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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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METHODS FOR TREATING TYPE 2 DIABETES IN PATIENTS RESISTANT TO
PREVIOUS TREATMENT WITH OTHER ANTH-DIABETIC DRUGS
EMPLOYING AN SGL'T2 INHIBITOR AND COMPOSITIONS THEREOF

3 FIELD OF THE INVENTION
H101] The present invention provides a method for treating type 2 diabetes in 4
mammal who has failed in therapy with one or more oral andfor imjectable anti-
diabetic agents, employing an SGLT2 inhibitor ulone or in combination with another
amiidiabetic agent and/or other therapeutic agent, and to a pharmaceuytical

10 compositlon for use 1o such method.

BACKGRQOUND OF THE INVENTIGN
2] Hyperghycemia, that i3, ¢levated plasma glucose, is a hallmark of

diabetes. Plasma glucose s normally filtered in the kidney in the glomerulus but is

St

actively reabsorbed in the proximal tubule (kidney), Sodium-dopendent glucoss co-
transporter SGLT2 appears 1o be the major transporter responsible for the reuptake of
glucose at this site. The 8GLT inhibitor phlorizin. and closely related analogs, inhibit
this rouptake process in diabete rodents and dogs, resulting in normalization of
plasma ghicosc levels by prometing ghicose excrotion without hypoglycemic side

20 offects. Long teren £6 month) treatment of Zucker diabetic rats with an SGLT2
inhibitor has been reported Lo improve insulin response to giycemia, improve insulin
sensitivity, and defay the onset of nephropathy and neuropathy in these animals, with
ne detectuble pathology 1o the kidney wnd no electrolyte imbalance in plasma.

Selective inhibition of SGLTZ2 in diabetic natients would be expected fo normalize

|30
LN

plasma glucosc by cohancing the excection of glucose in the urine, thereby improving
insulin sensitivity and delaying the development of diabetic complications.

HI0G3] The trgatment of diabetes is an tmportant health concem and despite a
wide range of availsble therapics, the epidemic continues. Type 2 dizbetes (TZDM)
is a progressive disease caused by insulin resistance and decreased pancreatic -cell
36 function. Insulinis produced by the pancreatic p-cell and mediates cellufar glucose

uptake and clesrance. Insulin resistance is characterized by the lack of response to
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the actions of 1his hormone which results tn decreased ccllular elearance of glucose
from the circulation and overproduction of glucose by the liver.
[0004] The currently available therapics fo trear type 2 diabetes augment the
action or delivery of insulin to lower bloed glucose. However, despite therapy, many
3 patients do not achieve control of their type 2 dinbetes. According to the National
Health and Wutrition Examination Swrvey (NHANES) 1, only 36% of type 2
diabetics achieve glycomic controf defined as a ATC < 7.0% with current therapics,
tn an effort fo treat type 2 disberes, aggressive therapy with multiple pharmacologic
sgonts may o preseribed. The use of insulin plus oral agents has increased from
10 approximately 3 to 11% from NHANES Tte 111,
Hiaas| Thus, treatment of hyperglycemia in type 2 diabetes (F2DM} remains a
major challenge, particutarly i paticnts who require insulin as the discasce progresses.
Various combinations of insulin with oral anti-diabctic agents (OADs) huve been
investigated in recent years, and an increasing number of patients have been placed
15 onthess regimens. Poulsen, M.K. et al., *“The combinad effect of triple therapy with
rosiglitazone, metformin, and insulin in type 2 diabetie paticnty”, Dinbetes Care,
26{12):3273-3279 (2003); Buse, 1, “Combining insutin and oral agents”, 4a, J,
Med., 108(Supp. 6ak238-328 (2000). Often, these combination therapies become
less effective in controlling hyperglycemia over time, particularly as weight gain and
20 worsening insulin reststunce imipair insulin rosponsc pathways.
HDa6] Hypoglycemia, weight gain, and subsequent increased insulin resistance
are signiticant factors that limit optinal titration and effectivenass of insulin.
{Holman, R.R. of al, “Addition of biphasie, prandial, or basal insulin to oral therapy
in type 2 diabetes™, N Engl J Med., 357(17):1716-1730 (20073, Weight gain with

2]
LA

insulin therapy is predeminantly a consequence of the reduction of glucosuria, and is
thought $0 be proportional to the correction of glycemda, (Makimattila, S. et al,,
“Causcs of weight gain during insalin therapy with and without metformin 1n patients
with Type 11 diabetes mellitns”, Diabetologia, 42(43:406-412 {1999)). Insubin drives
welght gain when used alone or with OADs. (Buse, 1, supra}. [n some cases,

36 meensive nsulin thorapy may worsen lipid overload and complicats progression of
the discase twough a spiral of calernic surplus, hyperinsulinemia, increased

lipogenesis, increused adipocity, increased nsulin resistance, beta-cell toxteity, and
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hypergiycomia. {Unger, R H., “Reinveating type 2 diabeles: pathogencsts, trcatment,
and prevention”, JAMA, 299(10):1183-1187 (2008)). Ameng commonly used OADs,
thinzelidinedioncs (TED) and sulfonyhurcas intringically coneribure to woight gain as
glucosuria dissipates with improved glycemic control, Weight gain dg less prominent
5 with metformin, acting through suppression of hepatic glucese output, or with

meretin-based DPP-4 inbibitors. Overall, there is a pressing need for novel agents
that can be safely added 0 insulin-dependent therapics 1o help achicve glycemic
targen without increasing the risks of weight gain or hypoghycemia.
67| A novel approach to treating hyperglycemia involves targeting

16 transpertors for glucosc reabsorption in the kidacy. (Kanai, Y, ¢tal,, “The human
kidney low affinity Na+/glucose cotransporter SGLT2. Delincation of the major
renal reabsorptive mechunism for D-glucose™, 7 Clin. Invest., 93{1):397-404 (1994)).
Agents that selectively block the sodium-glucose cotransporter 2 (SGLT2) located in
the proximal tubule of the kidney can inhibit reabsorption of glucosc and Inducg its

15 climination through urinary excretion. {Brown, G.K, “Glucose transpottors:
structure, function and consequences of deficiency™, S Inkerit, Metab. Dis.,
23(3x237-246 {20003, SGLTZ2 inhibition has been shown in pre-clinical medels to
lower blood glucose indepoendently of insulin. (Han, 8. ot al., “Dapagliflozin, a
selective SGLTZ inhibitor, lmproves glucose homeostasis in normal and diabetic

20 rats”, Diabetes, 57(6):1723-172% (2008): Katsuno, K. et ab, “Serglifiozin, a novel
sefective inhibitor of low-affinity sodium glucose cotransporter (SGLT2), validates
the eritical role of 8G1.T2 m renal glucosc reabsorption and modutates plasma
glucose lovel”, L Pharmace!. Exp. Ther., 32001):323-330 (2007)).
HO08] Dapagliflozin {which is disclosed in UK. Patent No. 6,515,117) is an

25 inhibitor of sodium-ghucose reabserption by the kidney, by mhibiting SGLT2, which
results in an increased excretion of glucose in the urine. This effect lowers plasma
glucose in an insulin-independent manner,
H069] Dapagliflozin is cwreatly undergoing clinical developiment for treatrnent
of type 2 disbetes, (Han, 8, et al,, supra; Meng, W, ¢t al,, "Discovery of

36 dapaglifiozin: a potent, scloctive ronal sodium-dependont glucoss cotransportcr 2
(SGLT2Y inhibitor for the treatment of type 2 diabetes”, . Med. Chem, 51(5):1145-
1149 {2008}). Phase 2a and 2b studics with dapagliflozin have demonstrated cfficacy
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in reducing hyperglycemia cither alone or in combination with metformin in pationls
with T2DM. {(Komoroski, B. et al., “Dapaghiflozin, a novel, selective SGLT2
inhibitor, improved glycemic control over 2 weeks in patients with type 2 diabetes
meltitus”, Clin, Pharmacol, Ther,, B5(5):513-519 (2009); Ligt, I.F, etal,,

3 “Dapaglifiozin-induced glucosuria 1s accompunied by weight loss in type 2 diabetic
patients”, 6%th Scientific Sessions of the American Diabetes Association, San
Frangisco, CA, Junc 6-10, 2008, Proscrtation No. 046193,

L HH]| It has been found that dapagliflozin does not act theough insulin gignaling
pathways and is cffoctive in contrelling blood sugar in patients whosce insulin

10 signaling pathwiys do not work well, This applics to catremes of insulin resistance,
in type 2 diabetey as well ag in insubin resistance syndromes, caused by, for example,

mutarions in the insulin recepror.

BRIEF DESCRIPTION OF THE INVENTION
15 [00L1) In accordance with the present invention, 4 method is provided for
treating type 2 diabetes in o marunalian subject or patient, including & human subject
or patient, who hags failed in previeus treatment with one or more oral anti-dabetic
agents and/or an injectable anti-disbetic agents {which may include tnsulin), which
includes the step of administering 0 a mammalian sabject or patient 1n need of such
20 teatment a therapeutically cffective amount of an SGLT2 inhibitor,
HD12) In certain embodiments, the inventive methods for treating type 2
diabetes in a mammalian subject or patient, imcluding a human subject or patient, who
has failed in previeus treatment with one or more anti-digbetic agents, includes the

step of administering a therapeutically effective amount of dapagliflozin or

2]
LA

dapagliflozin propylene glycel hydrate {also referred fo as dapagliflozin propylenc
glycol selvate or dapagliflozin-PGS),

H013] Saifl further in accordanes with the invention, n any of the deseribod
methods, the method includes the step of administoring to a mammatian subject or
patient o pharmaccuticsl composition which includes a therapeutically effective

36 amount of an SGLT?2 inhibitor such as depaglifiozin or dapagliflozin-PGS and at least
cne pharmaceutically agceptable carrigr, diluent, or adjuvant, Por example, in any of

the methods of the invention, the method includes the step of administering w &
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mammalian subjoct or palical & pharmaceulical compesition containing a
therapeutically effective amount of dapagliflozin or dapaghflozie-PGS, such as from
sbout | to sbout 200 my/day, and at least one pharmaceutically acceptable carricr,
diluent, or adjuvant,

3 [00i4) In any of the ioventive metheds, the SGLTZ inhibitor such as
dapagliflozin or dapagliflozin-PGS, such as from 0.3 0 about 330 mg/day, can be
administercd in eombination with onc or more other oral and/or injcetable anti-
diabetic agenty, which can be another SGLT2 inhibitor as described herein andior can
be one or more anii-diabetic agents other than an SGLT2 inhibior, which may

10 melude msulin, andfer ancther or additional thorapeutic agont which can b an anti-
obesity agent, an antl-hyperiipidemic agent, an agent for treating atherosclerosis, an
anti-hypertensive agent, and‘or an antithrombotic or anticoagulant snch as a platelet
sggregution inhibitor, In one embodiment, the anti-diabetic agent(s} end/or other
therapeutic agent(s) arc administered in a therapeutically ¢ffcctive amount.

15 [0015] In one embodiment of the inventive methods employing a4 combination of
att SGLT2 inhibitor(s) such as dupagliflorin or dapagliflozin-PGS and anti-digbetic
agent{s), and/or another additional therapeutic agent which can be an anti-obesity
agent, an anti-hyperdipidemic agent, an agent for treating atherosclerosis, an anti-
hypertensive agent, and/or an antithrombotic or anticeagulant such as a platelet

20 aggregation mhibitor, the dosage for the other anti-diabetic agent{s) {used in
combination with the SGLT2 inhibitor) is from about 20% of the lowest dose
normatly recommended for freating disbetes up to about 100% of the normally
recommended dosage for treating diabetes.

H016] In another embodiment in the methods of the present invention, the

2]
LA

paticnt 15 treated with an SGLT2 inhibitor such as dapagiiflozin or dapagliflozin-PGS
and one or more anti-diabetic agents wharein the anti-dabetic agent is selected from a
Blanwanide, such as metformin, a sulfonyl uree, such as glyburide or glipizide, a
glucosidase inhibitor, a PPAR » sgonist, 8 PPAR «fy dual agonist, an aP2 inhibitor, ¢
DPP4 inhibitor, an insulin sensitizer, such as rosiglitazone or pioglitazong, a

36 glucagon-lke pepride-1 €GLP-1) rocepior agonist, glucokinase activator, a DGAT

inhibitor, a CCR2 antagonisy, 11-f-HSD (hydroxysteroid dehydrogenase), insulin, a
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meglitinide, @ PTP1B inhibitor, & glycogen phosphorylase inhibitor, a glucos-6-
phosphatase inhibitor, or a combination thereof.
Ha17] In another embodiment, the invention provides a method of treating type
2 diabetes in a mamemnal, particulardy a human, which includes the step of
3 administering to the mammal an SGLTZ inhibitor such as dupaglifiozin or
dapagliflozin-PGS in combination with onc or more anti-diabetic agents whergin the
anti-diabetic agent 15 sclocted from metformin, glvbunide, ghiraepinide, glipyride,
glipizide, exenatide, chlorpropamide, gliclazide, saxagliptin, sitagliptin, vildagliptin,
scarbose, miglitol, pieglitazone, rosiglitazonc, insulin, G1-262579, isaglitazone, 31T~
10 301,N-2344, LE9S645, YM-440, R-119702, AJ9GT7, repaglinide, nateghnide,
KADI129, AR-HO39242, GW-409544, KRP297, AC2903, LY 315902 or NVP-DEPP-
T2RA, or a combination of two or more thereof.
FO918] In another cmbodiment of the method of the prosent invention,
dapaglifiozin or dapagliflozin-PGS at a dose within the range from about 0.5 to about
15 200 mg/day is administered in combination with insulin at a dose as preseribed by a
physician or as disclosed in the latest Physicians ’ Desk Reference (PDR) and/or
retformin at 4 dose within the range from about 300 to about 2000 myg/day and/or
rosiglitazons (AVANDIA®, Glaxo-Wellcome) at a dose within the range from about
.5 10 about 25 mg/day or pioglitazone (ACTOS®), Takeda Pharmaceuticals America,
20 Inc.) at a dosc within the range from about 0.3 to about 75 mg/day.
HD19) In another embodiment of the method of the present invention
(a) dapagliflozin or dapaglitlozin-PGS at a dose from zbout 0.5 ta about
200 mg/day is administered in combination with insulin at a dosc as preseribed by a

pleysician or as described i the PDR; or

2]
LA

(b} dapaghiflozin or dapagliflozin-PGS at a dosc from about 0.5 to about
200 mg/day is administered in combination with insulin at a dose & preseribed by a
physician or as described in the PDRE, and metformin at a dose from about 300 to
about 2000 my/day; or

{c)  dapaglifiozin or dapagliflozin-PGS at a dose from about 0.5 to about
30 200 mg/day is admimstored in a combination with insulin at a dosc as preseribed by a
physician or as described in the PDR, and picglitazone {ACTOS®, Takeda

Pharmacenticaly America, Inc.} ut a dosc from gbout 0.5 to about 75 mg/day, or
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rosighilazone (AVANDIA®, Glaxo-Wellcome) at a dose from about G.5 to aboul 25
mgfday; or
(dy  dapaghiflozin or dapagliflozin-PGS at s dosc from shout 0.5 to zbout
200 mg/day is administered in combination with insubin at a dose as prescribed by a
3 physician or us described in the PDR, metformin at 4 dose from about 300 to about
2000 mg/day, and ploglitazone at a dose from about 0.5 to abeut 75 mg/day or

rsighitazons at a dose from about (L5 to abaut 25 me/day,

10020 Another embodiment of the invention is the use of an SGLT2Z inhibitor
10 such as dapaglifiozin or dapaglifiozin-PGS in the manufacture of a medicament for
treating type 2 diabetes in mammals, particularly humans,
H92H| Another embodiment of the invention is the use of a combination of an
SGLT2 inhibior such s dapagliflozin or dapaglifiozin-PGS and onc or more gati-
diabetic agents and/or one or more anti-obesity agants in the manufacture of a
15 medicament for treating type 2 disbetes. The anti-diabetic agent and/or anti-obesity
sgent is administered prior to, after, or concurrently with the SGLT2 inhibitor.
[0822] Another embodiment of the invention is the use of an SGLTZ inhibitor
such as dapagliflozin or dapagliflozin-P(S, in the manufacture of a medicament for
the troatment of type 2 diabetes, as defined herein, in which such treatment includes
20 the step of administering to a mamral a combination of an SGLT2 inhibitor with an
ani-diabetic agent and/or anti-obesity agent, for concurrent or sequential use, in any
order.
23] Another embodiment of the invention ig the uge of a combination of an
SGLTZ inhibitor such as dapagliflozin or dapagliflozin-PGS and one or more anti-
25 diabetic agents in the manufacture of a medicament for treating type 2 diabetes, us
defined herein, wherein the anti-diabetic agent is 2 biguanide, @ suifonyl nrea, 2

glucosidase inhibitor, a PPAR v agonist, a PPAR a/y dual agonist, an aP2 inhibitor,

