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RNA Interference With Zilebesiran for Mild to Moderate Hypertension
The KARDIA-1 Randomized Clinical Trial
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IMPORTANCE Angiotensinogen is the most upstream precursor of the renin-angiotensin-
aldosterone system, a key pathway in blood pressure (BP) regulation. Zilebesiran, an
investigational RNA interference therapeutic, targets hepatic angiotensinogen synthesis.

OBJECTIVE To evaluate antihypertensive efficacy and safety of different zilebesiran
dosing regimens.

DESIGN, SETTING, AND PARTICIPANTS This phase 2, randomized, double-blind, dose-ranging
study of zilebesiran vs placebo was performed at 78 sites across 4 countries. Screening
initiation occurred in July 2021 and the last patient visit of the 6-month study occurred in
June 2023. Adults with mild to moderate hypertension, defined as daytime mean ambulatory
systolic BP (SBP) of 135 to 160 mm Hg following antihypertensive washout, were randomized.

INTERVENTIONS Randomization to 1of 4 subcutaneous zilebesiran regimens (150, 300, or
600 mg once every 6 months or 300 mg once every 3 months) or placebo (once every 3
months) for 6 months.

MAIN OUTCOMES AND MEASURES The primary end point was between-group difference in
least-squares mean (LSM) change from baseline to month 3 in 24-hour mean ambulatory SBP.

RESULTS Of 394 randomized patients, 377 (302 receiving zilebesiran and 75 receiving
placebo) comprised the full analysis set (93 Black patients [24.7%]; 167 [44.3%] women;
mean [SD] age, 57 [11] years). At 3 months, 24-hour mean ambulatory SBP changes from
baseline were =7.3 mm Hg (95% Cl, -10.3 to -4.4) with zilebesiran, 150 mg, once every 6
months; -10.0 mm Hg (95% Cl, -12.0 to -7.9) with zilebesiran, 300 mg, once every 3 months
or every 6 months; -8.9 mm Hg (95% Cl, -11.9 to -6.0) with zilebesiran, 600 mg, once every
6 months; and 6.8 mm Hg (95% Cl, 3.6-9.9) with placebo. LSM differences vs placebo in
change from baseline to month 3 were -14.1 mm Hg (95% Cl, -19.2 to -9.0; P < .001) with
zilebesiran, 150 mg, once every 6 months; -16.7 mm Hg (95% Cl, -21.2 to -12.3; P < .001) with
zilebesiran, 300 mg, once every 3 months or every 6 months; and -15.7 mm Hg (95% ClI,
-20.8 t0 -10.6; P < .001) with zilebesiran, 600 mg, once every 6 months. Over 6 months,
60.9% of patients receiving zilebesiran had adverse events vs 50.7% patients receiving
placebo and 3.6% had serious adverse events vs 6.7% receiving placebo. Nonserious
drug-related adverse events occurred in 16.9% of zilebesiran-treated patients (principally
injection site reactions and mild hyperkalemia) and 8.0% of placebo-treated patients.

CONCLUSIONS AND RELEVANCE In adults with mild to moderate hypertension, treatment with
zilebesiran across a range of doses at 3-month or 6-month intervals significantly reduced
24-hour mean ambulatory SBP at month 3.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO4936035
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espite the availability of a broad range of effective

pharmacologic therapies, hypertension remains the

leading risk factor worldwide for cardiovascular mor-
tality and progression of kidney disease.!* Global estimates
suggest that up to 80% of patients with hypertension do not
meet guideline-recommended blood pressure (BP) targets.>*®
Furthermore, even patients who appear to have well-
controlled hypertension during periodic office visits may
experience significant between-visit variability, which is
associated with residual risk for cardiovascular events.”'?
Although a broad range of patient and clinician factors con-
tribute to inadequate BP control, inconsistent adherence to
complex, multidrug oral treatment regimens that require
daily dosing may be an important driver.!>!#

Zilebesiran is an investigational RNA interference thera-
peutic targeting hepatic synthesis of angiotensinogen, the pre-
dominant precursor for angiotensin peptides and a key regu-
lator of systemic BP.'>'® In a phase 1 study of patients with mild
to moderate hypertension, treatment with single subcutane-
ous doses of zilebesiran was associated with dose-dependent
reductions in serum angiotensinogen and 24-hour ambula-
tory BP that were sustained for 24 weeks.!” The randomized
KARDIA-1 phase 2 study was conducted to evaluate the anti-
hypertensive efficacy and safety of 4 different quarterly and
biannual zilebesiran dosing regimens compared with pla-
cebo in patients with mild to moderate hypertension.

Methods

Study Design

KARDIA-1 (NCT04936035) was a phase 2, randomized, double-
blind, placebo-controlled, dose-ranging study conducted at 78
sitesin Canada, Ukraine, the UK, and the US between July 2021
and June 2023 (eFigure 1 in Supplement 1). The protocol was
approved by the institutional review board or ethics commit-
tee from each site before enrollment of the first patient and all
patients provided written informed consent. The trial was con-
ducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice guidelines from the Inter-
national Conference on Harmonization.

