Novel dihydroquinolizinones for HBV surface antigen (HBsAg) reduction with Liver targeting properties
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Background

Chronic hepatitis B (CHB) is characterized by high levels of
hepatitis B virus (HBV) surface antigen (HBsAg) in blood
circulation. A major goal of CHB Iinterventions is to reduce or
eliminate this antigenemia; however, the current standard of care
medications with either
nucleos(t)ide analogues (NUCs) have failed to do this."
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Fig 1. RG-7834 and its surface antigen reduction in a woodchuck model.
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Roche’'s RG7834 was developed for systemic use. It has
favorable anti-HBV activity, cytotoxicity, and liver microsome
stability. RG7834 showed very good permeability with a P, _g)
of 12.8 x 107 cm s~ ' and efflux ratio of 1.3 in Caco-2 assay. The
mouse single dose pharmacokinetics profile of RG7834
demonstrated that RG7834 had moderate plasma clearance (Cl)
(41.9 mL min~' kg™"), good distribution and satisfactory oral
exposure (oral bioavailability F

PK in mouse P. oias
LYSA MLM/HLM PPB pp(A-B)
(ng/mL) (ml/m/;n/kg) M/H Dose = Vss 132 ] Liver/plasma | log D PRA | emis) | Bl
(mg/kg) | (ml/min/kg) | (L/Kg) (h) (%) 107
1/iv 41.9 2.07 0.71
(ZO?}TJM] 13/3.7 64.8/67.2 2/po 1.48 62 1.28 | 5.79 12.8 1.3
12.5/po 4.0

Table 1. RG-7834 ADME and PK results showed potential for orally systemic use.

However, the CNS liability observed for RG-7834 raised safety
concerns for this compound.* Commercial development of RG-
/834 by Roche was stopped due to undisclosed toxicity issues.

A novel family of dinydroquinolizinone (DHQ) has been shown to
reduce circulating levels of HBsAg in animals, representing a first
for a small molecule with reliable and promising potential.
Reductions of HBsAg were a result of the compound’s effect on

WHsAQg (ng/mL)

Method

Our goal, contrary to the regular medicinal practice of pursuing
a highly systemically bioavailable lead compound, Is to convert
the systemic RG-7834 to liver-selective new DHQs that have
low to moderate bioavalilabilities In plasma but high liver
exposure and liver/plasma ratios. We believe that having drugs
that are more selective for liver hepatocytes, which are the cells

targeted by HBV,

IS one way to minimize or eliminate

unnecessary side effects resulting from the Iinappropriate

distribution

of

RG7834 to other

tissues.

Therefore,

hepatoselective DHQ compounds should have great potential
to improve the safety of this novel family of anti-HBV

compounds.

Several distinct medicinal chemistry approaches have emerged
to exploit the specific receptors or binding sites on the surface
of liver cells, which can facilitate liver-targeted delivery of small
molecules, in other disease fields; for example, Transporter-
mediated active uptake (2, Fig 2), Prodrug strategy (3), and

Address-and-message approach (4, Fig 2).°
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Fig 2. General absorption scheme for oral drugs and representative compounds for three
hepatoselective strategies

Results
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Fig 3. A, Synthesis of DHQ derivatives; B, Activities of new DHQ derivatives for reducing
HBsAg (ECsj); C, Northern blot analysis of bis-acid 13 for HBV mRNA reduction (at 1 uM after
S5-day treatment).

OATP1B1 OATP1B3
Cmpd Uptake Ratio Uptake Ratio Uptake Ratio Uptake Ratio
(-/+ inhibitor) (Transporter i nipitory/ MOCK Linibitor)) (-/+ inhibitor) (Transporter i nipitory/ MOCK inibitor))
13 11.17 18.99 11.57 24.80
RG7834 0.38 0.71 0.42 0.56

Table 2. Substrate determination of 13 on OATP1B1 and OATP1B3, Estradiol 17-3
Glucuronide was used as a positive control. A compound is defined as a potential substrate of

the corresponding transporter in these assays when both ratios are bigger than 2. 13 is a
substrate for OATP1B1 and OATP1B3 but RG7834 is not.

Cmpd 1%2%?}'] B/BS 1%2%?{325 Efflux Ratio BBB Penetration Potential
13 0.38 0.55 1.47 oW
Papp (a-8) < 3
Moderate
RG7834 9.17 35.77 3.90 P oo () > 3, ANG
10 > efflux > 3

Table 3. BBB penetration potential in MDCK-MDR1 cells. 13 has a low penetration
potential to BBB.

Liver Microsomal Stability Caco-2 CYPs
H M IC
=L oo P, (A-B) | Pan, (B-A) | Efflux 0
. V12 o Y12 (10°, cm/s) | (10°, cm/s) | Ratio REAing 2
(uL/min/mg) | (min) | (uL/min/mg) | (min) ’ ' isozymes
0 o0 0.8 1736 0.39 2.06 5.30 >10 uM

Table 4. ADME evaluation. 13 demonstrates favorable ADME profiles.

Cause for a Cure
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Fig 4. PK evaluation in mice. 13 displays low exposure in plasma but high liver distribution.

Conclusions

Based on the structure of RG7834 and the analysis of its ADME and
PK profiles, we have incorporated an additional acid group into the
side chain of RG7834. Through the increase Iin tPSA and the
modulation of the clLogP/LogD of the new molecules, we have
identified a new lead that is potent in HBY mRNA degradation cellular
assay. Further evaluation showed that unlike RG7834, the new lead is
a substrate of both OATP1B1 and OATP1B3, which may facilitate the
absorption into the liver. This in vitro result was translated into an in
vivo setting: the new lead demonstrated much better hepatoselective
distribution in a mouse PK study than RG7834, with an average
liver/plasma ratio of 37.7 over 8 h. More importantly, the new lead

demonstrated a low risk for crossing the BBB in comparison to the
moderate risk of RG7834.
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