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Maturation Inhibitor BMS-955176: Integrated Model of Polymorphic Antiviral Responses

Z Lin,* J Cantone,” H Lu,* B Nowicka-Sans,* T Protack,! D Drexler,” M Cockett,! M Krystal,! A Regueiro-Ren® and | Dicker?

! Department of Virology, ¢ Pharmaceutical Candidate Optimization and * Discovery Chemistry, Bristol-Myers Squibb, Research & Development, Wallingford, CT 06492, and Princeton, NJ 08540, USA

Corresponding author:
Ira Dicker, PhD

Email: Ira.B.Dicker@Viivhealthcare.com

m CA/SP1 cleavage rates are a function of the Gag polymorph; faster rates may result in reduced m These predictions are in accord with both preclinical antiviral potency and clinical viral load
MI sensitivity, depending on MI* but rate of cleavage is not the only controlling factor in Ml reductions as a function of Ml and Gag polymorph.
efficacy (Table 4, Figure 4).

BACKGROUND Table 2. Equilibrium binding affinities (K, values) of BMS-955176 and BVM toward HIV-1 VLPs Figure 3: BMS-955176 inhibition of AV370 virus in two antiviral formats

m  HIV-1 maturation inhibitors (MIs) disrupt the final step in the HIV-1 protease processing of the B Shilselsel 9 BVM/BMS Figure 7: Modeled versus observed antiviral responses
Gag polyprote_ln — the cl_eavage bet_ween capsid (CA) and spacer peptide 1 (SP1) — leading VLP K nM sD N FC versus K nM SD N FC versus '2551?6 Max % inhibition Figure 4. Rates of cleavage of WT and Gag polymorphic VLPs at CA/SP1 by HIV-1 protease in vitro Modeled versus antiviral-dose response of V370A to BVM Clinical versus calculated (Model 2) VL reduction
to the production of non-infectious virus. 4 WT 4 WT 4 ratio A B - " " - ® 120 - 0.0 -
BMS-955176 @ NFV c _ —
m BMS-955176 is a second-generation Ml currently in Phase llb, with improved antiviral activity c 1 3000- - RV AEAMSOVTINSATI MM o X — (‘c} 128_ % L 05-
towards Gag polymorphism-containing viruses resistant to the first-generation Ml, bevirimat WT 04 2.6 5.0 1.0 3.2 0.6 0 1.0 1.7 % ¢ BMS.95E176 100 VR vV R g 60 | <O Antiviral c &
(BVM) (Table 1).1-3 " 2000 ' VM Vv M 3 - Model 2 g o = POC study
V370A | 49.2 12.5 5.0 9.1 6.5 2.2 5 2.0 7.5 g SMSE55L76 50- AM=sPL - A v Té é - = Calculated
This study was conducted to understand the underlying mechanistic reasons for improvements ' ' ' ' ' ' ' ' L 1000- NEY ¢ I H= HIV-1 protease cleavage site = o
to polymorphic coverage, using three different MiIs (Figure 1). S 0 , T = trypsin cleavage site <
AV370 | 259 | 131 | 5.0 48 336 | 5.9 5 10 7.7 - 54 3 2101 % 4 3 540 1 W BVM. log
Table 1: Iterative improvement of MIs against Gag polymorph-containing viruses BMS-955176

