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CLINICAL STUDY REPORT SYNOPSIS

ALN-RSV01-106

A Multicenter, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the Safety and Antiviral Activity of Aerosolized ALN-RSV01 Plus Standard of Care in Lung Transplant Patients Infected with Respiratory Syncytial Virus (RSV) 

Generic Name:		ALN-RSV01
Indication:				Lung Transplant Recipients with RSV Infection 
Phase:		2
Methodology:		Multicenter, randomized, double-blind, placebo-controlled

Study Start Date:			The first patient was screened for eligibility on 03 April Study Completion Date:		2008 and the last patient completed the study on 12 June 					2009. 
Sponsor:				Alnylam Pharmaceuticals, Inc.
					300 Third Street, Cambridge, MA 02142 USA
[image: ]Clinical Study Report Synopsis ALN-RSV01-109
ALN-RSV01
11 March 2013


Page 1 of 8
	
Senior Vice President Clinical Research:


Akshay Vaishnaw, MD, PhDThis study was performed according to the protocol and in compliance with Good Clinical Practices (GCP). 








2.0 SYNOPSIS 
	Study Number: ALN-RSV01-106 
	Study Drug: ALN-RSV01 

	Title of the Study:  A Multi-Center, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the 
Safety and Antiviral Activity of Aerosolized ALN-RSV01 Plus Standard of Care in Lung Transplant Patients Infected with Respiratory Syncytial Virus (RSV) 

	Investigators:  
Martin Zamora, MD. University of Colorado Health Science Center, Denver, CO 80262, USA 
Allan Glanville, MB BS MD Syd, FRACP, St. Vincent’s Hospital, Darlinghurst, NSW, 2010 Australia 
Dr. med Jens Gottlieb, Medizinische Hochschule Hannover, 30625 Hannover, Germany 

	Study Centers:  Up to 30 sites in North America, Germany and Australia. 

	Publications (reference):  None 
	Clinical Phase:  2   

	Study Period: 03 April 2008 to 12 June 2009. 

	Number of Patients:  Up to 24 lung transplant patients infected with RSV enrolled on or before 30 April 2009, randomized 2:1 to either ALN-RSV01 or to placebo.   

	Objectives:  The primary objective was to assess the safety and tolerability of aerosolized ALN-RSV01 versus placebo administered once daily for 3 days in lung transplant patients infected with respiratory syncytial virus 
(RSV) 
Secondary objectives included  
· Evaluate effects of ALN-RSV01 versus placebo on the clinical endpoints of RSV infection in lung transplant patients. 
· Determine RSV infection characteristics by quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) analysis of nasal swab and sputum samples, including peak viral load, time to peak viral load, duration of viral shedding and area under the concentration-time curve (AUC).  
· Characterize plasma pharmacokinetics (PK) of aerosolized ALN-RSV01. 

	Methodology:  Multicenter, randomized, double-blind, placebo-controlled study.   
Lung transplant patients with signs [e.g., decrease in one-second forced expiratory volume (FEV1), fever] and symptoms of respiratory infection [e.g., new onset rhinorrhea, sore throat, nasal congestion, cough, wheezing, headache, myalgia, chills, shortness of breath] were instructed to present to the site for screening as soon as possible after identification of the first symptoms.   
Following confirmation of RSV infection by appropriate virologic testing, patients received study medication within 3 days of positive testing.  
Consented eligible patients with positive RSV results were randomized (2:1) to receive either ALN-RSV01 or placebo (saline) by inhalation once daily for 3 days (Study Days 0, 1, and 2).  In addition, all patients received the standard of care (SOC) for RSV infection per institutional guidelines or study investigator practices, which may have included inpatient hospitalization or out-patient care.  
Patients with confirmed RSV infection who were randomized to treatment had nasal swab and sputum samples for RSV determination by qRT-PCR collected daily for 7 days (Day 0 up to Day 6), followed by every other day up to Day 14 days (Days 8, 10, 12, and 14). Follow-up visits were held on Day 30 (± 3 days) and Day 90 [± 7 days].   

