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BRI INEAE (R —12) CBTABRERNRNAFA—F—DR—R5 4, I8F
MPP O (Op-Treatment) . BIR_—RF A 0 EEO=71)

i 4 e CEAV A B -3V ERTYruady
A AW P+ QAR 10 mg + 20 mg +
(= 23)" A ARGt LAYt
+QAD + OAD
(1 =24 =24
78T R e B BEE® B BER" # mEY® &
R—RGA
HbA,., FHE (SD). % 19 8.3(0.8) 23 8.4 (0.7) 23 8.5(0.9)
R EE, EEE (SD), 22 166.8 23 155.7 23 157.9(53.0)
mg/dL. (52.6) (39.8)
10H, bO%MEBED 1 HY 22 54.1(27.3) 24 52.4 24 54.5(36.3)
Tebdsd Al e R EH (24.4)
i (SD).U
B DEE, FiE (SD), 15 3126 19 3202 18 3145(71.8)
mg/dL° (82.2) (51.4)
R, EHHE (SD). kg 22 101.3 23 1028 23 102.1(15.0)
(16.7) 9.9
~EERKETH (1 288, LOCH
HbA,, EHHE (SD), % 19 8.5(0.8) 23 78 23 7.8(0.6)
0.7)
| HbA, > 0.5%D BE (%), 19 3 (15.8) 23 15 23 15(65.2)
Rt (65.2)
HbA < 7.0%D BE (%), 19 1¢5.3) 23 3(13.0) 23 1(43
B ¢
ZERERF I, THHE (SD), 22 180.8(56.9) 23 1605 23 149.4 (32.0)
mgp/dlL.? (38.7)
1HEE DA R D 22 557(265) 24 51.3 24 53.5(32.1)
58 VIHE (SD).U° (20.1)
B EE, TEE (SD), 15 33L.3(46.8) 19 286.0 18 2726(51.2)
mg/dL* (55.1)
EE, THIE (SD), ket 22 994(167) 23 98.2 23 978(14.1)
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T F R+ At/ i) vl = R FRFY 7l
A A Y "+ 0AD' 10mg+ 20 mg +
(n=23) A APt A AP "
+OAD' +OAD'
=247 m=24)
2RZ R e B e BEK® & maEg® H AEE L

R—ZG A b OEL, BEUTFER + A2V +0AD & DE

HbA., FHHE (95% CT), % 19 0.09 (-0.19 23 -0.61 23 -0.69 (0.94
b 037 (087 b -0.43)
i
0.36)
TSR + LAY+ 0.70 078 (-L16
OAD » D3, -1.08 23 5-0.40)
YA (95%CT), % i
-0.32)
| HbA > 0.5%DBE DB ED 494 48.4 (20.1
TR + ARV +0AD (20.1 e 724)
& D3E(95% CI), % YN
72.4)
TEHEEIEE, TYHE (95%C), 22 17.8 (1.4 23 2.4 23 96(-256
mp/dLM Ph 342) 136 nb 6.3)
peay o)
18.3)
THER + A AP+ -15.4 -27.4(-50.3
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METHODS FOR TREATING TYPE 2 DIABETES IN PATIENTS RESISTANT TO
PREVIOUS TREATMENT WITH OTHER ANTLDHABETIC DRUGS
EMPLOYING AN SGL'T2 INHIBITOR AND COMPOSITIONS THEREQE

FIELD OF THE INVENTION

LT The present invention provides o method for troating type 2 diabetos in g

[}

rammal who has failed in therapy with one or more oral andfor njectable anti-
diabetic agents, employing un SGLT2 inhibitor alone or in combination with another
antidiabetic agent and/or other therapeutic agens, and to & pharmaceutical

10 composition for use in such method.

BACKGROIIND OF THE INVENTION
|6062] Hyperglycemis, that is, etevated plasma glucose, is a hallmark of

diabetes. Plasma ghicose 15 normally filtered in the kidney m the glomerulus but is

Ly

actively reabsorbed in the proximal fubuls tkidney). Sodium-dopendont glucose co-
transporter SGLT2 appears to be the major transporter responsible for the reuptake of
glucosc at this site. The SGLT inhibitor phlorizin. and closcly related analogs, inhibit
this reuptake procexs in disbetic rodents and dogs, resulting in normalizadon of
plasma glucose levels by promoting glucose exerction without hypoglycemic side

206 cffeets. Long term {6 moenth} treatment of Zucker diabetic rats with an 3GLT2
inhibitor has besn reported to improve insulin respomse to ghycemia, improve insulin
sensitivity, and delay the onset of nephropathy and neuropathy in these animals, with
no detectable pathology 1n the kidoey and no electrolyte mbalance in plassma.

Selective inhibition of SGLT2 in diabetic patients would be expected to normalize

bJ
At

plasma glusese by cohanging the exeretion of glucose in the uring, thereby improving
insulin sensitivity and delaying the development of diabetic complications.

16063] The treatment of diabetes is an important health congern and despite a
wide range of available therapics, the epidanic continues. Type 2 diabetes {T2DM)

1 a progressive disease cavsed by insulin resistance and decreased pancreatic B-cell

i
@

function. Insulin is produced by the pancreatic P-eell and mediates cethular glucose

uptake and clearance. Insulin resistance [s charactorized by the lack of response to
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the actions of this hormone which results in deercased cellular clearance of glucosc
from the circulation and overproduction of glucose by the liver.
|6604) Tho currently available therapies to trear type 2 diabetes augraeat the
action or delivery of insulin to lower blood glucose. However, despite therapy, muany
5 patients do not achieve control of their type 2 diabetes. According to the National
Health and Nutrition Examination Survey (NHANES)H I, only 36% of type 2
diabetics achicve glycomic control defined as a A1C < 7.0% with current thorapics.
[n an effort to treat type 2 diabetes, agpressive thevapy with multipke pharmacologic
agents may be prescribed. The use of insulin plus oral agents has increascd from
10 approximatcly 3 to 11% from NHANES IT+4e TT1L
|8603] Thus, treatment of hyperzlycemia in type 2 diabetes (T2DM) remains a
major challenge, particularly in paticnts who requirg insulin as the discasc progresses,
Varicus combinations of insulin with oral anti-diabetic agents (0ADg) have been
nvestigated in recent vears, and an increasing number of patients have been placed
{5 onthese regimens. Poulsen, MLK. et al., “The combined effect of tripte therapy with
rosiglitazone, metformin, and insulin in cype 2 diabetic paticnts”, Dhaketes Care,
26{12):3273-3279 (2003 Buse, I, “Combining insulin and oral agents”, dar. J.
Med., 1G8(Supp. 62):238-328 (2000). Often, these combination therapies become
less effective in controlling hyperglycernia over time, particularly ag weight gain and
20 worsening insplin rosistance impair insulin response pathways,
|00606] Hypoglycernia, welght gain, and subsequent increased insulin resistance
are sigaificant factors that Lt optimal fifration and effectivenass of msulin,
{Holman, R.R. ot al., “Addition of iphasic, prandial, or basal insulin to oral therapy

in type 2 diabetes™, N, Engl J. Med., 357(173:1716-1730 {2007)). Weight guain with

b
Lt

msulin therapy is predominantly & consequence of the reduction of glucosuria, and is
thought o be proportional to the correction of glycemia. (Makimattila, . et al.,
“Causes of weight gain during insulin therapy with and without metformin in paticnts
with Type 1l disbetes mellitus”, Diabetodogia, 42(43:406-412 (1999)). Insulin drives
weight gain when used alons or with QADs, (Buse, J,, sugwa), In some cases,

30 intensive insulin therapy may worsen lipid overload and complicate progression of
the discase through a spiral of caloric surplus, hyperinsulinemia, increascd

lipogenesis, increascd adipocity, increased insulla resistance, beta-cell toxicity, and
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hyperglycemia. {Unger, R H., “Reinventing fype 2 diabetes: palhogenesis, froalment,
and preveniion”, JAMA, 299(101:1185-1187 2008)). Among commonty used OADs,
thizzolidinediones {TZDs) and sulforyhurcas intringically contribute to weight gain as
glucosuria dissipates with improved giveemic control. Weight gain is less prominent
5 wath metformin, acting through suppression of hepatic ghucose output, or with

incretin-based DPP-4 inhibitors. Onerall, there is a pressing need for novel agems
that ¢an be safcly added w0 insulin-dopendont therapics to help achiove glycomic
targets without increasing the risks of weight gain or hypoglycemia,
|68067] A novel approach to treating hyperelycemia involves targeting

iG  tansporters for glucose reabsorption in the kidney. (Kanai, Y. ctal., “The human
kidney low affinity Nut/glucose cotransporter SGLT2. Delincation of the major
renal resbsorptive mechanism for D-glucose™, /. Clin. Invest, 93{1):397-404 (1994)).
Agents that selectively block the sodium-ghucose cotransporter 2 (SGLT2) Tocated in

the proximal tubuls of the kidney can inhibit reabsorption of glucose and induce s

b

climination through urinary cxorction. (Brown, G.K., “Glucose transporters:
structure, function and consequences of deficiency”, /. fnkerit, Metab, Vs,
23(3):237-246 (2000y). SGLT2 inhibition has been shown in pre-clinical models to
lower blood glucose indepondently of insulin. (Han, 8. et al., "Dapaglitlozin, a
seleetive SGLT2 inhibitor, improves glucose horncostsis in normal and diabetic
20 rats”, Dicheres, 57(63:1723-1729 {2008); Katsuno, K. et al,, “Sergliflozin, a novel
selective inhibitor of low-affinity sodiurmn glucose cotransporter (SGLT2Y), validates
the eritical role of SGET2 inrenal ghicose reabserption and modulates plasma
glucose lovel™ L Pharmacel. Exp. Ther,, 32001)1323-330 (2007
[0608] Dapaglifiozin {which is disclosed in U8, Patent No. 6,515,117 s an
25 inhibitor of sodium-glucese reabsorption by the kidaey, by inbubiting SGLTZ, which
results in an increased excretion of glucose in the urine. This effect lowers plasma
glucose in an insulin-independent manner.
|6a69] Dupaplifiozin is currently undergoing clinieal development for treatment
of type 2 diabetes. (Han, 8, et al,, supra: Meng, W, et al., “Discovery of
30 <dapaglifiezin: a potent, sclective ronal sodium-dependent glucose cotransporter 2
{SGLT2) inhibitor for the treatment of type 2 diabetes”, 7 Med. Chenr, 51(511145-
1149 {200K)). Phausc 2a and 2b studies with dapagliftozin have demonstrated cfficacy
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in seducing hyperglycemia cither alone or in combination with molformin in paticnts
with T2DM. (Keomoroski, B. et al., “Dapaglifiozin, a novel, selective SGLT2
inkibitor, impreved glycomic control over 2 weeks in pationts with type 2 diabetes
meltitus™, Clin, Pharmacol, Ther., 85(3):313-519 {2009, List, 1.F. et al.,

5 “"Dapagliffozin-induced glucosuria is accompanied by weight loss in type 2 diabetic
patients”, 68th Scientific Sessions of the American Disbetes Association, San
Francisco, CA, Jung 6-18, 2008, Presentation No. 0461P).

L {H] it has been found that dapagliflozin does not aet through insulin sigaaling
pathways and is ¢ffective in controlling blood sugar in paticnts whose insulin

10 signaling pathways do not work well. This applics to extremcs of insulin resistance,
in type 2 diabetes as well as in insulin resistance syndromes. caused by, for example,

mutations in the insulin recepror.

BRIEF DESCRIFPTION OF THE INVENTION
15 [08El] in accordance with the present invention, & method is provided for
treating fype 2 diabetes in a mammalian subjoct or patient, including & human subjoct
or patient, who has failed in previous treatment with one or more oral anti-diabetic
agents and/or an injectable anti-diabetic agents {which may include insulin), which
includes the step of administering to a mammalian subject or patient in need of such
20 treatment a therapeutically offeotive amount of an SGLT2 inhibitor,
[06E2] In certain embodiments, the inventive methods for treating type 2
diabetes in 4 mammalian subject ar patient, including a human subject or patient, whao
hag failed in previous treatment with onc or morc anti-dizbetic agents, includes the

step of administering & therapeutically effective amount of dapaglifiozin or

b
Lt

dapagliflozin propylene glycol hydrate (also referred 1o as dapaglifiozin propylene
glycol solvate or dapagliflozin-PGS).

[00E3] Still further in accordance with the invention, i any of the deseribed
methods, the method includes the step of administoring to a mammalian subjoct or
pationt # pharmaccutical compesition which includes a therapeutically effective

30 ameownt of an SGLT2 mhabiter such as dapaghiftozin or dapagliflozin-PGS and at least
one pharmaceutically acceptable carrier, diluent, or adjuvant. For example, in any of

the methods of the invention, the method includes the step of administering 10 a



(63) JP 2017-160212 A 2017.9.14

WO 2010/138535 PCT/US201G/03612¢
ST

mamrnatian subject or paticat & pharmaceutical composition containing a
therapeutically effective amount of dapagliflozin or dapaglificzin-PGS, such as from
about T to ubout 200 myg/day, and at least one pharmaceatically acceptable carrier,
diluent, or adjuvant.

5 |0614) hiy any of the inventive methods, the SGLT2 inhibitor such as
dapagliflozin or depagliflozin-PGS, such as from (.35 1o about 350 mgiday, can be
administered in combination with one or more ether oral andfor injectable anti-
diabetic agents, which can be another SGLT2 inhibitor as described hergin and/or can
be one or more anti-diabetic agonts othor than an SGLT2 inhibitor, which may

10 include insulin, and/or enother or additional therapeutic agent which can be an anti-
obesity apent, an anti-hyperlipidemic agent, an agent for treating atherosclerosis, an
anti-kypertensive agent, and/or an antithrombotic or anticoagulant such us a platelet
aggreygation inhibitor. In one embodiment, the anti-disbetic agent(s) and/or other
therapeutic agent(s) are administered in a therapeutically ¢ffective amount.

15 [oaEs] in one embodiment of the inventive methods employing a combination of
an SGLTZ inhibiter(s) such a8 dapaglifiozin or dapaglifiozin-PGS and anti-diabetic
agent{s), and/or another additional therapeutic agent which can be an anti-obesity
agent, an anti-hyperlipidemic agent, an agent for treating atheresclerosis, an anti-
hypettensive agent, and/or an antithrombotic or anticoagulant such as a platelet

20 aggregation mbubitor, the dosage for the ather anti-diabotic agent(s) (used in
combination with the SGLT2 inhibitor) is from about 20% of the kywest dose
normally recommended for treating diabetes up to about F00% of the normally
recommended dosage for treating diabetes,

[08X6] In ancther conbodiment in the mothods of the present invention, the

b
Lt

patient is treated with an SGLT2 inhibitor such as dapagliflozin or dapegliftozin-PGS
and one or more anti-diabetic agents wherein the anti-diabetic agent is selected from a
biguanide, sach av metformin, a sulfonyl ures, such as glyburide or glipizide, &
glucosidase inhabitor, a PPAR v ugonist, u PPAR 'y dusl agounist, an sP2 mhibitor, 2
DPP4 inhibitor, an insulin sensitizer, such as rosiglitazone or pioglitazone, a

30 glucagon-like peptide-1 (GLP-1) receptor agonist, glucokinase activator, & DGAT

inhibitor, a CCR2 antagenisy, 11-f-H3D {hydroxystereid dehydrogenase), insulin, a
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meglitinide, a PTP1B inhibitor, a glycogen phosphorylase inhibitor, a glucos-6-
phosphatase inhibitor, or a combination thereof.
[66E7) In another embodiment, the inveation provides » method of treating typo
2 diabetes in o manmal, particubarly & human, which includes the step of
5 administering fo the mammal an SGLTZ inhibitor such as dapagliflozin or
dapagliflozin-PGS m combination with one or more anti-diabetic agonts whercia the
anti-diabetic agont ts s¢icetod from metformin, ghybunde, glimepiride, glipyride,
glipizide, exenatide, chlorpropamide, gliclazide, saxagliptin, sitagliptin, vildagliptin,
acarbose, miglitol, pioglitezone, rosiglitezonc, insulin, Gt-262370, isaglitazone, JTT-
10 5D1,NN-2344, LE5645, YM-440, R-119702, AT9677, repaglinide, nateglinide,
KADI1129, AR-HO39242, GW-409544, KRP297, ACZ2903, LY 315902 or NVP-DFP-
728A, or a combination of two or more thereof.
[GBE8] In ancther cmbodiment of the method of the present invention,
dapaglifiozin or dapagliflozin-PGS at a dose within the range from about 4.5 1o abouwt
5 200 mp/day is administered in combination with insulin at a dose ax prescribed by a
physician or 45 discloscd in the fatest Physicians” Desk Reference (PDR) and/or
metformin at 2 dose within the range from about 500 to about 2000 mg/day andior
fosighitazone (AVANDIA®, Glaxo-Wellcome) at a dose within the range from about
0.5 10 about 25 mg/day or pioglitazone (ACTOS®), Takeda Pharmaceuticals America,
20 Inc)at a dosc within the range from about 0.5 to about 75 mg/day.
|60ES] In another erabodiment of the method of the present invention
(a} dapaghittozin or dapaglitlozin-PGS at a dose trom about (1.5 to about
200 g/day is administored in combination with insulin at a dose as preseribed by a

physician or aa described in the PDE; or

b
Lt

(by  dapaglifiozin or dapagliflozin-PGS at a dose from about 8.5 to about
200 mg/day is administered in combination with insulin at a dose as prescribed by a
physician or a3 described in the PDR, and metformin af o dosc from about 500 to
about 2000 mg/day; or

(¢y  dapaglifiozin or dapagliflozin-PGS a1 a dose from about 0.3 0 abowt
30 200 mg/day is admimistored in a combination with insulin at a dosc as preseribed by a
physician or as described in the PDR, and pioglitazone (AUTOS®, Takeda

