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Elevated triglycerides and non-high-density lipoprotein cholesterol
(HDL-C) arerisk factors for atherosclerotic cardiovascular disease (ASCVD).
ARO-ANG3is an RNA interference therapy that targets angiopoietin-like
protein 3 (ANGPTL3), aregulator of lipoprotein metabolism. This
first-in-human, phase 1, randomized, placebo-controlled, open-label
trial investigated single and repeat ARO-ANG3 doses in four cohorts of
fifty-two healthy participants and one cohort of nine participants with
hepatic steatosis, part of a basket trial. Safety (primary objective) and
pharmacokinetics (in healthy participants) and pharmacodynamics
(secondary objectives) of ARO-ANG3 were evaluated. ARO-ANG3 was
generally well tolerated, with similar frequencies of treatment-emergent
adverse eventsinactive and placebo groups. Systemic absorption of

ARO-ANG3 in healthy participants was rapid and sustained, witha mean T,,,,,
of 6.0-10.5 h and clearance from plasma within 24-48 h after dosing with a
meant,, of 3.9-6.6 h. In healthy participants, ARO-ANG3 treatment reduced
ANGPTL3 (mean —45% to —78%) 85 days after dose. Reductionsin triglyceride

(median -34%to -54%) and non-HDL-C (mean -18% to -29%) (exploratory
endpoints) concentrations occurred with the three highest doses. These
early-phase data support ANGPTL3 as a potential therapeutic target for
ASCVD treatment. ClinicalTrials.gov identifier: NCT03747224

Atherosclerotic cardiovascular disease (ASCVD) is the leading
cause of mortality worldwide'. Mixed dyslipidemia, with elevated
triglycerides (TGs) and non-high-density lipoprotein cholesterol
(non-HDL-C) (including low-density lipoprotein cholesterol (LDL-C)),
is associated with increased risk of ASCVD. Although statins and
other therapies can lower LDL-C, substantial residual risk of ASCVD
remains due to additional independent risk factors (for example,

TG-rich lipoproteins (TRLs)) and limited response in LDL-C with
available therapies™’.

Angiopoietin-like protein 3 (ANGPTL3), a member of the
angiopoietin-like family of proteins, is a hepatokine exclusively
secreted by the liver and a key regulator of serum lipid and lipo-
protein metabolism. ANGPTL3 inhibits lipoprotein lipase (LPL),
thereby regulating the intravascular clearance of TG. It also inhibits
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Table 1| Demographic and baseline metabolic characteristics of the HPs in the SAD and MAD cohorts

(A) Single dose (day 1) HPs

(B) Repeat dose (days 1and 29)

Pooled placebo ARO-ANG3 ARO-ANG3 ARO-ANG3 ARO-ANG3 ARO-ANG3 ARO-ANG3 ARO-ANG3
35mg 100mg 200mg 300mg 100mg 200mg 300mg

Characteristic n=16 n=6 n=6 n=6 n=6 n=4 n=4 n=4
Age’® (years) 39.5 (22, 61) 375 (19, 58) 51.0 (43, 61) 42.5 (32, 56) 50.0 (36, 64) 53 (20, 62) 44.5 (29, 55) 29.5(22, 42)
Male sex® - no. (%) 12 (75.0%) 4(66.7%) 3(50.0%) 5(83.3%) 5(83.3%) 2(50.0%) 4(100.0%) 2(50.0%)
Female sex’-no. (%)  4(25.0%) 2(33.3%) 3(50.0%) 1(16.7%) 1(16.7%) 2(50.0%) 0 2(50.0%)
Race®® - no. (%)

White 11(68.8%) 5(83.3%) 5 (83.3%) 3(50.0%) 5(83.3%) 3(75.0%) 1(25.0%) 2 (50.0%)

Asian 2 (12.5%) 1(16.7%) 0 1(16.7%) 1(16.7%) 1(25.0%) 1(25.0%) 0
Native Hawaiian or 1(6.3%) 0 1(16.7) 2(33.3%) 0 0 1(25.0%) 0
Other Pacific Islander

Other 2(12.5%) 0 0 0 0 0 1(25.0%) 2 (50.0%)
BMI¢ (kgm™) 28.01(3.92) 29.52 (2.85) 29.75 (5.07) 29.90 (3.95) 26.25 (3.70) 2513 (2.69) 25.28 (2.72) 32.03(7.08)
ANGPTL3 (ugl™) 8113 (18.57) 88.23 (17.94) 94.93 (36.01) 90.57 (26.97) 82.87(23.73) 98.75 (9.07) 107.08 (12.75)  91.35(16.63)
TG* (mgdl™) 110.00 (54, 727) 92.5(79,205) 147.0(87,292) 173.0(117,350) 133.5(91,369) 1575(72,204) 144.0(112,164) 134.0 (57, 324)
Non-HDL-C* (mgdl™)  155.0 (31.5) 169.0 (49.0) 1977 (45.7) 183.2(50.5) 173.3(35.0) 196.8 (44.0) 163.5 (18.9) 151.3(35.4)
VLDL-C¢(mgdl™) 24.0 (11.6) 22.3(9.4) 32.3(15.3) 42.5(19.2) 33.8(20.4) 295 (12.1) 28.3(5.6) 32.3(23.)
LDL-C%¢ (mgdl™) 125.1(37.0) 146.7 (41.8) 165.3 (36.8) 1407 (52.2) 139.5(32.5) 167.3 (32.8) 135.3(23.0) 119.0 (25.6)
HDL-C¢ (mgdL™) 431(8.4) 47.8(8.1) 47.8 (11.5) 41.0 (10.5) 455 (13.3) 50.0 (17.7) 39.5(3.4) 36.8(12.7)
ApoB® (mgdL™) 95.88 (17.86) 111.63 (28.77) 122.95(30.63) 114.25(29.09) 105.82(17.54)  11613(29.60)  96.30 (11.63) 90.68 (21.18)

HPs in the SAD cohorts received placebo or SADs of 35,100, 200 or 300 mg of ARO-ANGS3 (A), and HPs in the MAD cohorts received 100, 200 or 300 mg of ARO-ANG3 (B). “Median (range)

values are noted for age and TG. "Sex and race were self-reported. °No participants identified as Black or African American, American Indian or Alaska Native. “Mean +s.d. was noted for BMI,
ANGPTL3, non-HDL-C, VLDL-C, LDL-C, HDL-C and ApoB. °LDL-C was derived using the Friedewald calculation. Note: To convert the values for TGs to millimoles per liter, multiply by 0.01129.
To convert the values for non-HDL-C and HDL-C to millimoles per liter, multiply by 0.02586. Note: Medpace Reference Laboratories’ reference ranges were used.

endothelial lipase, which is involved in the catabolism of HDL-C and
very-low-density lipoprotein cholesterol (VLDL-C)*°. ANGPTL3 may
also control the production and clearance of LDL-C*”.

In humans, homozygous loss-of-function mutations in ANGPTL3
cause familial combined hypolipidemia, characterized by low con-
centrations of TG, LDL-C and HDL-C®®, Heterozygote carriers have a
34-39% lower risk of coronary artery disease than non-carriers”'° and
no apparent adverse clinical phenotype’. ANGPTL3loss-of-function
variants appear protective against ASCVD despite lowering
of HDL-C™.

Pharmacologicalinhibition of ANGPTL3 with evinacumab, amon-
oclonal antibody, and with vupanorsen, an antisense oligonucleo-
tide (ASO), have been shown to replicate the phenotype of ANGPTL3
loss-of-function carriers™', Studies with evinacumab targeting cir-
culating ANGPTL3 in healthy paticipants (HPs)® and in individuals
with familial hypercholesterolemia®" have shown potent reductions
in LDL-C, HDL-C and TG. Importantly, the LDL-C-lowering effect is
independent of an intact LDL receptor (LDLR), as supported by evi-
nacumab’s efficacy in an LDLR-deficient population®. However, an
antibody approach requires monthly or more frequent intravenous
administration, which may be inconvenient for patients and could
impact adherence to treatment. Furthermore, the development of
vupanorsen has been discontinued because of increases in alanine
transaminase (ALT) and hepatic steatosis'>".

ARO-ANG3 is a subcutaneously administered, synthetic, double-
stranded smallinterfering RNA (siRNA) molecule targeted to hepato-
cytes (viaconjugation to N-acetylgalactosamine (NAG)) that degrades
ANGPTL3mRNAwithin the cytoplasm'®, Ahepatocyte-targeted siRNA
approach to lipid lowering is feasible based on the recent US Food
and Drug Administration (FDA) and European Medicines Agency
(EMA) approval of inclisiran, which silences hepatic expression

of PCSK9 (https://www.accessdata.fda.gov/drugsatfda_docs/
label/2021/214012Ibl.pdf and https://www.ema.europa.eu/en/docu-
ments/product-information/leqvio-epar-product-information_
en.pdf). Animal studies show that ARO-ANG3 is highly effective in
inhibiting both the ANGPTL3 mRNA transcript and the hepatic produc-
tion of the ANGPTL3 protein, with corresponding reductions in TG,
LDL-Cand HDL-C'. In humans, this effect may lower the risk of ASCVD,
particularly in patients lacking sufficient LDLR activity (for example,
homozygous familial hypercholesterolemia) or patients with mixed
dyslipidemiawho have persistently high TG and LDL-C despite current
lipid-lowering therapies.

In this phase 1 study (AROANG1001), a basket trial design was
adopted toinitially evaluate therapeutic proof of concept in HPs and
participants with various dyslipidemias (Extended Data Fig.1). Here we
reportkey results describing the safety, tolerability and pharmacody-
namic effects of single and multiple ascending doses of ARO-ANG3 in
HPs. Because ASO therapy targeting ANGPTL3 has been associated with
increases in aminotransferases and liver fat", we also report findings
from arepeat-dose cohort evaluating ARO-ANG3 in participants with
baseline hepatic steatosis.

Results

Participant characteristics and dosing

Inthe HP single ascending dose (SAD) cohorts, 24 participants received
subcutaneously administered ARO-ANG3 (35 mg, 100 mg, 200 mg or
300 mg), and 16 participants received placebo on day 1 (cohorts 1-4;
Supplementary Table 1). In the HP multiple ascending dose (MAD)
cohorts, 12 participants received ARO-ANG3100 mg, 200 mgor 300 mg
on days 1and 29. In the hepatic steatosis cohort, six participants
received repeat doses (200 mg) of ARO-ANG3 and three participants
received placebo on days 1and 29. Participants in this cohort were
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required to have baseline hepatic steatosis defined as a liver fat con-
tent of 210%, measured as the magnetic resonance imaging-estimated
proton density fat fraction (MRI-PDFF).

Demographics and baseline characteristics for the HP SAD cohorts
(n=40)andthe HP MAD cohort (n =12) aredescribed in Table 1. For the
hepatic steatosis cohort, demographics and baseline characteristics
areshownin Table 2.

Overall safety

ARO-ANG3 was generally well tolerated when administered subcuta-
neously as a single dose in HPs and repeat doses in HPs and partici-
pants with hepatic steatosi. There were no deaths, life-threatening
treatment-emergent adverse events (TEAEs) or TEAEs leading to drug
discontinuation or premature withdrawal of any participant from the
study. There were no treatment-related serious adverse events (SAEs),
and most TEAEs were either mild or moderate.

ARO-ANG3 was not associated with any consistent pattern of
adverse changes in laboratory parameters. There were no reported
clinically meaningful declines in platelet count. Plots for total biliru-
bin versus ALT at peak post-dose values and at the end of the study
are presented in Supplementary Figs. 1and 2. Hepatic function and
platelet counts that met certain thresholds during the study period
are presented in Supplementary Table 2.

HP cohorts, SAD. In total, 22 out of 24 (91.7%) HPs who received
at least a single dose of ARO-ANG3 reported at least one TEAE,
with a total of 65 reported TEAEs (Table 3). There was no apparent
dose-dependent increase in the incidence of TEAEs. There were no
SAEs reported in participants receiving ARO-ANG3 in the HP SAD
cohorts. There was one SAE of pulmonary embolism reported in a
participant receiving placebo.

TEAEs reported in more than one participant are presented in
Extended Data Table 1. For participants receiving ARO-ANG3, the most
frequently reported TEAEs were upper respiratory tract infection,
headache and diarrhea. One participant in the pooled placebo cohort
and one participantinthe ARO-ANG3 35-mg cohort experienceda TEAE
associated with ALT elevations >2x the upper limit of normal (ULN) and
>3xULN, respectively (Supplementary Table 2 and Supplementary Fig.
1a,b); neither TEAE was considered treatment related. The participant
who received a single dose of ARO-ANG3 35 mg had been taking an
herbal supplement known to be associated with liver injury. Notably,
this participant’s elevationin ALT was transient, with return to near base-
line by the end of the study and with cessation of the herbal supplement.

