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Abstract

Background and Aims: Hepatic fibrosis secondary to HCV infection can
lead to cirrhosis and hepatic decompensation. Sustained virologic response
(SVR) is possible with direct-acting antiviral drug regimens; however, patients
with advanced fibrosis have an increased risk for HCC. Heat shock protein 47
(HSP47), a key collagen chaperone, has been implicated in fibrosis develop-
ment. We evaluated the efficacy and safety of BMS-986263, a lipid nanopar-
ticle delivering small interfering RNA designed to degrade HSP47 mRNA, for
the treatment of advanced fibrosis.

Approach and Results: NCT03420768 was a Phase 2, randomized (1:1:2),
placebo-controlled trial conducted at a hepatology clinic in the United States.
Patients with HCV-SVR (for = 1 year) and advanced fibrosis received once-
weekly i.v. infusions of placebo or BMS-986263 (45 or 90 mg) for 12 weeks.
The primary endpoint was = 1 METAVIR stage improvement at Week 12; key
secondary endpoints included Ishak score improvement, pharmacokinetics,
fibrosis biomarkers, and safety. All 61 patients completed treatment, and 2/15
(13%, placebo), 3/18 (17%, 45 mg), and 6/28 (21%, 90 mg) had METAVIR
improvements of = 1 stage at Week 12. Five patients in the 90-mg arm had
Ishak improvements by = 2 stages. BMS-986263 plasma concentrations
increased in a generally dose-proportional fashion between BMS-986263
doses, with no notable accumulation with weekly dosing. All adverse events
(AEs) were mild or moderate in intensity; most treatment-related AEs were

Abbreviations: ADA, anti-drug antibody; AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; C3M, matrix
metalloproteinase—derived collagen type Ill-specific neo-epitope peptide; CPA, collagen proportionate area; DPD, di-retinamide-PEG-di-retinamide; HSC,
hepatic stellate cell; HSP47, heat shock protein 47; INR, international normalized ratio; IRR, infusion-related reaction; LNP, lipid nanoparticle; MRE, magnetic
resonance elastography; PIIINP, N-terminal propeptide of type Il procollagen; PK, pharmacokinetics; PRO-C3, N-terminal propeptide of type Ill collagen;
gFIB, quantitative assessment of liver fibrosis; QW, once weekly; siRNA, small interfering RNA; SVR, sustained viral response; TIMP-1, tissue inhibitor of
matrix metalloproteinases 1; ULN, upper limit of normal.
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INTRODUCTION

Hepatic fibrosis can result from a variety of etiologies
including chronic HCV infection and NAFLD/NASH.!"
Patients with hepatic fibrosis have a higher risk of ad-
verse clinical outcomes over time, such as cirrhosis,
hepatic decompensation, and HCC.? Additionally,
mortality risk increases as fibrosis progresses such
that patients with advanced fibrosis and cirrhosis have
the highest all-cause and liver-related mortality risk.2=4
In recent years, direct-acting antiviral regimens have
become standard treatment for chronic HCV infection,
and they enable sustained virologic response (SVR)
rates > 95% with 8- to 12-week regimens, even in pa-
tients with advanced fibrosis.®® However, despite
HCV-SVR, adults with cirrhosis have an increased HCC
risk, and regular surveillance testing is advised.l”! With
no currently approved therapies for advanced hepatic
fibrosis, there is an urgent need for treatments that can
stabilize or reverse fibrotic disease progression.

Two key factors in fibrosis development, collagen
dysregulation and imbalanced extracellular matrix
(ECM) remodeling, are therapeutic targets that have
been evaluated in preclinical and clinical studies.B~14
Collagen is a vital component of the ECM, and heat
shock protein 47 (HSP47) is a molecular chaperone
that binds triple-helical procollagen in the endoplasmic
reticulum to prevent inappropriate collagen unfolding or
aggregation.[gl In preclinical models, HSP47 mRNA and
protein expression are markedly increased in fibrotic
tissue, suggesting a role for HSP47 in collagen accu-
mulation and fibrosis progression.“s‘m It is thought
that HSP47 mRNA silencing through small interfering
ribonucleic acids (siRNAs) may reduce fibrosis by he-
patic stellate cells (HSCs),®'%'28 which produce ex-
cess collagen following liver injury.”4'19]

