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Abstract

Elevated hepatic lipogenesis and inflammation are associated with the progression of non-alcoholic steatohepatitis (NASH) and cardiovascular

disease. Gemcabene, a small molecule in development for dyslipidemia, reduces plasma very low-density lipoprotein cholesterol (VLDL-C), low-
density lipoprotein cholesterol (LDL-C), triglycerides (TG) and C-reactive protein (CRP) in animal models and humans. An analysis of the clinical
information available for gemcabene and translational research substantiates the potential of gemcabene as a therapeutic agent for NASH. Specifically,
gemcabene showed positive effects in clinical trials in severe hypertriglyceridemia and in subsets of obese, diabetic patients, particularly reductions
in triglycerides, cholesterol and proatherogenic and inflammation markers. In nonclinical models, gemcabene showed significant improvement in
non-alcoholic fatty liver disease (NAFLD) activity and fibrosis scores and affected beneficially the hepatic expression of many lipid regulating and
inflammatory genes.
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Introduction

Several new or emerging drug candidates for Non-Alcoholic
Fatty Liver Disease/Non-Alcoholic Steatohepatitis (NAFLD / NASH)
owe their existence to repurposed dyslipidemia clinical programs
built on the triglyceride (TG) and inflammation lowering properties
and liver-directed mechanism of action of these agents. Revisited
drug candidates for NAFLD/NASH were previously shown to
reduce low-density lipoprotein cholesterol (LDL-C), triglycerides
(TGs), and lipoprotein[a] (Lp[a]) in humans and reduce steatosis
and fibrosis in nonclinical models [1]. By this approach, among
new agents advancing towards late development in dyslipidemia,
gemcabene may be of particular interest for NASH [2-4]. Gemcabene

@ @ This work is licensed under Creative Commons Attribution 4.0 License | ACCS.MS.ID.000542.

is a small molecule dialkyl ether having 2 terminal gem-dimethyl
carboxylate moieties, formulated as its monocalcium salt (Figure
1).

The molecule was discovered at Parke Davis [5-7] and its
clinical program as a lipid-lowering drug developed by Pfizer in
the 2000s was based on its high-density lipoprotein cholesterol
(HDL-C) elevating and triglyceride lowering properties [8,9].
Gemcabene has been evaluated at Pfizer as an oral therapy
for the treatment of patients with hypercholesterolemia or
hypertriglyceridemia who are unable to achieve normal levels of
low-density lipoprotein cholesterol (LDL-C) or triglycerides (TGs)
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with currently approved therapies (e.g., statins and fibrates, and
fish oils, respectively). In 2014, Gemphire Therapeutics acquired
the rights to continue gemcabene development as a once-daily
treatment for mixed dyslipidemia and for cardiometabolic rare
diseases: homozygous familial hypercholesterolemia (HoFH) [10]
and Familial Partial Lipodystrophy (FPLD) [11], a rare genetic
disorder characterized by an abnormal distribution of adipose

tissue including the development of a fatty liver. Recent nonclinical,
clinical and translational research on the efficacy of gemcabene
support the study of gemcabene in additional therapeutic
indications: heterozygous FH (HeFH), hypertriglyceridemia (HTG),
severe hypertriglyceridemia (SHTG), and Non-Alcoholic Fatty Liver
Disease / Non-Alcoholic Steatohepatitis (NAFLD/NASH).