Pharmacenticals Americs, Ine.) at a dosc from about 0.3 to about 735 mg/day, or
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rosiglitacone (AVANDIA®, Glaxo-Wellcoms) at a dosc from aboud 0.5 1o about 23
mg/day; or
(dy  dapaglifiozin or dapagliflozin-PGS at a dose from about 8.5 to about
2900 mg/day is administered in combination with insulin at a dose as prescribed by a
5 physician or as described in the PDR, metformin at a dose from about 5300 to about
2000 mg/day, and pioglitazone at a dose from about 0.5 1o about 75 mg/day or

rosiglitazong at & dose from about 0.3 to about 25 mg/day.

|6826] Another embodiment of the invention is the use of an SGLTZ inhibitor
10 such as dapagliflozin or dapagliflozin-PGS in the manufacture of a medicament for
treating fype 2 disbetes in mummals, particubarly humins.
10621 Another embodiment of the invention is the use of a combination of an
SGLT2 inhibior such as dapaglifiozin or dapagliflozin-PGS and onc or more anti-
tiabetic agents and/or one or more anti-abesity agents in the manufacture of a
{5 medicament for treating type 2 dinbetes, The anti-disbetic agent and/or anti-obesity
agent Is administered prier to, after, or concurrently with the SGLTZ inhibitor.
[6a22] Another embodiment of the invention is the use of an SGLT2 inhibitor
such as dapagliflozin or dapagliflozin-PGS, in the manufacture of a medicament for
the treatment of bype 2 diabetes, as defined herein, in which sueh treatment ineludes
20 the step of adeinistering fo 2 mammal a combination of an SGLT2 inhibitor with an
anti-diabetic agent and/or anti-obesity agent, for concurrent or sequential use, in any
order.
[6¢23] Another embadiment of the invention is the use of a combination of an

SCGLT2 inhibitor such as dapaglifiozin or dapaglifiozin-PGS and one or more anti-

2]
.

diabetic agents in the manufacture of a medicament for treating type 2 diabetes, as
defined herein, wherein the anti-diabetic agent i8 & biguanide, 4 sulfonyl urca, 4
plucosidase inhibitor, a PPAR v agonist, a PPAR oy dual agonist, an aP2 inhibitor, a
DPP4 inhibitor, an insulin sensitizer, a glucagon-like peptide-1 (GLP-1) receptor
agonis, 2 glucokinase activator, a DGAT inhibitor, 2 CCR2 antagonist, 11--HSD,
30 insullm, a meglitinide, a PTPIB inhibiior, a glycogen phosphoryluse inhabitor, a

ghucos-6-phosphatase inhibitor, or a gombination of two or morg thereof, The ani-
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diabetic agenl is administered prior to, afler, or concurrently with the SGLT2
inhibitor.
|6624] Another embodiment of the invention iy the use of an SGLT2 inbibitor
such as depagliflozin or dapagliflozin-PGS, in the manufacture of o medicament for
5 the treatment of type 2 diabetes, as defined herein, In which such treatment includes
the step of administering to a mammalian specics a combination with onc or more
anti-diabctic agents, for congurrent or scquential use, in any order, whercin the anti-
diabetic agent is selected from a biguanide, a sulfony! urea, a glucosidase inhibitor, a
PPAR v agonist, a PPAR a/y dual agonist, an aP2 inhibiter, a DFP4 inhibitor, an
10 insulin scusitizer, a glucagon-like peptide-1 (GLP-1) receptor agonist, a glucokinase
activator, 4 DGAT irhibitor, s CCR2 antagonist, 11-B-HSD, insulin, 4 meglitinide, 4
PTPIB mhibitor, & glycogen phosphorylase inhibitor, & glucos-6-phosphatase
inkibitor, or 2 combination of twoe or more thereof.
|6825] Another embodiment of the invention is the use of an SGL 12 inhibitor
£5  such as dapagiiflozin or dapagliflozin-PGS in combination with another or additional
therapeutic agent which is an anti-obesity agent, an anti-hyperlipidemic agent, or
agent used to freut arteriosclerosiy, which is an HMG CoeA reductase inhibitor, a
squelene synthetase inhibitor, a fbric acid derivative, agpirin, a bile acid sequestrant,
an ACAT inhibitor, an upregulator of LDL receptor activiry, a cholestero! absotption
206 inhkibitor, a cholesteryl transfer protoin (CETP) inhibitor, an dlcal Na i /bile acid
cotransporter inhibitor, @ phytoostrogen, 4 beta-lactam cholesterol absorption
mnhibitor, an HDL upregulator, a PPAR r-agonist and/or an FXR agomist; an LD
catabolism promoter such, a sadium-proton exchange imhibitor, an LI .receptor
inducer or a storeidal glyeoside, an anti-oxidant, or an antihomocysteine agent,
25  isoniazid, an HMG-CoA synthase inhibitor, or a lanosterel demethvlase inhibitor,
PPAR § agonist, or a sterol regulating element binding protein-T (SREBP-1); or
the other therapeutic agent is an anti-hypertensive ageni, which is a beta
adrenergic blocker, » calcivm channet blocker (L-type and’or T-type), ¢ diuretic, 4
renin inhibitor, an ACE inhibitor, an AT-1 receptor antaponist, an ET receptor
30 antagonist, a dual IT/ATE antagonist, a neutral endopeptidase (NLPY inhibitor, a

vasopeptidase inhibitor (dual NEP-ACE iphibitor) or & nitrate; or
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the other therapeutic agent is & platelet aggregation inhibitor which s

clopidogrel or ticlopidine or prasugrel or aspirin.

[0626] The additional therupeytic agent is administered prior to, aftor or
5 copcurrently with the SGLT2 inhibitor.
10627 Another embodiment of the invention is the use of an SGL T2 whibitor
such as dapagliflozin or dapagliflozin-PGS and another or additional therapeutic
agent a3 defined above in the manufacture of a medicament for the frcatment of type 2
diabetes.
6 |6628) The other or additional therapeutic agent is administered prior to, after or
concurrently with the SGLT2 inhibitor.
[0629] In one embodiment of the inventive methods employing a combination of
an SGET? inhibitor and other or additional therapoutic ageni(sy, the SGLTZ inhibigr
1% administered 10 a weight ratio to the other or additional thorapoutic agent{s) m an
{5 ammmi within the range from ahout 200:1 to about §.1:1. In another embodiment, the
SGLT2 inhibitor is administersd in 2 weight ratio to the other or additional
therapeutic agent{s)s in an amount within the range from about 109:1 to ubout 0.2:1.
|60306] Another ernbodiment of the invention is the use of a combination of an
SGLT2 inhibitor such as dapaglifiozin or dapagliflozin-PGS and one or more anti-
20 diabetic agents in the mamafactuse of a medicament for treating type 2 diabotes,
whorein the anti-disbetic agent is sclected from metformin, glyburide, glimepiride,
ghipyride, glipizide, chlorpropamide, gliclazide, saxagliptin, sitagliptin, vildagliptin,
acarbose, miglitol, pioglisazone, rosiglitazone, insulin, G1-262570, isaglitazone, JTT-
501, crenatides, NN-2344, LE956435, YM-440, R-1 19702, AJ9677, repaglinide,
nateglinide, KADT129, AR-HO39242, GW-409544, KRP297, AC2993, LY3 15902 or

2]
.

NVP-DPP-T28A, or a combination ¢f two or more thergof. The anti-diabetic agent is
administered prior to, after, or concursently with the SGLT2 inhibitor,
[6031] Another embodiment of the invention is the use in the methods of the
mvention of 4 combination of an SGLT2 inhibitor such as dapagliflozm or

30 dapagliflozin-PGS with iasulin alone, metformin alone, a thiazolidinedione alone
such as pioglitazonc or rosiglilazone, or a combination of dapaghiflosin or

dapaglifiozin-PGS and motformin and insulin, or & combination of dapagliflozin or
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dapaglillozin-PGS and insulin and a (hiasolidinedione, or a combination of
dapugliflozin or dapaglifozin-PGS und metformin and & thizzolidinedione, or a
cornbination of dapagliflozin or dapaglifiozin-PGS and insulin, metformin and a
thiazelidinedione, where the thiazolidinedione is preferably pioglitazone or
5 rosiglitazone,

[6032] The SGLT2 inhibitor cmployed in the metheds of the invention may be a
C-aryl glucoside (also referred to as a C-glucoside) or an Q-arylgluceside (also
referred to as an Geglucoside) as will be described in detail hereinafier,
[8833] in one embodiment of the inventive methods employing a combination of

160 an SGLT2 inhibitor such as dapapliflozin or dapaglifiozin-PGS and one or more anti-
diabetic agent(s), the SGLT2 inhibitor is administered in a weight ratio o the other
anti-diabetie apent(s) in an aroount within the range of from about 200:7 to about
0.1:1. In another embodiment, the SGLT2 inhibitor is administered in a weight ratio
10 the other anti-diabetic agent{s) in an amount within the range of from about 100:1

15 twabout 0.2:1.
[0034] The invention provides the use of an SLGT2 inhibitor in the manufucture
of @ medicament for the treatment of type 2 diabetes. In one embodiment, the
invention provides the use of a C-arylglucoside or G-arylglucoside in the manufacture
of a medicament and once or more anfi-diabetic agents for the treatmoent of type 2

20 diabetes, For cxample, the invention provides the usc of dapagiiflozin or
dapagliflozin-PGS in the manufacture of a medicament for the treatmem of type 2
diabetes. ln any of the described uses, the SLOT2 inhibitor 15 administered in a
therapcutically offoctive amount.

16635] The invention provides the combination of an SLGT2 inhibitor and one

2]
.

or mare anti-diabetic agent(s) us a medicament for treating type 2 diabetes. In one
cmbodiment, the invention provides the combination of a C-arvlgiucoside or G-
arylghucoside and ong or more anti-diabetic ageni(s} as a medicament for treating tvpe
2 diabetes. For example, the invention provides the combination of dapagliflozin or
dapaglifiozin-PGS and one or more anti-disbotic ageni(s) as & moedicament for

30 reafing type 2 diabetes. In any of the described uses, the SLGTZ inhuibitor is

administered in a therapeytically effective amount,
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{6636 The fonn “oxtreme nsulin resistance” also reforred 1o as “sovere insulin
resistance™, as omployed herein, refers o inadequate glycemic control dospite
treatnent with > = 50 units por day ingulin plug an aral insulin sensitizer (a

thigzolidinedione such as pioglitazone or rosiglitazence and/or motformin).

LA

[6637] The torm “herapeutically offcctive amount of an SLGT2 inhibitr™ as
used herein refers 1o an ameunt or dose of SLGT2 inhibitor that lowers plasma
ghicose tevels to medically accepiable levels (as determined by ADA standards) in 4
mammalian subject or paticnt.
[@838] The term “dapagiiflozin-PGS™ as uscd herein refors to dapaglifiozin
160 propylene glycol solvate or dapagliflozin propylene plyeol bydrate, including the ($)
form and the (R) form of dapagliflozin propylenc glycol.
[6839] The term “hypoglycemia’ as emploved herein refers to a blood glucose
level of below 60 mg por deciliter (dL).
[6840] The term “diabetes” as emploved herein refers to type 2 (or Type I}
t5  diabefes or non-insulin dependent diabetes mellitus {NTDDM} wherein a patient has
inadequate glycemic control {HbAy, < 7%) with dict and cxercisc and includes
hypergiveemia and may include extreme insulin resistance.
joadl] The term “hyperglyeemia™ as emploved herein refers to a blood glucose
level of above 1THG myg ner deeiliter (dL).
26 [6042] The term “lailed™ on previows ueatment with poe or more oral anli-
diabotic agonts andfor injoctable anti-dinbetic agonts, rofers to patients with type 2
diabetes on such previous treatment who were not able to achieve glycemic control
definad as HbA . < 7.0%.

16043] The term “pharmaccutically sccoptable carrier™ ay used herein meuns a

o]
L

non-toxic, incrt solid, sermi-selid or Hauid filler, dituent, encapsulating material or
formulation auxiliary of any type. Some examples of materials which can serve as
pharmacentically acceptable carviers are sugars, such as lactose, glucose and sucrose,
starches, such as corn starch and potato starch; ccllulose and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cetlulose and cellulose acetate; powdsred

30 wagacanth; mak gelatin take; excipicnis, such as cocoa buller and supposilory waxcs;
oils, such as poanut oil, cottonsced oil, sufflower oil, scsame oll, olive oil, corn oil

and saybean oil; glycols, such a propylene glycol; esters, such as ethyl oleate and
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cthyl lasrate; agar; bufloring agents, such as magnesium hydroxide and aluminum
hydroxide; alginic acid; pyrogen-free water; isotenic sakine; Ringer’s solution; ethyl
alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricants, such as sodium laury! sulfate and magnestum stearate; coloring agents;

5 releasing agents; coating agents: sweetening; flavoring; and perfuming agents;
preservatives; and antioxidants.
[0044] The invention provides pharmaccutical compositions containing an
SGLT2 inhibitor preferably dapaglifiozin or dapaglifiozin-PGS alone or together with
on< or more anti-diabetic agents such as metformin and a thiazelidinedione, and/or

{0 oncor more therapeutic agents, such as an anti-obesity agent, as described

hereinbefore, formulated together with one or more non-toxic pharmaccutically
acceptable carriers, dikuents, or adjuvants for use in the methods of the invention.
The pharmacentical compositions cun be formulated for oral administration in solid or

ltquid form, for parenteral injeetion or for rectal admimistration. Examples of smitablc

b

aqucous and nonagqucous carricrs, dilucnts, sebvents or vehicles include water,
cthanol, polvols {propylene glycol, polyethylene glycol, glyeerol, and the like),
suitable mixtures thereof, vegetable oils {such as olive oil) and injectable organic
csrers, such as cthyt olcate. Proper fluidity can be maintaincd, for cxample, by the
usc of & coating such as lecithin, by the maintenance of the required particle size in
206 the case of dispersions, and by the use of surfuctants.
|0645] These compositions can alse contain adjuvants, such as proservative
agents, wetting agents, emulsifying agents, and dispersing agents. Prevention of the
action of microorganisms can be ensured by various antibacterial and antifungal
agents, for cxample, parabens, chlerobutanel, phenel, sorbic acid, and the Hke. It can
25  also be desirable to include isotonic agents, for example, sugars, sodium chloride and
the fike. Prolonged absorption of the injectable pharmaceutical form can be brought
about by the use of agents delaying absorption, for example, aluminum monostearate
and pelatin
|6046] in carrying out the methods of the invention for treating mammalian
30 subjcets or pationts, the SGLT2 inhibitor alonc or in combination with ong or more
other anti-diabetic agents and/or ore or more other therapeatic agents can be

administered to 8 mammalian subjcct or paticnt in need of troatment in an amount
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which can be as high as an amount used o treal diabetes (clevated blood glucose
levels) but less than an amount which causes hypoglycemia. The daily dose is
adjusted depending wpon the mummalian subject or patient und the specific SGLT2
inhibior employed and other anti-diabetic agents employed. The dose can be
5 lowered as successful treatiment of type 2 diabetes and possibly extreme insolin

resistance are achieved. In one embodiment, the SGLT2 inhibitor is administered to a
mammalian subject or patient in an amount to succcessfully treat diabotes {clovatod
blood glucose lovels) and koss than an amount which causcs hypoglycemis. For
cxample, in onc embodiment, the SGLTZ inhibitor is orally administered in an

10 amount of from abowt 1 my o about LY me per day. In snother embodiment, the
SGLT2 inhibitor is orelly administered in an amount of from about 0.5 mg to about
350 my/day. In other embodiments, the SGLT2 inhibitor is orally administered inan
amput of from about 1 to about 200 myz/dey or about 2.3 my to about 75 my/day. In

another embodiment, the SGLT2 inhibitor 1s orally administered in an amount of

b

from about 3 mg to about 50 mg/day. All of the described <osages can be
administered in a singlc dosc or in the form of individual doscs from 1 to 4 times per
day, for example.

[B647] in onc embodimoent, the methods of the itvention include the step of
administrating the SGLT2 inhibitor dapaglifiozin propyience glycol hydrate {referred
26 1o as dapagliflozin-PGS or dapa-PGS), as disclosed in U.S. Application Serial No.
117765 481, published as US 2008/0004336 A1, which is herein incorporated by
referenco in s ontircty for any purpose. The dapa-PGS can be in the {8) form or the

{R} form. The {8) form of dapa-P(38 is shown below as Compound |

- \\\GHB
«wo”
OH

dapagiiflozin-PG8

]
LA

Compound 1.
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|0648] The (R} fonm of dapa-PGS is shown below as Compound TA:

DEt
ci
7 N\
HQ ° . GH
o HO o+ HOT AT
HOY “om OH
OH
Compound TA.
5 [0849] The crystaltine structure of dapa-PGS is churacterized by one or more of
the following:
a) unit cetl parareters substantially equal to the following:

Cell dimensions:
a=112688(8) &
10 b =4.8093(3) A
c— 4672 A
n =90 degrees
[ = 90 degrees
¥ = 90 degrees
i3 Space group = P242,2,
Molecales/agymmetric unit = §
wherein measyrenaent of said erystalling structure is at room temperature and which s
characterized by fractional atomic coordinutes substantially as listed in Table 4 of
118, provisional application Serial No. 60/817,118 and m U.S. non-provisional
20 application Seria) No. 11/765,481 (US 2008/0004336 A1),
b) apowder x-ray diffraction pattern comprising 26 valucs (CuKo 2 =
1.5418 A} selected from the group consisting of 38+ 0.1, 7.6£ 0.1, 8.1+ 0.1, 8.7+ 0.1,
152401, 1574+ 0.1, 1712 0.1, 189+ 0.1 and 20.1+4 Q.1, at room temperature;
) a sokid state *C NMR spectrum having substantially simitar peak
positions at 16.2, 17.6, 39.3, 60.9, 63.3, 69.8,76.9, 78.7, 794, 113.4, 1236, 1293,
130.5,132.0, 135.7, 139.1 and 1538.0 ppr, as determined on a 400MHz spectremeter

2
WA

relative to TMS at zero:
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d) a differential scanning calorimetry thermogram having an cndotherm
in the range of about 50 °C to 78 °C or as shown in Figure 7 of U.S. provisionsl
application Scrig] No. 60/817,118 and in U.S, non-provisional application Serial No.
117765 481 (S 2008/0004336 Al);

5 e) thermal gravimeteis analysts curve with about 18.7% weight loss from
about room temperature up to abowt 240 °C or as shown in Figure 5 of 1.8,
provisional application Serial No. 6/817,118 and in 1.8, non-provisional application
Scriat No. 11/765 481 (US 20608/0004336 Al), or

£y having a proton NMR having substantially similar poak pesitions as

10 listed in Table 1A of U.S. provisional application Serial No. 6/817,118 und in U.S.
non-provisional application Scrial No. 117765481 (US 2008/0004336 Al).

