EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

11 March 2021 c®

EMA/158424/2021 *
Committee for Medicinal Products for Human Use (CHMP) {\

Assessment report {,Q

COVID-19 Vaccine Janssen /b

Procedure No. EMEA/H/C/005737/0000
O
Note QO

Assessment report as adopted by the CHMP with all information of a commercially confidential

nature deleted. (

Official address Domenico Scarlattilaan 6 e 1083 HS Amsterdam e The Netherlands
Address for visits and deliveries Refer to www.ema.europa.eu/how-to-find-us
Send us a question Go to www.ema.europa.eu/contact Telephone +31 (0)88 781 6000 an Union

© European Medicines Agency, 2021. Reproduction is authorised provided the source is acknowledged.


http://www.ema.europa.eu/how-to-find-us
http://www.ema.europa.eu/contact

Table of contents

1. Background information on the procedure.........cccciiiiciicincrresnssnne e 11
1.1 Submission Of the dOSSier.....viiii i e 11
1.2 Steps taken for the assessment of the product...........cccoiiiiiiiii e é 13
2. Scientific diSCUSSION .....ccccciiiiiiirrs Q,l 15
2.1. Problem statement ......ccoiiiiiiiiii e & 6 ......... 15
2.1.1. Disease Or CONAItION.. . ciiiiiiiiii i e e r s r e eans \ ............ 15
2.1.2. Epidemiology and risk factors.........ccociiiiiiiiiiiiini @ ................. 15
2.1.3. Aetiology and pathogenesis ........ccoviiiiiiiiiiiiicii ~Q.. ..................... 15
2.1.4. Clinical presentation and diagnosis .........ccocveiiiiiiiiiiiennnne. & ....................... 16
0 BT - g =T 1= 1 4 =Y o PP 0 ........................... 16
2.2. Quality @SPeCS vivviiiiiii i e - Oy A 19
2.2.1. IntroducCtion ... e ,D ............................... 19
2.2.2. Active substance .......ccviiiiiiii k ..................................... 19
General information ... @ ....................................... 19
Manufacture, process controls and characterisation...... Q .......................................... 20
SPeCifiCation....ci i o e 27
StabIlitY e, Q ............................................... 28
2.2.3. Finished medicinal product................... " O ................................................... 28
Description of the product and Pharmaceutical deveélopment .......ccoviiiiiiiiiiiiiiiin i 28
Manufacture of the product and process con .......................................................... 31
Product specification ......cooiviiiiii e N 33
Stability of the product................... P S PP 35
Post approval change management (o] 1 6] R 36
Adventitious agents..................... @ ...................................................................... 37
GMO. . \) ......................................................................... 38
2.2.4. Discussion on chemical,é pharmaceutical aspects........ccveiiiiiiiiiiiii 38
2.2.5. Conclusions on the c@cal, pharmaceutical and biological aspects ...................... 41
2.2.6. Recommendations uture quality development.......ccooiiiiiiiiiiii 42
ARG T o] o Bl I or=1 B= 1= o <Tol X PP 43
2.3.1. Introduction\ ............................................................................................. 43
2.3, 2. Pharmacol 0@ . T oot 44
2.3.3. PharmacokiimeliCs. .. .ot e 50
B0 B S e 3 q el | 1 Vs ) S 51
2.3.5. Ecgtaxicity/environmental risk assessment ............cooiiiiii 53
2.3.6. ksion 0N NON-CliNICal @SPECES....iviiiiiii i 54
Pharm [my ........................................................................................................... 54
Ph r@kinetics ...................................................................................................... 55
%&ogy ............................................................................................................... 56
2.3%7. Conclusion on the non-clinical @SPeCES....civiiiii i e e e e 56
A B O [ g Y Tor= 1 B= 1= o 1= ot o PP 57
722 30 R o L o Yo [T o 1 P 57
A B A o 1= o 1 g =Tl ] (] =] o [t PP 66
A T o 1= a 1= [ele o AV 1= 1 4 Y (ol PP 66

