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	Name of Finished Product:
ALN-RSV01
	
	

	Name of Active Ingredient:
ALN-RSV01
	
	

	Title of Study:
A Multicenter, Multinational, Randomized, Double-blind, Placebo-controlled Study to Evaluate the Efficacy and Safety of Aerosolized ALN-RSV01 Plus Standard of Care in Lung Transplant Patients Infected with Respiratory Syncytial Virus (RSV)

	Investigators and/or Study Centers:
A total of 33 study sites participated in this study, 18 of which were in the United States, 6 in Germany, 4 in Australia, 2 each in Canada and France, and 1 in Austria.

	Publications (References):
Glanville A, Musk M, Zamora M, et al. Results of a Phase 2b Multi-Center Trial of ALN-RSV01 in Respiratory Syncytial Virus (RSV)-Infected Lung Transplant Patients. Eighth Annual International Respiratory Syncytial Virus Symposium. Santa Fe, NM. September 27-30, 2012.
Simon A, Karsten V, Cehelsky J, et al. Results of a Phase 2b Multi-Center Trial of ALN-RSV01 in Respiratory Syncytial Virus (RSV)-Infected Lung Transplant Patients. Eur Respir J. 2012; 40: Suppl. 56, abstract 1858.
Simon A, Karsten V, Cehelsky J, et al. Results of a phase 2b multi-center, randomized, double- blind, placebo-controlled study of an RNAi therapeutic, ALN-RSV01, in respiratory syncytial virus (RSV)-infected lung transplant patients. Eur Respir J. 2012; 40: Suppl. 56, abstract 1476.

	Studied Period (Years):	Phase of development:
16 February 2010 to 10 April 2012 (Date of randomization of first	Phase 2b patient to date of last completed study visit)

	Objectives:
The primary objective of this study was to assess the effect of aerosolized ALN-RSV01 on the incidence of new or progressive bronchiolitis obliterans syndrome (BOS) at Day 180 in lung transplant patients infected with respiratory syncytial virus (RSV).
The secondary objectives of this study were to:
· Assess the safety and tolerability of aerosolized ALN-RSV01 administered once daily for 5 days in lung transplant patients infected with RSV.
· Evaluate the incidence of new or progressive BOS at Day 90.
· Evaluate the proportion of patients with forced expiratory volume in one second (FEV1)
>80% of pre-infection baseline value at Days 90 and 180.
· Evaluate patient symptom scores.
· Evaluate the duration of the initial hospitalization for the RSV infection.
· Evaluate the following through Day 180:
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	· Survival, the need for intubation or other medical interventions, number of days on ventilator, and acute lung rejection.
· Evaluate viral endpoints as measured by nasal swab and oropharyngeal wash samples by quantitative reverse transcription polymerase chain reaction (qRT-PCR) on Days 0-6.

	Methodology:
ALN-RSV01-109 was a multi-center, multinational, randomized, double-blind, placebo- controlled, phase 2b study of aerosolized ALN-RSV01 plus standard of care. Following a positive diagnosis of an RSV infection by the site’s local laboratory, eligible consenting patients were randomized (1:1) to receive either ALN-RSV01 or placebo (saline) in a double-blinded manner. Randomization was stratified according to the time from symptom onset to first dose of study medication (<5 days or ≥5 days) and pre-infection BOS grade (BOS grade 0 or BOS grade 0p, 1, or 2).
Randomized patients had nasal swabs and oropharyngeal wash samples collected once daily for 7 days (Days 0-6), which were processed and analyzed by a central laboratory for RSV by qRT- PCR.
Within 48 hours of a positive RSV test result being reported, patients received aerosolized study medication (either 0.6 mg/kg ALN-RSV01 or placebo) administered once daily for 5 days. In addition, all patients received the standard of care for RSV infection per institutional guidelines or study investigator practices, which may have included inpatient hospitalization, or outpatient care, and additional concomitant medications.
Patients returned to the clinic for long-term follow-up visits on Day 30 (±3 days), Day 90 (±7 days), and Day 180 (±14 days) after initiation of the study medication. If there was an
indication of a decrease in lung function at the Day 90 or Day 180 visit (as compared with the pre-infection BOS grade reference lung function parameters), the patient was scheduled for a follow-up visit no sooner than 3 weeks after that visit for repeat spirometry to confirm a decrease in lung function.
Clinical efficacy assessments included the evaluation of BOS on Day 90 and 180 (determined by an independent clinical adjudication committee [CAC] blinded to patient study medication assignment), proportion of patients with an FEV1 >80% of their pre-infection baseline, patient symptom scores, duration of hospitalization for RSV infection, and RSV infection characteristics (e.g., RSV titers). The following parameters were also assessed through Day 180: survival, incidence of acute lung rejection, incidence of intubation or other medical interventions, number of days on ventilator, and incidence of other viral, bacterial, or fungal respiratory infections.
Safety was assessed at prespecified intervals up to Day 30 and included the following parameters: vital signs, spirometry measurements, treatment-emergent adverse events (TEAEs), clinical laboratory testing (hematology and clinical chemistries), serum levels of cytokines and C-reactive protein (CRP), physical examinations, and concomitant medications.
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	Number of Patients (Planned and Analyzed):
Planned: Up to 120 patients Enrolled: 87 patients
Analyzed: 87 patients

