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TREATMENT OF MIXED DYSLIPIDEMIA

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. Provisional Application Serial Nos.:
62/252,195, filed on November 6, 2015, and 62/252,147, filed on November 6, 2015, the

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

FIELD OF THE INVENTION

[0002] This invention relates to the use of a statin in combination with gemcabene for the

treatment of mixed dyslipidemia.

BACKGROUND

[0003] The Fredrickson classification system for hyperlipidemia uses plasma appearance, total
cholesterol and triglyceride values to characterize subjects with one of five types of
hyperlipidemia. The five types are L, IL, III, IV and V. Type II is further subdivided in to type Ila
and type IIb, whereby both types have elevated total cholesterol and LDL-C, type IIb also
presents with elevated triglycerides.

[0004] Reports have estimated the prevalence of type IIb hyperlipidemia (type IIb) in the
population at about 10%. Type IIb is characterized by elevation in LDL-C, triglyceride, and
apolipoprotein B levels, and an increased level of very low density lipoprotein cholesterol
(VLDL-C), intermediate density lipoprotein cholesterol (IDL), and small dense LDL.

[0005] Type IIb hyperlipidemia encompasses acquired combined hyperlipidemia and familial
combined hyperlipidemia (FCHL). FCHL is a genetic condition, occurring in approximately 0.3-
2% of the population, although estimates as high as 5.7% of the population have been reported.
Individuals with type IIb hyperlipidemia have an increased rate of cardiovascular disease and
those individual with FCHL have a high incidence of premature coronary artery disease. In
addition, type IIb patients have a higher incidence of non-alcoholic fatty liver disease (NAFLD)
and non-alcoholic steatosis hepatitis (NASH) than do patients without type Ila, a form of fatty
liver, that develops due to hepatic triglyceride overproduction and accumulation. NAFLD,
NASH or fatty liver can lead to metabolic complications including elevation of liver enzymes,
fibrosis, cirrhosis, hepatocellular carcinoma, and liver failure. Liver failure is life-threatening
and therefore there is an urgent need to develop therapies to delay development, prevent
formation or reverse the condition of a fatty liver.

[0006] Current treatment options for type IIb hyperlipidemia are limited. While statin are very
effective at lowering LDL-C, in general they are not very effective at lowering triglyceride levels.
Some statins at high dose levels, for example atorvastatin at 80 mg, do significantly lower

triglyceride levels. However, high dose statin therapy can cause muscle pain (myalgia) and is
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often not well tolerated by patients. In addition, high dose statin therapy carries with it an
increased risk for serious muscle toxicity such as rhabdomyolysis.

[0007] Further, because certain statins are metabolized by cytochrome P450 enzymes that also
mediate metabolism of other drugs, the use of higher doses of statins may be contraindicated for
use with certain drugs. The finding, disclosed in the present application, that a combination of
gemcabene and low to moderate dose of a statin cause surprising synergy in the lowering of
triglycerides (TG) may allow the use of lower doses of statin and therefore a better safety profile.
[0008] Treatments for type IIb hyperlipidemia focus on lowering LDL-C levels and triglyceride
levels. Treatment typically includes administering a combination of a cholesterol lowering agent,
such as a statin, and a triglyceride lowering agent, such as a fibrate, niacin or fish oil. However,
the commonly used triglyceride lowering agents may not be convenient or may not be well
tolerated, for example, fibrates are associated with myalgia and an increased risk of muscle
toxicity, fish oil needs to be taken multiple times daily, and niacin causes flushing particularly
when administered in combination with statins. Certain fibrates use or activate the cytochrome
P450 3A4 isoform as part of their catabolic process as do some statins, and administration of
these drugs in combination can increase the risk of myalgia and muscle damage. Physicians may
avoid combining a statin with fibrates because of concern over the higher risk of muscle damage
with the combination.

[0009] Nonalcoholic fatty liver disease (NAFLD) is increasingly common around the world,
especially in western nations. In the United States, it is the most common form of chronic liver
disease, affecting an estimated 80 to 100 million people. Nonalcoholic fatty liver disease is an
umbrella term for a range of liver conditions affecting people who drink little to no alcohol. As
the name implies, the main characteristic of nonalcoholic fatty liver disease is too much fat
stored in liver cells. It is normal for the liver to contain some fat. However, if more than 5% - 10%
percent of the liver’s weight is fat, the condition is called a fatty liver (steatosis). NAFLD is
strongly associated with features of metabolic syndrome, including obesity, insulin resistance,
type-2 diabetes mellitus, and dyslipidemia; it is considered the hepatic manifestation of this
syndrome.

[0010] Pediatric NAFLD is currently the primary form of liver disease among children. Studies
have demonstrated that abdominal obesity and insulin resistance are thought to be key
contributors to the development of NAFLD. Because obesity is becoming an increasingly
common problem worldwide the prevalence of NAFLD has been increasing concurrently. The
only treatment shown to be truly effective in pediatric NAFLD is weight loss.

[0011] The more severe form of NAFLD is called non-alcoholic steatohepatitis (NASH). NASH

causes the liver to swell and become damaged. NASH tends to develop in people who are

2



WO 2017/079748 PCT/US2016/060837

overweight or obese, or have diabetes, high cholesterol or high triglycerides or inflammatory
conditions. NASH, a potentially serious form of the disease, is marked by hepatocyte ballooning
and liver inflammation, which may progress to scarring and irreversible damage. This damage is
similar to the damage caused by heavy alcohol use. Macro and microscopically, NASH is
characterized by lobular and/or portal inflammation, varying degrees of fibrosis, hepatocyte
death and pathological angiogenesis. At its most severe, NASH can progress to cirrhosis,
hepatocellular carcinoma and liver failure. Currently NAFLD and NASH are being treated e.g.,
by diet, treatment of insulin resistance or vitamin administration, such as vitamins E or D.
Unfortunately there are currently no drugs approved for the treatment of NAFLD or NASH.
[0012] NAFLD Activity score (NAS) can be calculated according to the criteria of Kleiner
(Kleiner DE. et al., Hepatology, 2005; 41:1313). NAS scores 0-2 are not considered diagnostic
for NASH, NAS scores of 3-4 are considered either not diagnostic, borderline or positive for
NASH, while NAS scores of 5-8 are largely considered diagnostic for NASH. A treatment effect
for NASH includes the regression, stabilization or a reduction in the rate of disease progression.
Sequential liver biopsies from a patient that may have NASH can be used to assess the change in
the NAS score and used as an indication of the change in the disease state. A score that increases
suggests progression, an unchanged score suggests stabilization, while a decreased score
suggests regression of NASH. In a controlled clinical trial, the difference in NAS scores between
the placebo and the test article treatment group, assessed usually over a duration of 6 months to
two years, can be indicative of a treatment effect, even if both groups are progressing. A defined
point spread is usually required by a regulatory authority to demonstrate a meaningful change in
NASH.

[0013] Fibrinogen (factor I) is a mammalian glycoprotein that plays a role in the in the formation
of blood clots. Fibrinogen is converted to fibrin by thrombin during blood clot formation.
Fibrinogen is synthesized in liver hepatocytes. A variety of diseases are associated with elevated
levels of fibrinogen and include but are not limited to NASH, microvascular disease, peripheral
vascular disease, peripheral artery disease, critical limb ischemia in peripheral arterial occlusive
disease, new-onset coronary atherosclerosis , decreased survival in cancer, such as in breast
cancer, renal cell carcinoma, prostate cancer patients. Increased fibrinogen levels are also
associated with a negative sepsis outcome, diabetes, metabolic syndrome, and subacute
thyroiditis, plasma triglyceride, obesity, ultrasound intra-abdominal fat, diastolic blood pressure,
insulin resistance, LDL-cholesterol and cigarette smoking. Severity of obstructive sleep apnea is

also associated with elevated plasma fibrinogen in otherwise healthy patients.
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[0014] Fibrinogen therefore may be a prognostic indicator or blood marker for many disease and
may also serve to effect the onset and progression of the disease state. There is a medical need to
reduce fibrinogen in a subject with elevated levels.

[0015] Because the treatment options are limited for patient having type IIb hyperlipidemia and
because the current treatments may increase the risk of serious side effects or may not be well
tolerated, there is a need for additional treatments that are safe and effective for treating patients
suffering from type IIb hyperlipidemia. Additionally, the current treatments for NAFLD and
NASH are limited, there is a need for more treatment options that are safe and effective for

treating patients suffering from NAFLD and NASH.

SUMMARY
[0016] The present invention addresses these needs. We have shown that treatment of patients
with type IIb hyperlipidemia with a combination of certain doses of gemcabene and a low or
moderate dose of a statin show a reduction in both LDL-C and an unexpected more than additive
reduction of triglycerides (TG) when compared to the effects of each agent alone. Gemcabene
does not significantly affect the activity or expression of the main cytochrome P450 enzymes
involved in the metabolism of pharmaceutical agents. Gemcabene, therefore, may reduce the
need for the use of high dose statins thereby reducing the risk of side effects.
[0017] The first aspect of the invention provides methods for treating a subject having type IIb
hyperlipidemia comprising administering to the subject gemcabene in combination with a low or
moderate dose of a statin. In some embodiments of the first aspect of the invention the
gemcabene and the statin are administered as a fixed dose combination.
[0018] A second aspect of the present invention provides a method for reducing the
accumulation of liver fat in the subject comprising administering gemcabene alone or in
combination with a statin. In some embodiments of the second aspect of the invention, the
method is a method of treating or preventing non-alcoholic fatty liver disease (NAFLD). In
another embodiment of the second aspect is a method of treating or preventing steatosis. In some
embodiments the method is a method of treating or preventing liver disease wherein the liver
disease is non-alcoholic steatohepatitis (NASH).
[0019] A third aspect of the invention provides specific fixed dose combinations of gemcabene
and a statin.
[0020] A fourth aspect provides for kits for treating a subject having type IIb hyperlipidemia
and/or NASH comprising gemcabene, a statin and instructions for use.
[0021] A fifth aspect of the present invention provides methods for reducing fibrosis in a patient

comprising administering gemcabene alone or in combination with a statin.

4



WO 2017/079748 PCT/US2016/060837

[0022] A sixth aspect of the present invention provides method for reducing fibrinogen levels in
blood plasma levels of a subject having an elevated blood plasma fibrinogen level comprising
administering gemcabene alone or in combination with a statin.

[0023] One embodiment of the first aspect is a method for treating a subject having type IIb
hyperlipidemia comprising, administering to the subject gemcabene in combination with a low or
moderate dose of a statin.

[0024] Another embodiment of the first aspect is a method of treating a subject having type IIb
hyperlipidemia comprising administering to the subject a daily dose of gemcabene from about 50
mg to about 750 mg and a daily dose of a statin from about 1 mg to about 60 mg.

[0025] One embodiment of the second aspect is a method of reducing the accumulation of liver
fat in a subject comprising administering to a subject in need thereof gemcabene in a daily dose
of about 50 mg to about 750 mg and administering a statin in a daily dose from about 1 mg to
about 80 mg,

[0026] An embodiment of the fourth aspect of the present invention provides a kit comprising
fixed dose combination comprising from about 1 mg to about 60 mg of a statin and from about
300 mg to about 600 mg of gemcabene; and instructions for the use thereof. In some
embodiments, the statin is selected from atorvastatin, rosuvastatin, simvastatin, pravastatin,
lovastatin, fluvastatin, and pitavastatin; or any pharmaceutically acceptable salts thereof. In some
embodiments, the statin is atorvastatin,

[0027] One embodiment of the fifth aspect is a method for reducing fibrosis in a subject
comprising administering to a subject in need thereof gemcabene in a daily dose of about 50 mg
to about 750 mg and administering a statin in a daily dose from about 1 mg to about 80 mg.
[0028] One embodiment of the sixth aspect of the invention is a method for reducing blood
plasma levels of fibrinogen in a subject with a fibrinogen level above 300 mg/dL comprising
administering to the subject, gemcabene alone or in combination with a statin. The subject may
have high LDL-C level. The subject may be risk for developing coronary heart disease or have

already had one or more cardiac events.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The following figures are provided by way of example and are not intended to limit the
scope of the claimed invention.

[0030] Figure 1A is a graph showing the effect of gemcabene on concentration of atorvastatin
where atorvastatin is administered alone at 80 mg (closed circles), and in combination with 300
mg gemcabene (open circles), or in combination with 900 mg of gemcabene (closed squares) in a

crossover study in human subjects.
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[0031] Figure 1B is a graph showing the effect of gemcabene on concentration of atorvastatin
lactone when atorvastatin is administered alone at 80 mg (closed circles), and in combination
with 300 mg gemcabene (open circles), or in combination with 900 mg of gemcabene (closed
squares) in a crossover study in human subjects.

[0032] Figure 1C is a graph showing the effect of gemcabene on concentration of ortho-hydroxy
atorvastatin when atorvastatin is administered alone at 80 mg (closed circles), and in combination
with 300 mg gemcabene (open circles), or in combination with 900 mg of gemcabene (closed
squares) in a crossover study in human subjects.

[0033] Figure 1D is a graph showing the effect of gemcabene on concentration of ortho-hydroxy
atorvastatin lactone when atorvastatin is administered alone at 80 mg (closed circles), and in
combination with 300 mg gemcabene (open circles), or in combination with 900 mg of
gemcabene (closed squares) in a crossover study in human subjects.

[0034] Figure 1E is a graph showing the effect of gemcabene on concentration of para-hydroxy
atorvastatin when atorvastatin is administered alone at 80 mg (closed circles), and in combination
with 300 mg gemcabene (open circles), or in combination with 900 mg of gemcabene (closed
squares) in a crossover study in human subjects.

[0035] Figure 1F is a graph showing the effect of gemcabene on concentration of para-hydroxy
atorvastatin lactone when atorvastatin is administered alone at 80 mg (closed circles), and in
combination with 300 mg gemcabene (open circles), or in combination with 900 mg of
gemcabene (closed squares) in a crossover study in human subjects.

[0036] Figure 1G is a graph showing the effect of gemcabene on the pharmacokinetics of
atorvatatin administered alone at 80 mg (closed circles) and in combination with 900 mg
gemcabene (open circles) as measured by activity of HMG-Co A reductase inhibitor
concentration in a crossover study in human subjects.

[0037] Figure 1H is a graph showing the effect of gemcabene on the pharmacokinetics of
simvastatin administered alone at 80 mg (closed circles) and in combination with 900 mg
gemcabene (open circles) as measured by activity of HMG-Co A reductase inhibitor
concentration in a crossover study in human subjects.

[0038] Figures 2A and 2B are bar graphs illustrating the median percent (2A) and mean percent
(2B) change from baseline of LDL, baseline triglycerides, and baseline ApoB levels in type [Ib
patients that were administered placebo; 10 mg atorvastatin (statin); 300 mg, 600 mg, or 900 mg
of gemcabene (gem); or 10 mg atorvastatin and 300 mg, 600 mg, or 900 mg of gemcabene,
according to the study described in Example 4.

[0039] Figures 2C and 2D are bar graphs illustrating the median percent (2C) and mean percent
(2D) change from baseline of LDL, baseline triglycerides, and baseline ApoB levels in type Ilb
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patients that were administered placebo; 40 mg atorvastatin (statin); 300 mg, 600 mg, or 900 mg
of gemcabene (gem); or 40 mg atorvastatin and 300 mg, 600 mg, or 900 mg of gemcabene,
according to the study described in Example 4.

[0040] Figures 2E and 2F are bar graphs illustrating the median percent (2E) and mean percent
(2F) change from baseline of LDL, baseline triglycerides, and baseline Apo B levels in type Ilb
patients that were administered placebo; 80 mg atorvastatin (statin); 300 mg, 600 mg, or 900 mg
of gemcabene (gem); or 80 mg atorvastatin and 300 mg, 600 mg, or 900 mg of gemcabene,
according to the study described in Example 4.

[0041] Figure 3 is a bar graph illustrating the effect of gemcabene (Gem) at 100 mg/kg and
simvastatin (Simva) at 3 mg/kg on plasma cholesterol, hepatic cholesterol and hepatic
triglyceride synthesis.

[0042] Figure 4 is a graph showing the changes in mean body weight of the diabetic mouse
NASH model as a function of the number of days after the start of treatment and the dose
administered.

[0043] Figure 5A is a plot showing the body weight of the diabetic mouse NASH model on the
day of termination of the treatment.

[0044] Figure 5B is a plot showing the liver weight of the diabetic mouse NASH model on the
day of termination of the treatment.

[0045] Figure 5C is a plot showing the liver-to-body weight ratio of the diabetic mouse NASH
model on the day of termination of the treatment.

[0046] Figure 6A is a plot showing the fasting whole blood glucose levels of the diabetic mouse
NASH model 3 days prior to termination, and after 8 hours of fasting.

[0047] Figure 6B is a plot showing the fasting plasma glucose levels of the diabetic mouse
NASH model 3 days prior to termination, and after 8 hours of fasting.

[0048] Figure 7A is a plot showing the whole blood glucose levels of the diabetic mouse NASH
model at termination,

[0049] Figure 7B is a plot showing the plasma alanine aminotransferase (ALT) levels of the
diabetic mouse NASH model at termination.

[0050] Figure 7C is a plot showing the plasma aspartate aminotransferase (AST) levels of the
diabetic mouse NASH model at termination.

[0051] Figure 7D is a plot showing the plasma alpha lipoic acid (ALP) levels of the diabetic
mouse NASH model at termination.

[0052] Figure 7E is a plot showing the plasma gamma glutamyl transferase (GGT) levels of the

diabetic mouse NASH model at termination.
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[0053] Figure 7F is a plot showing the blood urea nitrogen (BUN) levels of the diabetic mouse
NASH model at termination.

[0054] Figure 7G is a plot showing the plasma creatinine levels of the diabetic mouse NASH
model at termination,

[0055] Figure 7H is a plot showing the plasma whole bilirubin levels of the diabetic mouse
NASH model at termination.