Assessment report
EMA/158424/2021 Page 2/218



2.4.4. Discussion on clinical pharmacology .....cuviiiiiiiiii i e e 83

2.4.5. Conclusions on clinical pharmacology ...c.viviiiiiiii e ea 88
AT O [T g T Ter= | I § T or= TN A PP 88
2.5.1. D0SE resSpONSE SEUAY(IES) tuviutiutitiitiitiitiaesitsateaseateae s rie e sarsaesaesaesanaananns 89
2.5.2. MAIN SEUAY(IES) v rvrererereesreeereseeeeeeseeeeeseeseeseeeeeseeeeeeeeeeeeeeeeereeeeeaeen, b..89
2.5.3. Discussion on clinical effiCacy ....cuoiviiiiiiiiiii e %t 135
2.5.4. Conclusions on the clinical efficacy.....c.cccviiiiiiiiiiiii Q’ 143
2.6. Clinical safely ..viiiiii i e % ....... 144
2.6.1. Patient @XPOSUNe .ot e e {\ .......... 144
2.6.2. AdVErSE BVENES ittt i @ ............... 146
2.6.3. Immediate adVverse VeNES.......vovvviiriiriiiiiiiei e Q .................. 157
2.6.4. Serious adverse event/deaths/other significant events........... %\I ..................... 157
2.6.5. Adverse Events of INtErest........veeeeervrrenieereerrieieereesineenss 0 ......................... 159
2.6.6. Laboratory findings ......ccoviiiiiiiiii i P e e 161
2.6.7. Safety in special populations.........ccocviiiiiiiiiiiiiii ’b ............................. 162
2.6.8. Immunological events ........c.coeeiiiiiiiiii e k ................................... 166
2.6.9. Safety related to drug-drug interactions and other i@ctions ........................... 166
2.6.10. Discontinuation due to adverse events .....ccooe el e 166
2.6.11. Post marketing experience........ccovvvvvinvvinn. 0N I A 166
2.6.12. Supportive clinical safety data of vaccine usi he Ad26 Vector.........coeevvinennnen. 167
2.6.13. Discussion on clinical safety ............... \ .................................................. 170
2.6.14. Conclusions on the clinical safety ....c.iiiiiiiiii s 179
2.7. Risk Management Plan ......ccoviiiiiiiiecc Qe dh 180
2.8. Pharmacovigilance.............c.cvenen. Q ............................................................ 192
2.9. NeW AcCtiVe SUDSEANCE.....ii i et e raanaas 192
2.10. Product information .............. KJ ................................................................. 193
User consultation.........ccocvvivvnnnnn. (J .................................................................... 193
Labelling exemptions.............} 0 ....................................................................... 193
Quick Response (QR) code..... b ........................................................................... 196
Additional MONITOMING ..o i e e e 196
3. Benefit-Risk Bal g ........................................................................... 196
3.1. Therapeutic C teQ ...................................................................................... 196
Disease or conditiox ............................................................................................ 196
Available therapie@d unmet medical Need .....ocviiiiiii 197
7 F= 1T g Tl T o= Y I o o = 197
3.2. Favourﬁl?e FECES vt eeeeeeeeeeeeetesee et e e eeeeee et e et e et et et et e et e et et et et et e et e et e et et en e 197
3.3.Un ‘Ni es and limitations about favourable effects.........cccoviiiiiiiiiiiini 199
3.4. Un FAblE EffEC S o i 201
o
3.7.1. Importance of favourable and unfavourable effects.........ccviiiiiiiiiinin 205
3.7.2. Balance of benefits and MiSKS.....iviiiiiiiiiii i e 206
3.7.3. Additional considerations on the benefit-risk balance ............ccoeiiiiiiiiiiiii 206
G T o T Tof 1] o 1= PP 208

Assessment report
EMA/158424/2021 Page 3/218



4. RecOmMMENdatioONS cuuuieeeeeeeeeeeemnsasssssssssssssssssssnsnsnsssssssassnssnsnssnnnnnnnnnnnns 208

L I O LW oo o = PP 208
4.2. Conditions or restrictions regarding supply and USE .......iciiiiiiiiiiiii i i 208
Annex I - List of Recommendations (RECS) .......cciuiiiiiiiiiiiiii e e e e 210

