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CO-THERAPY COMPRISING CANAGLIFLOZIN AND PHENTERMINE FOR
THE TREATMENT OF OBESITY AND OBESITY RELATED DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
This Application claims priority to United States Provisional Patent
Application No. 62/218,842, filed September 15, 2015, and United States
Provisional Patent Application No. 62/306,110, filed March 10, 2016, the

disclosures of which are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention Is directed to the use of co-therapy comprising
administration of canagliflozin and phentermine for the treatment of obesity and
obesity related disorders. More particularly, the present invention is directed to
co-therapy for treating obesity, for promoting weight loss and/or for suppressing
appetite; for treating, delaying, slowing the progression of and / or preventing
metabolic disorders (Including for example Type 2 diabetes mellitus); for
treating, delaying, slowing the progression of and / or preventing renal or fatty
liver disorders (including for example NASH, NAFLD, etc.); for treating,
delaying, slowing the progression of and / or preventing sleep disorders
(Including for example sleep apnea); for providing cardiovascular protection; for
treating, delaying, slowing the progression of and / or preventing cardiovascular
events (including major adverse cardiac events (MACE) such as myocardial
Infarction, unstable angina, cardiovascular death, revascularization, fatal or
non-fatal cerebrovascular accident, peripheral arteriopathy, aortic events,
hospitalization due to congestive heart failure, etc.); and/or for extending or

prolonging life span.

BACKGROUND OF THE INVENTION
Obesity is a state of excess adipose tissue mass. Although often viewed
as equivalent to increased body weight, this need not be the case-lean but very
muscular individuals may be overweight by arbitrary standards without having
INncreased adiposity. Body weights are distributed continuously in populations,

so that a medically meaningful distinction between lean and obese is somewhat
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arbitrary. Obesity is therefore more effectively defined by assessing its linkage
to morbidity or mortality.

Although not a direct measure of adiposity, the most widely used method
to gauge obesity is the body mass index (BMI), which is equal to weight/height?
(in kg/m?). Other approaches to quantifying obesity include anthropometry
(skin-fold thickness), densitometry (underwater weighing), computed
tomography (CT) or magnetic resonance imaging (MRI), and electrical
Impedance. Using data from the Metropolitan Life Tables, BMIs for the
midpoint of all heights and frames among both men and women range from 19
to 26 kg/mz; at a similar BMI, women have more body fat than men. Based on
unequivocal data of substantial morbidity, a BMI of 30 is most commonly used
as a threshold for obesity in both men and women. Large-scale epidemiologic
studies suggest that all-cause, metabolic, and cardiovascular morbidity begin to
rise (albeit at a slow rate) when BMIs are =25, suggesting that the cut-off for
obesity should be lowered. Some authorities use the term overweight (rather
than obese) to describe Iindividuals with BMIs between 25 or 27 and 30. A BMI
between 25 and 30 should be viewed as medically significant and worthy of
therapeutic intervention, especially in the presence of risk factors that are
Influenced by adiposity, such as hypertension and glucose intolerance.

Recent data from the National Health and Nutrition Examination Surveys
(NHANES) show that the percent of the American adult population with obesity
(BMI > 30) has increased from 14.5% (between 1976 and 1980) to 22.5%
(between 1998 and 1994). As many as 50% of U.S. adults 20 years of age
were overweight (defined as BMI > 25) between the years of 1998 and 1991.
Because substantial health risks exist in many individuals with BMI between 25
and 30, the increasing prevalence of medically significant obesity raises great
concern. Obesity is more common among women and in the poor; the
prevalence In children is also rising at a worrisome rate.

Obesity has major adverse effects on health. Morbidly obese individuals
(>200% ideal body weight) have as much as a twelve-fold increase in mortality.
Mortality rates rise as obesity increases, particularly when obesity I1s associated
with Increased intra-abdominal fat. It is also apparent that the degree to which

obesity affects particular organ systems Is influenced by susceptibility genes
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that vary in the population. Obese individuals have a 50-100% increased risk
of premature death from all causes compared to individuals with normal body
weight. Over 300,000 deaths a year in the United States may be attributable to
obesity.

Patients with obesity also have a higher chance of developing insulin
resistance or glucose intolerance, which can progress to the development of
type-2 diabetes. There Is also a higher probability of high blood pressure,

sexual dysfunction, headaches, depression and sleep apnea.

