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Hypertension is the primary risk factor for kidney and
cardiovascular disease. Effective control of hypertens-
ion is important as reduction of blood pressure may eff-
ectively mitigate cardiovascular risks. The prevalence
of uncontrolled hypertension persists, despite the wide-
spread availability of antihypertensive medications. Po-
or adherence to medications is attributed to inadequate
blood pressure control with current treatments. Zilebe-
siran, an investigational RNA interference therapeutic
agent, targets hepatic angiotensinogen synthesis to pro-

vide sustained blood pressure reduction. It provides
long-lasting pharmacological effects, requiring only
twice a year or quarterly subcutaneous injection. There-
fore, it is feasible to tackle the inadequate patient comp-
liance with this drug. This review discusses its potential
clinical impact, efficacy, and safety profile based on re-
cent studies.
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INTRODUCTION

Hypertension is a chronic medical condition that is well
linked as the primary risk factor for cardiovascular and
renal disease.! The diagnosis of hypertension is made
when the office measured blood pressure is equal to or
greater than 140 mmHg systolic blood pressure, and/or
90 mmHg diastolic blood pressure, consistently after rep-
eated measurements.> Uncontrolled hypertension is a
worldwide health issue that contributed greatly to cardio-
vascular disease mortality.! Having an effective control
on hypertension is crucial in mitigating cardiovascular
risks.® According to results from a large-scale review of
randomized trials, every 5 mmHg drop in systolic blood
pressure will decrease the risk of cardiovascular events
by 10%.*

The primary therapeutic strategies for hypertension man-
agement involve pharmacological treatments and life-
style interventions. The renin-angiotensin-aldosterone
system (RAAS) inhibitors, calcium channel blockers, and
diuretics are three primary antihypertensive drugs, from
which various single-pill combinations have been expan-
ded.’> The prevalence of uncontrolled hypertension per-
sists, despite the widespread availability of numerous
antihypertensive medications. Failure of physicians to
start or intensify antihypertensive therapy and poor pat-
ient adherence to daily oral drugs may be attributed to in-
adequate blood pressure control with current antihyper-
tensive treatments.

Numerous studies have sought to identify alternative
therapeutic approaches to overcome challenges arising
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from uncontrolled hypertension. A novel therapeutic age-
nt, zilebesiran may presents as a potential life-altering
remedy for sustained blood pressure reduction with only
twice-yearly or quarterly subcutaneous administration.’
Nevertheless, the available evidence regarding its effica-
cy and safety is limited. This review is to provide a com-
prehensive overview of zilebesiran, including its mecha-
nism of action as siRNA, recent evidence on its benefits
and safety, and future potential as a new antihypertensive
therapy.

MECHANISM OF ACTION

Zilebesiran is a small interfering RNA (siRNA) that con-
sists of a double-stranded RNA. It has a high affinity for
binding with the hepatic asialoglycoprotein receptor (AS-
GPR), as it is conjugated to a N-acetylgalactosamine
(GalNAc) ligand.® The main target of Zilebesiran is to
efficiently lower the concentrations of hepatic angiotensi-
nogen messenger RNA (mRNA), resulting in a subse-
quent decrease in the synthesis of liver angiotensinogen
(AGT).

Following its first entry into hepatocytes by endocytosis,
ASGPR is transported back to the cell membrane, whe-
reas zilebesiran interacts with the cytoplasmic RNA-ind-
uced silencing complex (RISC). The antisense strand,
which is a guide strand, remains intact while the non-gui-
ded strand is released. The reverse RNA interference
complex cleaves the complementary target mRNA of the
guide strand, namely the AGT mRNA, leading to the sup-
pression of the target gene responsible for AGT pro-
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duction.’

Angiotensinogen serves as the sole precursor for all
angiotensin peptides.'® Hence, the implementation of its
approach to limit the RAAS holds promise in impeding
the compensatory activation of angiotensin, which is ass-
ociated with the suppression of angiotensin-converting
enzymes or the blocking of angiotensin receptors.'!

