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Abstract

Background: Small interfering RNA (siRNA) medicines have progressed from proof-of-concept to clinical reality, culminating in six U.S.
FDA-approved agents that silence hepatic transcripts driving amyloid neuropathy, porphyria, hyperoxaluria, and atherogenic dyslipidemia.
Aim: To synthesize up-to-date knowledge on the therapeutic class, detailing mechanisms, indications, dosing, safety, and monitoring.
Methods: Structured narrative review of the supplied article integrating mechanistic principles of RNA interference, regimen specifics,
adverse-event profiles, contraindications, and practice-based monitoring.

Results: Patisiran (LNP-delivered) and GalNAc-conjugated givosiran, lumasiran, inclisiran, nedosiran, and vutrisiran exploit dicer/RISC-
mediated cleavage of target mRNAs (TTR, ALASI, HAOI, PCSK9, LDHA), achieving durable protein knockdown. Administration spans
intravenous infusion (patisiran) and infrequent subcutaneous regimens (others), with weight-based loading for select pediatric indications.
Class-specific risks include infusion reactions (patisiran) and injection-site reactions; agent-specific signals include transaminase elevation,
renal indices and hyperhomocysteinemia (givosiran), and vitamin A depletion requiring supplementation (vutrisiran). Hypersensitivity to
givosiran is an absolute contraindication.

Conclusion: siRNA therapeutics deliver mechanism-based control of diverse inherited and cardiometabolic diseases through precise, durable
transcript silencing; safe implementation hinges on route-appropriate administration, proactive laboratory surveillance, nutritional stewardship
where relevant, and standardized algorithms for missed doses and dose modification.

Keywords: small interfering RNA; RNA interference; patisiran; givosiran; lumasiran; inclisiran; nedosiran; vutrisiran; safety; efficacy;
access.

1. Introduction

Over the last two decades, small interfering ribonucleic acid (siRNA) has advanced from a compelling molecular
concept to a clinically validated therapeutic class. This maturation culminated in the first regulatory authorization in 2018 and
has since yielded a steadily expanding portfolio of medicines across metabolic, neurologic, hepatic, and cardiometabolic
indications. At present, six siRNA agents have secured approval from the U.S. Food and Drug Administration (FDA)—
patisiran, givosiran, lumasiran, inclisiran, nedosiran, and vutisiran—reflecting the field’s rapid methodological refinement and
the success of liver-directed delivery strategies. Collectively, these approvals illustrate how targeted post-transcriptional gene
silencing can durably modulate pathogenic pathways and deliver clinically meaningful outcomes. Patisiran inaugurated this
class on August 10, 2018, as the first FDA-authorized siRNA therapy. It is indicated for adult patients with polyneuropathy
resulting from hereditary transthyretin amyloidosis (hATTR), a progressive and life-limiting disorder driven by misfolded
transthyretin deposition in peripheral nerves and other tissues [1]. By selectively reducing hepatic production of transthyretin,
patisiran addresses the upstream driver of amyloid formation, thereby altering disease trajectory rather than merely palliating
symptoms. The approval of patisiran established a template for subsequent siRNA therapeutics, particularly with respect to
dosing strategies, outcome measures in amyloid neuropathy, and the feasibility of safely achieving sustained target
knockdown in humans.

Approximately one year later, the FDA approved givosiran, the second siRNA agent, to reach the market. Givosiran
is indicated for adult patients with acute hepatic porphyria (AHP), a group of rare disorders characterized by potentially life-
threatening neurovisceral attacks precipitated by hepatic heme biosynthesis dysregulation [2]. Therapeutic silencing of
aminolevulinate synthase 1 (ALAS1) in the liver mitigates the accumulation of toxic intermediates central to AHP
pathophysiology, translating molecular control into tangible reductions in attack frequency and healthcare utilization. The
back-to-back emergence of patisiran and givosiran showcased siRNA’s versatility across distinct hepatic targets and disease
mechanisms. Lumasiran became the third FDA-approved siRNA on November 23, 2020. It is authorized for both pediatric
and adult patients with primary hyperoxaluria type 1 (PH1) to lower urinary oxalate levels, a crucial determinant of kidney

*Corresponding author e-mail: gadsyahaa@gmail.com., (Qadsyah Ali Aladaili).

Receive Date: 08 August 2025, Revise Date: 28 September 2025, Accept Date: 02 October 2025
DOI: 10.21608/ejchem.2025.412143.12157

©2025 National Information and Documentation Center (NIDOC)



1236 Qadsyah Ali Aladaili et.al.

stone formation and progressive nephrocalcinosis in this monogenic metabolic disorder [3]. By diminishing hepatic glycolate
oxidase activity upstream of oxalate generation, lumasiran attenuates the biochemical cascade that culminates in oxalate
overproduction, thereby addressing the etiologic substrate of PHI1 rather than downstream complications. The inclusion of
pediatric labeling at launch underscored the potential of siRNA therapies to intervene early in genetic diseases where
cumulative tissue injury accrues from childhood.

On December 21, 2021, inclisiran entered the therapeutic landscape as an siRNA targeting PCSKO9, indicated for
adults with heterozygous familial hypercholesterolemia (HeFH) or clinical atherosclerotic cardiovascular disease (ASCVD) to
reduce low-density lipoprotein cholesterol (LDL-C) [4]. Distinct from monoclonal antibodies that neutralize circulating
PCSKO protein, inclisiran acts at the hepatic mRNA level to suppress PCSK9 synthesis, enabling durable LDL-C reductions
with an infrequent administration schedule after initiation. Contemporary guideline commentary from the American Heart
Association and American College of Cardiology (AHA/ACC) recognizes that, among patients with clinical cardiovascular
disease who remain at LDL-C >70 mg/dL despite maximally tolerated statins, and for whom ezetimibe and PCSK9
monoclonal antibodies are inadequate or not tolerated, adding bempedoic acid and/or substituting inclisiran for a PCSK9
monoclonal antibody may provide additional LDL-C lowering [5]. This positioning highlights the growing flexibility in lipid-
lowering combinations and the practical appeal of an siRNA-based option in secondary prevention. Beyond lipid
management, expert guidance has also evolved in transthyretin amyloidosis. According to the 2022 AHA/ACC/HFSA
guidelines, available evidence suggests that patisiran is associated with a slowing of amyloidosis-related polyneuropathy
progression in individuals with hereditary transthyretin-mediated amyloidosis who also manifest cardiomyopathy (ATTRv-
CM) [6]. While the primary indication centers on polyneuropathy, these observations reinforce the systemic nature of
transthyretin amyloidosis and the potential for hepatic transthyretin suppression to influence multisystem outcomes.

Mechanistic diversification within the siRNA class has continued apace. Nedosiran exerts its therapeutic effect via
hepatic lactate dehydrogenase inhibition, thereby intersecting oxalate metabolism at a different enzymatic node than
lumasiran, which targets hepatic glyoxylate oxidase [7,8]. This complementary targeting underscores how siRNA can be
tailored to distinct control points within a metabolic pathway to address heterogeneity in disease biology and patient needs.
Vutisiran, another transthyretin-directed siRNA, has recently received FDA approval for adults with polyneuropathy of
hereditary transthyretin-mediated amyloidosis, expanding the armamentarium of TTR-silencing options and offering dosing
and pharmacokinetic features that may suit specific clinical contexts [7]. In parallel, nedosiran injection has been approved for
the treatment of PHI in both adults and children aged nine years and older, broadening therapeutic access across the age
spectrum in this rare kidney stone disease [8]. The clinical pipeline continues to broaden, signaling sustained innovation and
the prospect of siRNA applications outside hepatology. Fitusiran is under investigation for hemophilia A and B, seeking to
rebalance coagulation by down-modulating antithrombin and thereby reducing bleeding phenotype irrespective of factor
deficiency [9]. Teprasiran is being evaluated as prophylaxis against acute kidney injury (AKI) in high-risk settings, including
organ transplantation and certain cardiovascular surgeries, conditions in which transient ischemia-reperfusion injury can
precipitate a cascade of tubular damage and systemic complications [9]. Cosdosiran is being studied for ophthalmic disorders
such as nonarteritic anterior ischemic optic neuropathy and primary angle-closure glaucoma, while tivanisiran targets ocular
pain and dry eye disease—collectively pointing to the feasibility of siRNA delivery and target engagement within the eye, an
immune-privileged compartment with distinct pharmacologic challenges [9].

