
http://creativecommons.org/licenses/by/4.?/
http://creativecommons.org/licenses/by/4.?/
mailto:justin.mccue@biogen.com
mailto:rashmi.kshirsagar@biogen.com
mailto:rashmi.kshirsagar@biogen.com
mailto:keith.selvitelli@biogen.com
mailto:qi.lu@biogen.com
mailto:qi.lu@biogen.com
mailto:mingxuan.zhang@biogen.com
mailto:baisong.mei@biogen.com
mailto:baisong.mei@biogen.com
mailto:robert.peters@biogen.com
mailto:gfp555@gmail.com
mailto:jennifer.dumont@biogen.com
mailto:stephen.raso@biogen.com
mailto:heidi.reichert-robes@biogen.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biologicals.2015.05.012&domain=pdf
www.sciencedirect.com/science/journal/10451056
http://www.elsevier.com/locate/biologicals
http://dx.doi.org/10.1016/j.biologicals.2015.05.012
http://creativecommons.org/licenses/by/4.?/
http://dx.doi.org/10.1016/j.biologicals.2015.05.012
http://dx.doi.org/10.1016/j.biologicals.2015.05.012










http://refhub.elsevier.com/S1045-1056(15)00056-1/sref1
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref1
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref1
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref2
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref2
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref2
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref2
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref3
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref3
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref3
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref4
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref4
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref5
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref5
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref5
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref5
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref6
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref6
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref6
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref7
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref7
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref7
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref8
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref8
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref8
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref9
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref9
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref9
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref9
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref10
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref10
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref10
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref10
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref11
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref11
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref11
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref11
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref12
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref12
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref12
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref12
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref13
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref13
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref13
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref14
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref14
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref14
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref15
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref15
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref15


http://private.ich.org/LOB/media/MEDIA425.pdf
http://private.ich.org/LOB/media/MEDIA425.pdf
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref16
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref16
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref16
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref16
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref17
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref17
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref17
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref18
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref18
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref18
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref18
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref19
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref19
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref19
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref19
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref20
http://www.fda.gov/downloads/biologicsbloodvaccines/safetyavailability/ucm162863.pdf
http://www.fda.gov/downloads/biologicsbloodvaccines/safetyavailability/ucm162863.pdf
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=58
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=58
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=58
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref21
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref21
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref21
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref21
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref22
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref22
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref22
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref23
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref23
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref23
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref23
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref24
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref24
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref24
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref24
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref24
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref25
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref25
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref25
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref25
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref26
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref26
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref26
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref27
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref27
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref27
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref27
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref28
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref28
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref28
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref28
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref29
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref29
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref29
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref30
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref30
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref30
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref30
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref31
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref31
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref31
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref31
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref32
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref32
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref32
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref32
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref33
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref33
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref33
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref33
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref34
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref34
http://refhub.elsevier.com/S1045-1056(15)00056-1/sref34

	?�M�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�c�e�s�s� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �l�o�n�g�-�a�c�t�i�n�g� �r�e�c�o�m�b�i�n�a�n�t� �f�a�c�t�o�r� �V�I�I�I� �F�c� �f�u�s�i�o�n� �p�r�o�t�e�i�n
	?�1�.� �I�n�t�r�o�d�u�c�t�i�o�n
	?�2�.� �M�a�t�e�r�i�a�l�s� �a�n�d� �m�e�t�h�o�d�s
	?�2�.�1�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�c�e�s�s�:� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �r�F�V�I�I�I�F�c� �c�e�l�l� �l�i�n�e�,� �c�e�l�l� �b�a�n�k�,� �a�n�d� �c�e�l�l� �l�i�n�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n
	?�2�.�2�.� �P�r�o�d�u�c�t�i�o�n� �o�f� �r�F�V�I�I�I�F�c
	?�2�.�3�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�c�e�s�s� �a�n�d� �i�m�p�u�r�i�t�y� �c�l�e�a�r�a�n�c�e� �v�a�l�i�d�a�t�i�o�n� �s�t�u�d�i�e�s

	?�3�.� �R�e�s�u�l�t�s
	?�3�.�1�.� �C�e�l�l� �l�i�n�e� �s�a�f�e�t�y� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n
	?�3�.�2�.� �V�a�l�i�d�a�t�i�o�n� �s�t�u�d�i�e�s�:� �a�s�s�e�s�s�m�e�n�t� �o�f� �p�r�o�d�u�c�t� �q�u�a�l�i�t�y� �a�n�d� �p�r�o�c�e�s�s� �c�o�n�s�i�s�t�e�n�c�y
	?�3�.�3�.� �V�a�l�i�d�a�t�i�o�n� �s�t�u�d�i�e�s�:� �v�i�r�u�s�-� �a�n�d� �p�r�o�c�e�s�s�-�r�e�l�a�t�e�d� �i�m�p�u�r�i�t�y� �c�l�e�a�r�a�n�c�e

	?�4�.� �D�i�s�c�u�s�s�i�o�n
	?�5�.� �C�o�n�c�l�u�s�i�o�n�s
	?�A�u�t�h�o�r� �c�o�n�t�r�i�b�u�t�i�o�n�s
	?�R�o�l�e� �o�f� �f�u�n�d�i�n�g� �s�o�u�r�c�e
	?�D�e�c�l�a�r�a�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t
	?�A�c�k�n�o�w�l�e�d�g�m�e�n�t�s
	?�R�e�f�e�r�e�n�c�e�s