HP cohorts, MAD. Ten of 12 (83.3%) HPs who received a repeat dose
of ARO-ANG3 reported at least one TEAE, with a total of 44 reported
TEAEs (Table 3). There was no apparent dose-dependent increase in
the incidence of TEAEs. There were no SAEs reported in participants
receiving ARO-ANG3.

TEAEs reported in more than one participant are presented in
Extended Data Table 1. The most frequently reported TEAEs in the
HP MAD cohorts were headache, upper respiratory tract infection
and vascular access site bruising. No participants in the MAD cohort
experienced a TEAE associated with aminotransferase elevations.

Hepatic steatosis cohort, repeat dose. In participants with hepatic
steatosis, 22 TEAEs were reported in 5 out of 6 (83.3%) participants
receiving ARO-ANG3 compared to 8 TEAEs reported in all 3 (100%)
participants receiving placebo (Extended Data Table 3).

There were no serious or severe TEAEs and no TEAEs leading to
drug or study withdrawal in any participant receiving ARO-ANG3.
One placebo participant experienced an SAE of moderate pancreatitis
(Extended Data Table 3).

Two out of six (33.3%) participants reported TEAEs of injection site
erythemathat were deemedto be related to ARO-ANG3. In the placebo

Table 2 | Demographic and baseline metabolic
characteristics of participants with hepatic steatosis
receiving placebo or arepeat dose of 200mg of ARO-ANG3

Hepatic steatosis cohort

Placebo ARO-ANG3200mg

Characteristic n=3 n=6
Age’ (years) 45.0 (45, 60) 54.5 (44, 65)
Male sex® - no. (%) 2(66.7%) 3(50.0%)
Female sex® - no. (%) 1(33.3%) 3(50.0%)
Race® - no (%)

White 2(66.7%) 2(33.3%)

Asian 1(33.3%) 0

Native Hawaiian or Other 0 2(33.3%)
Pacific Islander

Other 6] 2(33.3%)
BMI (kgm™) 31.27 (8.57) 33.67 (4.34)
ANGPTL3 (ugl™) 7777 (19.96) 138.30 (38.55)
TGs? (mgdl™) 110.0 (102, 350) 105.0(75,182)
Non-HDL-C? (mgdLl™) 101.3(26.4) 130.0 (39.3)
VLDL-C* (mgdLl™) 37.3(28.3) 23.3(7.3)
LDL-C%* (mgdl™) 64.0(28.8) 106.7 (37.3)
HDL-C? (mgdL™) 35.3(21) 50.0 (7.9)
MRI-PDFF (%) 20.4(5.7) 212(67)

*Median (range) values are noted for age and TG. ®Sex and race were self-reported. °No
participants identified as Black or African American, American Indian or Alaska Native.
9Meants.d. was noted for BMI, ANGPTL3, non-HDL-C, VLDL-C, LDL-C, HDL-C and MRI-PDFF.
°LDL-C was derived using the Friedewald calculation. Note: To convert the values for TGs to
millimoles per liter, multiply by 0.01129. To convert the values for non-HDL-C and HDL-C to
millimoles per liter, multiply by 0.02586. Note: Medpace Reference Laboratories’ reference
ranges were used.

group, there were no TEAEs that were considered treatment related
(Extended Data Table 3). The most frequently reported TEAEs (thatis,
those occurringinmore than one participant) in the ARO-ANG3 group
were headache andinjectionsite erythema. Inthe placebo group, there
wereno TEAEs reported in more thanone participant. No TEAEs related
toadverse changesin markers of liver injury or function were reported.
One participant receiving ARO-ANG3 demonstrated a post-dose
peak increase in ALT >3x ULN, which was transitory (Supplementary
Table 2 and Supplementary Fig. 2a,b).

Waterfall plots show individual absolute changes in liver fat
content, measured using MRI-PDFF at post-dose day 71 (Extended
Data Fig. 2a) and at post-dose day 168 (Extended Data Fig. 2b)
for participants receiving repeat doses of 200 mg of ARO-ANG3 or
receiving placebo. The absolute change from baselineinliver fat at day
71ranged from -0.87% to -16.39% (mean absolute change of -4.35%)
with relative changes from baseline ranging from —4.74% to -69.6%
(mean relative change of —18.23%) in the active treatment group. In
the placebo group at day 71, absolute change inliver fat from baseline
ranged from +3.68% to —4.89% (mean absolute change of -1.96%)
with relative changes ranging from +20.91% to -29.32% (mean
relative change of -8.56%). At day 168 in the active treatment group,
absolute changes from baseline in liver fat ranged from +2.58% to
-12.09% (mean change of —5.1%). Relative changes from baseline
in liver fat ranged from +7.81% to —57.34% (mean relative change of
-28.17%). In the placebo group, absolute change from baseline in
liver fat ranged from —2.84% to —6.35% (mean change of -4.25%),
withrelative changes ranging from -16.14% to -23.52% (mean change
of -20.33%).
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Table 3 | Overall summary of TEAEs in HP cohorts receiving placebo or 35 mg, 100 mg, 200 mg or 300 mg of ARO-ANG3
(SADs) and cohorts receiving placebo or 100 mg, 200 mg or 300 mg of ARO-ANG3 (MADs)

HPs (SAD) HPs (MAD)
Pooled Pooled ARO-ANG3 ARO-ANG3 ARO-ANG3( ARO-ANG3 Pooled ARO-ANG3 ARO-ANG3 ARO-ANG3
placebo active (835mg) (100mg) 200mg) (300mg) Active (100mg) (200mg) (300mg)
(n=16) (n=24) (n=6) (n=6) (n=6) (n=6) (n=12) (n=4) (n=4) (n=4)
Number of 34 65 12 13 23 17 44 17 6 21
TEAEs
Number of participants reporting at least one:
TEAE 14 (87.5%) 22 (91.7%) 5(83.3%) 6 (100%) 6 (100%) 5(83.3%) 10(83.3%)  4(100%) 2 (50.0%) 4 (100%)
Serious TEAE 1(6.3%) 0 0 0 0 0 0 0 0 0
Severe TEAE 1(6.3%) 0 0] 0] 0 0] o] 0] 0] 0]
Related TEAE 2 (12.5%) 4(16.7%) (0] 1(16.7%) 2(33.3%) 1(16.7%) 2(16.7%) (0] (0] 2 (50.0%)
Related serious 0 (0] 0] 0 (0] 0] 0 0] 0 0
TEAE
Related severe 0 0 0 0 0 0 0 0 0 0
TEAE
TEAEs leading 0 0 0 0 0 0 0 (6] 0 0
to drug/study
withdrawal
Number of participants reporting TEAEs by severity:
Mild 12 (75.0%) 20 (83.3%) 5(83.3%) 5(83.3%) 6 (100%) 4(66.7%) 10 (83.3%) 4 (100%) 2(50.0%) 4 (100%)
Moderate 5(31.3%) 5(20.8%) 1(16.7%) 1(16.7%) 1(16.7%) 2(33.3%) (0] (0] (0] (0]
Severe 1(6.3%) 0 0 0] o] (0] 0] 0 (0] 0]
Number of participants reporting TEAEs by relationship to study treatment:
Not related 14 (87.5%) 22 (91.7%) 5(83.3%) 6 (100%) 6 (100%) 5(83.3%) 10 (83.3%) 4 (100%) 2 (50.0%) 4 (100%)
Possibly 2 (12.5%) 3 (12.5%) (] 1(16.7%) 1(16.7%) 1(16.7%) 1(8.3%) 0 (6] 1(25.0%)
Probably 0] 1(4.2%) 0] 0] 1(16.7%) 0] 1(8.3%) (0] (0] 1(25.0%)

Notes: MedDRA version 21.1; related denotes possibly or probably.

Pharmacokinetic response

ARO-ANG3 pharmacokinetic parameters were evaluated in HP cohorts
only. ARO-ANG3 systemic absorption in HPs was rapid and sustained,
with mean time to maximum plasma concentration (7,,,,) ranging
from 6.0 hto10.5 h. ARO-ANG3 was cleared from plasma compart-
ment within 24-48 h after dosing, with a mean elimination half-life
(t,,) ranging from 3.9 h to 6.6 h. Full pharmacokinetic results for HPs
arepresented in Table 4.

Efficacy and pharmacodynamic responses

Results across multiple cohorts suggested robust, consistent and dura-
ble pharmacodynamic effects through at least 12 weeks, after single
(day1) orrepeat (days1and 29) doses of ARO-ANG3 in HPs and repeat
(days1and29) doses for hepatic steatosis cohorts. Therefore, results
summarized in the following sections report key pharmacodynamic
and lipid data (ANGPTL3, TG, non-HDL-C, VLDL-C, LDL-C, HDL-C and
ApoB concentrations) 12 weeks after the last dose, corresponding to
day 85 for single dose (HP SAD cohorts) and day 113 for multiple doses
(HP MAD and hepatic steatosis cohorts). Results from these analyses
canbefoundinTable 5, Extended Data Table 2 (mixed model repeated
measures (MMRM) analyses) and in the Supplementary Information
(Supplementary Tables 3 and 4 (summary statistics)).

HPs: effects on ANGPTL3 levels

HP cohorts, SAD. Dosing with ARO-ANG3 in HP cohorts reduced
serum ANGPTL3 concentrations starting at day 3, reaching maxi-
mal mean reductions between 2 weeks and 6 weeks after the sin-
gle dose (Extended Data Fig. 3). ANGPTL3 reduction occurred in a
dose-dependent manner, with mean (s.d.) percentage change from

baseline at day 85ranging from-44.7% (17.9%) to-77.8% (10.7%) at 35 mg
and 300 mg, respectively, compared to anincrease of 6.4% (28.1%) for
placebo (Supplementary Table 3).

HP cohorts, MAD. Open-label, repeat doses of ARO-ANG3 demon-
strated changes in most pharmacodynamic parameters similar to
single-dose ARO-ANG3. The HP MAD cohorts were not placebo con-
trolled. However, given similarities between the HP SAD and MAD
cohorts, data pooled from the placebo groupsinthe SAD cohorts were
compared to results from the MAD HPs.

Dosing with ARO-ANG3 reduced ANGPTL3 concentrations begin-
ning at day 3. Reduction occurred in a dose-dependent manner, with
mean (s.d.) percentage change from baseline at day 113 ranging from
-64.4% (19.3%) t0 -92.7% (4.3%) for 100 mg and 300 mg, respectively,
compared toanincrease of 25.0% (36.8%) for the SAD pooled placebo
(Extended DataFig. 4 and Supplementary Table 4).

HPs: effects on exploratory parameters
HP cohorts, SAD. Reductions in fasting TG concentrations were
observed starting at day 3 and sustained until the end of the study.
Median percentage change from baseline to day 85 ranged from
-16.6%to -54.4% for the 35-mg and 300-mg doses, respectively, com-
pared to -2.6% for placebo. VLDL-C concentrations decreased, with
mean (s.d.) percentage change from baseline at day 85 ranging from
-8.8% (23.4%) to —51.7% (24.8%) for the 35-mg and 300-mg doses,
respectively, compared to12.3% (36.4%) for pooled placebo (Extended
Data Fig. 3).

Mean (s.d.) percentage change from baselinein non-HDL-C at day
85 ranged from —28.7% (8.5%) to —17.5% (29.4%) for the 100-mg and
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Table 4 | Summary of ARO-ANGS3 plasma pharmacokinetic parameters after a subcutaneous injection of ARO-ANG3 in HPs

(day 1SAD cohorts; days 1and 29 MAD cohorts)

Dose Con(ngml™) T (h) AUC,... AUC,, t,,(h) CL/F(th™) Vz/F ()
(hxngml™) (hxngml™)
3Bmg 4961756  60(60-92;6 6511616 682+156; 6 45+14;6 536+12.2; 6 356+151;
SAD(dosel, 100mg  222:823;6  60(60-90:6  3060:1040;6  3180+1120;6  45:10;6 34.44105; 6 221472.3; 6
day 1) 200mg  368+254;6  90(05-121;6  6060+3160;6  62203050;6  6.6+4.6;6 36.4+106; 6 368+309; 6
300mg  635:214;6  105(60-180);6  11,600+3,360;6 11,200£3510;5  4.8+1.4;5 290+930;5  193+536;5
100mg  273+100;4  75(30-90);4 331047924 3020+379;3 39113 334:4053  182+39.3;3
Z"aAy'a)(d"se b 200mg  583+187:4  105(20-180;4  8870+689; 4 8,910+ 688; 4 50+0.8; 4 2264175 4 162+32.2; 4
300mg 7794524  90(90-180)4  12,400%4]100;4 14,000%3,270;3 53+10;3 222+458;3 175+ 647; 3
100mg  2564553;4  60(60-60);4  3,290%612; 4 3370£564;:4  4.6:06; 4 3024594  198+347; 4
g"aAyngl)'ose 2 200mg 5968174  60(30-90;4  9210+777; 4 9,240+ 777; 4 49+03; 4 21.8+1.83; 4 155191; 4
300mg  745:438;4  75(1.0-9.0); 4 12,500+3650;4 14100£2,550;3  5.5:14;3 217+3.60;3 177+637; 3

Cax Maximum observed plasma concentration; AUC,,,, area under the plasma concentration versus time curve from the zero to the last quantifiable plasma concentration; AUC,, area under
the plasma concentration versus time curve from zero to infinity; CL/F, plasma clearance; Vz/F, terminal-phase volume of distribution. Note: T, is presented as median (minimum-maximum);
n; all other parameters are presented as arithmetic meanz+s.d.; n. As noted in the Methods, pharmacokinetic parameters were evaluated in HP cohorts only.