The use of hepatocyte-targeted administration has the
capacity to sustain the level of extrahepatic angiotensi-
nogen production, therefore reducing the likelihood of
unintended consequences in either the kidney or other
organs. Preclinical studies employing a GalNAc-conju-
gated angiotensinogen siRNA provide evidence for the
liver-specific efficacy of this method.

Several investigations suggest that the system is almost
completely effective in decreasing the expression of liver
AGT mRNA, without interfering the expression of renal
AGT mRNA. Furthermore, the initial clinical trials invol-
ving GalNAc-conjugated antisense oligonucleotides that
specifically target angiotensinogen provide additional
evidence for these effects.” The long-lasting and persis-
tent pharmacological effects of GalNAc—siRNAs offer
the potential to achieve a sustained decrease in ambula-
tory blood pressure up to several months. By adminis-

Table 1: Summary of Zilebesiran research investigations.

tering Zilebesiran subcutaneously twice a year or quar-
terly, it is possible to address the issue of inadequate pat-
ient adherence to antihypertensive therapy.!!

EFFICACY AND SAFETY

A total of 5 clinical trials reported the efficacy and safety
of zilebesiran in managing hypertension. All the five
studies included were randomized and blinded, with a
total of 1438 patients with resistant hypertension. Three
studies evaluated zilebesiran as monotherapy for hyper-
tension, comparing zilebesiran with placebo.”'*!3 Not-
able reductions in ambulatory systolic blood pressure
were showed in all dose regimens of single dose zilebe-
siran.”!3

Study by Taubel et al, showed zilebesiran effectively red-
uced blood pressure in patients with resistant hypertens-
ion and obesity as comorbidity.!? Study by Saxena et al,
evaluated zilebesiran as additional therapy. Results dem-
onstrated zilebesiran significantly reduced blood pressure
in addition to either diuretic, ARB, or ACE-i.'* Zilebesi-
ran demonstrated a significant effect in lowering blood
pressure, either as monotherapy or additional therapy in
a broad population with favourable safety profile (Table

).

Study Participants Interventions of study Findings

Desai et al, 107 participants | Zilebesiran 10-800 mg SC Single-dose zilebesiran (=200 mg) was
20237 with hyper- compared to placebo associated to reduction of systolic blood
Phase-1 study tension pressure >10 mmHg and diastolic blood

pressure >5 by week 8 and remained until
week 24.
No serious adverse events were reported.

Taubel et al,
2023.12
Phase-1 study

12 participants
with hyper-
tension and BMI
>35 - 50 kg/m2

Zilebesiran 800 mg SC +
oral placebo compared to
Irbesartan 150 mg oral +
subcutaneous placebo

Similar effectivity and safety of zilebesiran
in broader population, namely obese
patients.

Mild headaches were the AEs reported.

Bakris et al, 377 participants | Zilebesiran 150, 300, or Notable reductions in ambulatory systolic
2024.1 with SBP 135- 600mg SC every 6 months | blood pressure were showed in all dosage
KARDIA-1 160 mmHg or 300mg SC every 3 regimens of zilebesiran compared to
(Phase-2 study) months compared to placebo | placebo.
No significant adverse event reported.

Saxena et al, 672 participants | Zilebesiran 600 mg SC as e Zilebesiran and indapamide decreases
20241 with uncon- additional therapy to either 12 mmHg SBP.
KARDIA-2 trolled hyper- olmesartan 20 or 40 mg, e Zilebesiran and amlodipine decreases
(Phase-2 study) | tension amlodipine 5 mg, or 9.7 mmHg SBP.

indapamide 2.5 mg e Zilebesiran and Olmesartan decreases 4

compared to placebo mmHg SBP.

No serious adverse events in all groups.
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Tabel 2: Series of novel antihypertensive agents.

