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1. BACKGROUND INFORMATION ON THE PROCEDURE

1.1 Submission of the dossier

fsuoun Ui eilufl ames S1inldumuetunsdousiuen HEXAXIM detufl 18 5.0. 55

ez mThlERinsanenasUstneudvenazldeenianiusvetunsidew wusuil 2C 90001/56 (NB)
dletud 6 fia. 56
NG Sanofi Pasteur S.A. Marcy I’Etoile, FRANCE
Yousld  Ingudesiulsamefiu, vianzdn, lonsu (vialdiwad, component), lasadusnwau O (rDNA),
Tuale(indene) uas Haemophilus influenza ¥iin U ApugNA(¥iin adsorbed)

gnsfmendrAgy 1 dose (0.5 ml)

- Diphtheria toxoid >20 1U(30Lf)
- Tetanus toxoid >40 1U(10Lf)
- Bordetella pertussis antigens: Pertussis toxoid 25 mcg
- Filamentous haemagglutinin 25 mcg

- Poliovirus (Inactivated)

- Typel(Mahoney) 40 D antigen units
- Type2(MEF-1) 8 D antigen units
- Type3(Saukett) 32 D antigen units
- Hepatitis B Surface antigen 10 mcg
- Haemophilus influenza type b polysaccharide (polyribosylribitol phosphate)
12 mcg
Conjugated to Tetanus protein (PRP-T) 22-36 mcg

ﬁmﬁﬁﬁr}:ﬁuaﬂ%au TFDA Product Team Leader: (PTL)
an. Usung 8asnIuun
HL¥89ey

® fulplllazingsnssu Quality:
1. W 8ty ANASANSS
2. SA.AT.NGY. NAITIU guANANG
® nundvIneaziiyingl Non Clinical
1. sanslafn 5351013
2. 3A.AT.N.UENY guIlvAal
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1.2 Steps taken for the assessment of the product

Y
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uay fFueygnldddoyaiiufununnaniudmihieuies

® 9anaYsUAIY 6 1.A. 56

o iwihiidsfiermgnousnifiofiansan weduil 29 fl.a. 56
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2. SCIENTIFIC DISCUSSION
2.1 Introduction

’B’ﬂ%uﬁwémLLazsﬁumLﬁauiuﬂa;uﬂsmmmquisﬂ #13 Article 58 Regulation (EC) No.
726/2008 Tnefuumsmsiansanuaznsidanuiiuviniies fusundnsassuiitune ouwassmelu
nauUsEwmAannmelsy

Hexaxim WWutheuungneudan U UsAnnide YUINUTTY NEBINTEAIWUTTY 1, 10 NzUBN
Sauiala v 0.5 ml (1 dose) Tamdndu (M) auin 1 dose Ussneuse fenweesiensiiv  Jien
geedouanydn fenweesidelonsu Filamentous Haemagslutinin weufauduivesh3afusney 9
Folh¥aluale (wiadone) warinduwamlssuande Haemophilus influenza type b wila adsorbed
pougnaiulsiuuianesn 1ludnmsnuandnlovnfuotgiud 6 dUamits 24 iou iHuirTuyausn
waznszdu WU 2-8 °C 91981 36 1eu FunTuds
2.2 Quality aspects

Introduction
Hexaxim vaccine is a preservative free liquid formulation for intramuscular administration which

combines aluminium hydroxide as adjuvant and six Drug Substances as follows:
® Purified Diphtheria Toxoid (PDT);
® Purified Tetanus Toxoid (PTT);

® 2-component acellular pertussis (aP; purified pertussis toxoid and purified filamentous

haemagglutinin);
® |nactivated poliomyelitis trivalent concentrate (IPV);

® Hepatitis B surface antigen (HBsAg);



® Haemophilus influenzae type b (Hib) polysaccharide conjugated to tetanus protein.

The vaccine is presented in single-dose type | glass vials or syringes without needle.

Drug substance
Diphtheria

The Purified Diphtheria Toxoid (PDT) LY 1 detoxified protein Faldunann Corynebacterium
diphtheria indnlasn1s Fermentation wazldin toxin u1virluuafivdae formaldehyde 1¢ Crude
Diphtheria Toxoid (CDT) LmeVlﬂMUiﬁVlﬁ LLa""m preC|p|tat|on @28 ammonium sulphate 1w PDT

C. diphtheriae stain CN 2000 MSM Il fihawandunnan the University of Utrecht IuiﬂLL‘U‘U
freeze-dried ampoule %89310 verification Tudes Purity Wag Identity La1vinn1sAnLdan colony Wiy
Pre-MSL Seed Lot (MSL) wag Master Seed Lot uaawenedy Intermediate Seed Lot, Working Seed Lot
AINAIAY

Tetanus

The Purified Tetanus Toxoid (PTT) ¥ detoxified protein Falgiunan Clostridium tetani
Harvard 49205 strain 7inamlaenis Fermentation wazléih toxin wvilimuafivsie formaldehyde 6
Crude Tetanus Toxoid (CDT) LLﬁ?QﬂVTﬂﬁU%Q%é wagiin precipitation @28 ammonium sulphate Tndu
PTT

Clostridium tetani Strain Y-IV-5A derived from the Hardvard Strain 49205, IM 1472C 910 the
Risk Institute of Bilthoven (Netherlands) SL‘LJEULL‘U‘U freeze-dried ampoule %&4310 verification Tuideq
Purity uag Identity wavenala Master Seed Lot, Working Seed Lot auanau

Acellular Pertussis

Acellular pertussis drug substance Usgnausig 2 component pertussis antigens fie Adsorbed
Purified Filamentous Haemagglutinin (FHA) Adsorbed Purified Pertussis Toxoid (PTxd) laguenu1ain
nsinzEsade Bordetella pertussis phase | strain Pillemer 134 N1UN3UUN1T fermentation process
LLéjagﬂLLﬂﬂiﬁU%?jwﬁ% adsorption chromatography wae affinity chromatography 4 Native Purified
Pertussis Toxin (PT) gniilviviaiaitesiy glutaraldehyde W& native purified FHA wag native purified
PTxd fﬂzﬂﬂLLﬂﬂl‘U adsorbed Uu aluminum hydroxide

Bordetella pertussis phase | strain Pillemer 134 la5ua7n Dr. Preston Unlver5|ty of Manchester
Iuw Freeze dried w&111n15v8181801¢0U Final Pre-Master Seed a1ntusin1siniziao sy Bordet
Gengou medium VlNﬂllLﬁ@ﬂLLﬂ% LLﬁ?N’]L%E]lULW’]%IUﬁlIEN“U@Q SPF mice LmemmuLaaﬂu Bordet
Gengou medium Ainaudenunsdnadmilsdairlururluidu Master Seed Lot ndaarnduiluides
veneladu Working Seed Lot



Hepatitis B
Cell Source
1. Hansenula polymorpha LU U heterologous gene expression F914 methanol
as a sole energy wag carbon source l4lun1siaseytivlnlag methanol Ju non-repressible sugars
Wudinszdu enzymes 115U methanol metabolism Lawn MOX (methanol oxidase), DHAS
(dihydroxyacetone synthase) hag FMDH (formate dehydrogenase) laadl gene URA3 auxotrophic
mutant 115U H. polymorpha (strain RB11 deficient in orotidine-5’-phosphate decarboxylase) R
host cells 9gW@n HBsAg gene anU1lae HBsAg gene 9ggN inserted 3¥%273 FMDH promoter lLag
MOX terminator Gﬁﬂlﬂﬂisﬁums expression of HBsAg dledsadoluenmsiiil methanol
2. The HBsAg gene lAAALENRIA serum ﬂuaarﬁﬂwﬁﬁam%ja Hepatitis B virus Aauenlag
7% PCRIny gene coding for the HBsAg contains about 678 bp and the HBsAg is a 226 amino-acids
antigen of the subtype adw2 (S adw2). n135AALen Purified HBsAg findnann H. polymorpha aggn
identified lag/ly N-terminal 19 amino-acids in the protein with the deduced amino-acids sequence
Gene Insert and Plasmid Vector Sources
d1su vector pFPMT121 9% insert EcoRI/BamHI lla¢ encoding gene HBsAg
(subtype adw2) uaz vector daxinluss H. polymorpha 91ntuaziinisasna vector pFPMTsadw?2
990U 1a8 Map of the Plasmid Vector pFPMTsadw2
The HBsAg expression vector:
The expression vector used for expression of the HBsAg gene is based on a pBR322
plasmid and contains the following elements:
« Standard E. coli pBR322 skeleton including E. coli origin of replication (ori);
« Amp resistance gene for selection in E. coli;
« Auxotrophic selective marker gene complementing the auxotrophic
deficiency of the host (URA3 gene);
+ H. polymorpha autonomously replicating sequence (HARS);
+ An expression cassette containing the FMDH promoter (1200 bp) and the
MOX terminator (about 300 bp) for insertion of the foreign genes
The vectors integrate into the host genome of Hansenula polymorpha in the form

of head-to-tail multimeric structures.