Taken together, the trajectory of siRNA therapeutics reflects a maturing platform with expanding clinical
legitimacy. Early successes in rare, well-defined genetic disorders have been parlayed into broader cardiometabolic and
ophthalmic investigations, while guideline integrations (for lipid management and transthyretin amyloidosis) signal growing
acceptance in routine practice [1-6]. The most recent approvals—vutisiran and nedosiran—demonstrate both iterative
improvement within established targets and diversification across enzymatic checkpoints in shared metabolic pathways [7,8].
Simultaneously, the breadth of ongoing trials (fitusiran, teprasiran, cosdosiran, and tivanisiran) attests to the adaptability of
RNA interference to disease settings where protein overabundance or dysregulated enzymatic activity can be safely and
effectively curtailed at the transcript level [9]. As delivery systems, dosing paradigms, and long-term safety datasets continue
to evolve, siRNA-based medicines are poised to consolidate their role across a widening array of indications, offering durable,
mechanism-based interventions that complement existing pharmacologic and biologic modalities.

Table 1. FDA-approved siRNA therapeutics: molecular target, delivery, indication, and core dosing

D ket Deliver Indication Core dosin,
Agent (mRNA/ Ty A A g Key administration notes
. modality (population) (maintenance)
protein)
Filter/dilute; premedicate to
- LNP IV hATTR 0.3 mg/kg q3wk reduce IRRs; manage missed
Patisiran TTR . . polyneuropathy || (<100 kg) or 30 mg o .
infusion dose within 3 days by keeping
(adults) q3wk (=100 kg) .
original cadence
Acute hepatic If transaminases rise, reduce
Givosiran ALAS1 GalNAc SC P 2.5 mg/kg monthly || to 1.25 mg/kg monthly; may
porphyria (adults)
re-escalate when stable
Weight-tiered: Weight-based
. PH1 monthly loading x3 induction/maintenance;
Lumasiran HAOL (GO) GalNAc SC (adult/pediatric) then q3mo or resume promptly after missed
monthly per band dose
.. HeFH/ASCVD |(|284 mg Day 0, Month|| If >3 months late, re-initiate:
Inclisiran PCSK9 GalNAc SC LDL-C lowering 3, then qg6bmo dose now, again at 3 months,
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(adults, adjunct to then g6bmo
statin/diet)

>50 kg: 160 mg
monthly; <50 kg: 128

PHI (29 y; eGFR mg monthly; 9-11y

Prefilled syringes; round

Nedosiran LDHA (LDH) GalNAc SC || >30 mL/Iznin/ 1.73 <50 kg: 3.3 mg/kg pediatric vglin;eE to nearest
m?) monthly (max 128 ’
mg)
hATTR Daily vitamin A at RDA;
Vutrisiran TTR GalNAc SC || polyneuropathy 25 mg q3mo prompt ophthalmology if
(adults) deficiency symptoms occur

[7]

Mechanism of Action

Small interfering RNAs (siRNAs) are short, double-stranded RNA molecules that achieve post-transcriptional gene
silencing by separating into single strands and selectively pairing with complementary sequences in a target messenger RNA
(mRNA). This sequence-specific pairing precipitates a cascade that culminates in endonucleolytic cleavage of the bound
mRNA, the cessation of translation, and durable suppression of gene expression by the short RNA guide strands. The
overarching mechanism is termed RNA interference (RNAIi), a conserved cellular pathway that repurposes small RNAs to
direct catalytic degradation of cognate transcripts [9][10]. In therapeutic contexts, exogenously delivered or chemically
modified siRNAs harness this endogenous machinery to attenuate pathogenic gene products in a tissue-targeted manner. The
intracellular journey of siRNA therapeutics begins in the cytoplasm, where the RNAi pathway is initiated by
endoribonuclease dicer, an RNase III-family enzyme with helicase capability. Dicer recognizes longer double-stranded RNA
precursors and processes them into uniform, short siRNA duplexes bearing characteristic overhangs. This precise cleavage
event generates the active siRNA species that will guide downstream silencing. The involvement of dicer is critical not only
for the generation of appropriately sized duplexes but also for presenting them in a conformation that is competent for loading
onto the effector complex that executes target cleavage [9][10].

Following dicer processing, the siRNA duplex associates with the multiprotein RNA-induced silencing complex
(RISC). Within RISC, the duplex is unwound and partitioned into two single strands: a “sense” (passenger) strand and an
“antisense” (guide) strand. The guide strand is selectively retained by RISC and provides the sequence address that determines
which mRNA will be recognized, while the passenger strand is jettisoned from the complex. Argonaute-2 (Ago-2), the
endonuclease subunit within RISC, then uses the guide strand to interrogate cellular transcripts and, upon stable base pairing
with the complementary target site, catalyzes a site-specific cleavage within the mRNA. This cleavage triggers rapid
exonucleolytic decay of the target transcript, thereby diminishing protein synthesis from the silenced gene [9][10][11]. In this
way, the RNAI apparatus functions as a programmable, sequence-directed silencing system that can be recruited to diverse
disease drivers through rational siRNA design and tissue-selective delivery.

Patisiran: Patisiran exemplifies this paradigm by deploying RNAi to reduce both mutant and wild-type
transthyretin (TTR) transcripts, thereby diminishing the hepatic output of the TTR protein implicated in hereditary
transthyretin amyloidosis (hATTR). Structurally, patisiran is a double-stranded siRNA encapsulated within a lipid
nanoparticle (LNP) formulation optimized for delivery to the liver. After systemic administration, the LNP engages
apolipoprotein E (APOE) in circulation, enabling receptor-mediated uptake by hepatocytes. Once inside the cytoplasm, the
siRNA duplex is processed by dicer as appropriate and loaded into RISC, where the antisense guide strand directs Ago-2 to
TTR mRNA. Endonucleolytic cleavage of TTR mRNA leads to a decrease in circulating TTR protein and, over time, a
reduction in amyloid deposition across tissues and organs that are vulnerable to TTR aggregation [12][13]. By silencing the
source of both variant and wild-type TTR, patisiran interrupts the supply of amyloidogenic monomers that drive the
neuropathic manifestations of hATTR.

Givosiran: Givosiran applies the same RNAI logic to the heme biosynthetic pathway, focusing on aminolevulinate
synthase 1 (ALASI), the hepatic enzyme whose dysregulated expression underlies acute hepatic porphyria (AHP). The agent
consists of a double-stranded siRNA covalently conjugated to a trivalent N-acetylgalactosamine (GalNAc) ligand, a motif that
binds the asialoglycoprotein receptor (ASGPR) highly expressed on hepatocytes and thereby drives efficient receptor-
mediated endocytosis into liver cells. Following intracellular release and RISC loading, the givosiran guide strand targets
ALAS1 mRNA for RNAi-mediated cleavage. Suppression of ALAS1 reduces the production of neurotoxic intermediates—
aminolevulinic acid (ALA) and porphobilinogen (PBG)—that accumulate in AHP, thereby lowering plasma levels of ALA
and PBG and mitigating the clinical features of porphyric attacks [14][2]. In effect, givosiran transforms the ALAS]1 transcript
into a high-value therapeutic target whose silencing blunts the biochemical cascade responsible for the disease’s neurovisceral
symptomatology.