	Diagnosis and main criteria for admission:  The study population is lung transplant patients infected with 
RSV. 
Key Inclusion Criteria included: 
· Adults ≥18 years old 
· Single or bilateral lung transplant recipients  
· Provided written informed consent 
· Greater than 90 days post current lung transplant 
· Rejection-free for a minimum of 1 month 
· Confirmed RSV infection by local laboratory’s testing methods and able to initiate study drug treatment within 3 days of positive RSV test. 
· If female, agreed to use appropriate double-barrier contraception for a period of 30 days after the last dose of study medication.  If the subject \was using oral, implanted or injectable contraception, she must have been using them for at least 3 months prior to Day -3. 
Key Exclusion Criteria: 
· Antimicrobial therapy  for a known viral, bacterial, or fungal respiratory co-infection at the time of RSV diagnosis (Empiric therapy for suspected infection is permitted) 
· Bronchiolitis obliterans syndrome (BOS) Grade 3, or any stage BOS, with FEV1 that has not been stable for at least 3 months prior to onset of signs or symptoms of RSV infection. 
· Active treatment for acute graft rejection  
· Hospitalization that required intubation or mechanical ventilation 
· Presence of tracheotomy 
· Past history of severe bronchospasm associated with aerosol drug use 
· Treatment with another investigational drug not approved in the US and/or EU, or participation in a clinical trial follow up phase within 30 days prior to Screening (Day -3 to Day 0) 
· If female, the patient was pregnant, lactating or breast feeding 
· Any other disease or condition, which in the investigator’s medical opinion would preclude the patient’s participation in a clinical trial (e.g., recent myocardial infarction (MI), acute or chronic renal or liver failure) 
· Use of alemtuzumab (Campath®) within 9 months prior to Screening; anti-thymocyte globulin (ATG) or thymoglobulin within 3 months of Screen; or concurrent use of ≥ 0.3 mg/kg/day prednisone or equivalent as maintenance therapy  
· Known hypersensitivity to oligonucleotides 
· Previous enrollment in an ALN-RSV01 study  
· Was employed or is a first-degree relative of anyone employed by Alnylam, a participating clinical trial site, to any Contract Research Organization (CRO) involved in the study. 

	Duration of Study: Total time on study was 93 days ± 7 days. 
Duration of screening period:  3 days 
Duration of predose evaluation: Not to exceed 3 days after confirmation of RSV infection 
Duration of treatment period:  3 days 
Duration of follow-up:  90 days after enrollment 

	Test Product, Dose And Mode of Administration, Batch No.:  Patients randomized to ALN-RSV01 received aerosolized ALN-RSV01 (0.6 mg/kg) via Investigational PARI eFlow® 30 nebulizer, administered by inhalation once daily for 3 days (Days 0, 1, and 2).  All doses of ALN-RSV01 were administered at the study center by trained study personnel, and the first dose was be administered with an Investigator on site.  The interval between doses of study medication was ideally ~ 24 hours, but was not be less than 12 hours and not more than 36 hours.  
· For patients receiving bronchodilator therapy, an attempt was made to administer study medication within 1 hour after administration of bronchodilator therapy. 
· For patients receiving SOC including ribavirin (either by inhalation three times daily (TID), inhalation overnight for 12 – 16 hours, or by intravenous (IV) administration), study medication was given 1 to 2 hours prior to the first administration of ribavirin.  Subsequent doses of study medication were given at the same time of day as the first, 1-2 hours prior to the administration of ribavirin with an approximate 24 hour (12-36 hours) dosing interval between doses of study medication. 
ALN-RSV01 Batch number:  FIN-0201 and FIN-0354 [specified in Section 9.4.2] 

	Reference Therapy, Dose And Mode of Administration, Batch No.:  Sterile normal saline 0.9% for respiratory administration; patients randomized to placebo received aerosolized sterile normal saline via Investigational PARI eFlow 30 nebulizer and administered by inhalation once daily for 3 consecutive days.  
Schedule and timing of placebo with regard to ribavirin and bronchodilators were the same as above. 