Log uM Log uM

) BVM and BMS-955176 equilibrium binding affinities (Kd values) toward HIV-1 VLPs determined by competition displacement of A) Antiviral dose—response curve for inhibition of HIV-1 Gag B) Model 2 reduction in rate .of CA/SP1 cleavage of WT or V370A
Polymorphlc NEV BVM BMS-1 BMS-955176 [*H]-BMS-955176* (C20 reduced form of BMS-955176) by other Mis. V370A by BVM (mean of 3 experiments, data normalized to (surrogate for polymorphic viruses) at 300 nM MI, versus observed
SDM - - BVM, bevirimat; FC, fold change; MI, maturation inhibitor; VLP, virus-like particle; WT, wild-type. no response = 100% activity (open circles, solid line); reduction in HIV-1 log,, copies/mL RNA in proof of concept (POC)
Dose—response curves for BMS-955176 (diamonds) and NFV control (circles) in the A) MC and B) SC assay toward the AV370 normalized calculated rates of CA/SP1 cleavage (K, ,.) studies; BMS-955176 polymorphic clinical subtype B = changes
ECso FC EC50 FC EC5o FC EC50 FC O Assay uses purified VLPs Containing the indicated Changes Ta Gag_ virus; vertical doublg-headed arrows highlight differences in residual .signal bgtween the two compounds in the two antiviral are shown for Moc_lel 1 (closed squares, dotted line) and at positions Gag 362 369, 370 or 371; BVM polymorphic cIin.ic_aI
formats, C) comparison of MPI data for A and B shown as MPI of luciferase signal. Data shown are an average of three Model 2 (closed triangles, dotted line). = changes at positions Gag 369, 370 or 371; BMS-955176 clinical
. . e experiments. MC, multiple cycle; MPI, maximal percent inhibition; NFV, nelfinavir, a HIV protease inhibitor; SC, single cycle. POC study, 40 mg maximal median HIV-1 log,, RNA reduction
WT 4.3 1.0 10 1.0 16 1.0 1.9 1.0 m Mis bind reversibly, and binding is displaced by other Mls. P Sl P P Je ey (Study Al468002): BVM clinical POC study, 250400 mg.?
m Single-cycle format is more demanding in terms of driving to complete inhibition (Figure 3).
V362] 4.3 1.0 74 72 213 14 45 2 4 : : . : : J y J J P ( J ) BVM, bevirimat; MPI, maximal percent inhibition; MI, maturation inhibitor; VL, viral load; WT, wild-type.
: : : : : m BMS-955176 binds with greater affinity to HIV-1 Gag than the early-generation maturation , — e , , , ,
inhibitor (EGMI), BVM. : : TR : : . - . 100 200 300 100 200 300
Q369H n.d n.d 70 0.7 n.d n.d 1.9 1.0 Table 3: Maximal percent inhibition in multiple-cycle (MC) and single-cycle (SC) assays Minutes Minutes CONCL USIONS
V370A 41 10 550 54 33 15 5 7 14 m Representative examples of antiviral inhibition curves in a multiple-cycle replication assay for MC assay SC assay [HIV-1 protease] = 270 nM, 22°C. FC data from Table 1; FC = EC_, SDM/EC_ WT.
' ' ' ' BVM, BMS-1 and BMS-955176 towards WT, V370A and AV370 viruses are shown in Figure 2. SDM, site-directed mutant: WT, wild-type (NLRepRIucP373S). m BMS-955176 is a second-generation MI currently in Phase llb with potency towards
WT V370A AV370 WT V370A DV370 . . . _ Gag polymorphic viruses resistant to the first-generation MI, BVM.*~
V370M 4.5 1.0 1810 177 >4000 >230 2.8 1.5 m Persistent inhibition of in vitro CA/SP1 cleavage depends on genotype and MI* (Figure 5).

m MPI values were calculated from the plateaus in inhibition at the highest inhibitor concentration, a A combination of antiviral and biochemical approaches were used to understand the

AV370 5.2 1.2 >10000 | >1000 >6000 >375 13 6.8 and tabulated and normalized for multiple experiments in Table 3 using the equation MPI= (1 - Ml [MPI|SD| N |[MPI|SD| N [MPI|SD| N |MPI|SD| N |[MPI|SD| N |[MPI|SD| N Y Persistence: WT > AV370 > A364V underlying mechanism for these spectrum differences.
(signal from the average at the two highest drug concentrations/signal from no drug control)* 100). ' '