LS| SGLT2 ininbitors suitabie for use in accordance with the present

invention also include C-arylglucosides and Q-arylglucosides.

13
[0651] Examplcs of C-arvlglucoside {slso reforred to as Coglucosides) SGLT2
inkibiaors useful in the methods of the invention, include, but are not limied to, the
following!

20 3] C-aryiglucosides as described in UK, Patent No, 6,515,117 and

PCTAISO3/15591, the disclosures of which are incorporated herein by reference in
their entireties for any purpose. In one embodiment, the C-arylglucoside is
dapaglifiozin or {28,3R, 4R, 59,0R )-2-{4-chloro-3-(4-cthoxybenzylpheryl 3-6-
{hydroxymethyDictrabvdro-2H-pyran-3,4,5-triel, shown below as Compound H:
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/oM
OH
dapagHfiozin

Compoungd F.

In another cmbodiment, the Cearylgtucoside is the tetraacetate analog of
5 dapaglifiozin or 2R3R 4R, 55,68)-2-{acctoxymcthy]}-6-{4-chlore-3-(4-
cthoxybenzylyphenylctrahydro-2H-pyran-3 .4, 3-triyl triacctate, also disclosed in U5,
Patent Mo, 6,315,817 and PCT/USE3/1559E, and shown below as Compound 1A:
0C;Hy

Compound A,

2) The Carviglucosides, or pharmaceutically acceptable salts thereof, as
described in U.S. Patent No. 6,414,126 and PCT/USCG/27 187, the disclosures of
which arc incorporated hereits by reference in their entircties for any pusposc,

including compounds of Formula TTE
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\)\f
HO
HOY ’foH
CM
Foermula 11
wherein

RE R? and R™ are independently hydrogen, OH, OR, alkyl, CFy, QUHF,,

5 QCF; SR orhalogen, or two of R', R” and R™ together with the carbons to which
they are astached can form an annglated 5-, 0- or T-membered carbocyels or
heterocyele which can contain 1 to 4 hotcroatoms in the ring which are N, O, §, 80,
and/or SOy;

R’ und R” arc independently hydrogen, OH, OR™, OArvl, OCH:Arvl, alkyl,
10 cycloatkyl, CFs, -OCHF;, -OCF;, halogen, -CN, -CO:R™®, -.CO,H, -COR™, -
CH(OH)R®, -CH(OR™IR™, -CONR'R™, -NHCOR™, -NHS(,R™, -NHEO: A1y},
Aryl, -8R™, -SOR™, -SO.R™, SO ArYl, or u 5-, 6- or 7-membered heterocyele which
can contain 1 w0 4 heterostoms in the ring which are N, O, 8, 80, and/or S3O,, or R?

and R” together with the carbons to which they are attached form an annelated 3-, 6-

LAy

ar 7-membered carbocyelc or heterocyele which can contain 1 1o 4 heteroatoms in the
ring which arc N, (0, 8, 8G, andior 530y

’E, 1% RF ORY R¥ ¥ ¥ R™ and R¥ are independently alkyl;

R® R™ R R® and R™ are independently hydrogen, alkyl, arvl, alkylaryl o
cycloaltkyl, or R® and R™ together with the nitrogen to which they are attached form
20 ap annelated 5-, 6- or 7-membered heterocvele which can contain 1 to 4 hetercatoms

in the ring which are N, O, 8, 50, and/or 50, and
A8 O, 8, NH, or (C(Hyy where nvis (13, and & pharmaccutically acoeptable
salt thereof, all siorcoisomers thercof, snd wll prodrug esters thereof, provided that
whon A s (CHy), whore nis 0, 1, 2, or 301 A 15 O, and at keast onc of R, R?, and R*®
25 is OHor OR’, then at least one of R*, R®, and R* is CF3, OCFs, or OCHF: and‘or at
Icast one of R* and R is CFa, -OCHF,, -OCF,, CHOR)RY CH(OHIR®, COR™, .
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CN, -CO:R™, -NHCOR™, -NHSO,R™, -NHSO,Aryl, Aryl, -SR™, -SOR™, .SO,R*® or
-S0LATYL.

Tn another embodiment, the compound is {285 3R 4R 58,6R)-2-(4-chlore-3-(4-
5 ethylbenzyDphenyD-0-(hydroxymethyDretrabydro-2H-pyran-3.4,5-wiol disclosed in
LS. patent application Serial Ne. $1/233,617 and US 2006/0063722 Al and shown

bolow as Compound TITA:

{25,3R 4R, 55,6R}-2-(4-chlore-3-(4-ethylbenzyl) phenyl}-6-
{hydroxymethyljtetrahydro-2H-pyran-3,4,5-triol
Compound HIA.
HE
3) Craryl glucosides that are erystalline complexes of a D- or L-gmino

actd as described in PCTAIS02/1 1066, US 2003/0064935, and 1.8, Patent MNo.
6,774,112, the disclosures of which are incorporated herein by reference for any
purposce in their catiretics. The C-aryl glucosides comprise crystalline D- or L-gmino

15 acid complexes of Formula 1V:
4

i
R' 7'\
R o p\
\i\f ‘\> R3
o -
Ho’\r \R2
HGY “7oH
O
Formaula 1V

whergin
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R', R and R™ are independently hydrogen, OH, OR’, alkyl, ~-GCHF;, -OCF;,
-SR™ or halogen;

R* und R* arc independently hydrogen, OH, OR™, alkyl, cycloalkyt, CFs, -
OCHF;, -OCF;, halogen, -CONR®R™, -CO;R 3¢, -COH, -COR™, -CH(OHR™ -

5 CHOR™RY, -ON. -NHCOR™, -NHSOR™, -NHSOAryl, -SR™, -SOR™ -SO,R™,
or a 3-, 6- or 7-membered heterccycle which can contain 1 to 4 heteroatoms in the
ring which are N, (¥, 8, 8O, andior S0, or R and R* together with the carbons t¢
which thev are attached form an annclated 3+, 6- or 7-membered carbocyele or
heterocycle which can contain 1 to 4 hoteroatoms in the ring which are N, G, 8, 5C,

0 50y
RS R™ R™ R™*, R™, B™, R¥, R R™ and R™ arc independently alkyl;
R®, R™, R® R™ und R™ ure independently hydrogen, atkyl, arvl, alkylary! or
eyclontkyl, or R® und R® together with the nitrogen to which they are attached form

an amnelated 5-, 6- or 7-membered heterocyele which can contain | to 4 hetercatoms

b

in the ring which arc N, Q, 5, 50, and/or 5Q3, which arc disclosed as being usefud for

{reating obesity.

In one embodiment, the crystalling amino acid complexes include the L.
proline, L-phenylalaninc, and D-phenylalunine complexes where R™ R, and R* are

206 hydrogen, R} is 4-C1, and R iy 4-CyHs or 4-0C5Hs.

4) The glucopyranosyl-substituted benzene derivatives of Formula V or

pharmaccatically acceptablc salts thereof, as described in US 20054209166, the

disclosurc of which is incorporated by reference in its cntircty for any purposc,

r? R Rt

25 GR"™
Formula ¥
wherein R', 8% B RY RS RS, R™ R™ and R™ arc as delined in US 2005/0209166.
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3) D-pyranosyl-subslilutcd pheny! compeunds of Formula Vior
pharmacentically acceptable salts thereof, as described in US 2006/007403 1, the

disclosare of which is incorporated herein by reference in its entirery for any purpose,

Rtf
3 /—\}rﬂs

“\,ém/ D\ ==/ps

Formula Vi

wherein R', R RA R R, R™, R™ R™, X and 7 are as defined in US 2006/0074031,

Ly

6) De-xylopyranosyl-substitufcd compounds of Formula VII or
pharmuccutically acceptable salts thereof, sy described in US 20060035841, the
10 dizelosure of which is incorporated herein by reference for any purpose,

R! R

Foremula VI

wherein === denotes a single or double bond, and Cy, R', R%, R, R\, R, R%, ™,
R™ R™, X and 7 arc as defined in US 2006/003584).

7) D-xylopyranosyl-substituied phenyl compounds of Formuls VI or
pharmaceutically accepiable salis thereof, as described in US 2006/0009460. the

disclosure of which is incorporated herein by reference in its entirety for any purpose,
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Rr! R Rr*
"2‘/ -
R 27y -
Xa O o N \‘J
Z
[ Ra
R?a(}\‘ ' tf (o] &
ORTb
Formuia VII1
wherein R', L R R, R, R™ R™ R™, X and Z are as disclosed in 1§
20060000400,
5

) D-ghugopyranosyl-phenyl-substituted corapounds of Formuda 1X oz
pharmaccutically acceptablo salts thereof, as describod in US 2006/0025349, the

disclosure of which is incorparated herein by reference in s entirety for any purpese,

-yl R? R4
OR™ oA \
-R
z’ »
5
R?ao\‘ ’ RE R
OR?b
i0 Formula IX

wherein === denotos a single or double bond, and Cy, R', R, &%, R*, R®, R, R,
R™® R, R™ and Z are as detined in US 2006/0025349.

9) C-glycoside derivatives of Formuta X or pharmaceutically accepiable
15 salts thereof, as described i US 200640122126, the disclosure of which iy

incorporated herein by refersnce in its entirety for any purpose,

Formula X
wherein RY, RE B RURT RS, R RE R RY RM, X, A and B are as defined in US
200 2006/122126,
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1) De-xylopyranosyl-substituted phenyl compounds of Formula X1 or
pharmucentically acceptable salts thereof as deseribed in US 2006/001994%, the

disclosure of which is incorporated herein by reference in its entirety for any purpose,

A/\
\

RS
R?ao\“ R4 /OR?G
5 ORTIJ
Formuala X3

wherein R, R RE, RYR® R™, R™ R™, X and Z are as defined in US 20060019948,

[oas2] Examples of O-ghicoside SGLT2 inhibitors useful in the mothods of the

i inventon include, but arc not limited 1o, the following:

1) 5-Thig-p-D-glucopyranoside compounds of Formala Xif or
pharmaccutically acceptabic salts or hydrates thercof], as deseribed in US
20060194809, the disclosure of which is incorporated by raference in its entirety for

ER any pumposs,
RS

OR?
Formula X1
wherein RM, RJ’X, RM, RM, Ri, R“_,g R?, RR, RQ, QF, X" and B are as defined in US
2006/01 94809,
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2 Glucopyranyloxybeszene derivatives of Farmula XHI as described in

WO 03/01 180, the disclosure of which is incorporated by reference in its entirety, for

R‘lﬂflﬂﬂ

O._ab

any puIpose,

HOY "/0H
OH
Formuia X111

L

wherein

R' reprosents hydrogen, hydroxyl, optionally substituted amine, cyane,
carbamoy], optionally substituted lower alkyl optionally substituted lower alkoxy, or
optionally substituted cyclic amino;

10 R” represents hydrogen or lower atkyl; and

R? represents optionally substituted aryl, optionally substituted cycloalkyl, an
optionally substituted aliphatic holerocyelic grovp, or an optionally substituied
aromatic heteroeyelic group, a pharmacologically acceptabie salt of the derivative, or

a prodrug of either,

3) Pyrazole derivatives of Formula XIV or XV or pharmaceuticaily
acceptable saliy thereof, w8 deseribed in ULS. Patent Ne. 6,908,903, the disclosarc of

which is incorporated herein by reference in ils entirely for any purposc,

re R e R
= R® }'*"' ~R®
g {CHz),, + (€Ha),
R AT R N
- -
x—0 X—t Yz
Formula XTIV or Formula XV

20 whercin
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X represoms P-D-glucopyranosyl group, whercin one of more hydrosy!
groups can be acylated;
Y represents a Jower alky! group or a perfluero lower alkyl group;
Z represents a cyclic alkyl group which can have a substituent(s}, a cyelic
5 unsaturated alkyl group which can have a substituent(s), & lower alkyl group having a
cyclic alkyl group which can have a substituent{s), or & lower alkyl group having a
cychc unsaturated alkyl group which can have a substitucm(s),
R to R® can be the same or different and cach represent a hiydrogen stom, a
lower alkyt group, a perfluoro lower alkyl group, a ower alkyloxy group, a perfluoro
10 lower alkoxy] group, a lower alkylthio group, u perfluero lower alkylthio group, a
lower alkylamino group, a halogen group, a lower alkanoyi group, an atkenyl group, a
cyehic atkenyl group, an alkynyl group, & phenyl group which can have a

substityent(y), or a lower alkoxyearbomyl group; and n is an integer of 0 to 3 including

Et

CF,
~ N’Q

!

HO .

o
OH
OH

e
Ly
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CF,
“ N"Q
/
HO =N
Q o
(I}i-{
OH
i
OH , OF
Et
CF;
i [
Q I
i
°© N
S o
(I)H
OH
CH
4) Pyrazole compounds of Formula XV) or XV or pharmaccuticaliy

5 accoptable salws thereof, as doscribed in ULS, Patont Ne, 6,815,428, the disclosure of

which is Incorporated herein by reference in its entirety for any purpose,

RN R K
= Rs - R5
R, v RN v
{CHy)y, {CH);,
N~ Rr! XN
! \ /
M N\
X0 X—0 4
Formula XV} or Formmla XVil
wherein

X represenss a f-D-glucopyranosy! group. of which one or more hydroxyl
10 groups can be acylated or a B-D-glucuronyl group, of which ome or mors hydroxyl

groups can be acylated and o carboxyl group can be estorificd;
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Y represems @ lower alky! group or a porflucro lower alkyl group;
Z represents a hydrogen atom, & lower alkyl group, a perfluoro lower alkyl
group, an aralkyl group or a phenyt group;
R', R*, R and R® can be the same or different and each represents a hydrogen
5 atorn, a lower allky] sroup, a perfluoro proup, a fower alkoxy poup. a fluore lower
alkoxy group, a lower alkylthio group, a perflucro lower alkylthie group, a lower
alkyl amino group, a halogen group, a lower alkanoy! group, a lower alkenyl group or
a lowor allyny! group: and 1 represents an integer from O to 3.
wherein at least one of ', R®, R* and R represcnts a lower alky! group
10 having 1 to 6 carben atonw, lower aliylthic group having ! {o 6 carbon atoms,
halogen atom, fower alkoxy group lower alkenyl group or lower alkynyl group: and
R* represents a lower alky! group having o 1 to 6 carbon atoms, a lower alkylhio
group having 110 6 carbon atoms, a halogen atom, & lower alkoxy group, a lower

alkenyl group, or a lower alkynyl group.

13
5 (-ghucosylated bonzamide compounds of Formula XVIH or

pharmacentically acceptable salts thereof as deseribed in U.S. Patent No. 6,555,519,

the disclosure of which iy incorporated herein by refersnce in its entirety for any

PUPOSE,

R{\\\ rR? ;ig
\ et P
o ,\{o o ©
HOY "o
20 OH
Formuda XV
wherein

nisG, |l ord;

Al
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2

or heteroaryl which can contsin 1 to 4 heteroatoms in the ring which can be yelected
from N, O, §, 50, and/or 80O; bearing substitucats R*and RY;

R! is scleeted from hydrogen, OR’, lower alkyl, aryl, arvtaikyl, NHCOR®,

5 NR*R™ or halogen;

R? is selected from hydregen, OH, OR™ or lower alkyl;

R an R are the same or different and are independently selected from
hydrogen, OH, OR™, OAryl, OCH:Aryl, lowor alkyl, cycloalkyl, aryl, arylalkyl, CFs,
-SCFy, -OCHF,, -OCF,, halogen, -CN, -COLR™, -COuH, -CONR®, R*, -NR™R®, -

10 SONIL, -NIECOR™, -NIISO,R™ NIISQ,Aryl, -SR™, -SOR™, -S0;R™, 80, Aryl, -
OCHCO.R™, -OCH;COLH, -OCHCONRYR™, -OCH,CHNRYR®, or a 5-, 6- or 7-
membered heterocycle which can contain 1 to 4 heleroatoms in the ring which arc N,
0, §, 80, andior SO, or R¥ and RY together with the carbons to which they arg

attached form an ammelated 5-, 8- or 7-membered carbocyele or heterocyele which can

Jonan
L

contain ! to 4 heteroatom in the ring which are N, ©, 8, 86, and/or 50»;
3

Rﬂ_‘ Rﬁz, R.Sb, RSC, REd? RSC: Rﬁf’ R’

R BR™ R™ R% R™ R¥ R¥ R% R™, und RY are the same or different and

8 R™ and R¥ arc independently lower atkyl:
are independently sclected from hydrogen, alkyl, aryl, arvlalkyl or cycloalkyl.
20 6) Crarvlglucoside compounds of Formula XIX or pharmaccuncally

acceptable salts thorcof as doscribed 1n U8, Patent No. 6,683,056, the disclosurc of

which is incorporated hergin by reference in its entivety for any purpose,
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HO

HOM “om
OH
Formuala X1X
RE

&

R' R RS, and RY arc the same or different and are independently sclected

{rom hydrogea, OH, OR”, lower alkyl, or halogen, or two of RERERS, and R?

wherein when Y s R® or heteroaryl;

i

together with the carbens o which they are ettached can form an annelated 5-, - or
7-membered carbocyele or heterocvele which can contain 1 to 4 hetcroatoms in the
ring which arc N, O, 8, SO, andior 50,
R* and R® are the same or different and are independently selected from
16 hydrogen, OH, OR™, -OAryl, -OCHLAryl, lower alkyl, eyvcloalicyl, Arvyl arylatkyl,
CF,, arylalkenyl, -OCHF,, -OCF;, halogen, -CN, -CO,R™, -CO,H, COR™
CHOHR™, CH(OR™R™, -CONR'R™, -NHCOR™, -NHSO.R™, NHSOzAvl, -SR™,
-SOR”, -SO:R™, -80:AmvE, -OCHCOR™, -OCHCO.H, -OCHCONRMR™, -
OUH,CHNRYR™, or a 5-, 6- or 7-membered heterecyele which can contain 1 to 4
15 hoteroatoms i the ring which arc N, O, 8, S0, andior SO, or B and R® togethor with
the carbons to which they are stieched form un annclated 5-, 6- or 7-membered
carboeyele or heteroeycle which can contain 1 to 4 heteroatoms in the ring which are
N, (. 8, 80, and/or 504
B R™ R™ R, R R R R R™, and R” arc independently lower alkyl,
20 RS 1% R¥, R™ R™ R¥, RY, R*, and R™ arc the same or different and arc
mdependently sclected from hydrogen, alkyl, arvl, arvlalkyl, cycloalkyl, or together
with the nitrogen to which they are attached form an annslated 3-, 6- or 7-membered
heterocycle which can contain 1 to 4 hetercatoms in the ring which are N, O, §, 530,

and/or 805
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A s O{CHzdm, 8, NH(CH;), or (CH2), where 1 is 0-3 and m is 0-2.