200-mg doses, respectively, compared to -4.6% (12.6%) for placebo
(Extended DataFig. 3).

At day 85, LDL-C mean (s.d.) percentage change from baseline
ranged from -26.8% (9.5%) to 4.1% (61.1%) for 100-mg and 200-mg
doses, respectively, compared to 0.3% (26.8%) for pooled placebo
(Extended DataFig.3). Smallreductionsin mean LDL-C were observed
in several participants in the ARO-ANG3 200-mg treatment cohort.
However, two out of six HPs receiving ARO-ANG3 had baseline TG
concentrations >300 mg dI™, which were associated with a post-dose
increase in LDL-C concentrations in some participants. This increase
inLDL-Cin participants with high baseline TGled to alack of apparent
doseresponse for non-HDL-C and LDL-C at the higher dose levels. ApoB
concentrations were reduced, with mean (s.d.) percentage change from
baseline at day 85 ranging from —6.7% (27.1%) to —23.1% (9.9%) for the
200-mgand 100-mg doses, respectively, compared to-1.0% (15.8%) in
pooled placebo (Extended Data Fig. 3).

Mean (s.d.) percentage change from baseline in HDL-C at day
85 ranged from 2.5% (24.6%) to —12.9% (21.1%) for the 100-mg and
300-mg doses, respectively, compared to 6.9% (11.5%) in pooled pla-
cebo (Extended DataFig. 3).

Results from MMRM analysis (least squares (LS) mean difference
and LS mean difference versus placebo) for ANGPTL3, TG, non-HDL-C,
VLDL-C, LDL-C,HDL-C and ApoB at day 85 are presented in Table 5.

Full results (mean percentage change from baseline, MMRM
analysis) for other lipids/lipoproteins at day 85 are presented in
Extended Data Table 4. Non-parametric (post hoc) analysis of TGs
shows results consistent with the MMRM analysis.

HP cohorts, MAD. Reductions in TGs were substantial and sustained.
Median percentage TG change from baseline to day 113 ranged from
-62.2% to -72.0% for the 100-mg and 300-mg doses, respectively,
compared to an increase of 23.8% for the SAD pooled placebo (Sup-
plementary Table 4). VLDL-C concentrations decreased, with mean
(s.d.) percentage change from baseline at day 113 ranging from —61.5%
(9.5%) and -66.1% (9.6%) for the 100-mg and 200-mg doses, respec-
tively, compared to 30.2% (63.0%) in the SAD pooled placebo cohort
(Supplementary Table 4 and Extended Data Fig. 4).

After a repeat dose of ARO-ANG3, the mean (s.d.) percentage
change from baseline in non-HDL-C at day 113 ranged from —41.4%
(5.5%) t0—49.0% (14.6%) for the 100-mg and 200-mg doses, respectively,
compared to an increase of 8.6% (16.1%) for the SAD pooled placebo
cohort (Supplementary Table 4 and Extended Data Fig. 4).

Across allactive treatment cohorts, mean (s.d.) LDL-C decreased
and remained below baseline levels until day 113. At day 113, LDL-C
mean percentage change from baseline ranged from -34.4% (9.6%)
to —44.5% (18.1%) for the 300-mg and 200-mg doses, respectively,
compared to an increase of 8.5% (27.5%) for the SAD pooled placebo
cohort (Supplementary Table 4 and Extended DataFig.4). ApoB con-
centrations were reduced, with mean (s.d.) percentage change from
baseline at day 113 ranging from -28.4% (4.0%) to —39.0% (13.0%) for
the 300-mgand 200-mg doses, respectively, compared to 9.1% (16.2%)
for the SAD pooled placebo (Supplementary Table 4 and Extended
DataFig.4).

Mean (s.d.) percentage change from baseline in HDL-C at day 113
ranged from-14.1% (19.4%) to -37.2% (18.3%) for the 100-mg and 300-mg
doses, respectively, compared to 6.4% (12.9%) in the SAD pooled pla-
cebo cohort (Supplementary Table 4 and Extended Data Fig. 4).

For exploratory purposes, we compared the MAD group to the
pooled placebo from the SAD group by assuming no impact in phar-
macodynamics with different dosing frequency for placebo partici-
pants. Results from this post hoc MMRM analysis for ANGPTL3, TG,
non-HDL-C, VLDL-C, LDL-C,HDL-C and ApoB at day 113 are presented in
Extended Data Table 2. Full results for other lipids/lipoproteins at day
113 are presented in Extended Data Table 5and Supplementary Table 4.

Hepatic steatosis cohort: effects on ANGPTL3 levels

Mean (s.d.) percentage change in ANGPTL3 from baseline at day 113
was —85.3% (12.7%) for the 200-mg dose compared to an increase of
13.0% (4.7%) for placebo (Extended Data Table 6).

Hepatic steatosis cohort: effects on exploratory parameters
Themedian TG percentage change from baseline at day 113 was —44.1%
for the 200-mg dose compared to an increase of 47.1% for placebo
(Extended Data Table 6). For VLDL-C, the mean (s.d.) percentage change
from baseline was —43.5% (20.8%) for the 200-mg dose compared to
45.9% (50.8%) in the placebo cohort.

The mean (s.d.) LDL-C percentage change from baseline was
-34.6% (14.1%) for the 200-mg dose compared to —4.3% (29.3%) for
placebo. For ApoB, mean (s.d.) percentage change frombaseline at day
113 was -20.5% (15.4%) for the 200-mg dose compared to —0.9% (7.9%)
for placebo (Extended Data Table 6).

On day 113, the non-HDL-C mean (s.d.) percentage change from
baseline was —36.7% (15.0%) for the 200-mg dose compared to 0.2%
(14.3%) in the placebo cohort (Extended Data Table 6). Changes in
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Table 5 | Pharmacodynamic effects of ARO-ANG3 on serum ANGPTL3 and lipid-related variables

Pooled placebo

ARO-ANG3 (35mg)

ARO-ANG3 (100mg)

ARO-ANG3 (200mg)

ARO-ANG3 (300mg)

ANGPTL3

LS mean (s.e.) % change 6.20 (6.26) -41.39 (10.21) -56.83(10.02) -63.70 (9.97) -7812(9.95)
LS mean of difference versus placebo (s.e.) — -47.59 (11.97)** -63.03 (11.81)** -69.91 (11.77)** -84.32 (11.76)**
TG

LS mean (s.e.) % change 7.53(8.95) 18.79 (18.92) -35.36 (14.46) -49.46 (15.73) -51.05 (14.48)
LS mean of difference versus placebo (s.e.) — 11.26 (20.93)"¢ -42.89 (17.01)* -57.00 (18.10)* -58.58 (17.02)*
Non-parametric analysis of % change from baseline to day 85

Median difference and 95% confidence limit — -13.87(-63.8,26.2)"° -35.48 (-82.1, -6.6)* -53.95 (-99.2, -17.7)* —15;159)1 (-102.5,
Non-HDL-C

LS mean (s.e.) -6.22 (4.98) -18.00 (8.04) -32.42(812) -14.61(7.86) -23.80 (7.81)
LS mean of difference versus placebo (s.e.) — -11.78 (9.46)N° -26.20 (9.52)* -8.39 (9.31)"® -17.58 (9.26)"°
VLDL-C

LS mean (s.e.) 6.08 (9.36) 16.56 (15.70) -32.86 (14.19) -46.12 (15.50) -49.22 (14.22)
LS mean of difference versus placebo (s.e.) — 10.47 (18.27) -38.95 (17.00)* -52.20 (18.10)* -55.30 (17.02)*
LDL-C

LS mean (s.e.) -3.74 (7.87) -22.30 (12.84) -27.97 (13.13) 4.71(12.65) -12.88 (12.64)
LS mean of difference versus placebo (s.e.) — -18.56 (15.06)" -24.23 (15.31)"¢ 8.45 (14.89)"° -914 (14.89)"°
HDL-C

LS mean (s.e.) 6.10 (4.31) -2.17(710) 2.69 (6.96) -10.17 (6.99) -12.52 (6.90)
LS mean of difference versus placebo (s.e.) = -8.27 (8.31)"° -3.41(818)"° -16.27 (8.21)"° -18.62 (8.14)*
ApoB

LS mean (s.e.) -3.08 (4.74) -19.11(7.49) -22.62(7.62) -5.78 (7.34) -12.45 (7.25)
LS mean of difference versus placebo (s.e.) - -16.02 (8.87)"° -19.53 (8.98)* -2.70 (8.74)" -9.37(8.67)"°

NS, not significant. Note: Friedewald calculation was used for LDL-C measurements, unless TGs were >400mgdl™, wherein a direct LDL-C measurement was used. **P<0.001 versus placebo;

*P<0.05 versus placebo; NS P>0.05 versus placebo.

HDL-Cwere observed with mean (s.d.) percentage change frombaseline
at day 113 of -53.0% (9.2%) for the 200-mg dose compared to -10.4%
(2.1%) for placebo.

Results from MMRM analysis for ANGPTL3, TG, non-HDL-C,
VLDL-C, LDL-C, HDL-C, ApoB and other lipids or lipoproteins at day
113 are presented in Extended Data Tables 5and 6.

In summary, regardless of study population (HPs or participants
with hepatic steatosis), repeat dosing of ARO-ANG3 consistently
reduced ANGPTL3 by approximately 80-90%. This reduction was
greater than that seen when ARO-ANG3 was given as a single dose.
Although the relative change in pharmacodynamic parameters var-
ied by population, and was dependent on baseline concentrations,
repeat dosing of ARO-ANG3 consistently provided robust and sustained
reductionsin key pharmacodynamic parameters (non-HDL-C, VLDL-C,
LDL-C and ApoB).

Discussion

This first-in-human, proof-of-concept, phase 1 study demonstrated
that ARO-ANGS3, a therapy that acts through an RNA interference
(RNAi) mechanism, resulted in robust and sustained reductions from
baseline of up to —92.7% in serum ANGPTL3 concentrations, with
concomitant reductions in serum TG and atherogenic lipoproteins
(LDL-C, non-HDL-C and VLDL-C) in HP participants. ANGPTL3 is a key
regulator of circulating levels of TG and TRL and cholesterol levels (for
example, LDL-C) through reversible inhibition of the enzymes LPL and
endothelial lipase and, therefore, represents a novel therapeutic target
for reducing atherogenic lipoproteins'*. ARO-ANG3 was generally well
tolerated with no apparent adverse effects on liver transaminases.

In a small sample of participants with hepatic steatosis, ARO-ANG3
also decreased atherogenic lipoproteins, and, notably, no increase
in liver fat was observed after repeat dosing, with most participants
showing anumerical declineinliver fat content'®. These results suggest
thatsilencing ANGPTL3 protein synthesis with ahepatocyte-targeted
siRNA is a viable approach for reducing residual cardiovascular risk
associated with atherogenic lipoproteins.

ARO-ANG3 showed durable pharmacologic effects lasting over
3 months after a single dose. This is a consequence of the unique
intracellular mechanism of action of RNAi. After hepatic uptake of
ARO-ANG3 and cleavage of its passenger RNA strand, the guide strand
loads onto the RNA-induced silencing complex (RISC) and pairs with
and degrades the ANGPTL3 mRNA, reducing protein synthesis. RISC
effectuates a catalytic process that prolongs the RNAi effect, providing
adurable treatment response’*”,

Inherited deficiencyin ANGPTL3 yields lower serum TG, LDL-Cand
HDL-C concentrations and is independently protective against coro-
nary disease'’. The lipid changes induced by ARO-ANG3 phenocopy
ANGPTL3 loss-of-function mutations. The therapeutic mechanism
behind ANGPTL3 inhibition has been partially elucidated. By inhibiting
hepatic ANGPTL3 synthesis, ARO-ANG3 enhances LPL activity, which
lowers circulating TG levels through hydrolysis of TRLs. The decrease
inserum ApoC-lllin our study paralleled the reduction of TGs and does
notaccount for the effect of ARO-ANG3 on TRLs, consistent with experi-
mental data®. Inhibition of ANGPTL3 promotes VLDL remodeling and
preferential removal of VLDL remnants from circulation, thereby limit-
ing conversion to LDL-C’. Inaddition, inhibition of ANGPTL3 synthesis
enhances endothelial lipase activity, which lowers HDL-C levels**.
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Although studies have shown that ANGPTL3 regulates the clearance of
ApoB-containing lipoproteins, its rolein regulating hepatic production
of ApoBis less clear®”™, Hence, studies to fully define the mechanism
ofaction of ARO-ANG3 on lipid and lipoprotein metabolisminhumans,
including those with different dyslipidemias, are required™.