Diabetes mellitus i1s a medical term for the presence of elevated blood
glucose. People with diabetes either don't produce insulin, produce too little
INsulin or do not respond to insulin, resulting In the build up of glucose In the
blood. The most common form of diabetes i1s Type 2 diabetes, once referred to
as adult onset diabetes or non-insulin dependent diabetes (NIDDM), which may
account for >90% of diabetes in adults. However, as the younger population
becomes Increasingly overweight or obese, Type 2 diabetes Is becoming more
prevalent in teens and children. Diabetes may also refer to gestational
diabetes, Type 1 diabetes or autoimmune diabetes, once referred to as juvenile
onset diabetes and type 1 1/2 diabetes, also referred to as latent-autoimmune
diabetes in adults or LADA. Diabetes may occur because of poor dietary habits
or lack of physical activity (e.g., sedentary lifestyle), genetic mutations, injury to
the pancreas, drug (e.g., AIDS therapies) or chemical (e.g., steroid) exposure
or disease (e.g., cystic fibrosis, Down syndrome, Cushing’'s syndrome). Two
rare types of genetic defects leading to diabetes are termed maturity-onset
diabetes of the young (MODY) and atypical diabetes mellitus (ADM).

Type |l diabetes mellitus (non-insulin-dependent diabetes mellitus or
NIDDM) I1s a metabolic disorder involving disregulation of glucose metabolism
and Insulin resistance, and long-term complications involving the eyes, kidneys,
nerves, and blood vessels. Type Il diabetes mellitus usually develops In
adulthood (middle life or later) and Is described as the body's inability to make
either sufficient insulin (abnormal insulin secretion) or its inability to effectively

use Insulin (resistance to insulin action In target organs and tissues). More
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particularly, patients suffering from Type |l diabetes mellitus have a relative
Insulin deficiency. That is, In these patients, plasma insulin levels are normal to
high In absolute terms, although they are lower than predicted for the level of
plasma glucose that is present.

Type |l diabetes mellitus is characterized by the following clinical signs
or symptoms: persistently elevated plasma glucose concentration or
hyperglycemia; polyuria; polydipsia and / or polyphagia; chronic microvascular
complications such as retinopathy, nephropathy and neuropathy; and
macrovascular complications such as hyperlipidemia and hypertension which
can lead to blindness, end-stage renal disease, lIimb amputation and

myocardial infarction.

Syndrome X, also termed Insulin Resistance Syndrome (IRS), Metabolic
Syndrome, or Metabolic Syndrome X, is a disorder that presents risk factors for
the development of Type Il diabetes mellitus and cardiovascular disease
INcluding glucose Intolerance, hyperinsulinemia and insulin resistance,

hypertriglyceridemia, hypertension and obesity.

The diagnosis of Type |l diabetes mellitus includes assessment of
symptoms and measurement of glucose in the urine and blood. Blood glucose
level determination Is necessary for an accurate diagnosis. More specifically,
fasting blood glucose level determination Is a standard approach used.
However, the oral glucose tolerance test (OGTT) is considered to be more
sensitive than fasted blood glucose level. Type |l diabetes mellitus is
associated with impaired oral glucose tolerance (OGT). The OGTT thus can
ald In the diagnosis of Type |l diabetes mellitus, although generally not
necessary for the diagnosis of diabetes (Emancipator K, Am J Clin Pathol 1999
Nov; 112(5):665-74; Type 2 Diabetes Mellitus, Decision Resources Inc., March
2000). The OGTT allows for an estimation of pancreatic beta-cell secretory
function and insulin sensitivity, which helps in the diagnosis of Type Il diabetes
mellitus and evaluation of the severity or progression of the disease (e.g.,
Caumo A, Bergman RN, Cobelli C,. J Clin Endocrinol Metab 2000,
85(11):4396-402). More particularly, the OGTT is extremely helpful in
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establishing the degree of hyperglycemia in patients with multiple borderline
fasting blood glucose levels that have not been diagnosed as diabetics. In
addition, the OGTT is useful in testing patients with symptoms of Type |
diabetes mellitus where the possible diagnosis of abnormal carbohydrate
metabolism has to be clearly established or refuted.

Thus, impaired glucose tolerance is diagnosed in individuals that have
fasting blood glucose levels less than those required for a diagnosis of Type |
diabetes mellitus, but have a plasma glucose response during the OGTT
pbetween normal and diabetics. Impaired glucose tolerance is considered a
prediabetic condition, and impaired glucose tolerance (as defined by the
OGTT) is a strong predictor for the development of Type |l diabetes mellitus
(Haffner SM, Diabet Med 1997 Aug;14 Suppl 3:512-8).