[0056] Figure 71 is a plot showing the plasma ketone body levels of the diabetic mouse NASH
model at termination,

[0057] Figure 7J is a plot showing the liver triglyceride levels of the diabetic mouse NASH
model at termination,

[0058] Figure 8 is a plot showing the non-alcoholic fatty liver disease (NAFLD) score of the
diabetic mouse NASH model at termination.

[0059] Figure 9A is a plot showing the steatosis score of the diabetic mouse NASH model at
termination.

[0060] Figure 9B is a plot showing the lobular inflammation score of the diabetic mouse NASH
model at termination,

[0061] Figure 9C is a plot showing the ballooning degeneration score of the diabetic mouse
NASH model at termination.

[0062] Figure 10 is a plot showing the fibrosis area (% sirius red-positive area) of the diabetic
mouse NASH model at termination.

[0063] Figure 11A is a bar graph showing the hepatic triglyceride levels in male Sprague-
Dawley rats after treatment with gemfibrozil or gemcabene.

[0064] Figure 11B is a bar graph showing the levels of hepatic unesterified cholesterol in male
Sprague-Dawley rats after treatment with gemfibrozil or gemcabene.

[0065] Figure 12 is a bar graph showing the levels of plasma fibrinogen levels in male Sprague-

Dawley rats after treatment with gemfibrozil or gemcabene.

DETAILED DESCRIPTION

[0066] DEFINITIONS

[0067] "API" is an abbreviation for active pharmaceutical ingredient.

[0068] Statins are a class of drugs that inhibit the enzyme HMG-CoA reductase and are generally
known to lower LDL cholesterol in patients. Examples of statins include atorvastatin,
rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin, and pitavastatin,

[0069] As used herein "type IIb hyperlipidemia" or "type [Ib” patient population means a patient
population having a fasting LDL cholesterol blood plasma level > 130 mg/dl and a fasting
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triglyceride blood plasma level > 150 mg/dL. References to LDL-C, triglyceride or ApoB levels
are fasting levels unless clearly indicated otherwise. Type IIb hyperlipidemia is also known as
Type IIb hyperlipoproteinemia. In some references type IIb hyperlipidemia is referred to as
mixed dyslipidemia or is described as a subset of mixed dyslipidemia.

[0070] As used herein, the term "gemcabene" refers to the compound 6,6'-oxybis(2,2-

dimethylhexanoic acid) having the structure

[0071] Gemcabene calcium refers to the monocalcium salt of gemcabene. Gemcabene calcium is
used interchangeable with gemcabene.

[0072] As used herein: “steatosis” is interchangeable with “fatty liver” which is an accumulation
of fat in the liver.

[0073] When referring to dosages and doses, the dosage or dose is calculated on the weight of
the API. In some embodiments, the API may be administered as a pharmaceutically acceptable
salt. Where the API is administered as a salt, the dose is still calculated on the basis of the API.
For example a reference to a dose of 80 mg of atorvastatin calcium means the dose of
atorvastatin calcium that is equivalent to 80 mg of atorvastatin, and reference to a dose of 300 mg
of gemcabene calcium means the dose of gemcabene calcium that is equivalent to 300 mg of
gemcabene.

[0074] As used herein, the term "single dose formulation" or "fixed dose combination” refers to a
pharmaceutical composition in the form in which it is marketed for use, formulated with mixture
of two or more APIs and one or more excipients, along with other optional non-reusable material
that may not be considered either ingredient or packaging (e.g., a capsule shell). As used herein,
the terms "single dose formulation" and “fixed dose combination” are used interchangeably.
Common single dose formulations include pills, tablets, or capsules.

[0075] As used herein “subject” and “patient” are used interchangeably. A subject may be a
mammal and the mammal may be, for example, a human, and human subjects include adult,
adolescent and pediatric subjects.

[0076] “Steatosis” and “hepatic steatosis” are used interchangeably herein.

[0077] “Blood plasma” and “plasma” are used interchangeably herein.

[0078] The following table provides dose categories as used herein for a number of statins,
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Table 1
Low to Moderate Dose High Dose
Atorvastatin 10 - 40 mg Atorvastatin 80
Fluvastatin 20 - 40 mg Lovastatin 80
Lovastatin 20 — 60 mg Rosuvastatin 40
Pitavastatin 1-4 mg Simvastatin 80

Pravastatin 10 - 40 mg
Rosuvastatin 5-30

Simvastatin 5-60 mg

[0079] The present invention provides for methods for the treatment of subjects having type IIb
hyperlipidemia. As described in further detail in Example 3, an 8-week, double-blind,
randomized, placebo-controlled, dose-ranging study was done to evaluate the efficacy and safety
of gemcabene administered as monotherapy or in combination with atorvastatin in the treatment
of hypercholesterolemic patients. The primary objective was to evaluate the low-density
lipoprotein cholesterol (LDL-C) lowering efficacy and dose response of gemcabene 300, 600,
and 900 mg/day administered as a monotherapy or in combination with atorvastatin 10, 40, and
80 mg/day to hypercholesterolemia patients (Frederickson Types Ila and IIb). The secondary
objective was to evaluate the modulation of high sensitivity c-reactive protein (hsCRP), high-
density lipoprotein cholesterol (HDL), and triglycerides (T'G), and apolipoprotein B (ApoB) by
gemcabene.

[0080] Subjects were randomized to receive placebo, the agents as monotherapy, or the agents
combined at various dose levels for 8 weeks. Before and at the end of the treatment period, safety
and lipid variable were assessed including plasma triglyceride, LDL-C and apo B levels.

[0081] Subgroup analysis of LDL-C and TG in subjects with an LDL-C level > 130 mg/dl and a
triglyceride level > 150 mg/dL. (Type IIb) revealed an unexpected reduction in triglycerides in
patients given less than the maximum dose (80 mg) of atorvastatin plus gemcabene (300, 600, or
900 mg). At the other doses of atorvastatin tested, the reduction in triglycerides with
combination therapy was much great than either the reduction with atorvastatin or gemcabene
monotherapy. In addition, these combinations also caused further reductions in LDL-C and apo
B over administration of atorvastatin or gemcabene alone.

[0082] The finding that using a low to moderate dose of a statin in combination with gemcabene
resulted in the surprising lowering of TG in this group of subjects potentially provides for a

safety advantage.
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[0083] Cytochrome P450 enzymes mediate drug metabolism in humans. For example some
statins and fibrates use or activate the cytochrome P450 3 A4 isoform as part of their catabolic
process. When given together, some statins and fibrates compete for the cytochrome P450 3A4
isoform resulting in a drug-drug interaction affecting the levels of each agent in blood plasma.
[0084] As an example, the statin marketed as Baycol was removed from the market following a
severe drug-drug interaction (DDI) with gemfibrozil (a fibrate) resulting in rhabdomyolysis and
patient deaths.

[0085] As described further in Example 1 below, no evidence of significant inhibition was
observed for any of the cytochrome P450 isoforms tested up to a concentration of 1500 uM.
suggesting that a metabolically based clinical interaction between gemcabene and statins are
highly unlikely at therapeutic concentrations of gemcabene.

[0086] In addition, gemcabene monotherapy given to humans up to 1500 mg single dose and 900
mg in multiple doses, the number of musculoskeletal adverse event were similar or less than
placebo, while statin monotherapy showed an increase in musculoskeletal adverse events
compared to placebo. As shown in Table 2, co-administration of gemcabene and the statin did

not increase the musculoskeletal adverse effects seen with the statin alone.

TABLE 2

Patient type Control Gemcabene Gerxlsizzflne - Statin

n No % n | No % n | No % n | No %
A4141001
(ITa + IIb) 17 l 5.9 51 0 00| 157 | 13 83| 52 71 13.5
A4141001
(ITa) 10 0 0.0 19 0 00| 79 5 63| 22 2 9.1
A4141001
(IIb) 7 1 143 32 0 0.0 78 8| 103 ] 30 51 16.7

"ot

n" = number of patients in the group.

No = the number of muscle skeletal adverse events and % = the percent of patients experiencing
a musculoskeletal adverse event in the particular group.

[0087] Embodiments

[0088] The first aspect of the invention provides methods for treating a subject having type IIb
hyperlipidemia comprising administering to the subject gemcabene in combination with a low or
moderate dose of a statin. In some embodiments of the invention the gemcabene and the statin
are administered as a fixed dose combination. A third aspect of the invention provides specific
fixed dose combinations of gemcabene and a statin. A fourth aspect provides for kits for treating
a subject having type IIb hyperlipidemia and/or NASH. A fifth aspect of the present invention
provides a method for reducing fibrosis in a patient comprising administering gemcabene alone

or in combination with a statin.
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[0089] Gemcabene is generally administered as the monocalcium salt (gemcabene calcium).
[0090] One embodiment of the first aspect is a method for treating a subject having type IIb
hyperlipidemia comprising, administering to the subject gemcabene in combination with a low or
moderate intensity dose of a statin.
[0091] Another embodiment is a method of treating a subject having type IIb hyperlipidemia
comprising administering to the subject a daily dose gemcabene from about 50 mg to about 750
mg and a daily dose of a statin from about 1 mg to about 60 mg.
[0092] Yet another embodiment is a method of treating a subject having type IIb hyperlipidemia
comprising administering to the subject a daily dose of gemcabene from about 50 mg to about
900 mg and a daily dose of a statin wherein the statin is atorvastatin, rosuvastatin, simvastatin,
pravastatin, lovastatin, fluvastatin, or pitavastatin. Another embodiment is a method of treating
a subject having type IIb hyperlipidemia comprising administering to the subject a daily dose
gemcabene from about 150 mg to about 600 mg and a daily dose of a statin wherein the statin is
atorvastatin, rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin Still another
embodiment is a method of treating a subject having type IIb hyperlipidemia comprising
administering to the subject a daily dose gemcabene from about 150 mg to about 450 mg and a
daily dose of a statin wherein the statin is atorvastatin, rosuvastatin, simvastatin, pravastatin,
lovastatin, fluvastatin.
[0093] Still another embodiment is a method of treating a subject having type IIb hyperlipidemia
comprising administering to the subject, a daily dose of gemcabene.
[0094] Still another embodiment is a method of treating a subject having type IIb hyperlipidemia
comprising administering to the subject, a daily dose of gemcabene from about 50 mg to about
600 mg, or about 150 mg to about 600, or from about 150 mg to about 450 mg, or from about
150 mg to about 300 mg and a daily dose of a statin wherein the statin is atorvastatin,
rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin and:
a. the statin is atorvastatin and daily dose of atorvastatin is from about 10 mg to about
60 mg or about 5 mg to about 60 mg;
b. the statin in rosuvastatin and the daily dose of rosuvastatin is from about 5 mg to
about 20 mg or from about 2.5 mg to about 30 mg;
c. the statin is simvastatin and the daily dose of simvastatin is from about 10 mg to
about 40 mg or from about 5 mg to about 60;
d. the statin is pravastatin and the daily dose of pravastatin is from about 10 mg to about
80 mg or from about 5 mg to about 60 mg;
e. the statin is lovastatin and the daily dose of lovastatin is from about 20 mg to about 40

mg or from about 10 mg to about 60 mg;
12



WO 2017/079748 PCT/US2016/060837

f. the statin is fluvastatin and the daily dose of fluvastatin is from about 20 mg to about
80 mg or from about 1 mg to about 60 mg; or
g. the statin is pitavastatin and the daily dose of pitavastatin is from about 1 mg to about
4 mg.

[0095] In any of the above embodiments the daily dose of gemcabene is from about 50 mg to
about 600 mg. In some of the above embodiments the daily dose gemcabene is 50 mg, 75 mg,
100 mg, 150 mg, 300 mg, 400 mg, 450 mg, 500 mg, or 600 mg.
[0096] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of atorvastatin is from about 10 mg to about 40 mg.
[0097] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of rosuvastatin is from about 10 to about 20 mg.
[0098] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of simvastatin is from about 10 mg to about 20 mg.
[0099] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of pravastatin is from about 10 mg to about 40 mg.
[00100] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of lovastatin is about 40 mg.
[00101] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of fluvastatin is about 20 mg to about 40 mg.
[00102] In some of the embodiments of the method of treating a subject having type IIb
hyperlipidemia, the daily dose of pitavastatin is from about 1 mg to about 3 mg.
[00103] In any of the embodiments of the method of treating a subject having type IIb

hyperlipidemia, the statin and gemcabene may be administered as a fixed dose combination.

[00104] The some embodiments of the present invention the subject has familial combined
hyperlipidemia (FCHL).
[00105] In some embodiments of the methods of treating a subject having type IIb

hyperlipidemia, the subject's plasma triglyceride level is reduced to below 150 mg/dl within 8
weeks of administration of gemcabene and the statin.

[00106] In other embodiments of the methods of treating a subject having type IIb
hyperlipidemia, the subject's plasma LDL cholesterol level is reduced to below 130 mg/dl within
8 weeks of administration of gemcabene and the statin.

[00107] In still other embodiments of the methods of treating a subject having type IIb
hyperlipidemia, the subject's plasma triglyceride level is reduced to below 150 mg/dl and the
subjects LDL cholesterol level is reduced to below 130 mg/dl within 8 weeks of administration

of gemcabene and the statin.,
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[00108] In some embodiments of the method of treating a subject having type IIb
hyperlipidemia, the subject's HDL cholesterol level is increased after treatment.
[00109] In some embodiment of the method of treating a subject having type IIb
hyperlipidemia, the subject's risk of myopathy is reduced from the risk of administration of a
high dose of a statin alone.
[00110] In some embodiments of the method of treating a subject having type IIb
hyperlipidemia, the subject's risk of myositis is reduced from the risk of administration of a high
dose of statin alone.
[00111] In some embodiments of the method of treating a subject having type IIb
hyperlipidemia, the subject's risk of rhabdomyolysis is reduced from the risk of administration of
a high dose of statin alone.
[00112] In any of the embodiments of the methods of the invention the subject may be
administered an additional cholesterol lowering agent. In some embodiments the additional
cholesterol lowering agent is a cholesterol absorption inhibitor. In some embodiments the
cholesterol absorption inhibitor is ezetimibe. In some embodiments the cholesterol lowering
agent is a PCKS9 inhibitor.
[00113] In some embodiments of the method of treating a subject having type IIb
hyperlipidemia, the subject's risk of having a primary cardiovascular event is reduced.
[00114] In some embodiments of the method of treating a subject having type IIb
hyperlipidemia, the subject's risk of having a secondary cardiovascular event is reduced.
Another embodiment is a method for treating a patient having type IIb hyperlipidemia comprises
administering to a subject a daily dose of gemcabene of about 150 mg and a daily dose of
atorvastatin selected from the group consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg or 60 mg.
[00115] Yet another embodiment is a method for treating a patient having type IIb
hyperlipidemia comprising administering to a subject a daily dose of gemcabene of about 300 mg
and a daily dose of atorvastatin selected from the group consisting of 10 mg, 20 mg, 30 mg, 40
mg, 50 mg or 60 mg.
[00116] Still another embodiment is a method for treating a patient having type IIb
hyperlipidemia comprising administering to a subject a daily dose of gemcabene of about 450 mg
and a daily dose of atorvastatin selected from the group consisting of 10 mg, 20 mg, 30 mg, 40
mg, 50 mg or 60 mg.
[00117] Another embodiment is a method for treating a patient having type IIb
hyperlipidemia comprising administering to a subject a daily dose of gemcabene of about 600 mg
and a daily dose of atorvastatin selected from the group consisting of 10 mg, 20 mg, 30 mg, 40
mg, 50 mg or 60 mg.
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[00118] A second aspect of the present invention provides a method for reducing the
amount of liver fat or the accumulation of liver fat in the subject comprising administering
gemcabene alone or in combination with a statin. In some embodiments of the second aspect, the
method is a method of treating a subject to reduce or prevent steatosis comprising administering
gemcabene alone or in combination with a statin. One embodiment of the second aspect is a
method of treating fatty liver disease in the subject comprising administering gemcabene alone or
in combination with a statin. Another embodiment is a method of treating a liver disease where
in the liver disease is non-alcoholic fatty liver disease (NAFLD). In some embodiments of the
second aspect, the method is a method of treating a subject to prevent or reduce the rate of
progression of liver disease. In some embodiments the liver disease is non-alcoholic hepatic
steatosis (NASH). In some embodiments the liver disease is alcoholic hepatic steatosis. In some
embodiments of the second aspect of the invention, the subject has type IIb hyperlipidemia. In
some embodiments the patient has FCHL. In any of the embodiments of the second aspect, the
subject may have a risk factor for developing fatty liver (steatosis) wherein the risk factor is that
the subject has metabolic syndrome, type-2 diabetes, impaired glucose tolerance, obesity,
dyslipidemia, hepatitis B, hepatitis C, an HIV infection, or a metabolic disorder such as Wilson’s
disease, a glycogen storage disorder, or galactosemia. In some embodiments the patient has
diabetes. In some embodiments the patient has an inflammatory condition. In some
embodiments the patient has an elevated body mass index above what is normal for gender, age
and height.

[00119] In some embodiments of the second aspect, the method is a method for reducing
the accumulation of liver fat in a patient by administering gemcabene as a monotherapy to the
patient. In some embodiments the gemcabene is administered with one or more additional
therapeutic agents. In some embodiments the one or more additional therapeutic agent is a statin.
In some embodiments the statin is atorvastatin, rosuvastatin, simvastatin, pravastatin, lovastatin,
fluvastatin, or pitavastatin.

[00120] In any of the embodiments of the second aspect the method of preventing or
reducing the accumulation of liver fat in a subject comprises administering to a subject in need
thereof gemcabene in a daily dose of about 50 mg to about 900 mg

[00121] Another embodiment of the second aspect is a method of preventing or reducing
the accumulation of liver fat in a subject comprising administering to a subject in need thereof
gemcabene in a daily dose of about 50 mg to about 900 mg in combination with a statin in a daily
dose from about 1 mg to about 80 mg.