V370A/ el . . :
_ _ 1 >1 >62 _ _ _ ___ _ m EGMIs, such as BVM and BMS-1, exhibit incomplete antiviral activity, even at saturating
A371T i e M 09 0000 | >625 00 52 _ _ _ - BVM (98.4[1.0| 8 [65.4/38| 4 |9.2(6.3| 4 823 2.7 | 15 |19.0/ 3.5 | 3 |25.6/30.9] 12 | [T TN I le Mo LA re ey O N o Y ST Y ety A e T o
Figure 2: Ml dose-responses in a multiple cycle antiviral assay 9 '
T371A n.d. n.d. 40 3.9 28 1.8 2 1.1 ams-1 1970l 051 4 lea2la7l 3 37129 3 dlndlndnd ndlnd lndlnd nd BVM B BMS-955176 m BMS-955176 exhibits greater ability to maximally inhibit polymorph-containing variants,
) ' ' ' ' ' ' n.d.h.dndindandnd,nd. n.dnd. 100- in part due to higher affinity for its Gag target.
AT371 2.0 0.5 77 7.5 292 19 7.3 3.8 - WT =V370A «AV370 = WT AV370 = A364V = WT AV370 = A364V
EC_, values (nM) assayed with the HIV-1 laboratory strain NLRepRIucP373S containing the indicated SDMs; FC = EC,  (SDM)/ C BMS-955176 BIV>- 100104 | 11 (198.2(1.3| 6 1919144 | 6 |93.0125| 26 |765(3.0| 5 (459|7.4| 30 m These d_ata were integrated into a semi-quantitative kinetic _mOdel’ which posits that,
EC,, (WT), data from multiple measurements (N 23). The data provided are the mean of at least triplicate values with a mean CV - 955176 depending on M| and polymorph, some degree of HIV-mediated protease cleavage

Ul
<

of 83 +/- 50% for all the experiments, and all CV values <200%. BVM, bevirimat; CV, coefficient of variation; n.d., not determined: 150 - may still occur on Gag/MI complexes.

FC, fold change; NFV, nelfinavir; SDM site directed mutant; WT, wild-type.

NFV 1100|0.2| 10 (999(0.1| 5 |100{0.1| 5 (99.3({04 | 21 |99.0/0.6| 4 (99.110.9]| 26
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m  Model outputs are in accord with in vitro antiviral observations and correlate with observed
In vivo M| efficacies for both Mis.
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BVM, bevirimat; MPI, maximal percent inhibition, MC, multiple cycle; n.d., not determined; NFV, nelfinavir; SC, single cycle;
SD, standard deviation; WT, wild-type.

Figure 1. Structure of MIs used in this study

m These findings support the further clinical development of BMS-955176 and may be useful
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o0~ m In both antiviral formats BVM and BMS-1 exhibit pronounced incomplete antiviral inhibition (MPI Time, hours Time, hours to help guide development of newer Mls, with potential applicability to other virus systems
<100%) toward polymorphs, even at saturating drug concentrations. A) BVM, B) BMS-955176: Time-dependent inhibition of CA/SP1 cleavage of WT, A364V and AV370 VLPs in vitro as monitored and inhibitors.
O- by LC/MS analysis; values are an average of nine replicates; bars are SEM.
m BMS-966176 exhibits >MPI than EGMIs in MC and SC assays against Gag polymorph- BVM, bevirimat; SEM, standard error of the mean; VLP, virus-like particle; WT, wild-type.
containing viruses (Table 3). m Innate CA/SP1 cleavage rates and MI-specific Gag VLP affinities allow for modeling the kinetics AC K N OWL E DG |\/| E NTS

Incomplete inhibition is more pronounced in SC antiviral assay (Table 3). of CA/SP1 M cleavage inhibition using the scheme shown in Figure 6.

m  We would like to thank all of the Al468002 clinical trial participants and their families.

Figure 6: Scheme for inhibition of HIV-1 infectivity by Mls m Bristol-Myers Squibb: Zheng Liu, Dawn Parker, Susan Jenkins, Sharon Zhang, Zhufang Li, Yuan Tian, Palanikumar Ravindran,
Hong Xiao, Dennis Grasela, Richard Bertz, Phyllis Chan, Albert DelMonte, Michael Child, Yash Gandhi, Samit Joshi, Matthew

Units are in Renilla luciferase RLUSs. In cases where there is no curve and thus no plateau per se, the same calculation method
2nd generation Ml was employed using the two values at the highest compound concentrations.
BMS-955176 BVM, bevirimat; MPI, maximal percent inhibition; RLU, relative light unit; WT, wild-type.

