Progressive reductions in hepatic DNL with increasing doses of TVB-2640, a first-in-class pharmacologic inhibitor of FASN
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ABSTRACT

Consumption of dietary sugars induces hepatic de novo lipogenesis (DNL), which left unchecked, promotes fiver inflammation, ultimately
leading to the development of nonalcohoiic fatty iver disease (NAFLD) and nonalcoholic steatohepatiis (NASH). Treatment with TVB-2640, a
pharmacological inhibitor of FASN, has been shown to reduce biomarkers of DNL in rodent models of NAFLD, as well as in studies in cancer
patients. The purpose of the present study was to test the effect of TVB-2640 to reduce DNL in obese men with metabolic syndrome
characteristics that put them at risk for NAFLD. Twelve subjects (42.146.6 y, BMI 37.424.1 kgim2, insulin 26+11 UIL, glucose 103+8 mg/dL. and
TG 196495 mg/dL) with nommal AST (29414 u/L) and ALT (45221 ulL) underwent 10 days of reatment with TVB-2640 at doses ranging from 50-
150 mg/d. Food intake was matched to their typical intake and controlled throughout the study. At baseline and following the last dose, hepatic
DNL was measured in the fasting state and after a fructoselglucose bolus using isotopic labeling with C.-acetate infusion, followed by
measurement of labeled palmitate in VLDL via GC/MS. Substrate oxidation was measured by indirect calorimetry. Across the doses, fasing
DNL was reduced from 0% to 90% (P=0.002). With regard to PK, increasing plasma levels of TVB-2640 were associated with progressive
reductions in fructose-stimulated fractional DNL (Ré=0.749, P<0.001) and absolute DNL AUC (Re=0.553, P=0.006). Both ALT and AST were
significanty reduced. Substrate oxidation was unchanged. Safety monitoring revealed that the drug was well tolerated. Mild reversible hair loss
oceurred in two subjects, but otherwise no changes were observed in fasting concentrations of glucose, insulin, NEFA, ketones and renal
function. The results from this investigation support a significant therapeutic potential of TVB-2640 in patients with NAFLD.

BACKGROUND

Consumption of dietary sugars induces an increase in hepatic de novo
lipogenesis (DNL), which left unchecked, promotes liver inflammation, ultimately
leading to the development of nonalcoholic fatty liver disease (NAFLD) and
nonalcoholic steatohepatitis (NASH).  Pharmacologic inhibition of fatty acid
synthase (FASN), a key enzyme in the DNL pathway, with a TVB-2640 analog
prevents steatosis, inflammation, and fibrosis in high-fat, high-sugar diet-fed
murine models. In cancer patients, relatively high doses of the first-in-class
FASN inhibitor, TVB-2640, reduces markers of DNL systemically. The purpose of
the present study was to test the effect of TVB-2640 to reduce hepatic DNL in
obese men with metabolic characteristics that put them at risk for NAFLD.

METHODS

Shown in Figure 1 is the study design. Male subjects with the characteristics of
metabolic syndrome were consented and screened for this study (final sample
size, n=12). The study was approved by MU IRB (#2006432) and registered at
ClinicalTrials.gov (NCT02948569). Prior to starting treatment with TVB-2640, the
subject’s food intake was analyzed and a 3-day isocaloric diet was provided. A
similar diet was continued during the drug treatment (50, 100, or 150 mg daily)
for 10 days to maintain body weight. During day 1 and day 10 (pre- and post-drug
treatment), the subject completed a 24-hour, in-patient study to measure, 1) DNL
via continuous isotopic labeling using '3C,-acetate infusion, a fructose/glucose
oral tolerance test, followed by measurement of labeled palmitate in VLDL via
GC/MS, 2) substrate oxidation measured via indirect calorimetry, 3) body
composition via DEXA scan, and 4) liver fat by MRI scan and fibrosis score via
FibroScan™. During the 10-day treatment, serial safety visits were conducted
three times to identify potential side effects. A final safety visit was conducted 6d
after drug treatment was finished. Statistical analysis was performed using
Statview®. Data in graphs represent mean + SEM.