>

DPP4 inhibitor, an tnsulin sensitizer, a glucagon-like peptide-1 (GLP-1) receptor
agonist, 1 glicokinase sctivator, 8 DGAT inhibitor, » CCR2 antagonist, 11-f-HSD,
36 insulin, & meglitinide, a PTEIB Inhibitoer, a glycoger phosploryluse inhibitor, &

plucos-o-phosphatase inhibitor, or a combination of two or morg thereof. The anti-
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diabetic agent is adminisiered prior fo, aller, or concurrently with the SGLT2
inhibitor.
H024] Another erbodimens of the invention iy the use of an SGLT2 inhibitor
such as dapagliflozin or dapagliflozin-PGS, in the manufacture of a 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 8 combination with one or more
anti-diabetic agents, for eoncurrent or sequential use, in any order, wherein the anti-
diabetic agent ig selected from a biguanide, a sulfonyl ures, a glucosidase inhibitor, a
PPAR v agonist, a PPAR o/y dual agonist, an aP2 inhibitor, a DPP4 inhibitor, an
16 nsulin sensitizer, a glucagon-like poptide-1 (GGLP-1) recepor agonist, & glucokinase
activator, a DGAT inhibitor, & CCR2 antagonist, 11-B-HSD, insulin, & meglitinide, 2
PTP1B inhibitor, & glycogen phosphorylase inhibitor, a glucos-6-phosphatase
inhibityr, or & combination of two or more thereof,
[H025] Another embodiment of the invention is the use of an SGL'IZ inhibitor
15 suchas dapagliftozin or dapaglifiozin-PGS in combination with another or additional
therapeutic agent which iy 4n anti-obesity agent, an anti-hyperlipidemic agent, or
agent used to treat arteriosclerosiy, which is an HMG CoA reductase imhibitor, &
srualene synthetase inkibitor, a fibric acid derivative, aspirin, a bile acid sequestrant,
an ACAT inhibitor, an upregulator of LDL receptor activity, a cholestere] absorption
20 inhibitor, a cholestery! transfer protein (CETP) inhibitor, un tleal Na | /bile acid
cotransporter inhkibitor, a phytocstrogen, 4 beta-lactum cholesterol absorption
inhibitor, an HDL upregulator, a PPAR e-agonist and/or an FXR agonist; an LDL
catabolism promofer such, a sodium-proton exchange inkibitor, an LI -receptar
inducer or a steroidal glycoside, ap anti-oxidant, or an sntthomecysteine agent,
25 isoniazid, an HMG-CoA synthase mmhibitor, or a lanosterol demethyiase inhibstor, a
PPAR & agonist, or a sterol regularing ¢lement binding protein-T (SREBP-1): or
the other therapeutic agent is an anti-kypertensive agent, which is a beta
adrenergic blocker, a caleiwm channel blocker {L-type and/or T-type), a diuretic, a
renin inhibitor, an ACE inhibitor, an AT-1 reccptor antagonist, an ET receptor
30 antagonist, 2 dual DT/ATE antagomist, a ncutral endopeptidase {NTP) inhibitor, a

vasopeptidase inhibitor (dual NEP-ACE inhibitor) or a nitrate; or



(70) JP 2016-104753 A 2016.6.9

WO 20107138535 PCT/US2019/036120
HHIT

the olher therapeulic agetil is a platelet aggregation inhibiior which is

clopidoprel or ticlopidine or prasugrel or aspirin.

[0926] The additional therspewtic agent is administered prior to, after or

3 concurrently with the SGLT2 inhibitor.
927 Another embodiment of the invention is the use of an SGLT2 inhibitor
such as dapagliflozin or dapaghiflozin-PGS and another or additional therapeutic
agent as defined above in the manufacture of a medicament for the treatment of type 2
diabetes,

10 [0028) The other or additional therapeutic agent is administered prior to, after or
concurrently with the SGILLTZ inhibttor,

[0029] In one embodiment of the inventive methods employing a combination of
gn SGLTZ inhibitor and other or additional therapoutic agent(s}, the SGLT2 inhibitor
is administered in a weight ratio to the other or additional thorapeutic agont(s} in an

15 amount within the range from sbout 20011 10 about 8.1:1. Tn another embodiment, the
SGLT2 inhibitor is administered in a weight ratio to the other or additionat
therapeutic agent(s)s in an amount within the runge from about 190:1 {0 about 0.2:1.
HO36) Another embodiment of the invention is the use of a combination of an
SGLT2 inhibstor such as dapagliflozin or dapagliflozin-P(GS and one or more aati-

20 diabetic agents in the manufacture of a medicament for treating type 2 diabores,
whercin the anti-disbetic agent is sclected from metformin, glyburide, glimepiride,
glipyride., glipizide, chlomropamide, gliclazide. saxagliptin, sitagliptin, vildagliptin,
acarbose, miglitol, pioglivazone, rosiglitazone, insulin, GI-262570, isaglitazane, JTT-
301, excnatides, NN-2344, 1895645, YM-448, R-119702, AI9677, repaglinide,

25 nateglinide, KAD1129, AR-HO39242, GW-409544, KRP297, AC2993, LY313902 or
NYP-DPP-TI8A, or 5 combination of two or more thereof. The anfi-diabetic agent is
administorsd prior to, after, or concurrently with the SGLT2 mhibitor.

H31] Another embodiment of the invention is the use in the methods of the
invention of a combination of an SGLT2 inhibitor such as dapagliflozin or

30 dapagliflozin-PGS with insulin alone, metformin alone, & thiazolidinedions alone
such as pioglilazonc or rosiglilazonc, or & combination of dapaglillozin or

dapagliflozin-PGS and mctformin and insulin, or a combination of dapagliflozin or
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dapagliflozin-PGS and insulin and a (hiazolidinedioae, or a combination of
dupagliflozin or dapaglifiozin-PGS and metformin and a thiszolidinedione, or ¢
combination of dapagliflozin or dapagliflozin-PGS and insulin, metformin and a
thiazolidinedioneg, whese the thiazelidinediong is preferably pioglitazone or
3 rosiglitazone.

{0032] The SGLT2 inhibitor employed in the methods of the invention may be a
C-aryl glucoside {also roferred to as a C-glucoside) or an O-arylglucoside {also
referred 1o as an O-glucoside) ag will be described in detail hereinafter,
F0933] In one embodiment of the inventive methods employing a combination af

10 an SGLTZ [nhibitor such as dapagliflozin or dapagliflozin-PGS and one or more anti-
diabetic agent{z), the 8GLT2 inhibitor is administered in a weight ratio 1o the other
anti-diabetic agent{s} in ar amount within the range of from about 200:1 10 about
€.1:1. In another cmbodiment, the SGLTZ inhibitor is administored in & weight ratio
to the other anti-diabetic agent(s} in an amount within the range of from about 100:1

15 tabour0.2:1
[0034] The invention provides the use of an SLGT2 inbibitor in the manvfactore
of a moedicament for the treatment of type 2 diabetes. I onc embodiment, the
invention provides the use of a C-arylglucoside or G-arylglucoside in the manufacture
of & medicament and one or mere anti-diabetic agonts for the treatment of type 2

20 diabetes. For cxample, the invention provides the wse of dapaghiflozie or
dapagliflozin-PGS in the manufacture of a medicament for the treatment of type 2
diabetes. In any of the described uses, the SLGT2 inhibitor is administered in &
therapeutically offective amount.
H35) The invention provides the combination of an SLGT2 inhibitor and one

25 ormere anti-diabetic agent(s) as a medicament for treating type 2 diabetes, Inone
crbodiment, the invention provides the combination of a C-arylglucoside or O
arylglucoside and onc or more anti-diabetic agent(s} as a medicament for treating type
2 diabewes. For example, the invention provides the combination of dapagtifiozin or
dapagliflozin-FGS und one or more anti-diabetic agent(s) as u medicament for

3G tresting type 2 diabetes. In any of the described uses, the SLGT2 mhibiler is

administered in a therapeutically effzctive amount,
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resistance™, as emploved hercin, refors to inadequate glycemic gontrol dospite
treagment with > = 30 units per day insulin plus an oral insulin sensitizer {&
thiszolidinedione such as pioglitazonc or rosiglitazonc andfor metformin}.

3 [a37] The term “therapeutically offective amournl of an SLGT2 inhibitor™ as
used herein refers wo an amount or dose of SLGT2 inhibitor that lowers plasma
glucose levels fo medically acceptable levels (as determined by ADA standards) in o
mammalisn subject o1 paticat.

FO9328] The term “dapagliflozin-PGS™ as used herein scfors to dapagliflozin

10 propylene glycol solvaie or dupaglifiozin propylene plycol hydrate, including the (53
form and the {R)} form of dapagliflozin propylenc glycol.

[0039] The terrn “hypoglycernia” as employed herein refers 10 a blood glucose
level of below 60 my per deciliter (dL).
H046] The term “diabetes™ as employed herein refers to type 2 (or Type 1)

15 diabetes or non-msulin depandent diabetes meliitus (NTIXIM) wherein » patient has
inadequate glyeemie control {(HbA . < 7%) with diet and exeretse and includes
hypergiveemia and may include extreme insulin resistance.
foadt] The term “hyperglycomis™ as cmployed herein refers to a blood ghucose
level of above 180 meg per deeilitor (d1).

26 [0042] The teren “failed” on previoes wealineot with one or more oral anti-
diabetic agents and/or injoctable anti-diabetic agents, refers to patients with type 2
diabetes on such previcus treatment who were not able to achieve glycemic control
defined as HbA . < 7.0%,

HH43] The term “phurmaccatically acceptable carriet” as used herein means a

o]
LA

non-toxic, inert solid, semi-selid or Hiquid fitler, dituent, encapsulating rmaterial or
formulation auxiliary of any type. Some examples of materials which can serve as
pharmacsetically acceptable carniers are sugars, such as lactose, glucose and sucrose;
starches, such as comn starch and potato ssarch; cellulose and its derivatives, such as
sodium carboxymethyl cetlulose, ethyl cellulose and cellulose acerate; powdered

30 iragacanth; mali; gelating tale; exciprionis, such as cocea buiter and supposiiony waxos;
oils, such as peanut oil, cottonsced ol sefflower oil. sesame oil, olive oll, corn oil

and soybean oil; glycols, such a propylene glycol; esters, such as ethyl oleate and
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clhyl lavsaie; agar; bulforing agenis, such as magnesium hydroxide and aluminum
hydroxide; alginic acid; pyrogen-fres water; Isotonic saline; Ringer’s solution; ethyl
aleohok; and phosphate buffer solutions, as well s other non-toxic compatible
lubricants, such as sodium lauty] suifate and magnesiut stearate; coloring agents;
5 releasing apents; coating agents: sweetening; flavoring; and perfuming apents;

preservatives; and antioxidanis.
HI044] The invention provides pharmaecutical compositions containing an
SGLTZ inhibitor preferably dapagliflozin or dapagliflozin-PGS alone or together with
one or more anti-diabetic ageats such as metformin and a thiazolidinedione, and/or

10 onc or more therapoutic agents, such as an anti-obesity agent, as described
hereinbefore, formuated together with one or more non-toxic pharmaceutically
acceptable carriers, diluents, or adjuvants for use in the methods of the invertion.
The pharmaceutical compositions can be formulated for oraf administration in solid or
liquid form, for parceteral injection or for roctal sdministration. Examples of switable

15 agueous and nonaqucous carvicrs, diluents, solvents or vehicles include water,
ethanol, polvols {propyiene plyeol, polyethylene glycol, glycerol, and the like),
suitable mixtures thereot, vegetable odls (such as olive oil} and injectable organic
csicts, such as cthyl elcate. Proper fluidity can be maintaincd, for cxample, by the
usc of & coating such as lecithin, by the maintenance of the required particle size in

20 the case of dispersions, and by the use of surfactants.
[0045] These compasitions can also coatain adjuvants, such as proservative
agents, wetting agents, emulsifying agems, and dispersing agents. Prevention of the
action of micraprganisms can be ensured by various antibacterial and antifungal
apents, for cxample, parabens, chlorobutanol, phenol, sorbic wcid, and the like. Tt can

25 also be desirable to include isotonic agents, for example, sugars, sodium chloride and
the like, Prolongsd absorption of the injectable pharmaceutical form can be brought
about by the use of agents delaying absorption, for example, aluminum moenostearate
and pelatin,
{0046] In carrying out the methods of the invention for freating mammalian

30 subjects or pationts, the SGLT2 inhibitor along or in combination with on¢ or more
other anti-diabetic agents and/or onc or merc other therapeutic agents can be

administered fo & mammalisn subject or paticnt in need of treatment in an amount
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which can be as high as an amount used to (reat diabetes {elevated blood glucose
levels) but less than an amount which causes hypoglycemia. The daily dose is
adjusted depending upon the mammalian subject or patient and the specific SGLT2
inhibitor empioyed and other anti-diabetic agents eraployed. The dose can be
3 lowered as successful treatment of type 2 diabetes and possibly extreme insulin

resistance are achieved. In one embodiment, the SGLT2 inkibitor is administered to &
marnmalian subject or paticnt in an amount to successfully treat diabetes (clevated
bload glacose levels) and less than an amount which causes hypoglyeemia. For
example, in one embodiment, the SGLTZ inhibitor is orally adminisiered in an

16 amomt of from about | mg to about 1000 mg per day. In another embodiment, the
SGLT?2 inhibitor is oraily administcred in an amount of from about 0.3 mg to about
350 mg/day. In other embodiments, the SGLTZ inlubitor iy oradly administered inan
amownt of from about § to abuut 200 my/day or ubout 2.5 my 1o ybout 75 myfday. In
another embodiment, the SGLTZ mhibitor is orally administered in an amount of

15 fromabout 5 mp to about 50 mg/fday, Al of the desoribed dosages can be
administered 4n & single dosc or in the form of individoal doses from 1 to 4 times per
day, tor example.
H0047] In onc cmbodiment, the metheds of the invention include the step of
administrating the SGLT2 inhibitor dapagliflozin propylene glveol hydrate (referred

20 o as dapaglifiorin-PGS or dapa-PGS), as disclosed in U5, Application Serial Ne.
11/765,481, published as US 2008/0004336 A1, which is herein incorporated by
reference i its ontivety tor any purpose. The dapa-PGS can be in the (8) torm or the

(R) form. The (8) form of dapa-P3GS is shown below as Compound 1

OFt
\\CH3

T
OH

dapaglifiezin-PGS

]
LA

Compound I
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H948] The {R) [otm of dapa-PGS is shown below as Compound 1A:

QEt
e ¢ N
7§
o __
HC CHs;
« HO + MO
HEY “oH OH

OH

Compound TA,
5 H04Y9] The erystalline structure of dapa-PGS is characterized by one or more of
the fellowing:
a) unit cell parameters substantially equal to the following:

Cell dimensions:
a=11.26858) A
i0 b=4.8093¢3) A
c - 46723 A
=90 degrees
[} =90 degrees

i5 Space group = P2,2,2,
Molecules/asymmetric unit = 1
wherein measurcment of said erystalling structure is at room temperature and which is
characterized by fractional atomic coordinates substantially as listed in Table 4 of
.5, nrovistonal application Serial No. 60/817,118 and ia U.S. aon-provisional
20 application Serial No, 11/765,481 (UJS 2008/0004334 Al):
) a powdcer x-ray diffraction pattorn comprising 20 values (CukKad =
1.5418 A) selected from the group consisting of 3.8+ 0.1, 7.6+ 0.1, 8.1+ 0.1, 87+ 0.1,
152007, 1574 0,8 1712 0.1, 189+ 0.1 and 20,1+ 0.1, at room temperature,
] a solid state C NMR spectrum having substantially similar peak
positions at 160.2, 17.6, 39.3, 6.9, 63.3, 69.8, 70.9, 787,794, 1138, 123.6,129.3,
§30.5, 132,06, 135.7, 139.1 and 15%8.0 ppm, as determined on & 400MHz spectrometer

g
Lh

relative to TMS at zero:
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d) a differential scanning calorimetry thermogram having an cadothorm
in the range of about 30 °C to 78 °C or as shown in Figare 7 of ULS, provisional
application Serial No, 60/817,118 and in ULS, non-provisional application Serial No.
117765481 (U5 2008/0004336 Al);

3 e) thermal gravunetric analysis curve with about 18.7% weight loss from
about room temperature up 1o about 240 °C or as shown in Figure 3 of U.S,
provisional application Scrial No. 60/817,118 and in U S, non-provisional applizarion
Seriu No. 117765 481 {US 2G08/0004336 AlY, or

¥ having a proton NMR having substantially similar peak positions as

16 listed in Table 1A of U.8. provisional application Serial No. 60/817, 118 and in U S,
not-provigional application Serial No. 117765481 (US 2008/0004336 A1),

HHISG] SGLTZ ishibitors siituble for use in accordance with the present

invention also tnclude Coarvlglucesides and O-arvlglucosides.

15
[0051] Examples of C-arviglucoside {also referred to as C-glucosidesy SGLTZ
inhibitors useful in the methods of the invention, include, but are not timited to, the
following;

20 ] C-arvlglucosides ax described in UK. Patent No. 6,515,117 and

PCT/UR03/15591, the disclosurcs of which arc incorporated hercin by reference in
thelr entireties for any purpose. In one embodiment, the C-arylglucaside is
dupaglifiorin or (28,3R 4R,55,6R ¥-2-{4-chlora-3-(4-athoxybenzyyphenyl -6-

{hydroxymethyhitetrahydro-2ZH-pyran-3,4,5+4riel, shown below as Compound II:
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HO

“/OH
OH
dapaglifiozin

Compound H.