Clinical studies with vupanorsen and evinacumab, targeting
ANGPTL3, have shown that both can reduce LDL-C and TG. However,
vupanorsen appears to increase ALT and risk of hepatic steatosis™'.
The more robust reductions in LDL-C observed with repeat doses of
ARO-ANG3 compared to that observed with vupanorsen'" suggest
the former’s greater potency. This observation also raises the question
as to whether a more potent effect of ARO-ANG3 involves the regula-
tion of production and/or clearance of LDL particles, with further
studies required*>'*?., This notion requires verification and may also
involve athreshold effect of theinhibition of ANGPTL3 by ARO-ANG3.
Evinacumab is approved for the treatment of homozygous familial
hypercholesterolemia but requires frequent intravenous infusions.
ARO-ANG3is beinginvestigated in multiple phase 2 clinical trialsusing
subcutaneously administered dose every 3 months (Q3), whichis more
convenient for patients and likely to enhance patient adherence to
treatment. Although no data from clinical outcome trials are available,
animal experiments indicate that antagonism of ANGPTL3 caninhibit
the development of atherosclerosis®?, with support derived from
observational datain humans®®,

ARO-ANG3 has demonstrated a safety profile supportive of
late-stage clinical development. Mild injection site reactions were
the most frequently reported TEAEs and are common to all subcutane-
ousinjectables. No thrombocytopenia or liver toxicity was observed,
evenwithrepeat dosing. Clinical trials have shown that ASO treatment
with vupanorsen was associated with hepatic steatosis and elevations
in ALT>".In our clinical study, no meaningful adverse changesin liver
fat were observed with ARO-ANG3 treatment in participants with base-
line hepatic steatosis. Although transient mild elevationsin ALT were
observed with ARO-ANG3in asmallnumber of participants, these cases
were associated with use of a concomitant hepatotoxic supplement
or medications and were self-limited. Hepatic steatosis has not been
reported in carriers of ANGPTL3 loss-of-function variants®*°?, and
animal studies support reduction of liver fat with ANGPTL3 inhibi-
tion”*?*, Therefore, the increase in liver fat reported with vupanorsen
may be molecule specific or may be due to the use of higher and more
frequent ASO dosing regimens.

This phase1study was designed as an evaluation of the safety and
efficacy of ARO-ANG3 using a basket of diverse dyslipidemic popula-
tions to explore different options for later-stage clinical development.
This design is consistent with FDA guidance as a ‘master’ protocol
intended to address multiple questions in a single study and is an
acceptable approach for early-phase studies with a new therapeutic
agent that is directed at a common target across a diverse popula-
tion”. However, the study design does have limitations, including
small sample sizes and a short-term period of intervention. Only nine
participants with hepatic steatosis wereincludedin the study to allow
for inclusion of participants with other dyslipidemias, and further
investigations required to evaluate the effect of ARO-ANG3 onliver fat
contentareincluded in ongoing phase 2b clinical trials. Furthermore,
notallinterventions in the basket trial design were placebo controlled—
for example, HPs in the MAD cohorts. Therefore, in an exploratory
analysis, data pooled fromthe placebo groupsinthe SAD cohorts were
used to compare with results from the MAD HPs. Additional limitations
includealack of datainthe post-prandial setting and a predominance of
self-reported white male participants enrollingin the study, pointing to
the need for further investigationsin larger studies with more diverse
patient populations. Given the consistent and sustained lipid-lowering
effect of ARO-ANG3, combined with the safety profile, results support
further clinical development of ARO-ANG3. Two phase 2 dose-finding
studies are ongoingin adults with mixed dyslipidemia (NCT04832971)

and homozygous familial hypercholesterolemia (NCT05217667) to
evaluate the safety and efficacy of ARO-ANG3 in these at-risk patient
populations.

In summary, results from this early-stage clinical study indicate
thatsiRNA therapy targeting ANGPTL3mRNA was generally well toler-
ated and can effectively lower circulating concentrations of athero-
genic lipoproteins. These early results are encouraging and show the
rapid and sustained TG-lowering and TRL-lowering effects of ARO-ANG3
over a 16-week period. ARO-ANG3 also lowers LDL-C, in contrast to
reportedincreases with fibrates and omega-3 fatty acids®*”. ARO-ANG3
could address amajor gap in the secondary prevention of ASCVD and
could be particularly valuable for managing high-risk populations,
such as mixed dyslipidemia and familial hypercholesterolemia™. Future
studies are required to assess the effect of ARO-ANG3 on major ASCVD
outcomesin high-risk populations as well as the long-term safety and
cost utility of this promising new treatment™.
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maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-023-02494-2.

References

1. Barquera, S. et al. Global overview of the epidemiology of
atherosclerotic cardiovascular disease. Arch. Med. Res. 46,
328-338 (2015).

2. Giugliano, R. P. et al. Clinical efficacy and safety of evolocumab
in high-risk patients receiving a statin: secondary analysis of
patients with low LDL cholesterol levels and in those already
receiving a maximal-potency statin in a randomized clinical trial.
JAMA Cardiol. 2,1385-1391 (2017).

3. Laufs, U., Parhofer, K. G., Ginsberg, H. N. & Hegele, R. A. Clinical
review on triglycerides. Eur. Heart J. 41, 99-109c (2020).

4. Kersten, S. Angiopoietin-like 3 in lipoprotein metabolism. Nat. Rev.
Endocrinol. 13, 731-739 (2017).

5. Adam, R. C. et al. Angiopoietin-like protein 3 governs
LDL-cholesterol levels through endothelial lipase-dependent
VLDL clearance. J. Lipid Res. 61, 1271-1286 (2020).

6. Musunury, K. et al. Exome sequencing, ANGPTL3 mutations, and
familial combined hypolipidemia. N. Engl. J. Med. 363, 2220-2227
(2010).

7. Xu,Y.X. etal. Role of angiopoietin-like 3 (ANGPTL3) in
regulating plasma level of low-density lipoprotein cholesterol.
Atherosclerosis 268, 196-206 (2018).

8. Minicocci, I. et al. Clinical characteristics and plasma lipids in
subjects with familial combined hypolipidemia: a pooled analysis.
J. Lipid Res. 54, 3481-3490 (2013).

9. Dewey, F. E. et al. Genetic and pharmacologic inactivation of
ANGPTL3 and cardiovascular disease. N. Engl. J. Med. 377, 211-221
(2017).

10. Stitziel, N. O. et al. ANGPTL3 deficiency and protection against
coronary artery disease. J. Am. Coll. Cardiol. 69, 2054-2063
(2017).

1. Ahmad, Z. et al. Inhibition of angiopoietin-like protein 3 with
a monoclonal antibody reduces triglycerides in hypertrigly-
ceridemia. Circulation 140, 470-486 (2019).

12. Gaudet, D. et al. Vupanorsen, an N-acetyl galactosamine-
conjugated antisense drug to ANGPTL3 mRNA, lowers
triglycerides and atherogenic lipoproteins in patients with
diabetes, hepatic steatosis, and hypertriglyceridaemia. Eur. Heart
J. 41, 3936-3945 (2020).

13. Raal, F. J. et al. Evinacumab for homozygous familial hyperchole-
sterolemia. N. Engl. J. Med. 383, 711-720 (2020).

Nature Medicine | Volume 29 | September 2023 | 2216-2223

2222


http://www.nature.com/naturemedicine
https://clinicaltrials.gov/ct2/show/NCT04832971
https://clinicaltrials.gov/ct2/show/NCT05217667
https://doi.org/10.1038/s41591-023-02494-2

Article

https://doi.org/10.1038/s41591-023-02494-2

4.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Watts, G. F., Raal, F. J. & Chan, D. C. Transcriptomic therapy for
dyslipidemias utilizing nucleic acids targeted at ANGPTL3. Future
Cardiol. 18, 143-153 (2022).

Butler, A. A. et al. Role of angiopoietin-like protein 3 in sugar-
induced dyslipidemia in rhesus macaques: suppression by fish oil
or RNAI. J. Lipid Res. 61, 376-386 (2020).

Wong, S. C. et al. Personalized medicine for dyslipidemias by
RNA interference-mediated reductions in apolipoprotein C3 or
angiopoietin-like protein 3. J. Clin. Lipidol. 13, €15 (2019).
Bergmark, B. A. et al. Effect of vupanorsen on non-high-density
lipoprotein cholesterol levels in statin-treated patients with
elevated cholesterol: TRANSLATE-TIMI 70. Circulation 145,
1377-1386 (2022).

Patel, J. et al. Association of noninvasive quantitative decline

in liver fat content on MRI with histologic response in nonalcoholic
steatohepatitis. Ther. Adv. Gastroenterol. 9, 692-701

(2016).

Katzmann, J. L., Packard, C. J., Chapman, M. J., Katzmann, |. &
Laufs, U. Targeting RNA with antisense oligonucleotides and small
interfering RNA: JACC State-of-the-Art Review. J. Am. Coll. Cardiol.
76, 563-579 (2020).

Graham, M. J. et al. Cardiovascular and metabolic effects of
ANGPTL3 antisense oligonucleotides. N. Engl. J. Med. 377,
222-232(2017).

Kersten, S. New insights into angiopoietin-like proteins in lipid
metabolism and cardiovascular disease risk. Curr. Opin. Lipidol.
30, 205-211(2019).

Ando, Y. et al. A decreased expression of angiopoietin-like 3 is
protective against atherosclerosis in apoE-deficient mice. J. Lipid
Res. 44,1216-1223 (2003).

Gusarova, V. et al. ANGPTL3 blockade with a human monoclonal
antibody reduces plasma lipids in dyslipidemic mice and
monkeys. J. Lipid Res. 56, 1308-1317 (2015).

24. Hu, X. etal. A novel nanobody-heavy chain antibody against
angiopoietin-like protein 3 reduces plasma lipids and relieves
nonalcoholic fatty liver disease. J. Nanobiotechnol. 20, 237 (2022).

25. US Food & Drug Administration. Master Protocols: Efficient
Clinical Trial Design Strategies to Expedite Development
of Oncology Drugs and Biologics Guidance for Industry. https://
www.fda.gov/regulatory-information/search-fda-guidance-
documents/master-protocols-efficient-clinical-trial-design-
strategies-expedite-development-oncology-drugs-and (2022).

26. Bhatt, D. L. et al. Reduction in first and total ischemic events with
icosapent ethyl across baseline triglyceride tertiles. J. Am. Coll.
Cardiol. 74,1159-1161(2019).

27. Das Pradhan, A. et al. Triglyceride lowering with pemafibrate to
reduce cardiovascular risk. N. Engl. J. Med. 387, 1923-1934 (2022).

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© Crown 2023

'School of Medicine, University of Western Australia, Perth, Western Australia, Australia. 2Auckland Clinical Studies, Auckland, New Zealand. *New
Zealand Clinical Research Christchurch, Christchurch, New Zealand. “Te Whatu Ora Waitemata, Auckland, New Zealand. *Royal Prince Alfred Hospital,
Sydney, New South Wales, Australia. *Middlemore Hospital, Auckland, New Zealand. 'Royal Adelaide Hospital, Adelaide, South Australia, Australia.
8Arrowhead Pharmaceuticals, Inc., Pasadena, CA, USA. °Department of Medicine, Université de Montréal and ECOGENE 21 Clinical Research Center,
Chicoutimi, Quebec, Canada. °NYU School of Medicine, NYU Langone Health, New York City, NY, USA. ""Stanford Division of Cardiovascular Medicine
and Cardiovascular Institute, School of Medicine, Stanford, CA, USA. University of Western Ontario, London, Ontario, Canada. ®*Baylor College of

Medicine, Houston, TX, USA.

e-mail: gerald.watts@uwa.edu.au

Nature Medicine | Volume 29 | September 2023 | 2216-2223

2223


http://www.nature.com/naturemedicine
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/master-protocols-efficient-clinical-trial-design-strategies-expedite-development-oncology-drugs-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/master-protocols-efficient-clinical-trial-design-strategies-expedite-development-oncology-drugs-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/master-protocols-efficient-clinical-trial-design-strategies-expedite-development-oncology-drugs-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/master-protocols-efficient-clinical-trial-design-strategies-expedite-development-oncology-drugs-and
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:gerald.watts@uwa.edu.au

Article

https://doi.org/10.1038/s41591-023-02494-2

Methods

ARO-ANG3 is a synthetic, double-stranded, hepatocyte-targeted
NAG-conjugated RNAi trigger designed to target mRNA transcripts
from the ANGPTL3 gene using an RNAi mechanism, thereby reduc-
ing hepatic and blood levels of ANGPTL3 protein. Both the antisense
and sense strand of ARO-ANG3 comprise 21 2’ modified nucleotide
subunits, modified at the 2’ positions of the ribose subunits with either
fluorine (2’F) or methoxy (2’MeO) groups. The sense strand additionally
contains two inverted abasic subunits and an N-acetylgalactosamine
targeting moiety. The sequence of the molecule can be found in Sup-
plementary Fig. 3.