Lumasiran: Lumasiran extends hepatic RNAI to primary hyperoxaluria type 1 (PH1) by directing silencing toward
hydroxyacid oxidase 1 (HAO1) mRNA, which encodes glycolate oxidase (GO). Like givosiran, lumasiran is a double-
stranded siRNA chemically coupled to a GalNAc ligand to ensure selective hepatocyte uptake via ASGPR. After
internalization and engagement of the RNAI apparatus, the guide strand complexes within RISC and drives Ago-2-mediated
cleavage of HAOL transcripts. The resulting down-regulation of GO diminishes hepatic conversion of glycolate to glyoxylate,
curtailing the availability of glyoxylate as a substrate for oxalate generation. By reducing precursor flux into oxalate synthesis,
lumasiran addresses the biochemical substrate of PHI1 upstream, thereby lowering the physiological drivers of oxalate
overproduction and attenuating disease burden in a setting where alanine-glyoxylate aminotransferase (AGT)—the enzyme
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mutated in PH1—is dysfunctional [9][15][14]. In this manner, lumasiran leverages RNAIi not to correct AGT itself but to re-
route hepatic metabolism away from oxalate accumulation.

Inclisiran: Inclisiran brings RNAI into the domain of cardiometabolic risk reduction by targeting hepatic mRNA
encoding proprotein convertase subtilisin/kexin type-9 (PCSK9). The siRNA duplex is engineered with a GalNAc ligand
(attached on the sense strand in the construct) to promote avid uptake by hepatocytes through ASGPR, ensuring that the agent
reaches the precise cellular compartment where PCSK9 is synthesized. Once processed and loaded into RISC, the guide
strand directs cleavage of PCSK9 mRNA, lowering intracellular and secreted PCSK9 levels. Physiologically, PCSK9 binds to
low-density lipoprotein (LDL) receptors on the hepatocyte surface and targets them for lysosomal degradation; increased
PCSKO activity therefore reduces the pool of functional LDL receptors available for LDL-cholesterol (LDL-C) clearance. By
suppressing PCSK9 production at the mRNA level, inclisiran prevents this receptor-degradative cycle, thereby augmenting
the expression of LDL receptors on the hepatocyte membrane and enhancing receptor recycling. LDL-C particles that bind
these receptors are internalized and subject to lysosomal processing, while receptors are returned to the cell surface to repeat
the clearance cycle. The net effect is an increase in hepatic LDL-C uptake and a corresponding decrease in circulating LDL-C
concentrations [16]. Thus, inclisiran achieves sustained lipid lowering by altering the transcriptomic control of a key regulator
of LDL receptor homeostasis.

Nedosiran: Nedosiran targets a distinct node in hepatic oxalate metabolism by silencing the lactate dehydrogenase
A (LDHA) transcript, thereby reducing the abundance of hepatic lactate dehydrogenase (LDH) implicated in oxalate
production. The agent is a double-stranded siRNA conjugated to GalNAc residues and delivered subcutaneously. After
administration, the GalNAc moieties bind to ASGPR, facilitating efficient hepatocyte uptake. Within the cytoplasm, nedosiran
follows the canonical RNAI trajectory: dicer processing (as needed), RISC loading, and guide-strand-directed recognition of
LDHA mRNA. Ago-2-mediated cleavage of LDHA mRNA decreases hepatic LDH expression, which in turn lowers the
conversion steps that feed into oxalate synthesis. By damping the liver’s capacity to generate oxalate, nedosiran reduces the
systemic oxalate burden that drives tissue deposition and stone formation [17]. This approach complements upstream
strategies such as GO inhibition by interdicting a later enzymatic contributor to oxalate accumulation, but it remains faithful
to the same RNAI principle of transcript-level silencing within hepatocytes.

Vutrisiran: Vutrisiran is another GalNAc-conjugated, double-stranded siRNA that, like patisiran, is designed to
diminish both mutant and wild-type TTR transcripts through RNAI. Its hepatocyte-targeted delivery ensures that the antisense
guide strand is positioned to recognize TTR mRNA within the hepatic cytoplasm; Ago-2-dependent cleavage then reduces
TTR protein synthesis at its source. The pharmacodynamic consequence is a sustained reduction in serum TTR concentration
accompanied by decreased deposition of TTR protein in tissues, thereby addressing the systemic amyloidogenic process
characteristic of hereditary transthyretin-mediated disease [7]. By converging on the liver’s role as the principal site of TTR
production, vutrisiran exemplifies the efficiency of GalNAc-siRNA conjugation for long-term control of a secreted
amyloidogenic protein.

Taken together, these mechanistic vignettes underscore a unifying therapeutic logic: siRNA agents use the cell’s
endogenous RNAi apparatus to degrade disease-relevant transcripts with high specificity, and medicinal chemistry
solutions—chiefly lipid nanoparticles or GalNAc conjugation—solve the delivery problem by steering the siRNA to
hepatocytes, where many pathogenic proteins are produced. The canonical steps recur across agents. First, delivery vehicles or
receptor-targeted conjugates concentrate the siRNA within the liver. Second, cytoplasmic RNAi machinery, initiated by dicer
and operationalized by RISC, transforms the duplex into an active guide-strand—Ago-2 complex. Third, precise base pairing
directs Ago-2 to the target mRNA, culminating in catalytic cleavage and rapid decay of the transcript. Fourth, protein output
falls accordingly, and the pathophysiologic process—be it amyloidogenesis, porphyrin precursor accumulation, oxalate
overproduction, or LDL receptor down-regulation—is attenuated at its molecular root [9][10][11]. Within this shared
framework, each agent is tailored to the biochemical topology of its disease. Patisiran and vutrisiran reduce the supply of TTR
monomers, impacting a systemic protein-misfolding disorder at the level of hepatic synthesis [12][13][7]. Givosiran
modulates a rate-limiting enzyme in heme biosynthesis to prevent the surge of neurotoxic intermediates that precipitate AHP
attacks [14][2]. Lumasiran and nedosiran, aimed at different enzymatic control points (GO and LDH, respectively), diminish
the hepatic precursors of oxalate, thereby tackling PH1 along complementary metabolic axes [9][15][14][17]. Inclisiran, by
contrast, intervenes in lipid metabolism through the PCSK9-LDL receptor axis, using transcript suppression to favor receptor
recycling and plasma LDL-C clearance [16]. While the delivery chemistries differ—LNP for patisiran versus GalNAc
conjugation for givosiran, lumasiran, inclisiran, nedosiran, and vutrisiran—the downstream intracellular choreography
remains strikingly similar, reflecting the conserved nature of the RNAi machinery across cell types.