BMS-986263 is a retinoid-conjugated lipid nanopar-
ticle (LNP) containing HSP47 siRNA. The LNP contains
a critical lipid targeting agent, di-retinamide-PEG-
di-retinamide (DPD), which facilitates direction of the
LNP to HSCs. There, retinoid-containing moieties on
the LNP bind retinol-binding protein (RBP) expressed
on HSCs; in vitro studies that show strong binding of
the DPD-containing LNP to human RBP support the
mechanism of DPD-mediated LNP uptake by liver
HSCs.”? Upon intracellular release, HSP47 siRNA
recruits the RNA-induced silencing complex, which

infusion-related reactions in the BMS-986263 arms. At baseline, collagen
levels were low, indicating low levels of fibrogenesis in these patients.
Conclusions: In patients with HCV-SVR, BMS-986263 administration was
generally well tolerated through Week 36 and resulted in METAVIR and Ishak
score improvements. Further evaluation of BMS-986263 in patients with ac-
tive fibrogenesis is warranted.

degrades HSP47 mRNA and prevents HSP47 protein
translation.!>?% Thus, BMS-986263-mediated HSP47
mRNA inhibition may reduce or reverse liver fibrosis
by disrupting collagen formation and promoting HSC
apoptosis, respectively.[zﬂ

To date, BMS-986263 has been studied in healthy
volunteers (Phase 1) and in patients with advanced
hepatic fibrosis secondary to NASH or HCV (Phases
1b and 1b/2)."*22:231 BMS-986263 administration once
weekly (QW) or twice weekly for 3—5 weeks was gen-
erally well tolerated with linear pharmacokinetics (PK)
and resulted in biopsy-assessed histopathological im-
provements in patients with advanced fibrosis. Here,
we present the results from a Phase 2 study to evaluate
the safety, tolerability, PK, and pharmacodynamics of
BMS-986263 administered QW for 12 weeks in patients
with advanced hepatic fibrosis secondary to HCV.

PATIENTS AND METHODS
Study design

NCT03420768 was a Phase 2, randomized, double-
blind, placebo-controlled, parallel-group study in adults
with advanced hepatic fibrosis due to HCV who had
achieved SVR (HCV-SVR; Figure 1). The study was
conducted at The Texas Liver Institute (San Antonio,
TX). Eligible patients had documented SVR (i.e., no
detectable serum HCV RNA at least 12 weeks after
completing antiviral therapy) for at least 1 year and
advanced hepatic fibrosis (METAVIR F3 or F4) ac-
cording to local pathology interpretation of liver tissue
obtained within 8 weeks of screening. Exclusion criteria
included Child-Pugh score > 6, Model for End-Stage
Liver Disease score > 12, or evidence of HCC based
on serum concentration of alpha-fetoprotein or imag-
ing at screening. Additionally, patients were ineligible if
they had a history of hepatic decompensation or trans-
plantation, albumin < 3.5 g/dL, international normalized
ratio (INR) greater than the upper limit of normal (ULN),
or total bilirubin > ULN. The minimum allowable plate-
let count was initially 140,000/uL; however, to account
for the frequency of thrombocytopenia in patients with
cirrhosis, the protocol was amended toward the end
of enroliment to lower the platelet count threshold to <
100,000/pL.
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Placebo — QW IV o it e, —_—— )
F3/F4 i BMS-986263 — 45 mg QW IV Follow-up period ~ |= = —
BMS-986263 — 90 mg QW IV - -
Weekly Infusions 1
| Screening Week 0 Week 12 Week 36
Liver biopsy? Liver biopsy

FIGURE 1

NCTO03420768 study design. Eligible patients were randomized 1:1:2 to receive placebo or BMS-986263 (45 mg or 90 mg)

i.v. QW for 12 weeks. °Liver biopsies were performed within 8 weeks prior to or during the screening period

Randomization using interactive response technol-
ogy followed a computer-generated block scheme that
stratified patients by METAVIR fibrosis stage (F3 vs.
F4). Assignments were made 1:1:2 to receive placebo
(0.3—0.6 mL intralipid in 100 mL 5% dextrose solution)
or BMS-986263 (45 or 90 mg diluted in 0.9% saline to
~100 mL) infused i.v. QW for 12 weeks (Weeks 0-11;
Figure 1). Pretreatment with antihistamines or hydro-
cortisone was allowed at the investigator’s discretion to
reduce potential for infusion-related reactions (IRRs).
Protocol amendments were made to evaluate and de-
termine the optimal BMS-986263 infusion rate. Liver
biopsies were performed at Week 12, and safety was
monitored through Week 36.

Study endpoints

The primary endpoint was the proportion of patients
with 2 1 METAVIR stage improvement in hepatic fi-
brosis at Week 12 as determined by histopathologi-
cal interpretation of liver tissue obtained from biopsy.
Key secondary endpoints were the proportion of
patients with = 2 Ishak stage improvement, BMS-
986263 plasma concentrations, and safety at Week
36. Exploratory endpoints included changes from
baseline to Week 12 in the following parameters:
HSP47 mRNA and HSP47 protein in liver, fibrosis as-
sessed by dual-photon microscopy (qFibrosis [qFIB]),
serum biomarkers of collagen formation (N-terminal
propeptide of type Il collagen [PRO-C3]), collagen
degradation (matrix metalloproteinase—derived colla-
gen type lll-specific neo-epitope peptide [C3M] and
tissue inhibitor of matrix metalloproteinase [TIMP-1]),
and collagen turnover (N-terminal propeptide of type
Il procollagen [PIINP]).