[00122] Another embodiment of the second aspect is a method of reducing the

accumulation of liver fat in a subject comprising administering to a subject in need thereof
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gemcabene in combination with a statin, wherein the daily dose of gemcabene administered to
the subject is from about 50 mg to about 900 mg per day and the statin is atorvastatin,
rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin,

[00123] In any of the embodiments of the methods of preventing or reducing the
accumulation of liver fat in a subject, the daily dose gemcabene is from about 50 mg to about
900 mg.

[00124] In any embodiments of the methods of reducing the accumulation of liver fat in a
subject, the daily dose of gemcabene is 150 mg, 300 mg, 450 mg, or 600 mg.

[00125] In any of the embodiments of the methods for reducing the accumulation of liver
fat in a subject, the daily dose of atorvastatin is from about 10 mg to about 80 mg.

[00126] In any embodiments of the methods for reducing the accumulation of liver fat in a
subject, the daily dose of rosuvastatin is from about 5 to about 40 mg,

[00127] In any embodiments of the methods for reducing the accumulation of liver fat,
simvastatin is from about 10 mg to about 20 mg.

[00128] In any embodiments of the methods for reducing the accumulation of liver fat, the
daily dose of pravastatin is from about 10 mg to about 40 mg.

[00129] In any embodiments of the methods for reducing the accumulation of liver fat, the
daily dose of lovastatin is from about 20 to about 40 mg.

[00130] In any embodiments of the methods for reducing the accumulation of liver fat, the
daily dose of fluvastatin is from about 20 mg to about 40 mg.

[00131] In any embodiments of the methods for reducing the accumulation of liver fat, the
daily dose of pitavastatin is from about 1 mg to about 3 mg.

[00132] In any embodiments of the methods for reducing the accumulation of liver fat the
statin and gemcabene may be administered as a fixed dose combination.

[00133] In some embodiments of the methods for reducing the accumulation of liver fat
the subject's risk of developing a liver disease is reduced.

[00134] In some embodiments the methods for reducing the accumulation of liver fat, the
subject has liver disease.

[00135] In some embodiments of the methods for reducing the accumulation of liver fat,

the fat is triglyceride.

[00136] In some embodiments, the liver disease is nonalcoholic steatohepatitis (NASH).
[00137] In some embodiments, the liver disease is nonalcoholic fatty liver disease
(NAFLD).

[00138] In some embodiments, the liver disease is liver fibrosis.

[00139] In some embodiments, the liver disease is inflammation of the liver.
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[00140] In some embodiments, the liver disease is cirrhosis of the liver.

[00141] In one embodiment of the second aspect of the invention the subject is
administered a daily dose of gemcabene of about 75 mg and a daily dose of a statin at a daily
dose of from 1 to 80 mg.

[00142] In a particular embodiment of the second aspect the subject is administered a daily
dose of gemcabene of about 150 mg and a daily dose of atorvastatin selected from the group
consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg, 60 mg or §0.

[00143] In another particular embodiment of the second aspect the subject is administered
a daily dose of gemcabene of about 300 mg and a daily dose of atorvastatin selected from the
group consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg or 60 mg.

[00144] In a particular embodiment of the second aspect the subject is administered a daily
dose of gemcabene of about 450 mg and a daily dose of atorvastatin selected from the group
consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg or 60 mg.

[00145] In another particular embodiment of the second aspect the subject is administered
a daily dose of gemcabene of about 600 mg and a daily dose of atorvastatin selected from the
group consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg or 60 mg.

[00146] In another particular embodiment of the second aspect the subject is administered
a daily dose of gemcabene of about 900 mg and a daily dose of atorvastatin selected from the
group consisting of 10 mg, 20 mg, 30 mg, 40 mg, 50 mg or 60 mg.

[00147] In a preferred embodiment of the second aspect of the invention the subject is
administered a daily dose of gemcabene of about 450 mg and a daily dose of atorvastatin selected
of 10 mg. In another preferred embodiment the subject is administered a daily dose of
gemcabene of about 450 mg and a daily dose of atorvastatin selected of 20 mg. In another
preferred embodiment the subject is administered a daily dose of gemcabene of about 450 mg
and a daily dose of atorvastatin selected of 40 mg.

[00148] In a preferred embodiment of the second aspect of the invention the subject is
administered a daily dose of gemcabene of about 300 mg and a daily dose of atorvastatin selected
of 10 mg. In another preferred embodiment the subject is administered a daily dose of
gemcabene of about 300 mg and a daily dose of atorvastatin selected of 20 mg. In another
preferred embodiment the subject is administered a daily dose of gemcabene of about 300 mg
and a daily dose of atorvastatin selected of 40 mg.

[00149] In a preferred embodiment of the second aspect of the invention the subject is
administered a daily dose of gemcabene of about 150 mg and a daily dose of atorvastatin selected
of 10 mg. In another preferred embodiment the subject is administered a daily dose of

gemcabene of about 150 mg and a daily dose of atorvastatin selected of 20 mg. In another
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preferred embodiment the subject is administered a daily dose of gemcabene of about 150 mg
and a daily dose of atorvastatin selected of 40 mg.

[00150] In some embodiments of the second aspect the method further comprises
administering an additional therapeutic agent and the additional agent is a drug for treating
NASH. In some embodiments the additional agent is simtuzumab, GS-4997, GS-974, GS-0976,
INT—47 obeticholic acid, or cenicriviroc.

[00151] In embodiment A of the second aspect, the invention includes a method for
treating or preventing steatosis, NAFLD, or NASH, comprising administering to a subject in

need thereof an effective amount of a compound of Formula (I):

w >< X Y2
(CHajm ©CHT Schyy” e
(I,

or a pharmaceutically acceptable salt, or hydrate wherein:

(a) each occurrence of m is independently an integer ranging from 0 to 5;

(b) each occurrence of n is independently an integer ranging from 3 to 7;

(c) X is -(CH2)z-, —O-, -CH(OH)-, CH(CH>0OH)-, -NH- or —S-, wherein z is an
integer from 0 to 4;

(d)  each occurrence of R! and R? is independently (C1—Cg)alkyl, (C2—Cs)alkenyl, (Co—
Cs)alkynyl, phenyl, benzyl, or R! and R? and the carbon to which they are both attached are taken
together to form a (C3-C7)cycloakyl group;

(e) each occurrence of R!! and R'? and the carbon to which they are both attached are
taken together to form a (C3-C7)cycloakyl group;

()  each occurrence of Y! and Y? is independently (C1—Ce)alkyl, OH, COOH, COOR?,
0
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wherein:

(i) R3 is (C;—Ce)alkyl, (C2—Ce)alkenyl, (C2—Ce)alkynyl, phenyl, or benzyl and is

unsubstituted or substituted with one or more halo, OH, (C1—Cs)alkoxy, or phenyl groups,

(ii) each occurrence of R* is independently H, (Ci—Ce)alkyl, (C2—Cs)alkenyl, (Co—

Ce)alkynyl and is unsubstituted or substituted with one or two halo, OH, C1—Cs alkoxy, or

phenyl groups; and

(iii) each occurrence of R is independently H, (C1—Cs)alkyl, (C2—Cs)alkenyl, (Co—

Ce)alkynyl.
[00152] In an exemplary compound of formula (I), each occurrence of Y is independently
OH, COOR?, or COOH.
[00153] Other compounds of formula (I) are those wherein m is 0.
[00154] Other compounds of formula (I) are those wherein m is 1.
[00155] Other compounds of formula (I) are those wherein n is 4.
[00156] Other compounds of formula (I) I are those wherein n is 5.
[00157] Other compounds of formula (I) are those wherein z is 0.
[00158] Other compounds of formula (I) are those wherein z is 1.
[00159] Other compounds of formula (I) are those wherein Y! and Y? are each

independently (C1—Cs)alkyl.

[00160]

Other compounds of formula (I) are those wherein Y! and Y? are each methyl.
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[00161] Other compounds of formula (I) are those wherein each occurrence R! and R? and
the carbon to which they are both attached are taken together to form a (C3-C7) cycloakyl group.
[00162] Embodiment B of the second aspect of the invention is a method treating or
preventing steatosis, NAFLD, or NASH, comprising administering to a subject in need thereof an

effective amount of a compound of Formula (II):

r! R2 RII RIZ
w X Y?
\’%Hz)n/ \(CHQ»I)S‘/
0 0
(I1),

or a pharmaceutically acceptable salt, or hydrate, wherein:

(a) each occurrence of m is independently an integer ranging from 0 to 5;

(b) each occurrence of n is independently an integer ranging from 3 to 7;

(c) X is -(CH2)z-, —O-, -CH(OH)-, CH(CH>0OH)-, -NH- or —S-, wherein z is an
integer from 0 to 4;

(d)  each occurrence of R! and R? is independently (C1—Cg)alkyl, (C2—Cs)alkenyl, (Co—
Cs)alkynyl, phenyl, benzyl, or R! and R? and the carbon to which they are both attached are taken
together to form a (C3z-C7)cycloakyl group;

(e) each occurrence of R!! and R'? and the carbon to which they are both attached are
taken together to form a (C3-Cr)cycloakyl group;

(D each occurrence of Y! and Y? is independently (C1—Cs)alkyl, OH, COOH, COOR?,
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wherein:

(i) R3 is (C;—Ce)alkyl, (C2—Ce)alkenyl, (C2—Ce)alkynyl, phenyl, or benzyl and is

unsubstituted or substituted with one or more halo, OH, (C1—Cs)alkoxy, or phenyl groups,

(ii) each occurrence of R* is independently H, (Ci—Ce)alkyl, (C2—Cs)alkenyl, (Co—

Ce)alkynyl and is unsubstituted or substituted with one or two halo, OH, C1—Cs alkoxy, or

phenyl groups; and

(iii) each occurrence of R is independently H, (C1—Cs)alkyl, (C2—Cs)alkenyl, (Co—

Ce)alkynyl.
[00163] In an exemplary compound of formula (II), each occurrence of Y is independently
OH, COOR?, or COOH.
[00164] Other compounds of formula (II) are those wherein n is 4.
[00165] Other compounds of formula (II) are those wherein n is 5.
[00166] Other compounds of formula (II) are those wherein z is 0.
[00167] Other compounds of formula (II) are those wherein z is 1.
[00168] Other compounds of formula (II) are those wherein Y! and Y? are each
independently (C1—Cs)alkyl.
[00169] Other compounds of formula (II) are those wherein Y! and Y? are each methyl.
[00170] Other compounds of formula (II) are those wherein each occurrence R! and R?

and the carbon to which they are both attached are taken together to form a (C3-C7)cycloakyl

group.
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[00171] In one embodiment according to embodiment B, the compounds is bempedoic

acid.

[00172] In one embodiment according to embodiment B, the compound has the structure:
OH OH

or a pharmaceutically acceptable salt or hydrate thereof.
[00173] In another embodiment according to embodiment B, the compound is gemcabene
or a pharmaceutically acceptable salt thereof.
[00174] In another embodiment according to embodiment B, the compound is the
monocalcium salt of gemcabene.
[00175] In yet another embodiment according to embodiment B, the compound is a
hydrate of the monocalcium salt of gemcabene.
[00176] In another embodiment according to embodiment B, the compound or
pharmaceutically acceptable salt thereof is present in a composition that further comprises a
pharmaceutically acceptable vehicle or carrier.
[00177] In a further embodiment according to embodiment B, the composition is
formulated for oral administration.
[00178] In still a further embodiment according to embodiment B, the composition is in
the form of a tablet or capsule.
[00179] In one embodiment according to embodiment B, the compound or
pharmaceutically acceptable salt thereof is present in the composition in an amount of about 50
mg to about 900 mg.
[00180] In one embodiment according to embodiment B, the compound or
pharmaceutically acceptable salt thereof is present in the composition in an amount of about 1
mg to about 1,000 mg.
[00181] A third aspect of the present invention is a fixed dose combination of gemcabene
and a statin.
[00182] Fixed dose combinations of a statin plus gemcabene are useful for the prevention
and treatment of subjects having one or more of type IIb hyperlipidemia, high liver fat, NAFLD,
or NASH, and complications associated with these conditions as well as other conditions
requiring the lowering of LDL-C and/or triglyceride levels. By using a fixed dose combination
the rate of release of each component of the dose can be controlled. In that statins, especially
high dose statins, can lead to complication related to safety, the regulated and slow release of a

statin benefits and can mitigate the risk of skeletal muscle safety associated with higher doses of
22



WO 2017/079748 PCT/US2016/060837

statins. Fixed dose combinations also are convenient to take and reduce the risk of incorrectly
dosing when taking multiple medications and may increase compliance.
[00183] Fixed dose combinations of the present disclosure comprise a pharmaceutical
composition comprising gemcabene and a statin in specific amounts. The fixed dose
combinations of the present invention provide the same dosages of the APIs as administered
separately as described herein.
[00184] One embodiment of the third aspect of the present invention is a fixed dose
combination comprising an amount of gemcabene from about 50 mg to about 750 mg and an
amount of a statin from about 1 mg to about 60 mg.
[00185] In one embodiment the fixed dose combination wherein the amount of gemcabene
is from about 150 mg to about 600 mg and the statin is atorvastatin, rosuvastatin, simvastatin,
pravastatin, lovastatin, fluvastatin, or pitavastatin wherein:

a. the amount of atorvastatin is from about 10 mg to about 60 mg;

b. the amount of rosuvastatin is from about 5 mg to about 20 mg;

c. the amount of simvastatin is from about 10 mg to about 40 mg;

d. the amount of pravastatin is from about 10 mg to about 80 mg;

e. the amount of lovastatin is from about 20 mg to about 40 mg;

f. the amount of fluvastatin is from about 20 mg to about 80 mg; or

g. the amount of pitavastatin is from about 1 mg to about 4 mg.
[00186] In some embodiments of the third aspect of the invention amount of gemcabene is

from about 300 mg to about 600 mg.

[00187] In some embodiments the amount of gemcabene is 300 mg or 600 mg.

[00188] In some embodiments the amount of atorvastatin is from about 10 mg to about

40 mg.

[00189] In other embodiments the amount of rosuvastatin is from about 10 to about 20 mg,
[00190] In still other embodiments the amount of simvastatin is from about 10 mg to about
20 mg.

[00191] In some embodiments the amount of pravastatin is from about 10 mg to about

20 mg.

[00192] In other embodiments the amount of lovastatin is about 40 mg.

[00193] In other embodiments the amount of fluvastatin is from about 20 mg to about

40 mg.

[00194] In other embodiments the amount of pitavastatin is from about 1 mg to about

3 mg.
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[00195] In some embodiments the fixed dose combination comprises 300 mg gemcabene
and 10 mg of atorvastatin. In some embodiments the fixed dose combination comprises 300 mg
gemcabene and 20 mg of atorvastatin. In some embodiments the fixed dose combination
comprises 300 mg gemcabene and 40 mg of atorvastatin.

[00196] In some embodiments the fixed dose combination comprises 600 mg gemcabene
and 10 mg of atorvastatin. In some embodiments the fixed dose combination comprises 600 mg
gemcabene and 20 mg of atorvastatin. In some embodiments the fixed dose combination
comprises 600 mg gemcabene and 40 mg of atorvastatin.

[00197] In some embodiments the fixed dose combination comprises 900 mg gemcabene
and 10 mg of atorvastatin. In some embodiments the fixed dose combination comprises 900 mg
gemcabene and 20 mg of atorvastatin. In some embodiments the fixed dose combination
comprises 900 mg gemcabene and 40 mg of atorvastatin. In some embodiments, the fixed dose
combination is in the form of a tablet.

[00198] FORMULATIONS.

[00199] Compounds useful in the present invention can be formulated as pharmaceutical
compositions and administered to a subject, such as a human subject in a variety of forms
adapted to the chosen route of administration, i.e., orally, transdermal, and parenterally. Such
compositions and methods for their preparation are well known and may be found, for example,
in Remington’s Pharmaceutical Sciences, 19th Edition (Mack Publishing Company, 1995). For
example, typical formulations for gemcabene are described in U. S. Patent No. 5,648,387, In one
embodiment, gemcabene is formulated alone or in combination with a statin with common
excipients and carriers such as starch, binders, diluents and the like, and molded into tablets, or
encapsulated into gelatin capsules for convenient oral administration.

[00200] A fourth aspect of the present invention provides a kit comprising fixed dose
combination comprising from about 1 mg to about 60 mg of a statin and from about 150 mg to
about 900 mg of gemcabene; and instructions for the use thereof. In some embodiments, the
statin is selected from atorvastatin, rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin,
and pitavastatin; or any pharmaceutically acceptable salts thereof. In some embodiments, the
statin is atorvastatin.

[00201] A fifth aspect of the present invention provides methods for reducing fibrosis in a
patient comprising administering gemcabene alone or in combination with a statin,

One embodiment of the fifth aspect is a method of reducing hepatic fibrosis in a subject in need
thereof, comprising administering to the subject gemcabene. Another embodiment of the fifth
aspect is a method of reducing hepatic fibrosis in a subject in need thereof, comprising

administering to the subject gemcabene wherein the subject has NASH. In some embodiments of
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the fifth aspect the daily dose of the gemcabene administered is from about 50 mg to about 900
mg. Inanother embodiment the daily dose gemcabene is of from about 150 mg to about 600 mg.
In still another embodiment the daily dose gemcabene is 150 mg, 300 mg, 450, or 600 mg.
Another embodiment of the fifth aspect is method of reducing hepatic fibrosis in a subject in
need thereof, comprising administering to the subject gemcabene in combination with a statin.

In various embodiments the statin is atorvastatin, rosuvastatin, simvastatin, pravastatin, lovastatin,
fluvastatin, or pitavastatin.