Derivation, Genetic Manipulation, Passage and Cultivation History
HBsAg expression vector pFPMTsadw?2 %gmﬁmﬁ’m’sﬂu E. coli kagyinnns purified
plasmid DNA tazud1un transform ﬂﬁzél:uiﬂﬂiﬁif heating shock %Qgﬂ genetic manipulation Waglwaday
1w3gylu selective medium Fmsdndenwadiifiinis clones with the expression vector integrated into



'
a

the host genome udathuiindruiusoliiowlu Pre-Master waziiies 1 vial Nasgniuudanduy Master

and working seed lots

IPV
Inactivated poliomyelitis vaccine Usgnausig 3 subtypes 989 poliovirus LA
IPV typel: Mahoney strain
IPV type 2: MEF-1 strain
IPV type 3: Saukett strain. The poliovirus Ju non-enveloped small viruses agﬂu

Picornaviruses

Virus Seed Lot System
Virus strains Qmm’%‘mﬂm RIJKS Institute voor de Volksgezonheid (Netherlands) Iﬂ&JngJﬂu
cynomologous Primary Monkey Kidney Cells Fadu Original strains (SO) LA
Type 1: Mahoney (code 74/3 B3) 1A31n Pitman Moore company
Type 2: MEF-1 (code 68/2 B3) l¢ia1n Statens Serum Institute, Copenhagen, Denmark
Type 3: Saukett (code 74/2 B2) 1¢a1n Statens Serum Institute, Copenhagen,

Denmark

i 1uPassage 1o Tu Primary Monkey Kidney Cells (Erythrocebus patas) wiedu
Master Seed (MS) Lot LAUT >-60°C udatin MS uiiusuaudn 1 sy Primary Monkey Kidney Cells
or Vero cells wiaifiu Sub-Master Seed Lots wae Working Seed Lot

Cell Bank System

Vero continuous cell line cells 3 original cells 1¢ia1n kidney cells w83 African green monkey
(Cercopithecus aethiops) Mérieux Institute Iiwadunfivsiuiuauds passage no. 129th \ielndey
\u Master Cell Banks wuseanidiu Master cell bank A uay B Insuusniunisifiu Antibiotic Tue1mns
Fouwad lusewinsdumeunisifiugiuiu Master cell bank A gm?ﬁyaﬂu media Tfia Antibiotic 91014
¥1n135 harvest cell kagu1u resuspend wa11u1u1U559bu sterile glass ampoules wazsAudl liquid

nitrogen

Haemophilus influenza type b

Haemophilus influenza type b strain no. 1482 (IM 2164) 1e5uain Dr. R. Schnerson, US Public
Health Service-National Institute of Health.

Master Seed Lot Lﬁ‘Uﬁ 2 — 8 °C, Working Seed Lot: LS8N MSL resuspended in a sterile
skim milk solution Wiufi 2 — 8 °C



Clostridium tetani strain Y-IV-5A fiffuiiiainain Harvard Strain 49205, IM 1472C Fslé¥usn
910 Dr. TIES JEMA Rijks Institute of Bilthoven, Netherlands
Master Seed Lot \fiufi 2 - 8 °C, Working Seed Lot: @38131n MSL L?:EJ\‘fLu thioglycolate-
resazurin medium Wiulu a sterile skim milk solution U7l 2 - 8 °C
Physicochemical properties
- Free carrier protein content <1% of the total protein content
- Depolymerized PRP content <20% of the total polysaccharide content
- Polysaccharide/protein ratio: 0.33 - 0.55
- Molecular size distribution: KD < 0.37, Rh = 30 nm, Mw > 4.2 x 106 Da
Biological properties in15agoU irreversibility of tetanus protein wielsiuiladn PRP-T
concentrate bulk favuvasass Fsinsvageulu CTP intermediate

Manufacturing Process of the Drug Substance(s)
Diphtheria: Sanofi Pasteur Marcy UEtoile (MLE), 1541 Avenue Marcel Merieux 69280 Marcy UEtoile,
France

msudalaeisut Lyophilized working seed lot 1w@n e 1% Pre-culture, 2™ Pre-culture, 3"
Pre-culture, Industrial culture, Harvest, Formaldehyde Treatment (Detoxification), Filtration
(Detoxification), Concentration, Diafiltration, Volume adjustment, Precipitation (First), Precipitation

(Second), Dialysis of the precipitate wag Prefiltration, Stabilization, Filtration and Filling LLazLﬁUﬁ
+5°C + 3°C 19 36 oy

Tetanus: Sanofi Pasteur Marcy UEtoile (MLE), 1541 Avenue Marcel Merieux 69280 Marcy ’Etoile,
France

nsuAnlaeSuLn Lyophilized working seed uW@nfAa Inoculum preparation and subculture,
1°t Pre-culture, 2™ Pre-culture, 3 Pre-culture, Industrial culture, Cell lysis, Harvest, Treatment,
Detoxification, Mixing, Concentration, Diafiltration, Volume adjustment, Precipitation (First),
Precipitation (Second), Dialysis of the precipitate waz Prefiltration, Stabilization, Filtration and Filling
S1uazdunnu 2.3.5.2 Manufacture (Tetanus) 14 Massachusetts medium 16 PTT wafiudl +5°C + 3°C
19 36 Lhau

Acellular pertussis: Sanofi Pasteur Marcy UEtoile (MLE), 1541 Avenue Marcel Merieux 69280 Marcy
’Etoile, France
nswAnudady 3 funeundnie
1. Fermentation and Component Fractionation 14 SS-SAT medium Usznausae



Gflgumau 1°t Pre-culture, 2™ Pre-culture, 3" Pre-culture, Industrial culture, Harvest, pH Adjustment
ey Hydroxyapatite Adsorption

2. PT Purification, Detoxification and Adsorption, PT Purification, Detoxification and
Adsorption Uizﬂauﬁ’w%umau Recovery of PT, pH Adjustment, ASF-4B Sepharose Adsorption, ASF-
4B Sepharose Supernatant Elimination, ASF-4B Sepharose Washing and Contaminants Elution, PT
Elution, Precipitation of PT, Solubilization of PT, Protein Content Adjustment, Detoxification,
Diafiltration of PTxd, Sonication, Pre-Filtration of PTxd, Sterile Filtration of PTxd, Adsorption,
Decantation

3. FHA Purification and Adsorption, FHA Purification and Adsorption Usgnausg
Gflgumau Hydroxyapatile Washing and Contaminants Elution, Elution of FHA, Elution Pooling,
Precipitation of FHA, Solubilization of FHA, Pre-filtration of FHA, Sterile filtration of FHA, Adsorption,

Decantation

Hepatitis B: Sanofi Pasteur Calle 8 N° 703 (esquina 5) Parque Industrial Pilar (1629) Provincia de
Buenos Aires Argentina
Overview of the Manufacturing Process
Fupaun1sWaR HBsAg, recombinant protein lagandainadin recombinant Tu strain K3/8-1 483
Hansenula polymorpha Fefldunoundnaeil

1. Cell culture and harvest

2. Purification

3. Maturation

Transportation

NMSUUES HBsAg batch flask 970 sanofi pasteur Argentina 1Ug3 sanofi pasteur France, Marcy U’
Etoile plant %le,ﬁﬂlu container LLUUTJ@%QU‘J%; double-bag containing uagil electronic
thermometer controlling wazmuAugaumaliagil +5°C + 3°C AADANITYUAS

Process Validation and/or Evaluation (HBsAg)

n15AN®Y Process Validation Anwifisanuasinauevesnisuan wazAIUANAMAINlY 5
industrial batches sesijosiu TnefinsAnulutunounisuaadil

Validation of Production Steps and Yield Consistency

Anw1lu Fermentation process, Harvest process, Purification and Maturation Process 1ngHa
miﬁﬂwmﬂﬁﬁzumauLﬁulﬂmummeﬁﬁﬁwum wag Process Yield Evaluation Anwlu 30 production
batches TngFnwainimnues HBsAg luusazduneu Cell crude extract, PEG supernatant, Clarified
desorbate, IEC fraction concentrated, Diafiltrated KBr pool e HBs final purified Ag

Cleaning Validation and Life Time Studies



Anw1 Cleaning validation Tu IEC and GFC systems \ieUszifiudeuszansam sruauseunisld
YUIUNNTVINANIUELDA LLavmmmasuaﬂww LLa‘“UuGIBUﬂ’liLﬂU ﬂ’J‘UﬂiJﬂmﬂWWI@ﬂﬁﬂ‘l% mICFObIOlogIC
monitoring ag endotoxin Anw GFC system Nam%ﬂﬂmLﬂulﬂmumm‘n‘mm%uﬂ LLaz‘VN 2 system
#1u5aLAu maximum of 30 days

IPV: Sanofi Pasteur Marcy U'Etoile (MLE), 1541 Avenue Marcel Merieux 69280 Marcy UEtoile, France
Vero Cell Culture: 910 Vero Working Cell Bank ﬁ”lmL?:EJﬂu Bioreactor laglilaainizuu
microcarrier beads UMV Bioreactor %L‘W‘m%u
Production of the Single Harvest szUsznoulumedunau:
« The Vero cells culture
« The viral culture and harvest (up to the single harvest).
Preparation of the Monovalent slerutunou Single harvest ARSIl arFoetianHy 3
Fumou titelilé Monovalent ¢l
1.Concentration
2. Purification
3. Inactivation
Process Validation and/or Evaluation
Validation of Monovalent (Types 1, 2 and 3) Production Usznausig 3 steps:
» Validation of the Vero cells culture and crude harvest production
« Validation of the crude harvest purification; MnaaeuLidudufsnunignives
concentrated purified viral suspension (CPVS) lnaiin15ns293tAS1E1 BSA, DNA content Wag SDS
PAGE Tnen3nsa9linsgsidananaiiiousuentls characterization vaawansau
« Validation of the inactivation of concentrated purified viral suspension
Tuduneunisnan Monovalent aglins@nwild concentrated purified viral suspension 3 lots
owfloafudnsu serotypes 1 way 3 d115U Serotype 2 a¢ld 2 lots of concentrated purified viral
suspension sakilasiiu (Single harvested 6 lots) wia11u1 pool U monovalent 1 lot man1s@nw
YUIUNITHAN monovalent ‘U@Qﬂ;lé\‘i 3 serotype a@ﬂuﬁmw‘ﬁlﬁmuﬂ