Study assessments

Baseline liver histology was analyzed by a local pa-
thologist to identify eligible study patients (i.e., those

with METAVIR F3 and F4 fibrosis). Per the study proto-
col, the baseline biopsy specimens were subsequently
reassessed by a blinded central pathologist (Z.G.) to
enable comparison with Week 12 biopsy specimens.
Morphometric quantification of hepatic collagen in each
biopsy specimen was performed on 4-um-thick sec-
tions stained with picrosirius red; digital images of the
sections were acquired using an Aperio ScanScope
XT (Leica Biosystems, Vista, CA) at x20 magnification.
Collagen proportionate area (CPA) was defined as the
percentage of the tissue section that was positive for
red staining as determined by the Aperio Positive Pixel
Count Algorithm. gFIB, a stain-free, fully automated,
quantitative tissue imaging tool, was also used to as-
sess fibrosis changes between baseline and Week 12
using 4-um-thick tissue sections and second-harmonic
generation/two-photon excitation fluorescence micros-
copy.[24] Baseline blinded serum samples were analyzed
for circulating concentrations of collagen and fibrosis
biomarkers; data were stratified by METAVIR fibrosis
stage. PRO-C3 and C3M were measured with com-
petitive ELISAs developed and performed by Nordic
Bioscience (Herlev, Denmark). PIIINP was measured
using an ELISA developed by CisBio (Codolet, France)
and performed by Nordic Bioscience, and TIMP-1 was
measured using Luminex technology (Myriad RBM,
Austin, TX).

Magnetic resonance elastography (MRE) and
FibroScan were used to assess liver stiffness at base-
line as a surrogate marker of liver fibrosis. All MRE
images were analyzed by the central imaging facility.
HSP47 protein was measured in 4-um liver tissue sec-
tions by immunohistochemistry (Mosaic Laboratories,
Lake Forest, CA), and HSP47 mRNA was measured in
5- to 10-mm? tissue sections using the HTG EdgeSeq
system (HTG Molecular Diagnostics, Inc., Tucson,
AZ) in liver tissue collected at baseline and Week 12.
Blood PK samples were collected preinfusion, midin-
fusion, and postinfusion at Weeks 0, 1, 4, 6, and 11;
and additional postdose samples were collected 1 and
3 weeks following the Week 11 dose. siRNA PK analy-
sis was evaluated with a validated hybridization ELISA
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TABLE 1 Baseline patient demographics and characteristics
Placebo QW 45 mg BMS-986263 QW 90 mg BMS-986263 QW Total
Parameters (n=15) (n=18) (n=28) (N =61)
Demographics
Age, mean (SD), years 61.8 (6.5) 60.2 (7.5) 59.8 (8.2) 60.4 (7.5)
Female, n (%) 8 (53) 7 (39) 12 (43) 27 (44)
White, n (%) 13 (87) 17 (94) 26 (93) 56 (92)
Hispanic, n (%) 6 (40) 13 (72) 13 (46) 32 (53)
Characteristics
Time since SVR, median (range), 31 (15-70) 32 (15-58) 46 (14-66)° 37 (14-70)2
months
BMI, mean (SD), kg/m? 27.4 (4.2) 30.0 (3.4) 29.8 (3.7) 29.3 (3.8)
T2DM, n (%) 2 (13) 4 (22) 8 (29) 14 (23)

Abbreviations: BMI, body mass index; T2DM, type 2 diabetes mellitus.
#Two patients had a missing SVR date.

method that used complementary capture and detec-
tion oligonucleotides.

All treatment-emergent adverse events (TEAESs)
were recorded through Week 36 and classified using
MedDRA (v21.1). Bone mineral density (BMD) was
measured by dual-energy X-ray absorptiometry (DXA)
at baseline and Week 36 by the central imaging facility.
Antidrug antibody (ADA) responses to BMS-986263
were measured in plasma using a three-tier screening,
confirmatory, and titer detection method where BMS-
986263 served as a capture and detection reagent for
ADAs.?®! For these analyses, preinfusion samples were
collected from each patient at Weeks 1, 2, 4, and 12.

