooxygenase may result in an improvement in the pharmacokinetics of the
HIV Iﬁrotease inhibitor. In this type of combination therapy, ritonavir may be used
at subtherapeutic dosages, that is, dosages less than that used to rﬁeaningfully
suppress viral replication, yet high enough to inhibit the cytochrome P450
monooxygenase and boost the pharmacokinetics of the other HIV protease
inhibitor. '

A series o:f 4-oxoquinolines including the compound 6-(3-chloro-2-

-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo0-1,4-

dihydroquiriolinef—?;—carboxylic acid have been identified as anti-human
immunodeficiency virus (HIV) agents. See United States Patent Application
Serial Number 10/492,833, filed November 20; 2003, which was published as
United States Patent Application Publication Number 2005/0239819.

'Speciﬁcally, 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1 -hydroxy-3-methylbutan-2-yl}-

7-methoxy-4-0x0-1,4-dihydroquinoline-3-carboxylic acid has been described as
having inhibitory éctivity against the iﬁtegrase protein of HIV. Id. HIV belongs
to the retrovirus family and is a causative agent of the acqﬁired immunodeficiency
syndrome (AIDS). " Accordingly, a pharmaceutical agent that reduces the virus
load, viral genome, or replication of HIV in-the body, may be effective for the
treatment or prophylaxis of AIDS.

Currently; there is a need for agents and methods that are useful for
increasing the bioavailability or absorption of integrase inhibitors such as 6-(3-
chloro-2-ﬂuorobénzyl)—l -[(28)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid in order to increase their therapeutic
effectina patient?. In particular, there is.a need for agents and methods that
improve the pharmacokinetics of such an integrase inhibitor so that an acceptable
therapeutic effect can be achieved by once daily administrétion. There is also
generally a need to improve the pharmacokinetics of drugs (e.g. integrase
inhibitors), that are useful for treating HIV infection.



WO 2007/079260 PCT/US2006/049668

SUMMARY OF THE INVENTION

The invention relates to a method of improving the pharmacokinetics of 4-
oxoquinoline compounds. The iﬁvenﬁon further relates to a method of inhibiting
 retroviral integrases, particularly, of inhibiting human immunodeficiency virus
5  (HIV) integrase, and a method of inhibiting a retroviral infection, particularly, an
HIV infection. |
In one embodiment the invention provides agents and methods that are
useful for increasing the bioavailability or absorption of integrase inhibitors such
as-6-(3 -c.hloro-2-f'1uorobenzy1)- 1-[(2S)-1-hydroxy-3-methylbutan-2-y1]-7-
10 methoxy-4-oxo-1:,4-dihydroquinoline-3-carboxylic acid

N
l 7\\\\\\\K/OH

(Compound 1) in order to increase their therapeutic effect in a patient.
In one embodiment; the invention provides a method for improving the
pharmécokinetics‘ of an integrase inhibitor such as Compoimd 1, by administering
15  the integrase inhibitor to a patienf with ritonavir or a pharmaceutically acceptable
salt thereof. |
In one embodiment tﬁe invention provides a method of improving the
pharmacokinetics of a HIV integrase inhibitor, comprising administering to a patient in
need of the inhibitor an effective boosting amount of ritonavir or a pharmaceutically
20  acceptable salt thereof, such that the inhibitor possesses a more efficacious

pharmacokinetic profile than it would without the addition of ritonavir.
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In another embodiment the invention provides a method for improving the

pharmacokinetics of a 4-oxoquinoline compound according to formula (I):

OR?

.5
D,
where,
ring Cyisa Cs-10 carbon ring group or a heterocyclic group, each group
being optionally §ubstituted by 1 to 5 substituents selected from group A;
10 the heterocyclic group is a saturated or unsaturated-ring comprising at

least one heteroatom selected from the group consisting of nitrogen, oxygen and
sulfur; ,
group A is cyano, phenyl, nitro, haiogen, C1.4 alkyl, halo C; alkyl, halo
C).4 alkyloxy, —OR®, —SR*, —NR*R*, —CONR*'R*, —SO;NR*'R%, —
15 COR®, —NR*COR®, —SO,R®, —NR¥SO,R®, —COOR*! or —NR* COOR®;
' R and R* are the same or different and each is H, Cj4 alkyl or benzyl;
R™ is C.4 alkyl;
R! is selected from group B or is Cy.j¢ alkyl optionally substituted by 1 to
3 substituents sellected from halogen or group B;
20 group B is:
| - a Cs.10 carbon ring optionally substituted by 1 to 5 substituents
selected from group A,
a heterocyclic group optionally substituted by 1 to 5 substituents
selected from group A,
25 —OR*,
—SR*,
_LN-RadrRaS,
—CONR*R®,
. —SO,NR¥R™,
30 " —COR™,
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—NR™COR*,

—SOR,

— NR™SO,R,

—COOR™ or

—NR* COOR™;
R* and R® are the same or different and each is:

H,

Ci4 alkyl,

a Cs.10 carbon ring group optionally substituted by 1to 5 - .
substituents selected from group A or .

a heterocyclic group optionally substituted by 1 to 5 substituents

" selected from the group A;

R* is

Ci4 alkyl,

a Cz.10 carbon ring group optionally substituted by 1 to 5
substituents selected from group A or - .

a heterocyclic group optionally substituted by 1 to 5 substituents
selected from group A; '
R?*isH or Ci4 alkyl;
R3isH, cyano, hydroxy, amino, nitro, halogen, Ci4 alkyl, C;4 alkoxy,

C,.4 alkylsulfanyl, halo CM'alkyl or halo C,.4 alkyloxy group;

Xis C—R32 or N;
Y is C—R* or N;
R3? and R* are the same or different and each is:

H,

cyano,

nitro,

halogen, .

a Cs.19 carbon ring group optionally substituted by 1 to 5
substituents selected from group A,

a heterocyclic group optionally substituted by 1 to 5 substituents
selected from group A, Ci.jo alkyl optionally substituted by 1 to 3
substituents selected from halogen or group B,

—ORY,
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—}SR"7,

_NRYR®,
-;NRa7COR“9,
—COOR*"? or
 N=CH—NR*1°R*

R*7 and RIa8 are the same or different and each is selected from H, group B
or Cy.1 alkyl optionally substituted by 1 to 3 substituents selected from halogen or
group B;

R* is C )4 alkyl; and

R*'% and R*!! are the same or different and each is H or Cy.4 alkyl

comprisiﬁg administering the compound of formula (I) or a
pharmaceutically acceptable salt thereof, and ritonavir or a pharmaceutically
acceptable salt thereof, to a péttient in need thereof.

In one en%bodiment the invention provides a method of improving the
phartnac;okinetic's of a compound of Formula (T) comprising administering to a .
patient in need of the compound or a pharmaceutically acceptable salt thereof an
effective amount of ritonavir or a pharmaceutically acceptable salt thereof.

In one embodiment the invention provides a method for increasing the
blood level of a compound of Formula (I) in a patient being treated with the
compound or a pharmaceutically acceptable salt thereof, comprising
administering toa patient in need of the compound or a pharmaceutically
acceptable salt thereof an effective amount of ritonavir or a pharmaceutically
acceptable salt thereof.

In one embodiment the invention provides a method of inhibiting HIV
integrase in a patient in need of such treatment comprising administeringa
compound of Formula (I) or a pharmaceutically acceptable salt thereof and an
effective amoun‘t of ritonavir or a pharmaceutically acceptable salt thereof.

In one embodiment the invention provides a'‘method of increasing the
bioavailability of compound 1 in a patient. The method comprises administering
to the patient a therapeutically effective amount of compound 1 with food. The
increase in bioavailability of the compound may be observed'by an increase in the
maximum plasn}a concentration or by an increase in the area under the plasma
concentration time curve (AUC) compared to that if the compound was

administered \Viﬂlout food.
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In one embodiment the invention provides a method of increasing the
absorption of compound 1 in a patient, comprising administering to the patient a
therapeutically effective amount of compound 1 with food. Absorption of the
compound may be measured by the concentration attained in the bloodstream
after administratibn of the compound. An increase in absorption may be observed
by an increase in the maximum plasma concentration or by an increase in the area
under the plasma concentration time curve (AUC) compared to that if the
compound was administered without food.

In one embodiment the invention provides a method for inhibiting activity
of a retrovirus integrase in a patient, comprising administering to the patient a
therapeutically effective amount of compound 1 with food.

In one embodiment the invention provides a method for the treatment or
prophylaxis of a retrovirus infection in a patient, comprising administering to the
patient a therapeutically effective amount of compound 1 with food.

In one embodiment the invention provides a kit compﬁéing: (Ha-
pharhaaceutical composition comprising compound 1, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier; (2) prescribing
information; and (3) a container. The prescribing information includes advice
caution or instruction to a patient relating to administering compound 1 with food.

In another embodiment the invention provides a kit comprising an
integrase inhibitor such as Compound 1, prescribing information, and a container,
wherein the prescribing information includes information regarding
administration of the compound to improve its bioavailability.

In one embodiment, the invention provides a method for improving the
pharmacokinetics of an integrase inhibitor such as compound 1, by administering
the integrase inhibitor to a patient with ritonavir or a pharmaceutically acceptable
salt thereof and with food. .

In one embodiment the invention provides a method of increasing the
bioavailability of compound 1 in a patient comprising administering to the patient
a therapeutically effective amount of compomld 1 with ritonavir and with food.

In one embodiment the invention provides a method of increasing the
absorption of compound 1 in a patient, comprising administering to the patient a

therapeutically effective amount of compound 1 with ritonavir and with food.
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In one embodiment the invention provides a method for inhibiting activity
of a retrovirus integrase in a patient, comprising administering to the patient a
therapeutically effective amount of compound 1 with ritonavir and with food.
In one enfbodiment the invention provides a method for the treatment or
5  prophylaxis of a retrovirus infection in a patient, comprising administering to the

patient a therapeutically effective amount of compound 1 with ritonavir and with
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food.

In one embodiment the invention provides the use of ritonavir or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament
for improving the pharmacokinetics of an HIV integrase inhibitor (e.g. a

compound of Formula (I)) or a pharmaceutically acceptable salt thereofin a

. patient.

In one embodiment the invention pro%zides the use of ritonavir or a
pharmaceutically acceptable salt thereof, and a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament
for inhibiting HIV integrase in a patient.

In one embodiment the invention provides the use of the compound 6-
(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-yl}-7-methoxy-
4-0x0-1,4-dihydroquinoline-3-carboxylic acid or its pharmaceutically
acceptable salt for the manufacture of a medicament for increasing the
bioavailability of the compound comprising administering to a patient a
therapeutically effective amount of the compound or a pharmaceutically
acceptable salt thereof to be administered with food.
| In one embodiment the invention provides the use of the compound 6-
(3-chloro-2-flucrobenzyl)-1-[(25)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-
4-ox0-1,4-dihydroquinoline-3-carboxylic acid or its pharmaceutically
acceptable salt for the manufacture of a medicament for increasing the
absorpfion of the compound ina patiént, comprising administering to the
patient a therapeutically effective amount of the compound or a
pharmaceutically acceptable salt thereof to be administered with food.

In one embodimént the invention provides use of the compound 6-(3-
chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-
oxo-1,4-dihydroquinoline-3-carboxylic acid or its pharmaceutically acceptable

salt for the manufacture of a medicament for inhibiting activity of a retrovirus

8
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integrase in a patient, comprising administering to the patient a therapeutically
effective amount of the compound or a pharmaceutically acceptable salt
thereof to be administered with food.

In one embodiment the invention provides the use of the compound 6-
(3-chloro-2-ﬂuor6benzy1)—1-[(25’)—1-hydroxy-3 -methylbutané-yl] ~7-methoxy-
4-oxo-1,4-dihydr6quinoline-3-carbox‘ylic acid or its pharmaceutically
acceptable salt for the manufacture of a medicament for the treatment or
prophylaxis of a retrovirus infection in a patient, comprising administering to
the patient a therapeutically effective amount of the compound or a
pharmaceutically acceptable salt thereof to be administered with food.

In one embodiment the invention provides a kit comprising: (1) a
pharmaceutical composition comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-
hydroxy-3-methylbutan-2-yl}-7-methoxy-4-0xo0-1,4-dihydroquinoline-3-
carboxylic acid, or a pharmaceitically acceptable salt thereof, and a
pharmaceutically acceptable carrier; (2) prescribing information; and (3) a
container; wherein the prescribing information includes advice regarding
administering 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-
yi] -7-methoxy-4-‘oxo—1,4—dihydroquinoline—3-carboxylic acid or a
pharmaceutically acceptable salt thereof with food. In one embodimenf the kit
can optionally further comprise ritonavir or a pharmaceutically acceptable salt
thereof.

In one embodiment the invention provides use of the compound 6-(3-
chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-methylbutan-2-yl}-7-methoxy-4-
oxo~1,4—dihydroquinoline—3-ca:rboxylic acid or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for increasing the
bioavailability of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-
hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid in a patient when the medicament is administered with food, to
be administered with ritonavir or a pharmaceutically acceptable salt thereof.

In one embodiment the invention provides use of the compound 6-(3-

.chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-y1}-7-methoxy-4-

0x0-1,4-dihydroquinoline-3-carboxylic acid or a phaﬁnaceutically acceptable
salt thereof for the manufacture of a medicament for increasing the absorption

of the compound 6-(3-chloro-2-fluorobenzyl)- 1-[(2S)-1-hydroxy-3-

9
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methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
in a patient when the medicament is administered with food, to be
administered with ritonavir or a pharmaceutically acceptable salt thereof.

In one embodiﬁent the invention provides use of the compound 6-(3-
chloro-2-fluorobenzyl)-1-[(25)-1 -hydroxy-3-methylbutan-2-yl]-7-methoxy-4-
0x0~1,4-dihydroquinoline-3-carboxylic acid or a pharmaceutically acceptable
salt thereof for tﬂe manufacture of a medicament for inhibiting activity of a
retrovirus integrase in a patient when the medicament is administered with
food, to be administered with ritonavir or a pharmaceutically acceptable salt
thereof.