Ve

Figure 1: Gemcabene calcium.
N

J

From Laboratory to Clinical Research

Early nonclinical studies with gemcabene evidenced that its
mechanism of action is primarily directed to the reduction of de
novo lipogenesis. In vitro experiments in primary rat hepatocytes
showed that treatment with gemcabene significantly and dose-
dependently decreased de novo cholesterol (CHOL) and triglyceride
(TG) synthesis at concentrations of 10 pM and 30 puM [5,6]. Also in
vitro, gemcabene lowers pro-inflammatory acute-phase protein,
C-reactive protein (CRP), by an NF-kB-mediated transcriptional
mechanism (evidenced in primary human coronary artery
endothelial cells) [12] and also suppresses IL-6- and IL-1B-induced
CRP production (evidenced in hepatoma cells) [13]. Gemcabene's
PPAR activity was shown to be irrelevant by an in vitro assay in a
subset of human PPAR responsive genes compared to TG lowering
agents gemfibrozil and fenofibrate [14], this observation may be

correlated with differences reported in anti-inflammatory and cell
signaling properties between gemfibrozil and gemcabene, with
higher inflammation inhibition for the latter.

In vivo, in Sprague Dawley rats, a model of diabetes and
obesity, gemcabene significantly reduced hepatic TGs (about 70%),
similar to reductions seen with the current therapeutic agent
gemfibrozil [6]. In the LDL receptor deficient mouse, a model of
HoFH, gemcabene significantly reduced LDL-C alone (55%) and in
combination with atorvastatin (72%), and inhibited progression of
atherosclerosis, indicating a mechanism independent of the LDL
receptor [15]. Overall, in animal models of dyslipidemia, gemcabene
improves the clearance of very low-density lipoproteins (VLDLs) in
the plasma, inhibits the de novo production of CHOL and TG in the
liver, and downregulates hepatic acetyl-CoA carboxylase 1 (ACC1)
and apolipoprotein C-1II (apoCIII) [16-18].

Table 1: Summary of Clinical Findings with Gemcabene: Mean Percent Changes in Lipids, Lipoprotein Parameters and Inflammatory Markers.

Atherogenic Markers
Total | 21537 -15.6 Inhibits P
CHOL (-24.85) (p=0.026) synthesis
-23.87**
Non- -19.8
-18** -19.0* -11.0% -28.0%
HDL-C (2733 (p=0.032)
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-20.0*
Wi | 23S | asws | TET (change | 5. -33 -55
(-29.94*%) -25 (-21.5%9) ’ from base-
' line)
VLDL-C (];i%é) -19.0 -61* -10
-16* (-33.0%
- ETTY
39‘}2 101 change from Inhibits -66
TG : -33.0 baseline) -30.0 | -19.6 X 33
X (p:()?,) Syl’lthESIS (p<0001)
Hepatic
TG l -74
ApoA-1 NA
-17.95* 119
ApoB (p=0 3;01) -36.0%* -12.0%* -28.0*
(-23.98%) -
-29
ApoClIII -11.0 -27.0 33
(p<0.01)
-19.57*
oE N -34. -15. -43. -
Ap A 34.0%* 15.0%* 43.0* 66
(-23.01%)
Inflammation Markers
-16.0* ea s -32
hsCRP -35.0 5]33'0 lgf“’m
(-42.8%%) aseline) (p<0.0001)
SAA NA 45,07 -34.0

'NCT02722408 (COBALT-1) [10]: **p<0.01; * p<0.05; *** p<0.0041.

2NCT02585869 [8]: TGs = 200 mg/dl vs patients with TGs = 500 mg/dl) **p<0.01; *p<0.05; ***p<0.001.

3NCT02571257 [9]: Data for 900 mg dose in brackets: **p<0.001; *p<0.196; ***p<0.05.

“NCT02634151 (ROYAL-1,[19])

aLDL-C = 100 mg/dL and TGs = 200 and < 500 mg/dL. Data for 600 mg. **p<0.01; *p<0.05; * p< 0.0579.

5LDL-C = 100 mg/dL and TGs < 500 mg/dL. Patients on moderate-intensity statins, data for 600 mg dose. **p<0.001; *p<0.05.

SNCT02944383 (INDIGO-1, [20]): Data for 600 mg. *p<0.05;

®NCT03508687 [11]: Liver fat reduction measured by MRI-PDFF. % reduction undisclosed.