Statistical analyses

The planned study sample size was 60 patients rand-
omized into three arms; this population estimate was
not based on formal statistical justification. Efficacy
and safety analyses included all randomized patients
who received at least one dose of study treatment.
Biomarker and PK analyses included all patients who
had received at least one dose of study treatment with
at least one posttreatment biomarker measurement
and available concentration—time data, respectively.
For the primary efficacy endpoint, a 95% exact Cl and
ORs were used to estimate differences in the BMS-
986263 versus placebo arms; those with a missing
Week 12 histology score were considered to have no
fibrosis improvement. The secondary efficacy endpoint
was analyzed similarly to the primary endpoint except
that patients without a Week 12 histology score were
excluded. Safety analyses included all reported TEAEs
through Week 36, which were listed and summarized
by system organ class, preferred term, and arm. All
exploratory endpoints were summarized using descrip-
tive statistics by arm and study day, with change from
baseline or percentage change from baseline reported

as appropriate. Secondary and exploratory endpoints
were not adjusted for multiplicity. Statistical Analysis
Software (SAS), version 9.4, was used for statistical
analyses and tabulations.

Oversight

The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved
by the institutional review board or independent eth-
ics committee. All patients gave written informed con-
sent prior to study participation, and an external data
monitoring committee monitored safety throughout the
study.

RESULTS
Study population

The study was conducted between February 14, 2018,
and May 28, 2019. All 61 patients who were enrolled
and randomized 1:1:2 to receive placebo (n = 15), 45
mg BMS-986263 (n = 18), or 90 mg BMS-986263 (n
= 28) completed the treatment and follow-up periods.
Most patients were White (92%) or Hispanic (53%), and
the mean age was 60 years (Table 1). For all patients,
the median time since SVR was 38 months; the 90-
mg BMS-986263 arm had a median time of 46 months
since SVR compared with 31 months for placebo and
32 months for the 45-mg BMS-986263 arm.

All baseline fibrosis scores of enrolled patients
were METAVIR F3 or F4 as assessed by the local
pathologist; however, the central pathologist staged
32/61 (52%) of the baseline tissue samples as F1-F2
(Table 2). Most discrepancies between the local and
central readings were related to patients staged as F3
at screening. Results from additional fibrosis measures
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TABLE 2 Baseline fibrosis stage by central read, liver biopsy tissue characteristics, and laboratory values

Placebo QW 45 mg BMS-986263 QW 90 mg BMS-986263 QW Total

Parameters (n =15) (n=18) (n=28) (N =61)
METAVIR fibrosis stage, n (%)

F1 1(7) 4 (22) 3(11) 8 (13)

F2 5(33) 8 (44) 11 (39) 24 (39)

F3 7 (47) 4 (22) 8 (29) 19 (31)

F4 2 (13) 2(11) 6 (21) 10 (16)
Liver biopsy tissue characteristics

Tissue length, mean (SD), mm 20.1 (3.6) 19.6 (4.0) 18.3 (3.7) 19.1 (3.8)

220 mm, n (%) 11 (73) 11 (61) 10 (36) 32 (52)

215 mm, n (%) 14 (93) 16 (89) 24 (86) 54 (89)

> 11 portal areas, n (%) 15 (100) 17 (94) 26 (93) 58 (95)
Fibrosis parameters, mean (SD)

CPA (%) 3.49 (2.05) 3.36 (2.47) 3.04 (1.97) 3.25(2.12)

a-SMA (%) 4.71 (4.93) 4.01 (3.92) 4.44 (4.12) N/A

Fibrosis-4 index 1.70 (0.61) 1.81(0.85) 1.46 (0.42) 1.62 (0.63)

PRO-C3, ng/mL 11.14 (3.89) 12.57 (3.39) 12.20 (3.79) 12.05 (3.68)

PIINP, ng/mL 7.27 (2.24) 7.27 (1.80) 7.08 (1.78) 7.19 (1.88)

TIMP-1, ng/mL 105.3 (23.1) 122.7 (54.1) 1221 (41.2) 118.2 (42.1)

C3M, ng/mL 11.7 (2.4) 11.2 (2.1) 11.8 (2.4) 11.57 (2.29)

MRE, kPa 3.89 (1.88) 3.49 (1.03) 3.83(0.97) 3.74 (1.26)

FibroScan, kPa 11.95 (6.94) 8.61(3.73) 11.90 (6.03) 10.94 (5.82)
Liver-related laboratory values, mean

(SD)

ALT, U/L 18.6 (6.1) 321 (18.4) 24.9 (9.1) 25.5 (12.9)

AST, U/L 20.9 (6.9) 28.4 (10.0) 23.2 (6.6) 24.2 (8.2)

Alkaline phosphatase, [U/L 76.3 (23.5) 86.0 (25.4) 711 (23.4) 76.8 (24.5)

Platelets, x10%/L 186.0 (26.6) 191.2 (49.2) 201.1 (42.9) 194.5 (41.5)

Albumin, mg/dL 4590 (280) 4610 (397) 4610 (336) 4610 (338)

