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ABSTRACT

Respiratory syncytial virus (RSV) is one of the most frequent causes of
lower respiratory tract infections. RSV, a negative-sense, single-strand-
ed RNA virus of the family Paramyxoviridae, is associated with signifi-
cant morbidity, especially in children and the immunocompromised.
The lack of an effective drug therapy for RSV has stimulated the search
for other treatments. ALN-RSV01, a small interfering RNA (siRNA) that
affects the ability of the virus to replicate, is one of the latest develop-
ments in RSV treatment. In a randomized, double-blind, placebo-con-
trolled phase II trial ALN-RSV01 proved to be safe and well tolerated
and showed antiviral efficacy, with an approximately 40% reduction in
RSV infection rate and a 95% increase in infection-free subjects. 

BACKGROUND

Respiratory syncytial virus (RSV) is one of the most frequent causes
of lower respiratory tract infections in children and the leading cause
of pediatric hospitalizations in the U.S. (125,000 hospitalizations per
year) (1). Bronchiolitis caused by RSV is a risk factor for the develop-
ment of asthma in children (2). RSV is also a major infectious disease
in the elderly and in adults with compromised immune systems
(175,000 hospitalizations per year in the U.S.). No vaccine has
proven effective against RSV and available drug therapies have not
shown significant benefit (3). Hence, RNA interference (RNAi) has
been developed as a potential therapeutic for RSV.

RNAi, a process in which post-transcriptional gene silencing occurs,
was first described by Fire et al. in the nematode Caenorhabditis ele-
gans (4). They observed that injection of double-stranded RNA
(dsRNA) resulted in a pronounced decrease in endogenous tran-
scription. RNAi-dependent gene silencing was thought to be impos-
sible because the introduction of large dsRNA molecules is known to
cause an innate immune response in mammalian cells. However,
Tuschl et al. (5) demonstrated that small interfering RNA (siRNA)
with a characteristic structure of two 21-nucleotide strands with 19
nucleotides existing as a duplex with a 2-nucleotide overhang at
each end was effective in mammalian cells, without evidence of an
innate immune response. This finding led to the development of
siRNAs for various gene targets.

ALN-RSV01 is an siRNA specifically designed to inhibit RSV replica-
tion by targeting the nucleocapsid N gene of the RSV genome, a
gene that is required for the replication of RSV. This inhibition inter-
rupts the synthesis of the viral nucleocapsid protein (N protein),
thereby reducing the ability of the virus to replicate. DeVincenzo et
al. (6) developed a human RSV infection model to demonstrate the
therapeutic effect of ALN-RSV01, which has been shown to be effec-
tive intranasally (7). In this review, we describe preclinical and clini-
cal studies with ALN-RSV01.

PRECLINICAL PHARMACOLOGY

Prophylactic administration of siNS1 plasmid in the form of nanopar-
ticles decreased the incidence of RSV infection in BALB/c mice (8).
The siNS1 plasmid was complexed with a nanochitosan polymer
referred to as nanogene 042 (NG042) to generate siRNA in situ.
Viral titers were significantly decreased in siNS1-treated mice com-
pared with controls. Prophylaxis with siNS1 enhanced cellular immu-
nity and attenuated RSV infection.

Bitko et al. (9) investigated whether siRNAs that were active ex vivo
could be effective in vivo. Ex vivo, 21-nucleotide dsRNAs were gener-
ated against a specific messenger RNA (mRNA) of an RSV phospho-
protein that is essential in the translation of viral proteins (10). Cells
were then transfected with anti-phosphoprotein dsRNA and infect-
ed with RSV. Immunoblot analysis showed a 90% reduction in phos-
phoprotein levels and dsRNAs did not cause an interferon response.
siRNAs were complexed with TransIT-TKO reagent and administered
intranasally to BALB/c mice, a well-established animal model for
RSV infection. Four hours later, each animal was challenged with 107

plaque-forming units (pfu) of RSV or control parainfluenza virus
(PIV) administered intranasally. After 6 days, it was found that
siRNAs that had been effective ex vivo were also highly effective in
vivo. siRNA significantly inhibited (P < 0.05) pulmonary viral titers
and virus inhibition was highly specific for anti-RSV; siRNA had no
inhibitory effect on PIV. There were no adverse events, such as respi-
ratory distress or change in appetite.