In another embodiment, the C-arylglucoside 48 the tetragectate analog of
5 dapagliftozin or (2R, 3R 4R,55,652-{acctoxymeth [ 3-6-(4-chloro-3-{4-
cthoxybenzyliphenyhtctrahydro-2H-pyran-3,4,3-triv] rriacetate, also disclosed in LS.
Patent dvo. 6,315,117 sad PCHAUSI/ 3391, and shown below as Compound HA:
OC,Hs

Compound 1EA,

2) The C-arylglucosides, or pharmaceutically acceptable salts thereof, as
described e LS. Patent No. 6,414,126 and PCT/USH/ 27187, the disclosures of
which ure incorporaied berein by reforonce in their entirctics for any purpose,

meluding compounds of Farmula 111
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o\}; = A
HO
R2
HOY /oM
OH
Formula I
wherein

R, R? and R® are independently hydrogen, OH, OR®, alky}, CFs, QCHFE,,

5 OCF:. SR or halegen, or twe of R' R and R™ together with the carbons o which
they are attached can form an annelated 5-, 6« or 7-membered carbocycie or
heteroGyele which ¢an contain 1 te 4 heteroatoms in the ving which are N, (4, 8, 50,
and/or 8O3,

R snd R? arc independently hydrogen, OH, OR™, OAryl, OCH Aryl, alkyl,
10 oycloalkyl, CF;, -QCHF,, -OCF;, halogen, -CN, -CO.R™®, .CO,H, -CORY, .
CHIOHIR®, -CHOR™R™ -CONRR™, -NHCOR™, -NHSO,R™, -NHE,Aryl,
Ayl -SR™, -SORY, S0LR™, -80uA1y1, or a 5-, 6- or T-membered heteracyele which
can contain 1 1o 4 heteroatoms in the ring which are N, G, 8, SO, and/or 80, or R
and R’ together with the carbons to which they are attached form an annelated 5., 6~
15 or 7-membered carbocycle ot hetorocycle which can contain | to 4 hotoroatams in the
ring which are N, O, 8, 80, andior SOy,
R, R™ R R R, Y, RY B8, R™ and R are independently atkyl;
R®, R™ R®, R* and R™ arc independently hydrogen, atkyl, aryl, atkytasyl or
eycloatkyl, or R and R™ together with the nirrogen o which they arg attached form
26 an anpelated 5-, 0- or T-membered heteracyele which can contain | to 4 heteroatoras
in the ring which are N, O, 8, 80, and/or S0;; and
A 150, 5, NH, or (CH:), where nis 043, and a pharmaceutically acceptabic
salt thereof, all storcoisomers thoreof, and all prodrug osters thereof, provided that
when A is (CHapy where 0105 0, 1, 2, 01 3 or A is O, and ot Icast onc of R, RY, and R™
25 is OHor OR”, then at least one of RY, R?, and R™ is CF3, OCFs, or GCHF, and/or at
Icast onc of R and R* is CF, -OCHF,, -OCF;, CHOR™R®, CH(OFIR®, COR™, .
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CN, -CO.R™, .NHCOR™, -NHSO,R ™, ~NHSO;Aryl, Aryl, -SR™, -SOR™, -80:R’® or
-S{hATYL

Ta another emboediment, the compound 1s {25,3R 4R 58, 6R)-2<(4-chloro-3-{4-
5  ethylbenzyliphenyly-6-{hydroxymethylytetrabhvdro-2H-pyran-3.4.5-wiol disclosed in
LIS, patent application Serial No. 13/233,617 and US 2006/0063722 Al and shown,

below as Compound {TTA;
LzHs

(R83RAR,58,6R)-2-{4-chloro-3-(4-ethylbenzyilphenyl)-6-
thydroxymethyijtetrahydro-2H-pyran-3,4,5-triol
Compound HIA,
H
1) C-aryl glucosides that arc crystalline complexcs of a D- or L-amino

acid as described in PCT/USO2/11066, US 20030064935, and U5, Patont No.
6,774,112, the disclosures of which arg incorporated herein by reference for any
purpase i their entiretics. The Cearyl glucosides comprise erystalline D- or L-amino

15 scid complexes of Formula 1V:

Formula IV

wherein
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R', R* and R™ are independently hydiogen, OH, OR®, alkyl, -OCHF,, -OCF;,
-SR™ or halogen;

k* sad RY are independently hydrogen, OH, OR™, alkyl, cycloatkyl, CFs, -
OCHF;, -OCH;, halogen, -CONRR™, -CO:R5¢, -CO:H, -COR™, -CH(OH)R™, -

5 CHOR™R™, -CN, -NHCORY, -MHSO.R®, -NHSO:Arvl, -8R, -SOR™, -50.R¥,
or a 5-, 6- or 7-membered heterogvele which can contain | to 4 heteroatoms i the
ring which aro N, (0, §, 80, andior 504 or R and R together with the carbens to
which they are attached form an annclated 5-, 6- or 7-membered carboeyele or
heteracycle which can contain 1 to 4 heteroatoms in the rieg which are N, 0, §, SO,

6 SO

R B¥ R R™ RM ¥ RY R R™and R a independently alkyl;

R®, R¥, R, R* und R™ ure independently hydrogen, alkyl, aryl, atkylaryl or
cycloatkyl, or R® and R® together with the nitrogen 1o which they are attached form
an annelated 3-, 6- or 7-membered heterocyele which can contain 1 to 4 heteroatoms

15 nthe ring which are N, Q. 5, 50, and/or 80, which are discloscd as being wseful for

treating abesity.

In one embodiment, the crysmlline anvino acid complexes include the |-
proline, L-phenylalanine, and D-phenylatanine complexes where R*, RY, and R arc
20 hydrogen, R is 4-C1, and RY is 4-CyHs or 4-0C,Hs.

4) The glueopyranosyl-substituted henzene derivatives of Formula V or
pharmacentically acceptable salts thoreof, as deseribod in US 200540209166, the

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

R? rR? RY
< ‘i
I 3
- R
i
REC
X,
R?ao‘\‘ ’ : '/ORI’(:
25 oR’®
Formula ¥

wherein R, RE R?, RY R, RS, R™, R™ and R™ arc as dofined in US 2003/0209166.
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3 D-pyranosyl-substituied phenyl compounds of Formula Vior
pharmaceuticatly acceptable salts thereof, as described in US 2006/0074031, the

disclosure of which is incorporated herein by reforence in its entivety for any purposs,

5 Foroula Vi
whersin RY, R% RY, RY R, R™ R™ R™, X and Z are as defined in US 20060074031,

) D-xylopyranosyl-substituied compounds of Formula Vil or
pharmuccutically accoptuble salts thercof, sy deseribed in US 2006/0035841, the

10 disclosure of which is incorporated herein by refercuce for any purpose,

Formaia VH
wherein === denotes a single or double bond, and Cy, RY, R%, RY, RY, 7 RO R™,
R™ R, X and Z arc as defined in US 2006/0035841 .

3] Dxylopyranosyl-substituicd phenyl compounds of Formula VIl or
pharmaceuticatly acceptlaldle salls thereof, as described in US 2006/0009400, the

disclosure of which is ingorporated hergin by reference in its entirety for any purpose,
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Formula VIII

wherein R', R% RY, R RS, R™, R™, R™, X and Z are as disclosed in US
20060000400,

L

%) D-glucopyranesyl-phenyl-substituted compounds of Formula 1X or
pharmaceuticatly accoptable salts thorcof, as deseribed in US 2006/0025349, the

disclesurc of which is incorporated horein by referonce in its entizety o1 any purpose,

ORTb
i6 Formula IX
wherein =~ denotes a single or double bond, and Cy, R, RQ, Rg, RJ, R, Rﬁ, RTE‘,
R, R™, R™ and 2 are as detined in US 20060025349,

9] C-glveoside derivatives of Formula X or pharmaceutically acceptable
15 salbts thereof, ay described it US 2006/01221246, the disclosure of which is

mecornorated herein by reference ip its entirety for any purpose,

Formula X
wherein RE RE RS R RS RS RYORE RY. R R X A and B arce as defined in US
20 20060122126,
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19y D-xylopyranosyl-substituted phenyl compounds of Formula X1 or
pharmaccutically accoptable salts thercof as deseribed in U8 2006/001 3944, the

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

Formula X1
wherein RL RS R, RY RS R™ R™, R™, X and Z arc as defingd in US 20060010048,

[0952] Exarples of O-glucoside SGLT2 inhibiters uscful in the methods of the

16 invention include, but are not linired to, the following:

1) 3-Thio-B-B-glucopyranoside compounds of Formuls X1l or
pharmaceutically acoeptable salts or hydrates thereof, as deseribed n US
2006/0194809, the disclosure of which is incorporated by reference in its entirety for

{5 any pumose,
R&

Formala XH
wherein R'*, R, ¥ M R RS RTRF R OF, X" and B are as defined in LUS
20069194809,



(84) JP 2016-104753 A 2016.6.9

WO 20107138535 PCT/US2019/036120
2377

2) Glucopyranyloxybensone derivatives of Formula X1HI as described in
WO G301 180, the disclosure of which is incorporated by reference in its entirety, for

AY PUIPSS,

2
_R

5 Formula X111
wherein
R' represents hydrogen, hydioxyl, optionatly substituted amino, cyane,
carbamoyvi, optionally substituted lower alkyl, optionally substituted lower alkoxy, or
optionally substituted cyclic amino,;
HE R? represents hydrogen or fower alkyl; and
R? represents optionally substituted aryl, aptionally substituted eycloafkyl, an
optionally substituted aliphatic heterocyclic group, or an optionally substituted
argrmatic heterooyelic group, a pharmacologically aceeptable salt of the derivative, or

aprodrug of either.

LN

3 Pyrazole derivatives of Formula X[V or XY or pharmaceutically
acoeptable sabix thereof, as deseribed in ULS. Parent No. 6,908,903, the disclosure of

which 18 incorporated herein by reforence in its entircty for any purposce,

4 4
R3 ’B pe R
RS R5
RZ Y R2
{GH), {GHz),

R AT R Ry

= dn

kY
X—-Q X-aQ zZ

Formula XTV or Formula XV

20 wherein
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Xrepresems f-D-glucopyranosyl group, whercin onc of more hydroxyl
groups can be acylated;
Y reprosents a lower allky! group or 2 porfluoro lower atkyl group;
Z represents a cyelic alkyl group which can have 4 substituent(s), a cyelic
3 unsaturated alkyl group which can have a substiment(s}, a lower alkyl group having a
cyelic alkyl group which can have a substizuent(s), or a lower alkyl group having &
cyelic unsaturated alky! group which ¢an have a substituent{s),
R' to R” can be the same or different and cach represent a liydrogen atom, &
lower alkyl group, a perfluore lower alkyl group, a tower alkyloxy group. a porfluoro
16 lower alkoxyl group, 1 lower alkyithio group, a perfivoro lower alkylthio group, a
lower alkylamino group, a halogen group, a lower alkanoy! group, an alkenyl group, a
cyelic alkenyl group, an aFkynyl group, a phenyl group which can have a

substituent(x), o1 & lower ulkoxycarbonyt group; and n 15 an integer of ¢ to 3 including

Et
CF.
N ’
............. ¥
o ] |

Q0 o
il
OH

pamn
%4}

OH
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Et
CF;
N ’Q
f
HO =
Q0
?H
OH
OH , or
Et

\ P CF,
04 o N /Q
: =
Qg 0

?H
OH—

OH

4) Pyrazole compomnds of Formda XV or XV or pharmaccutically
5 acceptable salts thercof, as doscribod in ULS, Patont No. 6,815,428, the disclosure of

which iy incorporated herein by reference in its envirety for any purpose,

R R
ey RS e RS
LN ] v RER, / v
(CH), {CHal,

' N Z R! BN N

gl \ I

N N
X0 Xx-a F

Formuia XV} or Formuia A V1L

wherein
X represents a fi-D-glucopyranosyl group, of which one or more hydroxy!
10 proups can be acylated or a B-D-glucuronyl group, of which one or more hydroxyl

groups can be acylated and a carboxyl group can be cstorified;
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Y represcnis a lower alkyl group or 2 perflucro lower alkyl group,;
Z represents a hydrogen atom, & lower alkgyl group, a perfiuoro lower alkyl
group, an aratky! grovp or & phenyl group;
R', R*, R* and R” can be the same or different and each represents a hydrogen
5 atom. a lower alleyl group, # pertluoro group, a lower atkoxy group, a fluoro lower
alkoxy group. a lower alkylthic group. a perfluero lewer alkylthio group, & lower
alkyl aming group, a balogen group, & lower alkanoy! group, & lowor alkeny! group or
a lower alkyny! group; and n represents an integer from @ to 3,
whercin at least onc of R', R, R*and R represents a lower alkyl group
16 having | to 6 carbon atoms, lower alkylthio group having 1 te ¢ carbon atoms,
halogen atom, lower alkoxy group lower alkenyl group or lower atkynyl group; and
R* represents a Tower alkyl group having a 1 10 6 carbon atomns, a lower alkylthio
group having 1 to 6 carbon atoms, a halogen atom, = lower ulkoxy group, a ower

alkenyl group, or a lower alkynyl group.

i3
5 O-glucosylated benzamide compounds of Formula XVIH or
pharmaceutically acceptable salts thereof as described in U.S. Patent No. 6,553,519,
the disclosure of which is incorporated herein by reference in its entirety for any
purposc,
1 2
=
\ ~(CHyl~
HO e 0 °
HoY “oH
20 OH
Formuia XV113
wherein

nisd, tor2;

Als
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Ré
/ [‘\}
T
)“‘\/\Rs
or heteroaryl which can contuin 1 to 4 heteroatoms in the ring which can be sclected

from N, 0, S, SO, and/or SO; bearing substituents B and R%
R is selccted from hydrogen, OR, lower alkyl, sryl, arylatkyl, NHCOR®,

Lh

NRR®™, or halogen;

R is selected from hydrogen, OH, OR™, or lower slkyl;

R an R* are the same or different and are independently selected from
hydrogen, OH, OR™, OArd, OCH Aryl, lower alkyl, eycloalkyl, aryl, arylatkyt, COFs,
-SCF;, -OCHF;, -OCF;, halogen, -CN, -COR™, -COH, -CONR™, &% _NR™R®, -
10 SONIL, NIICOR™, “NIISO,R™ -NIISOAryl, -SRY, -SOR™, -80,R™, -850, Aryl, -
OCHCOR™, -OCHCO:H, -OCH,CONRIR, -OCHCH;NRPRY, or a 5-, 6- o 7-
membered heterocyele which can contain 1 to 4 heteroatoms in the ring which arc N,
0, 5, 80, andicr 80, or R and RY together with the carbons to which they are

attached form an annelzted 3-, 6- or 7-membered carbocycle or heterocyele which can

13 contamn Ito 4 heteroatom in the ring which are N, €, 3, S0, and/or SOy,
R R™ R™ R, RM, ™ RY, R™ R™, and R arc indepondontly tewer alkyl;
R B® R R™ R™ R R R R™ and RY arc the same or different and
are independently sclected from hydrogen, alkyl, arvl, arviallevl or cycloalkyl.
20 ) O-arvlghuicoside compounds of Formala XIX or pharmaccutically

acceptalile salts thercof as described n UL, Patent No. 6,683,036, the disclosure of

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

HOY “om
O
Formula X1X

[
7y
ﬁ/ Q\ RS

R', B%, R, and R are the same or different and arc independently selected

53 from hydrogen, OH, OR’, lower atkyl, or halogen, or two of R R% R, and R?

wherein when Y is or heteroaryl;

together with the carbons to which they are attached can formy an annelated 3-, 6-or
F-membered carbocvele or hoeterocyele which can contain 1 to 4 hetcroatoms in the
ring which arc N, 0, 8, 80, and/or 50%
R® end R® are the same or different and are independently selected from
it hydrogen, OH, OR™, -OAry], -OCHL Aryl, lower alkyl, cycloalkyl, Arvl, arylalkyd,
CFy, arylalkenyl, -OCHE,, -OCF;, halogen, -CN, -CO,R™, -COH, COR™,
CHOHR®, CH(OR™R™, -CONR®R™, NHCOR™, NHSQ,R™, NHSO,Aryl, SR,
SOR", -S0,R2, -8C,Aryl, -OCH.CO:R”, -OCH-CO:H, -OCHCONR™R™, -
OCH-CHNRMR™, or 1 §-, 8- o T-membered heteroeyele which can contain 1 fo 4
15 hetereatoms in the ring which are N, €, 5, 803, and/or 80, or B® and R® togethor with
the carbons to which they are attached form an annclated 5-, 6- or 7-membered
carbecyele or heterocy¢le which can contain 110 4 heteroatoms in the ring which are
N, Q. 8, 50, and/or 50x:
RLR™ R R R R, R R R™, and B arc indepondently lower alkyl;
20 R, R™, R&’, R* R r¥ RY R, and R are the same or different and src
independently sclected from hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, or together
witly the nitrogen to which they are attached forms an annelated 5-, 6- or 7-membered
heterocycle which can contain 1 fo 4 heteroatoms in the ring whichare N, O, S, 80,
and/or 80,
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A s O(CHz)m, S, NH(CH; 3y, or (CHz)a where nis -3 and m is 9-2.