Total bilirubin, mg/dL 0.48 (0.16) 0.55 (0.19) 0.56 (0.23) 0.54 (0.20)

INR 1.09 (0.09) 1.10 (0.10) 1.07 (0.08) 1.08 (0.09)

Sodium, mmol/L 1411 (2.2) 139.6 (3.4) 139.7 (2.6) 140.0 (2.8)

Serum creatinine, umol/L 70.0 (15.2) 77.2 (18.6) 78.1 (16.5) 75.8 (16.9)

Abbreviations: «-SMA, alpha-smooth muscle actin; N/A, not available.

for patients grouped by central pathologist—assigned
baseline fibrosis scores are shown in Figure S1. Almost
all baseline biopsy specimens were = 15 mm in length
(placebo, 14/15, 93%; 45 mg BMS-986263, 16/18,
89%; 90 mg BMS-986263, 24/28, 86%) with = 11 portal
areas (58/61, 95%; Figure S2). Similarly, most Week
12 biopsy specimens were = 15 mm in length (placebo,
15/15, 100%; 45 mg BMS-986263, 18/18, 100%; 90
mg BMS-986263, 21/28; 75%) with = 11 portal areas
(59/61, 97%). One patient (90-mg arm) had an inad-
equate Week 12 tissue sample. For the overall study
population, baseline liver histology analysis generally
revealed low levels of collagen and thin septa. Across
METAVIR stages, median PRO-C3 and PIIINP con-
centrations were not appreciably different at baseline
(Figure S3); however, median C3M and TIMP-1 values

increased as fibrosis stage increased (Figure S4).
Fibrosis parameters and liver-related laboratory values
were similar across arms. The overall study population
had preserved hepatic synthetic capacity, as evidenced
by normal albumin and INR values.

Change in METAVIR stage at Week 12

Reduction in = 1 METAVIR stage from baseline to Week
12 was observed for 2/15 (13%), 3/18 (17%), and 6/28
(21%) patients in the placebo, 45-mg BMS-986263, and
90-mg BMS-986263 arms, respectively (Figure 2). The
ORs for response compared with placebo were 1.30
(95% CI, 0.13-17.70; 45-mg arm) and 1.77 (95% ClI,
0.26-20.23; 90-mg arm). When analyzed by baseline
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FIGURE 2 METAVIR stage change from baseline to Week 12. Patients with > 1 METAVIR stage improvement at Week 12 stratified
by (A) arm or (B) baseline fibrosis stage. 20OR and difference in response rates are shown for each arm compared with placebo. °One F2
patient had an inadequate Week 12 biopsy specimen and was considered to have no fibrosis improvement
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Ishak score change from baseline to Week 12. Patients with > 2 Ishak score improvement at Week 12 stratified by study arm

and baseline fibrosis stage. °One F2 patient had an inadequate Week 12 biopsy specimen and was excluded from the analysis

METAVIR stage, 4/8 (50%) F4 patients treated with ei-
ther dose of BMS-986263 had fibrosis improvement.
Further analysis of Week 12 METAVIR improvement
according to central pathologist-assigned baseline
METAVIR stage is shown in Tables S1 and S2. Of the
patients who achieved = 1 METAVIR stage improve-
ment at Week 12, 9/11 (82%) also showed an improve-
ment in gFIB score, including 6/6 (100%) patients in the
90-mg BMS-986263 arm (Figure S5). A summary of
the concordance of METAVIR and gFIB responses at
Week 12 is shown in Table S3a.

Change in Ishak Score at Week 12

The secondary endpoint, a = 2 Ishak score improve-
ment from baseline to Week 12, was observed in 5
patients from the 90-mg BMS-986263 arm (Figure 3).
Most (3/5) had cirrhosis at baseline (i.e., an Ishak score
of 5—6). Of patients who achieved = 2 stage improve-
ment in Ishak score, all 5 also had an improvement in
fibrosis as determined by qFIB (Figure S6). A summary
of the concordance of Ishak and gFIB responses at
Week 12 is shown in Table S3b.
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Target Engagement

From baseline to Week 12, liver HSP47 mRNA levels
were reduced in 2/15 (13%), 8/18 (44%), and 20/28 (71%)
patients in the placebo, 45-mg BMS-986263, and 90-
mg BMS-986263 arms, respectively (Figure 4A). The
median HSP47 mRNA percentage change (range) was
13.7% (-19.3% to 51.8%) for the placebo arm, -1.2%
(=37.3% to 57.6%) for the 45-mg BMS-986263 arm, and
-5.9% (-29.9% to 22.6%) for the 90-mg BMS-986263
arm (Figure 4B). For HSP47 protein, the median per-
centage change from baseline to Week 12 (range) was
23.5% (—33.9% to 225.4%) for the placebo arm, -11.3%
(-56.5% to 122.3%) for the 45-mg BMS-986263 arm,
and -10.1% (-55.8% to 202.9%) for the 90-mg BMS-
986263 arm (Figure 4C).