Table 4: Rates of cleavage of WT and Gag polymorphic VLPs at CA/SP1 by HIV-1 protease in vitro

Rate of CA/SP1 cl FC-EC__ (antiviral data) Immature virus B is in equilibrium for binding to ‘ rotense o f Healy, Philip Ross, Anupama Sheoran, Varsha Chhatre, Yang Hong, Jacob Swidorski, Bo Ding, Brian Mcauliffe, Xiuyang Guo,
ate o Cleavage — antiviral aata _ rofease cleavage o Todd Correll and Eric Y Wong.
BVM, bevirimat; EGMI, early-generation MI; MI, maturation inhibitor. R ES U LTS J =0 Mi to produce Mi-bound form A. | | 5 Mi-free gag | .g | | | |
Rel k Model 1: HIV protease can only cleave immature virus Immature K, m Special thanks to: Max Lataillade DO MPH, Vice-President, Specialty Development-Virology, HIV Global Development Lead
Virus kclv . min-1a (vers SCIW'SI')a BVM BMS-955176 (form B) at CA/SP1 in the absence of Mls with innate virus Dirk Schdrmann MD, Christian Sobotha MD and Charité Research Organisation GmbH
. : : T : ’ versu i H MD, PhD, Study Director for Al468002 Umesh H da, Lead Pre-Clinical Toxicologist for the di
M ETHO DS m In antiviral assays, EGMIs do not achieve maximal percent inhibition (100% MPI) of certain K/'IGZVT? I:?i/elconsmm (k). @ fulr‘Ct'cl’” of GSEJ‘S)S;@O;Z“B | ~ @ mauraion gfaéﬁs-ggggfa Héathe;Se‘\‘/mysk;el\‘jsorL‘;; i Phr;‘f;acofongﬂgegow 4, Lead Fre-Linical foxicologist for the discovery
_ . . . : . . odel Z. -1 protease may also cleave INn -poun T K inhibitor (MI ’ ’ ]
o o | o | | Gag pOIanorph_IC viruses, even at S_aturatmg concentrations, resulting in low levels of WT 0.002 1 1 1 form A via cleavage rate constant (k,) to produce mature virus o || o m  We thank BMS for sponsoring the work. Further work will be supported by ViiV Healthcare, Inc.
O An_tmra] activities towgrd wild-type (\_/VT? and Gag polymorph-containing viruses were studied breakthrough virus (partial antagonism) (Table 3). V370A/AT371 0.003 25 109 35 form C, providing an escape mechanism for the formation of : s Professional medical writing and editorial assistance was provided by Sharmin Naaz at MediTech Media, funded by Bristol-
using single- and multiple-cycle replication formats. mature virus in the presence of Mls. c " Protease deavage of Myers Squibb.
m BMS-955176 achieves higher MPIs against these polymorph-containing viruses, which is AV370 0.004 27 >1000 6.8 Rate constant (k,) is a function of both Ml and Gag polymorph, ' MI-bound gag
m Gag CA/SP1 cleavage kinetics of WT and polymorphic virus-like particles (VLPs) were correlated with lower FC-EC_, values (Figure 3). -  ooa > 9 ) » Zzﬁdﬁaﬁe&;ﬁ;ﬁg '?T";‘éfe'o?:‘)(’f MPI values from multiple cycle A REEERENCES
determined by a novel LC/MS assay. - - - - ' immature virus
m Mechanistic studies show that more rapid CA/SP1 cleavage of polymorphic VLPs (2—10-fold versus VV370A 0.005 3 54 14 P —————
m Aradiolabel binding assay was used to determine VLP/MI affinities and off rates (Table 2). WT) shows some positive correlation with reduced viral sensitivity to EGMIs (Table 4, Figure 4). | L.Lin Z, etal. CROI 2015; Abstract 42.
A364V 0.014 9.7 >1000 759 m Biochemical (CA/SP1 cleavage rates, Ml-specific Gag affinities) and virologic (MPI) data were ;23 Eﬂiaég”?{e ftsa'-e 'tC;IAAA?mZV??%Q:’;ggg %5-?176 Abstract 8
m Cleavage, binding and antiviral data were used to create an integrated model for calculating = [n addition, ip vitro inhibition of WT CA/_SP1 cleavage by BMS-955176 persists for longer *[HIV-1 protease] =270 nM, 22° C. FC data from Table 1; FC = EC,, SDM/EC,, WT, WT = NLRepRIUCP373S; Combined. to create an integrated kinetic model to calculate rate reductions of CA/SP1 cleavage 4 | aaillade M., et al. CROI 2015: Abstract 114LB. |
rates of CA/SP1 cleavage. compared with BVM (Tables 1 and 4, Figure 4). BVM, bevirimat; SDM, site directed mutant; VLP, virus-like particle; WT, wild-type. by Mls (Figure 7). 5. Nowicka-Sans B, et al. IAS 2015; Abstract TUPEAQ78.
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