Study design and participants

This phase 1, multicenter, randomized, double-blind, placebo-
controlled, open-label single and multiple dose-escalating study
(NCT03747224) was approved by the ethics committees (ECs) and
institutional review boards (IRBs) of participating centersin Australia
(threesites; Linear Clinical Research, Royal Adelaide Hospital and Royal
Prince Alfred Hospital) and New Zealand (three sites; Auckland Clinical
Studies, Middlemore Clinical Trials and Lipid and Diabetes Research
Group). The ECs and IRBs included Bellberry Human Research Ethics
Committee (HREC), Northern B Health and Disability Ethics Committee
(HDEC) and Central Adelaide Local Health Network (CALHN) HREC.

The study was conducted in accordance with the Declaration of
Helsinki and International Council for Harmonisation Good Clinical
Practice guidelines. Written informed consent was obtained from all
participants. Sex and race were self-reported by all participants. All
participants were reimbursed for their time and travel in accordance
with local regulations.

The first patient to be consented was consented on 10 December
2018, and the first patient was randomized on 4 January 2019. The last
patient was consented on 24 January 2020, and the last patient visit
was on 17 May 2021. All cohorts, including those not reported here,
have completed the study.

Thestudy comprised six double-blind cohorts and eight open-label
cohorts, withSAD and MAD designs. The aim of the study was to deter-
mine the safety and efficacy of ARO-ANG3 using escalating single
doses of ARO-ANG3 in HPs and multiple doses in participants with
hepatic steatosis. Eligible HPs in double-blind cohorts were allocated a
unique randomization number, inaccordance with the randomization
schedule. In each cohort, the first two participants (sentinels) were
randomized separately, one to active treatment and one to placebo.
Each participant was assigned to either active (ARO-ANG3) or placebo
treatment. The allocation of active treatment or placebo was deter-
mined by acomputer-generated randomization schedule provided to
the clinical site pharmacies by Novotech. The randomization schedule
specified the treatment allocated to each randomization number. Sites
enrolled the participants per the randomization schedule prepared
by the pharmacists. After completion of the double-blind cohorts,
the sponsor was unblinded, but the principal investigator and study
participants remained blinded. This could occur after all participants
inacohorthad completed the final planned study visitonday 113. The
study schemais shownin Extended DataFig.1. CONSORT diagrams for
the HP and hepatic steatosis cohorts are shownin Fig. 1a,b.

Cohorts 1-4 included eligible HP participants aged 18-65 years
at screening who were on a stable diet for at least 4 weeks with no
plans to meaningfully alter diet or body mass index (BMI) during the
study. Placebo-controlled HP cohorts1-4 were required to have a fast-
ing screening TG >100 mg dI™ and LDL-C >70 mg dI™ and to have not
received any lipid-lowering or TG-lowering therapy.

A basket trial approach was taken to evaluate early proof of con-
cept, and four cohorts of participants with diverse dyslipidemias
were enrolled. These cohortsincluded participants with hepatic stea-
tosis (defined as baseline MRI-PDFF =10%) in cohort 5; participants
with LDL-C >70 mg dI™ and on a stable statin regimen in cohort 6;

participants with a diagnosis of familial hypercholesterolemia (genetic
diagnosis or Dutch Lipid Clinic Network Score >6) in cohort 7; and
participants with TG >300 mg dI™in cohort 8. Cohort 9 comprised an
extension cohort of participants with familial hypercholesterolemia
from cohort 7. The cohort summary and dose escalation schedule are
shownin Supplementary Tables 5 and 6, respectively.

Full details of eligibility and exclusion criteria are described in
the Study Protocol.

Study treatments and procedures

The cohort dosing schedule is presented in Supplementary Table 1.
Cohorts1-4 were randomized and double-blinded, with all receiving
single subcutaneous doses of ARO-ANG3 or placebo at escalating dose
levels of 35 mg,100 mg, 200 mg and 300 mg. Samples were collected
for clinical laboratory tests at each clinic visit. Fasting serum samples
were collected at baseline and at times specified in the protocol.
Participants fasted from food for at least 8 h before serum sample
collection.

The Friedewald calculation was used for LDL-C measurements,
unless TGs were >400 mg dI™!, wherein a direct LDL-C measurement
was used. Medpace Research Laboratories reported results for lipid/
lipoprotein parameters. Full details of the above assessments and
procedures are described in the Study Protocol.

ANGPTL3 was measured in serum sample sets batched by par-
ticipantusing an ELISA (R&D Systems) read for absorbance onaTecan
Sunrise reader.

MRI-PDFF imagingsitesused a3T (preferred) or 1.5T (acceptable)
MR system with appropriate abdominal coils to perform imaging of
the liver, including T2 coronal liver, T2 axial liver and multi-echo fat
quantification as per the image acquisition manual. Images were cen-
trally read and reported by Medpace Core Labs. Lipid and lipoprotein
results were reported by Medpace Research Laboratories. All other
parameters were reported by Sonic Clinical Trials.

Pharmacokinetics
Pharmacokinetic samples were collected only for HP cohorts.

On dosing days (days 1and 29 (MAD cohorts only)), plasma sam-
ples were collected at time O (pre-dose), 15minand 0.5,1,2,3, 6, 9,12,
18,24 and 48 h post-dose.

The primary objective of the study was to determine the inci-
dence and frequency of adverse events possibly or probably related
totreatment as ameasure of the safety and tolerability of ARO-ANG3
using escalating single and multiple doses in HPs and multiple doses
in patients with dyslipidemia. Adverse events were coded accord-
ing to the Medical Dictionary for Regulatory Activities (MedDRA)
version19.1.

Secondary objectives

» Toevaluate the single-dose and multi-dose pharmacokinetics of
ARO-ANG3 in HPs

e Todetermine the reductionin fasting serum ANGPTL3 from
baseline in response to a single dose and multiple doses of
ARO-ANG3 as a measure of drug activity in HPs and in response
to multiple doses of ARO-ANG3 in patients with dyslipidemia (all
values drawn after at least 8-h fast)

Exploratory objectives

« Toevaluate the effect of ARO-ANG3 on change from baseline in
fasting LDL-C, total cholesterol, non-HDL-C, HDL-C, VLDL-C, TG,
Lp(a), total ApoB, ApoB 48, ApoB 100, ApoC IlI, ApoC I, ApoAY,
LPL mass (if feasible), hepatic lipase mass (if feasible), choles-
teryl ester transfer protein (CETP) mass (if feasible) and ApoA
(all values drawn after at least 8-h fast)

» Toevaluate the effect of doses of ARO-ANG3 on changes from
baseline in BMI
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a CONSORT diagram (healthy participant cohorts)

( Enolnens ) ‘ Assessed for eligibility (n = 194) ‘

‘ Enrolled/randomized (n = 52) ‘

Single dose Repeat dose
SAD cohort MAD cohort
Randomized Open-Label

Allocation Allocation

Allocated to ARO-ANG3 (n = 24)
ARO-ANG3 35, 100, 200, 300 mg (n = 6 each)
Received allocated intervention (n = 24)

Allocated to placebo (n =16)
Received allocated
intervention (n =16

Allocated to ARO-ANG3 (n =12)
ARO-ANG3 100, 200, 300 mg (n = 4 each)
Received allocated intervention (n =12)

Follow-up

Follow-up

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)
Participant withdrew consent (n = 0)

Discontinued intervention (n = 1)

Discontinued intervention (n = 0) -or y
Participant withdrew consent (n = 1)

Participant withdrew consent (n = 0)

Analysis

Analyzed (n =16)

Excluded from analysis (n = 0)

Safety analysis (n =16 [100%])
Pharmacokinetic analysis (n = 0 [0%])
Pharmacodynamic analysis (n =16 [100%])

Analysis

Analyzed (n =12)

Excluded from analysis (n = 0)

Safety analysis (n = 12)

Pharmacokinetic analysis (n =12 [100%])
Pharmacodynamic analysis (n =12 [100%])

Analyzed (n = 24)

Excluded from analysis n =0

Safety analysis (n = 24 [100%])
Pharmacokinetic analysis (n = 24 [60%])
Pharmacodynamic analysis (n = 40 [100%])

l l l

‘ Participants who completed the study ‘ Participants who completed the study ‘ Participants who completed the study ‘

(n =24 100%]) (n=15[93.8%]) (n=12[100%])

b CONSORT diagram (hepatic steatosis cohort)

Enrollment

Assessed for eligibility (n = 194)

Excluded (n =153)

Enrolled/randomized (n = 41)

Hepatic steatosis cohort 5
randomized

Allocation

Allocated to placebo (n = 3)
Received allocated intervention (n = 3)

Allocated to ARO-ANG3 (n = 6)
ARO-ANG3 200 mg (n = 6)
Received allocated intervention (n = 6)

Follow-up

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Participant withdrew consent (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysis

Analyzed (n = 3)
Excluded from analysis (n = 0)
Pharmacokinetic analysis (n = 0 [0%])
Pharmacodynamic analysis (n = 3 [100%])

Analyzed (n = 6)

Excluded from analysis n = 0

Safety analysis (n = 6 [100%])
Pharmacokinetic analysis (n = 6 [100%])
Pharmacodynamic analysis (n = 6 [100%])

Participants who completed the study
(n =3 [100%])

Participants who completed the study
(n =6 [100%])

Fig.1| CONSORT diagrams. a,b, Participant allocation for the SAD and MAD HP cohorts (a) and dyslipidemic cohorts (b) in the phase 1 AROANG1001 study. Note:
The key results from this study are first reported for HPs and individuals with hepatic steatosis.
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» Toevaluate the effect of ARO-ANG3 on changes from baseline
in fasting serum blood glucose, hemoglobin Alc, C peptide,
glucose tolerance test and fasting serum insulin

« Toevaluate the effect of ARO-ANG3 on change from baseline
liver fat content using MRI-PDFF in cohort 5 only

» Toevaluate the effect of ARO-ANG3 on change from baseline in
post-prandial (post-standardized high-fat/high-carbohydrate
meal) serum TGs in specified cohorts

« Toevaluate excretion of ARO-ANGS3 (full length and metabolites)
and identify metabolites in plasma and urine in the multi-dose
HP cohorts

Endpoints. The primary endpoints were incidence of adverse events or
serious advserse events and relationship to study treatment; physical
examinations, including height, weight and BMI; vital signs (systolic/
diastolicblood pressure, temperature, heartrate and respiratory rate);
electrocardiogram (ECG) measurements; injection site reactions;
clinical laboratory tests (serum chemistry (including hemoglobin
Alc), hematology, coagulation, urinalysis, microscopic urinalysis (if
indicated), serology, follicle stimulating hormone (FSH), drug and
alcohol use, pregnancy, lipid parameters, serum insulin levels, serum
glucose levels and stool occult blood test); concomitant medications/
therapy; and reasons for treatment discontinuation due to toxicity.

The secondary pharmacodynamic endpoint was change in fast-
ing serum ANGPTL3 concentration. The exploratory key pharmaco-
dynamic endpoints included fasting TG, fasting non-HDL-C, fasting
VLDL-C, fasting LDL-C, fasting HDL-C and ApoB in response to escalat-
ing single or multiple doses of ARO-ANG3.

Additional lipid parameters, including ApoC Il and total choles-
terol, were also assessed as exploratory endpoints.

Full lists of secondary and exploratory endpoints are included
below.

Statistical analyses. For serum ANGPTL3, lipid, lipoprotein and
lipoprotein concentrations, the percentage change from baseline at
post-baseline visits were analyzed using alinear mixed model repeated
measures (MMRM) approach with fixed effects for treatment, week,
treatment by week interaction, baseline value as a continuous covariate
and baseline by treatment interaction. As a post hoc analysis, in cases
when the statistical assumptions could not be satisfied, especially
for the analysis of fasting TG, a non-parametric approach with the
Hodges-Lehmann method was used. The sample size chosen for the
study was selected without statistical justification but was considered
adequate for assessing the study objectives.