Assessment report
EMA/158424/2021 Page 4/218



List of abbreviations

Ab antibody

ACE-2 angiotensin-converting enzyme 2 b
ACE2 angiotensin-converting enzyme 2 @
Ad26 adenovirus type 26 . %

Ad26 Adenovirus Serotype 26 {\
Ad26.COV2.S Adenovirus type 26 encoding the SARS-CoV-2 spike glycoprotei O

ADCP antibody-dependent cellular phagocytosis

ADEM acute disseminated encephalomyelitis 0

AdVac adenoviral vaccine

AE adverse event {
AEFI adverse event following immunisation QQ
AESI adverse event of special interest Q

AEX Anion exchange chromatography O

AEX Anion exchange chromatography \

AF4 MALS Asymmetric flow field-flow frac&gn with multi-angle light scattering detection
AR adverse reaction

AS Active substance (&

BARDA Biomedical Advanced,ReSearch and Development Authority
BMI body mass index b

BOD burden of dis Q

BSE Bovine sp@g'm encephalopathies

CBER Centew Biologics Evaluation and Research

CCIT Con r closure integrity tests

CD ‘@r of differentiation

CDC L4 nters for Disease Control and Prevention

CHMP b Committee for Medicinal Products for Human Use

CI confidence interval
@ Critical material attributes

cMA(A) Conditional Marketing Authorisation (Application)
CMC Chemistry, Manufacturing and Controls
CMV Cytomegalovirus

Assessment report
EMA/158424/2021 Page 5/218



co
COPD
COVID-19
CoVPN
CPPs
CQA
CSR
CT
DLS
DNA
DRM
DSMB
DVT
EBOV
ECDC
ECMO
ELISA
ELISpot
EMA
EOSL
EU

EU
EUA
FAS
FDA

FIH

FP
&
G

GMC

GMO

GMOs

clinical overview

chronic obstructive pulmonary disease
coronavirus disease-2019, caused by SARS-CoV-2
COVID-19 Prevention Network

Critical process parameters

Critical quality attributes

clinical study report

clinical trial

Dynamic light scattering

deoxyribonucleic acid

Development reference material

deep vein thrombosis

Zaire ebolavirus Q

Data Safety Monitoring Board é
European Centre for Disease Preven@ Control

Extracorporeal membrane oxygenation
Enzyme linked immunosorbent
enzyme-linked immunosp%jsa
European Medicines Age@y/

End-of-shelf-life 2 0

ELISA units

Endotoxin ur{o

Emergen Authorization
Full Analysis Set

R&@ Drug Administration

in-human

FOIA 2’\(Jreedom of Information Act

Finished product

Good Clinical Practice
geometric mean

geometric mean concentration
Genetic modified organism

Genetically modified organisms

Assessment report
EMA/158424/2021

Page 6/218



GMP Good Manufacturing Practice

GMP Good manufacturing practise

GMS Global Medical Safety

GMT geometric mean titer b

GSDR Global Safety Database Repository @
%)

HBCD 2-hydroxypropyl-B-cyclodextrin

HCP Host cell protein O
HEK Human Embryonic Kidney Cells Q

HER Human embryonal retina

HIV human immunodeficiency virus 0
I1C50 50% inhibitory concentration @
ICH International Council for Harmonisation é

ICH International Council for Harmonisation of Teml Requirements for Pharmaceuticals

for Human Use Q
ICS O

intracellular cytokine staining
ICU intensive care unit \
ID-PCR Identity polymerase chain reactioo