In one embodiment the invention provides use of the compound 6-(3-
chloro -2-ﬂuorobénzyl)—l -[(25)~1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-
ox0-1,4-dihydroquinoline-3-carboxylic acid or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for the treatment or
prophylaxis of a retrovirus infection in a patient when the medicament is
administered with food, to be administered with ritonavir or a
pharmaceutically acceptable salt thereof.

In one embodiment the invention provides a pharmaceutical
composition comprising ritonavir or a pharmaceutically acceptable salt thereof
for improving the pharmacokinetics of an HIV integrase inhibitor in a patient.

" Inone enl‘lbodiment the invention provides a pharmaceutical
composition comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid
ora phmmaceutiéally acceptable salt thereof for increasing the bioavailability
of the compound to be administered with food.

In one embodiment the invention provides a pharmaceutical
composition coniprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-0x0-1,4-dihydroquinoline-3-carboxylic acid
or a pharmaceutically acceptable salt thereof for increasing the absorption of
the compound in a patient to be administered with food.

_In one embodiment the invention provides a pharmaceutical
composition comprising 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-
me'thylbutan-2-y;l] -7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid

10
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or a pharmaceutically acceptable salt thereof for inhibiting activity of a
retrovirus inte grase in a patient to be administered with food.

‘ In one embodiment the invention provides a pharmaceutical
composition comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methyl_butan—Z-yl]—7—rnethoxy—4—oxo-1 ,4-dihydroquinoline-3-carboxylic acid
or a pharmaceutically acceptable salt thereof for the treatment or prophylaxis
of a retrovirus infection in a patient to be administered with food.

In one embodiment the invention provides an anti-retroviral agent
comprising ritonavir or a pharmaceutically acceptable salt thereof for
improving the pharmacokinetics of an HIV integrase inhibitor in a patient.

In one embodiment the invention provides an anti-retroviral agent

'composition comprising 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-

methylbutan-2-yl}-7-methoxy-4-ox0-1,4-dihydroquinoline-3-carboxylic acid
or a pharmaceutically acceptable salt thereof for incréasing the bioavailability
of the compound to be administered with food.

In one err;bodimerit the invention provides an anti-retroviral agent

comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-

yl]-7-methoxy-4;oxo-1,4-dihydroquinoline-3 -carboxylic acid or a

pharmaceutically acceptable salt thereof for increasing the absorption of the
compound in a patient to be administered with food.

In one embodiment the invention provides an anti-retroviral agent
comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-
y1]-7-methoxy-4-oxo-1,4-dihydroquinoline-3 -carbbxylic acid or a
phannaceutically: acceptable salt thereof for inhibiting activity of a retrovirus
integrase in a patient to be administered with food.

In one embodiment the invention provides an anti-retroviral agent
comprising 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-
yl1]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or a
pharmaceutically acceptable salt thereof for the treatment or prophylaxis of a

retrovirus infection in a patient to be administered with food.

In one embodiment the invention provides the use of an integrase inhibitor
or a pharmaceutically acceptable salt thereof for the manufacture ofa medicament
for oral administration with food, for achieving enhansed bioavailibility of the

integrase inhibitor or the pharmaceutically acceptable salt thereof in the treatment

11
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of an integrase re;sponsive condition (e.g. a retrovirus infection such as an HIV
infection or AIDS). ‘ ' .

In one embodiment the inventié)n provides the use of an integrase inhibitor
(e.g. a compound of Formula (I) suci'l as Compound 1) or a pharmaceutically
acceptable salt thlareof for the manufacture of a medicament for oral
administration with food, for achieving increased absorption of the integrase
inhibitor or the pharmaceutically acceptable salt thereof in the treatment of an
integrase responsive condition (e.g. a retrovirus infection such as an HIV
infection or AIDS). .

In one embodiment the invention provides the use of an integrase inhibitor
(eg.a cqmpound. of Formula (I) such as Compound 1) or a pharmaceutically ‘
acceptable salt thereof for the manufacture of a medicament for administration
with ritonavir or a pharmaceutically acceptable salt thereof for the treatment of an
integrase responsive condition (e.g. a retrovirus infection such as an HIV
infection or AIDS).

. In one embodiment the invention provides the use of ritonavir or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for
administration wi:th an integrase inhibitor (e.g. 2 compound of Formula (I) such as
Compound 1) or a pharmaceutically acceptable salt thereof for the treatment of an
integrase responslive condition (e.g. a retrovirus infection such as an HIV
infection or AIDS:).

In one embodiment the invention provides the use 'of an integrase inhibitor
(e.g. a compound of Formula (I) such as Compound 1) or a pharmaceutically
acceptable salt thereof, and ritonavir or a pharmaceutically acceptable salt thereof,
for the manufacture of a medicamént for the treatment of an integrase responsive
condition (e.g. a retrovirus infection such as an HIV infection or AIDS).

In one embodiment the invention provides the use of ritonavir or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for
administration with an integrase inhibitor (e.g. a compound of F ormula (I) such as
Compouﬁd 1) or a pharmaceutically écceptable salt thereof for the treatment of an
integrase responsive condition (e.g. a retrovirus infection such as an HIV

infection or AIDS).

1
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In one embodiment the invention provides the use of an integrase inhibitor
(eg-a compoundjof Formula (I) such as Cc;mpound 1) or a pharmaceutically
acceptable salt thereof for the manufacture of 2 medicament for administration
with ritonavir or a pharmaceutically acceptable salt thereof and for administration
with food, for the treatment of an integrase responsive condition (e.g. a retrovirus
infection such as an HIV infection or AIDS).

In one embodiment the invention provides the use of ritonavir or a
pharmaceutically’acceptable salt thereof for the manufacture of a medicament for
administration wi‘th an integrase inhibitor (e.g. a compound of Formula (I) such as
Compound 1) or a pharmaceutically acceptable salt thereof and for administration
with food, for the treatment of an integrase responsive conditi_on (e.g. a retrovirus
infection such as an HIV infection or AIDS).

These and other advantages of the invention, as well as additional
inventive features, will be apparent from the description of the invention provided
herein. ' _

. 'BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is graph of plasma concentration versus time for Compound 1
alonf; and in combination with ritonavir.

FIG. 2 is a graph plotted on a linear scale of the plasma concentration of
6-(3-chloro-2-ﬂu<|)robenzyl)- 1-[(28)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-
4-0x0-1,4-dihydroquinoline-3-carboxylic acid (Compound 1) after
administration thereof'in the fasted and fed states.

FIG. 3 illustrates data from Example 3.

FIG. 4 illustrates data from Example 3.

FIG. 5 illystrates data from Example 3.
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DETAILED DESCRIPTION OF THE INVENTION
Ritonavir Effects: ‘

Compoun'ds of the formula (I) are HIV integrase inhibitors. A specific group of

compounds of formula (I) are compounds of formula (II):

R4 R o o)

()

wherein,

R* and Ré are the same or different and each is selected from group A;

R’is selected from H or group A;

or R4 and R to gether form a ring that fuses to the benzene ring to which

they are bonded;

m is 0 to 3; and

R!, R*, R3? and R are each defined the same as in formula D;

provided that when mis 2 or 3,.then R® of each m is optionally the same
or different.

A preferred compound of formula (I) is Compound 1:

Compounds of formula (I) are described in United States Patent
Application Publication Number US 2005/0239819, which is hereby incorporated
herein in its entirety. Compound 1 can be found on page 76, at Example 4-32, of
this document. Methods of preparation and use for this and other compounds of
formulas (I) and (II) are also described in this document.

In accord?nce with one embodiment of the.invention, there is disclosed a

method of improving the pharmacokinetics of a drug (or a pharmaceutically
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acceptable salt thereof) by administering ritonavir or a pharmaceutically
acceptable salt thlereof with the drug. The drug is preferably an HIV integrase
inhibitor. Furthe;more, the drug is preferably metabolized by cytochrome P450
monooxygenase.' When administered, the two agents can be formulated as
separate compositions that are administered at the same or different times (e.g.,
concurrently, consecutively or sequentially), or they can be formulated and
administered as a single composition.

Certain HIV protease inhibitors that are metabolized by cytochrome P450
monooxygenase and that would benefit from administration with ritonavir are
described in United States Patent Numbers 6,037,157 and 6,703,403, which are
hereby incorporated herein by reference in their entirety. These patents describe
formulating and dosing regimens that can be used with ritonavir.

Formulating and dosing regimens for HIV integrase inhibitors may be
found in United States Patent Application Publication Number US 2004701 67124,
which is hereby incorporated herein by reference in its entirety. The
aforementioned regimens may be applied to the invention described herein. In the

case of combination therapy, for example, about 20mg to about 500mg of a

. compound of formula (I) or (II) such as Compound 1 may be administered with

about 10 mg to about 1200mg of ritonavir per day. In one specific embodiment
of the invention about 20mg to about 500mg of a compound of formula (I) or (II)
such as Compound 1 may be administered with about 10 mg to about 600mg of
ritonavir per day. In an embodiment of the invention, a suitable dose of
compound 1 is about 20 mg, 50 mg, 75 mg, 85 mg, 100 mg, 125 mg, 150 mg, 175
mg or 200mg, m:ore specifically about 85 mg, about 125 mg or about 150 mg. In.
an embodiment of the invention, a suitable dose of ritonavir is between about 20
mg to about 200 mg, specifically between about 50 mg to about 125mg, more
specifically about 100 mg. However, higher and lower dosages of each agent may
be efficacious. :

In one embodiment of daily administration, preferable amounts of
Compound 1 and ritonavir are dosages which can achieve blood concentration of
Compound 1 méintaining over ICys (f.e. protein biﬁding-adjusted in vitro ICos
100nM) during 24 hours.

In one %:mbodiment of daily administration, preferable amounts of

Compound 1 and ritonavir are dosages which can achieve blood concentration of
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Compound 1 maintaining over ECy (f.e. approximately 170 ng/ml in Emax
model) during 24 hours.

In one embodiment, preferable amounts of the compound 1 is dosages

. given to patients which can be achieved that mean reductions in HIV RNA as

anti-HIV activity is more than 1.5 logo copies/ml, preferably 2.0 logo.

Ina specfﬁc embodiment the invention provides a method for improving
the pharmacokinétics of an HIV integrase inhibitor (or a pharmaceutically
acceptable salt theréof), particularly, one that is metabolized by cytochrome P450
monooxygenase,‘mo're particularly, the CYP 3A4 isoform, in a patient'in need of
such treatment, l;y administering or coadministering ritonavir or a
pharmaceutically acceptable salt thereof with the integrase inhibitor. Such a
combination of ritonavir or a pharmaceutically acceptable salt thereof and an HIV
integrase inhibitor or a pharmaceutically acceptable salt thereof that is
metabolized by éytochrome P450 monooxygenase is useful for inhibiting HIV
integrase in a patient and is also useful for inhibition, treatment or prophylaxis of
an HIV iﬁfectibn or AIDS (acquired immune deficiency syndrome) in a patient.

Patients include any living beings, particularly, mammals (e.g., humans).

One aspect of the invention provides the use of an effective amount of
ritonavir to boost the pharmacokinetics of an HIV integrase inhibitor. An
effective amount of ritonavir, that is, the amount required to boost the HIV
integrase inhibitor, is the amount necessary to improve the phan‘nacokinetic
profile of the HIV integrase inhibitor when compared to its profile when used
alone. The inhibitor possesses a better efficacious pharmacokinetic profile than it
would without the addition of ritonavir. The amount of ritonavir used to boost an
integrase inhibitor can be subtherapeutic (e.g., dosages below the amount of
ritonavir conventionally used for therapeutically treating HIV infection in a
patient). A boosting dose of ritonavir is subtherapeutic for treating HIV infection,
yet high enough. to effect modulation of the metabolism of the compounds of
formulas (I) and (ID), such that their exposure in a patient is boosted by increased
bioavailability, increased blood levels, increased half life, increased time to peak
plasma concentration, increased/faster inhibition of HIV integrase and/or reduced
systematic clearance.

Compound 1 is a HIV integrase inhibitor that is metabolized by
cytochrome P450 monooxygenase, particularly, the CYP 3A isoform. It has now
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been found that ritonavir can be used to boost the pharamacokinetics of
C6mp0unds of Fomula (I) as well as other HIV integrase inhibitors. Ritonavir is
particularly useful for boosting the effects of integrase inhibitors that are
metabolized by cytochrome P450 monooxygenase (e.g. the CYP 3A isoform).
The degree of such boosting was unexpectedly substantial. Ritonavir can limit -
the first-pass effect of these compounds. Ritona\;ir may also limit the secondary-
pass (systemic orl‘ hepatic metabolism/clearance) effects of these compounds.

According to the methods of the invention the integrase inhibitor (or the
compound of Formula (I)) or the pharmaceutically acceptable salt thereof can also
be administered with one or more other agents that are useful for treating viral
infections, such as, stavudine, emtricitabine, tenofovir, emtricitabine, abacavir,
lamivudine, zidovudine, didanosine, zalcitabine, phosphazide, efavirenz,
nevirapine, delavirdine, tipranavir, s‘aquinavir, indinavir, atazanavir, nelﬁnavir,‘
amprenavir, samprenavir, fosamprenavir, lopinavir, ritonavir, enfuvirtide,
Fozivudine tidoxil, Alovudiné, Dexelvucitabine, Apricitabine, Amdoxovir,
Elvucitabine (AdH126443), Racivir (racemic FTC, PSI-5004), MIV-210, KP-
1461, fosalvudine tidoxil (HDP 99.0003), AVX756, Dioxolane Thymine (DOT),
TMC-254072, INK-20, 4'-Ed4T, TMC-125 (etravirine), Capravirine, TMC-278
(rilpivirine), GW-695634, Calanolide A, BILR 355 BS, and VRX 840773, or
pharmaceutically acceptable salts thereof. Although the above list includes
tradenames for several compounds, it is to be understood thét the reference to the
tradename also iﬁcludes the underlying active chemical agent, regardless of
source. The kits of the invention can also optionally further comprise one or more
other agents selected from the above list.

In one embodiment of the invention, the methods of the invention further
comprise the adﬁiMs&ation of one or more other agents selected from tenofovir
DF (TDF), emtricitabine (FTC), zidovudine (AZT), didanosine (ddI), stavudine
(d4T), abacavir (ABC), atazanavir (ATV), lopinavir (LPV), saquinavir (SQV),
tipranavir (TPV), fosamprenavir (FosAPV) and efavirenz (EFV). The kits of the
invention can also optionally further comprise one or more other agents selected
from the above list.

