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Abstract

Transthyretin (TTR) amyloidosis represents a significant challenge to modern medicine, characterized by
the progressive accumulation of misfolded proteins that affect multiple organ systems. Here, we present
a review of the advent of vutrisiran as a breakthrough therapeutic choice that focuses on its mechanism
of action, clinical efficacy, safety profile, and position in the present therapeutic paradigm. In recent
clinical trials, vutrisiran has been causally linked to the potential modulation of disease progression via
its innovative RNA interference mechanism, thereby providing renewed hope for patients with hereditary
and wild-type TTR amyloidosis.

Introduction to TTR Amyloidosis

TTR amyloidosis is a slowly progressive multisystem disorder caused by misfolding and
extracellular deposition of the transthyretin protein as amyloid fibrils in the various tissues
of the body. The disease manifests itself in two major subtypes: Hereditary Transthyretin-
Mediated Amyloidosis (hATTR) and wild-type transthyretin amyloidosis (ATTRwt) [1-3]. TTR
is a transport protein primarily synthesized by the liver. It is responsible for the transportation
of thyroxine (T4) and Retinol-Binding Protein (RBP), bound to vitamin A [4,5]. Under normal
physiological conditions, TTR exists as a tetramer that maintains structural stability. However,
mutations in the TTR gene (as seen in hATTR) or age-related destabilization of the wild-
type protein (as seen in ATTRwt) can result in tetramer dissociation, leading to monomer
misfolding and subsequent aggregation into amyloid fibrils [1,6].

The deposition of amyloid fibrils in several organ systems results in a wide spectrum
of clinical manifestations. In hATTR, the most common phenotypic presentations involve
polyneuropathy, cardiomyopathy, and autonomic neuropathy [7]. Neuropathy due to
hATTR is typified by progressive sensorimotor deficits and considerable disability [8,9].
Cardiomyopathy in TTR amyloidosis manifests as either restrictive cardiomyopathy with heart
failure or arrhythmic abnormalities within the course of the disease. The wild type (ATTRwt)
form, formerly termed senile systemic amyloidosis, affects the heart with a consequent major
cause of Heart Failure with Preserved Ejection Fraction (HFpEF) in elderly patients [10,11].
Other organs that may be involved, including the GI tract, kidneys, and eyes, complicate
disease management further.

For a long time, TTR amyloidosis was considered a rare and fatal condition with limited
treatment options mostly confined to supportive care and organ transplantation in severe
cases. However, better knowledge of the disease has led to the development of novel targeted
therapies for stabilizing TTR, reducing its production, or inducing amyloid clearance [12].
Among these, vutrisiran, an RNA interference (RNAi) therapeutic, appears to be one of the
most promising treatment options for patients with hATTR [13,14]. This review provides
an in-depth analysis of vutrisiran, including its mechanism of action, clinical efficacy, safety
profile, and its role in the evolving treatment landscape of TTR amyloidosis.
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Mechanism of action of vutrisiran

Vutrisiran is a double-stranded Small Interfering Ribonucleic
Acid (siRNA) therapeutic specifically designed to target and silence
the TTR gene in hepatocytes, thus reducing the production of both
mutant and wild-type transthyretin proteins. The mechanism of
action of vutrisiran is fundamentally based on RNA Interference
(RNAi) pathways, which form a natural cellular process that
restricts gene expression by degrading target mRNA [14,15].
Vutrisiran operates via the asialoglycoprotein receptor for the
uptake by hepatocytes upon subcutaneous administration, in which
it is conjugated to N-acetylgalactosamine (GalNAc). Once taken
inside the liver cell, vutrisiran is incorporated into the RNA-Induced
Silencing-Complex Complex (RISC). This complex selectively binds
to the complementary TTR mRNA sequence, leading to the cleavage
of the mRNA and ultimately to its degradation. This leads to a
marked reduction in the production of the transthyretin protein
and a reduction in circulating levels of both mutant and wild-type
TTR [16,17].

By reducing hepatic TTR synthesis, vutrisiran prevents the
formation and accumulation of amyloid fibrils in tissues, thereby
slowing disease progression. Infrequent dosing, broadly every
three months, allows for a prolonged pharmacodynamic effect
promotion of patient compliance and comfort, as contrasted with
other RNAI therapies [18,19,20].

Clinical development and efficacy

The efficacy of vutrisiran has been evaluated in several clinical
trials:

A.  HELIOS-A Study: This pivotal phase 3, open-label,
multinational study performed by Adams et al. assessed
the efficacy and safety of vutrisiran in patients with hATTR
amyloidosis with polyneuropathy. Patients aged 18-85 years
with a documented TTR variant and neurological impairment
scores were included. Compared to an external placebo group,
patients given vutrisiran showed statistically significant
differences in changes in neuropathy impairment scores and
quality of life outcomes. The drug was generally well-tolerated,
with most adverse events being mild or moderate in severity
[21,22].