	Criteria for Evaluation: Efficacy Assessments:  Efficacy assessments included changes in RSV viral kinetics based on centralized quantitative RT-PCR (qRT-PCR) analysis of nasal swabs and sputum, (as well as bronchoalveolar lavage (BAL) samples where available), and patient symptom scores. 
For the Day 90 Follow-up visit, survival and FEV1 were recorded.  Any occurrences of the following events during the study up to the Day 90 visit were recorded: acute lung rejection, BOS, requirement for intubation, other viral, bacterial, or fungal respiratory infections. 
Pharmacokinetic Assessments: Pharmacokinetic assessments included determination of ALN-RSV01 concentrations in plasma and derived PK parameters from the end of nebulization (time 0) to 30 minutes: trough plasma concentration [Cpre], maximum plasma concentration [Cmax], time to attain maximum plasma concentration [Tmax], apparent terminal elimination half-life [T1/2], apparent total body clearance [CL/F], apparent volume of distribution [Vd/F], and area under the concentration-time curve [AUC0-last]. 
Safety Assessments:  During study period and Day 30 Follow-up, safety assessments included vital signs, electrocardiogram (ECG), pulse oximetry, spirometry, adverse events (AEs), concomitant medications, clinical laboratory testing, blood sampling for cytokines, C-reactive protein (CRP) complete and directed physical examination (DPE).  
Interim blinded safety reviews were performed after 6 and 12 patients completed their Day 6 assessments to review safety aspects of the study. 

	Statistical Methods: The study was not powered to detect statistically significant differences in efficacy or safety endpoints.  Statistical analyses were carried out in 2 phases: (1) planned analyses as described in the study Statistical Analysis Plan (SAP) performed by Contract Research Organization (CRO) 1, and (2) exploratory statistical analyses performed after review of the planned analyses and performed by CRO 2.  Primary safety endpoints defined in the protocol included treatment-emergent AEs (TEAE), vital signs, clinical laboratory and cytokine/CRP assessments, ECG parameters, spirometry parameters, pulse oximetry parameters, and physical exams (complete and directed).  Secondary safety endpoints included patient symptom scores, treatment-related changes in viral kinetics of RSV infection,  
Secondary efficacy outcomes (determined at Day 90) included the following: the number of patients with ≥ 20% decline in FEV1 compared to baseline (baseline FEV1 defined as the pre-infection, BOS grading FEV1) the number of patients requiring intubation, the number of patients showing evidence of acute organ rejection, the number of patients with BOS; the occurrence of other known viral, bacterial, or fungal respiratory infections, survival, and plasma PK characteristics of ALN-RSV01. 
CRO 1 Output:  All tables and listings produced by CRO 1 are numbered as needed for Section 14 of the CSR (e.g., Table 14.2.2.1).  In the planned analyses, categorical data were summarized in contingency tables presenting frequencies and percentages as appropriate.  The denominator for each percentage was the number of subjects within each treatment group for the stated population, unless otherwise specified.  In order to assess the treatment difference for efficacy analyses, the difference in percentages and the two sided 95% confidence interval for the difference in percentages was presented.  These confidence intervals were calculated based on the normal-theory approximation with no continuity corrections. 
Continuous data were summarized using count, mean, standard deviation, median, minimum and maximum. Data were summarized by treatment group.  When appropriate, data were summarized by study day in addition to treatment group.   
For treatment comparisons in the efficacy analyses, the difference in means and the 95% confidence interval for the difference in means were calculated using a normal-theory analysis of variance (ANOVA).  For an overall comparison of treatments, the ANOVA model only contained a term for treatment group.  For comparisons of treatments within levels of a subgroup, the ANOVA model contained terms for treatment, subgroup, and 
treatment by subgroup interaction.   
In addition, the median difference and its 95% confidence interval (calculated using the methodology of Hodges-Lehmann) was presented.  The median differences (and confidence intervals) within subgroups were calculated using the same methodology. 
With the exception of preinfection FEV1 values obtained during pre-screening and used to establish the baseline for BOS grading, baseline was defined as the last non-missing value obtained prior to the first dose of study medication.   
CRO 2 Output:  All tabular output produced by CRO 2 is numbered with a capital Q preceding the table or figure number (e.g., Table QT14.2.1.2).  For post-hoc statistical analyses performed, analytical methods used are listed in the footnotes of each source data table. 