[a53] Other O-aryl glucosidos SGLTZ inhibitors which can be used in the
present invention are deseribed in the following reforences, all of which are

3 lacorporated herein by reference in their entireties for any purpose:

1) EP 598339 A1 (JP D35088 and US 3,731,202), the disclosures of
which are incorporated herein by reference for any purpose, discioses compounds of

Formala XX, as shown:

RAS
ORE / /\\S
3 . o
Y o}
o
R0 \/ RY 2 H. acl
=", at:y A
ROV “ar! R? = H, Me
{0 OR' R? and R* as defined in EP 588359 A1

Formula XX,

2) EP 08509458 A1 (1S 5,04%,842), the discloswre of which is
ingorporated herein by reference in it entitety for any purpose, discloses compourttds

15 of Formula XXI, as shown:

R! = H, acyl, GO{OAlkyl)
R2=H, aliyl
R%=H or Me

Formula XX1.
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k3| JP 99188625 A, (he discloswee of which is herein incorporated by

reference for any purpose in its entivety, discloses compounds of Formula XXI1 as

shown, wherc Y is H, ==~ reprasents & single or double bond, and X =5 or CH;:

R'Q
. ] R' = H, acyl, CO{OAIkyIy
R'QH “or! R%=H, alivi
OR' R¥=H
5 Formuia XXIL

4) IP 992124685 A, the disclosure of which is herein incorporated by
reference in its entirety for any purpose, includes derivaiives of Formula XX as
shawn, where arvl group of C{Owaryl or C(O0-ary] s a substituted benzeic or

10 pyridyl carboxyhic acid or a urcthance gencrated from the corresponding phenol:

o
oR? /\( ““““ ?

\_z
P 0
R10 0\’
HOW “oH R = H, C(Oaryl, C(O)0aryl
OH RE2=H

Formala XXIHL

5 IP 992124684, the disclosure of which is herein Incorporated by
15 reference for any purpese in its ontircty, discloses derivatives of Formula XXIV, s

shown:
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RY, R? = H, atkyl, alkoxy, aryl or
together oxo

Formuia XXIV.

6) FP 773226 A1 (US 5,767.094), the disclosure of which iy herein
5 incorporated by reference in its entirety for any purpose, discloses derivatives of

Formula XXV, as shown,

R = alkanoyl #R? = H
R? = alkoxyearbonyl if R =H

Formaia XXV,

1 7 IP 98027006 A, the disclosure of which is horcin incerporated by
reference in its entirety for any purpose, discloses derivatives of Formuda XXV as
shown where various combinations of the giucese hydroxyl arc acylated, similar fo

those disclosed in EP 308359 Al

i5 %) EP 684254 Al, the disclosure of which is herein incorporated by
reference in it s entirety for any purpese, discloses compounds of Formala XX

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

[0854] Gther disclosures and publications which disclosc SGTTZ inhibitors that

20 can be employed in the methods of the invention are as follows:
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N Tsaujihara, K. ol al.,, Chem. Pharm. Bull, 44:1174-1180 (199€6);
19y Hongu, M. et al,, Chens. Pharm. Bull, 46:22-33 (1998},
11y Hongu, M. ctal, Chem. Pharm, Buil., 46:1345-1555 (1998}, and
12y Oku, A, gt al, Digherey, 48:1794-1800 (1999),
3 13y JP 10243391 (Dainippon) discloses 500 structures as hypoglycemic

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

HHIAS] In addition to the above SGLT2 inhibitors, other SGLTZ inhibitors that
can be employed in the methods of the invention include those diselosed in US

10 20050233982 (Bochringor Tngetheim Corp.), US 20050119192 (Kissci
Pharmacecutical Co.), WO 2006/035796 (Kissci Pharmaceutical Co.), JP 2006/117651
{Taisho Pharmaceutical Co.}, JP 2004/4359630 (Yemenouchi Pharmaceutical Co.),
WO 2006/080421 (Chugai Seiyaky Kabushiki Kaishi}, US 20034233988 {Tanube
Soryala €0.), WO 2005/012321 {Tanabe Scivaku Co.), ULS. Patent No. 7,013,201

15 (Ajinomoto Co.), WO 2006A058397 (Morck Patont GrbH3, WO 200601 1469
{Chugai Seiyaku Kabushiki Kaisha), US 2003/0195235 (Jehnson & Johngon), and
WO 2006/037537 (Boehringer Ingethein), the disclosures of which are herein
incorporated by reforence in their cntivetics for any purpose.
{1956] Where desired, the SGLT2 inhibitor may be used in combination with

20 onc or morc other anti-diabetic agents, andior other therapeutic agents such as anti-
cbesity agents, anti-hyperkipidemic agenty, anti-athorosclerotic agents, anti-
hypertensive agents, and/or platelet aggregation inhibitors, that can be administered
orally in the same dosage form, in a separare oral dosage form or by injection.

[0057] The other anti-diabetic agent that can be optionally cmployed in

2]
LA

combination with the SGLT2 inhibitor according to the methods of this invention can
be one or more antthyperglycemic agents including insulin secretagogues or insulin
sensitzers, or othor anti~diabetic agents preforably having o mochanism of action
different from SGLT2 inhibition, bur muy be an SGLT2 mbibitor s well. The other
anti-diabetic agents can include biguanides, sulfony! ureas, glucosidase inhibitors,

36 PPAR v agonists such as thiazolidinediones, aP2 inhibitors, PPAR ofy dual agonists,
dipeptidyl peptidase IV (DPP4) inhibitors, and/or meglitinides, as well as insulin,

glucagon-like peptide-1 (GLP-1) receptor agenists, glucokinase activators, DGAT
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inhibiars, CCR2 antagonisls, 11-p-HSD, PTP1B inhibilors, glycogen phosphorylase
inhibiters and/or ghicose-6-phosphatase inhibitors.
[005E] These other anti-diabetic agents can be an oral antthyperglyeemic agent
preferably a biguanide such as metformin or phenformin or salts thereof, preferably

5 metformin HCL
HHIS9] Where the other anti-diabetic agent is a biguanide, the SGLT2 inhibitor 5
employed in a weight ratio to biguanide within the range from about 0.01:1 to about
109:4, preferably from sbout 0.1:1 o about 5:1.
F09606] The other amdi-diabetic agent also can be preferably & sulfonyl urca such

10 as glyburide (also known as wlibenclamide), glimepiride (as disclosed in ULS. Patent
No. 4,379,785), glipizide, gliclazide or chlorpropamide, ether known sulfonylurcas or
other antihyperglycemic agents which act on the ATP-dependent channel of the B-
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 [{Met] The SGLT2 inhibitor is preferably employed in a weight ratio to the
sulfonyl urea in the range from about 0.01:1 to about 10001, preferably from about
0.2:1 to about 10:1.

{09621 The oral anti-diabetic agent alse can be a glucosidase inhibitor such as
acarbose (disclosed in LS. Patent No. 4,904,769 or mghinod {disclosed in LS.

20 Patont No, 4,630 434}, and can be administered in the same or separate oral dosage
forms.

H63] The SGLT2 inhibitor is preferably emploved in & weight ratio to the
glucosidase inhibitor within the range from about 0.01:] o about 100:], preforably
from about 0.5:1 to abour 50:1.

25 [0964] The SGLT2 inhibitor also can be employed in combination with & PPAR
v agonist such as & thiszolidinedione oral anti-diabetic ageat or other insulin
sensitizers (which has an insehin sersitivity offcet in NIDDM patients) such as
troglitazone (Warner-Lambert’s REZULING, disclesed in TS, Patent No,
4,572,912}, rasiglituzone (SKB), ploglituzone (Takeda), Mitsubishi's MCC-3335

30 (disclosed in U.S. Patent No. 3,594,010), Glaxo-Wellcome's GL-202570, englitazone
{CP-68722, Plizen) or darglitazone (CP-86325, Plizer), isaghitazone (MVT/I&D, JTT-
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501 (JPNT/P&LU), L-895645 (Marck), R-119702 (Sankyo/WL), NN-2344 {Dr.
Reddy/NN), or YM-440 (Y amanouchi), preferably ploglitazone and rosiglitazone.
0063] The SGLT2 inhibitor preferably is emploved in & weight ratio to the
thiszolidinedione in gn amount within the range from about 0.01:1 to about 160:1,
3 preferably from about ¢.2:1 to about 10:1.

66| In said embodiments, the sulfony! urea and thiazolidinedione are
administered in amounts of less than about 130 my oral anti-dizbetic agent and can be
ineerporated in 4 single tablet with the SGLT2 inhibitor,
F0967] The SGLT2 mhbibitor alse can be cmployed in combination with an

10 antihyperglycemic agent such as insulin or with glucagon-like peptide-1 {GLP-1}
such as GEP-1(1-36) amide, GEP-1¢7-36) amide, GLP-1(7-37) {as disclosad in 115,
Patont No. 5,614,492 to Habener, the disclosure of which is incorporated herein by
reference), as well as AC2993 {Amylen) and LY-313902 (Lilly). These anti-diabetic

agents can be administered via injection, intranasally, or by transdermal or buccal

LA

dovices.
{0068] Where present, metformin, the sutfony] ureas, such as glyburide,
glimepiride, glipyride, glipizide, chlorpropamide and gliclazide and the glacosidase
inhibitors acarbosc or miglitol or insulin (injectable, puimonary, buccal, or oral) can
ke employed in formulations as deseribed above and in amounts and dosing as
20 indicated in the Physicians ' Desk Reference (PDR) or Remington's Phurmaceutical
Seiences (Mack Publishing Co., Easton, PA).
[69] Where prosent, metformin or salt thercof 1s preferably employed in
amaounis within the range from abowt 500 to abeut 2000 mg per day, and can be
administered in vingle or divided doses enc to four times daily. Metformin or ¢ sal
25 thereof can be emploved in combination with a thiazolidinedione such as picgliarone
or rosiglitazone, together with the SGLT2 inhibitor.
HH7 G| Where present, the thiazolidinedione anti-diabetic agent, such as
rosighitazong or pioglitazone, is preferably employed in amounts within the range
from abrout .01 to about 150 mg/day, and can be administered in single or divided

30 doscs one to four times per day.
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H971] Where present insudin may be cmployed tn formuletions, amounts and
dosing as indicated by the Physicians * Desk Reference (PDR) or Remungton’'s
Pharmaceutical Sclences,
HI972] Where present GLP-1{ peptides preferably can be administered in oral
5 buccal formulations, by nasal adminisivation or parcalcrally as described in 17,5,
Patent Nos. 5,346,701 (TheraTech), 3,614,492 and 5,631,224, each of which are
incorporated herein by reference in their respective entizeties,
[0073] The other anti-diabetic agent also can be a PPAR oy duat agonist such ay
AR-HO39242 { Asora/Zencea), GW-409544 {Glaxo-Wellcome), KRP297 (Kyorin
10 Merck) as well as those disclosed by Murakami et al,, “A Novel losulin Sensitizer
Acts As g Coligand for Peroxisome Proliferation-Activated Receptor Alpha (PPAR
alpha) and PPAR gamma. Effect on PPAR alpha Activation on Abnormal Lipid
Metabalism in Liver of Zucker Faity Rats”, Dinberes, 47:1841-1847 (1998), and in
LS. Patent No. 6,414,002, the disclosure of each of which is incorporated herein by

LA

reference i their respoctive entirctics, employing doesages as sct oar therein, which

compounds designated as preferred are preferred for use herein.

HI074] The other andi-diabetic agent may be a glucokinase activator as disclosed

in WO 2008005964 sndror a DGAT-1 inhibitor as discloscd in TSZ008/0000876A1.

{075 The ather anti-diabetic agent may be an aP2 inhibitor such as disclosed in

20 U.S. Patent lo. 6,548 329 cmploying dosages as sot cut thorein. Preferred e the
compounds designated as preferred in the above application.
H076] The other anii-diabetic agent may be a DPP4 inhibitor such as disclosed
in 1.8, Pateni No, 6,393,767, WO 9938501, W0 9946272, WO 99/67279
(PROBIODRUG), WO 8%/67278 (PROBIODRUG), WG $9/61431

25 (PROBIODRUG), NVP-DPP728A (1-[[[2-{5-eyanepyridin-2-
yhaminoethylJamino]acety! -Z-cyano-{S)}-pyrrolidiac) (Novartis) {preferrcd) as
disclosed by Hughes et al., Blochemistry, 38(36):11307-11603 (F999), TSL.-223
{tryptophyl-1,2,3 4-tetrahydroisoquinoling-3-carboxylic acid (disclosed by Yamada et
al., Bicorg. & Med. Chem. Left,, 8:1537-1540 (1998); 2-cyanopyrrolidides and 4-

30 cyanoepymolidides as disclosed by Ashworth et al, floore. & Med. Chem. Lett.,

6(22x1103-1166 and 2743-2748 (19903, with saxagliptin, vildagliplin and sitagliptin

being preforred, omploying dosages as set out 1n the above roforonces.
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H977] The meglitinide thal can be optionally coployed in combination witl
SGLTZ of the invention can b repaghnide, nateglinide (Novards) or KA 229
{PF/Kissei), with repaglinide being preferred.

[978] The SGLT2 inhibitor is preferably employed in & weight ratio to the

5 meglitinide, PPAR v ageaist, PPAR w/y dual agonist, aP2 inhibilor or DPP4 inhibitor

within the range from about G.01:1 to about 100: 1, preferably from about 0.2:1 to
about 101,

[0079] The anti-obesity agents that cun be optionally emploved with the SGLT2
inhibitor in the metheds of the invention include one or morc of the fellowing: beta 3

10 adrenergic agoalst(s), lipase inhibitors), serotonin (and dopamine) reuptake
inhibitar(s), thyroid roceptor beta drug(s), MCH-1 receptor antagonist(s), agonist(s)
of the 3-HT2¢ receptor, anorcetic agent(s), Neuropeptide Y (NPY'} antagenist(s), such
as an NPY'3 antagonist and an NPY2 antagonist, Leptin analog{s}, MC4 receptor
agonist{s), andor antagonisi(s) of the cannabinoid receptor.

15 [0080] Examples of suitabie beta 3 adrenergic agonists that can be optionafly
administersd in eombination with the SGLT2 inhibiter include, but are nat Limited to,
AOTT {Takeda/Dainippony, 8B-418790G, L730355 {Merck), CP33 1648 (Ffizer), and
other known beta 3 agonists as disclosed in U.S. Patent Nos. 5,541,204, 5,770,615,
5,401,134, 5,776,983 and 5,488,004, |n one embndiment, the beta 3 adrenergic

20 agoaist i3 selected from the group consisting of AJ9677, L750355, and CP3310648.
[0081] Exanples of suitable lipasc inhibiters that can be optionally administered
in combination with the SGLT2 inhibitor inelude, but arc vot Himited to, orlistat and
ATLAYG2 (Alizyme}, Tn ong embaodiment, the Hpase inhibitor is orlistat.

H082] Examples of suitable serotonin (and dopaming) reuptake inhibitors that

25 can be optionally administered in combination with the 3GLT2 ighibitor include, but
are not limited fo, sthutramine, topiramate (Johason & Johnson), AXOKINER
{Regeneron}, dexphenfluramine, and tetrahydrolipostatin. 1n one embodiment, the
serotonin (and dopamine) reuptuke inhibitor is selecred from the group consisting of
gibutramine and topiramate,

36 10083 Examples of suitable thyroid receptor beta compounds that can be
optionally administered in combination with the SGLT2 inhibitor include, but wre vot

limited te, thyroid receptor ligands asg disclosed In WO 97/21903 (U, Cal 8F), WO
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%9/00353 (KeroBio} and WO 00039677 (KaroBio). In one cmbediment, the thyroid
receptor beta compound is selected from the compounds disclosed in WO 99/00333
and WO 00039077,
[0984] Examples of suitsble anorcetic agents that can be optionally adminisicred
5 incombination with the SGLT2 inhibitor include, but are pot limited to,
dexamphetamine, phentermine, phenylpropanolamine and mazindol. Tnonc
ornbodiment, the anorgetic agent is dexamphctamine.,
[0085] The varicus anti-obesity agents described above can be employed In the
same dosage form with the SGLTZ mnhibitor or in different dosage forms, in dosages
10 and regimens as generally known in the art or in the Physicians ' Desk Reference.
FO86] Tn accorfance with the methods of the favention, the SGI.T2 inhibitor
may be employed in combination with anti-hyperlipidemic (or hypolipidemic) agents,
or agants used fo treat arteriosclerosis. An example of an hypolipidemic sgent or

agent used to treat atherosclerosis would be an HMG CoA reductase inhibiter which

LA

includes, but is not Honted to, mevastatin and related compounds as disclosed in 1.8,
Patent No. 3,983,140, lovaestatin fmevinoelin} and related compeunds as disclosed in
5. Patent Mo, 4,231,938, pravastin and refaicd compounds such as disclesed in
LIS, Patent No. 4,346,227, simvastatin and related compounds as disclosed in U3,
Patent Nos. 4,448,784 and 4,450,171, Other HMG CoA reductase inbibitors which
20 may be employed herein include, but are not limied to, fluvastatin, disclosed in ULS.
Patent ™o, 5,354,772, cerivastatin disclosed in U8, Patent Nos, 5,006,530 and
3177080, arorvastatin disclosed in U8, Patent Nos. 4,681,893, 3,273,605, 3,385,620
and 3,686,104, pitavastatin (Nissan/Sankyo’s nisvastatin (NK-104) or itavastating,
disclosed in UK. Patent No. 5,011,930, Shicnogi-Astra/Zeneca rosuvastatin
{visastatin (ZD-4522Y) disclosed in U.S. Patent Ne. 5,260,440, and related statin

compounds disclosed in U.S, Patent No, 3,753,675, pyrazole analogs of

2]
LA

mevatenolactone derivatives as disclosed in U8, Patent No. 4,613,614, indenc
analogs of mevalomoluctone derivatives ay disclosed in PCT application WO
80/03488, 6-[2-(substituted-pyrrol- F-yh-atkylpyran-2-ones and derivatives thereof as
30 disclosed in ULS. Pawont No. 4,647,576, Scarle’s SC-45333 (2 3-substituted
pentanediolc acid derivative) dichloroacetate, imidazele analogs of mevalonolactone

as disclosed in PCT application WO 86/67054, 3-carboxy-2-hydroxy-propunc-
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phosphosic acid derivatives as disclosed in Freach Patent No. 2,596,393, 2,3~
disubstituted pyrrole, foran and thiophene derivatives as disclosed in European Patent
Application No, 0221023, naphthyl analogs of mevelonolactone 25 disclosed in 11,8,
Patent Mo, 4,686,237, octahydronaphthatenes such as discloged in ULB, Parent No,

3 4,499,289, keto unalogs of mevinolin (lovastting as disclosed in Eurepean Patent
Application No. 014214642, and quinoline and pyridine derivatives disclosed in LS.
Patent Nos. 5,500,219 and 3,691,322, rosuvastatin calcium and related compounds,
In addition, phosphinic acid compounds ugefil in inhibittng HMG CoA reductase
suitable for usc hercin are disclosed in GB 2203837,

16 087 The squalenc synthetase inhibitors suitabic for use horcin include, but arg
not linxted to, g-phosphono-suifonates disclosed in U8, Patent No. 5,712,396, those
disclosed by Biller et al., J Med. Chem., 31:1868-1871 (1998) inciuding isoprenoid
{phusphinyl-methyliphosphonates as well us other known squalene synthetaye
inhibitars, for cxample, as disclosed in U5, Patont No, 4,871,721 and 4,924.024 and

15 i Biller, 8.A, ctal, Current Pharmacentical Design, 2:1-40: (1996).