B.  HELIOS-B Study: This randomized, double-blind, placebo-
controlled phase 3 trial led by Fontana et al. evaluated vutrisiran
in patients with ATTR-CM. The trial showed a 28% relative
reduction in the composite endpoint of all-cause mortality and
recurrent cardiovascular events for vutrisiran as compared
to placebo. Moreover, clinically significant improvements on
functional capacity and quality of life metrics were observed
[15,23,24,25].

Regulatory approvals and indications

In June 2022, the U.S. Food and Drug Administration (FDA)
approved vutrisiran, marketed as AMVUTTRA®, for the treatment
of the polyneuropathy of hATTR amyloidosis in adults. This approval

was based on the positive outcomes from the HELIOS-A study [26].
Furthermore, in November 2024, the FDA accepted a Supplemental
New Drug Application (sNDA) for vutrisiran for the treatment of
ATTR amyloidosis with cardiomyopathy, with a Prescription Drug
User Fee Act (PDUFA) target date set for March 23, 2025 [27].

Safety profile

Within HELIOS-A and HELIOS-B clinical trials, the safety profile
of vutrisiran has been extensively studied. Overall, vutrisiran was
shown to be well tolerated, with most adverse events being mild
to moderate in severity [28]. Commonly cited side effects include
injection site reactions (redness, swelling, and mild discomfort);
these reactions are typically transient and self-resolving without
the need for further medical intervention. Other commonly
observed adverse effects include transient increases in liver enzyme
levels (alanine aminotransferase and aspartate aminotransferase),
although these elevations were asymptomatic and rarely required
discontinuation of treatment [28,29]. One of the key advantages of
vutrisiran is its favorable safety profile compared to other RNAi-
based therapies. In contrast to older-generation siRNA therapeutics,
systemic immune response is less likely with vutrisiran largely
owing to its chemical stability and hepatocyte-specific targeting
by GalNAc conjugation. Additionally, its infrequent dosing schedule
minimizes the likelihood of cumulative toxicity [17,28,30].

In clinical trials, there were no significant differences in major
cardiovascular adverse events between vutrisiran-treated patients
and placebo-treated subjects. Moreover, there were also no reports
of drug-induced neuropathy-a prior concern with certain TTR-
stabilizing therapies [31]. Long-term safety data collection for
vutrisiran, particularly in relation to the compound’s effect on renal
function and other organ systems, is still ongoing. Additional post-
marketing surveillance and real-world evidence studies will further
illuminate the safety profile of vutrisiran for elderly patients and
those with advanced cardiac involvement.

Comparative Landscape and Future Directions

With the advent of disease-modifying medications, such as TTR
stabilizers (tafamidis), gene-silencing agents (patisiran, vutrisiran),
and amylin-fibril disruptors, the landscape of TTR amyloidosis
treatment has evolved significantly. Among them, vutrisiran stands
out for its ease of administration, durability of action, and safety
profile [32]. While tafamidis acts as a TTR stabilizer, binding to the
thyroxine-binding sites on the TTR tetramer, vutrisiran directly
suppresses TTR protein synthesis. Although tafamidis has been
shown to be effective in delaying disease progression, it does not
decrease existing amyloid deposits. RNAi therapies like vutrisiran
and patisiran allow for more comprehensive treatment as they have
dual actions of both lowering TTR and helping prevent additional
formation of fibrils [32,33]. Patisiran, another siRNA therapy,
is administered through intravenous infusion once every three
weeks, whereas vutrisiran is given subcutaneously once every
three months, making it a potentially more convenient option for
patients. Moving towards less frequent dosing schedules is truly
a big step in enhancing treatment convenience and adherence
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[30,34]. Future directions for vutrisiran and similar RNAi therapies
are combination strategies with upcoming amyloid-clearance
agents for enhanced therapeutic outcomes. The ongoing clinical
trials are also looking at the efficacy of vutrisiran in ATTRwt, which
remains an area of unmet need. Further research into long-term
outcomes and head-on comparisons with existing therapies could
provide valuable insights toward optimizing treatment paradigms
for TTR amyloidosis.

Conclusion

Vutrisiran represents a great advancement in the treatment
of TTR amyloidosis by RNA interference to strong prevention of
TTR production and progression of the disease. With its ease of
administration and favorable side effects profile, it should be a
compelling option for patients with hATTR. Vutrisiran does strike
a balance between efficacy, safety, and ease of use compared to
other available therapies. As the treatment landscape for TTR
amyloidosis continues to evolve, further research will be crucial in
optimizing its use and exploring potential combination therapies.
Long-term real-world data will provide additional insights into its
effectiveness and safety in diverse patient populations. Ultimately,
the integration of vutrisiran into clinical practice represents a
promising step forward in improving outcomes for patients with
TTR amyloidosis.
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