Type |l diabetes mellitus Is a progressive disease associated with the
reduction of pancreatic function and/or other insulin-related processes,
aggravated by increased plasma glucose levels. Thus, Type |l diabetes
mellitus usually has a prolonged prediabetic phase and various
pathophysiological mechanisms can lead to pathological hyperglycemia and
Impaired glucose tolerance, for instance, abnormalities in glucose utilization
and effectiveness, insulin action and/or insulin production In the prediabetic
state (Goldberg RB, Med Clin North Am 1998 Jul;82(4):805-21).

The prediabetic state associated with glucose intolerance can also be
associlated with a predisposition to abdominal obesity, insulin resistance,
hyperlipidemia, and high blood pressure, that is, Syndrome X (Groop L,
Forsblom C, Lehtovirta M, Am J Hypertens 1997 Sep;10(9 Pt 2):172S-180S;
Haffner SM, J Diabetes Complications 1997 Mar-Apr;11(2):69-76; Beck-Nielsen
H, Henriksen JE, Alford F, Hother-Nielson O, Diabet Med 1996 Sep;13(9 Suppl
6).S78-84).

Thus, defective carbohydrate metabolism is pivotal to the pathogenesis
of Type Il diabetes mellitus and impaired glucose tolerance (Dinneen SF,
Diabet Med 1997 Aug;14 Suppl 3:519-24). In fact, a continuum from impaired

glucose tolerance and impaired fasting glucose to definitive Type Il diabetes
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mellitus exists (Ramlo-Halsted BA, Edelman SV, Prim Care 1999
Dec;26(4):771-89).

Early intervention In individuals at risk to develop Type Il diabetes
mellitus, focusing on reducing the pathological hyperglycemia or impaired
glucose tolerance may prevent or delay the progression towards Type |l
diabetes mellitus and associated complications and/or Syndrome X. Therefore,
by effectively treating impaired oral glucose tolerance and / or elevated blood
glucose levels, one can prevent or inhibit the progression of the disorder to

Type |l diabetes mellitus or Syndrome X.

Kidneys are bean-shaped organs, located near the middle of the back.
Inside each kidney about a million tiny structures called nephrons filter blood.
They remove waste products and extra water, which become urine. Damage to
the nephrons represents an important form of kidney disease. This damage
may leave kidneys unable to remove wastes. Some damage, €.9g. damage
related to hyperfiltration can occur slowly over years, initially often without
obvious symptoms.

The ‘hyperfiltrative hypothesis’ implies that the excess demand on a
limited renal reserve produces adaptive and ultimately pathologic changes In
the kidney which finally lead to ‘nephron exhaustion’. At the single-nephron
level, hyperfiltration is hypothesized to be an early link in the chain of events
that lead from Intraglomerular hypertension to albuminuria and, subsequently,
to reduced Glomerular Filtration Rate (GFR). Based on this hyperfiltration
therefore represents a risk for subsequent renal injury and could be classified
as an early manifestation of renal pathology often referred to as the
hyperfiltrative stage. Such renal hyperfiltration can lead to early glomerular
lesions and to microalbuminuria, which itself can lead to macroalbuminuria and
to end-stage renal disease.

The Influence of hyperfiltration on renal function decline has been most
thoroughly evaluated In kidney transplant recipients and donors, and in patients
with a single kidney removed for acquired renal disease, but also in patients
with diabetes mellitus (Magee et al. Diabetologia 2009; 52: 691-697). In theory,

6
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any reduction in functional nephron number will lead to adaptive glomerular
hyperfiltration whether induced genetically, surgically, or by acquired renal
disease. Moreover, hyperfiltration has been shown to occur In certain
pathophysiologic conditions even when renal mass is intact, e.g. in diabetes.
Therefore, there Is a medical need for interventions with a good efficacy with

regard to renal hyperfiltrative injury.

Creatinine is a breakdown product of creatine phosphate in muscle
tissue, and is usually produced at a constant rate in the body. Serum
creatinine 1s an important indicator of renal health, because it Is an easily
measured byproduct of muscle metabolism that is excreted unchanged by the
kidneys. Creatinine is removed from the blood chiefly by the kidneys, primarily
by glomerular filtration, but also by proximal tubular secretion. Little or no
tubular reabsorption of creatinine occurs. If the filtration in the kidney Is
deficient, creatinine blood levels rise. Therefore, creatinine levels in blood and
urine may be used to calculate the creatinine clearance (CrCl), which correlates
with the glomerular filtration rate (GFR). Blood creatinine levels may also be
used alone to estimate the GFR (eGFR). The GFR is clinically important
because It Is a measurement of renal function. An alternate estimation of renal
function can be made when interpreting the blood (plasma) concentration of
creatinine along with that of urea. The BUN-to-creatinine ratio (the ratio of
blood urea to creatinine) can indicate other problems besides those intrinsic to
the kidney; for example, a urea level raised out of proportion to the creatinine
may indicate a pre-renal problem such as volume depletion.