[0853] Other O-aryl glucosides SGLT2 inhibitors which can be used in the
present invention are deseribed in the following reforences, all of which are

5 incorporated berein by reference in their entireties for anmy purpose:
3] EP 598359 A1 (P 035988 and US 5,731,202), the disclosurcs of

which arg incorporated hergin by reference for any purpese, discloses compounds of

Tormula XX, as shown:

R4
ORE / /\\B
oy R

=
\_/
5 ©
R'O °
R' = H, acyl,
R'0% “/gR R = H, Me
0 OR? RY and R? as defined in EP 508350 A1
Formuia XX,

2) FP (830948 A1 (US 7,048,842}, the disclosore of which is
incorporated hergin by reference in its entirety for any purpose, discloses compounds

15 of Formula XX1, as shown:

i ) R = H, acyl, CO(OAlkyl}
R10\\ "'/ORT RZ=H, alyl
oRr! R® = H o Me

Formufa XX1.
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3 IP 99188623 A, the disclosurc of which is herein incorporaied by
reference for any purpose in its entirety, discloses compounds of Formula XXH as

shown, whore RY g H, ==~ represents & single or double bond, and X = 8 or CHa:

R'O
. ) R' = H, acyl, CO{CAlkyI}
R1QY fort RZ=H, aliyl
ORr' R*=H
5 Formula XXIL

4) IP 99124683 A, the disclosure of which is herein incorporated by
reference in its entirety for any purpose, includes dertvatives of Formula XX11t as
shown, where ary? group of C{O)-arvl or CEOYO-aryl is a substituted benzoic or

16 pyridyi carboxylic acid or a urcthanc gencrated from the corresponding phenol:

o
oz ¢ W/

W
o (5]
HOY ™ ioH R' = H, C{O)aryl, C(O)0aryl
OH RP=H
Formuala XXHIL

3) IP 99124684, the disclosure of which is herein incorporated by

24

reforence for any purposc 1 its entirety, discloscs derivatives of Formuds XXTV, as

shown:
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B o)
R0 ']”0
R?&O\\‘ “/OH R*, R* = H, atkyt, alkoxy, aryl or
OH together oxo
Formula XXIV.

) EP 773226 A1 (US 5.767.094), the disclosure of which is herein
5 ineorporated by reference in its entirety for any purpose, discloses derivatives of

Formula XXV, as shown.

OH

RO

HOY ' R* =alkanoyl # R2 = H
R? = alkexyearbonyl if R* =H

Formula XXV.

H{ 7) IP 98027006 A, the disclosure of which is horein incorporated by
reference in its entirety for any purpose, discloses derivatives of Formula XXV as
shown where various combinations of the glucose hydroxyl are scyluted, similar to

those disclosed in EP 398359 A1,

i5 ) EP 684254 A, the disclosure of which 1s herein incorporated by
reference 1n it s entirety for any puspose, discloses compounds of Formuly XX{I

{shown above) similar to those described in JP 09188625 A,

[6854] Other disclosures and publications which disclose 3GT.T2 inhibitory that

206 can be emploved in the methods of the invention are as follows:
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9) Tsujibara, K. ot al., Chem. Pharm. Bull, 44:1174-1180 (1996);
10} Hongn, M. etal., Chem. Pharm. Suil | 46:22-33 (1998);
Py Hongu, M. et al., Chem. Pherm., Bull., 46:1545-1555 (1998), and
12)  Oku, A. etal., Digheres, 4%:1794-18500 (1999,
5 13y JP 10243391 (Dainippon ) discloses 300 structurss as hypoglyveemic

agents for treatment of diabetes. These are O-glucosides of hydrexylated coumarins.

|0655) in addition ta the above SGLTZ inhibitors, other SGLTZ inhibitors that

can be copleved in the methods of the invention include those discloscd in US
10 20050233982 (Bochringer Tngelhcim Corp.), US 2005/0119192 (Kissci
Pharmaccutical Co.), WG 2006/035796 (Kissel Pharmaceutical Co.), JP 2006/117651
{Taisho Pharmaceutical Co ), JP 2004/4359630 (Yamanouchi Pharmacentical Co.),
WO 2006/080421 (Chugat Seiyaku Kabushiki Kaishiy, US 200570233988 (Tanube
Seivaley Co.l, WO 2005/012321 (Tanabe Scivaku Co.), ULS. Patent No. 7,013,201
{Ajinomoic Co.), WO 2000/058397 (Mcorck Patent GmbH), WO 2006/61 1469
{Chugal Seivaky Kabushiki Kaisha), US Z003/6195233 {Johnson & Johnson}, and
WO 2006/037537 (Boschringer Ingelheim}, the disclosures of which are herein

b

incorporated by refoerencc in their entirctics for any purpose.

|6656] Where desirved, the SGLT2 inhibitor may be used in combination with
20 onc or more other anti-diabetic agents, and/or other therapeutic agents such as anti-

obesity agents, anti-hyperdinidemic agents, anti-atherosclorotic agents, anti-

hypertensive agents, andfor platelet aggregation inhibitors, that can be administered

orally in the same dosage form, in a separate oral dosage form aor by injection.

{6657 The other snti-disbetic agoent that can be optionally employed in

b
Lt

combination with the SGLT2 inhibitor accerding to the mothods of this invention can
be one or more antihyperglycemic agents including tnsutin secretagogues or insulin
sensitizers, or othor anti-diabetic agents preforably having o mechanism of action
different from SGLT2 inhibition, but may be an SGLT2 inhibitor as well. The other
anti-diabetic agents can inctude biguanides, sulfonyl ureas, glucosidass inhibitors,

30 PPAR v agonists such as thiazolidinediones, aP2 inhibitors, PPAR oy dual agonists,
dipeptidy! peptidase 1V (DPP4) inhibitors, and/er meglitinides, as well as insulin,

ghicagon-like peptide-1 (GLP-1) receptor agonists, glucokinase activators, DGAT
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inhibilors, CCR2 anlagonists, 11-B-HSD, PTP1B inhibitors, glycogen phosphorylase
inhibitors and/or glucose-6-phosphatase inhibitors.
|6658] Those other unti-diabetic agents can be an oral antihyperglycemic agent
preferably a biguanide such as metformin or phenformin or salts thereof, preferably
5 metformin HCL

L] Where the other anti-diabetic agent is a biguanide, the SGL T2 inhildtor is
employed in a weight ratio to biguanide within the range from about .01:1 1o about
100:4, preferably from abour (.1:1 to about 3:1.
[@860] The other enti-diabetic agent also can be preferably a sulfonyl vrea such

10 as glyburide (also known as glibenclamide), glimepiride (as disclosed in U.S. Patent
No. 4,379,783), ubipizide, gliclazide or chlorpropamide, other known sulfonviureas or
other antihyperglycomic agents which act on the ATP-dependent channct of the -
cells, with glyburide and glipizide being preferred. These other anti-diabetic agents
can be administered in the same or in separate oral dosage forms.

15 [006E] The 8G1.F2 inhibitor is preferably employed in a weight ratio to the
sulfony] urea in the range from about 0.01:1 1o about 100:1, preferably from about
.2:1 to about 10:1.
16662] The oral anti-diabetic agent also can be a glucosidase inhibitor such as
acarbose {disclosed In U5, Patent No. 4,904,769} or miglite] (disclosed in U8,

20 Patent No. 4,039.4360), and cun be administercd in the saime or separate oral dosage
forms.
16063] The SGLTF2 inhibitor is preferably employed in 2 weight mtio to the
glucosidasc inhibitor within the range from about 0.91:1 to gbout 100:1, preferably
from about 0.5:1 to about 30:1.

|6a64] The 5GLT?Z inhibitor alse can be employed in combination with 1 PPAR

[ ]
LA

7 agonist such as & thizzolidinedionce oral anti-disbetic agent or other insulin
sensitizors (which has an insulin sensitivity offect in NIDDM patients) such as
wroglitazons (Warner-Lambert’s REZULING, diselosed in TS, Patent No.
4,372,212}, rosiglitazone (SKB), pioglitazone (Takeda), Mitsubishi’'s MCC-358

30 {disclosed in V.5, Patent No. 5,594,061 0), Glaxo-Wellcome's GL-262570, englitazone
{CP-68722, Plizer) or darglitazone (CP-BG3ZS, Pfizer), isaghitazone (MIT/I&T, JTT-
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301 (JPNT/P&L), L-8935645 (Metck), R-119702 (Sankyo/WL), NN-2344 {Dr.
Reddy/NN}, or YM-440 (Yamanouchi), preferubly pioglitazone and rosiglitazone.
|B665] Tho BGLTZ inhibitor preferably is employed in 2 weight ratio to the
thigzolidinedione in an amount within the range from sbout 0.01:1 to sbout 100:1,
5 preferably from about 0.2:] to about 1001,

|6666] In said embodiments, the sulfonyl urea and thiazelidinedione are
administered in amounis of less than about 150 myg oral anti-disbetic agent and can be
incorporated in & singte tabler with the SGLTZ inhibiter.
[@867] The SGLTZ inhibitor also can be employed in combination with an

10 antihyperglycemic agent such as insulin or with plucagon-like peptide-1 (GLP-1)
such as GLP-1(1-36) amide, GEP-1(7-36) amide, GLP-1{7-37) (as disclosed in UK.
Patont No. 5,614,492 to Habener, the disclosure of which iy incerporated herein by
reference), as well ag AC2993 (Amylen) and LY-313902 (Lilly). These anti-diabetic
agents can be administered via injection, intranasally, or by traasdermal or buceal

i35 dovices.
|0668] Where present, metformin, the sulfonyl uraas, such as glyburide,
glimepiride, glipyride, glipizide, chlorpropamide and gliclazide and the glucosidase
inhibitors scarbosc or mighito! or insulin (injectable, pulmonary, buccal, or oral) can
be employed in formulations as described above and in amounts and dosing as

20 indicated i the Physicians” Desk Reference (PDR) or Remingron’s Pharmacestical
Sciences {Mack Publishing Co., Easton, PA).
[0666Y] Where present, metformin or salt thereof is proferably employed in
amounts within the range from abour 300 fo about 2000 mg per day, and can be

administered in single or divided doscs onc to four times dutly. Mctformin or a salz

2]
.

thereof can be employed in combination with a thiuzolidinedione such as ploglitazone
or rosiglitazone, together with the SGLT2 inhibitor,

L] Where present, the thivzolidinedione anti-diabetic agent, such as
rosighitazone or pioghitazone, is preferably employed in amounts within the range
from about 0,01 to about 150 mg/day, and can e administered in single or divided

30 doses one to Tour times per day.
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16671 Where present insulin may be criployed in formulations, amounts and
dosing as indicated by the Physicians ™ Desk Reference (PDR) or Remingion s
Pharmacewtical Sciences.

6072 Where present GLP-1 peptides preferably can be admunistered in oral

LA

buccal formmulations, by nesal adminisivation or parcnleratly as describod in 188,
Patent MNos. 5,346,701 (TheraTech), 5,614,497 and 5,631,224, each of which are
incorporated herein by reference m their respective entiretios.
[8073] The other anti-diabetic agont also can be a PPAR ofy dual agonist such as
AR-HO39242 (Aswa/Zenecal, GW-40%544 (Glaxo-Wellcome), KRP2ZI7 (Kyorin
160 Merck} as well as those disclosed by Murakami et al., “A Novel Insulin Sensitizer
Acts Ag 4 Coligand for Peroxisome Preliferation-Activated Receptor Alpha (PPAR
aipha) and PPAR gamma. Effcct on PPAR #lpha Activation on Abnormal Lipid
Metabaligr in Liver of Zucker Fatty Rats”, Digheies, 47:1841-1847 (1998), and in
LLS. Patent ho. 6,414,002, the disclosure of each of which is incorporated herein by
£%  reference in their respective entiretics, employing dosages as sct out therein. which
compounds designated as proforred are preferred for use horcin,
|6674] The other anti-diabetic sgent may be a glucokinase activator as disclosed
in WO 2008/005944 andror a DGAT-1 inhibitor as disclosed in TS2008/0090876A1.
16675] ‘The other anti-diabetic agent may be an aP2 inhibitor such as disclosed in
20 U.S. Patent Ne. 6,548,329 cimploying dosages as set out therein. Preferved are the
compounds designated as proferred in the above application.
16076] The other anti-diabetic agent may be a DPP4 inhibitor such as disclosed
in L1.5. Patent No. 6,393,767, W{ 99738501, WO 99/46272, W{> 99/67279
{PROBIODRUG), WO 99/67278 (PROBIODRUG), WO /61431
{PROBIODRUG), NVF-DPPF728A (1-[{[2-[(5-cyanopyridin-2-

[ ]
LA

yhamino fethyllamino Jacetyi]-2-cyano-{S y-pyrrolidine (Novarts) {preferred) as
disclosed by Hughes et al., Biochemivtry, 38€36):11597-1 1603 (1999), TSL-225
{tryptophyl-1,2,3 4-tetrahydroisoquinoling-3-carboxylic aeid {disclosed by Yamads et
al,, Bivorg, & Med. Chem, Letr, §1537-1540 (1998);, 2-cyanopyrrolidides and 4-

30 cvanopyrrelidides as disclosed by Ashworth ot al, Bioorg. & Med. Chem. Lert.,
22111631166 and 2743-2748 (1996), with saxagliptin, vildagliptin and sitagliptin

boing proforred, omploying dosagos as sct out in the above reforences.
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16677 The meglitinide (hat can be eplionaily coployed in combination with
SCGLTZ2 of the invention can be repaglinide, nateglinide (Novarris) or KAD1229
{PE/Kigscl), with ropaglinide being preforred.

|6078] The SGLT2 inhibitr (s preferably emploved in g weight ratio to the

LA

megliinide, PPAR v agonise, PPAR oy dual agosist, aP2 inhibdor or DPP4 inhilsior

within the range from about 0.01:1 to about 1001, preferably from about 8.2:1 to

about 10:1.

[a079] The anti-obesity agents that can be optionslly employed with the SGLT2

inhibitor in the methods of the inventton include one or more of the following: bota 3

10 adrenerpic sponist(s), lipase inhibitors), serotonin (and dopamine) reuptake
inhibitor(s}, thyroid receptor beta drag(x), MCH-1 receptor antagonist{s), agonist{s}
of the 5-HT2¢ receptor, anorcetic agont(s), Newropeptide Y (INPY) antagonisi(s), such
as an NPY'S antagonist and an NPY 2 antagonist, Leptin anatog{s), MC4 receptor
agonist(s), and/or antagonist(s) of the cannabinoid receptor.

i35 [o086] Examples of suitable beta 3 adrenergic agonmists that can be optionally
administered in combination with the SGLT2 inhibitor inglude, but are not Himitad to,
AJ9677 {Takeda/Dainippony, SB-418790, L750335 (Merck), CP33 1648 {Pfizer}, and
other known beta 3 agonists as disclosed in ULS. Patent los. 5,541,204, 5,770,615,
5,491,134, 5,776,983 and 5,488,064, 1n one embodiment, the bets 3 adrenergic

20 agonist is selected from the group consisting of AJ9677, L730355, and CT331648

[0a81] Examples of suitable lipasc inhibitors that can be optionalty administered

in combination with the SGLT2 iahibhitor include, bat are not limited to, orlistat and

ATL-962 (Alizyme). In one embodiment, the lipase inhibitor is orlistat.