Nonclinical findings with gemcabene translated to clinical
results in dyslipidemia. (Table 1) displays meaningful markers that
are shared by dyslipidemia, cardiovascular risk and liver disease.
Randomized clinical trials with gemcabene administered alone
or in combination with statins showed decreases in TG and CHOL
in dyslipidemia patients as well as important CRP reductions [9].
Dramatic TG reductions were revealed in hypertriglyceridemia
patients: in an ad-hoc analysis of patients with TGs 2 200 mg/dl
treated with 300 mg gemcabene for 12 weeks, the median percent
reduction from baseline was 39%; for a subset of patients with TGs
> 500 mg/dl, the median percent reduction from baseline was 60%
[8]. In patients with mixed dyslipidemia, recent randomized clinical
studies showed that plasma TRIGs, CRP and plasma markers
of dyslipidemia, inflammation and overall cardiovascular risk
were significantly reduced following treatment with gemcabene
[19,20].

Subsets of obese patients with mixed dyslipidemia and
patients with SHTG showed an even more dramatic reductions
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in these parameters. In a double blind, placebo-controlled, Phase
2b trial in patients with mixed dyslipidemia (LDL-C = 100 mg/
dL and TGs = 200 and < 500 mg/dL) treated with gemcabene as
an add-on to statins, a pre-defined analysis performed in obese
patients (ten treated with 600 mg gemcabene and 8 with placebo,
50% women, with baseline means LDL-C of 142 mg/dL, TGs of
247 mg/dL and BMI of 34 kgm?2) showed an overall reduction of
the cardiovascular risk markers in this population. 19 Significant
reduction of cardiovascular risk markers was also observed in a
12-week randomized, double-blind, placebo-controlled Phase 2b
trial in patients with mixed dyslipidemia (LDL-C = 100 mg/dL and
triglycerides =2 200 and < 500 mg/dL) [20]. Patients treated with
600 mg gemcabene showed a significant reduction in plasma TGs
of 47% compared to 27% in placebo-treated patients. In the same
study, an analysis of an SHGT patient subset (baseline serum TGs
2500 mg/dL) treated with 600 mg gemcabene showed a significant
reduction in plasma TGs by 30%, and a dramatical decrease in
plasma levels of proatherogenic and inflammation markers.
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Finally, reduction in liver fat following treatment with
gemcabene was evidenced in certain genotypes of FPLD. In a 12-
week, open label, proof-of-concept study in FPLD patients, the
liver fat fraction measured by MRI-PDFF was reduced in 2 of the
3 responding patients, along with decreases in serum TGs 11, in
agreement with observations in preclinical models [6, 17].

In summary, nonclinical and clinical findings concur in
supporting gemcabene’s pleiotropic, liver-directed, mechanism of
action, which combines

1
hepatic production of triglyceride and cholesterol synthesis,

Decrease in lipid production by blocking the overall

2)
very-low-density lipoprotein (VLDL),

Increase in lipid clearance by enhancing the clearance of

3)
some human genotypes,

Decrease in liver fat evidenced in diabetic, obese rats and

4)  Decrease in inflammatory markers highly sensitive CRP
(hsCRP) and serum amyloid A (SAA) (Figure 2).

e N

Production Mechanism

Plasma
- » % Clearance Mechanism
‘l&...-.-.....--.....-.-......-......,-'
Reduction of VLDL remnants, VLDL and LDL particles due to reduction in ApoC-III
Figure 2: Gemcabene’s Liver-Directed Mechanism of Action.
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Translational Research with Gemcabene: from
Dyslipidemia to NAFLD /NASH

Dyslipidemia and particularly obese and HSTG patients are at
high risk for NAFLD/NASH, since they often present high plasma
TGs, low HDL levels, liver TG, and have a proatherogenic profile.
Earlier reports have shown that improvements in NASH result
from combining lipid-lowering and anti-inflammatory agents.
Gemcabene has shown positive effects in populations at risk of
NASH: in obese patients and an SHGT population with TGs over
500 mg/dL, TG plasma levels were decreased, and proatherogenic
markers ApoB, ApoC-IIl and VLDL-C, and markers of inflammation
hsCRP and SAA were reduced. Therefore, going back to a nonclinical
proof of concept for the NASH indication, gemcabene was tested
in the STAMTM diabetic murine model of NASH, as a nonclinical

support for translating into clinical trials [21].