	Diagnosis and Main Criteria for Inclusion:
Patients were eligible for inclusion in the study if they met the following criteria: were ≥18 years of age and had received a single or bilateral lung transplant, with a minimum of 90 days since the current lung transplant. The patient had to be rejection-free for a minimum of 30 days, with a confirmed RSV infection, and was able to initiate study medication treatment within 48 hours of the positive RSV test. Females of child-bearing potential had to agree to use appropriate double barrier contraception for a period of 30 days after the last dose of study medication. If the patient was using oral, implanted or injectable contraception, she must have been using them for at least 90 days prior to Day -2.
Patients were excluded from the study if they were a candidate for lung re-transplant; had a known acute viral, bacterial, or fungal respiratory coinfection at the time of RSV diagnosis; had BOS grade 3 or any stage BOS with FEV1 that had not been stable for at least 90 days prior to onset of signs or symptoms of RSV infection. In addition, patients who were receiving active treatment for acute graft rejection, had been hospitalized requiring intubation or mechanical ventilation, had a tracheotomy in place, or had a past history of severe bronchospasm associated with aerosol drug use were excluded. Patients could not have had any other disease or condition, which in the Investigator’s medical opinion would have precluded the patient’s participation in a clinical trial or a known hypersensitivity to oligonucleotides. Patients could not have been receiving alemtuzumab (Campath®) within 9 months prior to Screening; anti-thymocyte globulin (ATG) or thymoglobulin within 90 days of Screening; or ≥0.3 mg/kg/day prednisone or equivalent as concurrent maintenance therapy. Patients also were not to have received any investigational drug not approved in the United States (US), Canada, Australia, and/or the European Union (EU), or participated in a clinical trial follow-up phase within 30 days prior to Screening. Female patients could not be pregnant, lactating, or breast feeding.

	Test Product, Dose and Mode of Administration, Batch Number(s):
Patients randomized to the ALN-RSV01 treatment group received aerosolized ALN-RSV01
(0.6 mg/kg) by inhalation. Study medication was administered using an investigational PARI eFlow® 30 electronic nebulizer via a mouthpiece.
The lot numbers of ALN-RSV01 used during this study were FIN-0345, FIN-0780, and FIN-0926.

	Reference Therapy, Dose and Mode of Administration, Batch Number(s):
Patients randomized to the placebo treatment group received aerosolized sterile normal saline (0.9%) by inhalation; supplied by each study site. Study medication was administered using an investigational PARI eFlow® 30 electronic nebulizer via a mouthpiece.
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	Duration of Treatment:
Patients received study medication once daily for 5 days (Days 0 to 4).