Study Participants

Eligible patients included adults aged 18 to 75 years with
hypertension who were either untreated or treated with a
stable regimen of up to 2 antihypertensive therapies and
had a daytime mean ambulatory systolic BP (SBP) between
135 mm Hg and 160 mm Hg following washout of background
antihypertensive medication. Those with secondary hyper-
tension, orthostatic hypotension, a serum potassium con-
centration greater than 5 mEq/L (5 mmol/L), or estimated
glomerular filtration rate (eGFR) of 30 mL/min/1.73 m? or
lower (based on the Modification of Diet in Renal Disease
formula'®) were excluded. Patients with type 1 diabetes,
poorly controlled type 2 diabetes (glycated hemoglobin A,.
[HbA,.] >9.0% [75 mmol/mol]), or laboratory evidence of
diabetes during screening (HbA,. >7.0% [53 mmol/mol])
without known diagnosis were also excluded. Detailed eligi-
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Key Points

Question Does targeting hepatic angiotensinogen synthesis with
the RNA interference therapeutic zilebesiran reduce blood
pressure in adults with mild to moderate hypertension?

Findings In a phase 2 trial, subcutaneous zilebesiran doses of 150,
300, or 600 mg every 6 months or 300 mg every 3 months
significantly decreased systolic blood pressure at 3 and 6 months
vs placebo. Nonserious drug-related adverse events occurred in
16.9% of zilebesiran-treated patients, principally injection site
reactions and mild hyperkalemia.

Meaning Single subcutaneous doses of zilebesiran significantly
lower blood pressure for up to 6 months, suggesting potential
for use as an effective antihypertensive with quarterly or
biannual dosing.

bility criteria are provided in the study protocol, available in
Supplement 2.

Study Procedures

Following a washout period of at least 2 weeks, or 4 weeks for
long-acting antihypertensives (a full list of antihypertensives
and required washout period is provided in Supplement 1),
eligible patients were randomized in a double-blind fashion
and in equal proportions using interactive response technol-
ogy to receive 1 of 4 dosing regimens of subcutaneous zilebe-
siran (150 mg once every 6 months, 300 mg once every 6
months, 300 mg once every 3 months, or 600 mg once every
6 months) or subcutaneous placebo once every 3 months.
Patients randomized to receive zilebesiran once every 6
months received subcutaneous placebo at month 3 to main-
tain blinding. Randomization was stratified by race (Black vs
other) and by baseline 24-hour mean ambulatory SBP (<145
or =145 mm Hg). No additional antihypertensive treatment
was permitted before month 3, but oral antihypertensive
medications could subsequently be reinitiated at the discre-
tion of the investigator. Any additional antihypertensive
medications were discontinued at month 5 to permit assess-
ment of the isolated effect of zilebesiran vs placebo at month
6. At month 6, patients in the placebo group were rerandom-
ized to 1 of the 4 zilebesiran groups for an extension phase of
the study. This report presents results from the 6-month
placebo-controlled treatment period.

End Points and Assessments

The primary end point was change from baseline to month 3
in 24-hour mean ambulatory SBP for each zilebesiran dose
group vs placebo. Key secondary end points were change from
baseline to month 3 in office SBP, change from baseline to
month 6 in 24-hour mean ambulatory SBP, change from base-
line to month 6 in office SBP, and the percentage of patients
meeting the following response criteria at month 6: 24-hour
mean ambulatory SBP of less than 130 mm Hg and/or reduc-
tion of 20 mm Hg or more from baseline without additional
hypertensive medication intervention (binary end point). Other
secondary end points included changes from baseline in 24-
hour mean ambulatory diastolic BP (DBP), office DBP, serum
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angiotensinogen levels, daytime BP (6:00 AM to 9:59 PM, from
ambulatory BP monitoring), and nighttime BP (10:00 pM to
5:59 AM) through 6 months. For the efficacy analyses of end
points assessed at month 3, the zilebesiran 300 mg groups (once
every 3 months and once every 6 months) were combined be-
cause both had received the same zilebesiran dose.

Ambulatory BP monitoring assessments were conducted
using an automated device (Suntech Oscar 2M250'9-2°) that
permitted measurement of BP and collected within a 24-
hour measurement period every 20 minutes during the day and
every 30 minutes during the night. Measurements were con-
ducted initially during screening (following a 2- or 4-week an-
tihypertensive therapy washout period) and again at months
1,3,and 6. Automated office BP measurements (Microlife WBP
Office 2G?!) were performed during the screening period (fol-
lowing washout) and at day 1, week 2, and monthly thereaf-
ter through 6 months. Further details of the automated BP mea-
surement methods are provided in Supplement 1.

The pharmacodynamic end point was change in serum an-
giotensinogen levels from baseline to month 6. Serum angio-
tensinogen levels were assessed at a central laboratory using
validated enzyme-linked immunosorbent assays. The safety
end point was frequency of adverse events (AEs) through
month 6. Safety events were reported based on the Medical
Dictionary for Regulatory Activities classifications. Assess-
ment of safety included recording of AEs, measurements of
body weight, and laboratory test results.