[00202] A sixth aspect of the present invention provides method for reducing plasma
fibrinogen levels in a subject, comprising administering to the subject gemcabene. One
embodiment of the sixth aspect of the invention is a method for reducing blood plasma
fibrinogen levels in a subject in need thereof, wherein the subject’s fibrinogen level is greater
than 300 mg/dL comprising administering gemcabene to the subject. In another embodiment of
the sixth aspect of the invention is a method for reducing blood plasma fibrinogen levels in a
subject in need thereof, wherein the subject’s fibrinogen level is greater than 400 mg/dL
comprising administering gemcabene to the subject. In some embodiments of the sixth aspect the
method comprises administering to the subject a dose of gemcabene from 50 mg to 900 mg. In
some embodiments gemcabene is administered at a dose of from 150 to 600 mg. In some
embodiments the dose of gemcabene is 50, 75, 150, 300, 450, 600 or 900 mg. An embodiment
of the sixth aspect is a method of reducing blood plasma fibrinogen levels in a subject in need
thereof, comprising administering to the subject gemcabene in combination with a statin,
Another embodiment is a method of reducing a subject’s plasma fibrinogen level comprising
administering gemcabene in combination with a statin where the statin is atorvastatin,
rosuvastatin, simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin. Another
embodiment of the sixth aspect is a method of reducing plasma fibrinogen levels in a subject in
need thereof, comprising administering to the subject gemcabene at a daily dose of from 50 mg
to 900 mg and a statin at a daily dose from 1 mg to 80 mg. Yet another embodiment is a method
of reducing plasma fibrinogen levels in a subject in need thereof, comprising administering to the
subject gemcabene at a daily dose of 300mg, 600 mg or 900 mg and atorvastatin at a daily dose
of 10 mg , 40 mg, or 80 mg. In still another embodiment is a method of reducing plasma
fibrinogen levels in a subject in need thereof, comprising administering to the subject gemcabene
at a daily dose of 600 mg and atorvastatin at a daily dose of 10 mg.

[00203] In some of the embodiments of the sixth aspect the subject has a reduction in the
subject’s risk for a primary cardiovascular event. In other embodiments of the sixth aspect the
subject has a reduction in the subject’s risk for a secondary cardiovascular event. In any of the

embodiments of the sixth aspect, the subject may be administered an additional therapeutic agent.
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In some embodiments the additional therapeutic agent is an anti-coagulation agent or a lipid
regulating agent. In some embodiments the anti-coagulation agent is aspirin, dabigatran,
rivaroxaban, apixaban clopidogrel, thienopyridine, warfarin (Coumadin) acenocoumarol,
phenprocoumon, atromentin, phenindione, edoxaban betrixaban, letaxaban eribaxaban hirudin,
lepirudin, bivalirudin, argatroban, dabigatran. ximelagatran, batroxobin, hementin, heparin(s) and
vitamin E. In another embodiment of the sixth aspect is a method of reducing plasma fibrinogen
levels in a subject in need thereof, comprising administering to the subject gemcabene at a daily
dose of from 50 mg to 900 mg and a statin at a daily dose from 1 mg to 80 mg to prophylactically
reduce or treat coagulation complications in subject’s having diabetes, impaired glucose
tolerance, metabolic syndrome, obesity, cancer, sepsis , sleep apnea, atrial fibrillation, deep vein
thrombosis, stroke, hypercoaguable states, myocardial infarction, pulmonary embolism,
restenosis, hypertriglyceridemia, hypertension, NAFLD, NASH or cardiovascular diseases.
[00204] Another embodiment of the sixth aspect, is the method of reducing plasma
fibrinogen in a subject in need thereof, to reduce blood clotting, comprising administering to the
subject gemcabene in a daily dose from 50 mg to 900 mg. Another embodiment of the sixth
aspect, is the method of reducing plasma fibrinogen in a subject in need thereof, to
prophylactically reduce blood clotting, comprising administering to the subject gemcabene in a
daily dose from 50 mg to 900 mg. In some embodiments gemcabene is administered in
combination with a statin. In some embodiments the statin is atorvastatin, rosuvastatin,
simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin and the daily dose of the statin is
from 1 mg to 80 mg. One embodiment of the sixth aspect, is the method of reducing plasma
fibrinogen in a subject in need thereof, comprising administering to the subject gemcabene in a
daily dose from 50 mg to 900 mg to treat peripheral vascular disease, peripheral artery disease,
microvascular disease, peripheral arterial occlusive disease or critical limb ischemia.

[00205] EXAMPLES

[00206] Example 1

[00207] Cytochrome P450 enzymes mediate drug and xenobiotic metabolism in
humans.

[00208] For example some statins and fibrates use or activate the cytochrome P450 3A4

isoform as part of their catabolic process. When given together, statins and fibrates compete for
the cytochrome P450 3A4 isoform resulting in a drug-drug interaction affecting the levels of
each agent in blood plasma.

[00209] In order to investigate whether or not gemcabene might have similar drug-drug
interactions, the ability of gemcabene at 100, 300, and 1500 mM to inhibit seven major

cytochrome P450 enzymes, CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EL, and
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CYP3A4, which mediate drug and xenobiotic metabolism in humans, was investigated using
isoform selective marker substrates and human liver microsomal preparations.

[00210] A series of probe substrates was used to assess the inhibitory activity of
gemcabene on a cytochrome P450 dependent, isoform selective metabolic pathway of the probe
substrate. Human livers, HLM 141, HLM 143, and HLM 144 were selected from the University of
Washington Human Liver Bank for this study. Microsomes were prepared, and the ability of
gemcabene (100, 300, and 1500 mM or 30.2, 90.7, and 453.6 mg/mL) to inhibit the defining
metabolic pathway of each of the probe substrates at its Km was determined. The only exception
was CYP1A2 where the concentration used, 0.5 mM, was below the Km, about 1.5 mM. The
actual concentrations used for each of the other probes are specified below. The experimental
control consisted of a complete microsomal incubation with the probe substrate in the absence of
gemcabene. Determinations were done in triplicate for the control and for each of the different
gemcabene concentrations. The concentrations of gemcabene chosen for the initial investigation
were designed to insure that the microsomal concentrations would encompass a range that would
equal and significantly exceed concentrations of gemcabene that would be expected to be
encountered in vivo. The seven isoforms and the metabolic pathway of each of the probes used to
monitor specific isoform activity are listed below.

[00211] CYP1A2: The 6-hydroxylation of high concentrations (0.5 mM) of (R)-warfarin.
The reaction is monitored by quantitative gas chromatographic/mass spectrometric (GC/MS)
using 6-hydroxywarfarin-(d5-phenyl) as the internal standard.

[00212] CYP2AG6: The 7-hydroxylation of coumarin (4 uM). The reaction is monitored by
HPLC using florescence detection.

[00213] CYP2C9: The 7-hydroxylation of (S)-warfarin (4 pM). The reaction is monitored
by quantitative GC/MS using 7-hydroxywarfarin-(d5-phenyl) as the internal standard.

[00214] CYP2C19: The 4'-hydroxylation of (S)-mephenytoin (50 uM). The reaction is
monitored by quantitative GC/MS using mephenytoin-(d3-methyl) as the internal standard.
[00215] CYP2D6: The O-demethylation of dextromethorphan (5 pM). The reaction is
monitored by high performance liquid chromatography (HPLC) using florescence detection.
[00216] CYP2E1: The formation of p-nitrocatechol from p-nitrophenol (40 uM).

Amounts of product formed are monitored by HPLC.

[00217] CYP3A4: The 10-hydroxylation of (R)-warfarin (0.5 mM). The reaction is
monitored by quantitative GC/MS using 10-hydroxywarfarin-(d5-phenyl) as the internal standard.
[00218] Gemcabene appeared not to significantly inhibit any of the seven human
cytochrome P450 isoforms examined at the three concentrations (100, 300, and 1500 pM or 30.2,
90.7, and 453.6 ng/mL, respectively). While plasma-protein binding is nonlinear in humans, the
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concentrations of gemcabene used in this study exceed those used in binding studies by a 4-fold
factor. At the highest concentration used (1500 uM), there appeared to be some marginal (10%-
20%) inhibitory activity toward CYP2A6, CYP2D6, and CYP2C9. In contrast, CYP2E1
appeared to be slightly (about 20%) enhanced. These results suggest that a metabolically based
clinical interaction between gemcabene and other drugs whose clearance are dependent upon one

of the cytochrome P450 isoforms tested is highly unlikely at therapeutic concentrations of

gemcabene.
[00219] As shown in Table 3, the IC50 values for the major human liver cytochrome P450
isoforms are greater than 1500 pM (453.6 pg/ml).
Table 3
CY¥P4s0 Approxinsats g
CYPIAZ >15 mM
CYPAS =15 mM
CYPCH =55 mM
CYPC19 =15 mM
CYPS =15 mM
CYPIE] >13 mM
CYP3Ad >S5 mM
[00220] Example 2
[00221] Distribution of radiolabeled gemcabene in tissues of male rats.
[00222] Absorption, distribution, metabolism and elimination studies in rats administered

radiolabeled gemcabene demonstrate that almost all drug was distributed in liver and kidney, the
organs involved in gemcabene metabolism and elimination, with little or no distribution to
muscle.

[00223] The study was performed with [14C] gemcabene having a specific activity of 47.3

p Ci/mg). The structure of [**C] gemcabene showing the position of label (*) is shown below.

HOOWMCOOH

HC' CH, HC CHa

[00224] Dose solution was prepared by dissolving labeled drug in 0.45 mL ethanol and
4.05 mL 0.5% methylcellulose in water. Unlabeled gemcabene, was added to yield a 10 mg/kg

solution. Final specific activity of dose solution was 10.37 p Ci/mg.
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[00225] Male Wistar rats with an average weight of 202 g were fasted overnight prior to
dosing. Animals were given a single per oral (PO) dose of 10.0 mg/kg [“C] gemcabene
(approximately 21 p Ci/rat), and two animals/time point were sacrificed at 1, 4, 8, 24, 48, 96, or
192 hours postdose by overwhelming halothane anesthesia. Carcasses were rapidly frozen in dry
ice/hexane mixture and prepared for whole body sectioning and autoradiography. Sections of 50
p m thickness were air dried at -20°C and applied to BioMax scientific imaging film (Eastman
Kodak, Rochester, New York) or phosphor imaging plates for autoradiographic exposure
(Molecular Dynamics, Sunnyvale, California). Carbon-14 standards (American Radiolabeled
Chemicals, St. Louis) were included on representative films and plates for calibration of the
analyzer. Processed films were digitized with the analyzer scanner (Loats INQUIRY image
analysis system, Loats Associates, Westminster, Maryland), and radioactivity remaining in
tissues was determined by quantitative video densitometric analysis of digital images. Imaging
plates were scanned after 1-week exposure. Resulting electronic images were used for
preliminary evaluation of distribution.

[00226] Table 4 shows the [14C]gemcabene radioequivalents remaining in tissue

following a 10 mg/kg PO dose.

Table 4
pa equivaienta’y
Time (e 4 § 48 B ind
Blood 15.46 | 13.65 | 9.75 4.69 0.44 | BLQ | BLQ
Liver 35.78 | 37.08 |27.42| 2435 3.64 | 0.24 | BLQ
Kidney 18.75 17.84 | 16.44| 17.45 7.23 | 0.83 | 0.24
Muscle 1.35 1.40 0.99 0.45 BLQ | BLQ | BLQ
Adrenal 6.05 4.76 4.29 1.42 0.22 | BLQ | BLQ
Brain 0.41 0.47 0.43 0.24 BLQ | BLQ | BLQ
Lung 11.69 | 10.15 | 7.59 |3.58 0.36 | BLQ | BLQ
Lower limit of quantitation = 0.10 ng/g.
BLQ —below level of quantitation
[00227] Example 3
[00228] Potential interaction between statins and gemcabene on pharmacokinetics of
atorvastatin.
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[00229] To further investigate potential interaction between statins and gemcabene, the
effect of multiple-dose gemcabene (300 and 900 mg once daily [QD]) on the steady-state
pharmacokinetics of atorvastatin (80 mg QD) was studied.

[00230] The trial was an open-label, multiple dose, 1-sequence, 3 treatment, crossover
study in healthy subjects.

[00231] Twenty subjects received the following treatments (treatment 1) 80 mg
atorvastatin QD for 5 days; (treatment 2) 80 mg atorvastatin QD with 300 mg gemcabene QD for
11 days (Days 6-16); and (treatment 3) 80 mg atorvastatin QD with 900 mg gemcabene QD for
11 days (Days 17-27). Medication was administered orally at approximately the same time of
day for each treatment. Each dose was administered with 8 oz. of water.

[00232] Following the dose(s) on Days 5, 16, and 27, serial blood samples for atorvastatin
and atorvastatin metabolite assays were collected for 24 hours. Three milliliters of venous blood
was withdrawn in blood collection tubes containing sodium heparin. Blood samples were
withdrawn before dosing and at 0.33, 0.66, 1, 2, 3, 4, 6, 8, 12, and 24 hours after the dose on days
5, 16, and 27. Following each collection blood samples were centrifuged as soon as possible,
plasma separated and stored frozen at 70°C until assayed for atorvastatin concentration.

[00233] Administration of 80 mg atorvastatin dosed alone or in combination with 300 and
900 mg gemcabene was well-tolerated by healthy volunteers. Based on comparisons of Cmax,
tmax, AUC(0-24) and t1/2 values for atorvastatin, as well as for atorvastatin metabolites,
gemcabene has no clinically important effect on atorvastatin pharmacokinetics. Pharmacokinetics
data for atorvastatin are shown in Table 5 and the pharmacokinetic data for atorvastatin total

analytes (atorvastatin plus its metabolites) are shown in Table 6.
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Table 5
Paramaeter Loast-Squares Meun Values Rate D% Confidence
. e Faterval
Aforvastatin - Atorvastatin With
Alpne Gemcabene

{Reference) {Teat)

3} g Gemeabene Unee Daily
Crmax, ngfml 6.3 Mo 928 TRAte llB
timax, hr O3 {1752 727 NWot Applicable
ALH0-24), nghwiml. 1 P13 94,9 RS R 103
e,y by &84 6,23 96,7 gl 111

S0 mg Gemeabene Gnee Dally
Crax, ng'ml, 8.3 W3 93.3 T83te 11Y
tmax, hr BO3 .87 i3 Not Applicakle
AUCHO-24), ng-heiml 118 tid B6.10 B6.6 o 106
e, * hr Gt 6533 982 841t 112
Ratlo = Ratio of trestment mean values, expressed a8 a

percentage (100%% x watfreforencel.

0% Confidence Interval = 90% confidence interval estinmate for the ratio
{tostrelorence) of reatment mean values, sxpressed as
a percertages of the referonce mesn,

* = Yahues for (177 are based on O to 24 hour data ondy and
underestimate the true terminal helflife, Thercfors,
these values are substantially lovwer than those mporied
 provious studies.

[00234] In addition to determining the effect of gemcabene on the pharmacokinetics of
atorvastatin, the effect of gemcabene on pharmacokinetics of the metabolites was determined as
well. Based on AUC(0-24) values, exposure to atorvastatin total analytes following
administration of 80 mg of atorvastatin with either 300 or 900 mg gemcabene was similar to that
of 80 mg of atorvastatin alone. Differences in mean AUC(0-24) values were less than 7%. The
90% confidence intervals for the ratios of test/reference treatment AUC(0-24) values, based on
log transformation, were within the 80% to 125% range indicating absence of an interaction of
gemcabene on total analyte pharmacokinetics. Similar results were observed when total analyte
concentrations were expressed in M or when only active analytes atorvastatin, o-hydroxy

atorvastatin, and p-hydroxy atorvastatin were combined prior to analysis.
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Table 6

Prvamety ey Mesn Val

Inferad

Comncabeny
{Tast
e Gemeabens Uu‘ o Dl

\

< “‘? {t? ; {3
S430 1R

kol

‘;@%* B (
{' oas, gk 835 891 A n
nsax, hr : WL Daw ﬁ\*‘cp Hualde
24 npdwinl ¥ ¢ ;
» 191

3 25 @ perouniage

TeyatEml
rugoried w pre

[00235] The mean steady-state atorvastatin plasma concentration-time profiles for
atorvastatin plasma concentration, atorvastatin lactone concentration, ortho-hydroxy atorvastatin,
ortho-hydroxy atorvastatin lactone, para-hydroxy atorvastatin and para-hydroxy atorvastatin
lactone are shown in graphical form in Figuresl A-1E. The mean steady-state atorvastatin plus
metabolites plasma concentration-time profiles is shown in graphical form in Figure 1G. (80 mg
atorvastatin alone (closed circles), 80 mg atorvastatin with 300 mg gemcabene (open circles) and
80 mg atorvastatin with 900 mg gemcabene (closed squares)).
[00236] Effect of gemcabene on Simvastatin Pharmacokinetics.
[00237] Healthy adult male and female subjects were treated once-daily oral simvastatin
doses for 15 days and once-daily oral simvastatin and gemcabene doses for 15 days, separated by
a 4-week washout period.
[00238] Blood Collection (Simvastatin) — Ten milliliters of venous blood were collected
in vacuum blood collection tubes containing EDTA before and at 0.5, 1, 2, 3, 4, 6, 8, 12, and 24
hours after the simvastatin dose on Days 15 and 57. At each time point, plasma was harvested
and separated into 2 aliquots, one for LC/MS/MS assay, and the other for EIA assay. Following
collection of blood, samples were centrifuged, and plasma separated and stored frozen at —80°C
until analysis of drug concentration.
[00239] Blood Collection (gemcabene) — Five milliliters of venous blood were
withdrawn in glass vacuum blood collection tubes containing 72 USP units of sodium heparin
before, and at 0.5, 1, 2, 3, 4, 8, 12, and 24 hours after the gemcabene doses on Days 15 or 57.
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Following collection of blood, samples were centrifuged, and plasma separated and stored frozen
at -20°C until analysis.