[0088] In addition, other squslene synthetase inhibitors suitable for use herein
include the rerpencid pyrophosphates disclosed by Ortiz de Montellano, P etal,, /.
Med. Chern, 200243-249 (1977), the farnasyl diphasphate analog A and presqualene
pyrophosphate {PSQ-PP) analogs as disclosed by Corey et al, / Ane. Chem, Soc.,

20 9R:1291-1293 (1976), phosphinviphosphonates reported by MeClard, R W . ctal, J
An. Chem. Soc., 109:5544 (1987) and cyclopropancs reported by Capson, T.L., Ph.D.
dissertation, June, 1987, Dept. Med. Chem. U of Utah, Abstract, Table of Contents,
pp- 16, 17, 40-43, 48-51, Summary,

{089] Other hypolipidemic agents suitable for use herein include, but are not

limited to, fibric acid derivatives, such as fenofibrate, gomfibrozil, clofibraic,

2]
LA

bezafibrate, ciprofibrate, clinofibrate and the like, probucol, and related compounds
as hsclosed 1 LLS, Paiont No, 3,674,836, proluecel and gemfibrozil being preformed,
bile scid sequestrants such as cholestyramine, colestipol and DEAE-Sephudex
(BECHOLEX®, Policexide) and cholestagel (Sankyo/Geltex), as wall as

30 LWPOSTABIL® (Rhonc-Poulenc). LISAIE [-3030 {an N-substituted ¢thanclaming
derivative), imanixii (HOE-402), tetrabydrolipstatin (THL), istigmastanylphos-
phoryleholine (SPC, Roche), aminocyelodextrin (Tansbe Sciyoku}, Ajinomoeto AJ-



(100) JP 2016-104753 A 2016.6.9

WO 20107138535 PCT/US2019/036120
3077

814 (azuicne derivative), mclinamide (Sumiiomo), Sandos 58-033, American
Cyanamid CL-277,082 and C1.-283,346 {disubstituted urea derivatives}, nicotinic
acid (niacin), acipimox, acifran, neomyein, p-aminosalicyle acid, aspirin,
polv(diallylmethylamine) derivatives such as disclosed in U.S, Patent No. 4,759,923,
5 quaternary amine polyv(diallyldimethylamunonivin chloride) and lonenes such as
disclosed in LLS, Patent No. 4,027,009, and other known serum cholesterol lowering
agonts.
H26] The other hypotipidemic agent may be an ACAT inhibitor {which also
has anti-atherosclerosis activity) such as disclosed in Dvugy of the Muture, 24:9-15
16 (1999) {Avasimibe); Nicolosi ¢t al, *“The ACAT inhibitor, Cl-H}1 1 is offctive i the
prevention and regression of zortic fatty streak arca in hamsters”, drheroselerosis
{8hannon, Irely, [37(13:77-85 {199%); Ghiselli, G., “The pharmacelogicsl profile of
FCE 27677: a novel ACAT inhibitor with putent hypolipidemic sctivity mediated by
sclective suppression of the hepatic scerction of ApeB{D-containing lipoprotein®,
15 Cardiovase. Drug Rev., 16(11:16-30 (1998); Smith, {. ctal,, “RP 73163:a
bioavailable alkylsulfinyi-diphenylimidazole ACAT inhibitor”, Bisory, Med, Chem,
Legt., 6£13:47-50 (1996}, Krause, BR. et al,, Chapter 6: “ACAT Inhibitors:
Physiologic Mechanisms for Hypelipidemic and Anti-Atherosclorotic Activitics in
Experimental Animals”, Inffammation: Mediators and Pathways, CRC Presy, Inc
26 publ, Ruffele, Jr, RR. et al, eds., pp. 173-198 (1995); Sliskovic ¢t al., "ACAT
inhibitors: potential anti-atherosclerotic agents”™, Curr, Med. Chem., 1(3):204.225
{1994); Stout ct al., “inhibitors of acyl-CoA cholesterof Q-acy| transforase (ACAT) as
hypocholesterolemic agents. 6. The first water-soluble ACAT inhibitor with Lipid-
regulating activity, inhibitors of acyl-CoA cholesterat acyitransferase (ACAT). 7.

[2*)
L

Development of a serics of substituted N-pheayl-N'-[{ 1-phenyleyelopentyl -

methyl jurcas with enhanced hypocholesterolemic activity”, Chemrracts: Org. Chem.,
E(H):359-362 {1993}, or TS-962 {Taisho Pharmaccutical Co. Etd}, as well as F-1394,
CS-505, F-12511, HL-004, K-10085 and YIC-C-434,

[0091] The hypolipidomic agent may be an upregulator of LD recoptor activity
36 such as MD-700 (Taisho Pharmacsutical Co, Lid) and LY285427 (Ll Lilly). The

hypolipidemic agent may be a cholesterol absorption inhibitor preferably Schering-
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Plough’s SCH4R461 {ccctimibe) as well as those discloscd in Atherosclerovis,
115:43-63 (1995 and /L Med. Chenr, 41:973 {1008},
0092] The other lipid agent or lipid-modulating agent may be a cholesteryl
transfer protein inhibitor (CETP) such as Plizer’s CP-529.414 5 well as those
5 disclosed in WO/G038722 and in EP 818448 {Bayer) and EP 992496, and

Pharmacia’s SC-744 and SC-793, as well sg CETi-1 and JTT-705.
HH93] The hypelipidemic agent may be an ileal Na'/bile scid cotransporter
inhibitor such as disclosed in Drugs of the Fure, 24:425-430 (1999). The ATP
citrute Tyase inhibitor which may be emploved in the combination of the invention

10 may melude, for example, those disclosed in LS, Patent No. 5,447,954,
[0a94] The other lipid agent alse includes a phytocstrogen compound such as
disclosed in WO (0/30665 including isolated sov bean protein, soy protein
concentrate or soy flour as well as an isoflavone such as genistein, daidzein, glycitein

or equol, or phytosterols, phytostanel or tocotriensd as disclosed in WO 2000/015201;

LA

a beta-factam cholesterol ebsorption inhibitor such as discloscd in EP 675714; an
HDL upregulator such ax an LXR agonist, 2 PPAR e-agonist and/or an FXR sgonisi
an LDL catabolism promoter such as disclosed in EP 1022272; a sodium-proton
exchange inhibitor such as disclosed in DE 19622222: an LDL-receptor inducer or a
steroidal glvcoside such as disclosed in U8, Patent No. 5,608,527 and GB 2304100,
20 an anti-oxidant such as beta-carofens, ascorbic acid, e-tocopherol or retino] as
disclosed in WO 94715392 ag well as Vitamin C and an antihemocysteine agent such
as folic acid, a folate, Vitaman B6, Vitamin B12 and Vitamin E; isoniazid as disclosed
in W€ 97/35376; a cholesterel absorption inhibitor, an HMG-CoA synrhase inhibitor,
or 4 lanosterol demethylase inhibitor as disclosed in WO 97/48701; a PPAR 3 agonist

2]
LA

for treating dyslipidemia; or a sterol regulating clement binding protein-l (SREBP-13
as disclosad in WO 2000/050374, for example, a sphingolipid, such as ceramide, or
neutral sphingomyelenase (N-8Masc) or fragment thereof, Preferred hypolipidemic
agents are pravastatin, lovastating sinvastutin, storvastating, fluvastating pitavastatin
rosuvastatin, and ezetimibe as well as niacin and/or cholestagel.

36 H995) The SGLT2 inhibitor may be employed in combnation with one or more
anti-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., diltiszem, verspamil, nifedipine, amlodipine and mybefradif).
diuretics (e.g., chlorothizzide, hydrochlorothiazide, flumethinzide,
hydroflumethiazide, bendroflumethiazide, methyichiorothiazide, trichloromethiazide,
3 polythiazide, benzthiazide, ethacrynic acid tricrynafen, chlorthalidone, furosemide,

musolimine, bumetanide, triamtrenene, amiloride, spironofactone), renin inhibifors,
ACE inhibitors {¢.g., caproprd, zofenopril, tosinapril, cnalapril, ceranopril, citazopril,
delapril, pentopril, guinapril, ramipril, Hsinopril), AT-1 receptor antagonisis (e.g.,
losartan, irbesartan, valsartan], BT recoptor antagonisis (e g, sitaxscnian, atrsontan

16 and compounds disclosed in LS. Patent Nos. 5,612,339 and 6,043,265), Dual ET/AlL
antagonist (e.g., compounds disclosed in WO 00/0138%), noutral cndopeptidase
{NEP) ichibitors, vasopepsidass intibitors (dual NEP-ACE inhibitors) (e.g.,
omupatrilat and yemopatrilat), and nitrates.
H1996] The SGLTZ inhibitor may alse be used in combination with onc or more

15 antithrarmbotic or anticoagulant drags in the mothods of the present mvention such as
thrombin inhibitors, plateler appregation inhibitors such as clopidogrel, ticlopidine,
prasugrel €kl Lilly), PAT-1 inhibitors such as XR-330 and F-686, inhibitors of a-2-
antiplasmin such as anti-g-2-antiplasmin antibody and thromboxanc receptor
antagonists (such as ifctroban), prostacyclin mimeties, phosphodicsterse (PDE)

20 inhibiters, such as dipyridamele or cilostazol, aspirin, ifetroban, picotamide,
ketanserin and the like.
H97] The aforementioned patents and patent applications are incorporated
herein by reference,

[0098] The above other anti-diabetic agents and other therapeutic agents, when

2]
LA

cmploved in combination with the SGLT2 inhibitor in the method of the invention
can be vsed, for example, in those amounts indicated in the Physicians " Desk
Beference (PDR)Y or Remington s Pharmaceatica! Sciences as 1n the pateals or
applicutions set out above or patents or applications which disclose these agents or ay
otherwise determined by one of ardinary skill in the ast.

6 H999) In carrying owt the methods of the tnvention, & pharmaceutical
composition is employed where the pharmaceutical composition comprises an

SGLT2 inhibitor, with or without one or more anti-disbetic agents and/or one or more
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therapoutic ageats, and a pharmacowdical vehicle or diducnl. The pharmaccutical
composition ean be formmlated employving conventional solid or liquid vehicles or
diluents and pharmaceutical addisives of a type appropriate to the mode of desieed
administration. The compounds can be administered to mammalian species including
5 hwmans, monkeys, dogs, and the like by ap 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 injectable preparations, or they can be administered intranasally
or in transdermal patches. The dese for aduits may be from 0.3 to 350 my per day,
preferably between 1 and 2060 mg per day, more preferably 2.5 to 100 mg por day,

16 which can be administered in a single dose or in the form of individual doses from 1-
4 timos per day.
[00160] In carrying ouf the method of the invention, & pharmaceutical
composition is employed comprising an SGLT2 inhubitor und ong or more anti-
diabotic agents and/or enc or more other thorapeutic agents (as described above), 1n

15 association with a pharmaccutical earrier, vehicle or diluent. The pharmaccutical
composition can be formulated employing conventional solid or liquid vehicles,
diluents, and pharmaceutical additives as appropriate for the mode of desired
administration. The pharmaceutical compasitions can be administered to mammalian
speeios, inchiding humans, monleys, dogs, and other mammals by a variety of rouges

20 including, for example, orally, in the form of tablets, capsules, granules, powders, and
the like, parenterally, in the form of injectable preparations, intranasally, rectally, and
tranadermally, in the form of patches, for example,
[HO161]  The amount of drug vequired for therapeutic effect varies with the agenr
chosen, the nature and severity of the condition, and the mammal undergoing

25 treatment, and is ultimately at the discretion of the physician. Furthermore, the
optinial quantity and spacing of individual dosages of a drug is determined by the
nature and extent of the weight logs desired, the form, route, and site of
administration, the purticuler maminsd or patient being frested. The dose
sdministered is adjusted according to the age, weight, and condition of the mammal

306 orpaticnt, as well as the routc of administration, dosage form and regimen, and the
desired result. Such dosages and forms of administmtion is determined using

conventional fechnigques. Itis alse appreciated that the optimal course of treatmoent,
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thal is, the number of doscs given, can be ascertained by thosc skilicd in the art usiag
conventional course of treatment determination tests,
[00162]  The above dosage forms can also include rhe necessary physiologically
acceplable carrier material, oxcipient, lubricant, buffer, antibacterial, bulking agent
3 (such as mannitel}, and the like.

0163]  The various formulations or compositions employed in the methods of the
Invention can optionally include one or more fillers or excipicnts in an amount within
the range of from abour 0% to about 90% by weight und preferably from about 1% to
asbout 80% by weight, Examples of suttable excipients inciude, but are not hmited to,

10 lactose, sugar, corn starch, modified corn starch, manniol, sorbitol, inorganic salts,
such as calcium carbonate, and ceHuloss derivatives, such as wood cellulose and
microcrystalline celiulosc.
Hi64]  Oneor more binders can be present in addition to or in lieu of the fillers

in an amount within the range of from about 0% to about 35%. In one embediment,

LA

the bmnders arc present in an amount of from about 3.3% 1o about 309 by weight of
the composition. Examples of suirable binders include polyvinylpyrrolidone
{(molecular weight ranging from about 5000 to about 80,600 and prefersbly about
40,0007, lactose, starches, such as corn starch, modified corn starch, sagars, gum
acacia and the like, us well ay a wax binder in finely powdercd form (less than 500
20 nucrens), such as carnauba wax, paraffin, spermacet, polycthylencs and
microcrysialling wax.
HI10G5] Where the composition is in the form of a tablet, # can tnglude ane or
more tabletting lubricants in an amount wishin the range of from about 0.2% to abowr
&% by weight of composition. In one embodiment, the lubricant{s) s in an amount
25 within the range of from about 0.5% to about 2% by weight of the compasition.
Exarples of suitable lubricants inglude, but arc et limited fo, magnesium sicaratc,
stearic acid, patmitic acid, caloium stearate, tale, carnauba wax, and the like. Other
ingredients can optionally be preseny, including, for example, proservatives,
stabilizers, colorants, anti-adhorents and silicy flow conditioncrs or glidanis, such us
36 Syloeid brand silicon dioxide.
[00166]  Tablets smployed in the methods of the invention can alse optionally

inclade a coating layer which can comprise from about 0% to ubout 13% by weight of
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the abict composition. The coaling layer can comprise anly conveantional coating
formulations that can include, for example, one or more film-formers or binders
andfor onc or more plasticizers, Examples of suttable film-tormers or binders
include, but are rot limited to, hydrophilic polymers, such as
5  hydrexypropylmethylesllulose, hydrophobic polymers, sucl us methacrylic acid

esters, neutral polvmers, ethyl celluloss, vellulose acetate, polyvinyl alcohol-maleic
anthydride copolymers, -pineng polymers, glycery] csters of wood resing andd the like,
Exarnples of suitable plasticizers inclade, but are not limdted to, tricthyl citrate,
dicthyl phihalaic, propylene glycol, glycerin, butyi phthalate, casior oil and the like.