The present invention also provides a kit comprising (i) an integrase
inhibitor (e.g. Compound 1), or a pharmaceutically acceptable salt thereof, (ii)

ritonavir, or a pharmaceutically acceptable salt thereof, (iii) prescribing
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information, and (iii) one or more containers. The prescribing information may
provide prescribing information conforming to the methods of the invention
and/or as otherwise discussed herein. In an embodiment of the invention, the
prescribing information includes administering the integrase inhibitor or a
pharmaceutically acceptable salt thereof with ritonavir to improve the
pharmacokinetics of the integrase inhibitor.

The effects of ritonavir on the bioavailability of a representative integrase

inhibitor will now be illustrated by the following non-limiting Examples.

Example 1. Effects of Ritonavir Boosting on the Pharmacokinetics of

Comp'ound 1

The effects of coadministration of 100 mg ritonavir. (RTV) on the steady-
state pharmacokinetics of Compound 1 were determined. The single-dose and
multiple-dose pharmacokinetics of Compound 1 were also determined. The
multiple-dose safety of Compound 1 administered alone and with RTV was also

determined.
Methods

The study was an open-label, fixed-sequence, crossover, pharmacokinetic
study with 12 squects. The subjects were healthy males and non-pregnant,

nonlactating females between 18 and 45 years of age, inclusive.

The duration of the study was 20 days, with Period 1 of Days 1 to 10 and
Period 2 of days 11 to 20. Follow-up contact was on day 27.

Compound 1 (100 mg) and RTV (100 mg) were administered twice
daily, orally, immediately after a meal. Compound 1 (100 mg) was administered

twice daily, orally, immediately after a meal.
Criteria for Evaluation

Pharmacokinetics: The following parameters were calculated for
Compound 1 (and metabolites, if possible) in plasma: Crax, Tmax> Ciasts Tiasts Ciaus

Az, AUCo-ast, AUCjq, %6 AUC exp, AUCrau, Tis, V/F, and CL/F.

Safety: Safety was evaluated by assessment of clinical laboratory tests at

baseline and at various time points during the study; periodic physical '
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throughout the study.
Statistical Methods

Pharmacokinetics: The pharmacokinetics of Compound 1 and RTV
were summarizéd using descriptive statistics. In addition, a parametric (normal
theory) analysis of variance (ANOVA) using a mixed—effects model appropriate
for a.crossover design 'Was fit to the natural logarithmic transformation of
Compound 1 pharmacokinetic parameters (AUC and Cpax). Comparisons of
multiple-dose to single-dose pharmacokinetics of Compound 1 and multiple-
dose pha.nnacoki;‘netics of Compound 1 with and without RTV were performed
using 90% confidence intervals for the ratio of geometric means for each

treatment pair.

Safety: No statistical inference was performed for safety data in this

pharmacokinetic study.
RESULTS

Pharmacbkinetic Results: Mean (%CV) plasma pharmacokinetic
parameters of Compound 1 and RTV after single oral dosing of Compound 1
(100 mg, Day 1) and multiple oral dosing of Compound 1 (100 mg twice daily,
Day 10) in the absence of RTV or in the presence of RTV administered orally as
a single dose (100 mg, Day 11) or multiple doses (100 mg twice daily, Day 20)

were as follows.
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During administration of Compound 1 alone, the mean steady-state systemic
exposure (AUC,) to Compound 1 (Day 10) was approximately 20% lower compared with
the mean exposure (AUC;y) after a single dose (Day 1), indicating autoinduction of
Compound 1 metabolism. Coadministration with RTV resulted in a net inhibition of
Compound 1 metabolism, as evidenced by both greater-than-predicted steady-state exposures
and a relatively long median elimination half-life (9.5 vs. 3.5 hours, at steady state). The
increase in Compound 1 exposure after coadministration of RTV is likely due to a
combination of improved oral bioavailability due to decreased first-pass metabolism, with a

component of reduced systemic ¢learance, as indicated by a change in observed Ty.

Overall, these data support the usé of RTV (e.g., low-dose RTV) as a
pharmacokinetic booster of Compound 1 to enable, e.g., achievement of higher trough

concentrations and less frequent dosing intervals.

Safety Results: Treatment-emergent adverse events (AEs) were reported for 4 of 12
subjects (33%, five events) during administration of Compound 1 alone and for 7 of 12
subjects (58%, 44 events) during administration of Compound 1+RTV. No single AE was
reported in more than one subject during administration of Compound 1 alone. During
admlmstratlon of Compound 1+RTV, the most frequently reported treatment-emergent AE
was nausea experienced by 4 subJects (33%). Most treatment-emergent AEs were m11d

(Grade 1) in severity and resolved without therapy.

Treatment-emergent AEs considered by the investigator to be related to study drugs
were reported in 2 of 12 subjects (17%, two events) after administration of Compound 1
alone and in 5 of 12 subjects (42%, 21 events) after administration of Compound 1+RTV. No
treatment-related AE was reported in more than one subject after administration of
Compound 1 alone. Treatment-related AEs reported in more than one subject after
administration of Compound 1+RTV were nausea (three subjects), vomiting (two subjects),

headache (two subjects), and pruritus (two subjects).

No serious adverse events occurred, no subject discontinued because of an adverse
event, and no pregnancies occurred during this study. No subject discontinued study drugs
because of a clinical laboratory abnormality, and no clinical laboratory abnormality was

reported as an AE.
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CONCLUSIONS

Coadministration with RTV resulted in a net inhibition of Compound 1 metabolism
and significantly increased systemic exposures, in particular, trough concentrations. The data

support the use of low-dose RTV as a pharmacokinetic booster of Compound 1.

Oral administration of Compound 1 (100 mg twice daily) for up to 20 days was well
tolerated in study subjects. After administration of Compound 1 alone, all adverse events
were mild and transienti. Concurrent oral administration of Compound 1 (100 mg twice daily)
and RTV (100 mg twice:: daily) for up to 10 days was generally well-tolerated in study
subjects. After administration of Compound 1+RTV, most adverse events reported were mild

and transient and generally consistent with those reported for RTV.

Example 2. Safety, Pharmacokinetics, and Antiviral Activity of Compound 1 Following
Oral Administration in Subjects Infected with HIV-1

The safety, tolerability, and antiviral activity of Compound 1 administered orally as
10 consecutive daily doses (twice-daily for Cohorts 1, 2, and 4; once-daily for Cohorts 3 and
5) in subjects chronically infected with HIV-1 not currently receiving antiretroviral therapy 4
were investigated. The pharmacokinetics and pharmacodynamics of Compound 1 were also

investigated.
Methods

The studies are double-blind, randomized, placebo-controlled, sequential-cohort,
dose-ranging, Phase 172 studies of Compo.und 1 therapy in antiretroviral-naive- or -
experienced HIV-infected adults who were not currently receiving antiretroviral therapy. At
screening, subjects were to have a plasma HIV-1 RNA load of > 10,000 to < 300,000 |

copies/mL and a CD4+ cell count of > 200 cells/mm”.

Five successive cohorts of 8 unique subjects (6 active and 2 placebo subjects) were
treated for 10 consecutive days starting on Day 1 with study drug or placebo in the fed state.
Safety, tolerability, pharmacokinetics, and efficacy were monitored through Day 21 after
dosing. The active treatments in the 5 cohorts were as follows: Cohort 1, 400 mg of
Compound 1 twice-daily; Cohort 2, 800 mg of Compound 1 twice-daily; Cohort 3, 800 mg of
Compound 1 once-daily; Cohort 4, 200 mg of Compound 1 twice-daily; Cohort 5, 50 mg of
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Compound 1+100 mg of RTV (RTV), each once daily. The placebo group in Cohort 5 also
received 100 mg of RTV. ’

Eight subjects were enrolled per cohort, 2 placebo and 6 active (randomized: 48,
dosed 40). Safety was evaluated for 8 subjects per cohort (2 placebo, 6 active), total 40
subjects. - Pharmacokinetics were evaluated for 28 subjects on Day 1, 30 subjects on Day 10.
Pharmacokinetics were.evaluated for 30 subjects, and HIV-1 RNA was evaluated for 40
subjects. Efficacy was determined for 8 subjects per cohort (2 placebo, 6 active), total 40

subjects.

Subjects were rﬁxales and females aged 18 to 60 years, inclusive, who were

- chronically infected with HIV-1 and not currently receiving antiretroviral therapy with a

screening plasma HIV-1 RNA of > 10,000 to < 300,000 copies/mL and a screening CD4+
cell count of > 200 cellfs/mm3. Subjects may have been antiretroviral treatment-experienced

or -naive, but were not to have received antiviral medication within 90 days of baseline (Day
0).

The duration of the study was 21 days, with 10 days of treatment and 11 days of

. follow-up. 50 mg or 200 mg Compound 1 tablets were administered orally under fed

conditions. Matching placebo was administered orally under fed conditions. For Cohort 5

only, 100 mg RTV ¢apsules were coadministered orally under fed conditions.
Criteria for Evaluation

Efficacy: The primary efficacy endpoint was the maximum HIV-1 RNA reduction
(logio copies/mL) from baseline through Day 11. The maximum reduction for an individual

subject was the maximum drop among changes from baseline between Days 2 and 11.

Pharmacokineti.cs: The following plasma pharmacokinetic parameters for Compound
1 were calculated: Cma)f: Trmaxs Crasts Tiast, Ctau, Az, T'/:, AUCq.1ast, AUCing, %0 AUCexp, AUCqy,
V./F, and CL/F. Concentrations of Compound 1 in peripheral mononuclear cells (PBMC)

were determined and the pharmacokinetics of Compound 1 in PBMCs was explored.

Safety: Adverse events, vital signs, electrocardiogram, ophthalmologic examination,

and clinical laboratory tests were evaluated for safety.
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Statistical Methods

Efficacy: Pairwise comparisons were conducted using Wilcoxon rank sum exact test

to compare the plgcebol group (2 subjects each from Cohorts 1 through 4 combined) and each

- of the 5 Compound 1 dose levels (6 subjects at each dose level) and between each pair

among the 5 Compound 1 dose levels. The 2 subjects who received placebo + 100 mg RTV
were treated as a separate group. HIV-1 RNA values below the detection limit (50

copies/mL) were entered as 49 copies/mL.

Pharmacokinetics: The pharmacokinetic parameters of Compound 1 in plasma and
peripheral blood mononuclear cells were summarized using descriptive statistics. In addition,
for each Compound 1 dose level, an analysis of variance was performed on pharmacokinetic
parameters (AUC and Cp,x) to examine dose proportionality and steady-state
pharmacokinetics. Compound 1 trough levels measured on Days 2, 4, 7, 10, and 11 were

included, as appropriate, in these analyses.

. Safety: The proportion of subjects with adverse events was summarized by treatment,
system organ class and preferred term for treatment-emergent adverse events, treatment-
related adverse events, serious adverse events, and adverse events leading to study drug
discontinuation. Adverse events were coded using the Medical Dictionary for Regulatory
Activities (MedDRA®) version 8.1. Additional summaries of adverse events were displayed
by highest grade, investigator’s assessment of relationship to-study drug, and effect on study
drug discontinuation. Laboratory results were expressed on the original measurement scale
and in terms of the toxicity grade. Changes from baseline in quantitative laboratory tests

were summarized by visit.
RESULTS

.Efficacy, Pharmacokinetic, and Pharmacodynamic Results The steady-state
pharmacokinetic parameters (mean [% CV]) and antiviral activity of Compbund 1 when
dosed alone (200 mg twice-daily, 400 mg twice-daily, 800 mg twice-daily, or 800 mg once-
daily) or 50 mg once-daily coadministered with 100 mg of RTV .are presented in the
following table:

24



*dnoag oqaoe|d ay snsisA pasedwod asom dnoid A LY + 0929e]d pue sjaAg)
asop T punodwo)) ¢ Y], “Juisa1dod i se pasejus a1am (Tuyserdos (6) uoneInuenb Jo Jiwf oy mojaq ssnjea VNY [-AIH ‘[ 1 pue
7 SKe(] usamiaq uwiyseidos 0130] Ul uljIseq WOLJ ISLAIOIP WAWIXBU AU} SB PAULIIP SBM YN [-ATH Ul UCIIONPaI WNWIXeW oy, ©

PCT/US2006/049668

WO 2007/079260

(1601 °01°9) (€0 €410 (09 ‘20°€) (co's ‘8 (527150 {xew )
98’8 €5 08°€ 80°€ 8T - - (uerpaur) (y) 4L
(AD % ‘ueaur)
(sso0)o0'ser | (sozelseLy | (y9893z9cl | (v8¥9)898y | (86'65) £L°OE — - (Tw/Bw) ™
0¥00) (0T'8y) (1E'¥S) (85°LL) (8s°TY) (AD % ‘ueaw)
COvL £66E8 6'6L6 L8909 £0'6LY — - (Tui/Bu)*™p
(AD % ‘ueowr)
(Twi/ye3u)
(9y°52) 05°€488 | (£8°9€) 5€'995€ | (65°€S) L8TISS | (26HS) 0€'SEET | (SE€91) SO HS6I - - ony
,SOBUR{OdRULIRY ] 97e)S-ApR21S T punoduio))
(%€0) T (%05) € (%0) 0 (%0) 0 (%0) 0 (%0) 0 (%0) 0 %) u
surjeseg gy Tw/sa1dod §0y > VN 1-ATH SulAd1ydy spalqng
(%0) 0 (%€ T (%0) 0 (%0) 0 (%0) 0 (%0) 0 (%0) 0 (%) u
ourjeseq oYy Tu/sa1dos (S > YN 1-AIH SuIAs1ysy s193(qng
((s'1- (LTi- (95°0- (0’1 (L8°0-
"8¢7) ‘19°T-) ‘1) ‘PpT-) ‘017 | (s0'0°s1°0-) | (1070 ‘8%°0-) (xeus ‘)
£0°C- 8L'1- 96'0— €0 81— 0'0~ 9T 0~ uBIpopy
) o]
DQSW 66'1— 1 (09°0) 16'T— | 4(LE0) 86'0— | 4(TS°0) ¥6'1— | ((SS°0) 8%°1— | (¥I°0) S0°0— | (S1°0) ST'O~ (as) vz
o(TW/591d02 01F0) YN [-ATH Ul UOHONpay Wnwixely
9=N) (9=N) 9=N) 9=N) 9=N) (t=N) (8=N) Jajoureled
ALM 3w gl | arg8mopg | qOBwop8 | qigSwmooy | aigdwoor | ogoeld 0qadejq
+ @0 8w g5 | 1 punodwo) | T punodwo) | 1 punodwo) | | punoduwo)
1 punoduo)