Administration Potential Advantages Limitations
Zilebesiran”'>14 Subcutaneous e Impressive effect on 24- e May not be used in
injection, every 3- hours BP control hypertensive emergencies
6 months e Durability over months
e Minimal first dose
hypotension risk
e No serious adverse events
e Potentially benefits patient
with renal and
cardiovascular diseases
ETRAs*"* Oral, once daily e Safe administration in e Granted approval solely for
patients with chronic pulmonary hypertension
kidney disease (CKD) e May cause volume retention
e Minimal risk of and necessitate the
hyperkalemia simultaneous use of a diuretic
ASIs*¥ Oral, once daily e May benefit patients with | ¢  Significant risk of increasing
hyperaldosteronism potassium level
e Minimal effect in cortisol | e May elicit poor adherence to
level therapy
IONIS-AGT-Lg,***" | Subcutaneous e Potentially benefits in e Requiring further studies as the
injection, weekly hypertension and heart current studies were small in
failure sample size

POTENTIAL BENEFITSIN RENAL AND
CARDIOVASCULAR DISEASE

The RAAS) is an intricate system which ensure the per-
fusion to vital organs by regulating blood pressure. The
dysregulation of RAAS may lead to organ damage inclu-
ding fibrosis of the kidney, heart and vascular wall resul-
ting in higher cardiovascular and kidney failure risk.'>'¢
Pharmacological interventions targeting RAAS have eff-
ectively halted the advancement of renal disease and dec-
reased cardiovascular mortality.!” Nevertheless, excess-
ive inhibitory effects of RAAS through the combination
of RAAS inhibitors, such as ACE inhibitors (ACEi) and
Angiotensin Receptor Blockers (ARB) appears to have a
detrimental effect, as it leads to collapse in renal autore-
gulation and greater side effects such as hyperkalemia
and acute kidney injury.'® ACEi or ARB, elicit a compen-
satory rise in renin and Ang I levels after prolonged usage
due to the disruption of negative feedback facilitated by
Ang II, resulting in RAAS escape. The findings of a new
RAASI target, small-interference RNA (siRNA), offers a
promising remedy by efficiently eliminating AGT, hence
preventing the RAAS escape phenomena. "

A study demonstrated that Zilebesiran has renal and car-
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diovascular protection effects.!” The model chosen in this
study were 5/6th nephrectomy rat with hypertension, car-
diac enlargement, and characteristics of CKD including
reduced GFR, proteinuria, glomerulosclerosis, and kid-
ney fibrosis.?® Angiotensinogen siRNA reduced plasma
angiotensinogen and Ang II in renal and cardiac. Consis-
tent with its liver selectivity, AGT siRNA did not impact
the expression of renal AGT. However, it significantly
reduced Ang I, Ang II, and renal AGT levels. Linear reg-
ression analysis demonstrated that siRNA may have adv-
antageous effects in chronic renal disease and cardiac
hypertrophy.?!

Aside from its impact on blood pressure, angiotensin II
stimulates the progression of atherosclerosis. High blood
pressure and atherosclerosis rely on Ang II in mice who
are fed a high-saturated fat diet and lacking low density
lipoprotein (LDL) receptor.’> An alternative pharmaceu-
tical strategy using antisense, siRNA has emerged as a
potential avenue for directly targeting AGT in the pre-
vention of hypertension and atherosclerosis.”* Mice with
reduced AGT expression manifested reduced body wei-
ght gain, hepatic steatosis, atherosclerosis, and systolic
blood pressure. Therefore, siRNA that supress the expre-
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ssion of AGT may be advantageous to the cardiovascular
system.*

ZILEBESIRAN RATHER THAN OTHER
NOVEL ANTIHYPERTENSIVE
TREATMENT

In the present day, a series of novel agents have emerged,
specifically targeting new mechanisms of blood pressure
regulation. Non-steroidal mineralocorticoid receptor an-
tagonists (nsSMRA), endothelin receptor antagonists (ET-
RA), aldosterone synthase inhibitors (ASI), and small
interfering ribonucleic acid (siRNA) are among the drug
classes.
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