00821 Examples of suitable serotonin {and dopamine] reuptake inhibitors that

[ ]
LA

can be opticnally administered in combination with the SGLT?2 inhibiter include, but
arc not limited to, sibutramine, topirarnate (Johnsen & Johuson), AXOKINE®
{Regeneron), dexphenfluramine, and tetrahydrolipostatin.  In one embodiment, the
seroronin {and dopaming} reupteke inhibitor is selected from the group consisting of
sibutramine and topiramate,

30 o683 Ezxamples of suitable thyroid receptor beta compounds that can be
optionally administered {n combination with the SGLTZ inhibitor include, but are vot

limited to, thyreid receptor ligands as disclosed in WO 97/21993 (U, Cal 5F), WO
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99/00353 (KareBio) and WO 60/039077 (KeroBic). 1n one cmbodiment, the thyroid
receptor beta compound is selected from the compounds disclosed in WO 99/09353
and WO G0/039077.
[0684] Examples of snitable anorectie agents that can be optionally adrainistered
5 incombization with the SGLT2 inhibitor inchude, but are not limited to,
dexamphetamine, phonterming, phenylpropanolaming and mazindo!, Inonc
cmbediment, the anorceric agent s dexamphetaming,
[8085] The various anti-obesity agents described shove can be employed in the
same dosage form with the SGLT2 inhibitor or in different dosage forms, in dosages
10 and regimens as generatly known in the art or in the Physicians ' Desk Reference.
|0886] In accordance with the methods of the invention, the SGET2 inhibitor
may be cmployed in conbination with anti-hyperlipidemic (or hypolipidemic) agents,
or agents used to treat arteriosclerosis. An example of an hypolipidemic agent or
agent used to freat atherosclerosis would be an HMG CoA reductase inbibitor which
£5 includes, but is nod Hmited to, movastatin and related compounds as disclosed in LS.
Patent No. 3,983,140, lovastatin (mevinolin) and refated compounds as disclosed in
T.S. Patent No. 4,231,938, pravaswtin and rclated compounds such a3 diselosed in
LS. Patent No. 4,346,227, simvastatin and related compounds as disclosed in U.S,
Patent dos. 4,448,784 and 4,456,171, Other HMG CoA reductuse inhibifors which
20 may be employed herein include, but arc not livaited to, fluvastatin, disclosed in ULS.
Patent ™o, 5,354,772, cerivastatin disclosed i LS, Patent Nos. 3,006,530 and
3,177,080, atorvastatin disclosed in VLS. Patent Nos, 4,681,893, 5,273,095, 5385,9240
and 3,686,104, pitavastatin (Nissan/Sankyo’s nisvastann {NK-~104) or itavastating,
disclosed in ULS. Patent No. 5,011,930, Shionowui-Astra/Zoncca rosuvastatin

{visastatine {ZD-45227 disclosed in V.S, Patent No. 5,260,440, and rclated statin

b
Lt

compounds disclosed in U.8. Patent No. 5,753,073, pyrazole analogs of
mevatonolactone derivatives as disclosed in U8, Patent No. 4,613,610, indence
analogs of mevalonolactone derivatives as disclosed in PCT application WO
B6/03488, 6-[2-(subgtituted-pyrrol-T-yD-alkylipyran-2-ones and derivatives thergof as
30 disclosed in ULS. Parent No. 4,647,576, Scarle’s SC-45335 (a 3-substituted
peatancdioic acid derivative) dichloroacetate, imidazote analogs of mevalonolactone

ax disclosed in PCT application WO 86/07054, 3-carboxy-2-hydroxy-propanc-
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phosphonic acid derivatives as discloscd in French Patent No. 2,596,393, 2,3~
disubstituted pyrrole, foran and thiophene derivatives as disclosed in European Patent
Application No. 0221025, naphthyl analogs of mevalonolactone s disclosed in US.
Patent Mo, 4,686,237, octahydronaphthalenes such as discloged in ULS. Patent No.

5 4,499.28% keto anwlogs of mevinoln (lovastating as disclosed i Buropean Patent
Application No. 0142 146A2, and quinoline and pyridine derivatives disclosed in 115,
Patent Nos, 5,300,219 and 5,691,322, rosuvastatin caleium and related compounds,
In addition, phesphinic acid compounds useful in mbabitng HMG CoA reductase
suitable for usc herein are disclosed in GB 2205837,

16 [0O87] The squalenc synthetasc inhibitors suitable for use herein include, but are
not limiited to, g-phospheno-sulfonaies disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al., J. Med. Chem., 31:1868-1871 (1998) including isoprenoid
(phosphinyl-methyl)phosphonates as well as other known squalene synthetuase

inhibstors, for cxampie, as disclosed in LS, Patont Mo, 4,871,721 and 4,924,024 and

b

in Biller, S5.A, ot al., Current Pharmacewrioad Desiyn, 2:1-40 (1996),

[0088] in addition, other squalene synthetase inhibitors suitable for usc herein
include the rerpenoid pyrophosphates disclosed by Ortiz de Monteltano, P. et al,, J.
Med. Chem., 20:243-249 (1977), the farnesyl diphosphate analog A and presqualene
pyrophosphate {PSQ-PP) analogs as disclosed by Corey et al,, J Am. Chem, Soc.,

20 98:1291-1293 (1976}, phosphinylphosphonates reported by McClard, R W, st all, J/
A, Chem, Soc., 109:5544 (1987} and cyclopropancs reported by Capson, T.L., Ph.ID.
dissertation, June, 1987, Depr. Med, Chem., U of UHah, Abstract, Table of Contents,
pp. 16, 17, 40-43, 48-51, Summary,

0089 Other hypoliptdemic agents suitable for use herein include, but arc not

b
Lt

limited to, fibric acid derivatives, such as fenofibrate, gemfibrozil, clofibrate,
bezafibrate, ciprofibrate, clinofibrate and the like, probucoi, and related compounds
a8 disclosed in U5, Patent No. 3,674,836, probucol and gemfibrozil being preferred,
bile acid sequestrants such as cholestyramine, colestipol and DEAFE-Sephadex
(SECHOLEX®, Policexide) and chelestagel (Sankyo/Gettex), as well as

30 LTPQSTADBIL® (Rhonc-Poulene), EISATE T-5030 (an N-substituted cthanolaming
derivative), imanixil (HOE-402Y, tctrabydrelipstatin (THLY}, istigmastanylphos-

phorylcholine (SPC, Roche}, aminocyclodexirin { Tansbe Scivalau), Ajinomoto Al-



97) JP 2017-160212 A 2017.9.14

WO 2010/138535 PCT/US201G/03612¢
3077

814 (azulene derbvative}, melinamide (Sumilomo), Sandos 58-035, American
Cyanamid CL-277 082 and CL-283,346 {disubstituted urea derivatives), nicotinic
acid (niscin}, acipimex, acifran, neomycein, p-aminosalicylic wcid, aspirin,
poly(diallyimethylamine} derivatives such as disclosed in US. Patent No. 4,759,923,
5 gquaternary amine poly{diatlyldimethylammonium chioride) and lonsnes such as
disclosed in U8, Patent No. 4,027,009, and cther known serum chelesterol lowering
agents,
|6690] The other hypotipidemic agent may be an ACAT inhibitor (which also
has anti-athcresclerosis activity) such as disclosed in Drugs of the Fuiwre, 24:9-15
10 (1999) (Avasimibe); Nicolosi et al., “The ACAT inhibitor, Cl-3G11 i3 cffective it the
prevention and regression of aortic faty streak arca in hamsters”, dtherosclerosis
{Shannon, Trel), 137(1):77-85 (1998); Ghiselli, G., “The pharmacological profile of
FCE 27677: 4 novel ACAT inhibitor with potent hypolipidemie activity medisred by
selective suppression of the hopatic scerction of ApoR100-containing lipoprotein™,
Cardiovasc. Drug Rev., 16(13:16-30 (1998}, Smith, C, ctal, “RP 73163 2
hicavailablg alkylsulfinyl-diphenylimidazole ACAT inhibiior”, Bioury, Med. Chem,
Letr., 6{1y:47-30 (1996); Krause, BR. et al, Chapter 6: “ACAT Inhibitors:

b

Physiologic Mechanisms for Hypolipidemic and Anfi-Atherosclerotic Activitios in
Experimental Animals”, Inflapomation: Mediators and Pathways, CRC Press, Inc.,
26 publ, Ruffolo, Jr, RR. et al., eds., pp. 173-19¥ (1995): Sliskovic et ab., “"ACAT
inhibitors: potential anti-atherosclerotic agents”, Cwrr, Med, Chem. 1(3):204-225
{1994); Stout ct al , “Inkibirors of acyl-CoA:cholosterod O-acyl transforase (ACAT) ax
hypocholesteroiemic ageats. 6. The first water-soluble ACAT inhibvitor with Hpid-

regulating activity, Inhibitors of acyt-CoA:cholesterol acyltransferase (ATAT), 7.

(2]
L%

Dovelopment of a scrics of substituted Nephenyl-N'-[(1-phenylevclopentyl)-
methyljurcas wirth cohanced hypocholestcrolemic activity”, Chemiracts: Org. Chem.,
H{61350-362 (1993), or TS-962 (Taisho Pharmaccutical Co. Ltd), us well as F-1394,
C8-505, F-12511, HE-004, K-16085 and YIC-C8-434,

[6a9l] The hypolipidemic agent may be an upregnlator of LDL receptor activity
30 suchas MD-700 (Taisho Pharmaccutical Co., Lid) and LY 283427 (Cli Lillvy. The

hypotipidemic agent may be a cholesterol absorption ivhibitor preferably Schering-
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Plough’s SCH48461 (cectimibe} as well as those disclosed in Atherosclerosis,
115:45-63 {1993) and . Med. Chem., 41:973 (1998},
|669z) Tho other lipid agent or lipid-moduluting agent may be a cholesteryl
transfer profein inhibitor {CETPY such as PRAzer™s CP-529,414 g5 woll 85 those
5 disclosed in WQ/0038722 and in EP 818448 {Bayer) and EP 992496, and

Pharmagia’s SC-744 and SC-795, as well as CETi-1 and FTT-7035.
10693] The hypolipidemic agent may be an fleal Na'/bile acid cotransporter
inhibitor such as disclosed in Drags of the Funire, 24:425-430 {1999). The ATP
citrate Ivase inhibitor which may be emploved in the combination of the invention

160 may include, for example, those disclosed. in U.S. Pateat No. 5,447,954
|[0a94) The other lipid agent also includes a phytocstrogen compound such as
disclosed in WO GI/30663 including isolated soy bean protcin, soy protein
concentrate or soy four as well as an isoflavona such as genistein, daidzein, glycitein
or equol, or phytostercls, phytostancl or tocotrienc| as disclosed in WO 20000013201

£%  abeta-lactam cholesteral absorption inhibitor such as discloscd in EP 675714; an
HDE upregulator such ws an LXR agonist, 2 PPAR o-agonist and/or an FXR agonist;
an LDL catabolism promoter such as disclosed in EP 1022272; & sodium-proton
exchange inhibitor such as disclosed in DE 19622222 an LDL-receptor inducer ot a
steroidal glycoside sueh as disclosed in U 8. Patent No_ 5,698,327 and GB 2304106,

20 an anti-oxidant such as beta-carotene, ascorbic acid, a-focophoro! or retino] ax
diselosed in WO 84715302 ag well a8 Vitamin C and an antibormocysteine agent such
as folic acid, a folate, Vitamin B6, Vitamin B12 and Vitamin E; isoniazid as disclosed
in WO ¢7/33576; a cholesterol absorption inhibitor, an HMG-CoA. synthasc inhibifor,
or 4 lanosterof demethylase inhibitor ss disclosed in WO 97/48701; a PPAR § agonist

b
Lt

for treating dysiipidemia; or a sterol regulating element binding protein-l (SREBP-1)
as disclosed in WO Z000/650574, for example, a sphingolipid, such as ceramide, ot
neutral gphingomyelenase {IN-SMase) or fragment thereof. Preferred hypoliptdemie
agents are pravastating lovastating siravastating storvastating, fluvastating pitavastatin,
rosuvastatin, and ezetimibe as well as niacin andfor cholestagel,

30 |6095| The SGLTZ inhiblior may be empleved In combimation with one or mors
anfi-kypertensive agents in the methods of the present invention. Examples of

suitable anti-hypertensive agents for use in combination with the compounds of the
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and/or T-type; e.g., diltiazem, verapamil, nifedipine, amiodipine and mybefradil),
diuretics fe.g., chlorethiazide, hydrochlorothiazide, flumethiazide,
hydroflumethiazide, bendroflumethiazide, methylchiorothiazide, trichloromethiazide,
5 polythiazide, benzthiazide, sthacrynic acid tricrynafen, chlorthalidone, furesemide,

musolimine, bumetanide, triamtrenene, amileride, spironelactone), renin inhibitors,
ACE inhibitors (e.g., capiopri, zofenapril, fosinopril, cnalapril, coranopril, eilazopri,
detapril, pentopril, quinapril, ramipril, Hsinopril), AT-1 receptor antegonists (e.g.,
losartan, wbesartan, valsartan), BT recoptor antagonists {e.y., sitaxscntan, atzscatan

10 and compounds disclosed in U.S. Patent Nos. 5.612.359 and 6,043,265}, Dual ET/AIL
antagonist {e.g., compounds disclosed in WO 06/01389), neutral endopeptidase
{NEM) inhibitors, vasopepsidase inhibitors (dual NEP-ACE inhibitorsy (e.g.,
omupatrilet and gemopatrilat), and nitrates.

|66%6] The SGLT2 inhibitor may also be used in combination with onc or morc

b

antithrombatic or anticoagulant drugs in the mecthods of the presont invention such as
thrombin inhibitors, platelet aggregatton inhibitors such as clopidegrel, ticlopiding,
prasugrel (Bl Lillyy, PAL-1 inhibitors such as XR-330 and T-686, inhibitors of -2~
antiplasmin such as anti-g-2-antiplasmin antibody and thromboxane tcceptor
antagonists (such as ifetrobun), prostacyclin mimetics, phosphodicsterase {PDE}

26 inhibitors, such as dipyridamole or cilostazol, aspivin, ifetroban, picotamide,
ketanserin and the like,

[6857] The atorementioned patems and patent applications are incorporated
herein by reference,

[6098] The above other anti-digbetic agonts and other therapeutic agents, whea

b
Lt

cemplayed in combination with the SGLT2 inhibitor in the method. of the invention
can be used, for example. in those amounts indicated in the Physicians " Desk
Reference (PORY or Remington s Pharmaceutival Scieneces us in the patenty or
applications set out ubove or patents or applications which disclose these agents or as
otherwige determined by one of ordinary skill in the art,

30 16099| in carrylng out the methods of the thvention, a pharmaceutical
composition is employed where the pharmaceutical composition comprises an

SGLT2 inhibiter, with or without ane or more anti-diabetic agems and/or one or more
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therapeutic agents, and a pharmaccutical vehicle or diluent. The pharmacculical
composition can be formulated employing conventional solid or liquid vehicles or
dilnents and pharmaccutical additives of a type uppropriate to the mode of desired
administration, The compounds can be administered 10 mammalian species including
5 humans, monkeys, dogs, and the like by an oral route, for example, in the form of

tablets, capsules, granules or powders, or they can be administered by a parenteral
routs in the form of iniccrable preparations, or they can be administored intranasally
or in transdermal patches. The desc for adulis may be fromm 0.5 1o 350 myg per day,
preferably between 1 and 200 me per day, more preferably 2.5 to 190 me per day,

10 which can be administered in a single dose or in the form of individual doses from 1-
4 times per day.
[08160]  In carrving out the method of the invention, a pharmaceutical
composition is employed comprising an SGLT2 inhibitor and one or mors anti-

diabetic agents andfer one or more other therapeutic agonts (as deseribed above}, in

b

association with a pharmaccutical carricr, vehicle or dilucnt. The pharmaccutical
composttion can be formulated employing conventional solid or liquid vekicles,
diluents, and pharmaceutical additives as appropriats for the mode of desired
administration. The pharmaccutical compositions can be administcred o mammalian
speeieos, including humans, monkeys, dogs, and other mammals by a varicty of routes
26 including, for sxample, orally, in the form of tablets, capsules, granules, powders, and
the like, parenterally, in the form of injectable preparations, intranasally, rectally, and
trangdermally, in the form of patches, for example.
[60161]  The amounnt of drug requited for therapeutic effect varisys with the agem
choscn, the nature and scverity of the condition, and the mammal undergoing
25 treatment, and is ultimately at the discretion of the physician. Furthermore, the
optimal quantity and spacing of individual dosages of a drug is determined by the
nature and extent of the weight loss desired, the form, route, and site of
adeninistration, the particulur marmmal or patient beiny trested. The dose
administered is adjusted according to the age, weight, and condition of the manmal
30 orpaticnt, ag well as the rouic of administration, dosags form and reginmen, and the
desived result, Such dosages and forms of administration is determined using

conventional tochniques. It is elso appreciated that the optimal course of treatment,
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that is, the number of doses given, can be ascertained by those skilled in the art using
conventional course of treatment determination tests.
[BG102]  Tho above dosage forms can also include the necessary physiclogically
aceoptable carrior matorisl, exciptent, lubricant, buffer, antibacterial, bulking agoent
5 {such as mangitol}, and the like,

|6OEGY The various formulations or compositions employed in the methods of the
invention can optionslly include one or more fillers or excipients in an amount within
the range of from abour 0% to about 90% by weight und preferably from about 1% to
about 80% by weight. Examples of suitable excipients include, but are not Hmited to,

10 lactose, sugar, corn starch, modified com starch, mannitol, sorbitol, inorpanic salts,
such as caleium carbonate, and celluloge derivatives, such ag wood cellulose and
micrecrystaliine cellulose,
[66EG4]  Ome or more binders can be present in addition to or in lisu of the fillers
n an amount within the range of from about 0% to abowt 35%. In one embodiment,

£5%  the bindors are prosent in an ameunt of from about 0.5% to about 30% by weight of
the composition. Examplcs of snitable binders include polyvinyipyirelidone
{molccular wcight ranging from sbout 5000 to about 80,000 and preforably about
49.000), lactose, starches, such as corn starch, modified corn starch, sugars, pum
deacia and the like, as well ay 4 wax binder in finely powdered form {less than 500

20 wicroms)y, such as camauba wax, paraffin, spermaceti, polycthylencs and
siigrocrystatline wax,
|G0EGS] Where the composition 15 in the form of a tabiet, i can include one or
more tabletting lubricants in an amount within the range of from about 0.2% to about

8% by weight of composition. In one embodiment, the lubricant{s) is in an amount

2]
.

within the range of from about ¢.5% to about 2% by weight of the composition,
Examples of suitable lubricants include, but arc not limised to, magnesivm stearate,
stearie acid, palmitic acid, calcium atcarate, tale, carauba wax, and the like, Othor
ingredients can oprionally be present, including, for example, proservatives,
stabilizors, colorants, anti-adherents and silica flow conditioners or glidants, such a8
30 Syloid brand sihicon diexide,

[08166]  Tablets employed in the methods of the invention can also optionally

include & coating kaver which cen comprise from about 0% to about 15% by weight of
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the tablct composition. The coating layer can comprise any convomdional coating
formulations that can include, for example, one or more film-formers or binders
andfor one or more plusticizers. Exuwrmples of suitable film-formers or binders
include, but are not limited to, hydrophilic polymers, such as
5 hydroxypropylmethyleellnloss, hydrophobic polymers, such as methaceylie acid

esters, neutral polymers, ethyl celivlose, cellulose acetate, polyvinyl alcohol-maleic
anhydride copolymers, B-pinenc polymers, ghycoryl esters of wood resing and the like,
Examples of suiwble plasticizers include, but are not limited to, tricthyl citrate,
dicthyl phthalate, propylene glycol, glycerin, butyl phthalate, castor oil and the kike.