	Results  
A total of 521 patients were screened for RSV infection, of which 46 were RSV-positive by local laboratory diagnostic methods.  Of these, 24 patients satisfied the entry criteria and agreed to participate, and were enrolled at 11 sites; the maximum number enrolled at any site was 5 patients.  Patients were enrolled at sites from each of the 4 participating countries. 
The 24 patients enrolled onto the study were randomized 2:1 (16 ALN-RSV01 and 8 placebo); 15 ALN-RSV01 and 8 placebo patients received all 3 doses of study medication (1 ALN-RSV01 patient received only 2 doses due to an SAE that was unrelated to study drug).  All 24 patients qualified for the intent-to-treat (ITT) and safety populations.  Of the patients receiving study medication, 13 ALN-RSV01 and 7 placebo patients had correct nasal sampling performed per the collection protocol and were evaluable for assessment of viral kinetics (i.e., the per protocol [PP] population for assessment of antiviral parameters).   
No subjects discontinued early from the study.  The first subject was screened for eligibility on 03 April 2008 and the last patient completed the study on 12 June 2009. 
Subject Demographics:  No significant differences (p ≤0.05) were found between the treatment groups for demographic characteristics or baseline disease characteristics.  There were more males in the ALN-RSV01 group and a greater proportion of patients with unilateral lung transplants in the placebo group.  There was a notable disparity between treatment groups for Day 0 pretreatment viral load, time from symptom onset to screening, and time from symptom onset to first dose of study medication.  While the groups were balanced for ribavirin use due to the prospective stratification, the placebo group had a higher proportion treated with inhaled ribavirin, while the ALN-RSV01 group had a higher proportion treated with high doses of corticosteroids. 
Safety Results:     
Serious Adverse Events and Deaths:  There were no deaths in this study.  Three patients reported 4 serious AEs 
(SAEs) between Day 0 and Day 30, none of which were considered related to study medication by the investigator.   
Two patients receiving ALN-RSV01 had the following 2 SAEs: 
· Patient 17003, who had a documented history of a prior pneumothorax, sustained a left lung pneumothorax starting on Day 1 and resolving on Day 10; this patient discontinued study medication due to this AE after receiving only 2 of the 3 doses of ALN-RSV01. The investigator attributed the pneumothorax to the inhaled ribavirin. 
· Patient 30001 reported worsening diarrhea starting on Day 4 and resolving on Day 14.  The investigator attributed the diarrhea to the administration of oral ribavirin. 
One placebo patient (Patient 33004) reported the following 2 SAEs: fungal pneumonia starting on Day 8 and resolving on Day 20; and syndrome of inappropriate antidiuretic hormone secretion (SIADH) starting on Day 22 and resolving on Day 24. 
Treatment-Emergent Adverse Events (TEAE):  The majority of TEAEs were unrelated to study drug, and were mild to moderate in intensity.  One patient in the ALN-RSV01 group received only 2 doses due to an unrelated SAE (pneumothorax; Patient # 17003). 
All respiratory TEAEs were mild to moderate in intensity, except for exertional dyspnea and productive cough, 