PK

In patients who received either BMS-986263 dose,
plasma concentrations increased during the infusion

80
71%

60

44%
40

at Week 12, %

20 13%

Patients with reduced HSP47 mRNA

2/15  8/18 20/28

80

60

40

20

Week 12 in liver HSP47 mRNA, %

Median change from baseline to

-40 T T T
n=14n=16°> n=28

course and were higher at the end of the infusion com-
pared with midinfusion. BMS-986263 plasma concen-
trations decreased rapidly after the end of infusion.
In general, dose-proportional plasma concentration
increases were observed between the 45-mg and 90-
mg BMS-986263 arms. No apparent BMS-986263
plasma accumulation occurred with weekly dosing
based on similar peak and trough concentrations ob-
served across weekly infusions (Figure 5).

Safety

By Week 36, 37/61 (61%) patients experienced at least
one adverse event (AE), all of which were mild or mod-
erate in intensity (Table 3). Twenty-five patients (41%)
reported AEs that were considered possibly BMS-
986263-related; patients in either BMS-986263 arm
had a higher frequency of BMS-986263-related AEs
compared with those who received placebo. The most
common BMS-986263-related AE was IRR, reported by
21/61 (34%) patients; all events were mild to moderate

Placebo
Il 45 mg BMS-986263
El 90 mg BMS-986263
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FIGURE 4 Liver HSP47 mRNA and protein change from baseline to Week 12. (A) Percentage of patients per arm with reduced HSP47
mRNA at Week 12. (B,C) Median percentage change in HSP47 mRNA (B) and HSP47 protein (C). 2Missing data, n = 1. ®°Missing data, n = 2
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FIGURE 5 Geometric mean BMS-986263 plasma concentration. Figure shows the mean concentration time profile following
administration of all infusions in the study. PK samples were collected at preinfusion, midinfusion, and postinfusion at Weeks 0, 1, 4, 6,

and 11. Trough PK samples were collected preinfusion at Weeks 2, 5, 7, and 8. Samples during a dosing interval were collected at 72 h
postinfusion following the doses at Weeks 0 and 6. Additional postinfusion PK samples were collected at 1 and 3 weeks following the Week

11 dose

TABLE 3 Safety summary

Placebo QW 45 mg QW BMS-986263 90 mg QW BMS-986263 Total
Patients, n (%) (n=15) (n=18) (n=28) (N =61)
21AE 8 (53) 10 (56) 19 (68) 37 (61)
Any treatment-related AE 3 (20) 7 (39) 15 (54) 25 (41)
Infusion-related reaction 0 6 (33) 15 (54) 21 (34)
Headache 1(7) 2 (11) 0 3 (5)
Anxiety 1(7) 0 1(4) 2 (3)
Back pain 0 0 2(7) 2 (3)
Any severe AE 0 0 1(4)? 1(2)
AEs of special interest
Infusion-related reaction
Mild 2 (11) 2(7) 4(7)
Moderate 4(22) 13 (46) 17 (28)
Severe 0 0 0 0
Liver safety
ALT and/or AST elevation >3x ULN 0 2(11) 1(4) 3(5)
HCC 0 2 (11) 1(4) 3(5)°

@Ankle fracture at Week 10, considered unrelated to study drug.

®In the posttreatment follow-up period, HCC was detected in 3 patients through surveillance.

in intensity. The most common symptom associated with
IRRs was back pain and/or spasms, reported by 17/21
patients. There were no reported events of anaphylaxis.
Sixteen patients (45-mg BMS-986263 arm [n = 3], 90-mg
BMS-986263 arm [n = 13]) had at least one temporary
infusion interruption due to an IRR; despite this, all pa-
tients completed all scheduled infusions. There were no
reported BMS-986263-related serious AEs, discontinua-
tions due to AEs, or deaths. Additionally, there were no
reported events of hepatic decompensation or laboratory
changes indicative of potential DILI. At Week 36, no clini-
cally meaningful changes were observed in BMD by DXA
(data not shown).

During the study, 3 patients (45-mg BMS-986263
arm [n = 2], 90-mg BMS-986263 arm [n = 1]) had
elevated alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) concentrations > 3x ULN.
One patient had elevated ALT (67 U/L) at baseline.
For the other 2 patients, transaminitis occurred in the
setting of elevated creatine phosphokinase (6,832
U/L) or in the setting of an AE of bronchitis for which
azithromycin and hydrocortisone were administered.
For all 3 patients, the elevations were transient, not
associated with symptoms or other liver-related lab-
oratory abnormalities, and considered unrelated
to BMS-986263. During routine surveillance in the
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posttreatment follow-up period, HCC was detected
in 3 patients; during the treatment period, 2 patients
received 45 mg BMS-986263 and 1 received 90 mg
BMS-986263 (Table S4).