Analyses were also conducted to assess the consistency of
treatment effect in various prespecified subgroups defined by
the following baseline characteristics: age (<65 or >65 years), sex,
race (Black or other), baseline 24-hour mean ambulatory SBP
(<145 or >145 mm Hg), and eGFR (<60 or 260 mL/min/1.73 m?).
Race and ethnicity were self-reported by patients and were
included because it is known that race and ethnicity impact
prevalence/severity of hypertension and response to renin-
angiotensin-aldosterone system inhibition. In particular, the
phenomenon of suppressed renin-angiotensin-aldosterone sys-
tem activity is well-established in Black patients. Given the
mechanism of action of zilebesiran (upstream targeting of the
renin-angiotensin-aldosterone system via angiotensinogen), it
was important to stratify randomization by race and incorpo-
rate it as a fixed variable in the model to ensure equal balance
among the treatment groups and to specifically elucidate the
impact of race on treatment response.

Statistical Analysis

Assuming an SD of 20 mm Hg for the primary end point and a
15% rate of loss to follow-up, a sample size of 375 (75 patients
per treatment group) was calculated to provide at least 84%
power to detect areduction of 10 mm Hgin ambulatory SBP from
baseline to month 3 among zilebesiran doses and placebo, with
a 2-sided type I error of .05 (Supplement 3). The power calcu-
lation was based on the Dunnett test. The full analysis set in-
cluded all patients who received at least 1 dose of the study drug
(excluding 16 patients randomized in Ukraine before the onset
of war in February 2022). BP assessments while patients were
receiving, or less than 2 weeks after stopping, any rescue hy-
pertension medication were censored to evaluate the esti-
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mated treatment effect of zilebesiran. A mixed model for re-
peated measures (MMRM) using a restricted maximum
likelihood method was used to analyze the primary end point
and missing data were addressed assuming missing at ran-
dom. The model included treatment, visit, treatment x visit
interaction, and race (Black vs other) as fixed factors and base-
line 24-hour mean ambulatory SBP as a covariate. An unstruc-
tured covariance matrix was used.

Similar MMRMs were used for secondary end points (ex-
cept the binary SBP response end point and change in serum
angiotensinogen). The 95% ClIs for least-squares mean (LSM)
change from baseline and P values and 95% CIs for LSM dif-
ference (hereafter referred to as “difference”) between zile-
besiran and placebo were calculated. Multiplicity adjustment
using the Dunnett test was applied to test the primary hypoth-
esis. After significant primary hypothesis testing, a multiplic-
ity procedure was applied for treatment comparisons be-
tween each individual zilebesiran dose group and placebo for
key secondary end points, which were tested in order with the
primary end point. If results of a test were significant, the next
test was evaluated; otherwise all hypotheses in the given and
subsequent tests were deemed not statistically significant.
Overall type I error was controlled at .05.

For analysis of the binary SBP response end point, a logis-
tic regression model adjusted for treatment, race (Black vs
other), and baseline 24-hour mean ambulatory SBP was used
with summary of treatment comparisons as odds ratios. Fre-
quency of AEs, percent change from baseline in serum angio-
tensinogen levels by visit, and changes in body weight were
summarized by treatment group using descriptive statistics.
Subgroup analyses of the primary end point using MMRM were
summarized by LSM estimates of treatment effect and 95% Cls
for each evaluated subgroup. All analyses were performed using
SAS statistical software, version 9.4 (SAS Institute).

. |
Results

Study Population

0Of1517 patients initially screened for enrollment, 394 were ran-
domized (79 to receive placebo; 79 to receive zilebesiran,
150 mg, once every 6 mo; 78 to receive zilebesiran, 300 mg,
every 6 mo; 79 to receive zilebesiran, 300 mg, every 3 mo;
and 79 to receive zilebesiran, 600 mg, every 6 mo). All but 1
patient (n = 393) received at least 1 dose of the study drug
(Figure 1). Owing to challenges with data collection related to
the ongoing war, data from 16 patients randomized in Ukraine
were excluded from the analyses. Accordingly, the full analy-
sis set included 377 patients (302 assigned to receive zilebe-
siran and 75 assigned to receive placebo), of whom 347 pa-
tients (92.0%) completed the 6-month placebo-controlled
treatment period.

Baseline characteristics according to treatment assign-
ment are summarized in Table 1. Of the analyzed population,
167 patients (44.3%) were women and 93 (24.7%) were Black.
Mean (SD) age at baseline was 56.8 (10.6) years and, at base-
line, 24-hour mean ambulatory SBP was 142 (8) mm Hg and
DBP was 82 (8) mm Hg.
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Figure 1. Flow of Participants in the KARDIA-1 Trial of Subcutaneous Zilebesiran for Hypertension

1517 Patients aged 18-75 y with ambulatory
SBP 2135 mm Hg and <160 mm Hg
screened for enrollment

1123 Excluded?
939 Did not meet eligibility criteria
138 Withdrew participation
68 Screening failure due to physician decision
33 Lost to follow-up

E4

5 Adverse events
1 Death

47 Other

79 Randomized to receive
zilebesiran, 150 mg, once
every 6 mo and initiated
intervention as assigned

78 Randomized to receive
zilebesiran, 300 mg, once
every 6 mo and initiated
intervention as assigned

79 Randomized to receive
zilebesiran, 300 mg, once
every 3 mo and initiated
intervention as assigned

79 Randomized to receive
zilebesiran, 600 mg, once
every 6 mo and initiated
intervention as assigned

79 Randomized to placebo
78 Initiated intervention
as assigned
1 Withdrew consent

and did not initiate
intervention as assigned

'