	both reported as severe by placebo patients.  There was a higher incidence of nasal congestion, cough, pharyngolaryngeal pain and exertional dyspnea in the ALN RSV01 group and a higher incidence of rhinorrhea and wheezing in the placebo group.  None of the differences in respiratory TEAEs between the treatment groups were statistically significant.  Further, the use or non-use of ribavirin did not appear to affect the respiratory safety or tolerability of ALN-RSV01. 
Pulmonary Function Tests:  Spirometry measurements at Screening (Day -3 to Day 0), Days 0, 1, and 2 
(predose and 1 hour post dose), on Days 3 to 6 and on Days 14, 30 and 90 showed that the screening values for FEV1 were slightly lower in the placebo group.  In addition, there were no effects of ALN-RSV01 treatment on FEV1 measured 1 hour after each dose. 
Pharmacokinetic Results:   
ALN-RSV01 was not quantifiable in the plasma of 9/16 treated subjects following a single administration of 
ALN-RSV01 (Day 0), and 7/15 treated subjects following daily administration for 3 days (Day 2) up to 30 minutes post administration.  When quantifiable, ALN-RSV01 concentrations were only marginally above the LLOQ: 
· Values for Day 0 were: mean Cmax 3.89 ng/mL; median Tmax 10 minutes; mean AUC0-t last 92.7 hr*ng/mL; mean residence time (MRT0-t last) 15.9 minutes 
· Values for Day 2 were: Mean Cmax 5.60 ng/mL; median Tmax 11 minutes; mean AUC0-t last152 hr*ng/mL; MRT0-t last 17.0 minutes.  
There was no clear evidence of accumulation with repeated daily administration at 0.6 mg/kg/day, with Cmax and AUC0-t last accumulation ratios (R) of 1.4 and 1.6, respectively.  There was a trend towards increased systemic exposure following the third dose of ALN-RSV01 compared to the first dose in those patients where concentrations were quantifiable.   
When subjects had more than 1 quantifiable concentration of ALN-RSV01 in the sampling time series, the concentrations were generally constant; therefore the terminal elimination phase of the PK profiles could not be identified, nor could the parameters of T½, Vd/F, and CL/F be estimated. 
Efficacy Results: 
Viral Titer:  Viral parameters were evaluated for the nasal swab samples.  At baseline (Day 0), the mean RSV titer for the ALN-RSV01 group was 1.952 log10 PFUe/mL, compared with the placebo group, which was 3.601 log10 PFUe/mL. The SAP prespecified that analysis of antiviral effects and symptom score changes would be performed for all patients, as well as for patients with moderate to high viral load (defined as those patients who had a viral load titer at Day 0 prior to administration of study medication that was higher than the lowest quartile value, i.e., lowest 25%).  When patients with moderate to high viral load were evaluated, the mean baseline RSV titer was more evenly balanced for the two groups: 3.173 log10 PFUe/mL for the ALN RSV01 group and 3.993 log10 PFUe/mL for the placebo group.  These differences in Day 0 viral loads between ALN-RSV01 and placebo, whether for all patients or for those in the moderate to high group, were not statistically significant.  The curves for mean viral load remained separated throughout most of the 7-day observation period, with ALN-RSV01 values consistently lower than placebo values. Although the trend was for lower viral loads in the ALN RSV01 group, the baseline imbalance in Day 0 viral load may confound the interpretation of the results. 
Viral clearance was also greater for the ALN-RSV01 group during Days 0-1, although this trend was not observed during longer time intervals (Days 0-2, 0-3, 0-6).  Additional viral parameters such as duration of shedding, overall viral load Days 0-6, maximum viral load and time to maximum viral load tended to be lower for the ALN-RSV01 group compared to placebo.  However, as noted for mean daily viral load, the baseline imbalance in Day 0 viral load between the ALN-RSV01 and placebo groups may confound interpretation of these results.   
Symptom Scores:  Mean daily symptom scores were similar for the 2 treatment groups at Day 0 for both the all patients group and for patients with moderate to high viral load.  After initiation of treatment, there was an early separation of the 2 treatment group curves, with ALN-RSV01-treated patients showing a consistently lower symptom score through to Day 14 compared to placebo patients.   
Composite endpoints were defined for symptom score data; the mean cumulative daily total score for Days 0 through 14 for the ALN-RSV01 group was 113.2, compared with 189.3 for the placebo group, a difference that was statistically significant (p = 0.04).  When the moderate to high viral load group was evaluated, a similar trend for reduced scores in the ALN-RSV01 group relative to placebo was observed, although it was not statistically significant.  A higher proportion of ALN-RSV01 patients received high-dose steroids compared to placebo (75% vs 50%) but this difference was not statistically significant.  Subset analysis did not reveal any evidence for an effect of high-dose steroids on symptom scores. 
Day 90 Clinical Outcomes:  No patients died, and no patients in either treatment group required intubation through Day 90.  Fewer placebo patients developed additional respiratory infections after Day 30 than those in the ALN-RSV01 group, although this difference was not statistically significant.   The percentage of patients exhibiting new onset or progressive BOS compared to their own preinfection baseline value was significantly lower in the ALN-RSV01 group compared to the placebo group (7.1% vs. 50%, respectively; p = 0.02).  A post-hoc analysis of ribavirin-treated versus non-ribavirin-treated patients (regardless of whether they were in the ALN-RSV01 or placebo group), showed no effect of ribavirin on BOS outcomes at Day 90. 
[bookmark: _GoBack]Day 90 clinical outcomes also revealed improvements in the ALN-RSV01 group compared to the placebo group in the percentage of patients with FEV1 ≤20% below preinfection baseline values (these data were also collected at Day 30).  These FEV1 findings are consistent with the lower percentage of patients exhibiting new onset or progressive BOS after treatment with ALN-RSV01. 
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