The reliance on hepatocyte-directed delivery is not incidental but strategic. The liver’s high vascular perfusion,
fenestrated endothelium, and abundant expression of ASGPR make it an ideal organ for the uptake of GalNAc-conjugated
siRNAs, enabling subcutaneous administration routes and infrequent dosing regimens. LNPs, on the other hand, capitalize on
apolipoprotein interactions—such as APOE binding—to achieve efficient hepatic uptake after intravenous dosing. Regardless
of the vehicle, once the siRNA enters the hepatocyte cytosol, dicer and RISC provide a modular, repeatable mechanism for
sequence-specific silencing. This modularity permits rapid re-targeting of the same delivery platforms to new disease genes
by swapping the siRNA sequence while preserving the pharmacologic backbone that assures liver delivery and intracellular
activation [9][10][11][12][13][14][15][16][17][7]. Drug-specific effects further emphasize how RNAIi can be tuned to correct
distinct pathophysiologies. In amyloidosis, suppressing TTR transcripts addresses the upstream supply of amyloid-forming
subunits, meaning that both variant and wild-type TTR are curtailed to slow tissue deposition and organ dysfunction
[12][13][7]. In AHP, ALASI1 suppression prevents the overproduction of ALA and PBG, thereby reducing the triggers for
neurovisceral attacks rather than merely treating sequelae [14][2]. In PHI, reducing GO activity (lumasiran) cuts off
glyoxylate generation, while lowering LDHA expression (nedosiran) constrains a separate enzymatic route that contributes to
oxalate synthesis; both strategies converge on limiting oxalate, the proximal driver of crystallopathy and renal injury
[91[15][14][17]. In hypercholesterolemia, by reducing PCSK®9, inclisiran shifts receptor trafficking toward recycling rather

Egypt. J. Chem. 68, SI: Z. M. Nofal (2025)



SMALL INTERFERING RNA (SIRNA) THERAPY: GENE THERAPY FOR INHERITED DISEASES-AN - 1239

than degradation, augmenting LDL-C clearance and providing sustained lipid lowering through transcript-level control [16].
These targeted interventions are unified by RNAi’s catalytic efficiency: a single guide strand bound to Ago-2 can cleave
multiple target transcripts, producing a potent knockdown effect that persists until the siRNA is degraded or diluted by cell
turnover.

s e e e
(LNP-encapsulated siRNA) (givosiran, lumasiran, inclisiran, nedosiran, vutrisiran)
o GalNAc
————Fargets:

——ALAS1{givosiran) - AHP

TIIGO (lumasiran) - PH1

[T PCSKO9 (inclisiran) - LDL-C
LDHA/LDH (nedosiran) - PH1

Target: TTR mRNA TTR (vutrisiran) - hATTR
Indication: hATTR polyneuropathy

Figure 1: Schematic Diagram of siRNA Agents.

In summary, siRNA therapeutics function by co-opting the endogenous RNAi pathway to achieve precise, durable,
and catalytic degradation of disease-causing mRNAs. Dicer-mediated processing, RISC assembly, strand selection, and Ago-
2-directed cleavage constitute the mechanistic backbone upon which all agents operate [9][10][11]. Patisiran, givosiran,
lumasiran, inclisiran, nedosiran, and vutrisiran instantiate this strategy across disparate clinical contexts, using LNP or
GalNAc-mediated delivery to reach hepatocytes and silence transcripts that drive amyloid neuropathy, porphyria, primary
hyperoxaluria, and dyslipidemia [12][13][14][2][9][15][16][17][7]. The result is a portfolio of medicines that suppress
pathogenic protein production at its source, translating molecular precision into therapeutic benefit while retaining a
consistent intracellular modus operandi.

Administration
Available Dosage Forms, Strengths and Dosage

The clinical use of small interfering RNA (siRNA) therapeutics requires meticulous attention to formulation, route
of delivery, and dosing cadence to achieve consistent silencing of hepatic targets while maintaining patient safety and
adherence. The agents described below—patisiran, givosiran, lumasiran, inclisiran, nedosiran, and vutrisiran—share a
unifying reliance on hepatocyte uptake and intracellular engagement of the RNA interference apparatus, yet each possesses
distinct presentations, strengths, and dose-adjustment conventions aligned to its indication. The following sections paraphrase
the administration guidance with an emphasis on professional practice standards, preserving the original dosing specifications
and instructions for missed doses and premedication where applicable.

Patisiran

Dosage form and preparation. Patisiran is supplied as a single-use vial containing 10 mg in 5 mL (concentration 2
mg/mL). Because the active siRNA is formulated as a lipid complex intended for intravenous (IV) delivery, the product
requires in-line filtration and dilution prior to administration. The infusion solution should be prepared by qualified personnel
using aseptic technique, with the final concentration and volume adjusted to accommodate patient-specific dosing and
institutional standards for IV admixture of lipid nanoparticles. Weight-based calculation is essential; clinicians must compute
the exact dose from the most recent, verified body weight and prepare the infusion accordingly. Patisiran is administered as an
intravenous infusion under the supervision of healthcare professionals experienced in managing infusion therapies. Given the
potential for infusion-related reactions (IRRs), clinical teams should ensure appropriate monitoring during and after the
infusion and confirm venous access adequate for lipid nanoparticle delivery. Patisiran is indicated for the treatment of
polyneuropathy associated with hereditary transthyretin-mediated amyloidosis (hATTR) in adults.

Dosing regimen.
*  For patients weighing <100 kg: 0.3 mg/kg every 3 weeks.
*  For patients weighing >100 kg: 30 mg every 3 weeks.

In the event of a missed dose, patisiran should be administered as soon as possible. If the dose is administered

within 3 days of the originally scheduled date, the patient should maintain the original every-3-weeks schedule thereafter.
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This approach preserves the intended pharmacodynamic rhythm of transthyretin (TTR) transcript suppression. To mitigate the
incidence and severity of IRRs associated with IV lipid nanoparticle infusions, premedication is recommended 60 minutes
prior to starting the infusion. A representative regimen includes: an intravenous corticosteroid, oral acetaminophen, and both
intravenous H1- and H2-histamine receptor antagonists. This multi-agent premedication strategy targets distinct pathways
implicated in infusion reactivity and is consistent with best practices for biologic and nanoparticle infusions.
Givosiran

Givosiran is provided as a single-dose vial at a concentration of 189 mg/mL for subcutaneous (SC) administration.
The high-concentration formulation supports accurate SC dosing by body weight while minimizing injection volume.
Givosiran is indicated for adult patients with acute hepatic porphyria (AHP). The recommended dose is 2.5 mg/kg once
monthly (every 4 weeks). This monthly cadence sustains hepatic ALASI silencing and thereby controls the accumulation of
neurotoxic heme pathway intermediates.
Missed dose and dose modification.

*  Missed dose: administer as soon as feasible and resume the monthly schedule thereafter.

*  Hepatic enzyme elevations: for patients who develop clinically significant increases in serum transaminases, the
dose should be reduced to 1.25 mg/kg monthly. If a patient stabilized at 1.25 mg/kg does not exhibit recurrent
transaminase elevations, the dose may be escalated back to 2.5 mg/kg monthly. These adjustments balance efficacy
with hepatotoxicity risk mitigation, reflecting the agent’s hepatic mechanism of action.

Lumasiran

Dosage form and route. Lumasiran is supplied as a single-dose vial containing 94.5 mg in 0.5 mL for subcutaneous
injection. The preparation is designed to accommodate both pediatric and adult dosing schemas with precision across a wide
body-weight distribution. Lumasiran is indicated for primary hyperoxaluria type 1 (PH1) in both pediatric and adult patients.
Lumasiran employs an induction-maintenance paradigm tailored to body weight:

* Patients <10 kg:

o Loading: 6 mg/kg once monthly for 3 doses.
o Maintenance: 3 mg/kg monthly thereafter.

*  Patients 10 to 20 kg:

o Loading: 6 mg/kg once monthly for 3 doses.
o Maintenance: 6 mg/kg every 3 months.

*  Patients >20 kg:

o Loading: 3 mg/kg once monthly for 3 doses.
o  Maintenance: 3 mg/kg every 3 months.

This step-down from loading to maintenance is intended to establish and then sustain suppression of HAOL1
transcripts and glycolate oxidase activity, thereby attenuating oxalate generation. Missed dose management. If a scheduled
dose is missed, lumasiran should be given promptly and the patient should continue monthly thereafter. This instruction
reflects the product’s loading-phase cadence; clinical teams should align subsequent doses with the preset schedule to
maintain the intended pharmacokinetic-pharmacodynamic profile.