9 Excluded before 6 mo
5 Withdrew consent®
1 Adverse event
1 Lost to follow-up
1 Physician decisiond
1 Other®

|

8 Excluded before 6 mo
1 Withdrew consent®
1 Lost to follow-up
1 Protocol deviation
5 Other®

11 Excluded before 6 mo
2 Withdrew consent®
2 Lost to follow-up
2 Did not attend 6-mo
data collection visit

1 Death
4 Other®

10 Excluded before 6 mo
3 Withdrew consent®
2 Did not attend 6-mo
data collection visit
1 Lost to follow-up
1 Protocol violation
3 Other®

8 Excluded before 6 mo
5 Withdrew consent®
3 Other®

!

|

70 Completed 6-month period ‘ ‘

70 Completed 6-month period

68 Completed 6-month period

69 Completed 6-month period

‘ 70 Completed 6-month period

!

!

!

!

78 Included in full analysis set
for primary analysis®

73 Included in full analysis set
for primary analysis®

for primary analysis®

‘ 75 Included in full analysis set

76 Included in full analysis set
for primary analysis®

75 Included in full analysis set
for primary analysis®

@ A patient could have multiple reasons for screen failure and was counted for
each reason separately.

bRandomization was stratified by race (Black or other) and baseline mean
24-hour systolic blood pressure (<145 or =145 mm Hg).

< Patients withdrew consent because of work-related reasons (n = 4), distance
to the site (n = 3), no disclosed reason (n = 2), principal care clinician’s advice
(n = 2), time constraints (n = 1), the study not being worth their time (n = 1),
personal reasons (n = 1), unwillingness to adhere to ambulatory blood
pressure monitoring requirements (n = 1), and adverse events (n = 1).

d patient was incarcerated during study.

€ Patients enrolled at sites in Ukraine (n = 16) were excluded after
randomization because war prevented continued data collection.

f Primary analysis was carried out in the full analysis set, which included all
randomized patients who received any amount of study drug.

Primary End Point

Primary end point data were available for 68 patients in the
group assigned to receive zilebesiran, 150 mg, every 6 months;
137 patients receiving zilebesiran, 300 mg, every 6 months or
every 3 months; 65 patients receiving zilebesiran, 600 mg, ev-
ery 6 months; and 60 patients receiving placebo. LSM changes
from baseline to month 3 in 24-hour mean ambulatory SBP
were -7.3 mm Hg (95% CI, -10.3 to -4.4) for zilebesiran, 150 mg,
every 6 months; -10.0 mm Hg (95% CI, -12.0 to -7.9) for zile-
besiran, 300 mg, every 3 months or every 6 months; -8.9 mm
Hg (95% CI, -11.9 to -6.0) for zilebesiran, 600 mg, every 6
months; and 6.8 mm Hg (95% CI, 3.6-9.9) for placebo. LSM dif-
ferences in the change from baseline to month 3 in 24-hour
mean ambulatory SBP between zilebesiran and placebo were
-14.1 mm Hg (95% CI, -19.2 to -9.0) for zilebesiran, 150 mg,
every 6 months; —16.7 mm Hg (95% CI, -21.2 to -12.3) for zile-
besiran, 300 mg, every 3 months or every 6 months; and
-15.7mm Hg (95% CI, -20.8 to -10.6) for zilebesiran, 600 mg,
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every 6 months (P < .001 for all comparisons) (Figure 2;
Table 2). Treatment differences were consistent across pre-
specified subgroups (eFigure 2 in Supplement 1).

Key Secondary End Points

At month 3, LSM change from baseline in office SBP was -9.7
mm Hg (95% CI, -12.6 to -6.8) for zilebesiran, 150 mg, every
6 months; -12.1 mm Hg (95% CI, -14.2 to -10.0) for zilebe-
siran, 300 mg, every 3 months or every 6 months; -9.2 mm
Hg (95% CI, -12.2 to -6.2) for zilebesiran, 600 mg, every 6
months; and -0.1 mm Hg (95% CI, -3.2 to 3.0) for placebo
(Figure 2B). Differences between zilebesiran and placebo were
-9.6 mm Hg (95% CI, -13.8 to -5.3) for zilebesiran, 150 mg, ev-
ery 6 months; —12.0 mm Hg (95% CI, -15.7 to -8.3) for zilebe-
siran, 300 mg, every 3 months or every 6 months; and
-9.1 mm Hg (95% CI, -13.4 to -4.8) for zilebesiran, 600 mg,
every 6 months (P < .001 for all comparisons). Similar changes
from baseline and differences vs placebo were observed at

jama.com

© 2024 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Texas Health Resources, Brian Lue on 02/21/2024