25



PCT/US2006/049668

WO 2007/079260

‘A[oAnoadsal ‘smoy 47 10 7] Jo sown [eulwou paudisse aram (Suisop Ajiep-a5uo) 11 Jo (uisop A[iep

-201M1) 2 mKQQ uo pajoayoo (nel) [ealajul Suisop ay Jo pus oy 03 Suipuodsariod sajdwies spsunjodewIeyd INOY-H7 pue -7 | Y],
'sjoaqns pajean; pue paziwopuel [je Uo paseq st adejusaiad ay],

7818°0 = d A[18p-001mM1 Swr 0og sTisI0A ‘7700°0 = d ‘Ajrep-eotio Jur (g ShsieA (7.g6°0 = d ‘Ajiep-e0lm) Bwl O SNSIBA L6110

= d “Ajrep-001a1 3wt 00T SNsI8A “p1L(°0 = d ‘ALY + 0930¢[d SnsIdA K[1BP-30U0 [9A3] 850D AT + 1 punodwio)) Jo Sw ¢ 2y,

‘1591

J0BXS WNS YURl UOXO0J[I PapIS-Z & Aq PaIB[no[ed vjep snonujjuod 10y sanjea-d asimiied uo paseq A[iep-a0imi T punodwo) Jo S
00¥ SUSIoA pue [943] 9s0p AJ1ep-aoim) | punoduio) jo 3w g snsiaa dnoid Ajiep-souo | punodwo) Jo Sui (08 a1 10j 76100 =d

'S8 J0BX3 LINS JUBI UOXOI[IM
papis-Z & Wolj Bjep Snonunuod 1o sanea-d astmared uo paseq ogaoe(d snsisa 2?2 asop T punodwo)) 2y} JO yoea 10 L0000 =d

26



WO 2007/079260 PCT/US2006/049668

10

15

20

25

30

Compound 1 monotherapy significantly reduced HIV-1 RNA levels at all

dose levels compared with placebo (p < 0.0007). During 10 consecutive days of

- dosing, Compound 1 doses of 400 mg twice-daily, 800 mg twice-daily, or 50 mg

coadministered with 100 mg of RTV once-daily resulted in maximum reductions
in HIV-1 RNA from baselirie of ~1.94 + 0.52, —1.91 £ 0.60 and

—1.99 + 0.38 logo copies/mL (mean + SD), respectively. After 10 days of
monotherapy with Compound 1, no subject developed HIV-1 integrase
mutations that corresponded to Compound 1 resistance mutations observed in
selection experiments in vitro or to mutations that developed under selection
with other experiimental integrase inhibitors. .

Compounld 1 did not exhibit dose-proportional increases in the

pharmacokinetics with ascending doses (200, 400, and 800 mg twice-daily) and
demonstrated dose-dependent autoinduction of metabolism. Coadministration of
a 50 mg dose of Compound 1 + 100 mg of RTV once-daily ;esulted in net
inhibition of CYP3A-mediated metabolism and high systemic exposures, in
particular trough concentrations. Pharmacokinetic findings in PBMCs were
consistent with plasma pharmacokinetic data. A Compound 1 exposure-response
relationship was identified with Compound 1 Cay values that fit well to a simple
Emax model with an ECsg of 14.4 ng/mL and an E,;,. 0£2.32 logyo copies/mL
reduction from baseline. The estimated inhibitory quotient of Compound 1,
calculated as the observed mean Cy,, divided by the protein-binding adjusted, in
vitro ICsp of 7.17'ng/mL, was 5.9, 6.7, and 18.8 at the 400 mg twice-daily,
800 mg twice—dailly, and 50 mg + RTV once-daily dose levels, respectively.
Compound 1 trough concentrations at these doses also exceeded the protein
binding-adjusted in vitro ICys of 44.9 ng/mL (100 nM) for the entire dosing
interval. '

Safety Results Treatment-emergent adverse events were experienced by
most subjects, but headache and diarrhea were the only adverse events reported
by more than 2 subjects within a gro‘up. The incidence of treatment-emergent
adverse events in subjects who received Compound I was similar to, or lower
than, the incfdencfe in the placebo groups, and the classes of adverse events were

similar. No adverse event that was considered to be related to study drug by the

investigator was experienced by more than 2 subjects within a group, and only 3
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treatment-related adverse events by preferred term occurred in 2 subjects within
a group: diarrhea': (placebo), nausea, (placebo and 200 mg of Compound 1 twice-
daily), and fatigue (200 mg of Compound 1 twice-daily). ‘

All 40 subjects who received study drug completed the study. There were
no dose interruptions, discontinuations, or serious adverse events. Five subjects
had treatment—erﬁergent Grade 3 or 4 laboratory abnormalities, 2 subjects in the
placebo group and 1 subject in each of the placebo + RTV once-daily, the
400 mg of Com’plound 1 twice-daily, and 50 mg of Compound 1 + RTV
once-daily groups. One of the Grade 3 laboratory abnormalities in the placebo
group, high triglycerides that resolved without therapy, was considered by the
investigator to be an adverse event that was unrelated to study drug. The
2 subjects treated with Compound 1 who had Grade 3 laboratory abnormalities
(elevated nonfasting triglycerides or elevated serum amylase), also had abnormal
values at baselin¢. No clinically relevant changes in hematology and urinalysis
findings, vital signs, body weight, or electrocardiogram and ophthalmic
examinations occurred during the study.

CONCLUSIONS '

Efficacy: Administration of Compound 1 at doses of 200, 400, or 800
mg twice-daily; 800 mg once-daily, or 50 mg + 100 mg RTV once-daily to
antiviral-naive or -experienced HIV-infected subjects for 10 consecutive days as
monotherapy significantly reduced HIV-1 RNA compared with placebo at all
dose levels. Compound 1 doses of 400 mg twice-daily, 800 mg twice-daily, and
50 mg + 100 mg RTV once-daily resulted in mean declines from baseline of
—1.94, —1.91 and -1.99 logo copies/mL, respectively. No Compound 1
resistance mutations were detected in the integrase gene of any subject through
Day 21.

Pharmacokinetics/Pharmacodynamics: Compound 1 exhibited

pharmacokinetics supporting twice-daily dosing alone or once-daily dosing with

a lov;z dose (100 mg) of RTV. A Compound 1 exposure-response relationship
was identified with Compound 1 Cy,, values that fit well to a simple Ep,x model.
The estimated inhibitory quotient of Compound 1, calculated using a protein-
binding adjusted in vitro ICsp of 7.17 ng/mL, was 5.9, 6.7, and 18.8 at the

400 mg twice-daily, 800 mg twice-daily, and 50 mg + RTV dose once-daily
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levels, respectively. Compound 1 trough concentrations at these dose levels
exceeded the proltein binding-adjusted in vitro ICos of 44.9 ng/mL for the entire
dosing interval.

Safety: Compound 1 was generally well tolerated at all dose levels, with
no dose interruptions, discontinuations, or serious adverse events. Most adverse
events were mild and resolved with therapy. ‘The most common treatment-
emergent adversé event was hea&ache, and the most common treatment-related
adverse event wa:ls nausea. The classes, frequericy, and severity of adverse events
and laboratory abnormalities were similar between the active and placebo

groups.

Example 3; Effects of Ritonavir Doses on the Pharmacokinetics of

Compound 1

Thé effects of a range of ritonavir (RTV) doses (20, 50, 100, and 200 mg
once daily) on th:e pharmacokinetics of Compound 1 were evaluated. The effects
of a range of RTV doses (20, 50, 100, and 200 mg once daily) on hepatic
cytochrome P456 3A (CYP?:A) activity were also evaluated using a CYP3A
subsirate. The éz%.fei:y and toierabilify of arange of RTV doses in combination
with Compound 1 were also evaluated.

METHODS

A randorr:lized , open label, single-center, multiple-dose, two group,
Phase 1 study wetls conducted (24 subjects (16 evaluable) subjects in two groups;
12 (8 evaluable) in each group) with an approximately even distribution of
healthy male and non-pregnant, non-lactating female subjects aged between 18-
45, inclusive .

Eligible subjects were males and non-pregnant, non-lactating females,
with a body mass index (BMI) 19 < BMI < 30, no significant medical history
and in good general health as determined by the investigator at screening
evaluation perfo%med no more than 28 days prior to the scheduled first dose. The
estimated creatinine clearance by Cockroft-Gault (using actual body weight) was

be > 80 mL/min.:
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The following Compound 1/r study treatments were used:

Treatmen:t A: Compound 1, 1 x 125 mg tablet plus RTV 20 mg
(80 nig/mL solution diluted to give 20 mg dose) QD (both drﬁgs in the AM).

Treatmen:t B: Compound 1, 1 x 125 mg tablet plus RTV 50 mg
(80 mg/mL solutjon diluted to give 50 mg dose) QD (both drugs in the AM).

Treatmen:t C: Compound 1, 1 x 125 mg tablet plus RTV 100 mg
(80 mg/mL solution used to give 100 mg dose) QD (both drugs in the AM).

Treatment D: Compound 1, 1 x 125 mg tablet plus RTV 200 mg
(80 mg/mL solution used to give 200 mg dose) QD (both drugs in the AM).

- For each study treatment, RTV was administered first, immediately
followed by Conipound 1.

A slow IV push of midazolam (MDZ; 1 mg over 1 minute), as a probe
for CYP3A activ':ity, was administered to each subject at 14:00 on Day 1 and
6 hours post- Cor:ni)ound 1/r dosing on Days 11 and 21.

Followin:g screening procedures and baseline assessments, eligible

subjects were randomized to one of two treatment groups as described below:

PK Assessment
Day Treatment and/or MDZ Probe conducted
Group 1
1 MDZ MDZ
2-10 i A:in the AM. None
11 : A: in the AM Compound 1, RTV and,
MDZ: 6 hours postdose MDZ
12-20 ; C: in the AM . None
21 ' C: in the AM Compound 1, RTV and
MDZ: 6 hours postdose MDZ
Group 2 4
1 MDZ MDZ
2-10 : B: in the AM None
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i1 l B: in the AM _ Compound 1, RTV and
MDZ: 6 hours postdose MDZ
12-20 D: in the AM None
21 D:inthe AM Compound 1, RTV and
MDZ: 6 hours postdose - MDZ

All Compound 1/r doses were administered immediately after completion
of an AM meal with 240 mL of water. Serial blood samples for analysis of
Compound 1 and RTV plasma concentrations were collected on bays 11 and 21
at the following time points post- Compound 1/r dosing: 0 (predose), 0.5, 1, 1.5,
2,3,3.5,4,4.5,5,5.5,6,8,10,12, 14; 16, 18, and 24 hours postdose. Serial
blood samples for analysis of MDZ plasma concentrations were collected on
Days 1, 11, and 21 at the following time points post- MDZ dosing: 0 (predose),
5 minutes, 10 minutes, 15 minutes, 30 minutesand 1, 2, 4, 6, 8,10, 12, and
18 hours after MDZ administration. Pharmacokinetic parameters of Compound
1, RTV and MDZ were estimated.

' An ECG assessment was performed at Screening. Clinical laboratory
tests, physical examinations and vital signs (temperature, blood pressure, heart
rate, and respiration rate) were performed at Screening, Baseline and on Days 10
and 20. Vital signs (temperature, blood pressure, heart rate, and respiration rate)
were also performed on Days 1, 11 and 21 at 0 hour (pre-midazolam dose) and at
0.5, 1.0, 1.5, and 2.0 hours post-midazolam dose.

Test Product, Dose, and Mode of Administration:
1. Compound 1,1x125 mg tablet plus RTV 20 mg QD (in the AM)
2. Compound 1, 1 x 125 mg tablet plus RTV 50 mg QD (in the AM)
3. Compound 1, 1 x 125 mg tablet plus RTV 200 mg QD (in the AM)

All Comp:ound 1/r doses were administered immediately following
completion of a standardized meal.

Reference Therapy, Dose, and Mode of Administration

Compound 1, 1 x 125 mg tablet plus RTV 100 mg QD (in the AM)

All Compound 1/r doses were administered immediately following

completion of a standardized meal.
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Criteria for Evaluation:

Safety was evaluated by assessment of clinical laboratory tests, ECG,
periodic physical examinations including vital signs at various time points
during the study,‘» and by the documentation of adverse events.

The following plasma pharmacokinetic paraméters were calculated: Fbr
Compound 1 and RTV: Crnas Trnaxs Ciast> Tasts Crany Az » AUCq, Ty, CL/F and
Va/F ‘

For MDZ: AUCg.15,, AUCjps, %AUC.exp, Cast> Thasts Az, Ty, CL and Vz.

Statistical Methods: Safety and pharmacokinetic parameters for
Compound 1, R"I"V and MDZ were summarized by subject and RTV dose level
using descriptive statistics. Power models and/or ANOVA models (és
appropriate) weré fitted using Compouild 1 pharmacokinetic parameters (AUC,
Crax and Cyyy) fr(:)m all treatments. The population mean slope was estimated
along with a corresponding 90 % CI. This study was performed in compliance
with the guidelines of Good Clinical Practices (GCPs).

Results: Results from the study are shown in the following three Tables
3A-3C and in Figures 3-5.

