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Akshay K. Vaishnaw, MD, PhD, Vice President, Clinical Research


This study was performed according to the protocol and in compliance with Good Clinical Practices (GCP).




Study Number: ALN-RSV01-105	Study Drug: ALN-RSV01
Title of the Study:  A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study to Investigate the Safety and Efficacy of Intranasal ALN-RSV01 Administered to Adult Volunteers Experimentally Inoculated with Respiratory Syncytial Virus
Investigator: Robert Lambkin-Williams, BSc (Hons), MRPharmS, PhD
Medical Monitor:  Thomas Wilkinson, MD
Study Center: Retroscreen Virology Ltd, London E1 4NS, UK
Study Period:  16 April 2007 (first subject screened) to 12 December 2007 (last subject completed)
Number of Subjects:  A total of 88 patients were enrolled through 6 sequential cohorts
Objectives:  The primary objective of this study was to assess the safety and tolerability of intranasal ALN- RSV01 versus placebo, administered in a multiple-dose schedule (once daily for 5 days) to healthy adult volunteers experimentally inoculated with respiratory syncytial virus (RSV).
Secondary objectives included determining the impact of ALN-RSV01 on RSV infection rate (based on measures of viral load), on symptoms of RSV infection and understanding the antiviral activity of ALN- RSV01.
Methodology: This was a randomized, placebo-controlled, double-blind, parallel-group, inpatient study to assess the antiviral activity, safety and tolerability of intranasal ALN-RSV01 versus placebo administered to healthy adult volunteers for five days (32 and 8 hours prior to inoculation and daily for 3 days [approximately 16, 40, and 64 hours] after administration of an RSV inoculum, for a total of 5 doses).
The RSV inoculum was administered at a target dose of 5 log10 PFU/mL (range 4.30 to 5.01 for the various cohorts) 8 hours after the second dose of study drug (Day 0).  Six sequential dose cohorts were employed (ALN-RSV01: placebo in a 1:1 ratio):
· In Cohort 1 (N=8), ALN-RSV01 was administered at 75 mg/day, or placebo
· In Cohorts 2-6 (N=80), ALN-RSV01 was administered at 150 mg/day, or placebo
In order to maximize the chance of infection with the RSV inoculum, subjects were screened for serum RSV microneutralization titer, and only those with a titer of ≤ 7.67 MU (representing approximately the lower third of the normal distribution in healthy adults of antibody titer against the RSV strain used in this study) were enrolled. Subjects were admitted to the quarantine unit for 14 days and were administered ALN-RSV01 or placebo 32 (Day -1) and 8 hours (Day 0) prior to RSV inoculation (Day 0) and 16 (Day 1), 40 (Day 2) and 64 (Day 3) hours after inoculation.
Diagnosis and main criteria for admission: Key Inclusion Criteria:
1. Healthy males 18 to 45 years of age, inclusive.

2. Able to provide written consent for participation after reading the Consent Form and after having adequate opportunity to discuss the study with an investigator or qualified deputy.

3. Low titers of RSV neutralizing antibody measured during Screen.

Key Exclusion Criteria: Subjects meeting any of the following criteria were excluded from the study:

1. Positive serologic test for human immunodeficiency virus (HIV), Hepatitis B surface antigen (HBsAg) positive, or Hepatitis C antibody positive.

2. Comorbid conditions that would preclude entry included

a. Abnormal electrocardiogram (ECG) deemed clinically relevant by the Principal Investigator (PI).

 	b. Had current seasonal allergic rhinitis (SAR), or recent viral rhinitis within 4 weeks prior to study drug 	
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administration.

c. Allergy or adverse reaction to gentamycin, other aminoglycoside antibiotics, or heparin.

d. Any laboratory test which was abnormal and deemed by the investigator to be clinically significant. (This included blood chemistry, hematology, or urinalysis).

e. Presence of any febrile illness or symptoms suggestive of viral respiratory infection within 4 weeks prior to challenge.

f. History or presence of any psychiatric illness, including depression and anxiety

g. Any history during adulthood of asthma of any etiology or any use of a bronchodilator or inhaled steroid within the past year.

h. Type I or type II diabetes mellitus
i. Body mass index (BMI) <18.0 or >31.5 kg/m2

j. History of frequent epistaxis (nose bleeds).

k. Presence of household member or close contact to someone who was at risk for developing severe RSV infection

3. Evidence of or history of drug or alcohol abuse (within the past 6 months) or a positive urine drug or alcohol screen.

4. Any anatomic or neurologic abnormality of the nasopharynx, or abnormalities that may have impaired the gag reflex, or that were associated with an increased risk of aspiration, or history suggestive of such problems.