Inclisiran

Dosage form and route. Inclisiran is provided as a prefilled, single-dose presentation containing 284 mg in 1.5 mL
(189 mg/mL) for subcutaneous injection. The prefilled format streamlines administration in outpatient cardiometabolic care
settings and supports the fixed-dose schedule central to PCSK9 repression. Inclisiran is indicated to reduce LDL-cholesterol
(LDL-C) in adults with heterozygous familial hypercholesterolemia (HeFH) or clinical atherosclerotic cardiovascular disease
(ASCVD), as an adjunct to diet and maximally tolerated statin therapy.

Fixed dosing schedule.

* 284 mg at Day O (initial dose).

* 284 mg at 3 months after the initial dose.

. 284 mg every 6 months thereafter (i.e., at 9 months, 15 months, etc.).

This front-loaded pair of injections followed by semiannual maintenance provides durable PCSK9 transcript suppression and,
consequently, sustained augmentation of LDL receptor recycling.
Missed dose algorithm. If a scheduled dose is missed, administer the injection as soon as possible.

e If the delayed administration occurs within 3 months of the missed date, the patient can resume the original every-6-
months schedule anchored to the initial dosing timeline.

* If more than 3 months have elapsed since the missed dose, re-initiate the schedule by giving a dose and then
administering the next dose 3 months later, followed by dosing every 6 months thereafter. This framework preserves
the pharmacodynamic intent of the loading-maintenance sequence despite interruptions.

Nedosiran

Dosage forms and route. Nedosiran is available as single-dose prefilled syringes in two strengths intended for
subcutaneous injection: 128 mg/0.8 mL and 160 mg/1 mL (160 mg/mL). The dual-strength portfolio permits weight- and age-
appropriate dosing while simplifying volume calculations. Nedosiran is indicated to reduce urinary oxalate in individuals 9
years of age and older with primary hyperoxaluria type 1 (PH1) who have preserved kidney function, defined as an eGFR >
30 mL/min/1.73 m2. This renal function threshold reflects both safety considerations and the mechanistic goal of lowering
hepatic oxalate production before advanced nephropathy ensues.

Dosing by age and weight.

*  Adults and adolescents (=12 years):

o =50 kg: 160 mg once monthly (administer the 1 mL prefilled syringe).
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o <50 kg: 128 mg once monthly (administer the 0.8 mL prefilled syringe).

*  Children (9-11 years):

o =50 kg: 160 mg once monthly (1 mL prefilled syringe).

o <50 kg: 3.3 mg/kg once monthly, not to exceed 128 mg; round the volume to the nearest 0.1 mL to ensure
dosing precision.

These stratifications support consistent hepatic LDH transcript silencing while respecting pediatric pharmacokinetic
considerations and practical limits on injection volume.
Vutrisiran:

Dosage form and route. Vutrisiran is supplied as a single-dose prefilled syringe containing 25 mg in 0.5 mL for
subcutaneous administration. The ready-to-use format facilitates clinic- or home-based dosing, subject to clinician judgment
and patient training. Vutrisiran is indicated for the treatment of polyneuropathy associated with hereditary transthyretin-
mediated amyloidosis in adults. Recommended dosing. 25 mg once every 3 months (quarterly) by subcutaneous injection. The
extended interval reflects the agent’s prolonged silencing of TTR transcripts within hepatocytes, enabling sustained reduction
of circulating TTR. Adjunctive vitamin A and ocular monitoring. Because hepatic TTR carries retinol-binding protein in
circulation, potent TTR suppression can reduce retinol transport. Accordingly, patients should receive a daily supplement of
vitamin A at the recommended dietary allowance while on vutrisiran. Should visual symptoms arise that could indicate
vitamin A deficiency (e.g., nyctalopia), prompt evaluation by an ophthalmologist is advised to guide supplementation and
exclude other causes [7].

Practice Considerations Across Agents:

While each product’s label specifies unique preparation and dosing details, several cross-cutting principles guide
safe and effective administration of siRNA therapies:

1. Weight verification and dose calculation. For agents with weight-based dosing (e.g., patisiran, givosiran, and
certain tiers of lumasiran), dosing accuracy hinges on current, verified body weight. Clinics should implement
standardized processes for weight measurement at each dosing visit and double-check calculations—particularly
when transitioning between pediatric and adolescent dosing bands.

2. Route-specific technique and monitoring.

o Intravenous infusions (patisiran): Ensure appropriate IV access, infusion filtration, and dilution per
institutional policy, with vigilant monitoring for IRRs during and after infusion. Resuscitation equipment
and medications should be immediately available.

o  Subcutaneous injections (givosiran, lumasiran, inclisiran, nedosiran, vutrisiran): Use proper SC
technique, rotate injection sites, and counsel patients regarding expected local-site reactions. Prefilled
syringes and fixed-dose formats (inclisiran, nedosiran >50 kg, vutrisiran) simplify administration and may
be amenable to ambulatory practice settings.

3. Premedication and prophylaxis. Only patisiran explicitly requires a pre-infusion regimen to mitigate IRRs,
comprising an IV corticosteroid, oral acetaminophen, and IV H1/H2 blockers. Teams should standardize timing
(approximately 60 minutes prior to infusion) and document tolerability and any breakthrough reactions to guide
future adjustments.

4. Missed dose algorithms. Adherence to the stated approaches—"administer as soon as possible” and then resume
the specified monthly, every-3-weeks, every-3-months, or every-6-months interval—is essential to maintain steady-
state transcript suppression. Inclisiran, in particular, includes a bifurcated algorithm depending on whether the delay
is within or beyond 3 months, preserving the pharmacodynamic integrity of its loading-maintenance sequence.

5. Laboratory monitoring and dose adjustments. Givosiran includes explicit guidance for dose reduction to 1.25
mg/kg monthly in the setting of significant transaminase elevations, with the possibility of re-escalation back to 2.5
mg/kg if hepatic safety signals subside. For the other agents, clinicians should follow product-specific laboratory
surveillance (e.g., liver enzymes, renal function where relevant) and adjust supportive care accordingly.

6. Patient education and co-therapies.

o Vitamin A with vutrisiran: Reinforce the rationale for daily supplementation and the importance of
reporting visual changes promptly for ophthalmologic assessment [7].

o Statin backbone with inclisiran: Emphasize that inclisiran is an adjunct to diet and maximally tolerated
statin therapy (with or without other lipid-lowering agents), not a substitute for comprehensive risk-
factor management.

o Hydration and renal care in PH1 (lumasiran, nedosiran): Although not dosing instructions per se,
counseling around kidney stone prevention and adherence complements pharmacologic suppression of
oxalate production.

7.  Scheduling logistics. The diversity of dosing intervals—every 3 weeks (patisiran), monthly (givosiran; certain
lumasiran strata; nedosiran), every 3 months (Vutrisiran; maintenance lumasiran >10 kg and >20 kg), and every 6
months (inclisiran maintenance), invites the use of structured scheduling systems and reminder workflows. Where
feasible, align dosing visits with routine laboratory testing or multidisciplinary care appointments to enhance
adherence.

8. Transitioning between weight bands or clinical states. Pediatric patients may cross weight thresholds that change
their lumasiran maintenance regimen (e.g., moving from monthly to every-3-months dosing). Similarly, adolescents
moving into adult dosing categories for nedosiran must be reassessed for the appropriate fixed-dose syringe
strength. Clear documentation and re-education at these transition points reduce dosing errors.

9. Aseptic handling and storage. Although not elaborated in the dosage instructions above, institutions should
observe manufacturer-specified storage conditions, protect products from inappropriate temperatures and light
exposure, and adhere to beyond-use dating for any prepared admixtures (especially relevant for patisiran infusions).
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Staff must be trained in the handling of lipid nanoparticle suspensions and GalNAc-conjugate solutions to preserve

product integrity.

10. Equity of access and setting of care. Fixed dosing and infrequent administration (e.g., inclisiran every 6 months;
Vutrisiran every 3 months) can reduce treatment burden and support broader access, including in resource-limited
settings. Conversely, IV formulations requiring infusion centers (patisiran) may necessitate coordination for
transportation, infusion chair availability, and premedication supplies.