BMS-986263 immunogenicity analyses are sum-
marized in Table S5. At baseline, preexisting antibod-
ies to BMS-986263 were identified in 1 patient each
in the placebo and 90-mg BMS-986263 arms. During
treatment, 2 patients (11%) in the 45-mg BMS-986263
arm developed ADAs; the first patient tested positive at
Weeks 2 and 4, and the second patient tested positive
at Week 1. ADAs were not detected at subsequent time
points in either patient in the 45-mg arm. In the 90-mg
BMS-986263 arm, ADAs were detected in the same
patient who was positive at baseline at Weeks 2 and 4
at the same titer.

DISCUSSION

In patients with hepatic fibrosis, the risk of hepatic de-
compensation, HCC, and mortality increases with ad-
vancing fibrosis stage.[z“‘] Though studies suggest
that fibrosis reversal may improve clinical outcomes for
patients with HCV,?®! the HCC rate in patients with cir-
rhosis pre-HCV-SVR and/or post-HCV-SVR can be as
high as 2.3%-12.5%.172% It is critical to continue study
of this patient population to determine who is at highest
risk of disease progression and might experience the
greatest benefit from antifibrotic therapy. In this Phase
2, placebo-controlled, proof-of-concept study of patients
with HCV-SVR, 12-week treatment with BMS-986263
improved liver fibrosis in some patients, including those
with cirrhosis. The limitations of the trial included a small
sample size from one study site and challenges asso-
ciated with the enrolled patient population; however, a
number of key findings were made that will inform the
design of future studies with BMS-986263.

The choice to enroll patients with HCV-SVR in this
study was made in an attempt to study the antifibrotic
effects of BMS-986263 in a well-defined population of
patients with advanced liver fibrosis more than 1 year
post-SVR. The overall population of patients with HCV-
SVR is sizeable and does not have ongoing drivers of
inflammation. Within this study population, patients had
a median time of 3 years of HCV-SVR prior to the study.
Though the 90-mg BMS-986263 arm had a longer me-
dian time since SVR compared with the other arms, it
is unlikely that this difference impacted the study’s re-
sults, which are based mainly on comparisons between
baseline and the end of treatment at Week 12 among
the three treatment groups.

Eligible patients were those with advanced fibrosis,
staged as METAVIR F3 or F4 by the local pathologist at
screening. In this single-center study, trial eligibility was
determined based on fibrosis staging of pretreatment
biopsy tissue by a local pathologist, while efficacy was

determined by a central pathologist who performed
fibrosis staging of pretreatment and posttreatment
biopsy tissue. Ideally, the highly experienced expert
central pathologist would have performed all fibrosis
staging in this trial; however, local pathology reading of
baseline fibrosis was done in order to screen patients
in the timeliest fashion. Surprisingly, though the biopsy
tissue quality was robust in terms of adequate length
and portal tract inclusion, 50% of patients who were
staged as F3 or F4 by the local pathologist were subse-
quently staged as F1 or F2 by the central pathologist.
The staging performed by the central pathologist was
supported by several noninvasive tests, such as MRE
and Fibrosis-4 performed at baseline, as well as by
the remarkably thin bands of collagen, which were the
predominant findings in these post-SVR biopsy speci-
mens. Together, these results suggest that the central
pathologist’'s staging was more accurate and, thus,
that the study population inadvertently included some
patients with relatively mild fibrosis. Staging of fibrosis
regression in patients post-SVR is not well character-
ized; liver biopsies are rarely performed on patients
after they have achieved HCV-SVR, and thus, there
are no comprehensive data sets that describe changes
in fibrosis > 3 years post-SVR. The results from this
trial imply that fibrosis staging post-SVR is complex
and may lead to greater interreader variability in fibro-
sis staging than might normally be expected in patients
with fibrotic liver disease, particularly in cases where a
reader does not routinely perform fibrosis staging for
patients with HCV-SVR. Thus, a comprehensive review
to standardize post-SVR fibrosis assessment would be
useful to the field.

