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Quality and Safety

Example: Factor VIII
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History of Clotting Factor Concentrates

B Prior to 1950: whole blood

B 1952: Hemophilia A distinguished from B

B 1950-1960: Fresh Frozen Plasma and Cryoprecipitate

B Early 1970s: Commercial plasma-derived factor concentrates
B Mid-late 1970’s: Home infusion practices

B 1981: First AIDS death in the Hemophilia community

Alessandro Gringeri - Blood Transfus. 9 (2011): 366 370
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History of Clotting Factor Concentrates
Continued

B Mid-1983: Factor concentrates heat treated for hepatitis
B 1985: All products heat treated for viral inactivation
B 1987: Recombinant factor concentrates

B 1992: Recombinant factor VIII (formulated with Albumin)

Alessandro Gringeri - Blood Transfus. 9 (2011): 366 370
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Factor VIII and factor IX concentrates licensed mn Italy (listed in alphabetical order).

Product Manufacturer Production characteristics
Purification Viral inactivation
Plasma-derived FVIII concentrates
Alphanate ™1 Grifols Heparin ligand chromatography /D, dry heat
Beriates CSL Behring Ion exchange chromatography Pasteurisation
Emoclot D.l.® Kedrion Ion exchange chromatography S/D, dry heat
Fanhdim‘ Grifols Heparin ligand chromatography S/D, dry heat
Haemate Pcl CSL Behring Multiple precipitation Pasteurisation
Haemoctin® Biotest Ion exchange chromatography S/D, dry heat
‘I‘alme‘zi Baxter Ion exchange chromatography Detergent, vapour

Recombinant FVIII concentrates

s b
Advate ™= Baxter

Helixate NexGen®2  CSL Behring
Kogenate Bayer Bl

Recombinate 52

Bayer Healthcare
Baxter

Refacto AF = Pfizer

Morfini et al. Blood Transfus. 2013 11(Suppl 4): s55-s63.

Immunoaffinity chromatography
Immunoaffinity chromatography
Immunoaffinity chromatography
Immunoaffinity chromatography

Immunoaffinity chromatography

S'D
S/D. ultrafiltration

S/D, ultrafiltration

S/D. nanofiltration
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History of Clotting Factor Concentrates
Continued

B Early 1990s: factor VIII-inhibitor outbreaks
B 2001: 2 generation recombinant factor VIII (sucrose)

B 2008: 3rd generation recombinant factor VIII (‘protein’-free)

Alessandro Gringeri - Blood Transfus. 9 (2011): 366 370
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Quality & Safety - Clinical study

B Guideline on the clinical investigation of recombinant and human
plasma-derived factor VIII products (EMA: 28 jan 2016)

4. Efficacy: General aspects

Efficacy needs to be demonstrated in clinical trials to be conducted before marketing authorisation
combined with the commitment to perform (a) post-authorisation investigation(s) to collect additional
clinical data and to bridge in the long-term between the outcome from clinical trials and from routine
use. When clinically evaluating human plasma-derived or recombinant coagulation factors for the
treatment of haemophilia A, the initial trial typically examines the pharmacokinetics of the principal
active factor. Appropriate pharmacokinetic data (incremental recovery, half-life, area under the curve
(AUC), and clearance) are the most important surrogate endpoints for efficacy of a new factor VIII
product. Furthermore, clinical efficacy of factor VIII treatment (e.g. prophylaxis, on demand) should be
assessed during a period of a minimum of 50 exposure days by the patients themselves and treating
physicians.
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Quality & Safety - Clinical study

B Guideline on the clinical investigation of recombinant and human
plasma-derived factor VIII products (EMA: 28 jan 2016)

5. Safety: General aspects

Safety aspects of factor VIII products include viral safety, immunogenicity and other adverse events.
For recombinant products, the use of non-human cell-lines raises the possibility of different
contaminants and altered immunogenic potential.
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Quality & Safety - Clinical study

B Guideline on the clinical investigation of recombinant and human
plasma-derived factor VIII products (EMA: 28 jan 2016)

6.1.1. Potency measurements

The potency assignments for factor VIII products covered by European Pharmacopoeia (Ph. Eur.)
monographs have to be performed with the Ph. Eur chromogenic assay. However, 'with the agreement
of the competent authority, alternative methods of analysis may be used for control purposes,
provided that the methods used enable an unequivocal decision to be made as to whether compliance
with the standards of the monographs would be achieved if the official methods were used.”.
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Quality & Safety — Raw materials

01/2008:1643
HUMAN COAGULATION FACTOR VIiI (rDNA)

Factor VIl coagulationis humanus (ADNr)

DEFINITION
Human coagulaten factor VIl (rDNA) is a freeze-dned preparation of glycoproteins having the same actraty as coagulabion factor VIl in human plasma It acts as a cofactor of the actvabon of factor X n
the presence of factor [Xa, phospholpids and calcium ions.

Human coagulaton factor Vill crculates in plasma mainly as a two-chain glycosylated peotein with 1 heavy (relative molecular mass of about 200 000) and 1 Ight (relative molecular mass 80 000) chain
held together by divalent metal ions. Human coagulabon factor VI (fDNA) is prepared as full-length factor VIl (octocog akfa). or as a shortened two-chain structure (relative melecular mass 90 000 and
80 000). m» which the B-doman has been delsted from the heavy chain (marcctoceg aa)

FullHength human rDNA coagulation factor VIl contans 25 polensial N-glycosylation stes. 19 in the B domain of the heavy chain, 3 in the rémanng pan of the heavy cham (relstre moleculsr mass 50 000)
and 3 in the light chain (relative molecular mass 80 000). The different peoducts are charactensed by ther molecular se and post-transiatonal modificaton andior other modécations