	Criteria for Evaluation: Efficacy:
Efficacy evaluations in this study included BOS grading (Days 90 and 180), pulmonary function tests, daily symptoms scores, RSV titers, duration of initial hospitalization, survival, acute lung rejection, intubation or other medical interventions, days on ventilator, and incidence of other viral, bacterial, or fungal respiratory infections.
Bronchiolitis obliterans syndrome was evaluated using the classification system developed by the International Society for Heart and Lung Transplantation (ISHLT) in 1993 and modified in 2002. Changes in FEF25-75% and/or FEV1 measurements were used to evaluate patients for the onset or worsening of BOS. If at the Day 90 or Day 180 visit there was an indication of a decrease in lung function as compared with the pre-infection BOS grade reference lung function parameters, the patient was scheduled for a follow-up visit no sooner than 3 weeks later to confirm the decrease  in lung function by spirometry on a machine conforming to the American Thoracic Society/European Respiratory Society (ATS/ERS) calibration guidelines. In order to standardize the interpretation of results, an independent committee of lung transplant physicians performed a blinded adjudication of the incidence of new or progressive BOS scoring at Day 180 (primary endpoint) and Day 90 (secondary endpoint) for all patients, including a review of all deaths that occurred between Day 90 and Day 180 to determine if the death was related to BOS.
Signs and symptoms were self-reported by patients using Symptom Diary Cards; cards were completed twice daily (morning/pre-dose and evening) from Days 0 to 13, and on the morning of Day 14.
Additional secondary measures collected through Day 180 included the proportion of patients with FEV1>80% of pre-infection value; the duration of hospitalization for the treatment of RSV (for patients who were hospitalized); the number of times a patient required intubation and the number of days the patient was intubated, along with any other medical interventions; and the occurrence of other bacterial, viral, or fungal respiratory coinfection (not including colonizations). Nasal swabs and oropharyngeal wash samples for measurement of RSV titer using a qRT-PCR assay by central RSV laboratory were obtained to determine RSV infection characteristics (rate of viral clearance and overall viral load).
Pharmacokinetics:
There were no pharmacokinetic endpoints in this study.
Safety:
The safety of ALN-RSV01 in lung transplant patients infected with RSV was evaluated through the collection of TEAEs, pulmonary function tests, clinical laboratory tests (including hematology, chemistry, and urinalysis), vital signs, and physical examination findings. In addition, serum blood samples were obtained pre-dose, and 6-8 hours and 24 hours after the first
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	dose to assess CRP and select cytokines (interferon-alpha [IFN-α], interleukin-1 receptor antagonist [IL-1RA], interleukin-6 [IL-6], TNF-α, and G-CSF).

	Statistical Methods:
Three patient analysis sets were predefined for analysis: the mITT analysis set consisted of all randomized patients who received at least 1 dose of study medication; the modified intent to treat central (mITTc) analysis set consisted of all patients in the mITT analysis set who had a positive RSV test result by qRT-PCR at the central laboratory; and the per protocol (PP) analysis set consisted of all patients in the mITTc analysis set who completed the full course of study medication (5 doses), did not have any major protocol violations, and had an adjudicated Day 180 BOS assessment.
The primary endpoint was new or progressive BOS at Day 180, based on the BOS grade relative to the patient’s pre-infection BOS grade, for the mITTc analysis set. It was analyzed using the Cochran-Mantel-Haenszel (CMH) chi-square method adjusting for randomization strata. The difference between the 2 treatment groups in the proportions of patients with new or progressive BOS was determined, along with a 2-sided 95% confidence interval (CI) for the difference. Other, secondary analyses for new or progressive BOS at Day 180 were also prespecified for the mITT, PP, and mITTc sensitivity analysis sets. The latter, mITTc sensitivity, was performed by predicting the outcome at Day 90 using a logistic regression model and at Day 180 using the last observation carried forward.
A prespecified interim analysis of the primary endpoint (new or progressive BOS at Day 180)   was performed to assess the need for a sample size re-estimation after 75% of patients had their Day 180 BOS assessment. In order to determine whether an increase in sample size was warranted, 3 zones were defined (unfavorable, promising, and favorable) into which the conditional power might fall. Conditional power was calculated using 2 analysis sets: all patients in the mITTc analysis set (Primary) and those who had completed Day 180 assessment (Completers). Given that the conditional power was below the lower bound of the Promising  Zone for both the Primary and Completers analysis sets, no increase in sample size was  warranted. At the time of the interim analysis, 87 patients had been randomized.
For categorical variables, summary tabulations of the numbers and percentages of patients within each category (with a category for missing data) of the parameter were presented. For continuous variables, the numbers of patients, mean, median, standard deviation (SD), minimum, and maximum values were presented. Formal statistical hypothesis testing was performed on the primary and selected secondary efficacy endpoints, with all tests conducted as 2-sided at the
0.05 level of significance.
Results from patient symptom diary cards were calculated as total daily symptom scores (sum of the morning and evening total symptom scores) and analyzed using a random effects analysis of covariance (ANCOVA) model. Summary statistics (including least squares [LS] means and 95% CI) were presented for mean daily total scores for each treatment group and overall.
Treatment group differences for other secondary endpoints (duration of hospitalization, number
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	of days on ventilator, duration of viral shedding, viral clearance rate, and overall viral load) consisting of continuous data were analyzed by analysis of variance (ANOVA), with treatment group and stratification factors used as fixed-effects.
The proportions of patients with an intubation, with other medical interventions, or with either intubation or other medical interventions that were reported at Day 90, Day 180, and at any time were summarized and analyzed as per the primary efficacy endpoint.
Safety analyses were conducted using the mITT analysis set. Treatment-emergent AEs were summarized overall, by relationship to treatment, and by severity. No formal hypothesis-testing analysis of AE incidence rates was performed. The actual value and change from baseline to each on-study evaluation was summarized for each clinical laboratory parameter (including hematology, clinical chemistry, CRP, and cytokines) and vital signs. Physical examination findings were summarized by treatment group and overall.

