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		Abstract

		Background:  Hereditary angioedema (HAE) causes painful, disfiguring, and potentially fatal attacks of tissue oedema resulting from C1-esterase inhibitor (C1- INH) deficiency. The efficacy and safety of subcutaneously administered human C1-INH (C1-INH[SC]; HAEGARDA®, CSL Behring) was established previously in the placebo-controlled COMPACT trial (mean duration of exposure 16 weeks). The current study assessed the long-term safety and efficacy of C1-INH(SC).   

Methods:  We performed an open-label, multicentre, randomised, parallel-arm extension of COMPACT in 32 centres across 11 countries. Patients with frequent angioedema attacks, either study treatment-naïve or who had completed the placebo-controlled COMPACT trial, were randomly assigned (1:1) to 40 IU/kg or 60 IU/kg of C1-INH(SC) twice per week, with conditional up-titration to optimise prophylaxis. The key outcomes were long-term safety, occurrence of breakthrough angioedema attacks, and use of rescue medication.  Findings:  Between Dec 31, 2014, and Dec 20, 2017, 126 patients with 10 attacks (median in the 3 months prior to entry in the COMPACT program) were enrolled and treated for a mean of 1·5 years; 44 patients (34.9%) had over 2 years exposure. Median steady-state C1-INH functional activity increased to a maximum of 73.0% with 60 IU/kg. Incidence of adverse events was low and similar in both dose groups (11·3 and 8·5 events per patient-year for 40 IU/kg and 60 IU/kg, respectively). Median annualised attack rates for 40 IU/kg and 60 IU/kg were 1·3 and 1·0, respectively. Median rescue medication use for 40 IU/kg and 60 IU/kg was 0.2 and 0.0 times per year, respectively. Of 23 patients receiving 60 IU/kg for more than 2 years, 19 (83%) were attack-free during months 25-30 of treatment.      

Interpretation:   In patients with frequent HAE attacks, long-term replacement therapy with C1-INH(SC) is safe and exhibits a substantial and sustained prophylactic effect, with the vast majority of patients becoming free from debilitating disease symptoms.      

Clinical Trial Number: This study is registered with ClinicalTrials.gov, number NCT02316353.  

Funding Statement:  The study was funded by CSL Behring.  