10 Both core tablets us well a5 coating formulations can contain alumioum lakes to
provide color.
[06107]  The film formers are applizd from « solvent system containing one or
more selvents including water, sleohels such as methyl aleohol, ethyl aleohol and

sopropyl alcohol, ketones such as acctone and ethylmethy! ketone, chlorinated

b

hydrocarbons such as methylene chloride, dichlorocthane, and 1,1, i-trichlorecthans.
[00108]  Where a color Is employed, the color can be applicd together with the
film former, plasticizer, and solvent compositions,

|6BEGH] Examples of formulations or compositions containing an SGLT2 inhibitor
for use in the methods of the mveation and 4 process for preparing such formulations
20 arcsef outin ULS, spplication Scrial Mo, 60/896.286 filed March 22, 2007, the
diselosure of which is incorporated herein by reference in its entivety for any purpose.
|GOELE Examples of cortan speeific embodiments of tablet and capsule

formulations employed in the methods of the invention are set out below.

2]
.

TABLE

Tabict and Capsule Fonmulations

Maicrial Possible Range More Speeilic Range
¥ by weight of tablet | % by weight of tablet
or capsule fill or capsule fill
Dapaglifiozin or dapaglifiozin- 0.1 to 70%% 0.1 to 308

PGS
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Materiel Possible Range More Specific Range

%5 by weighl of lablet

or capsule fill

% by weighl of lablet

or capsule fil

Bulking Agent/binder

It O3%

190 to 85%

Anhvdrous Lactose (¢ g 93% 20t 75%
Microcrystalline ceflulosc G to 95% 2010 75%
Pregelutinized starch 1o 953% 1010 75%
Digintegrant (1o 20% 025 w0 10%
Crascarmellose sodium 00 20% 210 1%
Crospovidone G 12% 4 to 10%
Sodium Siarch giycolate Gt 20% 210 10%
Lubricunt 0.1t05% 0210 2%
Mugnesturn Stearate L1t 5% 0.2 80 2%

Antt adherentfglidant

Tale, stlicon diexide

Gw 0%

I to 10% more

preferably 1 o 4%

Outer Protective Coating Layer

% by weight of tablet

or capsule fill

% by woight of tablet

or capsule fill

Coating polymer, and optional

plasticizer(s), glidant(s), anti-

tacking agent{s), and colorant(s}

1.5 to 5%

HES Sl};a

TABLE II
Granulation Composition (% w/w} for Tablets and Capsules
Ingredicnt Range Moare Specific Range Maze Specific
% by welght Y% by weight Formulation % wiw
Dapagtiflozin or G.1-40 5.15 9.84
Dapaghflozin-PGS
Microcrystatline .8 ¢ 619t
Cellulose
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% by welght Ya by weight Formudation %5 wiw

Lagtose Anlydrous 0-50 10-30 20
Crospovidone XL-10 1-15 3-10 4
Silicon Dioxide G-6 G.5-4 1.5
Magnesiwm Stearate 0.0-4.0 0.5-2.0 0.75

7.5 refers to the quantity sufficient to make the granulation eomposition 100% wisw.

108kEL A film coating for capsules or tablets of Table 11 comprises, for example,

polyvinyl alechol {PVA), titanium dioxide, polysthylene glycol 3350, takg, and

5 colorant.
|60E121  Tablets or capsules of various strengths (9.1 - 530mg} can be prepared
using different weights of the stock granulations described berein,
|66E13) The pharmeceutical formulation for use in the method of the invention in
the form of o tablet can be obtained by u process comprising the steps oft
HE i) mixing the inactive ingredients with the SGLT2 inhibitor {for example,
dapugliflozin-PGS),
1) formulating granules;
c) drying andfor scrocning the granules;
d) blending the granules; and
i3 ) tabletting the blend obtained in (d) into tablots.

[06EE4]  In onc cmbodiment, step @) of the process employs impact bleading or

milling and/or sizing equipment. In one srebodiment, the granules in step b) of the

process are formulated by dry granulation, wet granulation, or direct compression. In
20 one embodiment, the granules are formulated by dry granudation. Tn one

cmbodiment, the granules in stop d) of the procoss are blended with a tabletiing aid or

a lubricant and filler.

10615 The pharmaccutical formulation in the form of a capsule can be obtained

by a process comprising the steps of:
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a) mixing the inactive ingredionts with the medicament using a

combination of blending and milling processes;

b) formuylating granules;
4] drying and/or screening the granales; and
5 i) toading the grames inte capsules.

[68116] I onc cmbodiment, step a) of the preccss cmploys impact milling or
blending and/or sizing equipment. In one embodiment, the granules in step b) of the
process are formulated by dry granulation, wet grenuiation, or dircct compression. In
{0 onc ombodiment, the granubes arc formulated by dey granulation,
|06E17]  The activity of dapagliflozin can be determined using, for example, using
the assay system described below or any appropriate assay system known in the art,
The mRNA sequence for human SGLT2 (GENBANKE No. M935549) is cloned by
reverse-transcription and amplification from human kidney mRNA, using standard
{5 molecular biology techniques. The cDNA sequence is stably transfected into CHO
cells, and clones arc assayed for SGLT2 acrivity cssentially as described in Ryan ¢t
al., “HK-2: an immortalized proximal tubule epithelial cell line from normal adult
human kidney™, Kidney Internationgl, 45:48-57 (19943, Evaluation of inhibition of
SGLT2 activity in a clonally selected cell ling is performed essantially as described in
20 Ryan¢tal {1994), with the following modifications. Cells are grown in 96-wol
plates for 2-4 days to 75,000 or 30,000 cells per well in F-12 nutriont mdxture (Ham's
F-12), 10% femal bovine serum, 300 ugrml GENETICIN® and penicillin-
streptomycin, At confluence, the cells ars washed twice with 10 mM Hepes/Tris, pH
7.4, 137 mM N-methyi-D-glucaming, 5.4 mM KCL, 2.8 mM CaCls, 1.2 mM MgSO,.
25 Cells are then incubated with 10 uM [“CJAMG, and 10 pM inhibitor {fina]l DMSO
=(,5%} in 10 mM Hepes/Tris, pt 7.4, 137 mM NaCl, 5.4 md KC1, 2.8 mM Cally,
1.2 mM Mg50; at 37 °C for 1.5 hours, Uptake assays are quenched with ice cold 1X
PBS containing 0.5 mM phlorizin, and cells are then lysed with 0.1% NaCH. After
addition of MicroSelat scintitlation fluid, the cells are allowed to shake for 1 hour,
30 and then [PCIAMG (glucess analog c-methyl-D-glucopyranoside) is quantitated on a
TOPCOUNTS scintiliation counter. Controls are performed with and withowt NaCl

Far determination of ECsy valucs, 10 inhibitor concentrations {dapagliftozin) arc used
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over 2 jog mdervals in the appropriate response range, and wiplicate plates are
averaged across plates.
[0GE18]  Whilc this invention hus been particularly shown and described with
references to preforred embodimoents thereof, it will be understood by those skilled in
5 the art that various changes in form and details may be made therein without
departing from the scope of the invention cncompassed by the appended claims, 1t
will also be clear that the invention may be practicod otherwisce than as particularly
described in the forggoing description and examples. Numerous modifications and
variations of the present invention arc possible in light of the above teachings and,
10 therefore, are within the scope of the appended claims,
166E19]  The following examples are provided to deseribe the invention in further
detail, Those examples, which sot forth the best made presently contemplated for

carrying out the invention, are intended to iflustrate and not to limit the invention.

15 EXAMPLES
[06120]  The following working Examples arc illustrative of the present inveation.
All temperaturca arc expressed in degrees Centigrade unless otherwise indicated.
[06121]  Capsules containing the SGLT2 inhibiter dapagliflozin or dapagliflozin-
PGS were prepared in strengths of 2.5 mg (Bxample 1), 19 mg (Example 2) and 1040
20 mg (Example 3) (as the non-solvated form) as two-plece, gray opaque size #0 (2.5 mg

and 10 mgy and size #00 {for 100 mg) capsule shell.

EXAMPLE 1

Preparation of Dapaglifiozin / Dapagliflozin-PGS Capsule, 2.5 mg

2]
.

160E22] A 25.0 mg of stock granuation was prepared containing 1%

dapagliflozin or dapagliflozin-PGS filled in gray, opaque, size 0 capsule shell,

A Stock Granulation Composition
Ingredient Amount (% wiw)
Dapagliflozin (or equivalent amount of dapagliflozin propylene 106

glyeo! hydrate)
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Ingredient Amount {% wiw)
Pregelatinized Starch 15.6
Microcrystalling Cellulose 08.75
Sodium Starch Glycolate 30
Rilicon Dioxide 29
Magnesiom Stoarate 125

[08823]  The amounnt of dapagliflozin is theoretically equivalent to 81.29% of
dapagliflozin propylene glycel hydrate, either of which can be used. The actual

amount of dapagliflozin propyiene glycol hydrate will depend on the purity. The

Iy

microcrystating collulose is the componsating excipient whose amount can vary
depending on the actual amount of dapagliflozin propylene glycol hydrate and
magnesium stearafe used. The preforred amount of magnesinm stearate 1s 1.25%
{wiwy A uscful range is 1.25-1.50% (wiw).

|60K24]  The stock granulation of Part A and the Example | capsules were

10 prepared according to the fllowing procedurcs.

B, Example 1 Stock Granulation Procedure
1. Screcn dapaglifiozin or dapagliflozin-PGS.
Z. Sereen stlicon dioxide.
i3 3 Mix silicon dioxide with dapaglifiozin or dapagliflozin-PGS in a

suilable blender.

4. Sereen pregelatinized starch and microcrystalline cellulose, if
NECESSUTY.
3 Add ingredients from Step 4 to 2 suitable blender.
20 G Add mixture from Step 3 o the blend from Step §, and mix.
7. Sereen sodium starch glycolate.
& Add ingredient from Step 7 to the blend from Step 6, and mix.
2 Serecn the blend from Step 8, and mix,
1. Sercen portion of magnesiur stearate.
25 11, Add ingredient from Step 10 to the blend from Step 9, and mix.
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12, Densify the blend from Step 1.
13.  Reduce the densified blend Step 12,
B4, Secreen the remaining portion of magnesium stearate,

15, Add ingredient from Step 14 to the granulation from Step 13, and mix.

5
. Example 1 Produet: Dapagiifiozin / Dapaglifiozin-PGS Capsule, 2.5 mg
I, Fill empty capsule shells with sufficiont Example | Part A stock
granulation for capsules (10.0%) w/w (as the non-solvated form}, to provide 2.5 my
capsules.
H) 2. De-dust the capsules.
EXAMPLE 2
Preparation of Dapaghiflozin / Dapaghiflozin-PGS Capsule, 10 my
i3 A, Stack Granulation Composition
|08¥25]  Stock granulation composition was prepared as described in Example 1A,
B. Example 2 Stock Granulation Pracedure
|66E26] Stack granulation precedure was performed as Geseribed in Example 1B,
20
C. Esample 2 Product: Dapaglifiozin / Dapaglifiozin-PGS Capsule, 10 mg
I Fill empty capsule shells with Example | Part A stock granulation for
capsules (L0 % w/w as the non-solvated form}, to provids 10 myg capsules.
Z. Dic-dust the capsules.
25 3 Weipht sort the capsules.
EXAMPLE 3

Prepuration of Dapapliflozin / Dapagliflozin-PGS Capsule, 100 myg
108127 Composition: 438.6 mg of dapaghiflozin (Example 3 Part A) Stock
30 Granulation for Capsulcs (22.8% w/w), filled in Gray, Opaque, Size #0 Capsale Shelt

wias prepared.
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A Stock Granulation Composition
[ngredient Armount (% wiw)
Dapaghiflozin {or cquivalent amount of dapagliflozin propylong 228

glycol hydrate)

Prepelatinized Starch 15.¢
Microcrystatline Celluloxe 5393
Sodium Starch Glycolate 34
Siticon Dioxide 24
Magnesium Stearate 123

[GO128]  The amount of dapagliflozin is theorctically cquivalont to 81.29% of
dapaglitiozin PG hydrate, etther of which can be used. The actual amosnt of
dapaglifiozin propylenc glycol hydrate will depend on the purity. 1he
micseerystaliine cellulose is the compensating oxcipienl whose amount can vary
depetding on the actyal smount of dupaglifiozin propylenc glycol bydrats and
magnesium stearate used. The preferred amount of magnesium stearate is 1.25%
{fw/wi A usefud range is 1.25-1.50% (wiwl

L] ] The stock granulation of Part 3A and the Example 3 capsules were

prepared according to the following procedures.

B. Stack Granulation Procedure

1. Sereen silicon diexide.

2. Mix silicon dioxide with dapagliflozin or dapagliflozin-PGS in a
suitable blender,

3. Serecn the blend from Step 2, and mix agsin

4, Sercen progelatinized starch and micreerystalling cellulose, 1f
necessary.

5 Add ingredients form Step 4 to the blend from Step 3, and mix,

6. Sgreen sodium starch plycelate,

7. Add ingredicnt from Step 6 to the blend from Step 5, and mix.

¥, Sereen a portion of magnesium stearate,

A 2017.9.14
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9. Add ingredicat from Step 8 to the blend fom Step 7, and mix.
1. Densify the blend from Step 9.

1. Reduce the densified blend from Step 10.

12, Screen the remaining portion of magnesium stearate.

5 13, Add iapredient fron: Step 12 to the granulation from Step 11, and nix.

. Examplc 3 Product; Dapagiittozin / Dapaglitiozin-PGS Capsule, 0 mg
1. Fill cmpty capsule shells with Example 3 stock granufation for
capsules (22.8 % w/w as the non-solvated form}.
H) 2. De-dust the capsules.

3 Weight sort the capyules.

[BGE30]  The formed capsules of Example | (2.5 my), Example 2 (10 my), and

Example 3 (100 my) arc uscd in treating type 2 diabetes.

b

EXAMPLE 4
Preparation of Dapagliflozin / Dapagliflozin-PGS Tablet, 2.5 mg
[60E31]  Tablets contzining the SGLT2 mhibitor of strycture 1a {dapagliflozin {(S)-
propylene glvcol hydratey were prepaved in strengths of 2.5 mg (Example 43, 19 mg

20 {Examplk 5) and 50 mg (Cxamplc 6} as doscribod below,

Product: Dapagliflozin / Dapaglificzin-POS Tablet, 2.5 mg

A, Tablet Composition

Ingradient Amount
Dupagliflozin propylene glycol hydrate (or equivalent amount of 3.08 mg
dapagliflozin}

Microcrystalline Cellulose 6711 mg
Anhydrous Lactose 2500 myg
Crospovidone 875 my
CroscarmcHose Sodiym 3.75 mg
Tale 1250 mg
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Ingredient Amount
Silicon Dioxide 288 mg
Magncsium Stearate 1.94 mg

00132 The amonnt of dapagliflozin is theoretically equivalent to 31.29% of
dapagliflozin propylene glycol hydrate, either of which can be used. The actual

ameunt of dapagliflozin propylene glyeol hydrate will depend on the purity. The

W

micrecrystaliine cellutose #s the compensating excipiont whose amount can vary
depending on the actual amount of dapaglifiozin propylene glyeol hydrate angd
magnesium stearate used. The target amount of magnesium stearate is 1.94 mg. An
acceptable range is about §.55 to about 2.33 mg.

[68E33]  The stock granulation of Part 4A and the Fxample 4 tablets were

10 prepared according to the following procedures,

B. Stock Granulatior Procedure

1 Deagpregate dapagliflozin propylenc glycol hydrate and magnesium
stearate separately using a suitable sercen,

13 2, Mix dapaglifiozin propylenc glycol hydrate with 2 portion of
microcrystaliine ecliutose in a suitable mixer; pass through & mall; and transfer it into
a suitable Hender.

3. “Dry Rinse™ the mixer used for mixing Step 2 with a portion of
microcrystalling ccllulose.

20 4. Add the blend from Step 3 to the blend from Step 2.

5. Mix the mixture from Step 4 with temaining microerystalline
ccllulose, portion of crospovidenc, portion of croscarmellose sedium, portion of
silivon dioxide and Anbydrous Lactose.

6. Add tale and Intragranular magnesinm stearate to the mixture from

25 Step 5 and mix,

7. Compact the powder blend from Step 6.

8. Reduce compact from Siep 7 1o form granukcs,

9, Mix the granyles from Step B with remaining amounts of

crospovidone, croscarmellose sodium and silicon dioxde.
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106, Mix the granules from Step 9 with remaining amount of magnesium

stearate.

C. Example 4 Product: Dapagliflozin / Dapagliffozin-PGS Tablet, 2.5 my

5 1. Setop the tabletting equipment.
2. Compress the Example 4 stock granudation into tablets.
EXAMPLE 3
Proparation of Dapaglifiozin / Dapaglifiozin-PGS Tablet, 10 mg
10
Product: Dapuaglifiozin 7 Dapagliflozin-PGS Tabiet, 10 mg

A, Tablel Corposition

Ingradient Amount.
Dapagtiflozin propylene glycol hydrate (or cquivalent amount of 1230 mg
dapagliflozin)

Microcrystatline Cellulose 5789 my
Anhydrous Lactose 2500 mg
Crospovidone 8775 mg
Croscarmellose Sodium 375 mg
Talc 12.50 mg
Silicon Dioxide 288 my
Magnesium Stearate 1.4 mg

{68134]  The amount of dapagliflozin is theoretically equivalent to §1 29%, of

£5  dapaglifiozin propylene glycel hydrate, either of which can be used. The actual
amount of dapagliflozin propyiene glycol hydrate will depond on the purity, The
microctystalline cellutose is the compensating cxcipient whosce amount can vary
depending on the actual amount of dapaglitiozin propylene plyeol hydrate and
magnesitn stearate ased. The target amount of magnesium stearate is 194 mg. An

20 accoptable range is about 1,55 to about 2.33 my.
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|06135] The stock granulation of Par 3A and the Example 5 lablets were

prepared according to the Following procedurcs.