[00240] Table 7 provides a summary of HMG-Co-A Reductase inhibitor pharmacokinetic
parameter values following administration of 80 mg simvastatin alone (reference) and 900 mg

gemcabene (CI-1027 ) (Test)

Table 7
Least-Sauaras Mean Valoes
Simvastatin Adong Sinrvastatin
{Reforenee) and CI-1027 0% Confidencs
Parameter {Tenty Badio Tderval
Cax, ng egui/ml 375 8.3 7.8 60,9 @0 905
L35 1U5 {38 Not Applhicable
AUTN-24%, ng squiheimb, I 21e g Q38910 16
U hr 8.1% 873 107 W hip FIR
Cinidn, g egu/mi 169 213 126 270 e 182
Parsmeters are dosenbeddn Table 4.
Ratie = Ratio-of wostment mwess values, expressed as 3 porcentags (100% =
tegt neR k.
9% Confidence biterval = 909% confidence intorval estinmale for the ratio {lestreforence) of rasument

e valnes, sxprossed st @ porcentageof thoreforence oo

[00241] Figure 1H show the mean active HMG-Co-A reductase inhibitor concentration
after the administration of simvastatin (80 mg) alone (closed symbols) or in combination with
gemcabene (600 mg) (open symbols). The results show that gemcabene lowers Cmax but has no
effect on AUC. Little effect was observed on the catabolism of simvastatin or simvastatin
metabolites when a high intensity dose of simvastatin (Concentration and parameter values for
active HMG-Co-A reductase inhibitors are reported as ng-equivalents/mL, relative to simvastatin

acid, the standard used in this assay.)

[00242] Example 4

[00243] Effect of the combination of gemcabene and a statin in lowering levels of
plasma LDL-C, TG, and ApoB.

[00244] An 8-week, double-blind, randomized, placebo-controlled, dose-ranging study

was done to evaluate the efficacy and safety of gemcabene administered as monotherapy or in
combination with atorvastatin in the treatment of hypercholesterolemic patients. The primary
objective was to evaluate the low-density lipoprotein cholesterol (LDL-C) lowering efficacy and
dose response of gemcabene 300, 600, and 900 mg/day administered as a monotherapy or in
combination with atorvastatin 10, 40, and 80 mg/day to hypercholesterolemia patients
(Frederickson Types Ila and IIb). The secondary objective was to evaluate the modulation of
high sensitivity c-reactive protein (hsCRP), high-density lipoprotein cholesterol (HDL), and
triglycerides (TG), and apolipoprotein B (apo B) by gemcabene.
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[00245]

agents combined as various dose levels for 8 weeks. Before and at the end of the treatment period,

Subjects were randomized to receive placebo, the agents as monotherapy, or the

safety and lipid variable were assessed including plasma triglyceride, LDL-C and apo B levels.
[00246] Subgroup analysis of LDL-C and TG in subjects with an LDL-C level > 130

mg/dl and a triglyceride level > 150 mg/dL. (Type IIb) revealed a more than additive reduction in
triglycerides in patients given less than 80 mg atorvastatin plus gemcabene (300, 600, or 900 mg).
The reduction in triglycerides with combination therapy was much great than either the reduction
with atorvastatin or gemcabene monotherapy. In addition, these combinations also caused
further reductions in LDL-C and apo B.

[00247]

blinded, placebo-controlled multicenter study in hypercholesterolemic patients. The following

The study was a parallel group, 4 x 4 factorial design, randomized, double-

table reflects the subset of subjects classified as having type IIb hypercholesterolemia.

[00248] Table 8 shows the 4 x 4 Factorial Design Used in 8-Week, Double-Blind
Treatment Period.
Table 8
Placebo Gemcabene 300 mg | Gemcabene 600 mg Gemcabene 900 mg
n=10 n=7 n=14 n=13
Atorvastatin 10 Gemcabene 300 mg | Gemcabene 600 mg Gemcabene 900 mg
mg Atorvastatin 10 mg | Atorvastatin 10 mg Atorvastatin 10 mg
n=9 n=11 n=9 n=11
Atorvastatin 40 | Gemcabene 300 mg/ | Gemcabene 600 mg Gemcabene 600 mg
mg Atorvastatin 40 mg | Atorvastatin 40 mg Atorvastatin 40 mg
n=12 n=9 n=38 n=9
Atorvastatin 80 Gemcabene 300 mg | Gemcabene 600 mg Gemcabene 900 mg
mg Atorvastatin 80 mg | Atorvastatin 80 mg Atorvastatin 80 mg
n=3 n=10 n=38 n=13
[00249] The study had 3 periods: (1) a lipid medication washout visit if needed; (2) a

qualifying period; and (3) an 8-week double-blind treatment period. Patients were randomized
with equal probability to receive 1 of 16 drug treatments comprising varying doses of gemcabene
and/or atorvastatin and/or placebo as detailed above (Table 6). Study medication was taken
orally once daily (QD) in the morning. Patients, site personnel, and the sponsor were blinded to
treatment and plasma lipid levels during the 8-week treatment period. The “n” in the table above
represents the number of patients in the study that had LDL-C > 130 mg/dL and TG > 150mg/dL
at baseline (type IIb patients).

[00250]

daily allotments. Patients were instructed to take all tablets corresponding with the appropriate
34
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daily allotment in the morning. Gemcabene was supplied as a 300-mg tablet with matching
placebo. Atorvastatin was supplied as 10- or 40-mg tablets with matching placebo. Study
medication was packaged in 7-day blister packages with separate daily allotments containing 6
tablets per day.

[00251] Basic lipid assessments were performed on blood samples collected at each clinic
visit. For total cholesterol, LDL-C, HDL-C, and triglycerides, baselines and percent changes
from baseline were analyzed using a crossover ANOV A model. Due to potential period effects,
the first and second period data were also analyzed separately using an ANOVA model
consistent of treatment effects only.

[00252] Results are shown in Figures 2A through 2F.

[00253] The combination of 10 mg atorvastatin and gemcabene at 300 and 600 mg
lowered TG levels an additional 10.5% and 17.3% respectively over atorvastatin alone. (median %
change) Gemcabene at doses of 300, 600 and 900 further lowered LDL-C and ApoB as
compared to 10 mg of atorvastatin alone.

[00254] The combination of 40 mg atorvastatin and gemcabene at 300, 600 and 900 mg
lowered TG levels an additional 42.6%, 31.7% and 21.8%, respectively over atorvastatin alone.
(median % change)

[00255] EXAMPLE 5

[00256] Effect of gemcabene, Atorvastatin and an Acetyl-CoA. carboxylase (ACC)
inhibitor on Cholesterol and Triglyceride Synthesis in Primary Rat Hepatocyte Cultures
[00257] All experiments used cultures of primary rat hepatocytes (Sprague-Dawley) that
were isolated and cultured as adapted from Ramharack R., et al., J Lipid Res 1995;36:1294-304,
One day after plating, cells were incubated with compound, in triplicate, at the indicated
concentrations in parenchymal cell media minus fetal bovine serum, 1.0 mL per well in 6-well
plates, with DMSO at a final concentration of 1%. Cells were incubated for 2 hours at 37°C in a
95%02/5% COz tissue culture incubator. At the end of incubation period, media was changed to
labeling media consisting of compound, at the indicated concentrations, in parenchymal cell
media minus fetal bovine serum and 30 uCi of 1-[**Clacetate (Amersham), 1.0 mL per well and
incubated for 4 hours at 37°C in a tissue culture incubator. At end of labeling period, cells were
washed with room temperature D-PBS, 2.0 mL per well and the reaction is stopped with 1.0 mL
0.75 N HCL Cells were scraped and transferred to 15 x 45 mm glass vial (1 dram size). Wells
were washed with 1.0 mL of methanol and added to scraped cells, followed by the addition of 2.0
mL of chloroform. Vials were capped and vortexed for 5 seconds and centrifuged in a Beckman
GS 6KR centrifuge at 3,600 rpm for 15 minutes at room temperature to separate phases. The

bottom chloroform phase was transferred to new 15 x 45 mm glass vial, dried down in a
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ReactiVap evaporator at 37°C under nitrogen gas. Vials were cooled to room temperature and
samples resuspended in 130 pu L of n-heptane:chloroform, 4:1 by vortexing for 5 seconds.
Samples were spotted onto 20 x 20 cm Whatman LK6D Silica Gel 60 A TLC plates and dried for
15 to 20 minutes in an 80°C gravity convection oven. Plates were cooled to room temperature
and chromatographed for 60 minutes at room temperature in isooctane:diethyl ether:glacial acetic
acid, 75:25:2. Plates were dried for 30 minutes in an 80°C gravity convection oven, cooled to
room temperature, and wrapped in Saran™ Wrap. Plates were exposed overnight to
phosphorimager plates, scanned on Typhoon Phosporlmager (Molecular Dynamics), and
analyzed using Imagequant software (Molecular Dynamics).

[00258] Results

[00259] Treatment of primary rat hepatocytes with gemcabene significantly and
concentration-dependently decreased cholesterol synthesis by 61.5 + 1.8 (SEM)%, (p <1.8 x 10"
8), and 90.0 + 0.8%, (p <1.0 x 1019, at concentrations of 10 uM and 30 uM, respectively (Table
7). Triglyceride synthesis was also dose-dependently reduced by 8.9 +4.5%, (p <0.12) and 72.1
+2.9%, (p <4.1 x 10, at concentrations of 10 u and 30 uM, respectively, however, only the

30 uM dose reached statistical significance. In these cells the HMG-CoA reductase inhibitor,
atorvastatin significantly reduced cholesterol synthesis by 93.7 + 0.4%, (p <3.0 x 1071%) at a dose
of 1uM without effecting triglyceride synthesis. The acetyl CoA carboxylase (ACC) inhibitor,
CE 156860, did not significantly inhibit cholesterol synthesis at 3 uM, but significantly
decreased triglyceride synthesis by 87.6 = 0.6%, (p <0.0031). (Table 7)

[00260] The data show that gemcabene is effective at inhibiting the synthesis of both
cholesterol and triglyceride in primary rat hepatocyte cultures. This effect of gemcabene is
different from the statin, atorvastatin, which inhibits cholesterol synthesis and an ACC inhibitor,
CE 156860, which inhibits triglyceride synthesis. The inhibitory profile of gemcabene suggests
that it may be individually affecting the cholesterol and triglyceride synthetic pathways or a
common pathway that affects both synthetic pathways..
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Table 9
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{remoahens 19 S5+ 1 By B EEE T
Gemesbeng R B0 & QRS ST & 2.0%T
Atorvastatin 1 ARSI AL B4 & 400
CE 13685680 3 1R 2% BT8O0

%o Change calenlated relative to vebicle cells. Each n represents a separate experient,
disne in i‘ﬂpizcak using hepatocyes isolated from an individeal ammal. P-value
calcodated ‘?rﬁm g twi-tailed, test.

*(p <18 x 10N, ped SR <10 x 10y, ped; FE(p 3.0 x 1071, n=d;

Tp <41 x 14, ped: Thp <0003 1), o1 sesnot sisnificant,

[00261] EXAMPLE 6

[00262] Inhibition of Plasma and hepatic Cholesterol and Triglyceride Synthesis in
C57/BL6, apoB100/Lp(a) Mice.

[00263] Male mice 8 to 12 weeks of age were used in all studies. The apoB100/Lp(a)

(cross of mice transgenic for human apoB100 and human apo(a)) mice) were obtained from
Charles River. There were 8 animals per treatment group.

[00264] In this study gemcabene was dosed at 30 and/or 100 mg/kg. Simvastatin was
dosed at 3 mg/kg. Drugs were prepared in vehicle (1.5% carboxymethylcellulose, 0.15%

Tween 20™, balance in water) by polytron and vortex missing and orally administered using a
dose volume of 0.1 mL/10g body weight.

[00265] Mice were acclimated for a minimum of 7 days to a reverse 12 hour light/12 hour
dark cycle prior to administration of the first dose of test drug or vehicle. Test drugs and vehicle
were administered by oral gavage about 2 hours prior to the middle of the dark period. Test
drugs and vehicle were given once daily. Thirty minutes after the eighth dose, 12.5 uCi [*C]
sodium acetate was administered. At 4 hours post [*C] sodium acetate administration, mice
were euthanized and exsanguinated by cardiac puncture for plasma collection. Individual plasma
samples were acquired by placing whole blood samples into EDTA loaded centrifuge tubes and
centrifuged. Plasma was transferred to new tubes and stored at -20°C until assayed for [“C]
labeled cholesterol.

[00266] Liver samples were flash frozen in liquid nitrogen and stored at -80°C until
assayed for [*C] labeled cholesterol and triglycerides.

[00267] Assay for plasma [“C] labeled cholesterol. Frozen plasma samples (0.2-0.4 mL
volume) were allowed to thaw, and were adjusted to 1 mL total volume with physiological saline.
Additionally, 0.025 uCi [**H] cholesterol (Perkin Elmer Life Sciences Inc. Boston,

Massachusetts) was added to each sample, and to 2 or 3 spike controls in 7-mL scintillation vials,
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as an extraction internal standard. Freshly prepared 10% KOH solution was then added at 2.5
mL per sample. Samples were vortexed and saponified at 75°C for 1 hour. After the samples
cooled pCi [C] labeled cholesterol was extracted with 2.5 mL petroleum ether per sample and
shaken for 10 minutes, and then centrifuged for 10 minutes at 0 °C. The organic phase was then
transferred to scintillation vials and evaporated at 37 °C head block under nitrogen gas. Each
sample was then dissolved in in 0.25 mL of 2 parts chloroform to 1 part per methanol by
sonication. Five mL scintillant was added to each sample and the spike controls for direct [*H]
and [!*C] deteriorations per minute (DPM) recording using a Packard 2500TR Tri-Carb Liquid
Scintillation Analyzer. The recovery of [*H] cholesterol in each sample was compared to the
mean total in the spike controls to determine the percent correction of the [*C] counts extraction
variance.

[00268] Assay for liver ['*C] labeled cholesterol and triglycerides. Frozen liver
samples were kept on dry ice during sample weighing procedures and assay preparations. Each
sample was homogenized in a solution of ice-cold methanol;0.5 N acetic acid. The homogenized
samples were transferred to glass vials and 50 uL [*H] in ethanol for a total of 1 x 10° DPM and
15 mL chloroform was added to each sample. Samples were then vortexed and centrifuged for
20 minutes at 3000 rpm at room temperature to separate the phases. The lower chloroform layer
was transferred to new vials. The remaining upper aqueous phase was extracted in like manner
with 15 mL chloroform 2 more times. The chloroform phases were pooled for each sample then
washed 2 times with 15 mL 0.88%KCL, vortexed 20 seconds, and centrifuged for 20 minutes.
The aqueous phase was discarded and the chloroform phase was washed 2 times in like manner
with 15mL 1 part methanol to 1 part water, discarding the aqueous phase. The chloroform
samples were evaporated under nitrogen gas, and resuspended in 600 pL chloroform and 30 pLL
removed for scintillation counting. Sample volumes were adjusted for corrected percent
recovery and a calculated volume to load based on total liver weight. Calculated volumes were
spotted onto TLC plates and dried in an 80 °C oven. After the plates had cooled to room
temperature, they were developed in 102 mL isooctane:diethyl ether:glacial acetic acid, 75:25:2,
respectively. Plates were dried in an 80 °C oven and allowed to cool to room temperature,
wrapped in plastic wrap, and exposed to the phosphorimager screen. Imagequant software was
used to quantitate cholesterol and triglyceride bands.

[00269] As measured in plasma, gemcabene at 100 mg/kg significantly inhibited
cholesterol synthesis by 60% and 3 mg/kg of simvastatin inhibited cholesterol synthesis by 59%
(Figure 3) The results show that in liver tissue gemcabene at 100 mg/kg inhibited both newly
synthesized cholesterol by 65% and triglycerides by 66%, while simvastatin at 3 mg/kg only
lowered cholesterol synthesis by 82% (Figure 3 and Table 10).
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[00270] The values shown in figure 3 are mean £ SEM, n = 8 per group. Veh = vehicle
control, Gem = 100mg/kg gemcabene, simva= 3mg/kg simvastatin. + p-value <0.05 based on a
2-tailed t-test within one-factor ANOVA for % change, * p-value <0.05 based on a 2-tailed t-test
versus vehicle on [**C] cholesterol. The data showing the effect of gemcabene and simvastatin
on apoB100/Lp(a) mouse hepatic triglyceride and cholesterol synthesis (['“C] sodium acetate)

are provided in Table 10.

Table 10
Troatment Parameter % Change from Vehicle  pvaloe
Gemeabene 100 mgtkg  Triglecerides 66 + &> <040
Gemeabene 100 mgdke Cholesterad 65 4 11 <0006
Sirovestatin 3 mp'ke Trighyeerides 40415 s
Simvastatin 3 mpkg Cholesterol -BL A R¥ <004

*p-value <0.05 based on 2-tailed Student t-test versus vehicle on [**C] cholesterol
n=8 mice per group; ns = not significant.

[00271] The reduction of hepatic lipid, especially the reduction of hepatic TG, is useful in
the treatment or prevention of NASH. In addition, gemcabene increases the oxidation of fatty

acids further reducing the propensity for development of a fatty liver.

[00272] EXAMPLE 7

[00273] In Vivo Efficacy Study of Gemcabene in STAM Model of Non-alcoholic
Steatohepatitis (NASH)

[00274] Materials and Methods

[00275] Test substances: Gemcabene was provided by Gemphire Therapeutics Inc. To

prepare dosing solution, gemcabene was weighed and dissolved with vehicle [pure water]
according to the formulation instructions. Telmisartan (Micardis®) was purchased from
Bochringer Ingelheim GmbH (Germany) and dissolved in pure water.