Table 3A: Mean (CV%) MDZ PK Parameters

PK MDZ +20mg | +50mg +100 mg +200 mg

| Parameter Aléme RTV RTV RTV RTV
AUCns 31.0(30.9) | 101 (28.7) | 145(36.1) |219(49.0) | 146 (22.6)
(ng.hr/m1) '
Clast 0.20 (40.6) | 1.53 (42.4) | 2.51(26.7) |3.34(23.1) | 2.58 (24.8)
(ng/ml)

Half-life | 3.97 (34.4) | 7.83 (38.9) | 14.4 (70.4) [22.4(70.7) | 15.2 (31.6)
(br)

CL 0.447 10.143 0.090 ~ |0.072 0.087
(/hr/kg) (27.9) 1 (26.5)" 25.2)"% (33.6)"* (22.0)!2

PAII+RTV doses different than MDZ alone (p<0.05)
12 p<0.05 vs. 20 mg, p=ns to each other
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Table 3B: Mean (CV%) Compound 1 Parameters )
Parameter Compound1 | Compound1 | Compound 1 | Compound 1

+ + + C o+
20 mg RTV | 50 mg RTV' 100 mg 200 mg
RTV! RTV'

AUC 10200 (36.3) | 15800 (24.4) | 20300 (24.8)° | 20600 (24.3)
(ng.hr/ml)
Cran 73.8 (60.2) 251 27.7) 380 (39.9) 410 (26.0)
(ng/ml)
Cinax 1370 (43.0) 1560 (36.4) 1830 (20.1) 2030 (37.4)
(ng/ml)
Half-life 434 (34.0) 9.52(275) 115 (28.8) 14.3 (27.6)°
(hr)
IQ 10.3 35.0 53.0 57.2
Fold ICgs 1.65 5.60 8.48 915

IQ and fold ICes based on protein binding-adjusted ICs¢ and ICgs in PBMCs
"RTV 50, 100, and 200 mg different from 20 mg for all PK parameters

>p < 0.05 vs. 50 mg

Table 3C: Mean (CV%) RTV PK Parameters

PK Compound 1 | Compound 1 | Compound1 | Compound1 |
Parameter + + + +

20 mg RTV | 50mg RTV | 100 mg RTV | 200 mg RTV
AUCu, 135 (54.9) 1120 (61.4) 6550 (26.9) 16000 (43.9)
(ng.hr/ml)
Cian 0.718 (98.8) 11.6 (66.2) 53.8 (41.6) 78.5 (36.7)
(ng/ml)
Cmax 19.5 (56.7) 130 (61.3) 807 (29.5) 2460 (50.5)
(ng/ml)
Half-life 4.74 (34.3) 6.54 (32.6) 634 (18.4) 5.71 (15.9)
(hr)

- RTV exposures not dose-proportional, very low exposures at 20 mg with BLQ
concentrations (< 0.5 ng/ml) by 16 hr in some subjects

10 - Typ and MDZ clearance data suggest dose-dependent RTV first-pass

- Higher CV% at doses <100 mg
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Example 4 Co-administration of Emtricitabine/Tenofovir Disoproxil.
Fumarate and Ritonavir-boosted Compound 1

Once-daily administration of Compound 1 with low dose ritonavir results
in net inhibition of metabolism in addition to a marked enhancement of exposure
(10 to 16-fold). Additionally, once-daily ritonavir-boosted Compound 1 achieves
high trough concentraﬁohs resulting in an inhibitory quotient (using protein-
binding adjusted'ICsp) 23—fold greater compafed to unboosted dosing regimens
of Compound 1, thereby offering a degree of forgiveness for late or miséed doses
coupled with a convenient dosing regimen for patients. As a novel agent from a
new therapeutic class with potent short-term activity, favorable safety profile,
and a simple oncle-daily dosing schedule to support regimen-adherence,
ritonavir-boosted Compound 1 offers tremendous potential for HIV treatment,
including patient's that are multiple class-experienced.

The fixed-dose combination of emtricitabine/tenofovir disoproxil
fumarate (FTC/TDF) is a simple, highly efficacious NRTI combination, with
superior safety profile compared to fhymidine analogs, and recommended by
United States Department of Health and Human Services as a preferred
nucleos(t)ide ba(;kbone for treatment-naive and treatment-experienced adult and
adolescent HIV patients. The present study was performed in part to assess the
potential for a clinically relevant drug-drug interaction upon their co-
administration.

The use of healthy subjects in this study removed potential confounding
factors associated with a background regimen and avoided short-term changes in
treatment regimen in HIV patients for the purpose of evaluating a
pharmacokinetic (PK) interaction.

Thus, the potential for clinically relevant drug-drug interactions between
emtricitabine/tenofovir disoproxil fumarate (FTC/TDF) and the HIV integrase
mhlb1tor ntonawr—boosted Compound 1 (Compound 1/r) were examined.

Healthy adults were administered FTC/TDF (200mg/300mg; once-daily)
for 7 days, followed by randomization to the order of receiving Compound 1/r
(50mg/100mg; once-daily) and Compound 1/r plus FTC/TDF in a crossover
fashion, under fed conditions for 10 days. Pharmacokinetic (PK) blood draws
were performed on days 7, 17, and 27. Lack of PK alteration for FTC, tenofovir
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(TFV), and Compound 1 was defined as 90% confidence intervals (Ci) for the
geometric mean ratio (GMR; co-administration:alone) between 70 to 143% for
the primary PK parameters: maximum observed plasma concentration (Chax),
area under the plasma concentration-time curve over dosing interval (AUC,y),
and trough concéntration (Cray)- _

Twenty-four of the 26 enrolled subjects completed the sﬁxdy with no
serious adverse évents (serious AEs) or discontinuations due to AEs. FTC, TFV,
and Compound 1 PK were unaffected during co-admini;trati on, with all three
primary parameters meeting the protocol definition of equivolence and also the
stricter bioequiv;alence criteria (90% CI: 80 to 125%). FTC and TFV PK

parameters were comparable to historical values.

There was no clinically relevant drug-drug interaction between FTC/TDF and

Compound 1/r upon their co-administration.

Example 5 Lack of Clinically Relevant Drug-Drug Interzaction Between
the Ritonavi_r-Boosted HIV Integrase Inhibitor Compound 1/r and
Zidovudine (ZDV)

Zidovudine is a NRTT used in HIV patients. The poter:tial for drug
interaction between zidovudine and Compound 1/r was deterriined in a
randomized study. Whether the pharmacokinetics of zidovud:ne or Compound 1
are affected afte.r co-administration of zidovudine plus Compound 1/r compared
to administration alone was evaluated. Further, the safety of co-administration
of zidovudine pius Compound 1/r \;vas evaluated.

As described below, there was no clinically relevant pl.armacokinetic
drug-drug interaction between zidovudine and Compound 1/r. Co-
administration of zidovudine and Compound 1/r was safe. and well tolerated.
Compound 1 exhibited a half-life supporting once daily dosing that was
sustained through 48 hours post-dosing.

Study drugs (Compound 1/r 200/100 mg QD, ZDV 300 mg BID) were
administered with a meal (~ 400 kcal, 13 g fat).' The pharmacoxkinetic (PK)
sampling was done over 12 (ZDV) or 24 hours (Compound 1/r,. A 48 hour PK
profile of Compound 1 was determined after Day 27 dosing. ZDV, G-ZDV and

Compound 1 plasma levels were determined using validated LC/MS/MS assays.
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PK parameters were estimated using WinNonlin™ 5.0.1 (Pharsight Corporation,
Mountain View, CA, USA). Equivalence bounds for 90% confidence interval
(CI) were set at 70% to 143% (co-administration: alone) for geometric mean
ratio (GMR) of AUC\a, Cnaxs and Ciay (Compound 1 only). |
Demographics 28 subjects were enrolled, and 24 subjects completed the

study (12 males, .12 females; mean age: 31 yrs (range: 20 yrs to 42 yrs); mean

.weight: 70.2 kg (range: 50.9 kg to 101 kg); ethnicity: 20 Hispanic, 4 Caucasian).

Safety There were no grade 3/4 adverse events (AEs) or serious adverse
events. There w@are four discontinuations: pregnancy (1), withdrawn consent (1),
vomiting (1; ‘ZDV + Compound 1/r arm), abdominal distension (1; ZDV arm).
Compound 1/r and ZDV administered alone and in combination were generally
well tolerated. ’I;he most frequent AEs across treatment arms were headache and
nausea. All of the AEs were mild to moderate and resolved on treatment.

Pharmacokinetic Results ZDV, G-ZDV, and Compound 1 AUCy,,
Ciaxs Ciau (Comp;ound 1 only) 90% CI. were within predefined PK equivalence
bounds, with ZDV and G-ZDV PK being similar to historical values.

Food Effects

The present invention also provides methods for improving the .
pharmacokinetic.properties of Compound 1 upon administration to a patient.
The present inveintion also provides methods for improving the therapeutic
effectiveness of Compound 1 for the treatment or prophylaxis of diseases,
disorders, and conditions.

An examl')le of a disease, disorder, or condition includes, but is not
limited to, a retrovirus infection, or a disease, disorder, or condition associated
with a retrovirus infection. Compound 1 may also be administered to a patient to
inhibit the activity of a retrovirus integrase. In an embodiment of the invention,
the retrovirus is HIV.

Pharmacokinetic studies have not previously been conducted to evaluate
the effect of food on the pharmacokinetics of Compound 1. In general, food has
a variable effect on the bioavailability and absorption of an active agent. Drug-
food interactionsl.may result in reduced, delayed, or increased systemic drug

availability. For example see Welling, Clin. Pharmacokinet., 9: 404-434 (1984).
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It has been discovered that Compound 1 may be administered to patients
in a method that increases the therapeutic effectiveness of Compound 1 in such
patients. When administered with food, Compound 1 exhibits increased
bioavailability and absorption in patients.

Accordingly, the invention provides a method of increasing the
bioavailability and absorption of Compound 1 in a patient comprising
administering to the patient a therapeutically effective amount of Compound 1
with food. '

Compound 1 is described in United States Patent Application Serial
Number 10/492,833, filed November 20, 2003 (U.S. Patent Application
Publication No. 2005/0239819), and in United States Patent Application Serial
Number 11/133 463 filed May 20, 2005 (U.S. Patent Apphcatlon Publication
No. 2005/028 8326), which are herein incorporated by reference in their entirety.
Compound 1 exists in at least three different crystal forms. Crystal forms I, II,
and III are described in International Patent Application Publication Number
WO 05/113508, which is also herein incorporated by reference in its entirety.
These three forms are distinguishable by differential scanning calorimetér (DSC)
and X-ray powder diffractometer (XRD). Any one of the crystal forms may be
used in the present invention. In an embodiment of the invention, crystal form I
or I1I, or a mixed crystal thereof, is administered to a patient.

‘While the administration of Compound 1 is a particular embodiment of

the invention, the invention also contemplates the administration of other

compounds that will yield Compound 1, e.g., prodrugé of Compound 1. Such
prodrugs, for example, may include compounds that have protecting groups, but
that still result in the formation of Compound 1 in the body of a patient (i.e., in
vivo). Carboxylic acid-protecting groups include, for example, alkyl esters and
benzyl esters, which may be removed by an acid or base and hydrogenolysis,
respectively. Moreover, a compound having any organic residue that may be
dissociated in vivo to yield Compound 1 may be administered according to the
method of the invention. Thus, the invention also contemplates the
administration of Compound 1’ (wherien R’ signifies an organic residue) so as to

yield Compound 1.

37



WO 2007/079260 PCT/US2006/049668

10

15

20

25

\[JVOH

(Compound 1°)

The present invention further contemplate.s the administration of a
pharmaceutically acceptable salt of Compound 1. For example, a
pharmaceutically acceptable salt of Compound 1 may be obtained by reacting
Compound 1 with: an inorganic acid such as hydrochloric acid, sulfuric acid,
phosphoric acid, hydrobromic acid, and the like; an organic acid such as oxalic
acid, malonic acid, citric acid, fumaric acid, lactic acid, malic acici, succinic acid,
tartaric gcid, acetic acid, trifluoroacetic acid, gluconic acid, ascorbic acid,
methylsulfonic acid, benzylsulfonic acid, and the like; an inorganic base such as
sodium hydroxide, potassium hydroxide, calcium hydroxide, magnesium
hydroxide, amménium hydroxide, and the like; an organic base such as
methylamine, diethylamine, triethyl.amine, triethanolamine, ethylenediamine,
tris(thydroxymethyl)methylamine, guanidine, choline, cinchonine, and the like;
or an amino acid such as lysine, arginine, alanine, and the like. The present
invention also encompasses the administration of water-containing products and
solvates, such as hydrates, of Compound 1, and the like.

Therefore, as used herein, “administering . . . Compound 17 refers to the
administration of any form of Compound 1 that provides Compound 1 in vivo.

As used herein, the term "bioavailability" refers to the rate and extent to
which the active ingredient is released from a drug product and becomes
available at the site of action. See U.S. Code of Federal Regulations, Title 21,
Part 320.1 (2001 éd.). For oral dosage forms, bioavailability relates to the

processes by which the active ingredient is released from the oral dosage form,
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e.g., a tablet, and moved to the site of action, e.g., absorbed into the systemic
circulation. The}efore, the term “absorption” refers to the presence of
Compound 1 at i;s site of action, for example, in the bloodstream or in
immunogytes, such as a T cell or macrophage. _

As used ﬁerein, the term "with food" or “fed” refers to the condition of
having taken food during the period between from about 1 hour prior to the
administration of Compound 1 to about 2 hours after the administration of
Compound 1. In -ianothe,r embodiment, "with food" or “fed” refers to the
condition of the administration of Compound 1 during the period between from
about 1 hour prior to the consumption of food to about 2 hours after the
consumption of fl’ood. “Food” as used herein, refers to both liquid and solid food.
The food also ca:n be low-fat diet, high-fat diet,.light diet or heavy diet. Inan
embodiment of the invention, the food is a solid food with sufficient bulk and fat
content that it is fnot rapidly dissolved and absorbed in the stomack.. Food may
be a meal, such as breakfast, luﬁch, or dinner. Additionally, food raay be taken
by mechanical administration, fof example, intravenously, by invo untary
consumption by %:he patient. Alternatively, the patient may voluntarily consume
the food. '

Compouﬁd 1 rﬁay be administered any time of the day with food. The
food may tyi)icafly be taken at any time during the period between irom about 1
hour prior to the :administration of Compound 1 to about 2 hours after the
administration of Compound 1. For example, the food may be taken within the
time period of ab:out 1 hour, about 45 minutes, abéut 30 minutes, al out 15
minutes, about 10 minutes, or about 5 minutes prior to the administiation of
Compound 1. Si:milarly, the food may be taken within the time periad of about 5
minutes, about lp minutes, about 15 minutes, about 30 minutes, abcut 45
minutes, about 1 hour, about 1.25 hours, about 1.5 hours, about 1.75 hours, or
about 2 hdurs aﬁier the administration of Compound 1. In another enibodiment,
"with food" or “fed” refers to the condition of the administration of Compbund 1
during the perioci between from about 1 hour prior to the consumpticn of foed to
about 2 hours after the consumption of food. For example, Compour:d 1 may be
administered wit?nin the time period of about 1 hour, about 45 minut: s, about 30

minutes, about 15 minutes, about 10 minutes, or about 5 minutes pris 1 to the
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. consumption of food. Similarly, Compound 1 may be administered within the

time period of ablout 5 minutes, about 10 minutes, about 15 minutes, about 30
minutes, about 4§ minutes, about 1 hour, about 1.25 hours, about 1.5 hours,
about 1.75 hours, or about 2 hours after the consumption of food. In another
embodiment of the invention, Compound 1 may be administered immediately
after food (e.g. within about 1 minute after food) up to about 1 hour after food.
Ideally, Compouhd 1 is administered at substantially the same time as with the
food.