The design and characterization of ALN-RSV01, a potent RSV nucleo-
capsid gene-specific siRNA, were subsequently described (11, 12).
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ALN-RSV01 had an IC50 of 0.7 nM in in vitro RSV plaque assays. The
siRNA target site was completely conserved in 89 of 95 isolates and
ALN-RSV01 demonstrated antiviral activity against all isolates,
including those with single mismatch mutations. In vivo, intranasal
administration of ALN-RSV01, either prophylactically or therapeuti-
cally, in BALB/c mouse models resulted in potent antiviral efficacy,
with 2.5-3.0 log reductions in RSV lung concentrations on both sin-
gle-dose and multiple-dose regimens. ALN-RSV01 lacked measur-
able immunostimulatory effects and did not induce interferon alfa or
TNF-α. The mechanism of action of RNAi was demonstrated by cap-
ture of the site-specific cleavage product of the RSV mRNA via rapid
amplification of complementary DNA ends both in vitro and in vivo.
This siRNA was directed against the N protein of the nucleocapsid
region, a protein that is absent from the outer surface of RSV and
part of the most highly conserved part of the RSV genome, which
could be one of the reasons for its considerable efficacy.

PHARMACOKINETICS AND METABOLISM

To determine the distribution and disposition of ALN-RSV01, De Vin-
cenzo et al. (13) conducted two studies in healthy volunteers. One
was a randomized, placebo-controlled, observer-blind, single-dose,
dose-escalation trial conducted in the U.S. and the other was a sim-
ilar single- and dose-escalation trial conducted in Europe. A total of
101 volunteers were enrolled in the two studies; 65 received ALN-
RSV01 at doses up to 150 mg as a single daily dose and for 5 days,
and 36 were administered placebo. Pharmacokinetic blood samples
were drawn predose and at 2, 4 and 10 min and 2 h after adminis-
tration of study drug on day 0 in the single-dose study. In the multi-
ple-dose study, samples were taken on days 0 and 4 and predose on
days 2 and 3. Urine drug levels were assessed at 1, 2 and 24 h after
study drug dosing in the single-dose study and a single sample was
obtained on the morning of day 5 in the multiple-dose study. Con-
centrations of ALN-RSV01 in plasma and urine were analyzed by
enzyme-linked immunosorbent assay (ELISA). ALN-RSV01 was
undetectable in the majority of the plasma and urine samples. Plas-
ma concentrations were < 1.5 ng/mL except in the 150-mg multiple-
dose cohort. All detectable urine samples were from the 150-mg
cohort; concentrations were < 1.5 ng/mL in the other urine samples.
These studies demonstrated low systemic exposure of ALN-RSV01
following intranasal administration.

SAFETY

In two studies in which ALN-RSV01 was administered intranasally to
healthy volunteers, no abnormal vital signs or changes in blood
pressure, body temperature or respiration were observed and ALN-
RSV01 had a similar side effect profile to placebo. Adverse events
were transient, mild to moderate in intensity and were not dose-
dependent. The most frequently reported events were nasal edema,
nasal mucosal discoloration, rhinorrhea and epistaxis. Nonrespirato-
ry events included vomiting, headache and myalgia (13).

CLINICAL STUDIES

A randomized, double-blind, placebo-controlled phase II trial
(GEMINI) was designed to evaluate the safety and antiviral activity of
ALN-RSV01 in 88 experimentally infected patients. ALN-RSV01 or
placebo was administered intranasally for 5 consecutive days, 2 days

prior to and 3 days after viral inoculation. Efficacy was measured by
infection rate and effects on viral dynamics and clinical symptoms.
ALN-RSV01 was safe and well tolerated and had statistically signifi-
cant antiviral efficacy, with an approximately 40% reduction in RSV
infection rate and a 95% increase in infection-free subjects com-
pared with placebo. This study has yet to be published and more
detailed results are awaited (14).

Results from a randomized, double-blind phase II study comparing
inhaled ALN-RSV01 with placebo in adult lung transplant patients
infected with RSV at 11 sites in 4 countries have been reported (15).
Twenty-four lung transplant patients with confirmed RSV infection
were randomized to receive inhaled ALN-RSV01 (n = 16) or placebo
(n = 8) once daily for 3 consecutive days. There were no drug-related
serious adverse events and no clinically significant differences in the
overall adverse event profile compared to placebo. There was no
increase in immune-mediated cytokine levels and no difference in
lung function secondary to administration of the drug. There was no
evidence of disease exacerbation related to the administration of
ALN-RSV01. At the 90-day endpoint, all patients had survived and
the incidence of intubation, new respiratory tract infections and
acute rejection was comparable across the ALN-RSV01 and placebo
groups. Exploratory data on bronchiolitis obliterans syndrome (BOS)
were also collected at 90 days. ALN-RSV01 treatment was associat-
ed with a statistically significant decrease in the total incidence of
new or progressive BOS at 90 days compared with placebo; 50% of
patients who received placebo had new or progressive BOS com-
pared with only 7.1% of ALN-RSV01-treated patients.
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