A rise In blood creatinine level Is observed only with marked damage to
functioning nephrons. An estimation of kidney function is given by calculating
the estimated glomerular filtration rate (eGFR). eGFR can be accurately
calculated using serum creatinine concentration. The typical human reference
ranges for serum creatinine are 0.5 to 1.0 mg/dl (about 45-90 umol/l) for
women and 0.7 to 1.2 mg/dl (60-110 umol/l) for men. The trend of serum
creatinine levels over time Is generally more important than absolute creatinine

level.
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Creatinine levels may increase modestly when an ACE inhibitor (ACEI)
or angiotensin |l receptor antagonist (or angiotensin receptor blocker, ARB) Is
taken. Using both an ACE inhibitor and ARB concomitantly will increase
creatinine levels to a greater degree than either of the two drugs would
individually. An increase of <30% is to be expected with ACE inhibitor or ARB

USe.

Albuminuria is a condition, where albumin is present in the urine. In
healthy individuals, albumin is filtered by the kidneys. When the kidneys do not
properly filter large molecules (such as albumin) from the urine, albumin is
excreted In urine and Is typically a sign of kidney damage or excessive salt
Intake. Albuminuria can also occur in patients with long-standing diabetes
mellitus, either Type | (1) or Type |l (2) diabetes mellitus. Urine albumin may
be measured by dipstick or as direct measure of the amount of protein excreted
IN total volume of urine collected over a 24 hour period

Microalbuminuria, occurs when the kidney leaks small amounts of
albumin Into the urine, as a result of an abnormally high permeabillity for
albumin in the renal glomerulus. Microabuminuria as a condition of diabetic
nephropathy is indicated when urine albumin levels are in the range of 30 mg to
300 mg In a 24 hour period.

An alternate measure of microalbuminuria is creatinine levels and the
ratio of albumin to creatinine in serum. The albumin/creatinine ratio (ACR) and
microalbuminuria are defined as ACR 23.5 mg/mmol (female) or 22.5 mg/mmol
(male), or, with both substances measured by mass, as an ACR between 30 ug
albumin/mg creatinine and 300 ug albumin/mg creatinine.

Microalbuminuria may be an important prognostic marker for the
development and progression of kidney disease, particularly in patients with
diabetes mellitus or hypertension. Microalbuminuria is also an indicator of
subclinical cardiovascular disease, a marker of vascular endothelial dysfunction
and a risk factor for venous thrombosis.

Diabetic nephropathy is one of the microvascular complications of

diabetes mellitus and i1s characterized by persistent alouminuria and a
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progressive decline in renal function. Hyperglycemia is an important
contributor to the onset and progression of diabetic nephropathy.

The clinical progression of diabetic nephropathy Iin patients with T1DM
(Type 1 Diabetes Mellitus) is well characterized. Initially, hyperfiltration
accompanied by increases in glomerular filtration rate (GFR) and increased
renal plasma flow is seen. A meta-analysis found that the presence of
hyperfiltration Iin patients with T1DM more than doubled the risk of developing
micro- or macroalbuminuria. This phase is followed by reductions in GFR and

the development of microalbuminuria, defined as urinary albumin excretion of
>30 mg/day (or 20 ug/min) and <300 mg/24 h (or <200 yg/min), which may be

accompanied by increases In blood pressure. Later in the progression of the
disease as GFR continues to decline, overt proteinuria (i.e., macroalbuminuria),
defined as urinary albumin excretion of >300 mg/day ensues and Is associated
with worsening hypertension. Eventually, ESKD (End Stage Kidney Disease)
progresses, leading to the need for renal replacement therapy.

In patients with Type 2 Diabetes Mellitus (T2DM), the clinical
progression is variable, primarily due to multiple renal insults, including not only
hyperglycemia, but also vascular pathology resulting in ischemic renal injury.
However, other common features are likely to contribute to renal injury In
patients with T2DM include hyperfiltration at the level of the single nephron,
proximal tubular glucotoxicity, and a stimulus for tubular cell growth as a result
of enhanced sodium coupled glucose transport into tubular cells.

Studies have demonstrated that alouminuria is a biomarker for predicting
progression of diabetic nephropathy and is a cardiovascular (CV) risk factor.