Validation of the Trivalent Concentrate Production
Tusumeunis formulation @m5U concentrated trivalent %ﬁmsnLﬁammmmmwsuaqw%mﬁmsﬁ
Tu:

- Validation of the stirring step during blending Tnefnwineldanefidndu worst
cases @A maximum batch size, minimum stirring speed Wag minimum stirring duration n1s@nwlu
AN1ITAN ﬂﬁLﬁ@ﬁﬁmﬁLﬁi’]%ﬁﬂ’]ﬂﬂmﬁ’maBiﬁu%aﬁﬁﬁimﬂﬂ’li mixing

« Validation of the blending step Anw1lu Maximum batch size ImﬂiuLLﬁiazﬁﬁzumu%Qﬂ

10



AIANANNNLAEANWIUTUM D-antigen, pH Way N1sAsENIMYBIkaURIuAB lignyanglusening
TURBUNTHEALEANT

Haemophilus influenza type b: Sanofi Pasteur 1541 avenue Marcel Mérieux 69280 — Marcy
L’Etoile — France

Haemophilus polysaccharide conjugate concentrated bulk (PRP-T) W high molecular-
weight polysaccharide (#3831

Polysaccharide polyribosyl-ribitol phosphate (PRP) 161910 outer capsule Haemophilus
influenza type b strain 1482 flassasradu linear copolymer

Carrier protein (purified tetanus protein) #il#1n Clostridium tetani Harvard strain 49205
detoxified A7¢ formaldehyde, activated 1neld EDAC

Activated tetanus protein ¥1UfjA38117U PRP-AH fnel carbodiimide condensation reaction %
2§ PRP-T drug substance

Characterization of the Drug Substance(s)
DTaP
Diphtheria
Morphological Characterization: Gram positive rods with the presence of palisades and
“Chinese letters” arrangement. Some club-shaped end could be observed. lagnan Diphtheria
toxin Seuenlifuaudiude the single intact polypeptide chain, fragment A la fragment B &
molecular weight ’e)gujiwﬁﬁx‘i 55 94 60 kDa
Characterize A2
-Phenotypic lagnageu Identification, Biological properties, In vivo properties
-Genotypic lnenagau Genomic profile identification, Identification of each of the
two corynephages integrated at attB loci into the chromosomal DNA, Identification of loci of
interest

Tetanus

Ju Gram positive, spore forming anaerobic bacillus W&@® tetanus toxin 270 fermentation
process Tetanus toxin WU toxic protein & molecular weight Usgana 150 kDa Iu'gﬂ a single
polypeptide chainlag light chain (toxic moiety) 3 molecular weight Uszanau 52 kDa taz heavy
chain (binding moiety) & molecular weight Uszuna 98 kDa Fadeutusie a single disulfide bond

Characterize a7

-Physicochemical lngvnadau Differential Scanning Calorimetry wag Sodium Dodecyl

Sulfate Polyacrylamide Gel

11



Acellular Pertussis

Usznouse Antigen geinfiatinunanmsideadelensy fie Pertussis Toxoid (PTxd) ey
Filamentous Haemagglutinin (FHA) 1

PTxd lowandag SDSPAGE wusldiduaasadiufio A subunit Sl subunit (S1) single polypeptide
chain 1Ju catalytic activity Lag B oligomer Usgnaumae 5 subunits (52, S3, S5 flognsaznily copy Lay
Sa i@ copy) 1618171’;& 5 subunits & molecular weight 28 kDa agjizwi’m 14-30 kDa

FHA 10y surface-associated protein "Uaﬂl,%aiaﬂiu faurnn1ue17 50 nm 1Ju polypeptide
chain wagdl molecular weight 220 kDa \ila mature form Tnafidnwazidu elongated shape, beta-
structure waziisenuansdiufe R1 wag R2

Hepatitis B

dmsun1snnaeudls Characterization 984 seed lot lagnagou phenotypic Wag genotypic vl
MSL wae WSL snsnadeuiiiofusuds genetically stable, integrated the plasmid that contains the
HBsAg gene in their genome WaEANALNTAIUAITATIE HBSA.

IPV

The inactivated Vero Trivalent Poliovaccine Bulk LS8 1910 poliovirus 3 awﬁuélé’m
Mahoney, MEF-1 uag Saukett strains (@30 Types 1, 2 waz 3 muadiu) nsnadeudildiiedusuds
poliovirus kazAnANwUrYalITaUsENOUAIEN1TNAZRUNIAIY Physicochemical Properties Aanis
AIUAUAINY Wunsaiuaves Trivalent bulk, Identity, Poliovirus Types 1, 2 and 3 Concentration,
Impurities Tuguaunisuan poliovirus concentration Lag purification Im‘am’aﬁﬁLﬂs’lzﬁLﬁaﬁﬂwﬁﬂmmW
VoA e wazarsainIody qﬁﬁmiﬂuﬁ’]auvﬁu residual formaldehyde, bacterial endotoxins Lay
Bovine Serum Alburmnin (BSA) Tnan1sasiaiiaszsdiiiisndunluseninanisfinw validation v89m7%
asilanevoIqUAINYBINARAUT AN impurities TagLfiNN13092931A3184 protein content,
Deoxyribonucleic Acid (DNA) content, BSA content, residual antibiotics content (neomycin,
polymyxin B and streptomycin) laznagaulnedd SDS-PAGE electrophoretic

Additional Characterization Test: Immunosgenicity Test on Rats

913897734 European Pharmacopeia Monograph 0214 Poliomyelitis vaccine (inactivated),
Monograph 2.7.20 “In vivo assay of poliomyelitis vaccine (inactivated)” HKEAALNIN1TATIATATIZY
in-vivo test lu Rats iefinnsusudsutunounisnanviousuaududuly trivalent manufacturing
process 1AglUSUTEUAUNANITATIAIATIZRUTUIU D-antigen mﬂﬁﬁayjaﬁﬁﬂmiﬁﬂmﬁawamﬁmeﬁﬁiéf
910 3 Batches manufactured ¥®4 Final bulk product (FBP) fruduneunisnsedine DEAE Spherodex
support (current) kag 3 Batches manufactured ¥a3 FBP firuduneunisnsedlng DEAE Ceramic Hyper

12



D support (proposed) waiildiilot3suiiisuanndis 2 3uandnsfudosunn uaznisnsoslneld DEAE
Ceramic Hyper D support Qﬂﬁmﬂ%lmui%‘@uLﬁaqmﬂhjﬁ dextran 818N15M4UEIUIUNITITHRY

Impurity

Tutuneunsnanariinisusafiu impurity vowansausilaludunou poliovirus concentration
ey %’umau purification (crude harvest to the concentrated purified viral suspension) ImﬂﬁmimUﬂu
Qmmwmwaauﬁﬂﬂmﬁaumﬂ U residual formaldehyde, bacterial endotoxins and Bovine Serum
Albumin (BSA). Furthermore, additional, protein content, Deoxyribonucleic Acid (DNA) content, BSA
content, residual antibiotics content (neomycin, polymyxin B and streptomycin) tag Sodium Dodecyl

Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) profile

Haemophilus influenza type b
Characterization 89 PRP-T Usgnausie
1. Elucidation of structure and other characteristics
- Characterization of H. influenzae type b polysaccharide lng NMR
- Characterization of Tetanus %ﬂul,wiassﬂgumaumwam Tetanus 9¥4nN135 characterize
upnA9L Ao DSC 19 determination of the mid-point of protein denaturation (or melting point, Tm),
SDS-PAGE
- Characterization of PRP-T: structure of PRP-T @lﬁmﬂ molecular size distribution
Tneld HPSEC coupled with LALS &sazfiansananndn KD, Rh uas Mw wenanidsld immunogenicity
testing in mice (carrier protein) taginuvaaau ELISA
2. Impuirities
- Impurities of H. influenzae type b polysaccharide #3135u191nA protein, nucleic
acid wa¥ endotoxins &4 specification agdaadulunu Ph.Eur. monograph 1219
- Impurities of Tetanus #WA1384191nA1 residual phosphate (in phosphorus),
formaldehyde uag pyrogen lag residual phosphate < 1.5 pg/mg of protein, diafiltration process
ABIEINTA reducing formaldehyde < 1 pg/mg after concentration Wag pyrogen azAal free of
pyrogenic contaminants
- Impurities of activated PRP-AH #913841371nA1 residual cyanides and bromide wag
ADH
- Impurities of PRP-T #913641371nA1 free polysaccharide, free tetanus protein, EDAC
and EDU uag phenol 1ng free polysaccharide Lﬁa@Uizﬁm%mWﬂJmﬂizmumi purification Tun1s
remove the free activated PRP-AH, free tetanus protein Lﬁa@’h unconjugated tetanus protein gn
remove TngNsUauMs purification, EDAC and EDU titegrin EDAC gnidnlusuneu dialysis dau
phenol 7141y final purification process we4 PRP gnidaluwinls
- Other Impuirities not routine test during PRP-T Usgnaunie bromide, formaldehyde,