RNA Interference With Zilebesiran for Mild to Moderate Hypertension

Original Investigation Research

Table 1. Patient Baseline Characteristics Among the Full Analysis Set®

Zilebesiran
150 mg 300 mg 300 mg 600 mg
every6mo every6mo every3mo every6mo Placebo
Characteristic (n=78) (n=73) (n=75) (n=76) (n=75)
Age, mean (SD), y 55.5(10.6) 56.4(10.3) 57.7(10.6) 57.4(10.2) 56.8(11.2)
Women, No. (%) 39 (50) 29 (40) 30 (40) 31(41) 38(51)
Men, No. (%) 39 (50) 44 (60) 45 (60) 45 (59) 37 (49)
Race, No. (%)
American Indian or Alaska Native 1(1) 0 0 0 0 Abbrewatlor'l: EG,FR' estimated
- glomerular filtration rate.
Asian 4(5) 2(3) 709) 5 5() 2 All randomized patients who
Black or African American 20(26) 17 (23) 19 (25) 19 (25) 18 (24) received any amount of study drug.
Native Hawaiian or Pacific Islander 0 0 1(1) 0 0 Patients enrolled at sites in Ukraine
. (n =16) were excluded from the
White 53(68) 54(74) 48 (64) 52(68) oL analysis populations.
e o/\b
ety e, () b Race and ethnicity were self-reported
Hispanic or Latino 19 (24) 16 (22) 10(13) 20 (26) 9(12) from patient to the investigator in
Not Hispanic or Latino 59 (76) 57 (78) 65 (87) 56 (74) 66 (88) closed categories. For ethnicity,
Bod index 30, No. (% 46 (59 146.(63 40(53 45 (59 37 (49 categories were Hispanic or Latino,
ody mass index 230, No. (%) (59) (63) (53) 5(59) (49) not Hispanic or Latino, not reported,
Type 2 diabetes, No. (%)° 14 (18) 11(15) 17 (23) 16 (21) 10(13) or unknown. For race, categories
Receiving 21 hypertensive agent 43 (55) 55 (75) 57 (76) 63 (83) 55 (73) were American Indian or Alaska
before study enrollment, No. (%)° Native, Asian, Black or African
24-h ambulatory blood pressure American, Native Hawaiian or Other
mean (SD), mm Hg Pacific Islander, White, other (please
Systolic 140.6(8.5) 142.5(8.8) 141.6(7.7) 143.1(9.0) 141.1(7.9) specify), or not reported.
Diastolic 81.7(83) 823(87) 82.0(8.6) 8l4(83) 817(7.8) © Patients who met the study inclusion
- criteria with at least 1 of the following:
Mean office BP, mm Hg (SD) medical history of type 2 diabetes,
Systolic 142.0 143.0 140.0 140.8 143.1(13.3) glycated hemoglobin A, >7% before
(10.9) (11.3) (11.0) (10.6) first study drug dose, or taking
Diastolic 87.4 (9.6) 88.8(8.8) 85.3(9.1) 85.6(8.8) 87.9(10.5) diabetes medication before first
eGFR, mean (SD), mL/min/1.73 m? 81.7(16.5) 82.0(14.5) 80.2(18.3) 81.9(19.4) 78.7(21.0) study drug dose.
d . )
eGFR 260 mL/min/1.73 m2, No. (%) 68 (87) 70 (96) 69 (92) 68 (90) 64 (85) Safgty analysis setllncluded all
patients who received any amount
Serum angiotensinogen concentration, 22.1(59) 232(7.8) 20.8(4.9) 21.7(5.9) 23.9(10.9) of study drug, grouped according to

mean (SD), ng/mL

the treatment actually received.

month 6 for 24-hour mean ambulatory and office SBP (Table 2).
At month 6, the percentage of patients who met the response
criteria, and the odds ratio of meeting response criteria, were
higher for all zilebesiran groups than for placebo (eTable 1in
Supplement 1).

Other Secondary End Points

Changes in both 24-hour mean ambulatory DBP and office DBP
from baseline to month 3 and month 6 were consistent with
observed changes in SBP (eTable 3 in Supplement 1).

The change from baseline to month 3 and month 6 in se-
rum angiotensinogen was greater in patients who received any
dose of zilebesiran than placebo, with a decrease of more than
90% from baseline persisting to month 6 after single 300-mg
or 600-mg doses of zilebesiran (eFigure 3 in Supplement 1).

At month 3 and month 6, reductions from baseline SBP
were largely consistent for each hour of the 24-hour diurnal
cycle in zilebesiran-treated patients (eFigure 4 and eTables 3
and 4 in Supplement 1) and were greater in magnitude than
placebo regardless of zilebesiran dose.

Exploratory End Points
During the 6-month double-blind treatment period, the per-

centage of patients requiring rescue antihypertensives was

jama.com

higher in the placebo group than in the zilebesiran groups
(52.0% vs 20.5%-32.1%). The most frequently prescribed
classes of antihypertensives in all study groups were calcium
channel blockers and diuretics (eTable 5 in Supplement 1).
Changes from baseline in serum creatinine, eGFR, and glu-
cose levels over the 6-month treatment period were similar be-
tween zilebesiran groups and the placebo group (eTable 6 in
Supplement 1).