In sum, the administration of siRNA therapeutics hinges on three pillars: (1) precise dose selection anchored to body
weight or fixed schedules as specified; (2) competent delivery via the designated route—IV for patisiran with premedication
against IRRs, and SC for givosiran, lumasiran, inclisiran, nedosiran, and Vutrisiran—with appropriate monitoring and
injection technique; and (3) rigorous adherence to timing, including well-defined responses to missed doses and, where
relevant, laboratory-informed dose modifications. Patisiran requires filtration, dilution, and infusion every 3 weeks with pre-
emptive IRR prophylaxis; givosiran employs monthly weight-based dosing with a clear algorithm for managing transaminase
elevations; lumasiran utilizes a weight-stratified loading-maintenance schema; inclisiran follows a simple 0-, 3-, and 6-
monthly cadence thereafter with a contingency plan for delays; nedosiran provides age- and weight-appropriate prefilled
syringes on a monthly schedule anchored to renal function inclusion criteria; and vutrisiran offers quarterly dosing with
mandated vitamin A supplementation and symptom-driven ophthalmic evaluation [7]. Collectively, these regimens translate
molecular precision into practical, clinic-ready protocols designed to sustain target knockdown, optimize clinical response,
and safeguard patient well-being across a spectrum of rare and common hepatic-tropic conditions.

Adverse Effects

Adverse events are delineated below by individual agent, with incidence percentages reflecting observations from
clinical use and pivotal studies as reported. The presentation preserves agent-specific patterns that are relevant to counseling,
monitoring, and risk mitigation for small interfering RNA (siRNA) therapies [16].

Patisiran. The adverse event profile of patisiran reflects both its lipid nanoparticle intravenous formulation and its
pharmacologic action in hepatocytes. The most frequently encountered event is upper respiratory tract infection (URTI),
reported in 28% of recipients. Infusion-related reactions (IRRs) occur in 19%, consistent with the need for premedication and
vigilant peri-infusional monitoring. Gastrointestinal and respiratory complaints appear with modest frequency, including
dyspepsia (8%) and dyspnea (8%), whereas neuromuscular and musculoskeletal symptoms comprise muscle spasms (8%) and
arthralgia (7%). Dermatologic and inflammatory manifestations such as erythema (7%) and bronchitis (7%) are also
documented, and vertigo (5%) represents a less common but notable neurologic complaint. Collectively, these events
underscore the importance of pre-infusion prophylaxis, careful rate control, and post-infusion observation to attenuate IRRs
while anticipating manageable systemic symptoms within the first treatment cycles.

Givosiran. For givosiran, which is administered subcutaneously and targets hepatic ALASI, the most common
adverse events are consistent with subcutaneous delivery and hepatic engagement. Nausea is reported in 27% of patients and
injection-site reactions in 25%. Dermatologic rash occurs in 17%, and biochemical changes reflecting renal and hepatic
laboratory parameters include increased serum creatinine (15%) and elevated liver transaminases (13%). Fatigue (10%) is also
noted. This constellation highlights the need for clinical vigilance around gastrointestinal tolerability and localized injection-
site care, alongside routine laboratory surveillance where indicated to detect early signals of renal or hepatic perturbation and
to guide dose adjustments when necessary.

Lumasiran. The adverse effect pattern for lumasiran, likewise delivered subcutaneously for PH1, is dominated by
local and gastrointestinal complaints. Injection-site reactions occur in 38%, making them the most commonly observed event,
while abdominal pain/discomfort is reported in 15% of treated individuals. These findings are typical of agents administered
via the subcutaneous route and generally respond to supportive measures such as site rotation, appropriate injection technique,
and symptomatic management for transient gastrointestinal discomfort.

Inclisiran. As a GalNAc-conjugated siRNA directed against hepatic PCSKO9, inclisiran exhibits an adverse event
profile of predominantly mild to moderate intensity, with musculoskeletal and infectious events among the more frequently
recorded. Incidences include arthralgia (4%), urinary tract infection (3.6%), diarrhea (3.5%), bronchitis (2.7%), pain in
extremity (2.6%), dyspnea (2.6%), and injection-site reaction (1.8%). The relatively low rates of local reactions are
compatible with infrequent dosing and optimized subcutaneous delivery, while the systemic events are generally self-limited.
Routine clinical follow-up should focus on ensuring tolerability, reinforcing injection technique, and integrating symptom
review into scheduled lipid-management visits to maintain adherence to the semiannual maintenance schedule.

Nedosiran. In recipients of nedosiran—administered subcutaneously to reduce hepatic oxalate production—
injection-site reactions are reported in >20% of patients [18]. These events typically present as localized erythema, tenderness,
or swelling at the injection site, consistent with expectations for subcutaneous biologic administration. Patient education on
site rotation, needle handling, and post-injection care, alongside anticipatory guidance that mild local reactions may occur, can
help sustain treatment persistence in pediatric, adolescent, and adult populations.

Vutrisiran. The safety profile for vutrisiran, a quarterly subcutaneous agent that reduces serum transthyretin,
includes musculoskeletal, respiratory, ocular-nutritional, and local injection-site events. Reported incidences encompass pain
in extremity (15%), arthralgia (11%), and dyspnea (7%). Of particular relevance to the drug’s mechanism, vitamin A
deficiency (7%) has been observed, reflecting the role of transthyretin in retinol-binding protein transport; as such, patients
should maintain daily vitamin A intake at the recommended level and promptly report any visual symptoms suggestive of
deficiency for ophthalmologic evaluation [7]. Injection-site reactions occur in 4%. In addition, there is a rare case report of
atrioventricular block associated with therapy, which, although uncommon, warrants clinical awareness and appropriate
evaluation should cardiac conduction symptoms arise [19]. The overall tolerability profile supports sustained quarterly dosing,
provided that clinicians incorporate nutritional counseling and maintain a low threshold for specialty referral when ocular or
cardiologic symptoms emerge.
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Viewed together, the adverse event profiles of these siRNA therapeutics exhibit thematic consistencies that align
with their routes of administration and hepatic pharmacology. Subcutaneously delivered agents (givosiran, lumasiran,
inclisiran, nedosiran, and vutrisiran) predictably demonstrate injection-site reactions at varying frequencies, typically low to
moderate in severity and amenable to conservative care. By contrast, the only intravenously administered drug in this series,
patisiran, shows a higher incidence of infusion-related reactions, justifying structured premedication regimens and infusion-
center readiness to manage hypersensitivity-like phenomena. Systemic events—spanning gastrointestinal upset (nausea,
dyspepsia, diarrhea), mild respiratory infections (URTI, bronchitis), musculoskeletal complaints (arthralgia, pain in extremity,
muscle spasms), and constitutional symptoms (fatigue, dyspnea), occur at generally modest rates and are usually manageable
without discontinuation. Biochemical laboratory abnormalities, where present, mirror the therapeutic targets and hepatic
disposition of these agents. With givosiran, serum creatinine increases (15%) and transaminase elevations (13%) emphasize
the prudence of baseline assessment and periodic monitoring, especially during initiation or dose escalation. For vutrisiran,
the vitamin A deficiency (7%) signal is mechanistically coherent and readily mitigated through daily vitamin A
supplementation and symptom-triggered ophthalmologic review [7]. Rare events such as the reported atrioventricular block
with vutrisiran are exceptional but clinically significant; they merit prompt investigation of new conduction symptoms and
individualized risk—benefit appraisal in patients with preexisting cardiac conduction disease [19].