13



low molecular weight conjugate content Wag blood group substances

Quality Control of the Drug Substance(s)
Diphtheria

mmimmmmmwmmamwumﬂulﬂmu Ph.Eur. 0443 Current edition waz WHO TRS 800 Tu
mumaumswam VlQi’WEJﬂ’]iLLau’Jﬁﬂ’]i‘VIﬂﬁE]U

-Diphtheria Seed Lots

-In-process controls applied during fermentation of Corynebacterium Diphtheriae and
harvest of concentrated toxin

-In-process controls applied during Detoxification of Diphtheria Toxin

-In-process controls applied during the Purified Diphtheria Toxoid

-the Purified Diphtheria Toxoid

Tetanus

fimsauauaanmaudaimualuluniu Ph.Eur. 0452 Current edition waz WHO TRS 800 u
%’HG\QUH’WNEG} ﬁ’jﬁwmmaﬁﬁmimaau

-Clostridium Tetani Seed Lots

-In-process controls applied during Detoxification of Tetanus Toxin

-In-process controls applied during the Purified Tetanus Toxoid

-the Purified Tetanus Toxoid

Acellular Pertussis

mmimmmmmwmmamwumﬂuvl,ﬂwm Ph.Eur. 1934 Current edition wag WHO TRS 878 Tu
ﬁuumaumiwam V]QiWEJﬂ’ﬁLLau’Jﬁﬂ’ﬁ‘ﬂﬂﬁa‘U

-B. Pertussis Seed Lots

-In-process controls applied during Fermentation of Bordetella Pertussis and Harvest

-In-process controls applied during FHA Purification

-In-process controls during Detoxification of PT

-In-process controls during Antigens Adsorption

-Native Purified Pertussis Toxin

-Native Purified FHA

-Purified Pertussis Toxoid in Solution

-Purified FHA in Solution

-the Adsorbed Purified Pertussis Toxoid

-the Adsorbed Purified Filamentous Haemagslutinin
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Hepatitis B
NNSAIVANAMAIN 81989911 Ph. Eur. monograph 1056 "Hepatitis B vaccine (rDNA)", WHO
Recommendations to assure the quality, safety and efficacy of recombinant hepatitis B vaccines,
adopted by ECBS in October 2010 (revised TRS 786) Ingfimsmuauamnnluusiastunounisnandisl
1. Control of materials

Tests Performed on the Pre-MSL

Test Performed on the Pre-MSL K3/8-1 ADW001/12/94
2. Quality Control for Hansenula polymorpha MSL and WSL: W& Quality control ey
characterization ¥89 MSL ey WSL L‘fhﬂﬂm’mLﬂmsﬁﬁﬁmummﬂ%’a;ﬂa“um MSL
3. In-process control ﬁmimuaﬂwﬁzumwhm il

1. In-Process Controls Performed During Fermentation and Harvest

2. In-Process Controls Performed During Purification and Maturation of the HBsAg

Method Validations
NN35ANE191989m1 ICH Q2 (R1) “Validation Analytical Procedures: Text and Methodology” Tne357
Fmsaneniifed
« Identification and HBsAg content — ELISA RB; lagld in-house HBsAg reference 111 plot graph @519
standard curve iafunmU3uNaes HBsAg 99nA1 OD WiazAULEea1suaNanf
« Carbohydrates content - titration by colorimetric assay;
« Lipids content - titration by colorimetric assay;
« Purity by SDS-PAGE under reducing conditions;

« Percentage of HBsAg free monomer, limit test by SDS-PAGE under non reducing conditions

IPV

Control of materials

1. Quality Control of Vero Cell Banks: Master Cell Banks nag@au Mycoplasma (culture method),
Sterility Test (both tests were performed using Ph. Eur. test methods). @u3u Working Cell Banks,
lots Gaaethanldlunsudn Inactivated Poliomyelitis Vaccine lauA LS-5, LS-6, LS-7 uag LS-10 GR
Taquulilatunld nismuauaunImendemin WHO Technical Report Series (TRS) No 745 (1987)
Annex 3 uazdmiu Working cell lot fignldlutiagiiufe LS-11 uaz lot fiagthanlidle Lot no. LS-11
yuAasEo LS-12 s 2 lots dmuauamamlad1demiu The requirements of the Ph. Eur. § 5.2.3
“Cell substrates for the production of vaccines for human Lag the recommendations of the WHO
TRS No. 878 (1998) Annex 1 “Requirements for the use of animal cells as in vitro substrates for the

production of biologicals”
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NANNSASIDIATIEN Vero Working Cell Banks (LS-11, Batch FA106611 Manufactured
on 29 April 2002 and LS-12, Batch FA115772 Manufactured on 23 July 2002) 7i 137th Passage on
Cells, 7 137th Passage on Supernatants, i 147th Passage on Cells wasil 147th Passage on
Supernatants mamimaﬁﬁLﬂiﬁzﬁLﬁu"LUmummsﬁﬁﬁmudunmmﬁmaau
2. Quality Control of poliovirus seed lot N1IAIUANAMNINYDY Master Seed Lots (batch 1011 for
Type 1, batch 2011 for Type 2 and batch 3011 for Type 3) Wag Sub-Master Seed Lots (batch 10112
for Type 1, batch 20112 for Type 2 and batch 30113 for Type 3) Inauandlu Certificates of Analysis
3.2.5.2.3 Certificate of Analysis - Master Seed Lots Type 1, 2 and 3 (IPV) (Module 3 Vol. 3)

3. Control Tests Performed on Master Seed Lots: N13AUANAMAINYDY Virus Master Seed Lots 3%
Julumy WHO requirements(1977) Tneiflinsnsaaiinsieisiell Master seed lot dosUsnAann B virus
Lﬁawmaaﬂum%ﬁhﬂ (absence of B virus in rabbits), bacterial and fungal sterility test, absence of
Mycobacteria, absence of SV40 and other extraneous agents detectable by inoculation on Primary
Monkey Kidney Cells, absence of Marburg virus by inoculation of guinea-pig, identity and Poliovirus
concentration wag Control cells 9zA995IN15 observed for absence of cytopathic effect (CPE) wanns
ATIIlATEATIIANAD AT Igh Strains of poliovirus WagnTIIRMANYAILIAY infectivity tests LA
immunological methods Vlﬂ"ﬁ%iﬁLﬂiwﬁﬁLﬁmaﬂﬁ%ﬁmi Approve Iny National Control Authority
4. Control Tests Performed on Sub-Master Seed Lots: N13AUAMAMNINYBY Sub-Master Seed Lots
AIUANLYULALITU Working Seed Lots uazd1989m11 WHO requirements \leAiAT1291 absence of B
virus in rabbits, bacterial and fungal sterility test, absence of Mycobacteria and absence of
Mycoplasma by culture method and by epifluorescence in cell culture, absence of SV40 and other
extraneous agents detectable by inoculation on Primary Monkey Kidney Cells, identity and
Poliovirus concentration widwsuNAnAaaiildain new subsequent Sub-Master Seed Lots A3
muqmqwmwwéjﬁﬁdmm European Pharmacopoeia (Ph. Eur.) waz WHO requirements lagldudnnis
“state of the art”
5. Control Tests Performed on Working Seed Lots: N13AUALAMAINYBY Working seed ANTUNIT
m’aﬁmswﬁﬁ'ﬂu control cells wag control cell supernatants 81984014 requirements of Ph. Eur.
0214 Monograph gz WHO TRS No. 910 (2002) Annex 2 "Lu%umaumamam Working seed lot ﬁuﬁ
Supeuduioaiunisnaningulagld working seed ldiA Cell Culture and Harvest n3 Purification and
Modification Reactions N5 Filling Storage e Transportation YL viral suspension @113UNT
wiaen WS azlihinsiuduneunis inactivation Tne Quality control profile was Working Seed Lots
d@m3u poliovirus type 1, 2 Wag 3

Results for Working Seed Lots
HANSANYINISATUANAMA NYBIHARTSTIlFaIN Working seed lots Tutumau Control cell, Control

cell supernatants, Viral suspension LALA1INAFBU porcine circovirustul 2012 wag Concentrate viral
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suspension 910 WS lot 3 batches siaviiaafuldina FA350158 (PV1), FA189575 (PV2) uaw FA331115
(PV3) 91 3 batches HuALAMTTIRTUA
6. In-Process Controls fnsauauamnmluduney

1. In-Process Controls Applied during Vero Cell Culture

2. In-Process Control applied during the Virus inoculation and harvest

3. In-Process Controls Applied during the Purification

4. In-Process Controls Applied during the Inactivation of the Virus Suspension

5. In-Process Controls Applied during the Production of the Concentrated Trivalent
7. Controls of Critical Steps and Intermediates