When compared with patients with normo-albuminuria and estimated
glomerular filtration rate (eGFR) >90 mL/min/1.73m?, patients with both

macroalbuminuria and eGFR <60 mL/min/1.73m?* were at 5.9-fold higher risk
(95% CI 3.5 to 10.2) for cardiovascular death and 22.2-fold higher risk (95% CI
7.6 t0 64.7) for experiencing ESKD, and subjects with macroalbuminuria and
reduced eGFR (ie, <60 mL/min/1.73m?) were nearly 6 times more likely to
experience a composite renal event (i.e., death as a result of kidney disease,
requirement for dialysis or transplantation, or doubling of serum creatinine.
See, e.g., J Am Soc Nephrol 20(8):1813-1821, 2009. A close link between the
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degree of albuminuria and CV disease has also been demonstrated in the
RENAAL study, showing that patients with high baseline urinary
albumin/creatinine ratio (ACR) (=3 g/Q) had a 1.2-fold (95% CI, 1.54 to 2.38)

higher risk of a composite of myocardial infarction (Ml), stroke, first
hospitalization for heart failure or unstable angina, coronary or peripheral
revascularization, or CV death, and a 2.7-fold (95% ClI, 1.94 to 3.75) higher
risk of heart failure compared with patients with an ACR <1.5 g/g. Increased
urinary albumin excretion and reduced eGFR are also independently
associlated with the risk for both cardiovascular and kidney outcomes in
patients with T2DM, without evidence for an interaction between these risk
factors. Moderately increased albuminuria also has been associated with an
INcrease In renal disease progression.

In summary, the magnitude of albuminuria positively correlates with the
development of ESKD and adverse CV outcomes. Treatment-related
reductions in albuminuria in patients with T2DM and albuminuria using agents
acting by a hemodynamic mechanism (i.e., ACEiI and ARBs) are correlated with
reductions in the progression of diabetic nephropathy and in the incidence of
adverse CV outcomes. Thus, agents acting by a unigue hemodynamic
mechanism to reduce albuminuria beyond that seen with other antihypertensive
or antihyperglycemic agents and which are additive to agents disrupting the
renin-angiotensin system may exert reno-protective effects and possibly reduce

adverse CV outcomes in diabetic nephropathy.

Fatty liver, also known as fatty liver disease (FLD), Is a reversible
condition wherein large vacuoles of triglyceride fat accumulate in liver cells via
the process of steatosis (I.e., abnormal retention of lipids within a cell).
Accumulation of fat may also be accompanied by a progressive inflammation of
the liver (hepatitis), called steatohepatitis. By considering the contribution by
alcohol, fatty liver may be termed alcoholic steatosis or non-alcoholic fatty liver
disease (NAFLD), and the more severe forms as alcoholic steatohepatitis (part
of alcoholic liver disease) and non-alcoholic steatohepatitis (NASH).

Non-alcoholic fatty liver disease (NAFLD) i1s one cause of a fatty liver,

occurring when fat is deposited (steatosis) in the liver. NAFLD is considered to
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cover a spectrum of disease activity. This spectrum begins as fatty
accumulation in the liver (hepatic steatosis). A liver can remain fatty without
disturbing liver function, but by varying mechanisms and possible insults to the
liver may also progress to become NASH, a state in which steatosis is
combined with inflammation and fibrosis. Non-alcoholic steatohepatitis (NASH)
IS a progressive, severe form of NAFLD. Over a 10-year period, up to 20% of
patients with NASH will develop cirrhosis of the liver, and 10% will suffer death
related to liver disease. The exact cause of NAFLD is still unknown, however,
both obesity and insulin resistance are thought to play a strong role in the
disease process. The exact reasons and mechanisms by which the disease
progresses from one stage to the next are not known.

NAFLD has been linked to insulin resistance (IR) and the metabolic
syndrome (MS). As the renin-angiotensin system (RAS) plays a central role in
insulin resistance, and subsequently in NAFLD and NASH, an attempt
to block the deleterious effects of RAS overexpression has been proposed a
target for treatment. While many potential therapies tested in NASH target only
the consequences of this condition, or try to “get rnd” of excessive fat,
angiotensin receptor blockers (ARBs) may act as a tool for correction of the
various imbalances that act in harmony in NASH / NAFLD. Indeed, by
iInhibiting RAS the intracellular insulin signaling pathway may be improved,
resulting In better control of adipose tissue proliferation and adipokine
production, as well as more balanced local and systemic levels of various
cytokines. At the same time, by controlling the local RAS in the liver fibrosis
may be preven<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>