[00276] Induction of NASH

[00277] NASH was induced in 40 male mice by a single subcutaneous injection of 200 pg
streptozotocin (STZ, Sigma-Aldrich, USA) solution 2 days after birth and feeding with high fat
diet (HFD, 57 kcal% fat, Cat# HFD32, CLEA Japan, Japan) after 4 weeks of age.

[00278] Route of drug administration

[00279] Vehicle (control) was administered orally in a volume of 10 mL/kg.

[00280] Gemcabene was administered orally in a volume of 10 mL/kg.

[00281] Telmisartan was administered orally in a volume of 10 mL/kg.

[00282] Treatment doses:

[00283] Gemcabene was administered at doses of 30, 100 and 300 mg/kg once daily.
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[00284] Telmisartan was administered at a dose of 10 mg/kg once daily.
[00285] Animals: C57BL/6 mice (14-day-pregnant female) were obtained from Japan SLC,
Inc. (Japan). All animals used in the study were housed and cared for in accordance with the
Japanese Pharmacological Society Guidelines for Animal Use.
[00286] Environment: The animals were maintained in a SPF facility under controlled
conditions of temperature (23 £ 2°C), humidity (45 + 10%), lighting (12-hour artificial light and
dark cycles; light from 8:00 to 20:00) and with room air exchange. The experimental room was
pressurized to prevent contamination of the facility.
[00287] Animal husbandry: The animals were housed in TPX cages (CLEA Japan) with a
maximum of 4 mice per cage. Sterilized Paper-Clean (Japan SLC) was used for bedding and
replaced once a week.
[00288] Food and drink: A sterilized solid high-fat diet (HFD) was provided ad libitum,
being placed in a metal lid on the top of the cage. Pure water was provided ad libitum from a
water bottle equipped with a rubber stopper and a sipper tube. Water bottles were replaced once a
week cleaned and sterilized in autoclave and reused.
[00289] Animal and cage identification: Mice were identified by ear punch. Each cage
was labeled with a specific identification code.
[00290] Measurement of whole blood and plasma biochemistry: Eight-hour fasting blood
samples were collected from facial vein at 3 days prior to termination.
[00291] Eight-hour fasting blood glucose was measured in whole blood using Life Check
(EIDIA Co. Ltd., Japan). For plasma biochemistry, eight-hour fasting blood was collected in
polypropylene tubes with anticoagulant (Novo-Heparin, Mochida Pharmaceutical, Japan) and
centrifuged at 1,000 xg for 15 minutes at 4°C. The supernatant was collected and stored at -80°C
until use. Plasma insulin levels were quantified by Ultra Sensitive Mouse Insulin ELISA kit
(Morinaga Institute of Biological Science, Inc., Japan).
[00292] On the day of termination, non-fasting blood glucose was measured in whole
blood using Life Check. For plasma biochemistry, non-fasting blood was collected in
polypropylene tubes with anticoagulant (Novo-Heparin) and centrifuged at 1,000 xg for 15
minutes at 4°C. The supernatant was collected and stored at -80°C until use. Plasma ALT, AST,
ALP, GGT, BUN, creatinine and total bilirubin levels were measured by FUJI DRI-CHEM 7000
(Fujifilm Corporation, Japan). Plasma ketone body levels were quantified by EnzyChrom™
Ketone Body Assay Kit (BioAssay Systems, USA).
[00293] Measurement of liver biochemistry
[00294] Measurement of liver triglyceride content: Liver total lipid-extracts were obtained
by Folch’s method (Folch J. et al., J. Biol. Chem. 1957; 226: 497). Liver samples were

40



WO 2017/079748 PCT/US2016/060837

homogenized in chloroform-methanol (2:1, v/v) and incubated overnight at room temperature.
After washing with chloroform-methanol-water (8:4:3, v/v/v), the extracts were evaporated to
dryness, and dissolved in isopropanol. Liver triglyceride content was measured by Triglyceride
E-test (Wako Pure Chemical Industries).

[00295] Measurement of liver hydroxyproline content: To quantify liver hydroxyproline
content, frozen liver samples were processed by an alkaline-acid hydrolysis method as follows.
Liver samples were defatted with 100% acetone, dried in the air, dissolved in 2N NaOH at 65°C,
and autoclaved at 121°C for 20 minutes. The lysed samples (400 puL) were acid-hydrolyzed with
400 uL of 6N HCl at 121°C for 20 minutes, and neutralized with 400 uL of 4N NaOH containing
10 mg/mL activated carbon. AC buffer (2.2M acetic acid/0.48M citric acid, 400 pL) was added
to the samples, followed by centrifugation to collect the supernatant. A standard curve of
hydroxyproline was constructed with serial dilutions of trans-4-hydroxy-L-proline (Sigma-
Aldrich) starting at 16 pg/mL. The prepared samples and standards (each 400 pL) were mixed
with 400 pL chloramine T solution (Wako Pure Chemical Industries) and incubated for 25
minutes at room temperature. The samples were then mixed with Ehrlich's solution (400 puL) and
heated at 65 °C for 20 minutes to develop the color. After samples were cooled on ice and
centrifuged to remove precipitates, the optical density of each supernatant was measured at 560
nm. The concentrations of hydroxyproline were calculated from the hydroxyproline standard
curve. Protein concentrations of liver samples were determined using a BCA protein assay kit
(Thermo Fisher Scientific, USA) and used to normalize the calculated hydroxyproline values.
Liver hydroxyproline levels were expressed as pg per mg protein,

[00296] Histological analyses: For HE staining, sections were cut from paraffin blocks of
liver tissue prefixed in Bouin’s solution and stained with Lillie-Mayer’s Hematoxylin (Muto Pure
Chemicals Co., Ltd., Japan) and eosin solution (Wako Pure Chemical Industries). NAFLD
Activity score (NAS) was calculated according to the criteria of Kleiner (Kleiner DE. et al.,
Hepatology, 2005; 41:1313). To visualize collagen deposition, Bouin’s fixed liver sections were
stained using picro-Sirius red solution (Waldeck, Germany).

[00297] For quantitative analysis of fibrosis area, bright field images of Sirius red-stained
sections were captured around the central vein using a digital camera (DFC295; Leica, Germany)
at 200-fold magnification, and the positive areas in 5 fields/section were measured using ImageJ
software (National Institute of Health, USA).

[00298] Statistical analyses were performed using Bonferroni Multiple Comparison Test
on GraphPad Prism 6 (GraphPad Software Inc., USA). P values < 0.05 were considered

statistically significant. Results were expressed as mean + SD.
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[00302]
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Experimental Design and Treatment
Study groups
Group 1: Vehicle in Normal

Eight normal mice (not administered streptozotocin) were orally administered

vehicle [pure water] in a volume of 10 mL/kg once daily from 6 to 9 weeks of age.

[00303]
[00304]

Group 2: Vehicle in streptozotocin induced model of NASH

Eight NASH mice were orally administered vehicle in a volume of 10 mL/kg once

daily from 6 to 9 weeks of age.

[00305]
[00306]

Group 3: Gemcabene 30 mg/kg in streptozotocin induced model of NASH

Eight NASH mice were orally administered vehicle supplemented with

gemcabene at a dose of 30 mg/kg once daily from 6 to 9 weeks of age.

[00307]
[00308]

Group 4: Gemcabene 100 mg/kg in streptozotocin induced model of NASH

Eight NASH mice were orally administered vehicle supplemented with

gemcabene at a dose of 100 mg/kg once daily from 6 to 9 weeks of age.

[00309]
[00310]

Group 5: Gemcabene 300 mg/kg in streptozotocin induced model of NASH

Eight NASH mice were orally administered vehicle supplemented with

gemcabene at a dose of 300 mg/kg once daily from 6 to 9 weeks of age.

[00311]
[00312]

Group 6: Telmisartan 10 mg/kg in streptozotocin induced model of NASH

Eight NASH mice were orally administered pure water supplemented with

Telmisartan at a dose of 10 mg/kg once daily from 6 to 9 weeks of age.

[00313] Table 11 below summarizes the treatment schedule:
Table 11
Dose Volume Sacrifice
. Test
Group N,O Mice ©s Regimen
mice substance (mg/kg) | (mL/kg) (wks)
PO, QD,
1 8 Normal Vehicle - 10 9
6 wks - 9 wks
PO, QD,
2 8 STAM Vehicle - 10 9
6 wks - 9 wks
PO, QD,
3 8 STAM | Gemcabene 30 10 9
6 wks - 9 wks
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PO, QD,
4 8 STAM | Gemcabene 100 10 9
6 wks - 9 wks

PO, QD,
5 8 STAM | Gemcabene 300 10 9
6 wks - 9 wks

PO, QD,
6 8 STAM | Telmisartan 10 10 9
6 wks - 9 wks

[00314] Animal monitoring and sacrifice

[00315] The viability, clinical signs and behavior were monitored daily. Body weight was
recorded before the treatment. Mice were observed for significant clinical signs of toxicity,
moribundity and mortality approximately 60 minutes after each administration. The animals were
sacrificed by exsanguinations through direct cardiac puncture under isoflurane anesthesia (Pfizer

Inc.) at 9 weeks of age.

[00316] Results
[00317] Body weight changes and general condition
[00318] Mean body weight of the Vehicle in NASH group was significantly lower than

that of the Vehicle in Normal group during the treatment period. Mean body weight of the
telemisartan group was significantly lower than that of the Vehicle in NASH group from Day 10
to Day 21. There were no significant changes in mean body weight during the treatment period
between the Vehicle in NASH group and the gemcabene treatment groups (Figure 4). During the
treatment period, one mouse was found dead before reaching Day 21 in the telemisartan group.
[00319] Body weight on the day of termination

[00320] The Vehicle in NASH group showed a significant decrease in mean body weight
on the day of termination compared with the Vehicle in Normal group. The telemisartan group
showed a significant decrease in mean body weight on the day of termination compared with the
Vehicle in NASH group. There were no significant differences in mean body weight on the day
of termination between the Vehicle in NASH group and the gemcabene treatment groups (Figure
5A and Table 13).

[00321] Liver weight and liver-to-body weight ratio

[00322] The Vehicle in NASH group showed a significant increase in mean liver weight
compared with the Vehicle in Normal group. The gemcabene 100 and 300 mg/kg groups showed
significant increases in mean liver weight compared with the Vehicle in NASH group. The

telemisartan group showed a significant decrease in mean liver weight compared with the
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Vehicle in NASH group. There was no significant difference in mean liver weight between the

Vehicle in NASH group and the gemcabene 30 mg/kg group (Figure 5B and Table 13).

[00323]

The Vehicle in NASH group showed a significant increase in mean liver-to-body

weight ratio compared with the Vehicle in Normal group. The gemcabene 100 and 300 mg/kg

groups showed significant increases in mean liver-to-body weight ratio compared with the

Vehicle in NASH group. There were no significant differences in mean liver-to-body weight

ratio between the Vehicle in NASH group and any of the other treatment groups (Figure 5C and

Table 12).
Table 12: Body weight and liver weight
Parameter | Vehiclein | Vehiclein | Gemcabene | Gemcabene | Gemcabene | Telmisartan
(mean+ SD) | Normal | NASH 30 mg/kg | 100 mg/kg | 300 mg/kg 10 mg/kg
(n=8) | (n=8) (n=8) (n=8) (n=8) (n=7)
Body weight | 24.5+1.7 | 195+1.2 | 19.0+1.6 | 19.6+1.0 19.0+ 1.1 16.6+ 1.4
(2
Liver weight | 1240+ 133 | 1503 £ 122 | 1512+£82 | 1859+ 189 | 1906 0334 | 1094 + 126
(2
Liver-to- 51+£02 7.8+1.0 8.0+£0.6 95+09 10.0+ 1.4 6.6+ 0.6
body weight
ratio (%)
[00324] Biochemistry
[00325] At 3 days prior to termination after 8 hours of fasting
[00326] Fasting whole blood glucose: The Vehicle in NASH group showed a significant

increase in fasting whole blood glucose levels compared with the Vehicle in Normal group. The

telemisartan group showed a significant increase in fasting whole blood glucose levels compared

with the Vehicle in NASH group. There were no significant differences in fasting whole blood

glucose levels between the Vehicle in NASH group and the gemcabene treatment groups (Figure
6A and Table 13).

[00327]

Fasting plasma insulin: The Vehicle in NASH group showed a significant

decrease in fasting plasma insulin levels compared with the Vehicle in Normal group. There

were no significant differences in fasting plasma insulin levels between the Vehicle in NASH

group and any of the other treatment groups (Figure 6B and Table 13).

[00328]

At termination
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[00329] Whole blood glucose: The Vehicle in NASH group showed a significant increase
in whole blood glucose levels compared with the Vehicle in Normal group. The telemisartan
group showed a significant increase in whole blood glucose levels compared with the Vehicle in
NASH group. There were no significant differences in whole blood glucose levels between the
Vehicle in NASH group and the gemcabene treatment groups (Figure 7A and Table 13).

[00330] Plasma ALT: The Vehicle in NASH group showed a significant increase in
plasma ALT levels compared with the Vehicle in Normal group. The gemcabene 100 mg/kg
group showed a significant decrease in plasma ALT levels compared with the Vehicle in NASH
group. There were no significant differences in plasma ALT levels between the Vehicle in
NASH group and any of the other treatment groups (Figure 7B and Table 13).

[00331] Plasma AST: There were no significant differences in plasma AST levels between
the Vehicle in NASH group and any of the treatment groups (Figure 7C and Table 13).

[00332] Plasma ALP: The gemcabene 100 and 300 mg/kg groups and telemisartan group
showed significant increases in plasma ALP levels compared with the Vehicle in NASH group.
There were no significant differences in plasma ALP levels between the Vehicle in NASH group
and any of the other treatment groups (Figure 7D and Table 13).

[00333] Plasma GGT: There were no significant differences in plasma GGT levels
between the Vehicle in NASH group and any of the treatment groups (Figure 7E and Table 13).
[00334] Plasma BUN: The telemisartan group showed a significant increase in plasma
BUN levels compared with the Vehicle in NASH group. There were no significant differences in
plasma BUN levels between the Vehicle in NASH group and any of the other treatment groups
(Figure 7F and Table 13).

[00335] Plasma creatinine: The Vehicle in NASH group showed a significant decrease in
plasma creatinine levels compared with the Vehicle in Normal group. The gemcabene 300 mg/kg
group showed a significant increase in plasma creatinine levels compared with the Vehicle in
NASH group. There were no significant differences in plasma creatinine levels between the
Vehicle in NASH group and any of the other treatment groups (Figure 7G and Table 13).
[00336] Plasma total bilirubin: There were no significant differences in plasma total
bilirubin levels between the Vehicle in NASH group and any of the treatment groups (Figure 7H
and Table 13).

[00337] Plasma ketone body: The Vehicle in NASH group showed a significant increase
in plasma ketone body levels compared with the Vehicle in Normal group. There were no
significant differences in plasma ketone body levels between the Vehicle in NASH group and

any of the other treatment groups (Figure 71 and Table 13).
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[00338]

liver triglyceride contents compared with the Vehicle in Normal group. The telemisartan group

Liver triglyceride: The Vehicle in NASH group showed a significant increase in

showed a significant decrease in liver triglyceride contents compared with the Vehicle in NASH
group. There were no significant differences in liver triglyceride contents between the Vehicle in
NASH group and gemcabene treatment groups (Figure 7J and Table 13).

[00339]
hydroxyproline contents between the Vehicle in NASH group and any of the treatment groups
(Figure 7K and Table 13).

Liver hydroxyproline: There were no significant differences in liver

Table 13: Biochemistry

Parameter Vehicle in | Vehicle in |Gemcabene|Gemcabene|Gemcabene|Telmisartan
Normal NASH 30 mg/kg | 100 mg/kg | 300 mg/kg | 10 mg/kg
(mean £ SD) Day 18: n=8Day 18: n=8Day 18: n=8Day 18: n=8Day 18: n=8/Day 18: n=8
Day 21: n=8Day 21: n=8Day 21: n=8Day 21: n=8Day 21: n=8Day 21: n=7
At 3 days prior to termination after 8 hours of fasting (Day 18)
Fasting blood
glucose 117 +£27 440 + 53 437 + 42 441+ 46 407 + 15 742 + 90
(mg/dL)
Plasma insulini g6 1 44l 0,12 +0.04 0.13+0.04 0.170.06 0.13%0.04 0.16= 0.04
(ng/mL)
At termination (Day 21)
Non-fasting
blood glucose 168+ 11 584+ 60 607 £48  653+53 638 +63 856 + 62|
(mg/dL)
Plasma ALT
+ + + + + +
(U/L) 18+3 50 £23 41 +15 27+7 32 + 14 39+ 15
Pla%nf‘Lf)*ST 6113  116+48 100+44  88+32 147+122 121 +38
Pla%nf‘Lf)*LP 313435 394+68 382+78 642+167 794457 567 £ 104
Plasma GGT
+ + + + + +
(U/L) 1+0 1+£0 1+0 1+£0 1+0 1+0
Plasma BUN| 305, 56 285457 250439 298443 301458 850+ 174
(mg/dL)
Plasma
creatinine 02+0.1 0.1£0.0 0.1+0.0 0.1+£0.1 0.2+0.1 0.1£0.0
(mg/dL)
Plasma total
bilirubin 0.3+0.0 0.2+0.1 0.2+0.1 03+02 0.3+0.1 0.3+0.1
(mg/dL)
Plasma ketonel 44y 511 9284277 9434235 5.75+3.24 5.68+3.08 8.11+327
body (mM)
Liver
triglyceride 51+14 49.1+9.8 49.2+8.6 584+14.5 56.0+139 31.7+64
(mg/g liver)
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Liver
hydroxyl-
proline 0.71£0.11] 0.74+0.10 0.66+0.12] 0.74+0.38 0.70+0.10 0.91+0.21
(ng/mg total

protein)
[00340] Histological analyses
[00341] HE staining and NAFLD Activity score
[00342] NASH is defined by the presence and pattern of specific histological

abnormalities on liver biopsy. The NAFLD Activity Score (NAS), is a composite score that was
developed as a tool to measure changes in NAFLD during therapeutic trials. NAS is a composite
score comprised of three components that includes scores for steatosis, lobular inflammation and
hepatocyte ballooning (Table14). NAS score was defined as the unweighted sum of the scores
for steatosis, lobular inflammation and hepatocyte ballooning. Steatosis grade is quantified as
the percentage of hepatocytes that contain fat droplets. The fibrosis stage of the liver is
evaluated separately from NAS by histological evaluation of the intensity of sirius red staining of
collagen in the pericentral region of liver lobules.