%umaumimam Inactivated Polio vaccine Trivalent Bulk Qﬂﬂ@Uﬂuﬂmﬂﬂwiﬂa Production
parameter Wag in-process control Imaﬂﬁmimuau@mmﬂu Critical steps lsa1nn13@ne Validation
programs Lagaa1NN13ANYI Stability T,WamamsﬁﬂwﬁlﬁtﬁaﬁmmaﬁﬂLamasuaaNa%ﬁmﬂsﬂumiwﬂu
anunluduneu critical steps. inaidermunldludunauniandn intermediates product Tnsrimusly
1. the control cells and control cell 2. single virus harvests for each serotype 3. concentrated
purified viral suspensions for each serotype wag 4. monovalent for each serotype las@nw1luns
A15 Culture Ta¥a N5 Purified way Sumewunis inactivation wagmsiuA Specification 91984013
European Pharmacopoeia name: Trivalent pool of inactivated monovalent harvests, Monograph
no. 0214, Poliomyelitis Vaccine (Inactivated).,World Health Organization (WHO) name: Trivalent
inactivated poliomyelitis vaccine / Trivalent bulk, Recommendations for the production and
control of poliomyelitis vaccine (Inactivated) (TRS no. 910, Annex 2, 2002) wag Guidelines for the
safe production and quality control of inactivated poliomyelitis vaccine manufactured from wild
polioviruses. Addendum, 2003, to the Recommendations for the Production and Quality Control of
Poliomyelitis Vaccine (Inactivated) (TRS no. 926, 2004).
wamiﬁﬂmmﬁmmu@mmwmaq Intermediate products Tuusiaz Monovalents 7 3 types, type 8¢ 3
batches darlasfunanisAnuidulumuinasiitnue

Haemophilus influenza type b

- Master Seed & Working Seed 984 Haemophilus influenza type b seed lot s34 Page 2889
- Master Seed & Working Seed 484 Clostridium tetani seed lot 9114 Page 2890

- PRP #14 Page 2916

- PRP-AH #11 Page 2989

- PTP 1y Page 3065 910n15Na&dU specific toxicity Wag reversion of toxicity #1d WHO TRS
800, 1990.

- CTP 14 Page 3102
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- PRP-T (drug substance) 114 Page 3283 ¥10n15nagey specific toxicity #13 WHO TRS 897,
2000 (Hib conjugated) \¥ulumy WHO TRS 897, 2000 (Hib conjugated) wag WHO TRS 800, 1990
(DTP) uslugau PTP v1an1snad@au specific toxicity Wa reversion of toxicity s13 WHO TRS 800, 1990
wAtin1snsaalu CTP Jasiudnanunsasensula d1usu PRP-T vianisuaaau specific toxicity m1u WHO
TRS 897, 2000 (Hib conjugated)

- &MY Analytical Procedure ®13d Ph.Eur. U test fladedungly Ph.Eur. uann Page 2917-
2929, 2990-3004, 3066-3070, 3103-3111, 3291-3324

- e@ma Validation of Analytical Procedure Hulusnu ICH Q2 (R1) mu Page 2930-2947, 3005-
3025, 3071-3086, 3112-3132, 3331-3365

- Wans Batch Analyses PRP §1uau 3 industrial batches wanisnageuiduluaiu acceptance
criteria ®14 Page 2956

- wan9 Batch Analyses PRP-AH 9121 3 industrial batches wanisnaaeutduluni acceptance
criteria #14 Page 3026

- W&ns Batch Analyses PTP §1u2u 3 industrial batches wan1snageutluluaiu acceptance
criteria 914 Page 3087

- Wans Batch Analyses CTP §7u3u 3 industrial batches nanisnaaautdulumi acceptance
criteria ®14 Page 3133

- Wams Batch Analyses PRP-T consistency batches used in clinical study 97U 3 i:umir}\lam W
nmsnageulduluay acceptance criteria #1134 Page 3370

- w@ng Batch Analyses PRP-T production lot (industrial batches) 3143u 3 JUANSHEN NANS
nageutduluau acceptance criteria 114 Page 3371

- Weme Justification of specification ®14 Page 2957-2958, 3027-3028, 3088, 3134-3135, 3374-
3376

Reference Standards or Materials

Diphtheria

-an in-house flocculating standard for diphtheria (toxoid) calibrated against the International
Flocculation Standard for Tetanus (NINSC) fufi <-20°C

-the formaldehyde reference standard 34.5% to 38.0% w/w solution Lﬁuﬁqmwgﬁﬁm

Tetanus

-an in-house flocculating standard for tetanus (antitoxin) calibrated against the WHO reference AU
1 +5°C + 3°C

-the formaldehyde reference standard 34.5% to 38.0% w/w solution Lﬁuﬁ’qm%gﬁﬁm

Acellular Pertussis

-a copper sulphate solution Lﬁuﬁqmwﬂ”ﬁﬁm

-a bovine serum albumin solution w84 NIST LfdiU‘ﬁ +50C + 30C
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-in-house standards of native purified FHA and native purified PT AUfl 700C
-PT and FHA reference (NIBSC) LAu#l -200C
- a 25% slutaraldehyde solution AUT -200C

Hepatitis B

Control of Source and Starting Materials of Biological Origin (HBsAg)

Tuszuinaduneuniswan HBsAg 14 material #iléiann biological origin #e Sodium Deoxycholate (DOC)

WAmAIN Bovine bile Tag material dihwldlu Desorption buffer TasfinisaunuAmA AL Internal

specification Wag NA&EBU Bovine »13 Ph. Eur. 1483 and Ph. Eur. 5.2.8 Wag Certificate @1%5u DOC
Reference Standard %Qﬂqﬂ%ﬁmmm Certificate of Analysis lalA

1. Bovine Serum Albumin Reference Standard: used for the determination of protein content by

Lowry method

2. Sucrose Reference Standard: used to determine the carbohydrate content test

3. Lipid Reference Material: used for the lipid content test is an olive oil, highly refined, with low

acidity, provided by an external supplier

4. In-House HBsAg Reference Standard: According to WHO recommendation, the reference

standard to be used for HBsAg content on purified antigen could be a representative bulk of

known HBsAg and protein content or a highly purified preparation of HBsAg of known HBsAg and

protein content. The titre of the first two references (RA07/00 and L039) used during development

was determined by calibration against a batch of GenHevac vaccine.

5. Low Molecular Weight Marker Reference Material: provided by an external supplier, is used in

SDS-PAGE

6. Endotoxins Reference Material: E.coli endotoxin freeze dried powder purchased to an external

American supplier. The potency of this reference is determined against an international reference

standard by the method described on the guideline on validation of the Limulus amebocyte

lysate test published by the U.S. FDA

IPV

1. Type 1: Mahoney strain;

2. Type 2: MEF 1 strain;

3. Type 3: Saukett strain.

1a%avi 3 strainsiflonsa931A5189 Type 1, 2 and 3 Poliovirus Concentration
4. bovine serum albumin WiB34A5124 Protein content

5. bovine serum albumin reference standard 1e3LA1EY Bovine Serum Albumin Content
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6. The reference standard batch 28/01/99 uaz reference standard batch 11/07/07.\fte%@51% D-
antigen content %4 lot no. 11/07/07 reference standard aldidiaLot no. 28/01/99 reference
standard %uR

7. commercially available 34.5 - 38.0% w/w formaldehyde solution \fi9S1A31294 Residual
Formaldehyde Content

8. N13M37934AT184 Bacterial Endotoxins Content ldansunsgnsmuganagey

mimmgmﬁu’mmﬁ COA Lﬁ@ﬂ?UﬂﬂJﬂﬂJﬂ’lW

Haemophilus influenza type b

1. An internal lyophilized Haemophilus conjugate vaccine at 10 pg/vial (20 ug/ml after
reconstitution of vials with 0.5 ml of purified water) FAudl 2 - 8°C 1lun1snageu Identification
2. A compound of known MW molecules (Ph.Eur.) by external supplier lglunisnageu
Molecular size distribution WiouLans COA

3. A commercially ribose powder by external supplier Tlunisnageu Ribose content wia
beang COA

4. A commercially KH2PO4 dried powder by external supplier T4lunisnageau Phosphorus
content WiawLEAY COA

5. A bovine serum albumin solution by NIST or other official organization llun1snageau
protein content W3oULENY COA

6. Test kit by external supplier 16lun1smageu Endotoxin content wiauuans COA

7. A cyanide solution (1 ¢/L of cyanide in 0.1 M NaOH) by external supplier 1glun1svageu

Residual cyanides limit test

8. A commercially ADH powder by external supplier lolunisnageu Total and Free ADH
content WiaLAAY COA

9. In-house flocculation standard for Tetanus (antitoxin) calibrated AU International
Flocculation Standard for Tetanus (NIBSC) Aufl < -20°C Tlunnsveaeu flocculation titer

10. A commercially 34.5-38.0% w/w formaldehyde solution by external supplier lTtlun1snagau
Formaldehyde content wiesuans COA

11, Internal PRP-AH fins1u titer AUl < -70°C 14lunnsvnaeu free polysaccharide content

12. Internal lot of PRP-T ifiufi < -35°C uaz internal lot of tetanus protein fiud 2 - 8o Tlunns
NAFEDY free tetanus protein content

13. A commercially EDAC by external supplier lTtlun1svagau residual EDAC and EDU limit test
niouLAAY COA

14. A 90% phenol solution by external supplier llun1snagou Phenol content wW3iauuans COA
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15. A commercially sucrose powder by external supplier lalunisnageu Sucrose content wW3os
ey COA

Packaging and Container Closure System of the Drug Substance(s)

Diphtheria

-Intermediate Stability

-The CDT is stored in a stainless steel tank for up to 16 weeks at +50C + 30C.