Safety

Serious AEs were reported in 5 patients (6.7%) in the placebo
group and 11 patients (3.6%) in the zilebesiran groups, includ-
ing 1 death due to cardiopulmonary arrest 5 days after treat-
ment with zilebesiran, 300 mg, none of which were consid-
ered by the investigators to be related to the study drug (Table 3).
Drug-related AEs were all mild to moderate in severity; those
reported in more than 5% of patients in the zilebesiran group
were injection site reaction in 19 patients (6.3%) and hyperka-
lemia in 16 patients (5.3%). More patients in the group that re-
ceived zilebesiran every 3 months experienced injection site
reactions than those who received zilebesiran every 6 months;
all events were mild or moderate in severity and transient,
and the most common injection site reaction symptoms
were pain and erythema. Three patients had drug-related AEs
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Figure 2. Ambulatory Systolic Blood Pressure (SBP) Among the Full Analysis Set®

E Baseline and 3-mo 24-h mean ambulatory SBP
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according to randomized treatment.

Box plots demonstrate median (thick horizontal line), mean (circle), IQR (box

top and bottom), highest and lowest values within 1.5 x the IQR (whiskers), and

more extreme values (diamonds). For the efficacy analyses of end points
assessed at month 3, the zilebesiran 300 mg and 600 mg groups were
combined because both had received the same zilebesiran dose.

leading to an investigator decision to interrupt further study
drug dosing during the double-blind period. Four patients had
drug-related AEs leading to an investigator decision to discon-
tinue further study drug dosing during the double-blind pe-
riod (orthostatic hypotension [n = 2], BP elevation [n = 1], and
injection site reaction [n = 1]). Clinically relevant AEs of acute
kidney failure were reported in 4 patients (1.3%) receiving zile-
besiran vs O receiving placebo, hepatic AEs were reported in
9 patients (3.0%) receiving zilebesiran vs 1(1.3%) receiving pla-
cebo, hypotension was reported in 13 (4.3%) receiving zilebe-
siran vs 1 (1.3%) receiving placebo, and hyperkalemia was re-
ported in 19 (6.3%) patients receiving zilebesiran vs 2 (2.7%)
receiving placebo.

There were no serious hepatic AEs. The majority of liver
function test result elevations were transient and resolved
while receiving treatment. Across all zilebesiran groups, 7 pa-
tients (2.3%) experienced elevations of alanine aminotrans-
ferase or aspartate aminotransferase of at least 3-fold the up-
per limit of normal, all of which resolved spontaneously
without treatment. No clear differences were identified be-
tween the treatment groups. No patients experienced total bil-
irubin elevation of at least 2-fold the upper limit of normal dur-
ing the 6-month period.

Hypotension AEs were mild or moderate in severity, non-
serious, and transient in nature, with a single event in the zile-
besiran, 300 mg, every 3 months group requiring treatment
with normal saline. Hyperkalemia AEs were mild and none
were associated with acute kidney injury or led to study drug
discontinuation. One event of acute kidney injury was re-
ported by the investigator in a patient in the zilebesiran,
300 mg, every 3 months group at the month 6 visit. The event
was deemed unrelated to zilebesiran; urinary tract infection

JAMA Published online February 16, 2024

was reported as the possible etiology by the investigator. On
the start date of the acute kidney injury, BP measurements were
121/75 mm Hg.

At month 6, mean (SD) change in body weight was -0.04
(2.87) kg among patients receiving zilebesiran, 150 mg, every
6 months; 0.57 (3.20) kg among patients receiving zilebe-
siran, 300 mg, every 6 months; -0.03 (3.40) kg among those
receiving zilebesiran, 300 mg, every 3 months; and 0.48 (4.83)
kg among those receiving zilebesiran, 600 mg, every 6 months;
and 0.35 (3.07) kg among those receiving placebo. On labora-
tory evaluation, 17 patients (5.6%) assigned to receiving zile-
besiran had a serum potassium level greater than 5.5 mmol/L
on atleast 1 occasion over the 6-month treatment period com-
pared with none assigned to receive placebo. Of these 17 pa-
tients, 2 (0.7%) had a serum potassium level greater than
6 mmol/L, which resolved on repeated measurement. Levels
of greater than 5.5 mmol/L were confirmed on repeated mea-
surement in 2 additional patients (0.7%) out of 17. Three pa-
tients assigned to receive zilebesiran received treatment for hy-
perkalemia with potassium binders during the study, although
no hyperkalemia events led to study drug discontinuation dur-
ing the 6-month treatment period.

|
Discussion

In this randomized, dose-ranging study of patients with mild
to moderate hypertension, treatment with single subcutane-
ous doses of zilebesiran was associated with significant re-
ductions in 24-hour mean ambulatory SBP at month 3 com-
pared with placebo. These data support the potential for
quarterly or biannual dosing of subcutaneous zilebesiran in
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Table 3. Summary of Adverse Events (AEs)?