	SUMMARY:
Patient Characteristics at Study Entry (mITT analysis set):
A total of 87 patients were enrolled in the study; the aver ge age was 50 years, and they were predominantly White (92%), with a mean weight of 75 kg. Both genders were well represented (55% male). Both treatment groups had similar demographic profiles.
Patients were well-balanced across treatment groups for type of transplant (unilateral vs. bilateral), time from transplant, and indication for transplant. The majority of patients had a bilateral lung transplant (71 patients, 82%) and the median time since the transplant was 3 years (range 0.3 to 21.5 years). The most common reasons necessitating lung transplantation were idiopathic pulmonary fibrosis (27 patients, 31%), emphysema/chronic obstructive pulmonary disease (COPD; 24 patients, 28%), and cystic fibrosis (19 patients, 27%).
Pulmonary status at study entry was generally well-balanced between the 2 treatment groups. The mean ± SD FEV1 at Screening for all patients was 2.15 ± 0.842 L. The majority of patients had a pre-infection BOS grade of 0 or 0p; 37 patients (43%) had a grade of 0, and 33 patients (38%) had a grade of 0p.
Patients were balanced across treatment groups in terms of the duration of their symptoms prior to receipt of the first dose of study medication. The mean duration from symptom onset to the first dose of study medication was 7.4 days. The majority of patients had symptoms that had been present for at least 5 days (67 patients, 77%). The median symptom score of patients obtained prior to study medication was 6 (range, 1 to 24), with no substantial differences observed across treatment groups.
Ribavirin was used by 66 of the 87 (76%) enrolled patients, and was used by an equal proportion of patients in both treatment arms. Overall, 58 of the 87 (67%) enrolled patients used at least
1 pulse dose regimen of a glucocorticoid during the study, with usage being higher in patients receiving ALN-RSV01 (35 patients, 78%) compared with placebo (23 patients, 55%).
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	Summary of Efficacy:
The table below summarizes the incidence of new or progressive BOS at Day 180 for the 4 analyses sets.


New or Progressive BOS at Day 180 for Each Analysis Set

Placebo	ALN-RSV01	Treatment
Analysis set	n/N (%)	n/N (%)	P-valuea	Effect
mITT (N=87)	12/42 (28.6)	6/45 (13.3)	0.052	53.5%
mITTc (N=77), primary analysis	10/33 (30.3)	6/44 (13.6)	0.058	55.1%
mITTc (N=77), sensitivity	10/33 (30.3)	5/44 (11.4)	0.028	62.4%
analysis
  Per protocol (N=73)	9/32 (28.1)	4/41 (9.8)	0.025	65.1% 	 Abbreviations: n=number of patients with new or progressive BOS at Day 180; N=total number of patients
in each treatment arm.
a	P-value from CMH test adjusting for randomization strata.