Not all interventions in the basket trial design were placebo con-
trolled—for example, HPsin the MAD cohorts. Therefore, inanexplora-
tory post hocanalysis, given similarities between the HP SAD and MAD
cohorts, datapooled from the placebo groupsinthe SAD cohorts were
used to compare with results from the MAD HPs.

Endpoints
Secondary endpoints.

« Single-dose and multi-dose plasma pharmacokinetics of
ARO-ANG3 were assessed by analysis of the following param-
etersondays1and 29:

* AUCIast

+  AUG,,’

«  AUC

* AUC%extrapa
* Cmax

* TmﬂX

. t,

« CL/F

e Vz/F

» Single-dose and multi-dose urine pharmacokinetics of
ARO-ANG3 were assessed by analysis of the following param-
etersondays1and 29:

o Aegyy’
+ Fegyyd
e CLR?

The reduction in fasting serum ANGPTL3 from baseline was
assessed by analysis of fasting serum ANGPTL3 concentration.

?Results for plasma pharmacokinetics parameters AUC,,_,, and
AUC;eyirap and urine pharmacokinetics parameters Ae,_,,, Fe,_,, and
CLR are not described in this manuscript.

Exploratory endpoints.

» Fasting LDL-C

« Total cholesterol

« Fasting non-HDL-C

* Fasting HDL-C

» Fasting VLDL-C

* Fasting TG

« FastingLp(a)

< Fasting total ApoB

« Fasting ApoB 48

* Fasting ApoB100

» Fasting ApoClll

« Fasting ApoClI

« Fasting ApoAV

* LPL mass (if feasible)

e CETP mass (if feasible)
« Fasting ApoAl

« Hemoglobin Alc

e Cpeptide

« Fasting serumblood glucose
*  Glucose tolerance test
« Fasting seruminsulin
e Post-prandial TG test

< Liver fat content using MRI
< BMI

Inclusion/exclusion criteria
Inclusion criteria. Participants who met all of the following criteriaat
screening were eligible to participate in the study:

1. Male or female participants 18-65 years of age. In cohorts 7,
7b, 7c, 8 and 9, participants up to age 70 years were eligible if
otherwise healthy and at the discretion of the investigator.

2. Ableand willing to provide written informed consent before the
performance of any study-specific procedures.

3. Participants with a BMI between 19.0 kg m2and 40.0 kg m>2,
inclusive and on a stable diet for at least 4 weeks with no plans
to significantly alter diet or BMI over the course of the study.

4. A12-lead ECG at screening and pre-dose assessment that, in the
opinion of the principal investigator, had no abnormalities that
compromise participant safety in this study.

5. Non-nursing women.

6. Fasting serum TG >100 mg dI™ (1.13 mmol 1) at screening
(applicable to cohorts 1, 2,3 and 4 only; did not apply to cohorts
2b, 3b or 4b).

7. Fasting serum LDL-C >70 mg dI™* (1.81 mmol I!) at screening
(applicable to cohorts 1,2, 3 and 4 only; did not apply to cohorts
2b,3b or 4b).

8. Participants using two highly effective forms of contracep-
tion (both male and female partners) during the study and for
3 months after the dose of ARO-ANG3. Men were not to donate
sperm for at least 3 months after dose of the last study treatment.
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Male partners of female participants and female partners of
male participants were also required to use contraception, if
they were of childbearing potential. Women of childbearing
potential were required to have a negative urine pregnancy test
at screening and on day 1. Women not of childbearing potential
were to be postmenopausal (defined as cessation of regular
menstrual periods for at least 12 months), confirmed by FSH
level in the postmenopausal reference range.

Using twice the normal protection of birth control by using a

condom and one of the following;:

Birth control pills

Depot or injectable birth control
Intrauterine device

Birth control patch (for example, Othro Evra)
Vaginal ring (for example, NuvaRing)

Surgical sterilization (that is, tubal ligation or hysterectomy for

women or vasectomy for men or other forms of surgical sterilization)
that could be verified in the participant’s medical history was accept-
able asasingle form of contraception.

Rhythm methods were not considered as highly effective methods

ofbirth control. Participant abstinence for the duration of the study and
3 months after the dose of ARO-ANG3 was acceptable only when this
method was in alignment with the normal lifestyle of the participant.

9.

10.
11.

12.

13.

14.
15.

16.

17.

18.

19.

Participants who were willing and able to comply with all study
assessments and adhere to the protocol schedule.

Must have had suitable venous access for blood sampling.
Aspartate transaminase (AST) and ALT <1.5x ULN at screening
for cohorts 1-4 and 2b through 4b (one repeat screen test was
allowed).

AST and ALT <3x ULN at screening for cohorts 5, 6,7, 7b, 7c and
8 (one repeat screen test was allowed).

Creatinine levels <ULN at screening (one repeat screen test was
allowed).

MRI-PDFF indicating a liver fat content of 210% (cohort 5 only).
On a stable regimen of statin therapy for at least 6 months and
LDL-C >70 mg dI™* (1.81 mmol I) at screening (cohort 6 only).
Documented genetic diagnosis consistent with familial hyper-
cholesterolemia (homozygous or heterozygous) with genotype
documented in a verifiable source document OR Dutch Lipid
Clinic Network Score >6 (cohorts 7, 7b and 7c only).

LDL-C >100 mg dI™* (2.59 mmol I"") despite standard-of-care
therapy or LDL-C >70 mg dI"* (1.81 mmol I) while on a PCSK 9
inhibitor or LDL-C >70 mg dI™* (1.81 mmol I") in the presence of
documented ASCVD (cohorts 7, 7b and 7c only).

Screening fasting TG >300 mg dI™ (3.39 mmol ) (cohort 8
only). Up to two repeated fasting TG tests during screening was
acceptable.

Cohort 9 only: must have had completed all doses in cohorts 7,
7bor7c.

Exclusion criteria
Participants who met any of the following criteria at screening were
noteligible to participate in the study:

1

2.

Female participants with a positive pregnancy test or who were
lactating.

Acute signs of hepatitis (for example, moderate fever, jaundice,
nausea, vomiting and abdominal pain) at screening or at
baseline.

Use of prescription medication that, in the opinion of the study
investigator or the sponsor, would interfere with study con-
duct. Stable regimens to lower LDL-C or TG or to treat

10.

11.

12.
13.

14.

15.

16.

17.

cardiovascular disease, stable regimens of anti-hypertensives
and stable regimens of anti-platelet agents or anti-coagulants
were acceptable for cohorts 5, 6, 7 and 8 as long as the partici-
pant met other criteria. Stable regimen was defined as on treat-
ment for at least 3 months. Topical products without systemic
absorption, over-the-counter and prescription pain medication
or hormonal contraceptives (female participants) were accept-
able at the investigator’s discretion.

Use of more than two tobacco/nicotine-containing or canna-
bis products (for example, two cigarettes) per month within

6 months before the first intraperitoneal administration
(applicable only to HP cohorts1, 2, 3, 4, 2b, 3b and 4b).

HIV infection, as shown by the presence of anti-HIV antibody
(seropositive).

Seropositive for hepatitis B virus or hepatitis C virus (HCV)
(HCV seropositivity required positive test for antibodies con-
firmed with positive test for HCV RNA).

Had uncontrolled hypertension, defined as blood pressure
>170/100 mmHg at screening, confirmed by repeat.

Ahistory of torsades de pointes, ventricular rhythm disturbances
(for example, ventricular tachycardia or fibrillation), pathologic
symptomatic bradycardia, 2nd degree or 3rd degree heart
block, congenital long QT syndrome, prolonged QT interval
due to medications or new elevation or depression in the part
of an ECG immediately after the QRS complex and merging into
the T wave (ST segment) or new pathologic inverted T waves

or new pathologic Q waves on ECG that were deemed clinically
significant in the opinion of the PI. Participants with a history of
atrial arrhythmias could be discussed with the Sponsor Medical
Monitor and the CRO Medical Monitor.

A family history of congenital long QT syndrome, Brugada
syndrome or unexplained sudden cardiac death.

Symptomatic heart failure (per New York Heart Association
guidelines), unstable angina, myocardial infarction, severe car-
diovascular disease (ejection fraction <20%), transient ischemic
attack (TIA) or cerebrovascular accident (CVA) within 6 months
before study entry. For cohorts 7, 7b, 7c and 8, known stable (no
clinically significant adverse change in last 6 months) cardiovas-
cular or coronary artery disease was acceptable.

History of malignancy within the last 1 year except for basal

cell carcinoma, squamous cell skin cancer, superficial

bladder tumors or in situ cervical cancer. Participants with
other treated malignancies who had no evidence of metastatic
disease and more than 1year without evidence of active
malignancy could be entered after approval by the Sponsor
Medical Monitor.

History of major surgery within 3 months of screening.

Regular use of alcohol within 1 month before the screening visit
(that is, more than 14 units for women and 21 units for men per
week (1unit =150 ml of wine, 360 ml of beer or 45 ml of 40%
alcohol)).

Cardiac troponin (troponin I) above ULN at screening.

Recent (within 3 months) use of illicit drugs (such as cocaine,
phencyclidine or and 3,4-methylenedioxy methamphetamine
(MDMA)) or positive test for such drugs of abuse at screening.
Participants who were on prescription medications that caused
a positive result on urine drug screen were not excluded.
Participants with a positive urine drug screen for cannabinoids
were not excluded.

Use of an investigational agent or device within 30 days before
dosing or current participation in an investigational study.

Any concomitant medical or psychiatric condition or social
situation or any other situation that would make it difficult to
comply with protocol requirements or put the participant at
additional safety risk (for cohorts 5, 6, 7 and 8, stable diabetes
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mellitus based on principal investigator discretion, requiring or
not requiring insulin, was not exclusionary.)

18. Had a history of clinically meaningful coagulopathy, bleeding
diathesis, stroke or myocardial infarction within 6 months of
baseline and/or concurrent anti-coagulant medication(s).

19. Participants with any of the following laboratory abnormalities:
a. International normalized ratio >1.5x ULN at screening
b. Platelets <100,000 per microliter at screening

20. Participants who were unable to return for all scheduled study
visits.

21. Participants with any contraindications to MRI (cohort 5 only).

22. Donation or loss of whole blood (excluding the volume of
blood that was to be drawn during the screening procedures
of the study) before administration of the study treatment as
follows: 50-499 ml of whole blood within 30 days, or more than
499 ml of whole blood within 56 days, before study treatment
administration.

When laboratory value cutoffs were used for inclusion or exclu-
sion, up to two repeat tests (after the initial screening test) were accept-
able, and values from repeat testing could be used to determine study
eligibility.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Arrowhead Pharmaceuticals, Inc. is committed to sharing anonymized
data from our clinical trials without compromising the privacy of
trial participants. The Statistical Analysis Plan and the Final Study
Protocol (Original and Final) willbe made available upon publication.
Datarequests may be sent by email to info@arrowheadpharma.com.
Analyses based onresearch proposals that demonstrate scientific merit
willbe considered. Arrowhead Pharmaceuticals, Inc. intends to share
data only once a trial has completed and the product/indication has
beenapproved at least in the United States and the European Union.
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Extended DataFig.1|Study Schema. This schemareflects the basket trial
approach takenin this Phase1study AROANG1001 to evaluate early proof
of-concept, in which healthy participants (HPs) and patients with various

study showing the safety, tolerability, and pharmacodynamic effects of single
ascending doses of ARO-ANG3 in HPs and multiple doses of ARO-ANG3 in both
HPs and a cohort of patients with baseline hepatic steatosis. These cohorts are

dyslipidemias were enrolled. In this report, we present the key results from this showninred boxes.
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Extended DataFig. 2 | Individual absolute changesin liver fat content showing individual absolute changesin liver fat content, measured using
measured using magnetic resonance imaging-proton density fat fraction at magnetic resonance imaging-proton density fat fraction (MRI-PDFF), at post-
Day 71(A) and Day 168 (B) post dose for participants with hepatic steatosis dose Day 71(A) and Day 168 (B) for participants with hepatic steatosis receiving
receivingrepeat doses 0of200 mg ARO-ANG3 or placebo. Waterfall plots repeat doses of 200 mg ARO-ANG3 or receiving placebo.
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Extended Data Fig. 3| See next page for caption.
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Extended Data Fig. 3| Reductionsinserum ANGPTL3, TG, LDL-C, VLDL-C,
HDL-C, and non-HDL-C concentrations in healthy participants with single
ascending doses of ARO-ANG3 or placebo. Median percent change (+/-Q1,Q3)
from baselinein triglycerides (B). Mean percent change (+SD) from baseline in
ANGPTL3 (A), VLDL-C (C), non-HDL-C (D), LDL-C (E), HDL-C (F), and ApoB (G)

in healthy participants receiving a subcutaneous dose of ARO-ANG3 (n = 4 per

cohort of 35 mg [blue]100 mg[red], 200 mg[green], 300 mg [purple])

or placebo [orange] on Day1). Abbreviations: ApoB = Apolipoprotein B;