Patients, No. (%)

Zilebesiran
150 mg every 6 mo 300 mg every 6mo 300 mgevery 3mo 600 mgevery 6 mo Zilebesiran total Placebo
Adverse event (n=78) (n=73) (n=75) (n=76) (n=302) (n=75)
At least 1 AE 45 (58) 44 (60) 46 (61) 49 (64) 184 (61) 38(51)
Related to study drug® 12 (15) 12 (16) 14 (19) 13(17) 51(17) 6(8)
At least 1 SAE® 0 1(1) 4(5) 6(8) 11(4) 5(7)
Related to study drug® 0 0 0 0 0 0
At least 1 study drug-related AE 1(1) 0 1(1) 1(1) 3(1) 0
leading to study drug interruption®¢
At least 1 study drug-related AE 1(1) 1(1) 1(1) 1(1) 4(1) 0
leading to study drug
discontinuation™®
Death 0 0 1(1) 0 1(0) 0
Study drug-related AEs occurring
in at least 5% of patients®
Hyperkalemia 4 (5) 3(4) 4 (5) 5(7) 16 (5) 1(1)
Injection site reaction 3(4) 4(5) 8(11) 4 (5) 19 (6) 0
Additional treatment-emergent AE
of clinical interest (any relatedness)
Potential hypotensionf 6(8) 6(8) 5(7) 7(9) 24 (8) 5(7)
Hyperkalemia® 5(6) 4 (5) 5(7) 5(7) 19 (6) 2(3)
Hypotension" 3(4) 3(4) 3(4) 4 (5) 13 (4) 1(1)
Hepatic AE' 2(3) 2(3) 4(5) 1(1) 9(3) 1(1)
Acute kidney failure’ 1(1) 1(1) 1(1) 1(1) 4(1) 0

2 AEs are defined per Medical Dictionary for Regulatory Activities (MedDRA)
terminology.

P Related to study drug indicates a reasonable possibility that the event may
have been caused by the study drug as evaluated by the investigator.

< Serious AEs (SAEs) are any untoward medical occurrence that, at any dose,
results in death; is life-threatening (an event that places the patient at immediate
risk of death from the event as it occurred but does not include an event that had
it occurred in a more severe form might have caused death); requires inpatient
hospitalization or prolongation of existing hospitalization; results in persistent or
significant disability or incapacity; is a congenital anomaly or birth defect; is an
important medical event that may not be immediately life-threatening or result in
death or hospitalization but may jeopardize the patient and may require
intervention to prevent one of the other outcomes listed in the definition above.

9Study drug interruption refers to a pause of further study drug dosing
(including placebo dosing) with potential to resume.

¢ Study drug discontinuation is the stopping of further study drug dosing
(including placebo dosing) without potential to resume.

f Include decreased blood pressure, hypotension, orthostatic hypotension,
dizziness, syncope, and orthostasis.

gInclude hyperkalemia, increased serum potassium, and abnormal serum
potassium.

" Include additional terms of decreased blood pressure, hypotension, and
orthostatic hypotension.

" Include AEs mapped to the standardized MedDRA query drug-related hepatic
disorders, both narrow and broad terms. Terms include but are not limited to
alanine aminotransferase increased; aspartate aminotransferase increased;
serum alkaline phosphatase increased; serum bilirubin increased;
gamma-glutamyltransferase increased; liver function test abnormal; liver
function test increased; and transaminases increased.

¥ Acute kidney failure includes events of increased serum creatinine, increased
blood urea, decreased glomerular filtration rate, and acute kidney injury.

achieving a consistent pharmacodynamic effect and effec-
tive BP reduction through 6 months. This targeted approach
to reduce hepatic angiotensinogen levels through RNA inter-
ference is novel for the treatment of hypertension; the long-
term safety profile of zilebesiran, either alone or in combina-
tion with other antihypertensive agents, requires further study.
The study benefited from the use of continuous 24-hour am-
bulatory BP monitoring, which is considered the criterion-
standard of BP assessment.

The magnitude of the placebo-adjusted difference in
change from baseline in 24-hour mean ambulatory SBP (up to
16.7 mm Hg) was in part related to dose, but was largely con-
sistent at doses of 300 mg or greater. Differences in both SBP
and DBP were maintained over the full diurnal cycle, with con-
sistently lower daytime BP, nighttime BP, and office BPin zile-
besiran-treated patients. BP reductions associated with a single
dose of zilebesiran persisted to month 6, particularly at 300-mg

JAMA Published online February 16, 2024

and 600-mg doses, consistent with pharmacodynamic data
demonstrating angiotensinogen reduction. Although mild to
moderate drug-related AEs, including injection site reactions
and hyperkalemia, were more commonly reported in those re-
ceiving zilebesiran than placebo, most were mild and tran-
sient and did not require treatment or discontinuation of sub-
sequent drug dosing, and no hyperkalemia AEs were classified
as serious.

These data regarding the efficacy, safety, and pharmaco-
dynamic effects of zilebesiran amplify and extend the prelimi-
nary findings from the phase 1 study of zilebesiran by con-
firming effective reduction of serum angiotensinogen
associated with lowering of BP over the full 24-hour interval
and persisting 6 months after treatment with zilebesiran.
Notably, durable reductions of angiotensinogen levels (by
greater than 90%) were achieved at month 6 in this study with
doses of 300 mg or greater, rather than the 800-mg dose seen

jama.com
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at month 6 in the previous phase 1 study, signifying the po-
tential for efficacy at lower doses than suggested in the phase
1study. Although dose-related reductions in serum angioten-
sinogen levels were observed, with some variability in dura-
tion of effect by dose and dosing interval, the observation that
maximal SBP reduction occurred with doses of 300 mg or
higher suggests that angiotensinogen reduction of greater than
90% may be sufficient for optimal and sustained lowering of
BP. Consistent clinical and pharmacodynamic effects of 300 mg
every 3 months, 300 mg every 6 months, and 600 mg every 6
months doses indicate that these regimens achieve effective
BP reduction, although this needs to be confirmed in future
studies and over longer duration of follow-up.