Aerosolized ALN-RSV01 (0.6 mg/kg/day) administered over 5 consecutive days resulted in a decrease in new or progressive BOS at Day 180 compared with placebo of 13.6% vs. 30.3%, respectively (mITTc analysis set; p=0.058), with a treatment effect of 55%. The treatment effect observed in the mITT analysis set was 54%; p=0.052. A significant treatment effect was observed in the PP analysis set (65%; p=0.025) and the mITTc sensitivity analysis set (62%; p=0.028). For all analysis sets, patients treated with ALN-RSV01 had a significantly lower incidence of new or progressive BOS at Day 90 compared with patients treated with placebo, with a treatment effect ranging from 52% to 65%.
For patients who started study medication <5 days from symptom onset, a treatment effect of  88% for new or progressive BOS at Day 180 was noted for patients receiving ALN-RSV01 compared with placebo (8% vs. 71%, p=0.0095). In contrast, no significant treatment effect was seen in patients starting study medication ≥5 days from symptom onset (16% vs. 19%, p=0.74).
The incidence of new or progressive BOS at Day 180 was evaluated in the following prespecified subgroups: macrolide use, early ribavirin use, pulse-dose steroid use, palivizumab use, cytomegalovirus (CMV) infection, respiratory viral co-infection at study entry, respiratory infection during study, acute rejection (prior history or during study), type of lung transplant, use of proton pump inhibitors (PPIs)/H2 blockers, fundoplication, bronchial stenosis, site enrollment (greater than or less than 10%), and by geographic region. The use of pulse-dose steroid was the
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	only subgroup in which a significant treatment effect was observed (p=0.028). It should be noted that the sample size was small for this analysis (21 and 34 patients in the placebo and ALN- RSV01 groups, respectively). 

	Summary of Pharmacokinetics:
Not applicable.

	Summary of Safety:
Aerosolized ALN-RSV01 (0.6 mg/kg/day) administered by inhalation once daily for
5 consecutive days in lung transplant patients infected with RSV was safe and well-tolerated.
The overall incidence of TEAEs was similar across treatments with 33 of 45 patients (73%) in the ALN-RSV01 group and 34 of 42 (81%) patients in the placebo group reporting at least 1 TEAE. The majority of TEAEs were considered not related to the study medication. Overall, the most common TEAEs were nausea and headache (10 patients each, 12%), diarrhea (8 patients, 9%), anemia (7 patients, 8%), and dizziness (6 patients, 7%). The incidence of nausea and headache was similar in both treatment groups; whereas, diarrhea, dizziness, and anemia were more frequent in the ALN-RSV01 group than in the placebo group; and dizziness was more frequent in the placebo group. Twelve patients (29%) in the placebo group and 8 patients (18%) in the ALN- RSV01 group had at least 1 TEAE considered to be possibly related to study medication; none of the TEAEs were considered to be probably related to study medication. The majority of the TEAEs were mild or moderate in severity. Reports of severe TEAEs were balanced across treatment groups and none of the severe TEAEs were reported by more than 1 patient.
The proportion of patients with SAEs was similarly distributed between the placebo (4 patients, 10%) and ALN-RSV01 (5 patients, 11%) groups. Infections and infestations were the most common type of SAEs reported (3 patients receiving placebo and 1 patient receiving ALN- RSV01). The only SAE reported by more than 1 patient was deep vein thrombosis, reported in 2 patients (1 patient in each treatment group). One patient, in the ALN-RSV01 group, discontinued the study on Day 0 due to the development of a right-sided pneumothorax and a streptococcal pneumonia infection. This patient had a prior pneumothorax in the same lung
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	3 months prior to study enrollment. Given that the pneumothorax occurred more than 12 hours post-study drug administration, the event was considered to be severe and possibly related to study medication. There were 3 deaths in the study, 2 in the placebo group (due to histoplasmosis infection with disseminated sepsis, and cardiac arrest) and 1 in the ALN-RSV01 group (due to aspiration pneumonia secondary to metastatic squamous cell carcinoma). The events leading to these deaths were considered to be unrelated to study medication.
There was no clinically notable finding in vital signs, clinical laboratory measures (hematology or chemistry), physical examination findings, or perturbations in spirometry in the dosing phase of the study (pre vs post-dose) by either ALN-RSV01 or placebo.
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