Tetanus
-Intermediate Stability

-The CTT is stored in a stainless steel tank for up to 16 weeks at +50C + 30C

Acellular Pertussis

-Intermediate Stability

-The native purified PT and FHA antigens QﬂLﬁUIu 10L %59 1L (Type 1) glass vials fiu Polypropylene
caps at +50C + 30C for 48 months

Hepatitis B
Packaging

Primary Packaging: Type | glass flask (5 liters or 10 liters) use screw caps in polybutylene
terephtalate

Secondary Packaging: N/A

IPV
Composition of the Container-Closure System for Storage of the Crude Harvest, Concentrated
Purified Viral Suspension and Monovalent (Type 1, 2 or 3)

Haemophilus influenza type b
Stability of the Drug Substance(s)
Diphtheria

Intermediate Stability

-PDT 1Aulu polypropylene flasks iU polypropylene screw caps 14 FDA regulation Wag the
USP class VI test
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-PDT Stability Data @nw1 3 batches s1wazidean1u 3.2.5.7.3 Tun1svageu Protein nitrogen
content, Free Formaldehyde content, Flocculating Titer, Antigenic Purity, Irreversibility of toxoid,

Absence of toxin

(Specific toxicity) wag Sterility test ﬁmq 36 Liow LAUT +5°C + 3°C.

Tetanus
Intermediate Stability

-PTT vAulu polypropylene flasks iU polypropylene screw caps fnu FDA regulation Wag the
USP class VI test

-PTT Stability Data Ainwn 3 batches s18agidunnu 3.2.5.7.3 lun1snad@eu Protein nitrogen
content, Free Formaldehyde content, Flocculating Titer, Antigenic Purity, Irreversibility of toxoid,

Absence of toxin

(Specific toxicity) wag Sterility test ﬁmq 36 Liiow LAUT +5°C + 3°C,

Acellular Pertussis

Intermediate Stability

The native purified PT and FHA antigens Qmﬁ‘uiu glass vessels 1a 48 Lhou 7 +5°C + 3°C Imaﬁsﬁaga
AUAYUAINNTANYIANMUAIRITINIY 6 industrial-scale batches Tuusias antigen Twavidenn Y
3.25.24

Stability (Pertussis)

The Adsorbed Purified Filamentous Haemmaglutinin (FHA) and Adsoebed Purified Pertussis Toxoid
(PTxd) lu storage container type glass AUl 48 wWaw 7 +5°C = 3°C swanBunniu 3.2.5.7.3
Hepatitis B

fnw Stability Tu purification of HBsAg 3 batches sewfiasfulagaanuuunisinwndu 3 ane fviun
shelf-life ¥®4 Drug substance agj‘ﬁ 30 ewdlowiud 2-8°C Tu Glass flasks (type 1) sealed with
polybutylene terephthalate caps Falgnnnsfinen Characterisation Tu 3 batches wWiuiignfuns@nu
stability way parameter Aildlun1s@nudandly Table 1

Table 1. Study Parameters and Acceptance Criteria for the Stability Study 1 of Hepatitis B Surface
Antigen

IPV
Purlﬁed concentrate viral suspension: 91NN13ANY stability @017 normal cond|t|on Tu propylene
flask i +5°C + 3°C for 3 months laefnwly purified concentrate viral suspension VN 3 type, type
av 1 batch Tngnmadmseilufoud 0,1, 2 wAz 3 MUTIBATIU Specification of purified concentrate
viral suspension tngraidulumuneusifitinue

22



Monovalent: wisnisfnwnufiu 2 wuuilefwmn Shelf-life 483 monovalent 11 3 type 0g7l 36 Lfou
Tnenan1smsaiassidusal

1. Initial study Anw1lu Monovalent ‘1713\‘1 3 type, type 8¢ 3 batches nanluva Industrial batch W
mﬁﬁﬂw%ﬁaaﬁuaw Shelf-life vosAnfaIiil 36 Weuwailo 42 Weunan1snTadns ey vos
monovalent 4 3 types é’qmagﬂumwﬁﬁﬁ’muﬂ

2. Additional study @nw1lu monovalent ‘17?& 3 type, type @ 1 batch Inglunmag monovalent wgn
ylsiuavslagld chromatography IsiifieBusiu Shelf-life vowanfusidongldds 36 WWoudondniosi
shumu%’jumau Purification and Modification Reactions, Filling Storage and Transportation sﬁmﬂ“]
%umauﬁﬁﬁaﬁmuﬂmsmuau@mmwmm Process Validation and/or Evaluation wan1sAnwndulunu
inestnuesia 3 type ilensuioudt 36

Concentrated Purified Viral Suspension
d1m5u Concentrated purified viral suspension Aiulu Polypropylene flask ﬁqmwgﬁ 2-8°C uu 3
WauaNN1sAnE hudlsveday 1 lot AMuua Test Schedule (months): TO, T1, T2 and T3 lngnadau D-
antigen Content (sigmoid method) Protein Content, Purity (Specific Activity) Wwae Bacterial and
Fungal Sterility Test
Poliomyelitis Concentrated Trivalent

fmun Holding time gl 24 \oufigamail 2-80C Tnefinwn Stability Tu 2 containers TéuA
glass vials (150 L) #m3U European market Anwl 0, 6, 9, 12, 18, 24 wazdl 36 HoUNTIIIATIZN pH,
residual formaldehyde, D-antigen content (Sigmoid) uag sterility test 11 stainless steel mini tanks
(295 L) d1wu US market @nwift 0, 6, 9, 12, 18 uazi 24 1founsiainses Appearance, pH, residual
formaldehyde, D-antigen content (Parallel line), sterility test iag Endotoxin
Haemophilus influenza type b
1. Cetrimide Pellet: 3 industrial-scale batches PRP @nw1il 9 wou <-20°C fiuly stainless steel
container, Test parameter: ribose content, phosphorus content, protein content, nucleic acid
content, bacterial endotoxins content, pyrogen test, molecular size distribution, Haemophilus type
b identification test W&y residual moisture. Namiﬁﬂmaﬁuaﬂéuﬁ hold-time 9 ifiaw 7 <-20°C
2. Intermediate product: 3 lot AUfl <-20°C 3 iou Tu polycarbonate container, Test
parameter: ribose content, phosphorus content, protein content, nucleic acid content, bacterial
endotoxins content, pyrogen test, molecular size distribution, Haemophilus type b identification
test Uag residual moisture. Nan13ANWIANUAYY hold-time 3 LAoU 7l <-20°C
3. PRP: 6 PRP lot (PRP 3 lot, PRP-reprocess 3 lot) WAud <-35°C 66 Lo Tu glass container, Test
parameter: ribose content, phosphorus content, protein content, nucleic acid content, bacterial

endotoxins content, pyrogen test, molecular size distribution, Haemophilus type b identification
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test wag residual moisture. Nan15@NYY PRP 3 lot auuauu hold-time 60 Wiew 7 <-35°C way PRP-
reprocess LERIDNINTS reprocess lifinansenunennuANHARS N

4. PRP-AH: 6 PRP-AH lot (PRP-AH 3 lot, PRP-reprocess-AH 3 lot) wiufl <-35°C 24 iiiau lu slass
container, Test parameter: residual cyanide content, polysaccharide content, percentage of
polysaccharide linked ADH, free ADH/total ADH ratio, molecular size distribution ag Haemophilus
type b identification test nan15@Nw1 PRP-AH 3 lot atfuayw hold-time 24 1oy fl <-35°C WA PRP-
reprocess-AH WaAIENATT reprocess MITHANIENUADANATNNARN AU

5. PTP: 3 PTP lot Lﬁiﬁ‘ll 2 - 8°C 18 whou Tu polypropylene container, Test parameter: protein
nitrogen content, total nitrogen content®, protein nitrogen/total nitrogen ratio*, OD280/0D260
ratio*, flocculating titer, antlgen purity, molecular size distribution, sterility* way irreversibility of
tetanus toxoid®* (*naaeufl TO uae ﬂmsh time point, “yaaaufl T9 ua finish time point) W&
nsfinyatiuayy hold-time 18 oy 712 - 8C (uellu page 2832 52y shelf-life 17 12 \piaw)

6. CTP: 3 CTP lot Wfiufi 2 - 8°C 15 iiiou Tu glass container, Test parameter: protein nitrogen
content, OD280/0D260 ratio, phosphorus content, residual free formaldehyde content,
flocculating titer, antigen purity, molecular size distribution, sterility, irreversibility of tetanus
toxoid, specific toxicity* Wag pyrogen (*vadaufl TO uae finish time point) mamaﬁnmaﬁuauu hold-
time 12 1o 71 2 - 8°C

7. PRP-T: iUl <-35°C 36 Wiiow Tu pol lypropylene flasks mmaua stability study ﬁuuauu 5
cases ausiay case NingUszasaniu mu

1) 3 industrial- scale batches @nwnl <-35°C 36 wiou Tu polypropylene flasks Lwaauuauu hold-
time 7 <-35°C 36 \fiow awAnu19N PTP fIndnan 2400 L industrial batch size (batch size JaqUi)
2) 3 industrial- scale batches @nwnl <-35°C 36 wiou Tu polypropylene flasks Lwaauuauu hold-
time 71 <-35°C 36 \flou GwAnL191n PTP AIRGn21n 1200 L industrial batch size (batch size 1) non-
reprocessed PRP

3) 3 industrial- scale batches @nwnl <-35°C 36 wiou Tu polypropylene flasks Lﬁaaﬁuauu hold-
time 1 <-35°C 36 \fiou BuAnL191N PTP AIRGA91N 1200 L industrial batch size (batch size 1) with
reprocessed PRP

a4) 3 industrial-scale batches @nw1fi <-35°C 36 Lmu Tu poLypropyLene flasks Lwaauuauu
validate the sterility maintenance wa¢ hold-time 7 <-35°C 36 \iiou JawAnN191n PTP fIndnaan 1200
L industrial batch size (batch size A1) non-reprocessed PRP