16 Both core tablets as well as coating formulations can contain aluminum lakes to
provide color.
[00107]  The film formery are applied from s solvent system containing one or
rwre solvents including water, alcohols such as methy? alcohel, ethy] aleohe] and
isopropyl aleohol, ketones such as acctone and cthyimacthyl ketone, chlorinated

15 hydrocarbons such as methyleng chloride, dichlorocthane, and 1,1, 1-trichlorocthans,
[00108]  Where a color is cmployed, the color can be applied together with the
film former, plasticizer, and solvent compositions,
[010%  Examples of formulations er compasitions containing an SGLT2 inhibitor
for use 1n the methods of the invention and & process for preparing such formulations

20 arcsct out in U.S. application Scrial Ne. 60/896 286 filed March 22, 2007, the
disclosure of which is incorporated herein by reference in its entirety for any purpose,
HEHY  Examples of certain specific embodiments of tablet and capsule

formulations employed in the merhods of the invention are st ot below,

25 TABLE [

Tablot and Capsulie Formubations

Maicrial Possible Range More Specilic Range
% by weight of tabdet | % by weight of sablet

or capsule fill or capsule fill

Dapaglifiozin or dapagliflozin- B.1 to 707 0.1 to 30%
PGS
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Meaterial

Possible Range
% by weight of tablel

or capsule fill

More Specific Range
% by weight of tablet

or capsule fill

Bulking Agent/binder 1 1o 93%, 10 1o 83%
Anhydrous Lactose 0 1o 95% 20 to 73%
Microcrystalline ecllulose 010 95% 2010 75%
Pregelatinized starch 0 to 5% 10 to 73%

Disintegrant 010 20% 0.25 o 10%
Crosearmetlose sodiom (o 20% 210 10%
Crospovidone (o 12% 410 10%
Sodium Starch glycolate 010 20% 210 10%

Lubricant 0.1 to 5% 6.2 10 2%

Magnesium Stearate

0.1 to 5%

0210 2%

Anti adhereni/glidant

Talg, gilicon dzoxide

o 10%

| 1o 10%) more

preferably | o 4%

Outer Protective Coating Layer

% by weight of tablet

ar capsute fill

% bry weight of tablet

ov capsule fill

Cnating palymer, and optional (1.5 10 0% i 3%
plasticizer(s), glidani(s}, anti-
tacking agent{s), and colorant(s)

TABLE H

Granulation Composition (%0 wiw) for Tablets and Capsules

Ingrodicat Rango More Specific Ranpe Morc Specific

% by weight % by weight Formulation 76 w/w
Dapagliflozin or 0.1-40 5.13 9.84
Dapaglificzin- PGS
Microcrystalling €.5. -5 6391
Celiulose
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Ingredient Range More Specific Range More Specific
% by weight s by wetght Formulation % w/w

Lactosc Anbydrow 0-50 10-3¢ 20
Crospovidong XE-10 113 3-10 4
Siticen Dioxide -6 (.5-4 1.5
Magnesium Stearate 0.0-4.0 0.5-2.0 0.75

q.s. refers to the quantity sufficiont to make the granulation composition 100% wiw.,

HiE1] A film coating for capsules or tablets of Table 1 comprises, for example,
polyvinyl aleohol (PVA), titanium dioxide, polyethylene ulycol 3350, tale, and

5 colorant,
HEE2]  Tublets or capsules of various strengths {0, - 50mg) can be prepared
using different weights of the stock granulations deseribed herein.
HE13] The pharmaceutical formulation for use in the method of the invention in
the form of a tablct can be obtained by a process comprising the steps of:

H a) mixing the inactive ingredients with the $GLT2 inhibitor (for example,

dupagliflozin-PGS);

by formularing granules;
¢} drying and/or scroecning the granules;

d) hlending the granules; and

i3 ) tabletting the blend obtained in {d) into tablats.

FO01 £4] In onc embodiment, step a) of the process employs impact blending or

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

process are formutated by dry granulation, wet granutation, or direct compression, In
26 onc cmbodiment, the granales are formulated by dry granulation. In one

cmbodiment, the granunics in step d) of the process are blended with a abletting aid ar

a lubricant and filler.

HOEL5] The pharmaccutical formulation m the form of a capsulc can be obtaingd

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

combination of blending and milling processes;

b) formulating granules;
) drying and/or screening the pranules; and
3 d4) loadiag the grunuies into capsules.

H01t6]  Inonc cmbodiment, step a) of the process eraploys impact milling er
blending and/or sizing equipment. In one embodiment, the granules in step by of the
process are formuiated by dey granclation, wet granulation, or dircct compression. In
10 onc cmbodiment, the granules arc formulated by dry granulation.
HEE7]  The activity of dapaglifiozin can be determined using, for example, using
the assay system described below or any appropriste assay system known in the art,
The mRNA sequence for human SGLT2 (GENBANKE No. M95549} s cloned by
reverse-transcription and amplification from human kidney mRNA, using standard
15 molecular biology techniques. The ¢cDINA sequence is stably transfected into CHO
cells, and cloney are sssayed for SGLTZ activity cssentially as described in Ryun cf
al., “HK-2: an immortalized proximal tubule epithelial cell line from normal adulr
human kidney”, Kidney Internationgd, 45:48-37 (1994), Evaluyation of inhibition of
SGLT2 activity in a clonally selected cell Hing is performed essentially ag described in
20 Ryanctal (1994), with the following modifications. Cells are grown in 98-well
plates for 2-4 days to 73,000 or 30,000 cclis per well in F-12 nutrient mixture {(Ham's
F-123, 10% feal bovine serum, 300 ugrml GENETICING and penicillin-
streptomyein. At comfluence, the cells are washed twice with 10 mM Hepes/Tris, pH
7.4, 137 mM N-methyl-D-glucamine, 5.4 mM K, 2.8 mM CaCly, 1.2 mM MpSO,.
25 Cells are then incubated with 10 uM [YCJAMG, and 10 uM inkibitor {final DMSO
=(1.5%) i 10 mM Hepes/Tris, pH 7.4, 137 mM NatZl, 3.4 oM KCL, 2.8 mM CaCly,
1.2 mM MeSO, at 37 °C for 1,3 hours, Uptake assays are quenched with ice ¢old 1X
PES contsining 0.5 mM phlorizia, and cells are then bysed with: 0.1% NaQOH. After
sddition of MicroScint scintiliation fluid, the cclls arc allowed to shake for 1 hour,
30 and then [PCIAMG (glucose analeg w-methyl-D-glucopyranoside) is quantitated on a
TOPCOUNTE seintillation counter, Contrels are performed with and without NaCl,

For determination of ECs values, 10 inhibitor concentrutions (dapagliflozin) are used
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over 2 log intervals in 8ic appropriate response range, and triplicate plates are
averaged across plates,
[00118]  Whilc thiy fnvention has been particularty shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in
3 the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims, Tt
will also be olear that the nvention may be practiced otherwise than as panticulardy
degeribed in the foregoing description and examplas. Numerous modifications and
variations of the present invention age possible in light of the above teachings and,

10 therclore, arg within the scope of the appended claims,
HIaEE%  The following examples are arovided to describe the invention in further
detail. These examples, which sct forth the best mode presently conternplated for

carrying out the invention, are intended to itlusiate and not to Hmit the nveation.

i5 EXAMPLES
[00120]  The following working Examples are illusteative of the present inrvention.
All temperatures arc expresscd in degrees Centigrade unless otherwise indicated.
(095211 Capsulcs containing the SGLT2 mhibitor dapagliflozin or dapagliflozia-
PGS were prepared in strengths of 2.5 mg {Example 1), 1 mg {Example 2) and 100
20 mg {Exaraple 3) {as the non-sobvated forny) as two-piece, gray epaque size #0 (2.5 myg

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

EXAMPLE 1
Preparation of Dapagliflozin / Dapagliflozin-PGS Capsule, 2.5 mg
25 91224 A 25.0 myg of stock granudation was prepared containing 10%

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

A Stock Granulation Composition
Ingredient Amount (% wiw)
BDapaglifiozin (or equivalent smount of dapapliflozin propylene 19.0

glveol hvdrate)
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Ingredient Amount (% wiw)
Pregelatinized Starch 15.0
Microcrystalline Cetlulose 0875
Sodium Starch Glycolate 30
Silicon Dioxide 2.0
Magncsium Stearate 1.25

[00823]  The amount of depaglifiozin 1s theorotically cquivalont to 81.29% of
dapagliflozin propylene glycol hydrate, either of which can be used. The actual
armount of dapagliflozin propylene glycot hydrate will depend on the purity. The
5 microcrystalline cellulesc is the compensating excipicnt whose amount can vary
depending on the actual amount of dapagliflozin propyiene glyeol hydrate and
magnesium stearate used. The preferred amount of magnesinm stearate is 1.25%
{wiw). A uscful range is 1.25-1.50% (w/iw).
{00124} The stock granulation of Part A and the Example 1 capsules were

10 preparcd according to the following procedurcs.

B. Example 1 Stock Granulation Procedure
1. Screen dapagliffozin or dapagliflozin-PGS.
2. Sereen silicon dioxide.
i3 3. Mix siticon dioxide with dapaglifiozin or dapaglificzin-PGE in a

suilable bleader.

4. Screen pregelatinized starch and microcrystalline celiulose, if
AECESSArY.

5. Add ingredients from Step 4 to a suitable blender.

20 6. Add mixture from Step 3 to the blend from Step 5, and mix
7. Secreen sodium sturch glycolate.
& Add ingredient from Step 7 to the blend from Step 6, and wix.
9, Sergen the blend from Step 8, and mix,
19.  Sercen portion of magnesium steatate.

2]
LA

11, Add mgredient from Step 19 to the blend from Step %, and mix.
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12. Densily the blend [rom Siep 11,
13, Reduce the densified blend Step 12.
14, Sercen the remaining portion of magncsium stearate,

153, Add ingredient from Step 14 to the pranulation from Step 13, and mix,

5
C, Example | Product: Dapaglifiozin / Dapagliftozin-PGS Capsule, 2.5 mg
1. Fill conpty capsulc shells with sufficient Example 1 Part A stock
granulation for capsules (10.0%) wiw (as the non-solvated form), to provide 2.5 mg
capsules.
HE 2. Dye-dust the capsules.
EXAMPLE 2
Preparation of Dupugliflozin/ Depagliflozin-PGS Cupsule, 180 mg
15 A, Stock Granulation Composition
H0E25]  Stock granulation composition was prepared ag described in Example 1A,
B. Example 2 Stock Granulation Procedure
0E26]  Stock granulation procedure was performed as described in Example 13,
20
C. Example 2 Product: Dapaglifiozin / Dapugliftozin-PGS Capsule, 10 mg
1. Fill empty capsule shells with Example | Part A siock granulation for
capsules (10.0 % w/w as the non-solvated form), to provide 10 mg capsules.
2. De-dust the capsules.
25 3 Weight sort the capsules,
EXAMPLE 3

Preparation of Dupagliflozin / Dapughfiezin-PGS Capsule, 100 my
[00127]  Composition: 438.6 mg of dapagliflozin {Example 3 Part A} Stock
30 Granulatien for Capsules (22.8% wiw), filled s Gray, Opaque, Size #0 Capsule Shell

was prepared.



(112) JP 2016-104753

WO 20107138535 PCT/UR2010/036120
51577
Al Stock Granulatton Composition
ngredient Amount (% w/w)
Brapaghbiflozin (or cquivalont amount of dapagliflozia propyvlenc 228

glyeod hydrate)

Pregelatinized Starch 156
Microcrystalline Cellulosc 55.95
Sedium Starch Glycolate 3.0
Sificon Dioxide 20
Magnesium Stearate 123

[00128]  The amount of dapaglifiozin is theoretically cquivalent to 81.29% of
dapaglifiozin PG hydrate, either of which can be used. The actual amount of
dapagliflozin propylene glycol hydrate will depend on the punty. the
micrecrystalling cellulose is the compensating excipiont whose amounl can vary
depending en the actual amount of dupagliflozin propylenc glycol hydrate and
magnesium stearate used. The preferred amount of magnesium stearate 1s 1 25%
(wiw), A useful range is 1.25-1.50% (wiw),

[09129] The stock gramelation of Part 3A and the Example 3 capsules wers

prepared sccording to the following procedures.

B. Stock Granulation Procedurc

1. Sereen sibicon diexide.

2. Mix silicon diexide with depaglifiorin or dapagliflezin-PGS in &
suitable blender.

3. Sereen the blend from Step 2. and mix again.

4, Sercen pregelatinized starch and micreerystalline cclivlose, if
negessary.

3. Add ingredients forms Step 4 to the blend from Step 3, and mix.

6. Sereen sodium starch glycolate.

7. Add ingredient from Step 6 to the blend from Step 3, and mix.

& Sereen a pottien of magnesium stearate.

A 2016.6.9
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9. Add ingredicnt from Siep 8 (o the blend from Step 7, and mix.
19, Densify the blend from Step 9.

11, Reduge the densified biend from Step 10,

12, Sergen the remaining portion of magnesivm steatate,

3 13, Add ingredieat from Step 12 to the granulation from Step 11, and mix.

C. Example 3 Product; Dapaglifiozin / Dapagliftozin-PGS Capsule, 100 mg
1. Fill emypty eapsule shells with Example 3 stock granulation for
capsules (22.8 % wiw as the non-solvated form}.
HE 2. Dye-dust the capsules.

£ Weight sort the capsules.

{0130  The formed capsules of Example 1 (2.5 mg), Example 2 (10 my), and

Examplc 3 (100 my} arc uscd in troating type 2 diabotes,

EXAMPLE 4
Preparation of Dapaglitiozin / Dapagliflozin-PGS Tablet, 2.5 mg
{00131  Tablets containing the SGLT2 inhibitor of structure fa (dapaglifipzin (8)-
propylene ghyeol hydrate) were prepared in strengths of 2,5 mo (Example 4), {0 mg
26 (LExample 5y and 50 mg (Bxample 6) as described below,

Product: Papagliflozin/ Dapaghtlozin-PGS Tablet, 2.5 mg

A, Tuabletr Composition

Ingredient Amount
Bapagliflozin propylens glycol hydrate {or equivalent amount of 3.08 mg
dapaglifiozin}

Microcrystalline Cellulose 67.11 mg
Anhydrous Lactose 2500 my
Crospovidone 873 mg
Croscarmeliose Sedium 375 mg
Tale 12,50 my
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Ingredient Arnount
Silicon Dioxide 288 my
Magnresium Stoarate 1.94 mg

0132  The amount of dapaglifiozin is theorcticaily cquivaiont o 81.29% of
dapagliflozin propylene glycel hydrare, either of which can be used. The actual
amount of dapagliflozin propylene glycol hydrate will depend on the purity. The

3 microcrystalline celiulose is the compensating excipicnt whose amount can vary
depending on the actual amount of dupagliflozin propyicne glyeol hydrate and
magnesium stearate used. The farget amount of magnesiym stearate is 1.99 mg. An
acogptable range is about 1,33 to about 2.33 mg.
SIHERR] The stock granulation of Part 4A and the Fxample 4 tablets were

10 prepaved according to the following procedures,

B. Stock Crapnlation Procedure

1 Deaggregate dapagliflozin propylenc glycol hydrate and magnesium

stearste separately using a suiteble screen.

i3 2. Mix dapaglifiozin propylene glycol hydrate with a portion of
micrecrystalline celinlose in & suitable nuxer; pass through  mill; and transfor it into
a suitable blender.

3 “Drry Rinse™ the mixer used for mixing Step 2 with a portion of
migrocrystalling celiulose,

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

5. Mix the mixmze from Step 4 with remaining microcrystaliine
ccllulose, portion of crospovidong, portion of croscarmeliose sedivm, portion of
gilicon dioxide and Anhydrous Lactosc,

6. Add talc and mntragranular magnesivm stearate to the mixture from

25 Step 3 and mix.

7. Compact the powder blend from Step 6.
8 Reduce cormpact from Stop 7 to form granulcs,
9. Mix the granules from Step § with remaining amounts of

crospavidene, croscarmcllose sodium and silicon dioxide.
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19. Mix the granules from Step 9 with remaining amount of magacsium

stearate.

C. Exampls 4 Product: Dapaglifiozin / Dapagliflozin-PGS Tabiet, 2.5 mg

3 1. Setup the tabletting equipment.
Z. Compress the Example 4 stock granulation into tablets.
EXAMPLE 3

Preparation of Dapagliflozin / Dapaglificzin-PGS Tablet, 10 mg

10
Product: Dapagliflozin / Dapagliflozin-PGS Tablet, 10 mg

A, Tablet Corpesilion
Ingredient Amount
Dapaglifiozin propylene giycol hydrate (or equivalear amount of 12.30 mg
dupagliflozin}
Microcrystailine Cellulose 5789 mg
Anhydrous Lactose 2300 mg
Crospovidone 875 mg
Crescarmeliose Sodium 375 mg
Talc 12.50 mg
Siticon Dioxide 2.88 mg
Magnesium Stearate 154 mg
HMi34]  The amount of dapaglifiozin is theoretically equivalent to &1.29% of

i5  dapagliflozin propylene glyeol hydrare, either of which can be used. The actual

amaunt of dapaghiflozia propylenc glyeol hydrate will depend on the purity. The
microcrystalline celiulose is the compoensating excipient whose amount can vary
depending on the actual amount of dapagliflozin propylene glveol hydrate and
magnesium stearate used. The target amount of magnesium stearateis 1,94 mg. An

20 accoptable tange is about 1.55 to about 2.33 my.
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H9135] The stock granulalion of Part 5A and the Example 5 tablots were

preparcd according o the following procedurcs.