From a practical standpoint, clinicians should embed proactive counseling on expected adverse events into the
initiation visit, tailor monitoring to each agent’s distinctive risks, and employ standardized algorithms for the prevention and
management of IRRs (patisiran) and injection-site reactions (all subcutaneous agents). When mild to moderate events arise—
whether local reactions, transient gastrointestinal discomfort, or musculoskeletal aches—early intervention with supportive
care often preserves adherence and therapeutic continuity. Where laboratory or mechanistically linked signals emerge (e.g.,
hepatic enzymes with givosiran; ocular symptoms with vutrisiran), timely evaluation and, if needed, dosage adjustments or
supplementation can mitigate risk while maintaining clinical benefit. This standardized, anticipatory approach to safety helps
ensure that the molecular precision of siRNA therapies is matched by an equally precise stewardship of tolerability and patient
experience across diverse indications [16][18][7][19].

Contraindications

Across the currently approved small interfering RNA (siRNA) therapeutics used for hepatic targets, formal product
labeling identifies no absolute contraindications for patisiran, lumasiran, nedosiran, vutrisiran, or inclisiran. By contrast,
hypersensitivity to givosiran constitutes a strict, absolute contraindication to its use, given post-marketing and clinical trial
experience indicating the potential for severe allergic phenomena in a minority of recipients [20]. Notably, anaphylaxis has
been documented during clinical development of givosiran, occurring in <1% of exposed subjects, an incidence that—while
low—demands decisive avoidance of re-exposure in any patient with a compatible reaction history and heightened vigilance
for early signs of systemic hypersensitivity in all others [21]. In practice, this risk profile translates to careful pre-treatment
assessment for prior severe allergic responses, thorough counseling regarding symptom recognition, and immediate access to
emergency management resources in settings where givosiran is initiated. The absence of labeled contraindications for
patisiran, lumasiran, nedosiran, vutrisiran, and inclisiran should not be misconstrued as a lack of clinical nuance. Rather, it
reflects that, within the evaluated populations and dosing paradigms, no specific patient factors were codified as categorical
exclusions. Clinicians should nevertheless integrate individualized risk—benefit assessments—especially in patients with
complex comorbidities—because precautionary principles (e.g., temporary deferral during acute intercurrent illness,
heightened observation in those with prior infusion reactions) remain relevant even when formal contraindications are not
enumerated. In situations where overlapping safety considerations are present—for example, concurrent hepatic disease,
baseline nutritional deficiencies, or prior immune-mediated adverse events—therapeutic choice and monitoring intensity
should be tailored accordingly, consistent with evidence-based pharmacovigilance and shared decision-making.

Monitoring

Patisiran. Owing to its intravenous lipid nanoparticle formulation and the recognized risk of infusion-related
reactions, patisiran requires structured, proactive safety surveillance during each dosing encounter. Patients should be closely
monitored for hypersensitivity manifestations, including anaphylaxis, during infusion and in the immediate post-infusion
period. At the first sign of an infusion-related adverse response, clinicians should interrupt or slow the infusion and implement
appropriate medical management commensurate with severity (e.g., antihistamines, corticosteroids, bronchodilators,
supportive care). Once symptoms have fully resolved, the infusion may be restarted cautiously with gradual rate escalation.
However, if a severe or life-threatening reaction occurs, permanent discontinuation is warranted to preclude re-exposure to a
potentially inciting agent [22]. Beyond acute infusion safety, patisiran’s mechanism reduces circulating transthyretin (TTR)—
the principal carrier of retinol-binding protein—thereby lowering vitamin A levels. Consequently, patients should undergo
routine monitoring of vitamin A status and be initiated on supplementation that does not exceed the recommended daily
allowance, coupled with surveillance for clinical features of hypovitaminosis A (e.g., night blindness, xerosis). This
nutritional stewardship is integral to long-term safety and should be coordinated with patient education regarding symptom
reporting [22]. Givosiran. The monitoring framework for givosiran reflects both hepatic and renal laboratory signals observed
during development. Liver function tests (LFTs), with emphasis on alanine aminotransferase (ALT)—should be obtained at
baseline and then at regular intervals thereafter. Increases in ALT were observed in trials, with a typical onset between 3 and 5
months after therapy initiation, supporting a monthly LFT schedule for the first 6 months to detect evolving hepatocellular
injury at an early stage [22]. Should severe ALT elevations occur, treatment discontinuation is recommended. In parallel,
renal parameters—estimated glomerular filtration rate (eGFR) and serum creatinine—should be assessed at baseline and
monitored periodically, given trial reports of eGFR and creatinine changes during therapy. This dual-axis laboratory
surveillance aligns with givosiran’s hepatic target engagement and helps ensure timely identification and management of off-
target organ effects.

In addition, givosiran has been associated with elevations in plasma homocysteine, documented in 16% of clinical
trial participants. Accordingly, homocysteine should be measured at baseline and followed routinely thereafter. For patients
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who demonstrate sustained or clinically meaningful hyperhomocysteinemia, clinicians should evaluate vitamin B9 (folate)
and vitamin B12 status and consider initiating vitamin B6 supplementation, an evidence-informed adjunct that may assist in
metabolic control of homocysteine and mitigate potential vascular or neurologic sequelae of prolonged elevation. This
targeted nutritional approach complements standard laboratory monitoring and underscores the value of integrating
micronutrient assessment into RNAi-based therapeutics when mechanistically indicated. Immunogenicity across siRNA
agents. Although siRNA medicines co-opt endogenous RNA interference pathways, immunogenicity remains biologically
plausible and can, in theory, compromise delivery or provoke undesired reactions if exogenous RNA is recognized as a viral
antigen by innate immune sensors. Across the class, anti-drug antibodies (ADA) were detected at low frequencies during
clinical trials: 3.6% with patisiran, 6% with lumasiran, 0.9% with givosiran, and, for inclisiran, 1.8% of subjects exhibited
ADA before dosing with 4.9% at 18 months of therapy [23]. Importantly, available data indicate that the presence of ADA did
not measurably affect efficacy or safety for these agents, with no clinically significant differences observed in
pharmacokinetics or pharmacodynamics attributable to ADA status [23]. Nevertheless, heightened clinical awareness is
prudent in patients who develop unexpected loss of response or atypical adverse events; in such cases, consideration of
immunogenicity as a contributing factor—alongside other differential diagnoses—may guide further evaluation.

Integrative monitoring considerations. Effective stewardship of siRNA therapies rests on a protocolized yet patient-
centered surveillance strategy that prioritizes early detection of predictable risks while remaining responsive to individual
variability:

¢  For intravenous patisiran, embed peri-infusion protocols that standardize premedication, observation intervals, and
response algorithms for infusion reactions, and ensure nutritional monitoring for vitamin A with RDA-bounded
supplementation [22].

*  For givosiran, adhere to monthly LFTs during the first six months, then space testing according to clinical
judgment; integrate renal function tracking and homocysteine surveillance, and address abnormalities with dose
interruption (for severe ALT elevations) and vitamin assessment/supplementation (B6 with consideration of B9/B12
status) as indicated [22].

¢  For all siRNA agents, maintain a high index of suspicion for immunogenicity while recognizing that, to date, ADA

positivity has not correlated with diminished clinical benefit or altered exposure, and thus routine ADA testing is

not mandated in the absence of clinical cues [23].

In sum, the contraindication landscape for siRNA medicines is relatively permissive, with givosiran hypersensitivity
standing out as the singular absolute bar to treatment and rare anaphylaxis reinforcing the need for judicious selection and
preparedness [20][21]. The monitoring architecture, in turn, is agent-specific and mechanistically coherent: infusion safety
and vitamin A homeostasis for patisiran; hepatic enzymes, renal indices, and homocysteine metabolism for givosiran; and
situational immunogenicity vigilance across the class [22][23]. When these elements are implemented with rigor—paired with
patient education on symptom recognition and adherence to scheduled evaluations—clinicians can uphold the dual mandate of
maximizing therapeutic efficacy and minimizing preventable harm in the delivery of RNAi-based care.