The between-group difference in change from baseline to
month 3 in 24-hour mean ambulatory SBP was contributed
to, in part, by an increase from baseline in ambulatory SBP in
the placebo group, perhaps as a consequence of delayed BP
recovery after the required withdrawal of antihypertensive
therapy before randomization. However, a corresponding BP
rebound in patients in the zilebesiran groups might similarly
have resulted in underestimation of the observed treatment
effect from baseline. Importantly, a similar treatment effect
from baseline with zilebesiran was seen in the analysis of
office SBP despite a lesser observed increase in the placebo
group, suggesting that these overall results are a reasonable
approximation of treatment effects that might be expected in
clinical practice.

These data highlight an opportunity to provide durable
BP reductions with biannual dosing of zilebesiran, which
could be augmented with dosing of other antihypertensive
agents. This may be particularly important in light of sub-
stantial data suggesting that challenges with adherence to
prescribed oral antihypertensive therapies may be an impor-
tant contributor to inadequate BP control to guideline-
recommended targets in clinical practice.'®'* It is conceivable
that dosing on this schedule could be accomplished in the
clinical setting for many patients as part of routine scheduled
follow-up, reducing the complexity of oral drug regimens
(which often include as many as 3 or 4 antihypertensive
drugs)?? and limiting the potential for inadvertent missed
doses. Moreover, tonic BP control with consistent reduction
during daytime and nighttime lasting for 6 months may
prove to be a strategy for addressing the residual risk associ-
ated with between-visit variability that complicates current
oral antihypertensive treatment.

A potential concern with durable reduction of angioten-
sinogen with zilebesiran is the risk of refractory hypotension,
either as a direct adverse effect of treatment or as a conse-
quence of impaired renin-angiotensin system activation dur-
ing hemodynamic stress from unanticipated volume deple-
tion, bleeding, infection, or cardiac injury. In this regard, it is
reassuring that there were no serious or severe related AEs of
hypotension or orthostasis observed during zilebesiran treat-
ment in this study. In instances in which blood pressure needs
tobe restored while receiving zilebesiran, it is likely that stan-
dard intervention will be sufficient. Data from the phase 1
study'” have shown that some of the antihypertensive effects
of zilebesiran can be attenuated in the short-term by admin-
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istration of a high-sodium diet. Moreover, residual renin-
angiotensin-aldosterone system activity and mechanisms, such
as sympathetic nervous system activation, that are left intact
by the targeted nature of angiotensinogen inhibition with zile-
besiran should allow compensatory BP regulation in the event
of hypotensive crisis episodes as shown in preclinical models.?®
In addition, reversal agents targeted at RNA interference thera-
peutics are being considered for development. More fre-
quent AEs of injection site reaction and hyperkalemia were ob-
served in zilebesiran-treated patients compared with placebo,
but most injection site reactions were mild, and analysis of se-
rial laboratory testing suggested that the majority of hyperka-
lemia events were mild, transient, did not require therapeu-
tic intervention, and resolved spontaneously on subsequent
testing despite ongoing pharmacologic effect of zilebesiran.
More research will be needed to establish the long-term effi-
cacy and safety of zilebesiran. Drug-related AEs will be fur-
ther evaluated in longer-term safety follow-up, and whether
the safety profile of zilebesiran is modified during combina-
tion treatment with other therapies will be addressed in the
ongoing KARDIA-2 study (NCT05103332), which will investi-
gate the efficacy of zilebesiran as add-on therapy in patients
with hypertension that is inadequately controlled with olmes-
artan, amlodipine, or indapamide.

Limitations

The results of this study should be viewed in the context of
important limitations. First, the effects of zilebesiran treat-
ment in a population with mild to moderate hypertension fol-
lowing withdrawal of antihypertensive treatment may not ac-
curately represent the effects in a broader population of
unselected patients including those treated with antihyper-
tensives or those with more severe BP elevations. Second,
follow-up in this report was limited to 6 months, during which
patients received 1 to 2 doses of treatment, so it is unclear
whether effects of zilebesiran will endure after repeated ad-
ministration beyond 6 months or whether changes to its safety
profile might arise. Data regarding the impact of longer-term
exposure to zilebesiran will be evaluated from the ongoing ex-
tension phase of KARDIA-1, during which patients assigned to
receive placebo during the initial 6-month period were reran-
domized to one of the zilebesiran arms, and all patients will
be followed for at least an additional 6 months. Third, al-
though reductions in SBP of the magnitude observed in this
study would be expected to reduce cardiovascular events based
on extrapolation from prior studies, definitive data regarding
the impact on long-term outcomes awaits an adequately pow-
ered clinical trial with a longer follow-up period.

.|
Conclusions

In this study of patients with mild to moderate hypertension,
treatment with single doses of subcutaneous zilebesiran was
associated with clinically meaningful reductions in SBP, com-
pared with placebo, sustained to 6 months. These data sup-
port further investigation of zilebesiran as a therapeutic strat-
egy for patients with hypertension.
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