In this model, gemcabene’s reductions of TG and CRP are
similar to those evidenced by clinical trials in SHGT patients [21]
(Table 1). Its effects on the liver histology are relevant to the

regression of the disease: decrease in fibrosis with about 40% and
significant reduction in the NAS score compared with the vehicle-
treated NASH, at daily doses translated into clinical doses shown to
be effective in SHTG patients [21].

Measurements of hepatic mRNA gene expression (Table 2) are
indicative of favorable effects on inflammation, fibrosis, and lipid
metabolism at both 100 and 300 mg/kg doses, translatable to
clinically effective doses of 300 and 600 mg. In this murine model
of NASH, gemcabene significantly downregulated hepatic genes
associated with inflammation (IL-6, CXCL1/KC, CRP, TNF-a,, MCP-1,
MIP-18, CCR5, CCR2, NF-kB), fibrosis (FGF-21, ASK1, collagen type
3, TLR4, TIMP-1), and lipid and glucose trafficking (apoCIII, Sulf-2,
ANGPTL3, ANGPTL4, LPL and SGLT1).

Gemcabene significantly reduced ApoC-1II mRNA expression
levels, similarly to the plasma ApoC-III reductions in SHTG patients,
while decreases in plasma TG and CRP are well correlated with
downregulation of the corresponding hepatic genes [18, 21]. Also,
gemcabene favorably alters plasma and hepatic gene markers of
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lipid homeostasis and inflammation, confirming that gemcabene’s

pleiotropic effects discovered in dyslipidemia and SHGT nonclinical

models and in clinical trials in humans are translated to a nonclinical
model of NASH [22].

Table 2: Gemcabene Hepatic Gene Expression in STAMTM Mice Indicative of Favorable Inflammation, Fibrosis and Lipid Metabolism Effects.

' R\
Vemicle i | Gamcabess 208 |
st | el | wkien, | memei | P Tt
Less ** Trend
enr Ly * atlammanen (8500 =+ NASH group NS 810,640, both 100.80d 300 mg gesreabens
com ) * * mariammsenea (B8 prougs 55 a1 04201
com [ * * s llamematin (8510 iz
Twra vanna . * [T Abbreviations: )
wor. [y * * Ballamemativs (85]° ASK1. Apoplosss Signal-Regaiating Kinase 1:
WP ey - - T ———— ACDA, Acanitase 1;
T T - - |nitamemation (35 AT, Acatyl-Cok Carborylase 1;
e “rares + * |satammanss (551 ADHH, Alcohol Detrydrogenase 4;
TeRd [TTIT * - aflammation (13 ApaC-ll, Apolipoprotein C-1Il;
Tora vazan * + A lLABmanEA I eEain (331 CCR, C-C Chemoking Recepior,
e [T " * Fibeasin (38] CRP, Coreactive prolein;
ey Laned + + Frerasin (35) CypTA1, Cylochrame PASD Family 7 Subfamily & Mesrber 1,
ror-z 1aned + * Fikranim (58] FGF-21, Fibeobiast Growth Facker 21,
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Conclusion gemcabene, in patients with low levels of high-density lipoprotein

In conclusion, findings in clinical trials in SHTG patients and

subsets of obese and diabetic subject along with nonclinical data

render confidence for further evaluation of gemcabene not only as a

treatment for severe hypertriglyceridemia and mixed dyslipidemia,

but also as a potential treatment for NASH.
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