5) Accelerated storage condition Weuszflunansenuvesansmsiiuiidosuuluaniitivun
903 PTP-T findnu1an PTP findnann 1200 L industrial batch size (batch size W)

- Fudi 2 - 8°C 24 \fiau

- AUl 20 - 24°C 24 o
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dm5u Test parameter Usznaune phosphorus content on PRP-T, sucrose content,
protein/polysaccharide ratio, identification Hib and Tetanus, free tetanus protein content, pH,
sterility, molecular size distribution, high molecular weight conjugate polysaccharide content, free
polysaccharide content, wag irreversibility of tetanus protein

Han1sAnwIagly acceptance criteria %qaﬁuauu hold-time 71 <-35°C 36 \fiou for PRP-T

DRUG PRODUCT

Description and composition of the Drug Product
Drug product U89 Hexaxim Usegnaunig 6 Drug substances Aa PDT, PTT, 2-component acellular
pertussis (PTxd and FHA), IPV, HBsAg and Hib type b conjugated to PRP-T wagdl aluminium
hydroxide W adjuvant agﬂugﬂmaa liquid form Ui'i’wgag'iu single-dose type | glass vial or syringe
without needle (comply with WHO TRS 800 as amended &g monograph 2067 Ph.Eur.)
Description

Hexaxim vaccine 1Juyaduiilidl preservative wazidu liquid formulation SpTuil Route MlAe

intramuscular waztdu combines aluminium hydroxide as adjuvant Usgnausig six Drug Substances
il
» Purified Diphtheria Toxoid (PDT); is prepared from Corynebacterium diphtheriae strain
Detoxification is then performed using formaldehyde
» Purified Tetanus Toxoid (PTT); is manufactured from its respective toxin by formaldehyde
detoxification followed by purification and prepared from Clostridium tetani strain
« 2-component acellular pertussis (purified pertussis toxoid and purified filamentous
haemagglutinin); are then adsorbed separately onto aluminium hydroxide for stabilization
« Inactivated poliomyelitis trivalent concentrate; obtained by blending defined quantities of type 1,
type 2 and type 3 poliovirus monovalents. Each monovalent is manufactured separately.
« Hepatitis B surface antigen is produced by culture of a recombinant yeast of Hansenula
polymorpha strain. The HBsAg production consists of a fermentation process allowing high level of
intracellular expression of HBsAg under fully controlled conditions (derepression by reduction of
glycerol concentration and induction by addition of methanol)
» Haemophilus influenzae type b polysaccharide conjugated to tetanus protein.
YUIAUTIY: NABINTEAIWUTIY 1, 10 nszuan@aumla vuin 0.5 ua.
n3AUANAAN WY TATUTE19Bam Y World Health Organization (TRS 800 as amended) was

European Pharmacopoeia (Ph. Eur.), monograph 2067

Pharmaceutical Development
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SuusniaLn An initial formulation w&3U5U pH 111187 carbonate ions 8an AuNsITslEIy
optimized formulation L@ essential amino acids S19azld8AA U section 2.3.P.2

Formulation Development
The Hexaxim vaccine is a ready-to-use (i.e. liquid), preservative free hexavalent adjuvanted
combined vaccine \Juiagudnsuiin (aged from 6 weeks old) Tilnenisaanadu a single-dose
glass vial or syringe containing 1 human dose of 0.5 mL. Final Bulk Product (FBP) is prepared by
sequential addition of Drug Substances and excipients in a specific order to achieve a
homogeneous and consistent formulation prior to filling (into vial or syringe) efnwd
Immunogenicity kaz AUAIFIITOY hexavalent combination lawiiuseiRn1sAnelu paediatric
vaccines fil:
+ Especially liquid combination vaccines such as Tetravac (DTaP-IPV) vaccine and Pediacel (DTaP-
IPV-PRP-T) vaccine;
+ Reconstituted combination vaccines such as Pentavac (DTaP-IPV//PRP-T) vaccine;
+ Act-Hib (Hib) lyophilized vaccine indicated for the active immunization for prevention of invasive
Haemophilus influenzae type b disease
n13 development azLuUNITUMAZANEIDIN:
« The composition in terms of Drug Substances concentrations and adjuvant was defined to allow
the expected protection i.e.ABAINUEINITAUDY Drug substance fianunsaluds Target LagAINUEINT
Tun1snsedugliduiu
« The excipients composition was specifically studied and defined to find the best compromise to
satisfy two opposite quality attributes: to ensure a minimal PRP-T adsorption level while
maintaining a maximal HBsAg adsorption level (without impacting the depolymerized PRP level (>
20%));
« The sequence order for the addition of the Drug Substances and excipients was also specifically
studied to establish favorable conditions to ensure the targeted level of Drug Substances
adsorption onto the adjuvant over the combination shelf-life.
Tusewing 6 Bifinswmulaefnuily batches u1a lab-scale (100 mL and 555 mL) fswun
industrial scale (50 L to 250 L) saudan1swaiunnis Formulation Tusdosnansisil
« The aluminium hydroxide content; these previous experiences, sanofi pasteur has fixed the
aluminium content at 0.6 mg per dose, and find a suitable excipient composition able to maintain
both a low PRP-T adsorption level and a high HBsAg adsorption level.
« Active ingredients concentrations;
« The level of adsorption of the Drug Substances onto the aluminium hydroxide gel;

« The ionic environment (e.g. excipients composition and buffer composition)
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« The blending process, including the sequence of the Drug Substances introduction during
blending and the pre-adsorption of the HBsAg when preparing the Final Bulk Product. Sequence
Order of Drug Substances, Excipients Addition and Pre-Adsorption of

HBsAg Fadususnii combined with the aluminium hydroxide. ’i]’lmjjulﬂu PDT and PTT (PTxd and
FHA 2811713 adsorb U aluminium hydroxide nauwin Formulate) uag IPV fgavingme PRP-T
azawlu phosphate buffer and essential amino acids solution Wan13AN®Y % Adsorption levels 7
HBaAg, PDT, PTT, PTxd way FHA uazU3unes Ag #ilal Adsorb i 1PV uaz PRP @nwlu Final Bulk
Product Lots Produced at 555 mL Scale uag Drug Product Lots Produced at 555 mL Scale (Filled in
Vials) lifinanisfnunlu Syringe container man1s@nuiduluanunasifisivun

Manufacturing Process of the Drug Product

Manufacturing Process Development for the Preparation of the Final Bulk Product and the
Filled Product

Batch size:

- Batch size of Hexaxim Final Bulk Product (FBP) The batch size of the Final Bulk Product is
50 L to 250 L.

- Batch size of the Hexaxim Filled Product (FP): A FBP batch at the maximum 250 L may be
filled to provide theoretically a total of:

+ 500 000 vials which may correspond to one or several FP batches of variable size
depending on the production equipment capacity;

« Or 500 000 syringes which may correspond to one or several FP batches of variable size

depending on the productionequipment capacity.

Quality Control of the Drug Product
The control of the drug product complies with European requirements.
The tests and methods used to control the Final Bulk Product (FBP) and the Filled Product (FP).
Most Analytical Procedures for FBP and FP testing are compendial methods and are in line with
Ph. Eur. requirements. Since all in vivo assays are compendial methods, they were not specifically
validated for Hexaxim release testing for ethical reasons. Compendial tests for osmolality and
bacterial fungal sterility (FBP) as well as pH and bacterial fungal sterility have been validated.
Non compendial tests (Free formaldehyde content; Non-adsorbed PRP/Depolymerized PRP;
Percent adsorption - Diphtheria toxoid (Rocket); Percent adsorption - Hepatitis B (ELISA); Hepatitis B
In Vitro Relative Potency (IVRP) and D-antigen content (for FBP stage) as well as Aluminium content
and Identity tests (for FP) were validated according to ICH Q2 (R1).
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Initial formulation batch analysis data for 4 FBP lots and 7 FP lots were presented. For the
optimized formulation batch analysis data for 6 FBP and 6 FP lots (vials and syringes) are available.
The results presented demonstrate that all batches from the initial and optimized formulation
comply with the defined specifications and therefore fully support manufacturing consistency.
The justifications of the release profile for FBP and FP commercial batches and its associated
specifications are based on international requirements (Ph. Eur. monograph 2067, Ph. Eur.
monograph 0153 and TRS 927), statistical analysis of batch results and the company’s experience
with licensed vaccines such as Tetravac (DTacP-IPV), Pediacel (DTaP-IPV-PRP-T) and Act-Hib. All
results obtained with the optimized formulation batches meet these acceptance criteria.
Diphtheria potency limits set for Hexaxim are: Activity > 30 IU/dose, Lower fiducial limit (P = 0.95)
of the estimated potency > 20 IU/dose. The diphtheria component of Hexaxim therefore is
considered compliant with both WHO (Technical Report Series No. 927,2005) and Ph. Eur.
requirements [monograph 01/2008:2067, Diphtheria, Tetanus, Pertussis (Acellular, component),
Hepatitis B (rDNA), Poliomyelilitis (inactivated) and Haemophilus influenza type b conjugate vaccine
(Adsorbed)].