B. Stock Granulation Procedure
5 1. Deagpregate dapaplifiozin propylene glycol bydrate and magnesium
stearato sopurately using a suitable scroen,

2. Mix migroerystathne collulose, dapaghifiozin propylene glycol hydrate,
portion of crospevidone, portion of croscarmellose sedium, pertion of siticon dioxide
and anhydrous lactosc in a suitable blendor.

H 3. Add tale and intragranular magnesium stearate to the mixture from

Step 2 and mix in 4 syitable blender.

4. Compact the powder blend from Step 3.
5 Reduce compact from Step 4 0 form granules.
0. Mix the granules from Step 8 with remaining amounts of
15 crospovidong, croscarmsilosc sodium and silicon dioxide.
7. Mix the granules from Step 6 with remaining amount of magnesium
stearste.
C. Example 5 Prodact: Dapagdifiozin / Dapuglifiozin-PGS Tablet, 19 mg
20 1. Setup the tabletting equipment.
2, Compress the Exampie § stock granularion into tablets,
EXAMPLE 6
Preparation of Dapaglifiozin / Dapaglifiozin-PGS Tablet, 50 mg
25

Preduct: Dapaglifiozin / Dapagliflozin-PGS Tablct, 50 mg

A Tublel Composition

Ingredient Amount
Dapagliflozin propylene glycol hydrate (or equivalent amount of 01.60 mg
dapaglifloziny

Microcrystatline Collulose 114,09 mg
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Ingredient Amount
Anhydrous Lactose 62.60mg
Crospovidenc 2190 mg
Croscarmetose Sodium 939 mg
Talc 3130 mg
Silicon Dioxide 720 myp
Magnesium Stearate 485 my

|0036]  The amount of dapagliflozin 1s theoretically equavalent to 81 29% of
dapaglifiozin propylene glycol hydrate, either of which can be used. The actual
amount of dapagliflozin propyicne glycol hydrate will depond on the purity, The

3  microcrvstaliine cellulose is the compensating excipient whose amount can vary
depending on the actual smount of dapaglifiozin propylenc glyeol hydrate and
mapnesium stearafe used, The targes amount of magnesium stearale is 4.85 mg. An
aceeptable range is about 3,76 to sbout 5,93 wmy,
108137 The stock granulation of Part 0A and the Example 4 tablets were

13 preparcd according to the following procedures.

B. Stock Granulation Procedure
1. Mix dapagliflozin propylene glycol hydrate, microerystalline cellulose,
anhydrous lactose, crospovidone, croscarmcliose sodium, tale and silicon dioxidecin a
15 suitable blender.
2. Pass the mixture from Step | through a suitable mill.
3 Dieternine the vield from Step | and caleulate the amount of

oS slearaie roquired,

4, Mix the mixture from Step 2 in a suitablc blender,
20 5. Mix the mixture from Step 4 with magnesium stearate,
G. Dry granulate the powder blend from Step 3.
7. Size the granulation from Step 6.
8. Determine the vield based on Step 7.
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9. Mix the granules [rom Step 8 with remaining amount of crospovidone,
croscarmellose sodium and silicon dioxide.
He. Mix the granules from Stop 9 with remaining amount of magnesium

stegrate,

. Example & Produet: Dapaglifiozin / Dapaglifiozin-PGS Tablet, 50 mg

I, Sctup the tabletting cquipment,
Z. Compress the Example 6 stock granulation invo tablets.

{0 [BOE38]  The se-formed tablets of Exampic 4 {2.5 mg), Examplc 5 {10 mg) and

Example 6 (50 mp) arc used to treat tvpe 2 disbetes.

EXAMPLE 7
Treatment of Type 2 Diabetes with Dapagliflozin

5 [08BE39]  Astype 2 diabetes (T2DM) progression occurs, many diabetic patients
require combinations of sulin with oral antidizbetic agents (OADS). Unfortunately,
effectiveness of these freatments is often limited by progressive weight gain, insulin
tegistance and hypoglycemia. Dapagliflozin selectively inhibits glucose reabsorption
it the proximal tubute of the kidney, and thus can be emploved ag an ingulin-

20 independent therapy.
[B0E4¢] A pilot study was designed to deserming if dapagliflozin 1y effective in
iowering blood glucese 1 patients with T2DM who have not responded well to
insuiin combined with oral thorapics that act through insulin-dependont mechanisms.

For this proof of concept trial, dapaglifiozin was administered for 12 woeks to

23 patients with insubin resistance who wers poorly controlied with exogenous insulin
plus metformin and/or a TZD. Patients were assessed for changes in glycated
hemaoglobin {HbA,), fasting plasma glucose (FPG), postprandial glucose (PPG), and
total body weight, and montored for safety and kypogiveemie episodes.

30 Methods

Study Presign
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|G6E41] This was a randomized, single- and double-blind, threc-arm parallet
group, placcbo-controlled trial to doeterming i dapaglifiozin offectively lowers
hypergiveemia in highly insudin-resistant T2DM patients poorly controlled with
insuiin plus motformin and/or thizzolidinediones. The trial consisted of o
5 qualification period of 10 to 21 days, a treatment phase of 12 weeks, and a follow-up

phase ot 4 wocks, During qualification and until day 1, pationts muintained their
stable dosc of open-label OADs, as well as their stable dose of preseribed insulin,
[06142]  The reatment phase utilized an adaptive trial desien with two cohorts:
Cohort 1, the insulin dose-setting proup; and Cohort 2, the main experimental group.

160 The purpose of Cohiort 1 was to deterrnine the ideal starting dose of insulin least
likely to cause hypoglycemia when dapagliflozin would be added. In Cohort 1, four
paticnts wore assigned to 20 mg single-blind dapagliflozin on day 1 afier baving their
insudin dose decreased by 50%, the greatest deerement possible in this adaptive
design. ‘These patients underwent 48-hour continuous bloed glucose monitoring

15 {CGM) during the first week of treatment. Parsuant to the protocol, if at least one
paticnt recorded a CGM value < 100 mg/dL, confirmed by sclf-monitering of blood
ghicose (SMBG), the total daily insulin dese for patients in Cohort 2 would be set af
30% of their usual dose that i3, at an average of 52 to 34 units of insulin daily, and
lesser dose reductions of insulin would not be tested. At Teast one patient in Cohorr 1

20 mot this condition with the 50% insulin reduction, resulting in a2 50% insulin
yeduction being set for Cohort 2. Parlents in Cohort 2 wore randomized on day 1ina
1:1:1 ratio to double-blind placebo, 10 mg dapagliflozin or 20 mg dapaglifiozin once
daily, m addition to their open-labs] QADMS) and 509 of their usual daily insulin, that
1% an average of 52 to 34 units of insulin daily.

[Q6E43] Paticnts were scheduled. for visits ar weeks 1,2,4,6, 8, 10, and 12 of

b
Lt

freatment, and performed SMBG 5 times daily during the 3 to 5 days prior to visits.
No desc modifications of blinded stody medication or OAD{8) wore allowed during
the treatmsent phase. Guidehines were in place throughout the trial for manuging
hypo- and hyperglycemia, In patients with or at risk of hypoglycemia, fmsulin could
30 be down-titrated it SMIBG lovels wore < 54 mgrdL, mcan daily glucose was < 100
mg/di., or clinical necessity as determined by the investigator. Additional down-

titration could be tmplomented as clinically indicated to manage the nisk of
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hypoglycemia. Disconlinuation would ocour il the pationd expericnced major
hypoglycemia, defined as blood glucose values < 54 mg/dL, at least one symptom
{confusion/disoricntation, abnormal behavior, or unconsciousness) and third party
treatment with carbohydrate, gtucose or glucagon.

5 {06K44]  Criteria for management of hyperglyeemia were detenmined by fasting
plasma glicose (FPG) measurements, For any FPG lovel > 240 mg/dL at wecks 4
and 6, 220 mgrdl at week 8, or > 200 mg/dL at week 10, the paticnt would be
scheduled for a follow-up visit in 3 to 5 days. If FPG was still above the threshold at
follow-up, a visit was scheduled in order to increasc the insulin dosc as clinically

{0 indicated. Paticnts whe further lacked glycemic control despite up-titration, or whose
modified insulin dose execeded buscline, were discontinued from blinded treatment
and entered into follow-up.

[00145]  All puricnts completing the reatment phase or prematurely discontinued
from treatment entered a 4 week safety observation period. Patients continued their

5 open-label OAD{Y) and insulin therapy with dose adjustments as needed, but did not

receive further investigational therapy. Follow-up visits occurred at wocks 14 and 16,

Patient Population

[06E46] Eligible patients were mules and fernales with T2ZDM, 18 to 73 yeurs old,
20 with a BMI < 45kg/m?, who had inadeguate ghycemic control {defincd as HbA, >

7.5% and < 10%). All patients were on insubin-sensitizer therapy for at least § weeks

prior to enrollment and insulin-based therapy tor at least 12 weoks prior to

cnrolbment. The study protocel defined insulin-sensitizer therapy as metformin (stable

dosc = 1000 mg) and/or ploglitazone (stable dosc = 30 mg) or rosiglitazonc {stablc

b
Lt

dosc 4 mg). Insulin-based therapy was defined as subcutancous insolin for at least 12
weeks prior to enrollment, with 2 minimum insulin datly dose equivalent to 50 units
{median 83 to 93 units scross sl study arms) of ULG0 insulin per day. The insulin
regimen must lave been stable for at feast 6 weeks. In addition to 10 myg
dapagliflozin or 20 rag dapaglifiozin daily or placebs, 74.6% of patients received

30 metformin & 1000 mg daily) plus insaling 16.9% of paticnts reccived motformin (>

1000 mg daily) plus pioglitazone (= 30 mg daily) or resigliazone (4 mg daily} plus
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insulin and 8.5% ol paticnts reccived ploglitazons (= 30 mg daily} or rosiglitazonc (4
mg daily) plus tnsulin,
[BGE4T]  Patients in Cohort 2 received an average of 52 to 54 units of insulin daily,

66148 Laboratory oriteria inchuded fasting C-pepride = 0.8 ng/mL; serum

LA

creatiine < 1,5 mgddL (male) /< 1.4 mg/dL (fomale); and wine
micreaibumin/creatinine ratio < 300 mg'g, or if exceeded on spot check, a 24-hour
urtne total protein < 3 ¢/24 hours,

[0014%]  Major exclusion criterta were history of type 1 diabetes; AST and/or ALT
= 2.3 1 ULN; creatine kinase = 3 x ULN; symptoms of severcly uacontrolicd diabetes
10 {inchiding marked polyuria and polydipsia with = 10% weight loss doring the last 3
months before enrollment or other signs and symptoms); history of severe
hypoglycemia or hypoglyeemia unawareness; and uastable or serious cardiovascular,
renal, hepatic, hematological, ontolagical, endocrine, psychiatric, or theumatic

diseases,

Trial Outcomes
|GGESH Patients in Cohort | were evaluated for safety only. Patients in Cohort 2
were evaluated for safety and efficacy. The primary efficacy measure way change
from baseline in HbA ., at week 12, last observation carried forward (LOCE), [fne
20 week 12 assessment was available, the last observation prior to week 12 was used.
Secondary officacy measures included changes from bascline at week 12 (LOCF) in
FPG and insulin dose, the proportion of patients achieving a decrense in HbA | >
0.5% from baseline at week 12 (LOCF), and the proportion of patients achieving

HbA,, < 7% at week 12 (LOCF). Tertiary endpoints included changes from baseline

2]
.

in fotul body weight and in postprandial glucose {PPG) measured by an oral glucose
tolerance test {OGT).

[B0E51]  Patients in Cohort 2 wore evaluated for safoty and officacy, The primary
officacy measure was change from bascline in HbA at week 12, last observation
carricd forward (LOCE), The analvsis was dons oxcluding data after up-titration of
30 imsubin. Tfno week 12 asscssment was available, the last obscrvation prior to wock 12

was used,
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|6BE52] Salcty puleomes were assegscd by trealment-entergent adverse events,
vital signs, CCGs and faboratory mcasurements, including 24-hour uring colloctions

for volume and clectrolytes.

5 Statistical Analysis and Sample Size

|BOESY For Cohort 2, the sample size target of 22 patients per treatment group
was chosen to aliow for the calenlation of 95V confidence intervals for the primary
cndpoin: with a half-width of 0.42% for cach trearment group. This assumed a 1%
standard deviation for the primary endpeint in each of the dapagliflozin and placebo

10 arms. With the same assamption, the half-width of 2 95% confidence interval for the
difference between any two treatment mean changes was estirated to be 0.59%. The
primary cfficacy data sor consisted of afl randorized patients who took at least ong
dose of double-blind study medication during the teatment phase. The analyses of
the efficacy variables (except change from baseline in insulin dose) were done

15 exchiding data after up-titration of insulin. The analyses for changes from baseline in
HbA,,, FPG, insulin dosc, and tota] body weight at week 12 (LOCF) were poerformed
using an analysis of covarignce {ANCOVAY medel with treatment group as an effect
and baseline value a5 a covariate. Point estimartes and 95% confidence intervals were
calculated for mean changes within each treatment group and for differences in mean

206 changes berween the dapaglifiozin and placebo groups,

Main Dutcome Measure
|00154] Change from bascling in glycated hemoglebin (HbA ) at week 12, last

observation carried forward (LOCE).

b
Lt

Results
Patient Pepulation
[BGE55] A total of 11 patients were sercened for Cohort 1, and 163 sereenced for
Cohort 2 at 26 sites in the United States and Canada, Fowr patients in Cohort } wore
30 assigned to single-blind dapagliflozin 20 mg.. Seventy-one patients in Cohort 2 were
randomized to the placebo, 10 mg and 20 mg dapagliflozin groups (23, 24, and 24

patients, respactively),
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Summary of Results and Conclusions
[00E56]  Atwecek 12 (LOCF), dapaglifiozin 10 and 20 myg groups demonstrated -
0.70% and -0.78% mean differeaces In change from baseline in HbA ¢, compared to
5 placebo. 1o both dapagliflozin groups, 65.2% achieved a decrease from baseline in
HbAy, 2 0.5% versus 15.8% in the placebo group, Mcan changes from hayeling in
fasting plasma glugose (FPGY at week 12 (LOCE) were 17.8 mg/dL, 2.4 mg/dL, and -
9.6 mg/dL {placebo, 10 and 20 mg dapaglifiozin groups’ Reductions in post-prandial
glucose (PPG) with dapagliflozin, measured at 120 minutes by OGTT, also showed
10 dosc-dependency. Week 12 (LOCF) mcean changes in total body weight were -1.9 kg,
«4.5 kg, and -4.3 kg (placcho, 10 and 20 mg dapagliflozin groups).
|66E57] Bascd on the resulis obtained, in insulin-resistant paticnts wha had their
baseline ingulin reduced 30%, dapagliflozin deercased HbA,,, PPG and weight morce
than placebe, and had a dose-dependent effect on FPG.
15
Detaifed Discussion of Resules
[88158] Table I summarizes cfficacy outcomes for Cohort 2. Inthe 10 mg and 20
mg dapagliflozin treatment groups, there were decreases from baseline in HbA,,, at
week 12 (LOCF), resulting in differences in mean changes versus placebo of 0.70%
20 and -0.78% (Tablc ). Tablc @ shows mean changes in [ibAy, at woek 12 ¢LOCE}) At
week 12 (LOCUF) 63.2% of the patients in both dapagliflozin groups aclieved 2
decrease from baseline i HbA . of at least .3% versus 15.8% in the placebo group
{Tablc 3. There was no appreciable change from bascline in total daily insulin dosc.

Five patients €1 cach in the dapagliflozin 20 myg and placcho groups, and 3 in the 19

b
Lt

mg dapagliflozin group} showed a therapeutic response defined as HbA . < 7%
{Table 3. Throughout the 12-week double-blind pertod. 4 patients in the placebo arm
reguired up-titration of insulin, compared to 1 paticnt in the dupaglifiozin 10 mg arm
and 3 pustients in the dapapliflozin 20 mg arne In both dapaglifiozin arms, 66.7% of
patients were exposed to study medication for = 84 days prior to insulin up-titration
30 vorsus 39.1% of pationts in the placcho arm.

[0815%]  Compared to placebo. the effect of dapaglifiozin on FPG was dose-

dependent {Table 1), At week 12 {(LOCE), the mean changes from baseline were 17.8
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mg/di., 2.4 mg/dl, and -9.6 mg/dL for the placeho, 10 mg and 20 mg dapagliffosin
groups, respectively. PPG, measured at 120 minutes by OGTT, alse showed dose~
response characteristics (Table 1. Dapagliflozin was more Blely o lower weight
than placebo, At week 12 {LOCF), mean change in total body weight was -1.9 kg

5 with placebo, -4.5 kp with 19 mg dapaglifiozin, and -4.3 kg with 20 mg dapaghiflozin
{Table 1}.