Exploratory assessments of collagen content and
fibrosis biomarkers revealed that the patients with
HCV-SVR in this study had lower CPA than what has
been previously reported for patients with chronic
HCV infection®® or NASHEY but similar to that of
patients with post-HCV-SVR fibrosis regression.B"
Independent of METAVIR stage, median PRO-C3
concentrations for all arms were within the range of
those observed in healthy adults,®? who would be
expected to have low levels of fibrogenesis. This
suggests that, despite the diagnosis of advanced fi-
brosis, these patients with HCV-SVR had low levels of
fibrogenesis and that some fibrosis improvements oc-
curred after SVR, prior to the baseline liver biopsy for
this study. At baseline, patients with higher METAVIR
stages had higher serum concentrations of C3M and
TIMP-1 compared to patients with earlier stages of
fibrosis. Although the biomarker ranges overlapped
across METAVIR stages, these data suggest higher
levels of fibrolysis in patients who have higher ver-
sus lower fibrosis scores, as assessed by the central
pathologist in this study. By silencing HSP47 mRNA,
BMS-986263 decreases fibrogenesis by reducing ma-
ture collagen formation; therefore, it is reasonable to
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hypothesize that BMS-986263 will have greater effi-
cacy in patients with high levels of active fibrogenesis
compared to those with low levels, which explains the
modest efficacy observed in patients with HCV-SVR
in this study. This is supported by an earlier Phase
1b study (NCT02227459) of BMS-986263 in patients
with advanced hepatic fibrosis in which patients with
active fibrogenesis in the context of NASH experi-
enced greater clinical benefit than did patients with
HCV-SVR.®!

The trial was designed to include a 12-week treat-
ment duration to assess the antifibrotic effect of BMS-
986263, which was considered sufficient for this
proof-of-concept study based on preclinical exper-
iments!'? and the Phase 1b study (NCT02227459) in
which patients with advanced hepatic fibrosis received
5 weeks of BMS-986263 treatment.l'¥! Compared with
placebo, treatment with BMS-986263 demonstrated
target engagement by reducing liver HSP47 mRNA
levels and decreasing liver HSP47 protein levels at
Week 12. However, maximal target engagement may
not have been evident in the posttreatment liver tissue
samples because the biopsy collection was approxi-
mately 7 days after the last BMS-986263 dose. Notably,
improvements in fibrosis were observed in some pa-
tients after BMS-986263 treatment. At Week 12, nearly
20% of patients who received BMS-986263, compared
with 13% of patients who received placebo, had fibro-
sis improvement that was consistent with a decrease
in METAVIR score by at least one stage. Additionally,
half of patients in the 90-mg BMS-986263 group with
cirrhosis at baseline had improved by at least one
METAVIR stage. When Ishak score improvement was
measured in this population, only patients in the 90-mg
BMS-986263 group (n = 5) had achieved at least a two-
stage improvement, and 3 of these patients had cirrho-
sis at baseline. In addition to pathologist interpretation,
an automated tool, qFIB, was used to perform an ex-
ploratory analysis of fibrosis changes in unstained liver
biopsy specimens. Of the patients with METAVIR and
Ishak score improvements, 82% or 100% of patients,
respectively, were also shown to have improved fibro-
sis as assessed by gFIB. These results are in agree-
ment with other studies that suggest a potential utility
for gFIB as a supplemental means to stage fibrosis
in biopsy tissue.”* However, while published studies
have linked fibrosis staging interpreted by pathologists
to clinical outcomes,” no such data exist yet for qFIB.

BMS-986263 treatment for 12 weeks at 45 and 90 mg
QW was generally safe and well tolerated and exhibited
dose-proportional increases in exposure and no notable
accumulation of BMS-986263 plasma concentrations
with weekly dosing. Although the frequency of AEs was
higher in the BMS-986263 treatment groups compared
with placebo, all reported AEs were mild or moderate in
intensity, and the majority were IRRs that did not result in
treatment discontinuation. During the study, no patients

showed evidence of potential DILI or hepatic decom-
pensation. HCC was detected in 3 patients during the
follow-up period; these events were not deemed to be re-
lated to BMS-986263 treatment and were likely a reflec-
tion of the increased HCC risk in this patient population
that persists even after successful viral eradication.'327:34
BMS-986263 immunogenicity analyses revealed a low
rate and titer of ADAs. Only 2 patients in the 45-mg dose
group exhibited ADAs up to Week 4, and no patients in
the 90-mg dose group were positive for ADAs relative to
baseline. Together, the early, low-level ADA response,
lack of ADA persistence in the 45-mg arm, and absence
of ADAs in the 90-mg arm relative to baseline suggest
that BMS-986263 has low immunogenicity.

In summary, in this Phase 2 study of patients with
HCV-SVR, 12-week BMS-986263 administered
through weekly i.v. infusion improved METAVIR and
Ishak scores, demonstrated target engagement, and
was generally well tolerated through Week 36. Further
evaluation of BMS-986263 in patients with advanced
liver fibrosis, particularly those with active fibrogenesis,
is warranted. A Phase 2 study to evaluate the safety
and efficacy of BMS-986263 in adults with NASH and
compensated cirrhosis is ongoing (NCT04267393).
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