As used liaerein, the terms "without food" or "fasted" refer to the
condition of not having taken food within the time period of about 1 hour prior
to the administration of Compound 1 to about 2 hours after the administration of -
Compound 1.

" The method of the invention comprises administering a therapeutically
effective amount of Compound 1. In the case of administering a single
Compound 1 with food, a suitable dose of a therapeutically effective amount of
Compound 1 for administration to a patient will be between approximately 10
mg to about 2000 mg per day. In an embodiment of the invention, a suitable
dose is about 400 mg to about 1600 mg per day. In another embodiment of the
invention, the suitable dose is about 600 mg to about 1200 mg perday. Ina
further embodiment of the invention, a suitable dose is about 800 mg per day.

If desired, the effective daily dose of Compound 1 may be administered
as two, three, four, five, six, or more sub-doses administered separately at
appropriate intervals throughout the day, optionally, in unit dosage forms. In
accordance with the inventive method, Compound 1 may be administered with
food at multiple times per day or, alternatively, once per day. In an embodiment
of the invention, Compound 1 is administered with food once or twice per day.

As used herein, the term "unit dosage form" refers to the form of
Compound 1 administered to the patient. The unit dosage form may be, for
example a pill, capsule, or tablet In an embodiment of the invention, the unit
dosage form is a tablet. In an embodlment of the invention, the unit dosage form
comprises about 10 mg to about 2000 mg of Compound 1. In an embodiment of
the invention, the unit dosage form comprises about 50 mg or 200 mg of

Compound 1 and is in the form of a tablet. In another embodiment of the
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invention, the unit dosage form comprises about 125 mg or 150 mg of
Compound 1 and is in the form of a tablet.

In yet another embodiment of the invention, the purity of Compound 1 is
not less than 95%. More preferably, the purity of Compound 1 is not less than
98%.

The concentration of Compound 1 in the bloodstream may be measured
as the plasma concentration (ng/mL). Pharmacokinetic parameters for
determining the plasma concentration include, but are not limited to, the
maximum observed plasma concentration (Cmax), area under the plasma
concentration time curve (AUC) from time zero up to the last quantifiable time
point (AUCy.), AUC from time zero to infinity (AUC.inf), time of maximu_m
observed plasma concentration after administration (tmax), and half-life of
Compound 1 in plasma (ti15).

Administration of Compound 1 with food results in increased
bioavailability of Compound 1 as evidencgd by an increase in Cpax and/or AUC,.
infof Compound 1 as compared to the values if Compound 1 was administered
without food.

Administration of Compound 1 with food according to the method of the
invention may also increase absorption of Compound 1. Absorption of
Coﬁpound 1 may be measured by the concentration attained in the bloodstream

over time after administration of Compound 1. An increase in absorption by

* administration of Compound 1 with food may also be evidenced by an increase

in Crax and/or AUCo.inrof Compound 1 as compared to the values if Compound
1 was administered without food.

The present invention also provides a method for the treatment or
prophylaxis of diseases, disorders, and conditions. An example of a disease,
disorder, or condition includes, but is not limited to, a retrovirus infection, or a
disease, disorder, or condition associated with a retrovirus infection.
Retroviruses are RNA viruses and are generally classified into the
alpha;retrovirus, betaretrovirus, deltaretrovirus, epsilonretrovirus,
gammaretrovirus, lentivirus, and spumavirus families. Examples of retroviruses
inélude, but are not limited to, human immunodeficiency virus (HIV), human T-

lymphotropic virus (HTLYV), rous sarcoma virus (RSV), and the avian leukosis
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virus. In general, three genes of the retrovirus genome code for the proteins of
the mature virus: gag (group-specific antigen) gene, which codes for the core
and structural proteins of the virus; pol (polymerase) gene, which codes for the
enzymes of the virus, including reverse transcriptase, protease, and integrase;
and env (envelope) gene, which codes for the retrovirus surface proteins.

Retroviruses attach to and invade a host cell by releasing a complex of
RNA and the pol products, among other things, into the host cell. The reverse |
transcriptase then produces double stranded DNA from the viral RNA. The
double stranded DNA is imported into the nucleus of the host cell and integrated
into the host cell'genome by the viral integrase. A nascent virus ﬁbm the
integrated DNA is formed when the integrated viral DNA is converted into
mRNA by the host cell polymerase and the proteins necessary for virus
formation are produced by the action of the virus protease. The virus particle
undergoes budding and is released from the host cell to form a mature vi;us.

One embodiment of the invention provides a method for inhibiting
activity of a retrovirus integrase in a patient, comprising administering to the
patient a therapeutically effective amount of Compound 1 with food. Ina
particular embodiment of the invention, the retrovirus is HIV. As used herein,
“inhibiting” refers to the decrease or cessation of at least one activity associated
with a protein, er;zyme, or. any other compound.

Another émbodiment of the invention provides a method for the
treatment or pfophylaxis of a retrovirus infection comprising administering to
the patient a theré.peutically effective amount of Compound 1 with food. Ina
particular embodiment of the invention, the retrovirus is HIV.

Compouﬁd 1 may be administered to a patient in any conventional
manner. While it is possible for Compound 1 to be administered as a raw
compound, it is preferably administered as a pharmaceutical composition. A
“pharmaceutical composition comprising Compound 1” refers to a
pharmaceutical composition comprising Compound 1, or a pharmaceutically
acceptable salt thereof, with one or more pharmaceutically acceptable carriers or
excipients and optionally other therapeutic agents and/or components. The salt,
carrier, or excipiént must be acceptable in the sense of being compatible with the

other ingredients and not deleterious to the recipient thereof. Examples of
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carriers or excipients for oral administration include cornstarch, lactose,
magnesium stear:ate, tale, microcrystalline cellulose, stearic acid, povidone,
crospovidone, dibasic calcium phosphate, sodium starch glycolate,
hydroxypropyl cellulose (e.g., low substituted hydroxypropyl cellulose),
hydroxypropylmethyl cellulose (e.g., hydroxypropylmethyl cellulose 2910), and
sodium lauryl sulfate.

The pharmaceutical compositions may be prepared by any suitable

“method, such as those methods well known in the art of pharmacy, for example,

methods such as those described in Gennaro et al., Remington's Pharmaceutical
Sciences (18th ec}l., Mack Publishing Co., 1990), especially Part 8:

Pharmaceutical Preparations and their Manufacture. Such methods include the

-step of bringing into association Compound 1 with the carrier or excipient and

optionally one or more accessory ingredients. Such accessory ingredients

-include those conventional in the art, such as, fillers, binders, diluents,

disintegrants, lubricants, colorants, flavoring agents, and wetting agents.

' The pharmaceutical compositions may provide controlled, slow release,
or sustained release of the Compound 1 over a period of time. The controlled,
slow release, or sustained release of Compound 1 may maintain Compoﬁnd 1in
the bloodstream of the patient for a longer period of time than with conventional
formulations. Pharmaceutical compositions include, but are not limited to,
coated tablets, pellets, and capsules, and dispersions of Compound 1 in a
medium that is insoluble in physiologic fluids or where the release of the
therapeutic compound follows degradation of the pharmaceutical composition
due to mechanical, chemical, or enzymatic activity.

The pharmaceutical composition of the invention may be, for example, in
the form of a pill, capsule, or tablet, each containing a predetermined amount of
Compound 1 and preferably coated for ease of sw:allowing, in the form of a
powder or granules, or in the form of a solution or suspension. In an
embodiment of the invention, the pharmaceutical composition is in the form of a
tablet comprising Compound 1 and the components of the tablet utilized and
described in the Examples herein.

' For oral administration, fine powders or granules may contain diluting,

dispersing, and or surface active agents and may be present, for example, in
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water or in a syrup, in capsules or sachets in the dry state, or in a nonaqueous
solution or suspension wherein susbengling agents may be included, or in tablets
wherein binders and lubricants may be included. The pharmaceutical
composition may also include additional components such as sweeteners,
flavoring agents, preservatives (e.g., antimicrobial preservatives), suspending
agents, thickenin'g agents, and/or emulsifying agents. )

When administered in the form of a liquid solution or suspension, the
formulation may, contain Compound 1 and purified water. Optional components
in the liquid solu‘tion or suspension include suitable sweeteners, flavoring agents,
preservatives (e.g., antimicrobial preservatives), buffering agents, solvents, and
mixtures thereof. A comi:onent of the formulation may serve more than one
function. For exa;mple, a suitable buffering agent also may act as a flavoring
agent as well as a sweetener.

Suitable sweeteners include, for example, saccharin sodium, sucrose, and

mannitol. A mixture of two or more sweeteners may be used. The sweetener or

mixtures thereof are typically present in an amount of from about 0.001% to -

about 70% by weight of the total composition. Suitable flavoring agents may be
present in the pharmaceutical composition to provide a cherry flavor, cotton
candy flavor, or other suitable flavor to make the pharmaceutical composition
easier for a patient to ingest. The flavoring agent or mixtures thereof are
typically present in an amount of about 0.0001% to about 5% by weight of the
total compositior.

Suitable preservatives include, for example, methylparaben, .
propylparaben, sodium benzoate, and benzalkoniyum chloride. A mixture of
two or more preservatives may be used. The preservative or mixtures thereof are
typically present in an amount of about 0.0001% to about 2% by weight of the
total composition. '

Suitable buffering agents include, for example, citric acid, sodium citrate,
phosphoric acid, potaséium phosphate, and various other acids and salts. A
mixture of two or more buffering agents may be used. Thé buffering agent or
mixtures thereof élre typically present in an amount of about 0.001% to about 4%

by weight of the total composition.
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Suitable solvents for a liquid solution or suspension include, for example,
sorbital, glycerm propylene glycol, and water. A mixture of two or more
solvents may be psed. The solvent or solvent system is typically present in an
amount of about'1% to about 90% by weight of the total composition.

The pharinaceutical composition may be co-administered with adjuvants.
For example, no1'1ionic surfactants such as polyoxyethylene oleyl ether and n-
hexadecy.l polyei:hyl ene ether may be administered with or incorporated into the
pharmaceutical c;omposition to artificially increase the permeability of the
intestinal walls. :Enzymatic inhibitors may also be administered with or
incorporated into the pharmaceutical compositidn.

The prese%:nt invention also provides a kit comprising (i) a2 pharmaceutical
composition comprising Compound 1, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier, (ii) prescribing information,
and (iii) a contaiper. The prescribing information may provide prescribing -
information conforming to the methods of the invention and/or as otherwise
discussed herein; In an embodiment of the invention, the prescribing
information includes orally administering Compound 1 with food, to improve
the bioavailability and absorption of Compound 1.

Compound 1 may be provided to a patient in a container associated with
prescribing information that advises the patient to orally adxpinistcr Compound 1-
with food and may also explain that doing so will increase the bioavailability of
Compound 1. Compound 1 may also be provided to a patient in a container
associated with prescnbmg information that advises the patient that the
administration of Compound 1 with food results in an increase in absorption of
Compound 1, as freﬂected by an increase in the maximum plasma concentration
of Compound 1 as compared to the administration of the compound under fasted
conditions.

The effec:t of food on the pharmacokinetic properties of Compound 1 and
upon the therapeutic effectiveness of Corﬂpound 1 is illustrated by the following

Examples, which are not intended to be limiting in any way.
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Unit dosage forms of Compound 1 in 50 mg and 200 mg tablets were

prepared for clinical studies of Compound 1. Compound 1 exists in Form I,

Form II, and Form III. Form III was used in the final formulations but Form II

or a mixed crystal of Form II and Form III was also used during formulation

studies.

Preparation of 200 mg tablets of Compound 1. The final composition of the 200

mg tablet is shown in Table 1.

Table 1.
Comi)onent Function Amount Per

' Tablet
Compoﬁnd 1 " Drug substance 200.0 mg
D-mannitol Diluent 107.6 mg
Light anhydrous silicic acid Glidant 25.0mg
Sodium lauryl sulfate Surfactant 10.0 mg
Crospovidone 4 Disintégrant 25.0mg
Hydroxypropylrﬁethylcellulose Binder 20.0 mg
2910 (3 mm?*/s)
Purified water ' Binder agent -
Croscarmellose sodium Disintegrant 100.0 mg
Magnesium Stearate Lubricant 2.4 mg
Total tablet weight 490.0 mg

"' The purified water is removed during processing.

Compound 1 was first micronized with a jet mill. The micronized

compound was mixed with D-mannitol (Japanese Pharmacopoeia, JP),

crospovidone (Japanese Pharmaceutical Excipients, JPE), and light anhydrous

silicic acid (JP) ina polyethylene (PE) bag and then passed though a 500 pm
screen three times. Hydroxypropylmethyl-cellulose (HPMC) 2910 (3 mmZ/s)

(JP) was separately dissolved in purified water by stirring and sodium lauryl

sulfate (JP) was added and dissolved. The D-mannitol/crospovidone/light

anhydrous silicic acid/Compound 1 mixture was placed in a fluidized-bed
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granulator and was granulated using the HPMC/sodium lauryl sulfate solution.