HDL-C = high density lipoprotein cholesterol; Ql, Q3 = quartile 1, quartile 3;
LDL-C=low density lipoprotein cholesterol; SD = standard deviation; VLDL = very
low density cholesterol.
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Extended Data Fig. 4 | See next page for caption.
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Extended Data Fig. 4 | Reductions inserum ANGPTL3, TG, LDL-C, VLDL-C,
HDL-C, non-HDL-C, and ApoB concentrations in healthy participants with
multiple ascending doses of ARO-ANG3. Median percent change (Q1, Q3)
from baselinein triglycerides (B). Mean percent change (+SD) from baseline in
ANGPTL3 (A), VLDL-C (C), non-HDL-C (D), LDL-C (E), HDL-C (F), and

ApoB (G) in healthy participants receiving a subcutaneous dose of

ARO-ANG3 (n =4 per cohort of 100 mg[red], 200 mg [green] or 300 mg [purple])
onDays1and 29). Abbreviations: ApoB = Apolipoprotein B; HDL-C = high density
lipoprotein cholesterol; Q1= quartile 1; Q3 = quartile 3; LDL-C = low density
lipoprotein cholesterol; SD = standard deviation; VLDL = very low density
cholesterol.
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Extended Data Table 1| TEAESs, occurring in more than one participant, in HP SAD cohorts receiving placebo or 35mg,
100 mg, 200 mg or 300 mg of ARO-ANGS3 (A) and in HPs in cohorts receiving MADs of 100 mg, 200 mg or 300 mg of
ARO-ANG3 (B)

(A) Single Dose Day 1 (B) Repeat Dose Days 1 and 29
Healthy Participants (SAD) Healthy Participants (MAD)
ARO-ANG3 ARO-ANG3 [ ARO-ANG3 | ARO-ANG3
Pooled 35mg 100 mg 200 mg 300 mg 100 mg 200 mg 300 mg
Placebo
Preferred Term (N=16) (N=6) (N=6) (N=6) (N=6) (N=4) (N=4) (N=4)
n(%)E n(%)E n(%)E n(%)E n(%)E n(%)E n(%)E n(%)E
Upper respiratory | 3 (18.8%) 3 2(33.3%) 2 1(16.7%) 1 3(50.0%) 6 4(66.7%)4 | 1(25.0%)1 1(25.0%) 1 2 (50.0%) 3
tract infection
Headache 1(6.3%)1 3 (50.0%) 4 1(16.7%) 1 2(33.3%)3 1(16.7%) 1 1(25.0%) 1 1(25.0%) 1 3(75.0%)4
Diarrhea 3(18.8%)3 0 1(16.7%) 1 0 1(16.7%) 1 0 0 2 (50.0%) 2
Dyspepsia 1(6.3%) 1 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0
Lethargy 0 0 0 0 0 1(25.0%) 1 1(25.0%) 1 0
Oropharyngeal 1(6.3%) 1 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0
pain
Soft tissue injury 3(18.8%)3 0 0 0 0 0 0 0
Vascular access 1(6.3%) 1 1(16.7%) 1 1(16.7%) 1 0 0 0 0 0
site pain
Vascular access 0 0 0 0 0 1(25.0%)2 0 2(50.0%) 3
site bruising
Dermatitis 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0 0
contact
Dizziness 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0 0
Injection site 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0 0
erythema
Neuralgia 1(6.3%) 1 0 0 1(16.7%) 1 0 0 0 0
Paresthesia 0 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0
Rectal 2(12.5%)2 0 0 0 0 0 0 0
hemorrhage
Tooth fracture 0 0 1(16.7%) 1 1(16.7%) 1 0 0 0 0

Abbreviations: AE=adverse event, MAD=multiple ascending dose; N=number of participants allocated to the cohort, SAD=single ascending dose;
TEAE=treatment-emergent adverse event.

Note: If a subject has multiple occurrences of a TEAE, the participant is presented only once in the participant count (n) column for a given System Organ
Class and Preferred Term. Occurrences are counted each time in the Events (E) column. Percentages are based on the number of participants in each cohort.
AEs are sorted by decreasing frequency over all treatment cohorts by Preferred Term. MedDRA Version 19.1.
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Extended Data Table 2 | Pharmacodynamic measurements of lipid parameters, results from post hoc analysis: MMRM
percent change from baseline to day 113 compared to placebo for ANGPTL3, TG, non-HDL-C, VLDL-C, LDL-C and HDL-C in

HPs receiving MADs of ARO-ANG3

Limit

(-150.6, -49.1)*

(-152.0, -50.5)*

MAD - HP HP (SAD) ARO-ANG3 ARO-ANG3 ARO-ANG3
Pooled Placebo (100 mg) (200 mg) (300 mg)

ANGPTL3

LS Mean (SE) 16.32(7.74) -65.05 (16.28) -89.68 (17.17) -91.23 (15.05)

LS Mean of difference vs placebo (SE) — -81.37 (18.02)** -106.00 (18.83)** -107.55 (16.92)**

Triglycerides

LS Mean (SE) 37.07 (16.51) -62.32 (32.83) -72.69 (33.34) -65.42 (32.82)

LS Mean of difference vs placebo (SE) — -99.39 (36.75)* -109.76 (37.20)* -102.49 (36.73)*

Non-parametric Analysis of % Change from Baseline to Day 113

Median difference and 95% Confidence — -78.18 -85.97 -85.77

(-155.1, -48.0)*

Non-HDL-Cholesterol

LS Mean (SE)

7.32(3.54)

-44.72(7.13)

-49.37 (6.96)

-45.12 (6.98)

LS Mean of difference vs placebo (SE)

-52.05 (7.96)**

-56.69 (7.81)**

-52.44 (7.83)**

VLDL-Cholesterol

LS Mean (SE)

31.25 (12.24)

-59.70 (23.28)

-61.23 (23.32)

-62.61(23.28)

LS Mean of difference vs placebo (SE) — -90.95 (26.30)* -92.48 (26.34)* -03.85 (26.30)*
LDL-Cholesterol

LS Mean (SE) 5.98 (5.20) -42.87 (10.93) -43.62 (10.22) -36.82(10.36)
LS Mean of difference vs placebo (SE) — -48.85 (12.10)* -49.61 (11.46)** -42.80 (11.59)*
HDL-Cholesterol

LS Mean (SE) 6.56 (4.26) -11.92 (8.68) -22.80 (10.05) -38.90 (8.79)
LS Mean of difference vs placebo (SE) — -18.48 (9.66)~° -29.35 (10.92)* -45.46 (9.76)**
ApoB

LS Mean (SE) 7.99 (3.93) -35.02 (8.25) -37.87(7.81) -29.59 (7.93)
LS Mean of difference vs placebo (SE) — -43.00 (9.14)** -45.86 (8.74)** -37.58 (8.85)**

Abbreviations: HDL= high density lipoprotein, HP=healthy participant, LDL=low density lipoprotein; MAD=multiple ascending dose, MMRM=mixed model
repeated measures, NS=not significant; SAD=single ascending dose; SD=standard deviation; SE=standard error of mean, VLDL=very low density lipoprotein.
Note: Friedewald calculation was used for LDL-C measurements, unless triglycerides were =400 mg/dL, wherein a direct LDL-C measurement was used.

k p < 0.001 vs placebo; * p <0.05 vs placebo;

, N8 p > 0.05 vs placebo
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Extended Data Table 3 | Overall summary of TEAEs in hepatic steatosis cohort receiving placebo or 200 mg of ARO-ANG3

Patients with Liver Fat >10% (MAD)

Placebo ARO-ANG3
(N=3) (200 mg)
(N=6)
Number of TEAEs 8 22
Number of participants reporting at least one:
TEAE 3 (100%) 5(83.3%)
Serious TEAE 1(33.3%)* 0
Severe TEAE 0 0
Related TEAE 0 2 (33.3%)
Related Serious TEAE 0 0
Related Severe TEAE 0 0
TEAEs Leading to 0 0
Drug/Study Withdrawn
Number of participants reporting TEAEs by severity:
Mild 3 (100%) 5(83.3%)
Moderate 1(33.3%) 3 (50.0%)
Severe 0 0
Number of participants reporting TEAEs by relationship to study treatment:
Not Related 3 (100%) 5(83.3%)
Possibly 0 0
Probably 0 2 (33.3%)
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Extended Data Table 4 | Pharmacodynamic measurements of lipid parameters: percent change from baseline at day 85

and MMRM analysis of change from baseline compared to placebo for Apo CIII, total cholesterol and Apo Al for HP SADs of

35mg, 100mg, 200 mg or 300mg of ARO-ANG3

Pooled ARO-ANG3 ARO-ANG3 ARO-ANG3 ARO-ANG3
Placebo (35 mg) (100 mg) (200 mg) (300 mg)
Apo CIII
Baseline
Mean (SD)mg/dL. |  9.60(4.92) | 9.58(233) | 11894100 [ 12.96(4.46) | 10.02(3.39)
Absolute (mg/dL) and % Change from Baseline to Day 85
Mean (%) -0.405 (2.1) -2.372 (-22.3) -5.225 (-41.8) -7.755 (-60.4) -6.418 (-65.6)
SD (%) 3.371 (25.8) 2.099 (19.9) 4.667 (34.2) 3.173 (19.1) 3.177 (25.0)

MMRM Estimates % Change from Baseline to Day 85

LS Mean (SE) 3.33(7.22) -8.85 (12.21) -40.82 (11.80) -64.31 (12.22) -63.40 (11.60)

LS Mean of -12.18 (14.18) -44.15 (13.83) -67.65 (14.19) -66.73 (13.66)

difference vs

placebo (SE)

P-value 0.398 0.004 <.001 <.001
Total Cholesterol

Baseline

Mean (SD)mg/dL | 198.1(31.8) | 2168(49.8) | 2455(49.8) [ 2242(522) | 218.8(37.8)

Absolute (mg/dL) and % Change from Baseline to Day 85

Mean (%) -6.2 (-2.3) -38.2 (-15.9) -54.5 (-22.4) -32.3 (-15.7) -49.2 (-21.5)

SD (%) 22.1(11.1) 33.1(14.7) 23.6 (8.5) 54.7 (26.3) 41.9 (17.7)

MMRM Estimates % Change from Baseline to Day 85

LS Mean (SE) -3.77 (4.24) -15.23 (6.84) -24.79 (6.89) -13.69 (6.66) -21.14 (6.64)

LS Mean of -11.47 (8.05) -21.03 (8.09) -9.92 (7.89) -17.37 (7.88)

difference vs

placebo (SE)

P-value 0.163 0.014 0.218 0.035

Apo Al

Baseline

Mean (SD)mg/dL | 1253(16.8) | 130.8(8.9) | 140.7(204) | 128.0(18.2) | 133.5(23.5)

Absolute (mg/dL) and % Change from Baseline to Day 85

Mean (%) 9.1(8.2) 5.0(3.3) -2.5(-3.0) -20.2 (-14.6) -14.0 (-11.2)

SD (%) 14.6 (13.0) 21.4(15.9) 16.9 (12.4) 21.7 (15.0) 21.7 (16.5)

MMRM Estimates % Change from Baseline to Day 85

LS Mean (SE) 6.79 (3.44) 2.59 (5.59) -3.76 (5.65) -14.91 (5.42) -11.16 (5.43)

LS Mean of N/A -4.20 (6.57) -10.55 (6.62) -21.71 (6.42) -17.96 (6.43)

difference vs

placebo (SE)

P-value N/A 0.527 0.120 0.002 0.009

Abbreviations: MMRM=mixed model repeated measures; SD=standard deviation; SE=standard error of mean.
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Extended Data Table 5 | Pharmacodynamic measurements of lipid parameters: percent change from baseline at day 113 and
MMRM analysis of change from baseline compared to placebo for Apo CllI, total cholesterol and Apo Al for HPs receiving

escalating repeat doses of 100mg, 200 mg or 300 mg of ARO-ANG3

MAD - HP HP (SAD) ARO-ANG3 ARO-ANG3 ARO-ANG3

Pooled Placebo (100 mg) (200 mg) (300 mg)
Apo-CIII

Baseline

Mean (SD) 9.60 (4.92) 9.24 (2.05) 9.63 (0.85) 8.10 (4.83)

ng/mL

Absolute (ng/mL) and % Change from Baseline to Day 113

Mean (%) 1.255 (11.8) -5.930 (-61.4) -7.198 (-75.8) -7.170 (-87.9)

SD (%) 3.681 (39.1) 3.656 (38.3) 2.208 (25.0) 4.425 (6.5)

MMRM Estimates % Change from Baseline to Day 113

LS Mean (SE) 9.55 (8.89) -61.65 (17.42) -75.98 (17.63) -88.91 (17.52)