Toxicity

During clinical development of givosiran, signals of hepatic and renal toxicity were observed that warrant careful
laboratory surveillance and individualized risk—benefit assessment. Specifically, 15% of treated participants experienced
alanine aminotransferase (ALT) elevations to >3x the upper limit of normal, indicating a clinically meaningful incidence of
hepatocellular injury. In parallel, 15% exhibited increases in serum creatinine accompanied by declines in estimated
glomerular filtration rate (¢éGFR); the median rise in creatinine was 0.07 mg/dL at three months, a shift consistent with mild
renal function perturbation at the population level but potentially consequential in susceptible individuals. These hepatic and
renal laboratory abnormalities may occur with or without overt symptoms; consequently, decisions to continue, interrupt, or
discontinue therapy should be anchored in the severity and trajectory of biochemical changes, the presence and intensity of
clinical manifestations, and the patient’s overall risk profile (including comorbid liver or kidney disease). In practice, this
translates to establishing reliable baselines, instituting periodic monitoring at clinically appropriate intervals, and adopting a
structured algorithm for dose management or cessation when predefined thresholds are crossed. Supportive care and
evaluation for alternative etiologies of transaminitis or renal dysfunction (e.g., intercurrent illness, concomitant nephrotoxic
agents) should proceed in parallel to ensure that observed abnormalities are correctly attributed and managed.

Pregnancy:

Evidence to guide the use of patisiran and lumasiran in pregnancy is presently insufficient, as human data have not
been reported. One mechanistic consideration is that patisiran lowers circulating vitamin A, reflecting transthyretin
suppression and its downstream impact on retinol transport. Because vitamin A is essential for normal embryogenesis and
fetal development, iatrogenic hypovitaminosis A could, in principle, pose developmental risks if unrecognized or unmanaged.
Conversely, excessive vitamin A intake is teratogenic; thus, any supplementation strategy in patisiran-treated patients of
reproductive potential must strike a careful balance, avoiding both deficiency and excess through judicious dosing, dietary
counseling, and symptom-triggered evaluation for visual changes suggestive of hypovitaminosis A. For lumasiran, the
absence of pregnancy data similarly argues for a conservative posture: defer initiation when feasible, or, if treatment is
contemplated due to compelling maternal indications, proceed only after comprehensive counseling and interdisciplinary
coordination. With respect to givosiran, while human pregnancy data are lacking, animal reproductive studies have
demonstrated adverse developmental outcomes during organogenesis. Accordingly, use of givosiran during pregnancy should
be predicated on a thorough risk—benefit analysis, weighing the maternal benefits of disease control against potential fetal
risks, and should incorporate shared decision-making with obstetric and maternal—fetal medicine specialists. Consideration of
alternative therapies, deferral of treatment, or enhanced fetal surveillance may be appropriate depending on disease severity
and gestational timing.
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For inclisiran, current recommendations advise discontinuation during pregnancy. The agent’s action mechanism
reduces cholesterol, and perturbations in the availability of biologically active lipids during critical windows of fetal
development may be deleterious. Although definitive human teratogenicity data are not available, this theoretical risk supports
cessation of therapy upon recognition of pregnancy and avoidance during attempts to conceive [24]. In all cases—whether
contemplating patisiran, lumasiran, givosiran, or inclisiran—clinicians should implement preconception counseling, establish
clear plans for contraception, and revisit therapy promptly if pregnancy occurs. A structured approach that integrates maternal

disease control, fetal safety, and evolving evidence will best safeguard outcomes for both parent and child.
Table 2. Safety, monitoring, and contraindication overview.

Agent Common adverse events Monitoring priorities Contraindications/ Pregnancy
g (select % )** ep precautions considerations
. . ||Observe during/after infusion;
URTI.ZS%’ IRRs 19%; manage IRRs; monitor . Limited human data;
dyspepsia 8%; dyspnea 8%; L. None labeled; caution Lo
- vitamin A status and . .. . vitamin A balance
Patisiran muscle spasms 8%; oy with prior infusion L .
. ' . supplement within RDA; . crucial in reproductive-
arthralgia 7%; erythema 7%; . .. reactions R
bronchitis 7%; vertigo 5% educate on hypovitaminosis A age patients
’ symptoms [22]
Nausea 27%; injection-site LFTs monthly for f1rs.t 6 m.o; Human data lacking;
- ) A ongoing eGFR/creatinine; Absolute:
reactions 25%:; rash 17%; ? .. A adverse developmental
N L. baseline and periodic hypersensitivity to . .
Givosiran Tcreatinine 15%; . . e . effects in animals—use
ttransaminases 13% fatigue homocysteine; consider givosiran; anaphylaxis only if benefits
o alg vitamins B6/B9/B12 as <1% in trials [20][21] YL OEne
10% . outweigh risks
indicated
Injection-site reactions 38%; . - ) Human data lacking—
. . s Routine clinical follow-up; prefer deferral unless
Lumasiran|| abdominal pain/discomfort . . None labeled -
15% site-care counseling compelling maternal
indication
Arthralgia 4%; UTI 3.6%; Discontinue durin
diarrhea 3.5%; bronchitis || Tolerability checks aligned to regnancy: theoreti cg al
Inclisiran 2.7%; pain in extremity semiannual dosing; reinforce None labeled preg Y -
. . . risk from lipid lowering
2.6%; dyspnea 2.6%; technique [24]
injection-site reaction 1.8%
. Injection-site reactions Clinical follow-up; site .
Nedosiran >20% [18] rotation None labeled Not established
Pain in extremity 15%;
arthralgia 11%; dyspnea 7%;|| Vitamin A supplementation at . .
.. vitamin A deficiency 7% [|RDA; ophthalmology if visual . th established; .
Vutrisiran S . ) None labeled vitamin A stewardship
[7]; injection-site reactions || symptoms; awareness of rare recommen
4%:; rare AV block case conduction disturbance
report [19]
Conclusion:

siRNA therapeutics have matured into a coherent, modular platform that translates nucleotide sequence design into
predictable, tissue-directed pharmacology. Across patisiran, givosiran, lumasiran, inclisiran, nedosiran, and vutrisiran, shared
intracellular choreography—dicer processing, RISC loading, and Ago-2-mediated mRNA cleavage—yields durable
suppression of pathogenic proteins while permitting infrequent dosing schedules that can lighten treatment burden. These
attributes underpin demonstrated benefits in hereditary transthyretin amyloidosis, acute hepatic porphyria, primary
hyperoxaluria type 1, and atherogenic dyslipidemia, and they foreshadow broader clinical penetration as delivery chemistries,
analytics, and long-term safety datasets deepen. Nonetheless, meticulous implementation is essential. Intravenous lipid
nanoparticle infusion with patisiran requires standardized premedication and reaction management; GalNAc-conjugated
agents necessitate rigorous injection technique, site rotation, and symptom review. Laboratory surveillance must be tailored:
transaminases, renal indices and homocysteine for givosiran; vitamin A monitoring and supplementation for vutrisiran; and
general vigilance for immunogenicity, which to date has not meaningfully altered exposure or effect. Equally critical are
patient education, clear algorithms for missed doses and dose adjustments, and coordination with disease-specific care
pathways (e.g., lipid clinics, nephrology, neuromuscular services). Looking forward, the same modularity that enabled first-
generation success should accelerate pipeline diversification—including ophthalmic and hematologic programs—by swapping
guide sequences while retaining validated delivery scaffolds. Health-system priorities should therefore focus on equitable
access, clinician training, pharmacovigilance, and pragmatic outcomes research that captures durability, quality of life, and
real-world adherence. In sum, siRNA medicines now occupy a durable niche between small molecules and antibodies,
offering precise, mechanism-based suppression of disease biology with a mature playbook for scalable clinical deployment.
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