[00343] Liver sections from the Vehicle in NASH group exhibited micro- and
macrovesicular fat deposition, hepatocellular ballooning and inflammatory cell infiltration
compared with the Vehicle in Normal group. The Vehicle in NASH group showed a significant
increase in NAS compared with the Vehicle in Normal group. The gemcabene 30 and 300 mg/kg
groups and telmisartan group showed significant reduction in NAS compared with the Vehicle in

NASH group (Figures 8 and 9A-9C, and Table 14).

Table 14: NAFLD Activity score

Score
. Lobular Hepatocyte NAS
Group n Steatosis inflammation baﬁooniz’lg (mean + SD)
0|1 (2|3 (0|1]|2|3|0/|1]|2

VehicleinNormal | 8 | 8 | - | - [ - | 8| -|-|-|8] -] - 0.0+£0.0

Vehicle in NASH 8 -8 -1|-]- 711 315 48+0.5

Gemcabene30mg/kg| 8 | - | 8| - [ - |1 [2]4 |14 |2]2] 34=+1.1

Gemcabene 100 8| -8 --12|1]5|-11(4]3 36+14
mg/kg

Gemcabene 300 813 |5 -|-12|124|-14|3]1 25+£0.8
mg/kg

Telmisartan 10mg/kg| 7 | 1 [ 6 | - | - |2 |4 |1 |-]2|4]|1 26=+1.0
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Item Score Extent
0 <5%
. 1 5-33%
Steatosis 5 ~33-66%
3 >66%
0 No foci
Lobular 1 <2 foci/200x
Inflammation 2 2-4 foci/200x
3 >4 foci/200x
0 None
]}31252?;%:[ © 1 Few balloon cells
& 2 Many cells/prominent ballooning
[00344] Liver Fibrosis
[00345] Sirius rved staining
[00346] Sirius red-stained liver sections were evaluated to determine liver fibrosis. Liver

sections from the Vehicle in NASH group showed increased collagen deposition in the
pericentral region of liver lobule compared with the Vehicle in Normal group. All groups
showed significant decreases in fibrosis area compared with the Vehicle in NASH group (Figure
10 and Table 15).

Table 15: Histological analysis

Parameter | Vehiclein | Vehicle in | Gemcabene | Gemcabene | Gemcabene | Telmisartan

(mean + Normal NASH 30 mg/kg | 100 mg/kg | 300 mg/kg 10 mg/kg
SD) (n=8) (n=3) (n=3) (n=8) (n=3) (n=7)
Sirius Red

positive | 0.19+£0.03 | 0.84 £0.12 [ 0.56+0.18 | 0.53+£0.18 | 0.59+0.16 | 0.48 £0.09

area (%)

[00347] Summary and Discussion

[00348] Telmisartan has been shown to have anti-steatotic, -inflammatory and -fibrotic
effects in STAM mice and therefore was used as the positive control in the present study.
Treatment with telmisartan significantly decreased liver triglyceride contents, NAS and the
fibrosis area compared with the Vehicle in NASH group in agreement with SMC Laboratories’

historical data.
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[00349] Gemcabene significantly reduced the fibrosis area compared with the Vehicle in
NASH group, demonstrating an anti-fibrosis effect in the present study. The middle and high
doses of gemcabene increased plasma ALP levels compared with the Vehicle in NASH group.
The high dose of gemcabene also increased plasma creatinine levels compared with the Vehicle
in NASH group. Plasma ALT levels were decreased in the gemcabene treatment groups, with
statistical significance in the middle dose of gemcabene group. The low and high doses of
gemcabene reduced NAS compared with the Vehicle in NASH group. Among NAS, the high
dose of gemcabene reduced steatosis and ballooning scores at a degree comparable to telmisartan.
Since hepatocyte ballooning is thought to be derived from oxidative stress-induced
hepatocellular damage and is associated with disease progression of NASH (Fujii H et al. J.
Atheroscler. Thromb. 2009;16:893, Rangwala F et al. J. Pathol. 2011; 224:401), it suggests
gemcabene improves NASH pathology by inhibiting hepatocyte damage and ballooning cell
formation. Together, in the present study gemcabene has shown an anti-fibrotic effect at all the
tested doses, as well demonstrating anti-NASH and hepatoprotective effects on the liver
pathology of STAM mice. These data suggest gemcabene lead to liver improvements, and may
positively affect inflammatory- and/or metabolism-related molecules which can be assessed by
hepatic gene expression analyses or immunohistochemistry for specific targets

[00350] EXAMPLE 8

[00351] Hepatic lipids in male Sprague-Dawley rats treated with gemfibrozil or
gemcabene.
[00352] Fifty-Six male Sprague-Dawley rats were obtained from Charles River

Laboratories. All animals were allowed normal rat chow (Ralston-Purina) and water ad libitum
in temperature-controlled rooms, under a 12-hour light, 12-hour dark cycle beginning with lights
on at 6 AM. Rats were distributed to 7 groups of 8 rats per group. Rats were dosed daily between
6 and 10 AM by oral gavage using a suspension vehicle of 1.5% carboxymethyl cellulose plus
0.2% Tween-20 (Vehicle). Control animals received vehicle alone. The dosing vehicle volume
represented 0.25% of body weight. PD 72953 is gemcabene. CI-719 is gemfibrozil.
Compounds were administered daily to the seven treatment groups for fourteen consecutive days

shown in table 16.

Table 16
Group Drug Dose
1 Control | = -
2 gemfibrozil 100 mg/kg/day
3 PD 72953 1 mg/kg/day
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4 PD 72953 3 mg/kg/day
5 PD 72953 10 mg/kg/day
6 PD 72953 30 mg/kg/day
7 PD 72953 100 mg/kg/day
[00353] On the last day animals were sacrificed and the liver lipids were extracted and the

content of triglyceride and cholesterol determined by the method of Homan and Anderson,
Journal of Chromatography B, 708 (1998), 21-26. Liver pieces of approximately 500mg were
extracted for lipids and for determination of liver protein.

[00354] Data are shown as mean + SEM of pg hepatic triglyceride/mg liver protein
(Figure 11A) or pg liver unesterified cholesterol/mg liver protein (Figure 11B) for the rats
treated with vehicle (control) or the indicated dose of gemfibrozil or gemcabene. Statistical
analysis was ANOVA with post-hoc Fisher’s PLSD (*p<0.05, ** p<0.01).

[00355] EXAMPLE 9

[00356] Fibrinogen levels in rats

[00357] Blood plasma was collected upon sacrifice from the rats in EXAMPLE 8. The
plasma fibrinogen plasma levels were determined by electro immunoassay. Gemfibrozil at 100
mg/kg/day and PD 72953 at 30 mg/kg/day and 100 mg/kg/day showed significant reductions in
plasma fibrinogen levels of 31, 52 and 57 percent respectively compared with control. Data are
shown in Figure 12 as mean + SEM of as percent of control fibrinogen levels. *p<0.001, two-

sided unpaired t-test, compared to control.

[00358] EXAMPLE 10
[00359] Fibrinogen levels in humans
[00360] In a post hoc analysis of fibrinogen from an 8-week, double-blind, randomized,

placebo-controlled, dose-ranging study of the efficacy and safety of gemcabene (CI-1027)
administered as monotherapy or in combination with atorvastatin in the treatment of
hypercholesterolemic patients (Study A4141001). Blood samples to measure fibrinogen were
collected at the beginning (Visit T5; Week 0) and the end (Visit T8, Week 8).

[00361] Analyses of covariance (ANCOVA) methods used in the original study A4141001
were again utilized in these analyses. For fibrinogen, baseline was defined as the last
pretreatment visit, and endpoint was the last visit up to and including the day after last dose of
medication. The least-squares means and p-values for change from baseline in fibrinogen were
calculated using an ANCOVA model with the effects of baseline lipid value and treatment. Also,

medians and p-values for percent change from baseline.
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[00362] All patients included in the fibrinogen analysis were randomized and received at
least 1 dose of study medication. Further, these patients must have had a baseline and at least 1
evaluable postbaseline measurement. This, consequently, was the definition for the modified
intent-to treat (MITT) population.

[00363] Gemcabene 300, 600 and 900 mg monotherapy raised fibrinogen from baseline to
endpoint by mean changes of 24.2, 23.6 and 12.9, respectively, compared with 37.2 for placebo.
The rank-transformed data did not show significant differences between gemcabene and placebo

as shown in Table 17.

Table 17

Gemcabene Monotherapy Verses Placebo - Change in Fibrinogen From
Baseline to Endpoint (Modified Intent to Treat)

Pbo Gemcabene Monotherapy
300 mg 600 mg 900 mg
N=14 N=13 N=16 N=16
Baseline
Mean 376.1 366.9 357.1 395.2
Change
LS Mean (SE) 37.2(17.1y 24.2(18.5) 23.6(17.2) 12.9(17.2)
Difference -13.0 -13.6 -24.3
95% ClI (-62.8,36.7) (-61.4,34.2) (-72.1,23.5)
p-value 0.6059 0.5757 0.3172

Pbo = Placebo; Difference = Gem xxmg -Placebo; SE = Standard Error; Cl =Confidence Interval

[00364] Co-administration of 600 mg gemcabene with atorvastatin aggregated over the
dose range showed decreases in fibrinogen beyond atorvastatin monotherapy by -31.6 (p=0.0177)
as shown in Table 18. Smaller decreases were observed with the co-administration of the 300

and 900 mg gemcabene with atorvastatin.

Table 18

Gemcabene + Atorvatatin Verses Atorvastatin - Change in Fibrinogen From
Baseline to Endpoint (Modified Intent to Treat)

Ator 10,40 or80mg Gem300mg+ Gem600mg Gem 900 mg+

Monotherapy Ator 10, 40, or Ator 10, 40, or Ator 10, 40, or
80 mg 80 mg 80 mg
N=48 N=51 N=47 N=47
Baseline
Mean 368.3 379.7 387.1 368.0
Change
LS Mean {SE) 32.9(9.3) 12.3(9.0) 1.3(9.4) 8.8(9.4)
Difference -20.6 -31.6 -24.1
95% Cl (-46.1,4.8) (-57.6,-5.4) {(-50.1,1.9)
p-value 0.1120 0.0177 0.0689

Gem + Ator = Gemcabene in combination with atorvastatin; Ator = Atorvastatin Monotherapy; SE = Standard Error;
Cl = Confidence Interval; Difference = {Gem + Ator) - Ator.
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The normal range of fibrinogen is about 150-300 mg/dL. To see the effect of

gemcabene monotherapy or gemcabene in combination atorvastatin in subjects with fibrate levels

above the normal range of fibrinogen, the data for the subgroup of subjects having a fibrinogen

baseline level >400 mg/dL was examined. Table 19 shows the effect of various doses of

gemcabene alone, atorvastatin alone or various dose combinations of gemcabene and atorvastatin

on the change in baseline fibrinogen levels. Treatment with the combination of 600 mg of

gemcabene in combination with statin at 10, 40 or 80 mg of atorvastatin caused a decrease of

22.5, 10.8 and 16.8 % respectively.

Table 19
Treatment n Mean Mean Mean Mean %
Baseline Final Change | Change
FIBR FIBR FIBR FIBR

Placebo 6 456.0 477.0 21.0 4.4
Gemcabene 300mg 5 427.8 4544 26.6 6.7
Gemcabene 600mg 5 4524 411.0 -41.4 -9.3
Gemcabene 900mg 8 448.8 435.9 -12.9 -3.2
Gemcabene 300mg + Atorvastatin 10mg | 4 478.0 481.3 3.3 1.0
Gemcabene 300mg + Atorvastatin 40mg | 5 449.8 460.8 11.0 23
Gemcabene 300mg + Atorvastatin 80mg | 8 448.5 408.5 -40.0 -9.1
Gemcabene 600mg + Atorvastatin 10mg | 6 495.8 386.7 -109.2 -22.5
Gemcabene 600mg + Atorvastatin 40mg | 5 529.0 470.4 -58.6 -10.8
Gemcabene 600mg + Atorvastatin 80mg | 5 450.2 375.6 -74.6 -16.8
Gemcabene 900mg + Atorvastatin 10mg | 4 450.8 439.5 -11.3 -2.1
Gemcabene 900mg + Atorvastatin 40mg | 3 426.3 413.0 -13.3 -3.1
Gemcabene 900mg + Atorvastatin 80mg | 4 450.0 432.8 -17.3 -2.8
Atorvastatin 10mg 7 442.4 445.4 3.0 0.9
Atorvastatin 40mg 6 451.0 469.5 18.5 3.8
Atorvastatin 80mg 3 425.7 434.7 9.0 1.9
Total Subjects 84

[00366] Table 20 shows the data for each dose of gemcabene with atorvastatin at any of
the doses. 600 mg of gemcabene in combination with atorvastatin show a decrease of 17.1 %.
Table 20
Treatment n Mean Mean Mean | Mean %
Baseline Final Change | Change
FIBR FIBR FIBR FIBR
Atorvastatin 16 442.5 452.4 9.9 2.2
Gemcabene 18 443.9 434.1 -9.8 -2.2
Gemcabene 300mg + Atorvastatin 17 455.8 441.0 -14.8 -3.4
Gemcabene 600mg + Atorvastatin 16 491.9 409 4 -82.6 -17.1
Gemcabene 900mg + Atorvastatin 11 443 8 4298 -14.0 -2.6
Placebo 6 456.0 477.0 21.0 4.4
Total Subjects 84 442.5 452.4 9.9 2.2
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[00367] Table 21 shows the data for gemcabene (Gem) monotherapy at 300, 600 and 900
mg.
Table 21
Placebo Gem 300 mg Gem 600 mg Gem 900 mg
n=6 n=35 n=5 n=8
Baseline
Mean baseline 456.0 427.8 452.4 448.8
Fibrinogen
Change
LS Mean (SE) 21.0 (26.4) 26.0 (29.3) -41.5 (28.9) -13.0 (22.9)
Difference 5.0 -62.5 -34.0
95% CI (-73.8 , 83.8) (-104.7,15.7) | (-103.8,35.7)
p-Value 0.9004 0.1155 0.3338

Gem is Gemcabene, SE is Standard Error, CI is Confidence interval, Difference is Gem-placebo.

[00368]

Table 22 shows the data for amalgamated Atorvastatin (Ator.) doses for placebo

and each dose of Gemcabene (gem). The lowering of Gemcabene in combination with

Atorvastatin showed a significant decrease of 91.7 mg/dL when compared with Atorvastatin

alone (p=0.0002).

Table 22
Gem 300 mg + | Gem 600 mg + | Gem 900 mg +
Ator 10/40/80 Ator 10/40/80 Ator 10/40/80 | Ator 10/40/80
N=16 N=17 N=16 N=11
Baseline
Mean 442.5 455.8 491.9 443.8
Change
LS Mean (SE) 9.7 (16.0) -14.8 (15.4) -82.0 (16.0) -14.2 (19.2)
Difference -24.5 -91.7 -23.9
95% CI (-68.8 , 19.7) (-139.0,-44.4) | (-73.4,25.6)
p-Value 0.2725 0.0002 0.3338

Gem-+Ator is Gemcabene in combination with atorvastatin; Ator is Atorvastatin monotherapy;

SE is SE is Standard Error, CI is Confidence interval, Difference is (Gem+Ator)-ator.

[00369]
[00370]

EXAMPLE 11
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Table 16
Example 4D Example 4E
Internal Ingredients (450/40 mg G/A) (300/10 mg G/A)
% w/w mg/Tablet % w/w mg/Tablet
Gemcabene Calcium salt 50.18 540.61 56.91 360.40
Atorvastatin Calcium 4.06 43.78 1.73 10.94
Calcium Carbonate 12.19 131.32 0.00 0.00
Microcrystalline
Cellulose, NF (PH 101) 3.50 37.71 4.00 25.33
Starch 1500 6.50 70.03 0.00 0.00
Croscarmellose Sodium 3.00 32.32 3.00 19.00
Hydroxypropyl
Collulose EXF 5.30 57.10 5.00 31.67
External Example 4D Example 4E
Ingredients (450/40 mg G/A) (300/10 mg G/A)
% w/w | mg/Tablet % w/w | mg/Tablet
Microcrystalline
Cellulose, NF (PH 102) 11.27 121.46 25.37 160.65
Mannitol 0.00 0.00 0.00 0.00
Croscarmellose Sodium 3.00 32.32 3.00 19.00
Magnesium Stearate 1.00 10.77 1.00 6.33
(Nonbovine)
To make core Tablets 100.00 | 950.00 100.00 | 1077.42
[00371] All publications and patents referred to in this disclosure are incorporated herein

by reference to the same extent as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Should the meaning of
the terms in any of the patents or publications incorporated by reference conflict with the
meaning of the terms bused in this disclosure, the meaning of the terms in this disclosure are
intended to be controlling. Furthermore, the foregoing discussion discloses and describes merely
exemplary embodiments of the present invention. One skilled in the art will readily recognize
from such discussion and from the accompanying drawings and claims, that various changes,
modifications and variations can be made therein without departing from the spirit and scope of

the invention as defined in the following claims.
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WHAT IS CLAIMED IS:

1. A method of treating a subject having type IIb hyperlipidemia comprising, administering

to the subject gemcabene in combination with a low or moderate dose of a statin.