Figure 1: Study design
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Table 1. Subject characteristics
Subject characteristics 50mg [ 100mg [ 1s0mg ANOVA®
[Mean | sp | Mean | s | Mean | sp | Pwvalue
[Age (vears) 405 58 443 88 425 64 0715
[Weight (kg) 124.0 148 116.0 206 118.2 185 0.768
BMI (kg/m2) 374 | 3s | 376 | s7 | 373 s0 0904
HbATcC (%) 56 03 58 05 58 02 0702
[Fat mass (%) 387 | a7 | 384 ¥ 394 a2 0.968
|Systolic BP (mmHg) 139 14 130 1 123 12 0.268
[Diastolic BP (mmHg) 88 12 87 3 81 0614

* P-value for difference between groups
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RESULTS

Figure 2. Plasma PK of TVB-2640 Figure 3. Plasma lipids pre- and post-drug

|

“ w
oo

Abs DNL (mg/dL)
w
8

L e L A e
10 1 2 3 4 5 6 7 41 0 1 2 3 4 5 6 7 4 0 1 2 3 4 5 6 7

Time (hrs)
Figure 6. NEFA concentrations pre- and post-drug
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Figure 7. Body weight and liver fat Figure 8. Plasma AST and ALT
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Figure 4. Fractional DNL in VLDL-TG pre- and post-drug
35% 50 mg/d (n=6, P<0.03) 100 mg/d (n=4, P<0.02) 150 mg/d (n=2, n.s.) Changeliver fat CAP (dB/m)
30%  Before drug treatment 200 -100 0 100 Table 2. Adverse drug reactions
3 25% :;‘:C;“E 0 After drug treatment } . L ! ot )
2 20% N ' E éy, o Adverse DrugReactions 5::;2? 13:'::")9 15&-;)5
8 15% l = o -5% Constipation 1 0 [
4 10% ﬁ 7 Diarthea 0 1 0
5 Q—/‘Q/?m\(i o o0—09o0g®o—o g 0}6% Dry throat [ [ 1
5% e ,O e} Dry skin 1 0 0
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40 } The half-life (t,,) of the drug was determined to be between 10-12 hours (fig. 2). Ten

Figure 9. Relationships between drug, DNL, and liver fat

days of treatment with TVB-2640 significantly reduced TC, LDL, and HDL cholesterol in
all subjects (fig. 3). Across the doses, fasting DNL was reduced from 0% to 90% (fig. 4,
P=0.002) and absolute DNL was also reduced significantly (fig. 5). Plasma NEFA
concentrations tended to be decreased with higher doses (fig. 6). No changes were
observed in substrate oxidation and body weight, although liver fat was reduced
significantly (fig. 7). Both plasma AST and ALT were reduced significantly during
pharmacological treatment (fig. 8). With regard to PK, increasing plasma levels of TVB-
2640 were associated with progressive reductions in fructose-stimulated fractional DNL
and absolute DNL AUC (fig. 9). Further, a decrease in liver fat measured via
FibroScan™ was significantly associated with a reduction in peak percent DNL (fig. 9).
Safety monitoring revealed that the drug was well tolerated. Mild reversible hair loss
occurred in the two subjects with the highest level of drug in their plasma, (table 2). No
changes were observed in fasting concentrations of glucose, insulin, ketones, and renal
function (data not shown).

CONCLUSIONS

The increasing doses of TVB-2640 significantly reduced DNL. Levels of cholesterol in
lipoproteins were also reduced. Strong relationships were found between decreased
DNL and liver fat. Additional studies will be needed to understand the mechanism of
TVB-2640 on plasma NEFA. The results from this investigation support a significant
therapeutic potential of TVB-2640 in patients with NAFLD with a reassuring safety profile.
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