After granulatlon the wet granulates were dried in the same granulator. The

dried granules were passed through a 500 pm screen.

The screened granules were then mixed with ¢roscarmellos sodium (JPE)

in a PE bag and magnesium stearate (JP) was added to the bag. The granules

were compressed into tablets using a rotary tableting machine.

Twenty tablets were packaged in a glass bottle w_ith a desiccant and

cushion material (PE sheet), and capped with a polypropylene (PP) screw cap.

Preparation of 50 mg tablets of Compound 1. The final composition of the 50

mg tablet is.shown in Table 2.

Table 2.
Component Function Amount Per

. Tablet
Compound 1 Drug substance 50.0 mg
D-mannitol Diluent 26.9 mg
Light anhydrous silicic acid Glidant 6.25 mg
Sodium lauryl sulfate Surfactant 2.5mg
Crospovidone Disintegrant 6.25 mg
Hydroxypropylmethylcellulose Binder 5.0 mg
2910 (3 mm?/s)
Purified water ' Binder agent -
D-mannitol Diluent 145.35 mg
Microcrystalline cellulose Diluent 145.35 mg
Croscarmellose sodium Disintegrant 100.0 mg
Magnesium Stearate Lubricant 2.4 mg
Total tablet weight 490.0 mg

"' The purified water is removed during processing.

The size and weight of the 50 mg tablets were the same as the 200 mg

tablets To 51mp11fy the manufacturing process, the formulation of the 50 mg
tablets was carried out by using the screened granules of Compound 1 prepared

as described above as the starting material and diluting the granules with direct
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compressible excipients. D-mannitol and microcrystalline cellulose were
selected as dilutilng excipients because of compatibility with Compound 1, and
the compressibility and disintegration property of the tablets. Table 3 shows the
compositions of :the‘ tablets using the screened granules of Compound 1 as
starting material. _

Table 3.

I Component Quantity Per Tabiet
Compound 1 granules 96.9 mg
D-mannitol . 145.35 mg
Microcrystalline cellulose 145.35 mg
Croscarmellose sodium 100.0 mg
Magnesiurn Stearate 24 mg
Total tablet weight 490.0 mg -

The screened granules prepared above were mixed with croscarmellos
sodium (JPE), D-mannitol (JP), and microcrystalline cellulose (JP) in 2 PE bag,
followed by addition of magnesium stearate (JP) to the bag. The granules were
then compressed-into tablets using a rotary tableting machine.

Twenty tablets were packaged in a glass bottle with a desiccant and

cushion material (PE sheet), and capped with a polilpfopylene (PP) screw cap.

Example 7 .
The effect of food on the pharmacokinetic properties of Compound 1 was

identified in a single blind, randomized, placebo-controlled single oral dose
escalation study conducted on 32 Japanese male healthy volunteers.
The following criteria were used to select the subjects for the study:
(1) Healthy Japanese males aged 20 to 35 years; ‘
(2) Body mass index (BMI) of 18.5 to 25.0, wherein BMI
=[body weight (kg)/height (m)}*; and
(3) Subjects who gave written informed consent prior to
participation in the study.
As part of the larger study, eight subjects (6 active and 2 placebo)
received a 400 mg dose in the fasted and fed states. Subjects in the 400 mg
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fasted cohort received an additional 400 mg dose with breakfast after a washout
period (generally a minimum of ten days after the initial administration). The
interval of ten da{ys between the two doses was considered appropriate for
eliminating any ;vithin—subject carryover effects.

Duration of treatment, dose, mode of administration, and product
administered for the food effect component of the larger study are shown in
Table 4. |

Table 4.
Duration of treatment - Single dose
Mode of . Fed, oral
, Fasted, oral administration ) .
administration administration
Dose (mg) 400 400
Product administered Compound 1 200mg or placebo tablets
Number of tablets 2 5 2.

The subjects were admitted to the medical institution in the afternoon on
the day before administration (“Day -17). Compound 1or placebo was
administered on lthe day after hospitalization (“Day 1”°). The subjects were
discharged the déy after administration (“Day 2”). Thus, the subjects were
hospitalized for a total of three days. Follow up assessment forlsaf.'ety was
performed 6 to 8 days after administration (“Days 7 to 9”).

Compound 1 or placebo was administered orally with 200 mL water.
Doses were administered at similar times for each subject in each treatment
period. All subjécts fasted from food and fluids from the time after dinner on the
day prior to dosillag (Day -1) until breakfast on Day 1 (for subjects receiving .
Compound 1 or placebo in the fed state) or lunch-time on Day 1 (for subjects in
the fasted state). .

When subjects were administered with Compound 1 in the fed state, thf;y
received a bfeakfast about 30 minutes prior to dosing. The breakfast consisted

of the following:'
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35

. 160 mL apple juice
‘Boiled egg (50 g)
Bread roll (105 g)
8 g butter
14 g strawberry jam
1 Total energy content: 574.6 Keal; Total fat content: 21.4 g

(33% of total cafories); Total protein: 17.5 g (12% total calories); Tofal
carbohydrate: 79.0 g (55% of total calories). .

Blood samples for pharmacokinetic analysis were taken 1.5 hours prior to

‘dosing and at the following times after dosing: 0.25,0.5,1,2,3,4,6,8,12, and

24 hours post-dolse.
The following pharmacokinetic parameters were calculated for

Compound 1 in each study group (fed and fasted conditions):

tmax Time of maximum observed plasma concentration;
Crmax Maximum observed plasma concentration;

122z Elimination half-life in the terminal phase;
AUCp.ez Area under the plasma concentration-time curve

(AUC) from time zero up to the last quantifiable
' concentration (AUC (0 - tz)); and
AUC.ins AUC from time zero to infinity.

The plasfna concentrations of Compound 1 were determined by the
following assay. Plasma samples were isolated from healthy subjects
administered with Compound 1. The plasma samples were extracted by solid
phase extraction using Empore™ Disk Plate (C8SD), and then measured by
high-performance liquid chromatography/tandem mass spectrometry
(LC/MS/MS) (HPLC model 2795 separations module from Waters; mass
spectrometer model API4000 from MDS SCIEX). lonization and detection were
performed with €lectrospray ionization and positive ion detection with multiple
reaction monitoring, respectively. This analytical method has been validated
with respect to: selectivity, linearity, lower lirhit of quantification (LLOQ), intra-
and inter-assay precision and accurécy, standard solution stability, matrix
stability, post-préparative stability, recovery and dilution integrity, and
considered to bé lsufﬁciently reliable as a method for determination of
Compound 1 over the concentration range of 1 to 1000 ng/mL when 50 pL of

human plasma were used.
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To SOuL' of plasma samples spiked with 10 mL each of 90% acetonitrile
and 20 mmol/L ammonium formate-formic acid buffer (pH 3.0)/acetonitrile
(10:90, v/v), 10 L each of internal standard solution was added. To-these
samples, 200 uL of O.i% formic acid in 10% acetonitrile was added. These
solutions were then mixed for 10 seconds and centrifuged at 10,000 rpm for 5
minutes at 4°C. A 250 pL aliquot of the supernatant was added to a ErnporetTM
Disk Plate (C8SD) (conditioned with 150 pL of acetonitrile and 200 uL of 0.1%
formic acid in this order). The plate was washed twice with 200 pL of 0.1%
formic acid in 20% acetonitrile and eluted twice with 100 pL of 0.1% formic -
acid in 80% acetonitrile (200 pL in total). To the eluates, 200 uL of 0.1%
formic acid was added and mixed. Then, 10 pL of each solution was injected
into the LC/MS/MS system and analyzed.

' Geometric means ratio (fed/fasted) with 90% confidence intervals were
estimated from Ceax and AUCo.ins following oral administration of 400 mg of
Compound 1 in the fasted and fed states.

The mean plasma concentration over time. following 6ral administration

of 400 mg of Compound 1 in the fasted and fed states are shown in Figure 2.

The mean test results of the pharmacokinetic parameters, AUCq.inr (ng-hr/mL),

. Cimax (ng/mL), t1/2 2z (hr), and tmax (hr) of Compound 1 in the fasted and fed states

are summarized.in Table 5, and are tabulated in Table 6.

Table 5.
Administration tinax Cmax t12 2z AUCq.inr
- condition (hr) (ng/mL) | (hr) (ng-Br/mL)
Fasted 2.5+ 264+ 78 54k 1451 £+ 308
Compound | - 1.2 ‘ 1.0
1 ' . Fed 23+ {903+391 32+ 3942 + 1072
1.0 0.3 |

Dosc‘: 400 mg .
Mean * SD (p=6)
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Table 6.
Fed/Fasted
Pharmacokinetic Geometric | 90% Conﬁdence interval
parameter means ratio Lower .Upper

| limit Limit
Compound 1 Conoe 330 227 4.80
AUC.ing 2.69 2.16 3.36

Dose: 400 mg '

n=6 subjects/each group

Figure 2, Table 5, and Table 6 show that when Compound 1 was
administered in fhe fed state, Cmax and AUC.inrof the unchanged drug were 3.30
and 2.69-fold hifgher, respectively, compared to those in the fasted state. These
results demonstrate that bioavailability and absorption of Compound 1 increased
in the presence of food.

The obsejrved increases in the pharmacokinetic parameters when
Compound 1 was administered with food indicate that Compound 1 is more
readily eibsorbed when administered with food, such as after a meal. Thus, the
administration of Compound 1 with fc;od results in an increase in the
bioavailability of the drug when compared to the administration of the drug
under fasted conditions. In addition, Compound 1 was safe and well tolerated
with no serious adverse events. All adverse events were mild. No clinically
significant electrocardiogram (ECG) changes were noted.

All references, including publications, patent applications, and patents,
cited herein are hereby incorporated by reference in their entirety.

The use of the terms "a" and "an" and "the" and similar referents in the
context of describing the invention (including the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. The terms "comprising,” "having,"
"including,"” and "containing" are to be construed as open-ended terms (i.e.,
meaning "including, but not limited to,") unless otherwise noted. Recitation of

ranges of values herein are merely intended to serve as a shorthand method of

referring individually to each separate value falling within the range, unless
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specification as if it were individually recited herein. All methods described
herein may be performed in any suitable order unless otherwise indicated herein
or otherwise clea‘,rly contradicted by context. The use of any and all examples,
or exemplary laﬁguage (e.g., "such as") provided herein, is intended merely to
better illmninate:thé invention and does not pose a limitation on the scope of the
invention unless ;otherwise claimed. No language in the specification should be
construed as indilcating any non-claimed element as essential to the practice of
the invention.

The embodiments within the specification provide an illustration of
embodiments of :the invention and should not be construed to limit the scope of
the invention. The skilled artisan recognizes that many other embodiments are
encompassed by ‘the claimed invention and that it is intended that the
specification and examples be considered as exemplary only, with the true scope

and spirit of the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. The use of ritonavir or a pharmaceutically acceptable salt thereof for the
manufacture of a medicament for improving the pharmacokinetics of an HIV

integrase inhibitor or a pharmaceutically accéptable salt thereof in a patient.

2. The use of claim 1 wherein the integrase inhibitor is a compound of

formula (T) or a pﬁarmaceutically acceptable salt thereof:

D,

where,
ring Cy is a Cs.1p carbon ring group or a heterocyclic group, each group being
optionally substituted by 1 to 5 substituents selected from group A;
the heterocyclic group is a saturated or unsaturated ring comprising at least
one heteroatom selected from the group consisting of nitrogen, oxygen and sulfur;
group A is cyano, phenyl, nitro, halogen, C;4 alkyl, halo C.4 alkyl, halo C4
alkyloxy, —OR™, —SR*, —NR*R®, —_CONR*R%, —SO,NR*'R®, — COR™, —
NR*COR™, —S0,R*, —NR*'SO,R*, —COOR® or —NR* COOR®;
R* and R* are the same or different and each is H, Cy. alkyl or benzyl;
R® is C; alkyl;
R'is selected from group B or is Cy.1¢ alkyl optionally substituted by 1 to 3
substituents selected from halogen or group B;
group B is:: _ .
a Cs.49 carbon ring optionally substituted by 1 to 5 substituents
selected from group A,
a heterocyclic group optionally substituted by 1 to 5 substituents
selected from group A,
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—OR™,

—SR*.

— NR¥R®,

—CONR™R?,

—S0,;NR*R®,

—COR*,

— NR*™COR®,

—SOR™,

—NR*SO,R%,

—COOR™ or

—NR* COOR™;
R* and R® are the same or different and each is:

H,

C,.4 alkyl,

a Cj.19 carbon ring group optionally substituted by 1 to 5 substituents
selected from group A or

a heterocyclic group optionally substituted by 1 to 5 substituents
selected from the group A;
R* is ”

Ci.4 alkyl,

a Cj.10 carbon ring group optionally substituted by 1 to 5 substituents
selected from group A or

a heterocyclic group optionally substituted by 1 to 5 Substituents
selected from group A;
R is H or Cy.4 alkyl;
R’! is H, cyano, hydroxy, amino, nitro, halogen, Ci.4 alkyl, C, alkoxy, Ci.4

alkylsulfanyl, halo C;.4 alkyl or halo C,4 alkyloxy group;

X is C—R*2 or N;
" YisC—R®¥or N;
R*? and R3? are the same or different and each is:
H,
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cyano,
nitro,
halogen, ‘
a Cs.1 carbon ring group optionally substituted by 1 to 5 substituents
selected from group A, ' '
' a‘h.eterocyclic group optionally substituted by 1 to 5 substituents
selected from group A, Ci.1o alkyl optionally substituted by 1 to 3 substituents
selected from halogen or group B,
—ORY,
—SRY,
—NRYR®,
_]%]Ra7CORa9’
—COORY? or
—N=CH—NR*R® 1,
R?” and R™ are the same or different and each is selected from H, group B or
Ci.10 alkyl optionally substituted by 1 to 3 substituents selected from halogen or
group B;
R* is C14 alkyl; and _
R*'® and R*'! are the same or different and each is H or C.4 alkyl;
in a patient . »
3. The use of claim 1 wherein the blood level of the integrase inhibitor or the

pharmaceutically acceptable salt thereof is increased.