PRODUCTION

Human coaguliaton factor VIl (rDNA) is produced by recombinant DNA technology m mammakan cell culture. It s produced under conditions designed to mrmise microbeal contammation.
Punfied bulk factor VIll (rDNA) may contain added human albumin andicr other stabidising agents, as well as other awalary substances 10 provide, for example, correct pM and osmolality

The specific activity is not less than 2000 IU of factor VIII:C per milligram of total protein before the addition of any protein stabilser, and vanes depending on punty and the type of modification of molecular
structhure of factor VIl

The quality of the bulk preparation is controlled using one or more manufacturer’s reference preparations as reference.
© Copyright 20002016 | The Eurcpean Dissciorate for e Qualty of Medicines & HeaRhCare | Contactus | Powered by NettS™ . E.Putinhing Platorm



Quality & Safety — Raw materials

PRODUCTION

Human coagulaton factor VIl (rDNA) is produced by recombinant DNA technology m mammakan cell culture it is produced under conditions designed to minimise microbial contamination.

Punfied bulk factor VIl (fONA) may contain added human albumin andior other stabdising agents, as well as other awakary substances 10 provide, for example, correct pM and asmolality

The specific activity is not less than 2000 |U of factor VIII:C per miligram of total protein before the addition of any protein stabiliser, and vanes depending on punty and the type of medification of molecular
strosture of factor VIl

The quality of the bulk preparation is controlied using one or more manufacturer's reference preparations as reference.

MANUFACTURER'S REFERENCE PREPARATIONS

During development, reference praparabions are established for subsequent verficabon of batch consistency duning peoducbion, and for control of bulk and final preparation. Thay are derved from
representative batches of punfied bulk factor VIII (fDINA) that are extensivedy charactensed by tests inchudng those descnbed below and whose prozaagulant and other relevant funchional propares have
been ascertained and compared, wherever possible, with the International Standard for factor VIl concentrate. The reference peeparations are suttably charactersed for ther intended purpose and are
slored in sutably szed abquots under condbons ansurng their stabidity

PURIFIED BULK FACTOR VIl (rDNA)

The punfed bulk comples with 8 sudable combinadon of the following lests for chavactensaton of indegnly of the factor VIIT (rDIVA). Where any subatance added durng preparabon of the purfied bulk
inferfores with a fest, the fest is camied out before addidon of that substance. Where applicable, the charactensation losts may allernabvely be camed out on the finished product

Specific blological activity or ratio of factor VIl activity to factor VIll antigen Carry out the assay of human coagulation factor VIII (2.7 4) The peotein content, or where a proten stabdiser is present,
the factor VIll antigen comtent, is determined by a suitable method and the specific biologieal activty o the ratio of Factor VI activity 10 factor VIl antigen s cakulated.

Protein composition. The proten composition s determned by a selection of appropriate characlensation techragues which may inchude pepide mapping. Western biots, HPLC, gel electrophoresis,
capilary electrophoresis. mass specirometry of other tachniques 1o monitor mlegnty and punty. The peotein compastion is comparable 1o that of the manutacturer’s ralerance praparation

Moleculor size distribution. Using see-exchusion chromatograpty (2.2 30). the molecular size distibubon is comparable 1o that of the manufactured's refecence peaparabon.
Peptide mapping (2.2.55) There is no significant diference between the test proten and the manufacturer's refecence preparation

Carbohydrates/sialic acid. To monitor bateh-10-Dalch consstency, the monasacchande content and the degree of sialylabon o the olgasacchande profie are monaored and cormespond 10 those of the
manulactures's reference praparabon

FINAL LOT

It comphes with the requirements under Identfication, Tests and Assay

Excipients. 80 per cent 1o 120 per cent of the stated conlent. delermned by a suitable method, where applicable
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Quality & Safety — Raw materials

CHARACTERS
Appearance white or shghtly yeliow powder or fnable mass

IDENTIFICATION

A It comphes with the imits of the assay
B. The dstribubon of characlenstic pepbide bands corresponds with that of the manufacturer's refecence preparation (SDS-PAGE or Westem biot).

TESTS
Reconsttule he preparation a3 staded on the label immediately before carmying out the fests (except those for solubity and water) and assay

Solubllity. It dissolves within 5 min at 20-25 “C, gnang a clear or sightly opalescent sclution
PH(222) 65075
Osmolality (2.2 35) mesmum 240 mosmolkg

Water. Determined by a suitable method, such as the semi-micro determnation of water (2.5 12). loss on drying (2.2.12) or near-infrared spectroscopy (2.2.40), the water content is within the kmits
approved by the competent authority

Sterility (25.1) % comphes with the test for sterlity
Bacterial endotoxins (2 6.14): less than 3 |U n the volume that contains 100 1U of factor VIl actraty

ASSAY

Carry out the assay of human coagulation factor VIl (2.7 4).
The estmated potency s not less than 80 per cent and not more than 125 per cent of the stated potency. The confidence imits (P = 0 .95) are not less than 80 per cent and not moree than 120 per cent of
the estmated potency
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How to check your formulated protein?

B What is important for your formulated protein?
B Primary structure?
M Folding?
B  Glycosylation?
B Monomers vs dimers/multimers/aggregates?

B How to investigate?
B Multiple techniques available (e.g. chapter 2 Pharmaceutical Biotechnology)
B  What information and how reliable?
M Good enough?

B Post-marketing surveillance!

[Faculty of Science
ele\/ate Pharmaceutical Sciences]


http://link.springer.com/chapter/10.1007/978-1-4614-6486-0_2
http://link.springer.com/chapter/10.1007/978-1-4614-6486-0_2
http://link.springer.com/chapter/10.1007/978-1-4614-6486-0_2

Lessons

B Proteins aren’t small molecules
B Production, formulation and characterization

B Post-marketing surveillance!
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