B. Stock Granulstion Procedure
3 1. Deugpregate dapagliflozin propylene glycol hydrate snd magnesivm
stearate separately using a suituble screen,

2. Mix microerystalling ecllulose, dapaglitiozin prepylione giyeol hydrate,
partion of crespovidone, portion of croscarmeliose sodium, portion of siticon dioxide
and anhydrous lactese in a suitable blendor.

b 3 Add tale and intragranular magnosium stearate to the mixture from
Step 2 and mix in 2 suitabic Mender.

4. Compact the powder blend from Step 3.

5. Reduce compact from Step 4 to form granules.

6. Mix the granules from Stop § with romaining amounts of

15 crospovidone, croscarmcilose sodium and silicon diexide.
7. Mix the granules from Step 6 with remaining amount of magnegium

stearate.

C. Example 5 Product: Dapaglifiozin / Dapagliffozin-PGS Tublet, 10 mg

20 1. Setap the tabletting equipment.
2. Compress the Example 5 stock granularion into tablets.
EXAMPLE ¢

Preparation of Dapagliflozin / Dapaghifiozin-PGS Tablet, 50 mg

[2*)
L

Product: Dapaglifiozin / Dapagliflozin-PGS Tablet, 50 mg

A Tublet Composition

Ingredient Amount
Bapagliflozin propylene glycol hiydrate (or equivalent amount of G1.66 my
dapagliflozin}

Microcrystalling Cellufosc 114,09 mg
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Ingredient Amount
Anhydrous Lactase 62.60 my
Crospovidone 2191 mg
Croscarmellose Sodium 939 mg
Tale 3130 mg
Silicon Dioxide 720 mg
Magnesiu Stearate 485 mg
HI136) The amount of dapaglifiozin is theoreticaily equivalent to 81 29% of

dupagliflozin propylene glycol Iydrare, either of which can be used. The actual

amount of dapagliflezin propylenc glyeol hydrate will depend on the purity. The

micrecrystalline celiulose is the compensating excipient whose amount can vary

depending on the actual amoumnt of depagliflozin propyicnc glyveol hydrate and

magnesiom stearate used. The arget amount of magnesium stearate is 4.85 mg. An

acceptable range is about 3.76 to about 5.95 mg.

{00137

The stock granulation of Part 6A and the Example 6 tablets were

preparcd according to the following procedurcs.

B. Stock Granulation Procedure

1 Mix dapaglifiozin propylene glycol bydrate, microorystallive cellulose,
anthvdrous lactose, crospovidone, croscarmellose sodium, tale and silicon dioxide in a
suitable blender.

2. Pass the mixtwre from Step | through a suitable mill.

3 Determine the vield from Step | and caleulate the amount of
magnesium stearage required.

4, Mix the mixture frem Step 2 in a suitable blonder.

5. Mix the mixture from Step 4 with magnesiym stearate,

6. Dry granulate the powder blend from Step 3.

7. Size the granulation from Step 6.

B Determine the yield bused on Step 7.
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9. Mix the granules from Step § with remaining amount of crospovidone,

croscarmellose sodivm and sificon dioxide.

10, Mix the granules from Step & with remaining amount of magnesium
stearate,
5
C, Example 6 Produst: Dapaglifiozin / Dapagliftozin-PGS Tablet, 50 mg
1. Sctup the tablctting equipment.
2. Compress the Example 6 stock granulatian into tablets.

10 [0138]  The se-formed tablets of Example 4 (2.3 my), Example 5 (10 mg) and

Exarple 6 (30 mg) arc used to treat type 2 diabetes.

EXAMPLE 7
Treatment of Type 2 Diabetes with Dapagliflozin

15 H0139)  Astype 2 disbetes (T2DM) progression occurs, many dizbetic patients
require combinations of insulin with oral antidiabetic agens (OADs). Unfortunately,
effectivengss of these treatments is often limited by progressive weight gain, ingulin
resistance and hypoglycemia. Dapagliflozin selectively inhibits glucose reabsorption
1n the proximal twbule of the kidney, and thus can be employed as an ingulin-

20 independent therapy.
[00140] A pilot study was designed to determine if dapaglifiozin is effective in
lowering bloed glucose in patents with T2DM who have not responded well to
insmelin combined with oral therapics that act through insulin-dependcent mechanisms.

For this preof of concept trial, dapuglifiozin wus administered for 12 weeks to

25 patients with insulin resistance who wore poorly controdled with exegenous insulin
plus metformin and/or a TZL), Patients were assessed for changes in glyeated
hemoglobin (HbA ), fasting plasma glucose (FPG), postprandial glucose (PPG), and
total body weight, und monitored for safety and hypoglycemic episodes.

30 Mcthods

Study Pesign
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Hoa141] This was a randomized, single- and double-blind, three-arm paralicl
group, placcho-controlicd frial to determing if dapagliflozin ¢ffcctively lowors
hyperglycemia in highly insulin-resistant T2DM patients poorly controlled with
inselin plus metformin snd/or thiazolidinediones. The trial consisted of a
3 qualification period of 10 to 21 days, a treatment phase of 12 weeks, and a follow-up

phase of 4 weeks. During qualification and until day 1, patients maintained their
stable dosc of apon-labot OADs, as well as thetr stable deso of proseribed nsulin,
[00842]  The treatment phase utilized an adaptive trial design with two cohorts:
Cohort 1, the insulin dese-setiing group; and Cobert Z, the main expermental group.

10 The purpose of Cobort 1 was to determine the ideel starting dose of insulin keast
likely to cause hypoglycemia when dapaglifiezin would be added. n Cohort 1, four
paticnts wore assigned to 20 mg single-blind dapagliflozin on day 1 after having their
insulin dosc deercasced by 30%, the greatest decremend possiblc in this adaptive
design. These patients underwent 48-hour continuous blooad glucose monitoring

15 {CGM) during the first week of treatment. Pursuant to the protocol, if at least one
paticnt recorded a CGM value € 100 mgidL, confirmed by self-monitoring of blood
ghucose (SMBG), the total daitly insulm dose for patients in Cohort Z would be set at
30% of their usual dose that i3, at an average of 32 to 54 units of insulin daity, and
lzsser dose reductions of insulin would not be tested, At least one patient in Cohort 1

20 mt this condition with the 50% tnsulin reduction, resulting in a 50% sulin
reduction being sct for Cohert 2. Patients in Cohort 2 were randemized on day | in a
1:1:1 ratio to double-blind placebo, 10 myg dapagliflozin or 20 mg dapaghifiozie once
duily, in addition to their open-izbet OAD(S) and 309 of their usnal daily insulin, that

i3 an average of 52 to 34 units of insulin daily.

2]
LA

F09143] Paticnts were schoduled for visits at weeks 1,2,4.6, 8, 13, and 12 of
treatrent, and performed SMBG 3§ times daily during the 3 to 3 days prior to visits.
Neo dose medifications of blinded study medication or QAD{) were allowed during
the treatment phase. Guidelines were in place throughout the trial for munaging
hypo- and hyperglycemia, In patients with or at risk of hypoglycemia, insulin could
30 bo down-titrated if SMBG levels were < 34 mg/dL, mean daily ghecose was < 100
mg/dL., or clinical necessity as determined by the investigator. Additional down-

titration could be implemented as clinically indicated to manage the risk of
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hypoglycemia. Discontinuation would oceur i the paticnl cxpericaced mejor
hypoglycemia, defined as blood ghicose values < 54 mg/dL, at least one symptom
{confusion/disoricntation, abnormal hehavior, or unconsciousness) and thivd party
treatrment with catbohydrate, glucose or glucagon,

5 [00#44]  Criteria for management of hyperglveemia were deteninined by fasting
plasma glucose (FPGY measuroments. For any FPG level > 240 mg/dl. at wecks 4
and 6, > 220 mgdl at weoek ¥, or > 200 mg/dL at woek 10, the patient would be
schedufed for a follow-up vigitin 3 t0 5 days. W FPG wag still above the threshold at
follow-up, a vizit was scheduled in order to increase the insulin dosc as clinically

16 indicared, Pationts whe further lacked ghycemic controf despite up-titration, or whose
modified msulin dosc cxcceded buscling, were discontinued from blinded treatment
and entered into follow-up.

F00145]  All patients completing the treatment phasc or prematurcly discontinucd
from treatment entered a 4 week safety observation period. Patients continued their

15 open-label OAD(S) and insulin therapy with dose adjustments as needed, but did not

receive further investipational therapy. Follow-up visits oceurred at weeks 14 and 16,

Patient Population

00546 Eligible paticnts were males and fomales with T2DM, 18 to 75 veurs old,
20 with « BMI < 45kgim?, who had iadeguate glycemic control {defined as LA, >

7.5% and < 10%). All patients were on insulin-gensitizer therapy for at leagt 6 weeks

prior to enrcllment and insulin-based therapy for at least 12 wesks prior to

cnroliment. The study protocel defined insulin-scensitizer therapy as metformin (stablc

doge > 1000 mg) and/or pioglitazone {stable dosc > 30 mg} or rosighitazonce {stable

2]
LA

dosc 4 mg). Insulin-bascd therapy was defined as subcutancous insulin for at least 12
weeks prior to enrollment, with 2 minimum insubin daily dose squivalent to 50 units
{median 85 10 93 units across all study arms) of V00 msuiin per day, The insulin
regitien must have been stuble for at least 6 weeks. In addition to 10 myg
dapagliflozin or 20 mg dapagliflozin daily or placebo, 74.6% of patients received

36 metformin (= 1006 mg daily) plus insulin; 16.9% of paticnts reesived metformin (&

1000 mg daily} plus ploglitazene (= 30 mg daily} or rosiglitazone (4 mg daily) plus
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insulin and 8.3% of paticnts reccived pioglitazone (= 30 mg daily) or rosiglitavenc (4
mg daily) phus insulin.
{00147 Patients in Cobort 2 reoeived an gverage of 52 to 34 units of insalin daily.
H0148§ Laboratory eriteria included fasting C-peptide = 0.8 ng/mi: serum
5 ercatinine < 1.5 mg/dL {malcy/ < 1.4 mg/dL ({fomale); and urinc
microaibumin/creatinine ratic << 3060 mg/g, or if exceeded on apot check, a 24-hour
urine total protein < 3 ¢/24 hours.
[00149]  Muajor cxclusion criteria were listory of type I diabetes; AST and/or ALT
> 2.5 x ULN; creatine kinasc = 3 x ULN: symptoms of severcly uncontrolled diabetes
10 {including marked polyuria and polydipsia with > 10% welght foss during the last 3
months before enroliment or other signs and symptoma); history of severe
hypoglycemia or hypoglycemia unawareness, and unstable or scrious cardiovascalar,
renal, hepatic, hematological, ontological, endocrine, psychiatric, or rheumatic

digeases.

LA

Trisl Outcomes
001504 Patients in Cohort 1 were evaluated for sufety only. Patients in Cohort 2
were ovaluated for safoty and officacy. The primary cfficacy measure was change
from baseting in HbA ., at week 12, last observation carried forward (LOCE), Hino
20 week 12 assessment was avaifable, the Last cbservation prior to week 12 was used.
Sceondary cfficacy measures included changes from bascline at week 12 (LOCE} in
FPG und insulin dose, the propartion of patients achigving a decrease in HbA . >
©,5% from baseline at week 12 (LOCT), and the proportion of patisnts achieving
HbA < 7% at week 12 {LOCF), Terttary endpoints inchuded changes from baseline
25 intotal body weight and in postprandial ghucose {PPG) measured by an oral glicose
tolerance tost (OGN,
H0151]  TPatcnts in Cohort 2 wore ovaluatod for safety and officacy. The primary
cfficacy measure was change from bascline in HbA . at week 12 last obscrvation
carricd forward (LOCT). The analysis was donce exeluding data sfier up-fifration of
30 insulin. T no wook 12 asscssment was available, the fast obscrvation prior to wock 12

was used,
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H9152] Safeiy outcomoes wore asscssed by treatmentl-cmergenl adverse evenls,
vital signs, HCGs and laboratory measurements, including 24-hour uring colicctions

for volume and clectrolytes,

5 Statistical Analysis and Sample Size

FE53]  For Cohort 2, the sample size target of 22 patients per treatment group
was chosen to allow for the caleulation of 93% confidence intervals for the primary
cndpoint with ¢ half-width of 0.42% for cach treatment group. This assumed a 1%
standard dewiation for the primary endpeint in each of the dapaglificzin and placebo

10 arms. With the same assumption, e half-width of a 93% confidence interval for the
difference between any two treatment mean changes was estimated to be 0.59%. The
primary cfficacy data set consisted of all randomized patients who fook at feast onc
dosc of double-biind study medication during the treatment phase. The anabyscs 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 dose, and total body weight at week 12 (LOCF) were performed
using an gaalysis of covariance (ANCOVA)Y model with freatment group as an effect
and baseline value as a covariate, Point estimares and 95% confidence intervals were
calculated for mean changes within each treatrment group and for differences in mean

20 changes between the dapaglifiozin and placcho groups.

Main Qutcome Measure
{134  Change from bascling in glhyeated hemoglobin (HbAy,, ) at week 12, last

observation carried forward (LOCF)

2]
LA

Results
Paticnt Population
F0OE55]  Aoral of 11 patients were sercened for Coborr 1, and 163 screened for
Cohort 2 at 26 gites in the United States and Canada. Four patients tn Cohort 1 were
36 assigned to single-blind depagliflozin 20 myg.. Seventy-one patients in Cohort 2 were
randomized to the placebo, 10 mg and 20 mg dapagliflozin groups (23, 24, and 24

patients, respectively}.
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Summary of Results and Conelusions
[0136]  Atwock 12 (LOCE), dapagliflozin 10 and 20 mg groups demonstrated -
6.70% and -0.78% mesn differences in change from bascline in HbA ¢, compared to
5 placebo. In both dapagliflozin groups, 05.2% achieved s decrease from buseline in

HbA . = 0.5% versus 15.8% in the placebo group. Moan changes from baseling in
fasting plasma glucose (FPGY at week 12 (LOCF) were 17.8 mg/dl, 2.4 mg/idL, and -
9.6 mg/dL (placebo, 10 and 20 mg dapagliflozin groups). Reductions in post-prangdial
glucase (PPG) with dapagliflozin, measured at 120 minuics by OGTT, also showed

10 dosc-dependency, Week 12 (LOCE) moan changos in total body weight were -1.9 kg,
-4.5 kg, and -4.3 kg (placcbo, 1) and 20 mg dapagliflozin groups).
HW 57| Bascd on the results obtained, in insulin-resistant paticnts who had their
bascline insulin reduced 30%, dapagliflozin decreased HbA ., PPG and weight mosc

than placebo, and had a dose-dependent effect on FPG.

Betaited Discussion of Results
[00158]  Table I summarizes officacy outcomes for Cohort 2. In the 10 mg and 20
mg dapaglifiozin treatment groups, there were decreases from baseline in HbA,,, at
week 12 (LOCF}, resulting in differoncos in mean changes versus placcho of-0.70%
20 and -0.78% (Table I). Table | shows mean changes in1lbAg, at week 12 (LOCE). At
week |2 (LOCF) 65.2% of the patients in both dapagliflozin groups achieved &
decrease from baseline in HbA,, of at least 0.5% versus 158% in the placebo group
{Table I}. There was ne appreciabic change from bascline [n togal daily insulin dose.

Five paticats {1 cach in the dapagliflozin 20 my and placcho groups, snd 3 in the 10

2]
LA

mg dapagliflozin group) showed a therapcatic response defined as HbAy. < 7%
{Table 1y Throughout the 12-wegk double-blnd period, 4 patients in the placebo arm
required up-titration of insulin, comparcd to | paticnt in the dapaglifiozin 1G myg arm
and 3 patients i the dapagliflozin 20 mg . In both depaglifiozin aroms, 66.7% of
patients were exposed © study medication for > 84 days prior to sulin up-titration
30 vorsus 39.1% of paticnts in the placcho arm.

[0159]  Compared to placebo, the effect of dapagliflozin en FPG was dose-

dependent (Table 1). At week 12 (LOCF), the mean changes from baseline were 17.8
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mgfdi., Z.4 mg/dl, and -9.6 mg/dl. for the placebo, 10 mg and 26 mg dapegliflozin
groups, respectively. PPG, measured at 120 minutes by OGTT, also showed dose-
regponse charscteristics (Table 1), Dapaglifiozin was morc likely ro lower weight
than placeba, AL week 12 (LOCF), mean chaage in total body weight was -1 9 kg

3 with placebe, -4.5 kg with 10 mg dapaglifiozin, und -4.3 ky with 20 mg dapagliflozin
{Table 1}.