4. The use of ritonavir or a pharmaceutically acceptable salt thereof, and a

compound of Formula (I):

‘\ OR2
L
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@,
ora pham:ﬁac'eutically acceptable salt thereof,
where,
ring Cy isa Cs.10 carbon ring group or a heterocyclic group, each group beiné
optionally substit;xted by 1 to 5 substituents selected from group A; |
the heterobyclic group is a saturated or unsaturated rin‘g comprising at least
one heteroatom s"elected from the group consisting of nitrogen, oxygen and sulfur;
group A 1s cyano, phenyl, nitro, halogen, C,.4 alkyl, halo C,4 alkyl, halo C;4
alkyloxy, —OR™, —SR*, —NR¥R%, —CONR*R¥, —SO,NR*R?, —COR®, —
NR*'COR®, —SO,R®, —NR*'SO,R®, —COOR* or —NR* COOR®;
R énd R;12 are the same or different and each is H, C;_4 alkyl or benzyl;
R is C1.4 alkyl;
R'is selected from groﬁp B oris Cy.10 alkyl optionai]y substituted by 1 to 3
substituents selecited from halogen or group B;
group B 1s
a 633_10 carbon ring optionally substituted by 1 to S substituents
selected,f:fom group A, '
a }.leterocyclic groﬁp optionally substituted by 1 to 5 substituents
selected from group A,
—OR¥,
—SR™,
__'NRa4Ra5,
——éCONR““Ras,
—fsozNRa“RaS,
—COR,
—NR*COR,
—SOR™,
—NR¥SO,R%,
—COOR™ or
——:NRfS COOR™;

R? and R® are the same or different and each is:
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H,

C1:_4 alkyl,

a Cs.19 carbon ring group optionally substituted by 1 to 5 substituents
selected from group A or ' '

a heterocyclic group optionally substituted by 1 to 5 substituents
selected from the group A;
R*is
Cy.4 alkyl,
a Cs.1p carbon ring group optionally substituted by 1 to 5 substituents
selected from group A or

a h;eterocyclic group optionally substituted by 1 to 5 substituents
selected from group A;
R?is H or C.4 alkyl;

R¥}isH, cyano, hydroxy, amino, nitro, halogen, C;.4 alkyl, C;_‘; alkoxy, Ci4

alkylsulfanyl, halo C,4 alkyl or halo C,_4 alkyloxy group;

X is C—R*? or N;
Y is C—R* or N; .
R*? and R*? are the same or different and each is:

H,

cyéno,

nitro,

halogen,

a C3.10 carbon ring group optionally substituted by 1 to 5 substituents
selected from group A,

a heterocyclic group optionally substituted by 1-to 5 substituents
selected from group A, Cy.jo alkyl optionally substituted by 1 to 3 substituents
selected from halogen or group B,

—OR™,’

—8R",

—NRYR®,

—NRYCOR®,
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—COOR™ or
__'N=CH___NRa10Ra1 1;
R*” and R* are the same or different and each is selected from H, group B or
Ci.ioalkyl optionélly substituted by 1 to 3 substituents selected from halogen or |
group B;
"~ R*®is C4 alkyl; and
R?'? and R*"! are the same or different and each is H or Ci.4 alkyl;
for the manufacture of a medicament for inhibiting HIV integrase in a

patient.

.S, The use of claim 4 wherein the compound of Formula (I) or the

pharmaceutically acceptable salt thereof is an HIV integrase inhibitor.

6. The use of any one of claims 2-5 wherein the compound of Formula (I) is
6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-yl}-7-methoxy-

4-0x0-1,4-dihydroquinoline-3-carboxylic acid.

7. The use of any one of claims 1-6, wherein the compound or its
pharmaceutically acceptable salt and ritonavir or its pharmaceutically acceptable

salt are administered to the patient as a single composition to the patient.

8. The use of any one of claims 1-7 wherein the compound or its
pharmaceutically acceptable salt and ritonavir or its pharmaceutically acceptable

salt are administered orally.

9. The use of claim 8, wherein the oral administration is once a day.

10. The use of any one of claims 1-9 wherein the patieni is also receiving one
or more agents selected the group consisting of stavudine, emtricitabine,

tenofovir, emtricitabine, abacavir, lamivudine, zidovudine, didanosine,

zalcitabine, phosphazide, efavirenz, nevirapine, delavirdine, tipranavir,
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saquinavir, indinavir, atazanavir, nelfinavir, amprenavir, samprenavir, ,
fosamprenavir, ldpinavir, ritonavir, enfuvirtide, Fozivudine tidoxil, Alovudine,
Dexelvucitabine, ‘Apricitabine, Amdoxovir, Elvucitabine (ACH126443), Racivir
(racemic FTC, PS1-5004), MIV-210, KP-1461, fo'salvudine tidoxil (HDP
99.0003), AVX756, Dioxolane Thymine (DOT), TMC;254072, INK-20, 4'-Ed4T,
TMC-125 (etravigine), Capravirine, TMC-278 (rilpivirine), GW-695634,
Calanolide A, BILR 355 BS, and VRX 840773, and pharmaceutically acceptable

salts thereof.

11. Use of thé compound Q—(B_—chloro-2-ﬂuorobenzyl)—1-[(2.5')-1 -hydroxy—3;
methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or its’
pharmaceutically acceptable salt for the manufacture of a medicament for
increasing the biogvailasility of the compound comprising administering to a
patient a therapeutically effective amount of the compound or a pharmaceutically

acceptable salt thereof to be administered with-food.

12. Use of the.compound 6-(3-chloro-Z-ﬂuorobenzyl);1 -[(25)-1-hydroxy-3-
methylbutan-z-ylj-7-methoxy—4—oxo-1,4-dihydroquinoline—3-carboxylic acid or its
pharmaceutically acceptable salt for the manufacture of a medicament for
increasing tﬁe absorption of the compound in a patient, comprising administering
to the patient a therapeutically effective amount of the compound ora

pharmaceutically acceptable salt thereof to be administered with food.
13. The use of claim 11 or 12, wherein said administering results in a
maximum plasma concentration of the compound greater than if the compound or

the pharmaceutically acceptable salt thereof was administered without food.

14.  The use of claim 11 or 12, wherein said administering results in an area

under the plasma concentration time curve from time zero to infinity (AUCq.ing) of
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the compound greater than if the compound or the pharmaceutically acceptable
i

salt thereof was administered without food.

15. Use of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-oxo0-1,4-dihydroquinoline-3-carboxylic acid or its
pharmaceutically 'acceptable salt for the manufacture of a medicament for
inhibiting activity of a retrovirus integrase in a patient, comprising administering
to the patient a therapeutically effective amount of the compound or a
pharmaceutically acceptable salt thereof to be administered with food.

16. Use of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl}-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or its
pharmaceutically acceptable salt for the manufacture of a medicament for the
treatment or prophylaxis of a retrovirus infection in a patient, comprising
administering to the patient a therapeutically effective amount of the compound or

a pharmaceutically acceptable salt thereof to be administered with food.

17. The use of claim 15 or 16, wherein the retrovirus is human

immunodeﬁcienc'y virus (HIV).

18. The use of any one of claims 11-117 wherein the therapeutically effective

amount is about 10 mg to about 2000 mg.

19. The use of any one of claims 11-19, wherein the compound or the
pharmaceutically acceptable salt thereof is administered between about one hour

prior to the consumption of food to about two hours after the consumption of
food.
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20.  The use of claims 19 wherein the compound or the pharmaceutically
acceptable salt thereof is administered substantially at the same time as the.

consumption of food.

21.  The use of claims 19 wherein the compound or the pharmaceutically
acceptable salt thereof is administered immediately after the consumption of food
and up to about one hour after consumption of the food.

22. The use of any one of claims 11-21 wherein the compound or the

‘pharmaceutically.acceptable salt thereof is administered in a pharmaceutical

composition.

23.  The use of claim 22, wherein the pharmaceutical composition is in a unit
dosage form of a tablet. .
24. The use of any one of claims 11-23 wherein the compound or the

pharmaceutically acceptable salt thereof is administered orally. .

25. A kit comprising: (1) a pharmaceutical composition comprising 6-(3-
chloro-2—ﬂuorobe:nzyl)~l -[(2S)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier; (2) prescrib‘ing information;
and (3) a container; wherein the prescribing information includes advice regarding
administering 6-(.13-chloro-2~ﬂuorobenzyl)-l -[(25)-1-hydroxy-3-methylbutan-2-
yl]-7-methoxy-4—;)xo-1 ,4-dihydroquinoline-3-carboxylic acid or a
pharmaceutically acceptable salt thereof with food.

26.  Thekit ofI claim 25, wherein the prescribing information includes a
description of increased bioavailability of 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-
hydroxy-3-methylbutan-2-ylj-7-methoxy-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid when administered with food than without food.
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27.  The kit of claim 25, wherein the prescribing information includes advice
regarding administering 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1 ~hydroxy-3-
methylbutan-2-yl‘]—7-methoxy-4—oxo-1,4—dihydroquinoline—3—ca(rboxylic acidora
pharmaceutically acceptable salt thereof between about one hour prior to the

consumption of food to about two hours after the consumption of food.

28. The kit of claim 25, wherein the prescribing information includes advice
regarding administering 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or a
pharmac.eutically'acceptab]e salt thereof suBstantial]y at the same time as the

consumption of food.

29.  Thekit of claim 25, wherein the prescribing information includes advice
regarding administering 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl}-7-methoxy-4-ox0-1,4-dihydroquinoline-3-carboxylic acid or a

pharmaceutically acceptable salt thereof immediately after the consumption of

. food and up to about one hour after the consumption of food.

30. The kit of any one of claims 25-29 wherein the pharmaceutical

composition is in'a unit dosage.form of a tablet.

31. The use of any one of claims 1-10 wherein the medicament is for

administration to the patient with food.

32. The use of any one of claims 1-10 wherein the medicament is formulated

as a unit dosage form tablet.

33. The kit of any one of claims 25-29 further comprising.ritonavir, or a

pharmaceutically acceptable salt thereof.
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34. ' "Use of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for
increasing the bioavailability of the compound 6-(3-chloro-2-fluorobenzyl)-1-
[(25)-1 -hydrqu-'B -methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid in a patient when the medicament is administered with food, to be
administered with ritonavir or a pharmaceutically acceptable salt thereof.

35. Use of the compound 6-(3-chloro-2-fluorobenzyl)-1 —[(2S)j1 -hydroxy-3-
methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylic acid or a
pharmaceutically acceptable salt thereof for the manufacture of a me&icément for
increasing the absorption of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-
I-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-1 ,4-dihydro‘quinol ine-3-
carboxylic acid il’ll a patient when the medicament is administered with food, to be

administered with ritonavir or a pharmaceutically acceptable salt thereof.

36. Use of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(2S)-1-hydroxy-3-
methylbutan-Z-ylj-7-methoxy—4-ox0-1 ,4-dihydroquinoline-3-carboxylic acid or a
pharmaceutically acceptable salt thereof for the mémufacture of a medicament for
inhibiting activity of a retrovirus integrése in a patient when the medicament is
administered with food, to be administered with ritonavir or a pharmaceutically

acceptable salt thereof.

37. Use of the compound 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-hydroxy-3-
inethylbutan-z-yl]-7—methoxy-{1-oxo-1 ,4-dihydroquinoline-3-carboxylic acid'or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for
the treatment or prophylaxis of a retrovirus infection in a patient when the
medicament is administered with food, to be administered with ritonavir or a

pharmaceutically acceptable salt thereof.
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38. Pharmaceutical composition comprising ritonavir or a pharmaceutically
acceptable salt thereof for improving the pharmacokinetics of an HIV integrase

inhibitor in a patient.
39. The pharmaceutical composition of claim 38 to be administered with food.

40. A pharmaceutical composition comprising 6-(3-chloro-2-fluorobenzyl)-1-
[(2S5)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo0-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for increasing the

bioavailability of the compound to be administered with food.

41. A pharmaceutical composition comprising 6-(3-chloro-2-fluorobenzyl)-1-
[(25)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo0-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for increasing the

absorption of the compound in a patient to be administered with food.

42. A pharmaceutical composition comprising 6-(3-chloro-2-fluorobenzyl)-1-
[(28)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for inhibiting

activity of a retrovirus integrase in a patient to be administered with food.

43, A’ pharmaceutical composition comprising 6-(3-chloro-2-fluorobenzyl)-1-
[(25)-1-hydroxy-3-methylbutan-2-yl]-7-methoxy-4-0x0-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for the treatment or

prophylaxis of a retrovirus infection in a patient to be administered with food.

44. The pharmaceutical composition of any of claim 40-43 to be administered

with ritonavir or a pharmaceutically acceptable salt thereof.
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45, An anti-retroviral agent comprising ritonavir or a pharmaceutically
acceptable salt thereof for improving the pharmacokinetics of an HIV integrase

inhibitor in a patient.

46. The anti-retroviral agent composition of claim 45 to be administered with
food.
47. An anti-retroviral agent composition comprising 6-(3-chloro-2-

fluorobenzyl)-1-[(2S)-1-hydroxy-3-methylbutan-2-yl}-7-methoxy-4-oxo-1,4-
dihydroquinoline]-3-carboxylic acid or a pharmaceutically acceptable salt thereof

for increasing the bioavailability of the compound to be administered with food.

48. An anti-retroviral agent comprising 6-(3-chloro-2-fluorobenzyl)-1-{(25)-1-
hydroxy-3-methylbutan-2-yl}-7-methoxy-4-o0xo0-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for increasing the

absorption of the compound in a patient to be administered with food.

49, An anti-retroviral agent comprising 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-

“hydroxy-3-methylbutan-2-yl}-7-methoxy-4-oxo-1,4-dihydroquinoline-3-

carboxylic acid or a pharmaceutically acceptable salt thereof for inhibiting

activity of a retrovirus integrase in a patient to be administered with food.

50. An anti-retroviral agent comprising 6-(3-chloro-2-fluorobenzyl)-1-[(25)-1-
hydroxy-3-methylbutan-2-yl}-7-methoxy-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid or a pharmaceutically acceptable salt thereof for the treatment or

prophylaxis of a retrovirus infection in a patient to be administered with food.

51. The anti-retroviral agent composition of any of claim 47-50 to be

administered with ritonavir or a pharmaceutically acceptable salt thereof.
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