Stability of the Drug Product
Stability studies were conducted to support the comparability of the initial and the optimized
formulation.
In general, the results of the five stability studies support the shelf-life of the FBP and the FP and
the storage conditions as defined in the SPC.
The studies were conducted using FBP manufactured at Marcy UEtoile (MLE) and Drug Product
filled in single-dose syringes without needle at MLE and in single-dose vials at Val de Reuil (VDR)
and Anagni. The design and test program of the stability studies was in general satisfactory and
the FBP and FP met the relevant requirements supporting the proposed shelf-life of the vaccine of
36 months when stored at +5°C + 3°C.

BASED ON THE RESULTS THESE QUALITY ASPECT COULD BE ACCEPTED

2.3 Non-Clinical aspects

N15AN¥IN19 Non Clinic Qmﬁméjﬂqﬁal,t,mmﬁﬂmmﬂ

« WHO guidance on Nonclinical evaluation of Vaccines

+ Note for guidance on preclinical pharmacological and toxicological testing of
vaccines, EMEA, CPMP/SWP/465/95
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Yoyan1e Non Clinic granladn1sAnwidail

1. Pharmacology

Primary Pharmacology Studies of Hexaxim
Study: Antigen Interference Study between HBSAg and PRT-T

Place:

Naval Medical Research Institute (NMRI)

Species:  Mice

2. Primary Pharmacodynamics fimsvhnsanwged
Diphtheria Potency in Guinea Pigs Ingnisanindufiednu Potency Ta3Antigen usiazuil
191984 Diphtheria Toxoid W3ULIBUAU reference vaccine
Tetanus Potency in Mice ﬁﬂw%ﬁam Potency U839 Tetanus vaccine Wlguigunu Tetanus
reference standard
Pertussis Immunogenicity in Mice 13gutisu Acellular Pertussis fiu Reference vaccine
Activity of Pertussis Vaccine on bacterial Challenge in Mice Ainw1 Activity U84 Pertussis
vaccine 79 Bacterial challenge (Bordetella pertussis) Tu mice
Poliomyelitis Immunogenicity in rats Anw Poliomyelitis Immunogenicity 114‘1/115 Rat
WIBuBUAU reference vaccine
Haemophilus Immunosgenicity in Mice Ainwn Immunogenicity s[,umg mice
Hepatitis B Potency Anwlaan1san Hep B surface antigen WIBULBUAU reference

vaccine

8. Primary Pharmacodynamics Immunogenicity of - Hepatitis B and Haemophilus

Influenzatype b antigens within Hexaxim (in mice) \e@nw1gi13in155uniuiu (Antigenic

Interference) 5¥1379 HBsAg iU PRP-T (Polyribosyl Ribitol Phosphate conjugated to the

tetanus protein) {i9g31 Humoral response Ya3wsaz Antigen 1uagnsls ann1sAnwilinunis

JUNIU Anti-PRP 1gG response

Secondary Pharmacodynamics lailavinnsfinmn
Safety Pharmacology lailpvinisAnmn

Pharmacodynamic Drug Interactions lalpvinnsAnm

Y v oA

nsAnwviansatsiuinan1sAinwinuiriaduiiinanisnszdunisiinglauiuneglunauei

gousula

n15ANY Toxicology
General Toxicity 3n15An®A
1. Repeat dose toxicity 3l 2 n15@nwrlunszr1uLiiog Systemic toxicity ag local

tolerance WagnIsn@UaLBINNANAULUU Humoral immune response (HIR) lagn1sandndu Liigu
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U saline MsAnwIALTEUNMSANL EMA, WHO suideline nnsanwmudnlaisl Premature death 'l
#1 adverse clinical signs laifinane body weight, food consumption, Local tolerance study Tu
nszAnefisunsiidnTaTuludn inaastuiadany minimal -mild erythermna/ edema Tu 2 dose
Ej@lﬁ’m Fafu typical host reaction #ina1shUanyasy WJu local inflammation il persistent
changes L% macrophage aggregates U3naiian

2. Genotoxicity studies liifinsfnwifiosaindruusznauresiadulaidl new raw material,
new adjuvant lifiansnnAnslunsgsuiun1snan

- Yo oy ) & Yy a < v 9wy
“?NLSJEJE;}L%U?%qmu1ﬂiﬂ°lla¥aﬁlqﬂﬁdﬂﬁzﬂﬂ‘Uﬂ']iLLazﬂ']i%LLﬁNLLE‘I'JSJﬂ'J']%JLWNEJEJSJ'iU‘lﬂ

BASED ON THE STUDIES DESIGN AND RESULTS THESE NON-CLINICAL ASPECT COULD BE
ACCEPTED

2.4 Clinical aspects

[

NNSANYINIARDNUTLNOUMILNISAN®N EFFICACY & SAFETY #iaii

Clinical efficacy

Primary vaccination studies

Phase II:

® Study A3L02 in Argentina also uses acellular Pertussis and inactivated Polio
components in the comparator. No BCG was given at birth. Corresponding booster
study: A3L16.

Non-inferiority for all valences.
Phase llI:
® Study A3L04 contains one study arm with infants that have been vaccinated against
Hepatitis B at birth (Peru sites only). Here again OPV is used in the comparator group.

This is the largest study with safety as primary objective.
Descriptive immunological results for HepB in subset (no HepB at birth) only.

® Study A3L10 is the only European study. It uses acellular Pertussis and inactivated
Polio components in the comparator. BCG vaccination at birth was allowed.
Corresponding booster study: A3L22.
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Regarding primary vaccination: Non-inferiority for HepB, descriptive

immunological results for all other valences.

® Study A3L11 assessed consistency in the production of Hexaxim. Here, three batches
were tested against the comparator Infanrix hexa (acellular Pertussis and inactivated
Polio components). BCG vaccination at birth had been given. Corresponding booster
study: A3L21.

Regarding primary vaccination: Non-inferiority for D, equivalence testing for3

batches descriptive for all antigens.

® Study A3L12 aimed to assess the concomitant use of Hexaxim with Prevenar 7. It used

the comparator Infanrix hexa (acellular Pertussis and inactivated Polio components).
The impact of the concomitant use on the Prevenar serotypes was not assessed.

Non-inferiority for HepB and PRP, descriptive immunological results for all other

valences except Prevenar-serotypes.

® Study A3L15ps uses OPV and a whole-cell Pertussis containing vaccine as a comparator

to Hexaxim. It is the only study in Africa. BCG vaccination at birth had been given.
Corresponding booster study: A3L15bo.

Regarding primary vaccination: Non-inferiority for D, T, HepB, PRP + Polio,

descriptive immunological results for FHA and PT.

® Study A3L17 assessed the immunogenicity and safety of Hexaxim close to the end of
shelf-life. Additionally, the immunological effect of the local practice, to vaccinate
pregnant women against Diphtheria and Tetanus, on infants in Peru is looked at. The
comparator Infanrix hexa (acellular Pertussis and inactivated Polio components) is
used. BCG vaccination at birth had been given.
Non-inferiority for HepB only, descriptive immunological results for D and PRP.

Booster studies
Phase |
® |n A3L01, is a small study (Phase ), where a booster of Hexaxim has been compared
to a booster of Hexavac.
Descriptive immunological results for all valences pre- and post-booster.

Phase I
® |n study A3L16, follow-up study of A3L02 (Hexaxim vs. Pentaxim +Engerix), the booster

was Pentaxim.
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Descriptive immunological results for all valences pre- and post-booster.

Phase llI
® |n study A3L22 it has been evaluated whether a booster with Hexaxim is similarly
immunogenic even if the priming has been done with Pentaxim plus Engerix.
Descriptive immunological results for all valences pre- and post-booster.

® |n A3L21 it has been evaluated whether a booster with Hexaxim is immunogenic even
if the priming has been done with Infanrix hexa.
Descriptive immunological results for all valences pre- and post-booster.

® |n A3L15 4 doses of Hexaxim have been compared to 4 doses of CombActHib + 3
doses of Engerix (no Engerix booster in the second year of life). Concomitant use of
MMRV.
Descriptive immunological results for all valences pre- and post-booster.
Immunogenicity was used as a primary endpoint in all 12 studies, except for A3L04 (safety

study).
Seven studies have been performed in healthy infants (priming) and 5 in healthy toddlers

(booster studies).

Clinical safety

In view of the study design, safety was a secondary objective for all clinical studies submitted,
except study A3L04 where the safety was a primary objective.
Patient exposure
Overall there were 12057 doses administered in these studies:
® 10546 doses were administered to 3631 infants in the 7 primary series trials. Of them,
3434 subjects received a full 3 doses Hexaxim primary series, and completed the
studies.
® 1511 doses were administered to toddlers in 4 booster studies. Of the 1511 subjects

who received a booster dose, 1243 had been primed with Hexaxim.

BASED ON THE STUDIES DESIGN AND RESULTS THIS CLINICAL ASPECT COULD
BE ACCEPTED

2.5 Pharmacovigilance (If applicable)
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N/A.

2.6 Overall Conclusion on Risk/benefit Assessment and Recommendation
Efficacy
NaM3ANINSNIEAuUYRALAUYeIATY Hexaxim wudlimsnseduniiduiuiiveusuld
Safety
HansAnwIAUANUUaenienuIdiauUasnsiy
Benefits & Recommendations
devszneufudeyafituasinnsanuduiiuiinfuiliivssansnmuazanulaenfoifioawe
finsanudiiszlevinnnianudes wiegilsAnmugueynmfesiiiiunisinnuaiuuasadonui

L)

bUUNN
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