Declaration of Interests: TC reports grant support from CSL Behring during the conduct of the study. He is a speaker for CSL Behring, Dyax, Grifols, Pharming and Shire. He reports grant support from Astra Zeneca, BioCryst, Boehringer Ingelheim, CSL Behring, Dyax, Genentech, GlaxoSmithKline, Grifols, Merck, Novartis, Pharming, Sanofi, and Shire. He has received consultancy fees and/or speaker’s honoraria from BioCryst, Bellrose, CSL Behring, Dyax, Grifols, Merck, Novartis, Pharming Technologies and Shire. He has received travel support from CSL Behring, Pharming and Shire. He has received non-financial support from CSL Behring, Shire, and Grifols. BZ reports grant support from the Department of Defense, and consultancy fees from Adverum, Alnylam, Arrowhead Pharmaceuticals, BioCryst Pharmaceuticals, Nektar, CSL Behring, and Shire, and led the Scientific Steering Committee for this study. HL has received grant support, personal fees and non-financial support from CSL Behring during the conduct of the study; grant support from BioCryst and Shire; personal fees from Adverum, BioCryst, Pharming and Shire; travel support from CSL Behring and non-financial support from Pharming and Shire. MC has received grants from Shire and personal fees from Alnylam, BioCryst Pharmaceuticals, CSL Behring, Dyax, KalVista, Pharming Technologies, Shire, Sobi (Swedish Orphan Biovitrum), and ViroPharma. KB reports speaker fees from CSL Behring and Shire, outside the submitted work. CG reports personal fees as chair of DSMB Compact from CSL Behring during the conduct of the study. CK has received honoraria as a speaker and advisory board chair for Novartis, Shire, and Sequirus; travel support from Shire; and is a Principal Investigator for trials conducted by CSL Behring. GS has received grant support and personal fees from Novartis and personal fees from Merck, CSL Behring, and Pfizer, outside the submitted work. PK has received grant support from CSL Behring and Shire during the conduct of the study, and consulting and speaker’s honoraria from CSL Behring and Shire, outside the submitted work. WY has served as an advisory board member for BioCryst Pharmaceuticals, CSL Behring, and Shire, and has received research and/or educational grants from BioCryst Pharmaceuticals, CSL Behring, Shire, and Pharming, outside of the submitted work. JH has been a Principal Investigator for CSL Behring clinical trials and has no other relevant conflict of interest to report. PS-R has been a clinical trial investigator for CSL Behring and has received grants and/or speaker/consultant fees from AbbVie, Astellas, Celgene, CSL Behring, Genentech, Janssen, Karrer, LEO, Leti, Lilly, MSD, Novartis, Pfizer, Shire, Sobi (Swedish Orphan Biovitrum), UCB and ViroPharma, outside the submitted work. IM-S has received grants, speaker/consultant fees and been a clinical trial investigator for BioCryst, CSL Behring, Sobi (Swedish Orphan Biovitrum), Shire and ViroPharma. MMag has receivedfinancial compensation from CSL Behring for the conduct of the study and has also received speaker/consultant fees from BioCryst, CSL Behring, Novartis, Shire and Pharming Technologies. EA-P has received grant support as a clinical trial investigator for this study and has received honoraria as a speaker/advisor and/or grant support/clinical trial investigator support from BioCryst, CSL Behring, KalVista, Pharming Technologies, Shire, and ViroPharma. HF received institutional support for a clinical trial for this study from CSL Behring and also received advisory board/consultancy fees and/or speaker’s honoraria from BioCryst Pharmaceuticals, CSL Behring, Shire, and Sobi (Swedish Orphan Biovitrum) and also received travel support from CSL Behring. SN reports educational grants and honoraria for advisory boards and symposia from CSL Behring, Shire and ViroPharma and other support from Pharming, outside of the submitted work. AR reports grant support from CSLBehring during the conduct of the study and has received grant support from Pharming. IC reports institutional support from CSL Behring during the conduct of the study. TCa reports institutional support from CSL Behring during the conduct of the study; personal fees from BioCryst, CSL Behring, GSK, MSD, and Sobi; personal fees and other support from CSL Behring, Novartis and Shire HGT; and research funding from the IdiPaz Program for Promoting Research Activities, outside the submitted work. MB reports institutional support from CSL Behring during the conduct of the study. HL received institutional support from CSL Behring for the conduct of this study; travel expenses and/or consultancy fees and speaker’s honoraria from BioCryst, CSL Behring, Shire, and Salix/Pharming; and institutional support for clinical trials from BioCryst, Pharming and Shire. WL reports grant support from CSL Behring, Pharming and Shire/Viropharma; consultancy fees/honorarium paid to his institution from Adverum, BioCryst Pharmaceuticals, CSL Behring, and Shire/Virophama; travel support paid to his institution from CSL Behring and the US Hereditary Angioedema Association; and fees for participation in review activities paid to his institution from Biocryst during the conduct of the study. JBe reports grant support and personal fees from BioCryst Pharmaceuticals, CSL Behring and Shire, outside the submitted work. IH reports institutional support from CSL Behring during the conduct of the study. JA reports personal fees as a consultant and for Speaker's Bureau participation from CSL Behring, Pharming and Shire; other clinical research support from BioCryst, CSL Behring, Dyax and Shire, outside the submitted work. LBS reports grant support from CSL Behring during the conduct of the study and grant support from Dyax outside the submitted work. JJ reports grant support from CSL Behring during the conduct of the study; grant support from BioCryst, Dyax Corp and Shire PLC; and honoraria and advisory fees from CSL Behring, Dyax Corp, Shire, Pharming and Shire PLC, outside the submitted work. MMan reports grant support from BioCryst, CSL Behring, Dyax, and Shire; and personal fees from CSL Behring, Dyax, Pharming Technologies, Salix and Shire, outside the submitted work. DL has served on the speaker's bureau, as a consultant, on a steering committee, and as a clinical investigator for CSLBehring. MR reports grant support from CSL Behring during the conduct of the study and has received research grants from BioCryst Pharmaceuticals, CSL Behring, Dyax, Ionis Pharmaceuticals, Pharming Technologies, and Shire; has served as a consultant and/or speaker for Adverum Biotechnologies, Alnylam Pharmaceuticals, Arrowhead Pharmaceuticals, BioCryst Pharmaceuticals, CSL Behring, Dyax, Global Blood Therapeutics, Ionis Pharmaceuticals, KalVista Pharmaceuticals, Pharming Technologies, Salix Pharmaceuticals, and Shire; and is an uncompensated advisory board member for the US Hereditary Angioedema Association, outside the submitted work. SC reports receiving personal fees as an advisory board member from BioCryst, CSL Behring, Shire, outside of the submitted work. HF, IP, SM, DPr, and IJ are employees of CSL Behring. IP has patents WO 2016/131958 A1 and WO 2018/037046 pending. DPr has a patent pending. All other authors declare no competing interests.  

Ethics Approval Statement: This study was a multicentre, randomised, parallel-arm, open-label extension of the phase 3 COMPACT study, performed in 32 hospitals across 11 countries (Australia, Canada, Czech Republic, Germany, Hungary, Israel, Italy, Romania, Spain, UK, and USA). The study was done in accordance with the standards of Good Clinical Practice as defined by the International Council for Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use, ethical principles that have their origin in the Declaration of Helsinki, and applicable national and local regulations. Study protocol and amendments (appendix) were approved by independent ethics committees or institutional review boards at all participating centres prior to study commencement. 
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