2. The method of claim 1, wherein the daily dose of the gemcabene administered is from
about 50 mg to about 900 mg and the daily dose of the statin administered is from about 1 mg to

about 60 mg,

3. The method of claim 1 or claim 2, where in the daily dose of the gemcabene is from
about 50 mg to about 900 mg per day wherein:

a. the statin is atorvastatin and the daily dose of atorvastatin is from about 10 mg to
about 60 mg;

b. the statin is rosuvastatin and the daily dose of rosuvastatin is from about 5 mg to
about 30 mg;

C. the statin is simvastatin and the daily dose of simvastatin is from about 5 mg to
about 60 mg;

d. the statin is pravastatin and the daily dose of pravastatin is from about 10 mg to
about 60 mg;

e. the statin is lovastatin and the daily dose of lovastatin is from about 20 mg to
about 60 mg;

f. the statin is fluvastatin and the daily dose of fluvastatin is from about 20 mg to

about 40 mg; or

g. the statin is pitavastatin and the daily dose of pitavastatin is from about 1 mg to
about 4 mg,
4. The method of claim 3, wherein the daily dose gemcabene is from about 150 mg to about
600 mg.

5. The method of claim 3, wherein the daily dose gemcabene is 150 mg, 300 mg, 450 mg,
600 mg, or 900 mg.

6. The method of any one of claims 3-5, wherein the daily dose of atorvastatin is from about

10 mg to about 40 mg.
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7. The method of any one of claims 3-5, wherein the daily dose of rosuvastatin is from

about 10 to about 20 mg.

8. The method of any one of claims 3-5, wherein the daily dose of simvastatin is from about
10 mg to about 20 mg.

9. The method of any one of claims 3-5, wherein the daily dose of pravastatin is from about
10 mg to about 40 mg.

10. The method of any one of claims 3-5, wherein the daily dose of lovastatin is from about
20 to about 40 mg.

11. The method of any one of claims 3-5, wherein the daily dose of fluvastatin is about 40 mg.
12. The method of any one of claims 3-5, wherein the daily dose of pitavastatin is from about

1 mg to about 3 mg.

13. The method of any one of claims 1-12, wherein the subject has one or more of familial
combined hyperlipidemia, metabolic syndrome, impaired glucose tolerance, an inflammatory

disorder, obesity, NASH, NAFLD, alcoholic liver disease, or primary biliary cirrhosis.

14. The method of any one of claims 3-13, wherein the statin and gemcabene are

administered as a fixed dose combination.

15. The method of any one of claims 1-14, wherein the subject's plasma triglyceride level is

reduced to below 150 mg/dl within 8 weeks of administration of gemcabene and the statin.
16. The method of any one of claims 1-15, wherein the subject's plasma LDL cholesterol
level is reduced to below 130 mg/dl within 8 weeks of administration of gemcabene and the

statin.

17. The method of any one of claims 1-15, wherein the subject's ApoB level is reduced to

below 120 mg/dl within 8 weeks of administration of gemcabene and the statin.
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18. The method of any one of claims 1-17, wherein the subject's risk of myopathy is not

increased from the risk of administration of the statin alone.

19. The method of any one of claims 1-17, wherein the subject's risk of myositis is not

increased from the risk of administration of the statin alone.

20.  The method of any one of claims 1-17, wherein the subject's risk of rhabdomyolysis is

not increased from the risk of administration of the statin alone.

21. The method according to anyone of claims 1-20, wherein the subject is administered an
additional lipid lowering agent, a PCSK9 inhibitor, cholesterol absorption inhibitor, a ACC
inhibitor, an ApoC-III inhibitor, an ACL inhibitor, prescription fish oil, or a CETP inhibitor.

22. The method according to claim 21, wherein the additional lipid lowering agent is
ezetimibe.
23. The method of any one of claims 1-22, wherein the subject's risk of having a primary

cardiovascular event is reduced.

24, The method of any one of claims 1-23, wherein the subject's risk of having a secondary

cardiovascular event is reduced.

25. A fixed dose combination comprising an amount of gemcabene from about 50 mg to

about 900 mg and an amount of a statin from about 1 mg to about 60 mg,

26. The fixed dose combination of claim 25, wherein the statin is atorvastatin, rosuvastatin,

simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin wherein:

a. the amount of atorvastatin is from about 10 mg to about 60 mg;

b. the amount of rosuvastatin is from about 5 mg to about 30 mg;

C. the amount of simvastatin is from about 10 mg to about 60 mg;

d. the amount of pravastatin is from about 10 mg to about 60 mg;
the amount of lovastatin is from about 20 mg to about 40 mg;

f. the amount of fluvastatin is from about 20 mg to about 60 mg; or

g. the amount of pitavastatin is from about 1 mg to about 4 mg.
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27. The fixed dose combination of claim 26, wherein the amount of gemcabene is from about
150 mg to about 600 mg.

28. The fixed dose combination of claim 27, wherein the amount of gemcabene is from about
150 to about 300.

29. The fixed dose combination of claim 27, wherein amount of gemcabene is from about
300 mg to about 450 mg.

30 The fixed dose combination of claim 26, wherein the amount of gemcabene is 150 mg,

300 mg, 450 mg, 600 mg.

31. The fixed dose combination of claim 30, wherein
h. the amount of atorvastatin is 10 mg, 20 mg or 40 mg;
1. the amount of rosuvastatin is 10 mg or 20 mg;
J- the amount of simvastatin is 10 mg or 20 mg;
k. the amount of pravastatin is 10 mg or 20 mg;
1. the amount of lovastatin is 20 mg or 40 mg;
m. the amount of fluvastatin is 20 mg or 40 mg; or
n. the amount of pitavastatin is 1 mg, 2 mg or 3 mg.
32. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

150 mg gemcabene and 10 mg of atorvastatin.

33, The fixed dose combination of claim 30, wherein the fixed dose combination comprises

150 mg gemcabene and 20 mg of atorvastatin.

34, The fixed dose combination of claim 30, wherein the fixed dose combination comprises

150 mg gemcabene and 40 mg of atorvastatin.

35. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

300 mg gemcabene and 10 mg of atorvastatin.

36. The fixed dose combination of claim 30, wherein the fixed dose combination comprises
300 mg gemcabene and 20 mg of atorvastatin.
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37. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

300 mg gemcabene and 40 mg of atorvastatin.

38. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

600 mg gemcabene and 10 mg of atorvastatin.

39, The fixed dose combination of claim 30, wherein the fixed dose combination comprises

600 mg gemcabene and 20 mg of atorvastatin.

40. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

600 mg gemcabene and 40 mg of atorvastatin.

41. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

900 mg gemcabene and 10 mg of atorvastatin,

42. The fixed dose combination of claim 30, wherein the fixed dose combination comprises

900 mg gemcabene and 20 mg of atorvastatin,

43, The fixed dose combination of claim 30, wherein the fixed dose combination comprises

900 mg gemcabene and 40 mg of atorvastatin.

44. A method for treating or preventing hepatic steatosis, comprising administering to a
subject in need thereof an effective amount of a compound of Formula (I):
Rl R2 Rl] R]2

Yd X
(CHam CH2E Sty NCHYY

(@,

or a pharmaceutically acceptable salt, hydrate, solvate or a mixture thereof, wherein:

(a) each occurrence of m is independently an integer ranging from 0 to 5;

(b) each occurrence of n is independently an integer ranging from 3 to 7;

(c) X is -(CH2),-, —O-, -CH(OH)-, CH(CH20OH)-, -NH- or —S-, wherein z is an
integer from 0 to 4;

(d)  each occurrence of R! and R? is independently (C1—Cg)alkyl, (C2—Cs)alkenyl, (Co—
Cs)alkynyl, phenyl, benzyl, or R! and R? and the carbon to which they are both attached are taken
together to form a (C3z-C7)cycloakyl group;
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(e) each occurrence of R!! and R'? and the carbon to which they are both attached are
taken together to form a (C3-C7)cycloakyl group;

()  each occurrence of Y! and Y? is independently (C1—Ce)alkyl, OH, COOH, COOR?,
0 0 0
| || ||

(@]
| | |

«wrQ—Pp—OR* Mfo—fl’—o—P—OR“ ww» O0—p—0—P—0—P—OR*

SOsH, OR4 ’ OR* OR* OR* (|)R4
O ot

-
L o

|
OR* ,

O
N
~¢ I
‘ N "‘N‘O—}l’—NHz
OR®>
B
0 0 N—N N—
|| I o\ I\
«ww p—NH, N S—NH, N /
| [ N N
OR? > 0 , é , H

s sSeshen

%%ﬁ%%
YL LG D

o CH; O CH;

wherein:
(i) R3 is (C;—Ce)alkyl, (C2—Ce)alkenyl, (C2—Ce)alkynyl, phenyl, or benzyl and is
unsubstituted or substituted with one or more halo, OH, (C1—C¢)alkoxy, or phenyl groups,
(ii) each occurrence of R* is independently H, (C1—Cse)alkyl, (C2—Cs)alkenyl, (Co—
Cs)alkynyl and is unsubstituted or substituted with one or two halo, OH, C;—Cs alkoxy, or
phenyl groups; and
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(iii) each occurrence of R is independently H, (C1—Cs)alkyl, (C2—Cs)alkenyl, (Co—
Ce)alkynyl.

45. A method for treating or preventing a hepatic steatosis, comprising administering to a

subject in need thereof an effective amount of a compound of Formula (IT):

Rl R2 Rl 1 R12
W X Y?
\H>§CH2)( \%)&
0 0
(ID),

or a pharmaceutically acceptable salt, hydrate, solvate or a mixture thereof, wherein:

(a) each occurrence of m is independently an integer ranging from 0 to 5;

(b) each occurrence of n is independently an integer ranging from 3 to 7;

(©) X is -(CH2)-, —O-, -CH(OH)-, CH(CH20H)-, -NH- or —S-, wherein z is an integer
from O to 4;

(d)  each occurrence of R! and R? is independently (C1—Cg)alkyl, (C2—Cs)alkenyl, (Co—
Cs)alkynyl, phenyl, benzyl, or R! and R? and the carbon to which they are both attached are taken
together to form a (C3z-C7)cycloakyl group;

(e) each occurrence of R!! and R'? and the carbon to which they are both attached are
taken together to form a (C3-Cr)cycloakyl group;

(D each occurrence of Y! and Y? is independently (C1—Cs)alkyl, OH, COOH, COOR?,

0 0 0

""‘O—L|—OR4 mO—ﬂ—O—ﬂ—OR“ »w» 0—PpP—0—P—0—P—OR*
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wherein:

(i) R3 is (C;—Ce)alkyl, (C2—Ce)alkenyl, (C2—Ce)alkynyl, phenyl, or benzyl and is
unsubstituted or substituted with one or more halo, OH, (C1—Cs)alkoxy, or phenyl groups,

(ii) each occurrence of R* is independently H, (Ci—Ce)alkyl, (C2—Cs)alkenyl, (Co—
Ce)alkynyl and is unsubstituted or substituted with one or two halo, OH, C1—Cs alkoxy, or
phenyl groups; and

(iii) each occurrence of R is independently H, (C1—Cs)alkyl, (C2—Cs)alkenyl, (Co—
Ce)alkynyl.

46. The method of claim 45, wherein the compound has the structure:

or a pharmaceutically acceptable salt of any of the foregoing.

47. A method of reducing the accumulation of liver fat in a subject at risk for liver fat

accumulation comprising administering gemcabene to the subject.

48. The method according to claim 47, wherein the subject has hepatic steatosis.

62



WO 2017/079748 PCT/US2016/060837

49. The method of claim 47 or claim 48, wherein the subject has type IIb hyperlipidemia or

familial combined hyperlipidemia.

50. The method of any one of claims 47 to 49, wherein the daily dose of the gemcabene

administered is from about 50 mg to about 900 mg.

51. The method of claim 50, wherein the daily dose gemcabene is of from about 150 mg to

about 600 mg,

52. The method of claim 51, wherein the daily dose gemcabene is 150 mg, 300 mg, 450, or
600 mg.

53. The method of any one of claims 50-52, wherein gemcabene is administered in

combination with a statin.

54, The method of claim 53, wherein the statin is atorvastatin, rosuvastatin, simvastatin,

pravastatin, lovastatin, fluvastatin, or pitavastatin.

55. The method of any one of claims 50-54, wherein the subject's risk of developing liver

disease is reduced.

56.  The method of any one of claims 49-53, wherein the subject has liver disease.

57. The method of claim 55 or 56, wherein the liver disease is nonalcoholic steatohepatitis

(NASH), or nonalcoholic fatty liver disease (NAFLD) or alcoholic hepatic steatosis.

58. The method of any one of claims 47-57, wherein the subject is administered an additional

cholesterol lowering agent.

59. The method of claim 58, wherein the additional lipid lowering agent is a cholesterol
absorption inhibitor, a PCSK9 inhibitor, an ACC inhibitor, an ApoC-III inhibitor, an ACL-
inhibitor, prescription fish oil, or a CETP inhibitor.

60. The method of claim 59, wherein the cholesterol lowering agent is a cholesterol

absorption inhibitor and the cholesterol absorption inhibitor is ezetimibe.
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61. The method of claim 60, wherein the hepatic steatosis is NAFLD, or NASH.

62. A method of stabilization or reduction of the NAFDL activity score (NAS) in a subject,

comprising, administering to the subject gemcabene.

63. The method of claim 62, wherein the daily dose of the gemcabene administered is from

about 50 mg to about 900 mg.

64. The method of claim 63, wherein the daily dose gemcabene is of from about 150 mg to

about 600 mg,

65. The method of claim 64, wherein the daily dose gemcabene is 150 mg, 300 mg, 450, or
600 mg.

66. The method of any one of claims 62-65, wherein gemcabene is administered in

combination with a statin.

67. The method of claim 66, wherein the statin is atorvastatin, rosuvastatin, simvastatin,

pravastatin, lovastatin, fluvastatin, or pitavastatin.

68. The method of any one of claims 62-67, wherein the method comprises slowing the

progression of, stabilizing, or reducing the steatosis component of NAS.

69. The method of any one of claims 62-67, wherein the method comprises slowing the

progression of, stabilizing, or reducing the lobular inflammation component of NAS.

70. The method of any one of claims 62-67, wherein the method comprises slowing the

progression of, stabilizing, or reducing the hepatocyte ballooning component of NAS.

71. The method according to any one of claims 62- 70, wherein NAS is different by no less

than 1.5 points after 6 months of treatment with gemcabene.

72. A method of reducing hepatic fibrosis in a subject in need thereof, comprising

administering to the subject gemcabene.
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73. The method of claim 72, wherein the subject has NASH.

74. The method of claim 72, wherein the subject has primary biliary cirrhosis.

75. The method of claim 74, wherein the daily dose of the gemcabene administered is from

about 50 mg to about 900 mg.

76. The method of claim 75, wherein the daily dose gemcabene is of from about 150 mg to

about 600 mg,

77.  The method of claim 76, wherein the daily dose gemcabene is 150 mg, 300 mg, 450, or
600 mg.

78. The method of any one of claims 72-77, wherein gemcabene is administered in

combination with a statin.

79. The method of claim 78, wherein the statin is atorvastatin, rosuvastatin, simvastatin,

pravastatin, lovastatin, fluvastatin, or pitavastatin.

80. A method for reducing plasma fibrinogen levels in a subject in need thereof, comprising

administering to the subject gemcabene.

81. The method according to claim 80, wherein the subject’s fibrinogen level is greater than

300 mg/dL comprising administering gemcabene to the subject.

82. The method according to claim 81, wherein the subject’s fibrinogen level is greater than

400 mg/dL.

83.  The method according to any one of claims 79-81, wherein the daily dose of gemcabene

is from 50 mg to 900 mg.

84. The method according to any one of 80-83, wherein gemcabene is administered in

combination with a statin.
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5. The method according to claim 84, where the statin is atorvastatin, rosuvastatin,

simvastatin, pravastatin, lovastatin, fluvastatin, or pitavastatin,

86.  The method according to claim 85, wherein the daily dose of statin is from 1 mg to 80 mg.
87. The method according to claim 86, wherein the daily dose of gemcabene is 300 mg, 600
mg or 900 mg and the statin is atorvastatin administered at a daily dose of 10 mg, 40 mg, or 80

mg.

88. The method according to claim 87, wherein the daily dose of gemcabene is 600 mg and

the daily dose of atorvastatin is 10 mg.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-5, 47-49, 62-67 and 72-82 drawn to a method of treating a subject having type Ilb hyperlipidemia/reducing the .
accumulation of liver fat/reduction of the NAFDL activity score/reducing hepatic fibrosis/reducing hepatic fibrosis/reducing plasma
fibrinogen levels comprising, administe1ing to the subject gemcabene in combination with a low or moderate dose of a statin

Group iI: claims 25-43 drawn to a fixed dose combination comprising an amount of gemcabene from about 50 mg to about 900 mg and
an amount of a statin from about 1 mg to about 60 mg

Group lil: Claims 44-46, drawn to a method for treating or preventing hepatic steatosis, comprising administering to a subject in need
thereof an effective amount of a compound of formula (1) or formula (1)

The inventions listed as Groups I-1ll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

special technical feature: - e

Groups | and Il do not require method for treating or preventing hepatic steatosis, comprising administering to a subject in need thereof
an effective amount of a compound of formula (1) or formula (i1}, as required by Group IIl. . voe

Group 1l does not require gemcabene in combination with a low or moderate dose of a statin, as required by Groups I-Il.

Group |l does not require a method of treatment comprising the administration of the drug, as required by groups | and |
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Groups | and Ill share the technical feature of administering pharmaceutical agent for treating diseases.
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anticipated by US 2012/0165411 A1 to Bisgaier et al. (hereinafter ?Bisgaier?). Bisgaier teaches administering the combinations of

gemcabene and statin to a subject for treating (para [0064]; claims 7-10)

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups I-1Ii therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature. .
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