5. Subjects using the following types of prohibited medications: any medication or other product (prescription or over-the-counter [OTC]) for symptoms of rhinitis or nasal congestion or for any chronic nasopharyngeal complaint, or chronic use of any intranasal medication for any indication. This included any nasal spray containing corticosteroids or beta agonists. Intake of systemic glucocorticoids (dose ≥5 mg prednisone daily or equivalent) within 1 month, or any other cytotoxic or immunosuppressive drug within 6 months prior to admission into the quarantine unit (Day -2).

Duration of Study: Up to 148 days (approximately 21 weeks) Duration of Screening Period:  Up to 120 days (Day -120 to Day -14) Duration of Predose Evaluation: 2 days (Day -2 and Day -1) Duration of Treatment Period: 13 to 14 days (Day 0 to 12/13) Duration of Follow-Up: 16 days (Day 28)
Test Product, Dose and Mode of Administration, Batch No.: ALN-RSV01, 150 mg/mL solution for intranasal administration.  Manufactured by Althea Technologies, San Diego, CA, 92121, USA. ALN-RSV01 was administered using a Becton-Dickinson Accuspray™ nasal spray systems (BD Accuspray™). Batch Number: FIN-0166
Reference Therapy, Dose and Mode of Administration, Batch No.:  Preservative-free Sterile Normal Saline (0.9% NaCl), administered intranasally. Commercially available preparation (Braun) Placebo was administered using a Becton-Dickinson Accuspray™ nasal spray systems (BD Accuspray™). Batch Number: 7061C12
RSV Inoculum: RSV-A (Memphis 37 strain), from an infant hospitalized for bronchiolitis in Memphis Tennessee in 2002. The cultured virus from this patient was verified as being RSV by its typical cytopathic effect, and by polymerase chain reaction (PCR) amplifying a portion of the N-gene which does not have sequence homology with any other known virus. The RSV inoculum was been identified as RSV subgroup A (RSV-A) by PCR of the G - gene
Criteria for Evaluation: Safety endpoints related to the tolerability of ALN-RSV01 relative to placebo in RSV-exposed individuals, and included the following:
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· Vital signs (body temperature, heart rate, blood pressure)
· Physical Examinations (PEs)
· Nasal examinations during the quarantine period
· ECGs
· Immune response markers (eg, cytokines)
· Treatment-emergent adverse events (AEs)
· Clinical laboratory (including hematology and chemistry) and urinalysis evaluations
· Infectious disease screening (assessments to document absence of other infectious diseases)
The primary efficacy endpoint was infection rate, where infection was defined as two consecutive positive results by any RSV virologic assay starting on any day between Days 2 and 8, inclusive. The efficacy of ALN- RSV01 was evaluated in an exploratory nature based upon the following assessments:
· Effect of treatment on the percentage of inoculated subjects that become infected.
· Quantification of RSV in respiratory secretions (nasal wash samples).
· Effects of treatment on clinical signs and symptoms of RSV infection (runny nose, stuffy nose, sneezing, sore throat, earache, malaise, cough, shortness of breath, headache, muscle and or joint ache)
· Subject-reported symptoms collected using the Symptom Diary Card
· Effects of treatment on clinical signs and symptoms of RSV infection using the Directed PE Worksheet
· Mucus weight, as measured by weighing used paper tissues collected every 24 hours.
· RSV serology (neutralizing antibody titer).
· Cytokine panel (nasal wash and serum samples)
RSV Assays: Four assay methods were employed to evaluate viral titers and kinetics in nasal wash samples after RSV inoculation. Quantitative assays included the Plaque Assay (quantitative culture) and quantitative real time polymerase chain reaction assay (qRT-PCR); non-quantitative assays included spin-enhanced culture and an immunochromatographic membrane assay (Binax NOW® RSV Test).
Statistical Methods: All statistical methods were based on the International Conference on Harmonization (ICH)-E9 Guidance for Industry "Statistical Principles for Clinical Trials". Baseline data was defined as the non-missing last value assessed prior to the first dose of study drug on Day −1. For continuous efficacy variables, the primary confirmatory comparison of treatment groups was made using a two-sample t-test. Where parametric methods were unsuitable for the analysis of continuous efficacy variables, comparison of treatment groups was via the Wilcoxon rank-sum test.  For the categorical efficacy variables, the primary confirmatory comparison of treatment groups was via Fisher’s exact test, ignoring cohort, followed by the Cochran-Mantel-Haenszel (CMH) test, adjusting for cohort.  To determine whether the effect of ALN-RSV01 on RSV infection rate was independent of other variables, a multivariate logistic regression analysis was performed.
Results

Eighty-eight subjects were enrolled onto the study: all 88 were evaluable for safety and 85 were evaluable for efficacy. Three subjects in Cohort 6 (Placebo Subjects 0076 and 0078, ALN-RSV01 Subject 0080) did not receive inoculum as planned and received only one dose of study medication, due to food-related gastroenteritis that caused their withdrawal from the study prior to RSV inoculation. One additional subject (0056) in Cohort 5 was lost to follow-up after release from the quarantine unit.