Vital Signs and Laboratory Outcomes
160} The placebo group expericneed a slight increasc in standing blood

10 pressars at wock 12, whereas both dapagliflozia groups demonstrated mean
improvements in standing systolic and diastolic bloed pressure {-7.2 systotic/-1.2
diastolic mm Hg [16 myg dapegliflozin], -6.1 systolic/-3.9 diastolic ram Hg [20 mg
dapugliflozin]). In the 20 my dapagliflozin group, supine bloed pressure decreased
{mean change of 5.5 systolic’-3.8 disstolic mm Hg}

15 {0161}  Meun changes from baseline in urinary glucose excretion at week 12
were -1.5 g/24b {placcbo), 83.5 g/24h (dapagliflozin 10 mg), and 85.2 g/24h
{dapagliflozin 20 mg). Mean 24-bhour urine output increased from 18696 to 21246
mb with placebo, 1921.0 to 2285.8 mlL with dapagliffozin 10 mg, and 18083 to
22531 mL with dapaglificzin 20 mg, Compared to baseline, glomerular filtration

20 rates at the end of reatment were normal, with minor changes of -0.58, -0.84, and
1.45 mL/min/1.73m" in the rospective placebo and dapagliflozin 10 and 20 my
groups. Generally, there were no remarkable changes from baseline in key laboratory
parameters, Median change from baseling in serum wric acid was -0.30 mg/dl. in
both dapaglifiozin groups. Median inercases from baseline in senum hematoerit at

25 week 12 were 2.5% and 3.053% ip the dapagliflozin 10 and 20 mg groups,

respectively.

Sufety and Adverse Bvents
[09862]  Adverse events were balanced across alt groups, reported in 65.2%,

306 75.0% and 66.7% of pationts in the placcho, 10 mg and 20 mg dapaglifiozin arms,
respectively. Three paticnts in the placcbo group, seven patients in the dapagliflozin

10 mg group, and 5ix paticnts in the 20 mg depagliflozin group reported episodes of
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hypoglycemia. Of these, one paticnt in the placcha group reported major
hypoglycemia. There were no deathy in this study, snd two patients experienced a
serious adverse event (onc in the placcbo group and one in the dapaglifiozin 20 mg
group). One patient in each of the three treatment arms experienced adverse events

5 that led to discontinuation.
[00163]  Six paticnts expericnced genital tract infoctions during the double-blind
period: five in the 20 mg dapaglifiozin group, one in the placceho group, and nong in
the 10 myg dapagiiflozin group. One patient in the dapagliflozin 20 mg group reported
g urinary tract infoction.

10 [00i64]  Events of pollakiuria were reported across all treatment groups. four
patients {placsebo), two patients (10 mg dapagliflozin), and three patients (20 mg
dapagliflozin), Onc patient in cach of the dapaghificzin arms reported polyuria. One
casc of microalbumninuria in the dapaglifiozin 20 mg urm resuited in discontinuation

from the study.

LA

HIE65f  One cvent of pro-renal azotenda eccurred during troatment with 10 mg
dapagliflozin. The paticnt was being chrontcally treated with multi antihypertensives,
including cnalapril, carvedilol and furosemide. Eleven days aftcr starting study
medication, the patent was discontinued from the study due to dehydration and pre-
renal azotemia, Furoscmide and cnglapril therapy were held, and the pro-renal

20 arotorma resobved with oral rehydeation.

Comment
[0166]  Discase progression in TIDM is frequently accompanied by a cycle of
detertorating glycemic control due to declining beta cell function and the progressive
25 failure of insulin secretion, increasing weight that exacerbates existing insulin
resistance, and the need for additional therapics. Thorapics that dopend on insulin
supplementation or scerction ontail the risk of hypoglycemia, weight gam, decrcased
insulin sensitivity, and eventual toss of offectivencss. Tdentifying offective troarment
modalifics is thercfore difficuit. This frustrating clinical setting is exemplificd most
36 dramatically by late stage T2DM patients who requize kigh doses of insulin, often
with oral agents such as metformin and/or TZIx, in order to maintain glycemic

contral, albeit at the expense of perpetuaring the cycle of inadequate glycemic
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control, incrcasing tosulin resistance, and osealaling insulin dosc requirements.
Littimately, over 23% of patients end up being treated with insulin-based regimens,
offen in combiration with OADs. (Koro, C.E. et al,, “Glyeetnic contro! from 19¥5 1o
2000 among 1.5, adults diagnosed with type 2 diabetes: a prefiminary report”™,

3 Diabetes Care, 2T{1):17-20 (2604)). A povel strategy for centrolling glycemia
mdependently of insulin mvolves limiting glucese reabsorption in the proximal
tubules of the kidney where glucosce is reabsorbed via SGLT2 roeepors.
Dapagliflozin sclectively inhibits SGLT2, thereby limiting glucose reabsorption and
inducing dose-dependent glucosuria.

10 HO167  Pationds recruited Tor this stdy had nadsquate glycomie control despiic
aggressive regimens of insulin plus OADs. Aftor reducing the insulin dose by 50% in
this highly msulin-resistant population, patients in the placebo arm experienced
weight loss but very little change in HbA ., highlighting the limited additional benefit
afforded by imercasing insulin dose in this population. Treatment with dapaglifiozin,

15 with its insulin-independent moechanism of action, was associated with additional
weight loss of -2.5 kp, and with improvements in glycemic control compared to
placeba. Although total hypoglycemic events were more frequently reported with
dapagliflozin treatment than with placcbe, major/minar cpisodes were balanced
goross all groups.

206 [00168]  The redoctions in 1IbA, with dapagliflozin, and tmprovements over
placebo in FPG and PPG, were dosc-dependeat. Dosc-dependency also appeured to
be a feature of the potential safety signal of genital tract infections, more frequently
seen in the 20 mg dose arm. The apparent dose-response relationship seen for these
pararncters, however, was not ovident for the main pharmacodynamic measure, 24-

25 hour yrinary glucose, which increased by ~83 grums per day at week 12 in both the
10 myg and the 20 mg dapagliflozie groups. A plausible explanation is that 20 mg
dapagliflozin may have caused greater glucosuria than 10 myg earfier in the study, as
hies been seen in other settings {Komorosks, B. et al., supra; List, IF. et ul., supra;
Komerosld, B. ot al., “Dapagliflozin, 4 novel SGLT2 inhibitor, induces dosc-

36 dopendent glucosuria in healthy subjeets”, Clin, Pharmacol. Ther,, 85(3):520-526

{2009}, but that the resulting greater declines in ghycemia in the 20 myg dose group
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led o a lower (Glicred load of glucose at the kidney, such (hat by week 12 the amount
of glucose In the urine had equalized between the dapagliflozin dose groups.
[00169]  The subject study cstablishes the proof of concept that re-cstablishing
glucosuria in 4 controlled pharmacologic manner can break the upward spiral of

5 lasulin dosing &1 hiphly insulin-resistant patients, sllowing for improved glycemic

control and weight foss in the setting of u large insulin dose reduction (30%3
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WHAT IS CLAIMED i8:

1. A methed for treating type 2 diabetes in 2 mammalian paticnt who has

previously been treated with one or more oral anti-disbetic agents andfot oae or more

3 Injectable anti-diabetic agents, which previous ireatment has failed, which comprises
administering to said patiens in need of treatment a therapeutically effective amount

ot an SGLTZ2 inhibisor,

2. The method as defined in Claim 1 wherein the patient treated has

16 previously been treated with msulm and/or one or more other anti-diagbetic agents.

3. The method as defined in Claim | wherein the patient has previously

been treated with metformin andfor a thivzolidinedione and/or insulin,

i3 4, The method as defined in Claim | wherein the patient i treated with
the SGLT2 inhibitor in combination with one or more oral anti-diabetic agents and/or

one or more infectable anti-diabetic agents.

4. The method as defined in Claim 1 wherein the SGLT2 ighibitor is

206 administered in sn amount within the range from about 0.5 to about 350 mg/day.

6, The method as defined in Claim 4 wherein the patient 15 treated with

an SGLT2 inhibitor i combination with

a) ingulin; or
25 b) insulin and metformia; or
o) insulin and a thiazolidinedione; or
d) ingulin and metformin and a thiszolidinedionse.
7. The method according to Claim 1, whergin the SGLT2 inhibitor has

36 the structure
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wherein
R', B and R™ are independently hydrogen, OH, OR”, alkyt, CFa, QCHE;,
OCF:, SR™ or halogen, or two of R, R” and R™ together with the carbons to which
5 they are artached can form an annclated 5., 6+ or 7-membcred carbocycic or
heterocyele which can contain 1 o 4 hoteroatoms in the ving which are N, O 8, 80,
aredion S0,
R® and R are independentty hydrogen, OH, OR™, OAryl, OCHAryl, alkyl,
cycloatkyl, CFs, -OCHF>, -OCF:, halogen, -CN, -CO:;R™, -CO,H, COR™, -
10 CHOOHDR™, -CHOR™R™, -CONRR®, NHCOR™, -NHSO,R™, NHS(,Arvl,
Aryl, -SR™, -SOR™, S0,R7, S0:Aryl, or a 5-, 6- or 7-membered heterocyele which
can contain 1 to 4 heteroatoms in the ring which are N, O, 5, 80, andior SO, or R
and R* togcther with the carbons to which they arc attached form an annclated 5., 6
or T-membered carbogycle or heterocyvele which can contain § o 4 heteroatoms in the
13 ring which are ™, 0, 8, 8O, andior S04,

R, R™ R™ R R™ R™ R¥ R R™and R are independently atkyl;

R®, R%, R™, R, and R™ are independently hydrogen, alkyl, aryl, alkylaryl or
cycloatkyl, or R® and R™ together with the nicrogen to which they are attached form
an annelated 3-, 6- or 7-membered heteroeycle which can contain 1 10 4 hetcroatoms

20 in the ring whick are N, O, §, 50, and/or 30y

A5 G, 8, NH, or (CH:), where nis 0-3, or a pharmaccutically acceptabic salt,
sterepisomer, or prodrig ester thereof;

with the proviso that where A I (CHo), wherenis 0,1, 2, or3or A ds O, and
at least one of RY, R%, and R™ s OH or OR’, then at leasr one of R', R®, and R™ is

25 CFy, OCF:, or QUHE; and/or at teast one of R and R7is {Fz, -OCHF;, -OCTF,, -(CN, -
COR™, CHOR™R™, CHIOH)R™, COR™, -NHCOR™, -NHSO,R™, -NHSO,Ary],
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Arvl, —SRT‘“, -SORST', -S{)gRS = gr -SOpAryl, or a pharmaccutically acceplable salt

thereof, all sterecisomers thereof, or a prodrug ester thereef or a soluble thersof.

£, The method according to Claim 1, wherein the SGLT2 inhibitor has

3 the structure

OF
OFt
SHs
H,O Vo
HO  OH

(S-propylene glycol solvate)

Q. The method as defined in Claim 6 wherein the SGLT2 inhibitor is
10 (a)  dapagtifiozin or dapagliflozin-PGS a1 8 dose fror sbotst 0.5 o abour
200 myg/day is administered in combination with insulin at 4 dose as preseribed by a
physictan or ug deseribed in the PDE, or
(by  dapaglifiozin or dapagliflozin-PGS at a dose from sbout 0.5 to about
200 rg/day is administered in combination with insubin at a dose as preseribed by a
I5  physictan or as described in the PDR, and metformin at a dose from about 300 to
about 2000 mg/day; or
(<) dapaghiflozin or dapagliflozin-PGS at a dose from about 0.5 to about
2040 mg/day is administered in a combination with insulin at a dose as prescribed by a

pliysician or as deseribed in the PDR, ploglitazonce (Actos, Takeda Pharmaceuticals
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America, fnc.) at & dosc [rom aboul 0.5 o about 75 mg/day, or rosiglitazone
{Avandis, Glaxo-Wellcome) at a dose from about 0.3 to sbout 23 mg/day; or
(dy  dapagliflozin or dapagliflozin-PGS at a dosc from sbout 0.5 to sbout
200 mg/day is administered in combination with insubin at a dose as prescribed by a
3 physician or us described in the PDR, metformin at 4 dose from about 300 to about
2000 mg/day, and ploglitazone at a dose from about 0.5 to abeut 75 mg/day or

rsighitazons at a dose from about (L5 to abaut 25 me/day,

10. The method as defined in Claim 1 wherein the patient is treated with

10 one or more anti-obesity agents.

11, The method as defined in Claim | wherein the SGLT2 inhibitor

sidministered is dapugliflozin or dapaglifiezin-PGS at 4 dose from about 0.5 to ubout
350 mg in combination with another anti-diabetic agent and/or other therapeutic

15 agont, whorcin the anti-diaberic agent is an insulin secrctagogue or insudin sensitizer,
which 8 a biguanide, a sulfony! urea, & glucosidese inhibitor, an aldose reductuse
inhibitar, a PPAR v agonist, a PPAR o agonist, a PPAR 8 antagonist or agonist, &
PEAR afy dual agomst, and1-§-HSD-1 inhibitor, a dipeptidy] peptidase 1V (DPP4)
inhibitor, an SGL T2 inhibitor, a glycogen phosphorvlase inhibitor, 4 meglitinide, a

20 glucagon-like peptide-1 (GLP-1), a GLP-1 reeeptor agenist, and/or a PTP-1B
inhibitor (protein tyrosine phosphatase- 1B inhibttor) or insulin, a glucokinase
activator, a DGAT mhihiter, a2 CCR2 antagonist or §1-B-HSL); and the ether
therapeutic agent 14 an anti-hyperlipidemic agent or an agent usod fo treat

stheresclerosis, an anti-hypertensive agent or a platelet aggregation inhibitor, or 48 an

[2*)
L

snti-obesity agent, and whercin the other therapeutic agent i3 an anti-hyperlipidemia
agent, or agent used 1o treat atherosclerosis, which is an HMG CoA reductase
inhibitor, a squaltene synthetasc inhibitor, & fibric acid derivative, aspirin, a bile acid
sequestrant, an ACAT inhibitor, an ypregulator of LDL receptor activity, a
cholestero! absorption inhibitor, a cholesteryl transfer protein (CETP) inhibitor, an
30 dcal Natdbile acid cotransporicr inhibitor, a phytocstrogen, a beta-lactam cholestorod
ahsorption inhibitor, an 11DL upregulator, 2 PPAR r-agonist and/or an FXR agonist;

an LIDL catabolism promoter such, s sodivm-proton exchange inkibitor, an LDL-
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reeepior inducer of a steroidal glycoside, an anti-oxidant, or an antibomocysieine
agent, isoniazid, an HMG-CoA synthase inhibitor, or a lanosterol demethylase
inhibitor, 2 PPAR § agonist, or 4 sterol regulating clement binding protein-1 {SREBP-
thar
3 the other therapeutic agent is an anti-hypertensive agent, which is a befa
adrenergic blacker, a calctum channel blocker {L-type and/or T-type), a diurstic, a
renin inhibitor, an ACE inhibitor, an AT-1 rceeptor antagonist, an ET reeoptor
antagonist, 2 dual ET/ATT antagorist, 2 neutral endopeptidase (NEP) inhibitor, a
vasopeptidase inhibitor (dual NEP-ACE inhibitor) or a nitratice; or
10 the other therapeutic agent is & platelet aggregation inhibitor which 1s
clopidogrel, ticlopidine, prasugrel o1 aspirin: or
the other therapeutic agent is un anti-ebesity agent which is en SGLT2
inhibitor, 4 P-3 adrenergic agonist, a Bpase inhibitor, a serotonin {and dopamine)
reuptake inhibitor, a thyvroid beta compound, an anorectic agent, an NPY antagonist, &
15 loptin analog, an MC4 agonist, an MCH-] receptor antagonist, or agonist of the 3-

HTs, receptor or an antagonist of the cannabinoid receptor.

12, Themethod as defined in Ulaim 1) wherein the other anti-dizbetic
ggent 1s metformin, glyburide, insulin, glipizide, ploglitazone, rosighitazone,
20 saxagliptin, vildagliptin, sitagliptin or cxenatide (Byctta); or
the other therapeutic agent is atorvastatin, pravastatin, simvastatin,
rosuvastatin calcium, fluvastatin, clopidogrel, aspirin, ticlopidine ot prasugrel and the
other therapoutic agent is an anti-obesity agent selocted fram orlistat, sthutraming, an

MCER] antagonist, phentermine, rimonabant, benzphetamine, dicthyipropion,

25 mctharnphetamine, phendimetrazine, ATL-962, AT3677, 1756355, CP331648,
topiramate, Axokine, dexamphetamine, phenylpropanofamine and mazindel.
13, The method according to Claim 11 wherein dapagliflorin or
dapagliflozin-PGS is employed in combination with:
30 a) metformin; or

b) pioglitazenc or rosiglitazone; or

] ingulin; or
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d) metformin and insuling or
) pioglitazone or rosighitazone and metformin; or
f} pioglitazone or rosightazone and insuling or
g) metformin, ploglitazone or cosiglitazone and insulin,
5

14, Themethod as defined in Ulaim 13 wherein the SGLT2 inhibitor
dapaglitlozin or dapaglitlozin-PDS at a dose within the range from about 0.5 to about
200 mag/day s administered in combination with insulin at 4 dose as preseribed by a
physictan or as discloscd in the latest Physicians ' Desk Reference {PDR), and/or
16 metformin at 4 dose within the range from about 500 to about 2000 mg/day, and/or
rosighitazone {Avandia, Glaxe-Welleome) at & dose within the range from about 0.5
to about 25 myg/day or pioglitazone (Actos, Takeds Pharmaceaticals Armerica, Ine) at

# dosg within the runge from ubout 6.3 to about 75 my/day.

i3 15, A phammacoutival composgition which compriscs dapaghiflozin or
dapagliflozin-PGS and metformin and/or ploglitazone or rosiglitazone, and 8

pharmaceutically aceeptable carrier therefor.
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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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