LS Mean of — -71.20 (19.56) -85.53 (19.74) -98.46 (19.64)

difference vs

placebo (SE)

P-value — 0.001 <.001 <.001
Total Cholesterol

Baseline

Mean (SD) 198.06 (31.81) 246.75 (35.79) 203.00 (17.51) 188.00 (36.36)

mg/dL

Absolute (ng/mL) and % Change from Baseline to Day 113

Mean (%) 14.1 (8.1) -86.8 (-35.3) -90.5 (-43.8) -78.8 (-42.2)

SD (%) 25.0 (12.6) 16.4 (5.2) 40.6 (15.5) 12.8 (5.1)

MMRM Estimates % Change from Baseline to Day 113

LS Mean (SE) 7.04 (2.82) -36.62 (6.35) -43.67 (5.55) -43.78 (5.67)

LS Mean of — -43.66 (6.95) -50.71 (6.22) -50.82 (6.33)

difference vs

placebo (SE)

P-value e <.001 <.001 <.001

Apo Al

Baseline

Mean (SD) 125.31 (16.83) 146.75 (20.40) 132.75 (10.90) 124.00 (18.51)

mg/dL

Absolute (ng/mL) and % Change from Baseline to Day 113

Mean (%) 9.3 (8.5) -32.3 (-23.1) -35.3 (-26.5) -48.3 (-38.4)

SD (%) 16.2 (14.1) 12.1 (11.6) 27.8 (20.0) 18.6 (11.8)

MMRM Estimates % Change from Baseline to Day 113

LS Mean (SE) 7.59 (3.24) -28.23 (6.77) -26.28 (6.44) -38.76 (6.44)

LS Mean of — -35.82 (7.51) -33.88 (7.21) -46.36 (7.21)

difference vs

placebo (SE)

P-value — <.001 <.001 <.001

Abbreviations: HP=healthy participants; MAD=multiple ascending dose; MMRM=mixed model repeated measures;

SAD=single ascending dose; SD=standard deviation; SE=standard error of mean.
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Extended Data Table 6 | Pharmacodynamic measurements of lipid parameters: percent change from baseline at day 113 and
percent change from baseline compared to placebo for ANGPTL3, TG, VLDL-C, non-HDL-C, LDL-C, HDL-C, Apo CllII, total
cholesterol, Apo B, Apo Al and Lp(a) in participants with hepatic steatosis receiving repeat doses of 200mg of ARO-ANG3

Placebo ARO-ANG3
(200 mg)
ANGPTL3
Baseline
Mean (SD) ng/mL, 77.77 (19.96) 13830 (38.55)
Absolute (ng/ml) and % Change from Baseline to Day 113
Mean (%) 10.73 (13.0) 120,42 (-85.3)
SD (%) 6.27 (4.7) 4230 (12.7)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) 16.94 (13.13) -82.50 (5.57)
LS Mean of difference vs placebo (SE) — -99.44 (14.26)
P-value - <.001
Triglycerides
Baseline
Median (min, max) mg/dL 110.0 (102, 350) 105.0 (75, 182)
Absolute (mg/dL) and % Change from Baseline to Day 113
[edian (%) mg/dL 91.0 (47.1) -46.5 (-44.1)
(Min, max) (%) mg/dL, (9[8.81. 165 [82.7]) (-131 [-72.0], -14 [-13.7])
[ MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) 10.05 (61.52) -41.66 (43.77)
LS Mean of difference vs placebo (SE) — -51.71(75.50)
P-value — 0.496
Non-HDL-Cholesterol
Baseline
Mean (SD) mg/dL, 101.3 (26.4) 130.0 39.3)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) S1.7(0.2) 462 (-36.7)
SD (%) 15.0 (14.3) 21.8(15.0)
[ MMRM Estimates % Change from Baseline to Day 113
Mean (SE) 7.63 (32.55) -37.42(20.41)
LS Mean of difference vs placebo (SE) — -45.04 (38.42)
-value — 0.256
VLDL-Cholesterol
Baseline
Mean (SD) mg/dL 37.3(283) 23.3(7.3)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) 10.0 (45.9) -10.8 (-43.5)
SD (%) 11.3 (50.8) 8.1(20.8)
[ MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) 43.51(16.94) -43.56 (9.79)
LS Mean of difference vs placebo (SE) — -87.07 (19.56)
P-value — <.001
LDL-Cholesterol
Baseline
Mean (SD) mg/dL 64.0 (28.8) 106.7 (37.3)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) 8.3 (-4.3%) 235.3 (-34.6%)
SD (%) 24.8 (29.3%) 15.4 (14.1%)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) -9.54 (16.73) -35.66 (9.19)
LS Mean of difference vs placebo (SE) — -26.12 (19.09)
P-value — 0.204
HDL-Cholesterol
Baseline
Mean (SD) mg/dL 353(21) 50.0(7.9)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) -3.7(-10.4) -26.2 (-53.0)
SD (%) 0.6 (2.1) 18(92)
| MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) -11.81 (38.55) -57.52(6.71)
LS Mean of difference vs placebo (SE) = 4571 (39.12)
P-value — 0.292
Apo CIIT
Baseline
Mean (SD) mg/dL, 9.69 (7.05) 8.73 (1.83)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) 1.900 (21.3%) -7.273 (-82.7%)
SD (%) 1.365 (16.6%) 2.399 (16.8%)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) _ 18.54 (22.90) -82.30 (16.20)
LS Mean of difference vs placebo (SE) - -100.84 (28.05)
P-value — 0.001
Total Cholesterol
Baseline
Mean mg/dL 136.7 (24.8) 180.0 (42.7)
Absolute (mg/dL) and % Change from Baseline to Day 113
Mean (%) 53 (-3.1%) 723 (-41.6%)
SD (%) 15.4 (10.6%) 21.5 (13.0%)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) _ 7.33 (28.36) -42.99 (15.31)
LS Mean of difference vs placebo (SE) — -50.32 (32.23)
P-value — 0.142
ApoB
Baseline
[ean (SD) mg/dL 70.60 (13.52) 87.70 (22.22)
Absolute (mg/dL) and % Change from Baseline to Day 113
[ean (%) -1.03 (-0.9) -18.27 (-20.5)
SD (%) 6.26 (7.9) 15.67 (15.4)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) _ -5.01(11.23) -19.92 (6.44)
LS Mean of difference vs placebo (SE) — -14.90 (12.95)
P-value — 0.279
Apo AT
Baseline
[ean (SD) mg/dL 123.7(22.8) 1492 (11.8)
Absolute (mg/dL) and % Change from Baseline to Day 113
fcan (%) 2.0 (2.6) 69.0 (-46.5)
SD (%) 11.1(8.8) 16.8 (11.9)
MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) 1.98 (9.17) -51.78 (6.19)
LS Mean of difference vs placebo (SE) — -53.75 (11.06)
P-value — <.001
Lp@)
Baseline
Mean (SD) nmol/L. 66.73 (109.87) 12.78 (18.52)
Absolute (nmol/L) and % Change from Baseline to Day 113
Mean (%) -13.63 (-5.5%) 1.77 (-17.1%)
SD (%) 23.70 (19.3%) 8.70 (36.5%)
'MMRM Estimates % Change from Baseline to Day 113
LS Mean (SE) _ -7.24 (21.49) -4.48 (18.50)
LS Mean of difference vs placebo (SE) — 2.77 (28.35)
P-value — 0.924
Abbreviations: MMRM=mixed model repeated ; SD: dard deviation; SE- dard error of mean.

Note: Friedewald calculation was used for LDL-C measurements, unless triglycerides were >400 mg/dl, wherein a direct LDL-C measurement was used.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X

A description of all covariates tested

X X

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data collection  Medidata EDC data collection

Data analysis SAS version 8.2
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Arrowhead is committed to sharing anonymized data from our clinical trials without compromising the privacy of trial participants. Statistical Analysis Plan and Final
Study Protocol (Original and Final) will be made available upon publication. Data requests may be sent by email to info@arrowheadpharma.com. Arrowhead is
developing a process to fulfill requests for research proposals that demonstrate scientific merit. Analyses based on research proposals that demonstrate scientific




merit will be considered. The mechanism for which data will be made available will be determined on a case-by-case basis in view of the circumstances surrounding
each request. Arrowhead intends to only share data once a trial has completed and the product/indication has been approved at least the US and EU.

Human research participants
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Reporting on sex and gender Sex and race were self reported by all participants.

Population characteristics All cohorts: Eligible subjects were male or female volunteers 18 to 65 years of age. Participants were required to use 2 highly
effective forms of contraception during the study and for 3 months following the last dose of ARO-ANG3. Participants had a
BMI between 19.0 and 40.0 kg/m2, inclusive and on a stable diet for at least 4 weeks with no plans to significantly alter diet
or BMI over course of study. Single ascending dose cohorts only: fasting serum TGs > 100 mg/dL (1.13 mmol/L) at Screening
and fasting serum LDL C > 70 mg/dL (1.81 mmol/L) at Screening. Single dose and multiple ascending dose cohorts: AST and
ALT < 1.5x ULN at Screening. Hepatic steatosis cohort: AST and ALT < 3x ULN at Screening, MRI PDFF indicating a liver fat
content of > 10% .

Recruitment NHV and patient cohorts were recruited via internal patient database as well as local advertising. Any accompanying material
provided to the participant, as well as any advertising or compensation given to the participant, was reviewed and approved
in writing by the study’s Independent Ethics Committees (IECs). Study conduct oversight was provided by the sponsor to
ensure compliance with the protocol, all applicable regulatory and ethics requirement and ICH/GCP in order to minimize
selection bias. Sponsor required 100% source data verification (SDV). All participant data was monitored to ensure all
enrolled participant met enrollment criteria requirements, which may minimize selection bias. In addition, the protocol
received Maori approval in New Zealand and was assessed as fulfilling the Maori review requirement as per Te Ara Tika —
Guidelines for Maaori Research Ethics. This approval ensures access to the study in the Maori population.

Ethics oversight The protocol, amendments, and informed consent forms were approved by Institutional Review Boards at each study site:
Linear Clinical Research, Bellberry HREC; Auckland Clinical Studies, Middlemore Clinical Trials, Lipid and Diabetes Research

Group Northern B HDEC; Royal Adelaide Hospital, Royal Prince Alfred Hospital, Central Adelaide Local Health Network
(CALHN) HREC.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size This study represents a proof of principle study, and as such no formal sample size calculation was performed.
Data exclusions  No data were excluded from the analysis

Replication Double statistical programming was applied to produce the experimental findings. The data was prepared in standard format (SDTM), and the
TLFs can be re-produced.

Randomization  Subjects in double-blind SAD and hepatic steatosis cohorts were allocated a unique randomization number, in accordance with the
randomization schedule. In each cohort, the first two subjects (sentinels) were randomized separately to one active (ARO-ANG3) and one
PBO. The remaining participants were subsequently assigned to either active or PBO treatment. The allocation of active treatment or PBO was
performed using a block randomization algorithm.

Blinding SAD and hepatic steatosis cohorts were conducted under a double blind. After completion of the double blind cohorts, the Sponsor was
unblinded, but the Pl and study participants remained blinded.
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Clinical data

Involved in the study

Eukaryotic cell lines

n/a | Involved in the study

|Z |:| ChiIP-seq
|:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms

Dual use research of concern

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration
Study protocol

Data collection

Outcomes

NCT03747224
Included in Supplementary Information

This study was conducted at 6 clinical study sites in Australia and New Zealand. Subjects enrollment occurred between 04JAN2019
and 24FEB2020, with last participant completing on 177MAY2021. This study was conducted and data collected by trained study staff
in compliance with study protocol, local regulation and ICH/GCP with sponsor oversight. Data were collected on source document
(medical chart) then transferred to EDC by clinical coordinator.

For all endpoints, methods for assessments were standard for clinical studies and were predefined in detail in the approved study
protocol, with a schedule of timing for when each assessment was to occur. All study sites were trained on the protocol and how to
conduct assessments. The primary endpoints were the subject incidence of treatment-emergent adverse events (reported at patient
visits and assessed by investigators), vital signs (systolic/diastolic blood pressure, temperature, heart rate, respiratory rate),
electrocardiogram measurements, injection site reactions, clinical laboratory tests (serum chemistry [including hemoglobin A1C],
hematology, coagulation, urinalysis, microscopic urinalysis [if indicated], serology, follicle stimulating hormone [FSH], drug and
alcohol use, pregnancy, lipid parameters, serum insulin levels, serum glucose levels, and stool occult blood test), concomitant
medications/therapy, and reasons for treatment discontinuation due to toxicity. Secondary endpoints included reduction in fasting
serum ANGPTL3 from baseline, assessed by analysis of fasting serum ANGPTL3 concentration.
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