Subject Demographics: The treatment groups were well-matched at baseline for demographic characteristics and there was no significant difference in mean RSV inoculum delivered or in mean pretreatment RSV microneutralization antibody titer.  Cohort 1 (75 mg ALN-RSV01 or placebo) had 8 subjects, whereas Cohorts 2-6 (150 mg ALN-RSV01 or placebo) had 8, 18, 16, 24 and 14 subjects, respectively.
Efficacy Results:  A subject was deemed successfully infected if any of the assays [plaque assay, qRT-PCR, spin-enhanced assay, or Binax NOW assay] were deemed positive for RSV detection for two consecutive observed time points, with the first consecutive time point occurring between Day 2 to Day 8, inclusive. Pretreatment and postinoculation treatment with intranasal ALN-RSV01 was associated with a reduction in the proportion of infected subjects (based on the Plaque Assay, 71.4% of placebo and 44.2% of ALN-RSV01
  subjects were infected, resulting in a treatment related reduction in infection of 27.2%) and an increase in the 	


number of uninfected subjects (28.6% of placebo, 55.8% of ALN-RSV01. Fisher’s Exact Test; P = 0.016; CMH, P = 0.009). Across all assay methods, the infection rate for placebo subjects was 88.1%, compared to 67.4% in the all ALN-RSV01 group (75 and 150 mg combined), yielding a treatment difference of 20.7% (Fisher’s Exact test P-value = 0.036, CMH P-value = 0.024). The cumulative infection rate diverged for placebo compared to ALN-RSV01 after Day 4 of the study (end of viral incubation period). Daily viral titer and viral area under the plasma concentration-time curve (AUC) tended to be lower for the ALN-RSV01 groups compared to placebo, but these aspects did not reach statistical significance.
The evaluation of clinical disease in subjects administered either ALN-RSV01 or placebo showed no difference in either directed physical exam or mucus weight between the two arms. There was a trend towards lower symptom scores in the ALN-RSV01 arm that was not statistically significant; however, further analysis of mean symptom scores on a daily basis in either all subjects or infected-only subjects showed that the most marked lowering of symptom scores in ALN-RSV01 relative to placebo occurred on Days 4 to 7. This corresponded to the same time period during which the mean daily viral load curves for ALN-RSV01 were lower relative to placebo.
Logistic regression modelling for factors potentially affecting infection rate determined by plaque assay revealed ALN-RSV01 had a statistically significant antiviral effect compared to placebo that was independent of other derived variables (P= 0.007). Models generated for infection defined by qRT-PCR also showed a consistent independent antiviral effect of ALN-RSV01 (P< 0.05).
Safety Results:  ALN-RSV01 was well-tolerated in this study. There were no serious AEs or deaths. Three subjects in Cohort 6 discontinued from the study with gastroenteritis after receiving one dose of study drug but no inoculation with RSV (Placebo Subjects 0076 and 0078, andALN-RSV01 Subject 0080). The gastroenteritis was deemed not related to study drug by the Principal Investigator. All other subjects completed the study.
The majority of TEAEs reported were mild to moderate in severity.
The most frequently reported TEAEs (occurring in ≥ 3% in any treatment group) included headache (ALN- RSV01 11.4%, placebo 13.6%), upper respiratory tract infection after discharge from the quarantine unit (ALN- RSV01 6.8%, placebo 9.1%;), pharyngolaryngeal pain (ALN-RSV01 6.8%, placebo 2.3%), vomiting (ALN- RSV01 4.5%, placebo 4.5%), vessel puncture site bruise (ALN-RSV01 4.5%, placebo 2.3%), back pain (ALN- RSV01 4.5%, placebo 0%), cough (ALN-RSV01 4.5%, placebo 0%), nausea (ALN-RSV01 2.3%, placebo
4.5 %), gastroenteritis (ALN-RSV01 2.3%, placebo 4.5%), musculoskeletal pain (ALN-RSV01 2.3%, placebo
0%), rhinorrhea (ALN-RSV01 2.3%, placebo 4.5%), and aphthous stomatitis (ALN-RSV01 0%, placebo
4.5%).
TEAEs deemed at least possibly related to ALN-RSV01 included vomiting, gamma-glutamyltransferase increased, back pain, cough, nasal discomfort, and pharyngolaryngeal pain, all occurring once in the 150 mg group and not in the placebo or 75 mg group.	TEAEs deemed related to placebo treatment included neutrophilia, aphthous stomatitis, nausea, muscle enzyme increase, dizziness, headache, and dyspnea, all of which occurred once. In addition, transaminases increased occurred in 3 subjects in the placebo group.
[bookmark: Viral_Kinetics]Pharmacokinetic Results:  No pharmacokinetic evaluations were performed for ALN-RSV01.
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