Vital Signs and Laboratory Outcemes
|G0E60] The placcbo group exporicnced a slight increasc in standing blood

10 pressurc at week 12, whercas both dapagliflozin groups demonstrated mean
imprevements in standing systolic and diastolic blood pressure (+7.2 systolie/-1.2
diastolic mm Hg [10 myg dapuglifiozin], -6.1 systolic/-3.9 diastolic mm g [20 my
dapuglifiozin]). T the 20 my dupaghflozin group, supine blood pressure decreased
{mean change of -5.5 sysiolic/-5.8 diastolic mm Hg}

5 [08161]  Mean changes from baseling in urinary gluicose excretion at week 12
were -1.5 g/24h {pluccho), 83.5 g/24h (dapaglifiozin 10 my). and 83 .2 g24h
{dapaghflozin 20 mg). Mean 24-hour urine cutput increased from 18696 t0 2124.6
mL with placebo, 1921.0 to 2285 8 mL with dapaglifiozin 10 mg, and 1808 8 to
2253 1 mL with dapaglifiozin 20 mg, Compared to baseling, glometular filtration

20 rates at the ond of treatment wore normal, with minor changes of 0,58, -0.84, and
1.45 ml/min/1.73m® in the respective placebo and dapagtiflozin 10 and 20 mg
groups, Generally, there were no remarkable changes from baseline in key laboratory
parameters, Median change from baseling in serum uric acid was -0.30 mg/dl. in
both dapagiiflozin groups. Median increases from bascline in scrum bematocrit at

25 week 12 were 2.3% and 3.03% in the dapagliflozin 10 and 20 myg groups,

respectively.

Suafety und Adverse Events
[00162]  Adverse events were balanced across all groups, reported in 65.2%,

30 75.0% and 66,7% of patients in the placets, 10 mg and 20 mg dapagliffozin arms,
respectively. Three paticnts in the placcho group, seven patients in the dapaglifiozin

19 myg group, and six paticats in the 20 myg dapagliflozin group reported episodes of
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hypoglycemia. Of these, one paticnt in the placcbo group reporied major
hypoglycemia. There were no deaths in this study, and two patients experienced a
gerious adverse event {one in the placebe group and one in the dapuglifiozin 20 my
group). One patient in esch of the three freatment arms experienced adverse events

5 that led fo discontinnafion.
[60%63]  Six paticnts expericaced genital tract infoctions during the double-biind
period: five in the 20 mg dapagliflozin group, onc in the placcho group, and nong in
the 18 myg dapagliflozin group. One patient in the dapaglificzin 20 mg group reported
a urinary tract infcction.

10 |66164]  Events of pollakinria were reported across all treatment grouvps: four
patients {placeba), two patients { 1} mg dapagliflozin, and thres patients (20 mg
dapaglifiozin), Onc paticat in cach of the dapaglifiezin arms reported polyuria. One
case of microalbuminuria tn the dupaglifiozin 20 myg arm resulted in discontinuation
from the study.

E5 0 |0BE65]  Omc ovent of pre-renal azotemia oceurred during treatmont with 10 mg
dapaglifiozin. The paticnt was being chronically troated with multi antihyportensives,
including cnalaprii, carvedilol and furosemide. Eleven days aficr starting study
medication, the patient was discontinued from the study due 1o dehydration and pre-
renal azotemis. Furoscmide and coalapril therapy were held, and the pre-renal

20 azotermia resolved with orel rehydration,

Comment
[0G1e6]  Disease progression in TZDM is frequently accompanied by a eycle of

deteriorating glyvcemic control due to declining beta cell function and the progressive

2]
.

failure of insulin secretion, increasing weight that exacerbates existing insulin
fesistance, and the need for additional therapics. therupies that depend on insalin
supplementation or geerction entail the risk of hypeglyoemia, weight gain, decrcased
insulin gensitivity, and eventual loss of offectivencss. Tdentifying effeetive treatment
modalitics is therofore difficudt, This frustrating clinfcal setting is cxemplificd most
30 dramatically by late stage T28M patients who require hugh doses of tnsulin, offen
with oral agents such as metfornain and/or TZDs, in order to maintain glycemic

control, albeit at the expense of perpetuating the cycle of inadequate glycemic
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control, increasing insulin resislance, and cscalaling insulin dosc requirements.
Ultimately, over 25% of patients end up being treated with insulin-based regimens,
often in combination with OADs. {Koro, C.E. ot al., “Giycetnic control from 1988 to
2900 among U.S. adults diagnosed with type 2 diabetes: a prefiminary report”,

5 Digbetes Care, 2700017220 (20043 A novel strategy for condrolling glycemia
independently of insulin involves limiting glucose reabsorption in the proximal
tubulss of the kidney where glucose is reabsorbed via SGLT2 roceptors.
Dapagliflozin selectively nhibits SGLT2, thereby limiting glucosce reabsorption and
inducing dosc-dependent glucosuria.

it [06167] Patients recruticd for this siudy had inadequate glycomic control despite
aggressive regimens of insolin plus OADs. After reducing the insulin dese by 50% in
this highly insulin-resistant population, patients in the placebo arm experienced
weight loss but very little change in HbA ., highlighting the limited additions] benefit

afforded by ingreasing msulin dose in this population. Troatment with depaghftozin,

b

with its mnsubim-independent mechanism of action, was associated with additional

weight loss of -2.5 kg, and with improvements in glveemic control compared to

placebo. Although total hypoglycentic events were more frequently reporied with
dapaglitiozin treatment than with placcbo, major/minor episodes were balanced
across all groups.

20 |00E68]  The reductions in 1bA with dapaghiflozin, and improvements over
placebo in FPG and PPG, were dose-dependent. Dose-dependoncy also appeared to
be a teature of the potential safety signal of genital tract infootions, more frequently
seen in the 24 myg dese arm, The apparent dose-response refationship sesn for these
paramoeters, however, was not evident for the main pharmacodynamic measure, 24-

25 hour urinary glucose, which increased by ~83 grams per day at week 12 in both the
10 mg and the 20 mg dapagliflozin groups. A plausible explanation is that 20 mg
dapagliflozin may have caused greater glucosuria than 10 mg earlier in the study, as
has been seen in other settings (Komoroski, B. et «l, segora; List, 1LF. et al., supra;
Komeoroski, B. ot ab., "“Dapagliflozin, a novel SGLT2 inhibitor, induces dose-

30 dopendent glucosuria in kealthy subjoets”, Clin, Pharmacol, Ther,, 85(5).520-5326

{2009)3, but that the resultiog greater declings in ghyceria in the 20 mg dose group
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led to & lower [licred foad of glucose at the kidaney, such that by week 12 the amown
of glucose in the urine had equalized between the dapagliflozin dose groups.
[0G168]  Tho subject study ostablishes the proof of concept that re-cstablishing
glucosuria in a controlled pharmacologic manner can break the upward spiral of

5 insudin dosing in highly insulin-vesistant patients, sllowing for improved glycemic

control and weight loss in the sotting of & large insulin dose reduction {50%),
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WHAT IS CLAIMED I8:
I. A method for treating type 2 diabetes in & mammalian pationt who has

previously been treated with one or more oral anti-diabetic agents andfor ene or more
5 injectable anti-diabetic agents, which previous treatment has failed, which comprises
administering to said patient in need of treatment a therapentically effective amount
of an SGLT2 inhibitor.
2. The methed as defined in Claim 1 wherein the patient treated has
10 previously been treated with insulin and/or one or more other anti-diabetic agents.
3. The method as delined in Clasm | wherein the patient has previously

been treated with metlormin and/or a thiazolidinedione and/or msulin,

b

4, The methed as defined in Clasm | wherein the paticnt is frcated with
the SGLTZ inhibitor in combination with onc or morc oral anti-diabetic agenis and/or

one or more injectable anti-diabetic agents.

3. The methed as defined in Claim 1 wherein the SGLT2 inlibHor is

20 administered tnoan amount within the range from about 0.5 1o about 350 mg/day.

fi. The method as defined in Claim 4 wherein the patient is freated with

an SGLT2 inkibitor in cermbination with

@) insubin; or
25 b) insulin aud metformin; or
) insulin and a thiazolidinedionsg; or
d) insubin and metformin and a thiszolidinedione.
7. The method aceording to Claim 1, wherein the SGLT2 inhibitor hag

30 shestructore



(130) JP 2017-160212 A 2017.9.14

WO 2010/138535 PCT/US201G/03612¢
F2i?

R4
et

!
Sk ()
X Y i—)\gs
R?

w\_/ A

“oH

HO

HOY

G

wherein
R', R* and R™ are independently hydrogen, OH, OR alkyl, CF;, QCHF,,

QOCF, SRY or halogen, or two of R' R and R™ together with the carbons to which

LA

they are attached can form an anrclated 5-, 6- or T-membered carboeyele or
heteroeyele which ean contain 1 to 4 heteroatoras in the ring which are N, O, §, SG,
andfr §Ox;
R* and R” are indepandently hvdeogen, OH, OR™, OAryt, OCHzArY), alkyl.
cycloatkyl, CFi, -OCHF;, -OCF;, halagen, -CN, -CORY, -COLH, COR®, -
10 CHOHR®™, -CHOR™RS, -CONR'R™, NHCOR™, -NHSO,R™, -NHSO:AV,
Aryl, -SR™ -SOR™, .80:R*, -SQ.Aryl, of 4 5-, 6- or 7-membered heterocycle which
can contain 1 to 4 heteroatoms in the ring which are N, 0, S, 80, and/or 30y, or R’
and R together with the carbons to which they arc attached form an annclated 5-, 6-
or T-membered carbocyele or heterocyele which can contain o 4 heteroatorns in the
13 ring which are N, O, 8, 8O, andior 304

R R R™ RY,R™ R, RY R R and RY are independently atkyl:

RS R% R R, and 8% are independently hydrogen. alkyl, aryl, alkylaryl or
cycloatkyl, or R® and R™ together with the nitrogen to which they arc attuched form
an annclatcd 5-, 6- or 7-membered heteroeycle which can contain 1 to 4 heteroatoms

20 inthe ring which are N, O, 8, S0, and/or S0,

Ais O, S, NH, or (CH;}, where n is 0-3, or a pharmaccutically scceptable salt,
stereoisomer, or prodrog ester thereoft

with the proviso that where A s (CHR) where n s 0,1, 2, or Jor A is Q, and
at least one of R, R%, and R™ is OH or OR’, then ar leasr one of R', R?, and R™ is

25 CFy, OCF:, or QUHF; and/or at least one of RS and RYs OF -OCHE,, -OCT,, -ON, -
COR™, CHIOR™R™, CH(OHIR™, COR®", -NHCOR™, -NHSO,R™, -NHSO,Arvl,
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Aryl, SR —SOR“‘, -SOLR* or -SOxAryl, or a pharmaccuiically acceptable salt

thereof, all stereoisomers thereof, or a prodrag ester thereof or a soluble thereof.

. The method according to Claim §, wherein the SGLT2 inhibitor has

5 the structure
CEt

¢l /:\5

HO
HOY “/OH
OH
{dapagliflozin) or

OEt

Lh:

» HZO . / N\
MO OH

{$-propylene glycol salvate)

9. The method as defined in Claim 6 wherein the SGLT2 inhibitor 18
HY (ay  dapughiflozin or dapagliflozin-FGS at o dose from about 0.5 to sbows
200 mg/day is administered in combination with insudin at a dose as preseribed by a
physician ov as described in the PDR; or
(by  dapagliftozin or dapagliflozin-PGS at a dose from sbout 1.5 to shout
200 mg/day is administered in combination with insudin at a dose as prescribed by a
15 physician or as described in the PDR, and metformin af a dose from about 500 to
about 2000 mg/day; or
(¢y  dapagliflozin or dapagliflozin-PGS at a dose from about (1.5 t0 about
200 mg/day is administered in a combination with insulin at a dose as prescribed by a

physician or as described in the PDR, ploghitazone (Actos, Takeda Pharmaceuticals
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America, ey al & dosc from about 9.5 Lo about 75 mg/day, or rosiglilazone
{Avandia, Glaxo-Wellcome] at & dose from about 0.5 to about 25 my/day; or
(dy  dapaglifiozin or dapagliflozin-PGS at a dose from about 8.5 to about
290 mg/day is administered in combination with insulin at a dose as prescribed by a
5 physician or as described in the PDR, metformin at a dose from about 5300 to about
2000 mg/day, and pioglitazone at a dose from about .3 1o about 75 mg/day or

rosiglitazong at & dose from about 0.3 to about 25 mg/day.

1G. The moethed as defined in Claim 1 wherein the patient is frcated with

10 one or more anti-cbesity agents.

1, The method as defined in Claim | whergin the SGLT2 inhibitor
administered s dupagliflorin or dupagliflozin-PGS at 1 dose from sbout 0.5 to sbout

350 mg in combination with another anti-diabetic agent andfor other therapeutic

b

agont, wherein the anti-diabetic agent is an insulin sccrctagoguc or insulin sensitizer,
which is & biguanide, a sulfonyl urca, a glucesidasc inhibitor, an aldose reductasc
inhibitor, a PPAR y agonist, a PPAR o agonist, a PPAR § antagonist or agonist, &
PPAR o/ dual agonist, anl 1-f-HS0-1 inhibitor, a dipeptidyl peptidase 1V (T3PP4)}
inkibitor, an SGLT2 inhibitor, a glycogen phosphorylase inhibitor, a meglitinide, a
20 ghecagon-like peptide-1 (GLP-13, 2 GLP-1 receptor agonist, andfor o PTP-1B
inhibitor {protein tyrosine phesphatase- 13 inhibitor) or insulin, 2 glucokinase
activator, a DGA'L inhibitor, 2 CCRZ antagonisr or 11-8-HSL; and the other
therapeutic agent is an anti-hyperlipidemic agent or an agent used to rcat

atherosclerosis, an anti-hyportensive agent or a platclet aggregation inhibitor, or is an

(2]
L%

anti-obesity agent, and whorein the other therapeutic agent is an anti-hyperlipidemia
agent, or agent used 0 treat atherosclerosis, which is an HMG CoA reductase
inhibitor, a squalenc synthetasce inhibiter, a fibric acid derivative, aspirin, & bile acid
sequestrant, an ACAT mnhibitor, an upregulator of LDL receptor activity, 2
cholestero] absorption inhibitor, a cholesteryl transfer protein (CETP) inhibitor, an
30 ikcal Natbile acid cotransporfer inhibitor, a phytocstrogen, a bota-lactam cholesterol
absorption inhibitor, an [ID4L upregulator, 2 PPAR c-agonist and/or an FXR agonist;

an LDL catubolism promoter such, & sodium-proton ¢xchange inhibifor, an LIML-
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receptor inducer of a steroidal ghycoside, an anli-oxidant, or an antibomocysieine
agent, isontazid, an HMG-CoA synthase inhibitor, or a lanosterol demethylase
inkibitor, a PPAR 3 agonist, or 4 sterol regulating clement binding protein-T1 (SREBP-
1y, or

5 the other therapeutic agent is an anti-hypertensive agent, which is a betg
adrenergic biockar, a calcium channel blocker (L-type andfor T-type), a diurstic, a
renin inkibitor, an ACE inhibitor, an AT-1 reooptor antagonist, an ET recoptor
antagonist, 4 dusl ET/AIE antagonist, 4 neutral cndopeptidase (NEP) inhibitor, a
vasopeptidasc inhibitor {dual NEP-ACE inhibitor) or & nitrate; or

H) the other therapeutic agent is a platelet aggregation inhibitor which &
clopidoprel, ticlepidine, prasugrel or aspirin: or
the vther therapeutic agent 15 un unti-obesity spent which is an SGLT2

inhibitor, 1 B-3 adrenergie agonist,  lipase inhibitor, 1 serofonin (and dopamine)

reuptake ihibitor, a thyrokd beta compound, an anorectic agent, an NPY antagonist, a

b

leptin analog, an MC4 agonist, an MCH-1 roceptor antagorist, or agomist of the 3-

HT». recepter or an antagonist of the cannabinoid roceptor,

12. The methed as defined in Claim 11 wherein the other anti-diabetic
agent is metformin, glyburide, insulin, glipizide, pioglitazone, rosiglitazone,
20 saxaglpting vildaglipting sitagliptin or cxcenatide (Bycettay, or
the other therapeutic agent is atorvastatin, pravastatin, simvastatin,
rosuvastatin calcium, fluvastatin, clopidogrel, aspirin, tictopidine or prasugrs! and the
other therapeutic agent is an anti-obesity agent sclected from arlistat, sibutramine, an

MCHRI sntagonist, phentermine, rimonabant, benzphctamine, dicthylpropion,

25 methamphctamine, phendimetrazine, ATL-962, AJ9677, L750355, CP331648,
topiramate, Axoking, dexamphetamine, phenylpropanclamine and mazindol,
13, Themethod according to Claim 11 wherein dapaglifiozin or
dapagliflozin-PGS is employed in combination with:
30 a) mettormin, or

b) proglitazone or rosiglitazong; or

) insulin; or
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d) metlormin and insulin; or
e) pioglitazone or rosiglitazone and metformin; or
§] pioglitezone or rogiglitazone and insulin; or
£) metformin, pioglitazone or rosiglitazone and insulin,
5

14, The method as deficed in Claim 13 wherein the SGLT2 inhibitor
dapaglitlozin or dapagliflozin-PDS at a dosc within the range from about 6.5 10 about
200 mg/day is administered in combination with insulin at a dose as preseribed by a
physician or as disclosed in the latest Physicians ' Desk Reférence (PDR), and/or
10 metformin at 2 dose within the range from about 300 to about 2000 mg/day, and/or
rosiglitazone (Avundia, Glaxe-Wellcome) at u dose within the range from about 0.3
te about 25 me/day or ploghtuzone (Actos, Takeds Phurmaceuticuls America, Inc.) at

a dose within the renge from dbout 0.3 o about 75 myfday.

b

13, A pharmaccutical composition which compriscs dapagliflozin or
dapagliflozin-PGS and metformin and/or pioglitazonc or rosiglitazone, and 4

pharmacentically acceptable carrier theretor.
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Abstract © The invention provides methods ot treating a pationt having type 2 diabeies who bas fafled on proviows roginwms
of one or mote ored endior mjecisble anii-diabolic agents, which clude the swp ol adminisioring a therspontically elfective
amount of an $GLT2 miwbitor alone o in combination with another anti-disheuc agent sndior other therspeutic agent o such pa-
tiewt. A pharmaceutical composition containing depagliflozis or dapagliilozin-S-propylene glyool sobvare and cne or miore diabet-
it agents andfor other therapentic sgents for vse I the methods of the mvention is slso provided.
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