IFN interferon

IL interleukin C&
IM intramuscular(ly) 0

IND Investigational Ne g

IPC In-process co

iPSP Initial pedi %%tudy plan

IU / Inf.U. Infec%ﬁs

LC-MS LiqL@romatography mass spectrometry

LOD ol\@f detection

LVHD * (}rge volume high density

N

MAAE medically-attended adverse events

M S@ Multi-angle light scattering

Master cell bank

MERS Middle East respiratory syndrome

MERS-CoV Middle East respiratory syndrome coronavirus

MHRA Medicines and Healthcare Products Regulatory Agency
MIS multisystem inflammatory syndrome

Assessment report
EMA/158424/2021 Page 7/218



MRU Medical Resource Utilisation

MS-PP Mass spectrometry based semi-quantitative protein profiling
MVS Master virus seed

n/a not applicable b
nAb neutralising antibody @
NGS Next-Generation Sequencing @

NHP non-human primates §
NIH National Institutes of Health \Q

NLT Not less than &

NPTII Neomycin phosphotransferase II ®0

ows Operation Warp Speed

PACMP Post-approval change management protocol é
PAR Proven acceptable ranges Q
PBMCs peripheral blood mononuclear cells Q

PC Polycarbonate \O

PCR polymerase chain reaction

PCR Polymerase chain reaction QO

Ph. Eur. European Phamacopoeia &

PPI per protocol immunoger@set

PPQ Process performa e@ﬁcation

PRM Primary referenc rbarial

PV Process verifj Q

QC Quality C I

QPA Quantitative PCR based potency assay

QTPP Quali arget Product Profile

RCA .antion competent adenovirus

RCB ’\(-(esearch cell bank

ResMat Research material

R @ Reference material

R ribonucleic acid

RP-HPLC Reversed phase high performance liquid chromatography
RP-UPLC Reverse-phase ultra-high-performance liquid chromatography
RSF Residual seal force

Assessment report
EMA/158424/2021 Page 8/218



RSV
RT-PCR
S

SAE
SARS
SARS-CoV
SARS-CoV-2
SARS-CoV-2
SAWP
SDS-PAGE
SmPC

SmPC

SMQ

SOC

SSG
SV-AUC
TGE-ELISA
Th(1/2)
T™MB
TSE

UK

us
VAED
VAERD
VE

VNA

Vp

VP

v &

WHO
WRM

Wt

respiratory syncytial virus
real-time reverse-transcriptase polymerase chain reaction S Spike
Spike

serious adverse event

severe acute respiratory syndrome

severe acute respiratory syndrome coronavirus
severe acute respiratory syndrome coronavirus-2
Severe acute respiratory syndrome coronavirus 2
Scientific Advice Working Party

Sodium dodecyl sulfate polyacrylamide gel electrophore 0

%

S
\OQ

Sedimentation velocity analytical 6centrifugation

Transgene expression enzyme@

T helper (cells) (type 1/type 2)

3,3,5,5-tetramethy|benz@
Transmissible sporzi@encephalopathies

United Kingdom

summary of product characteristics
Summary of the Products Characteristics
standard MedDRA query

System Organ Class

Statistical Support Group

immunosorbent assay

United State

vaccine-a ted enhanced disease

vaccinesgssociated enhanced respiratory disease

efficacy

\@

ﬁ neutralisation assay
. Q .

\ irus particles

Viral particle or virus particle
Working cell bank

World Health Organisation
World Health Organization
Working reference material

wild-type

Assessment report
EMA/158424/2021

Page 9/218



WEtVNA
WVS

yoa

wild-type virus neutralisation assay
Working virus seed

years of age

Assessment report
EMA/158424/2021

Page 10/218



1. Background information on the procedure

1.1 Submission of the dossier

The applicant Janssen-Cilag International NV submitted on 15 February 2021 an application fo
marketing authorisation to the European Medicines Agency (EMA) for COVID-19 Vaccine Jans:b
through the centralised procedure falling within the Article 3(1) and point 1 of Annex of Redgufation
(EC) No 726/2004. The eligibility to the centralised procedure was agreed upon by the E HMP on

28 July 2020. {\
a

The applicant applied for the following indication: *COVID-19 Vaccine Janssen&ed for active
immunisation for the prevention of coronavirus disease-2019 (COVID-19) ing# greater than or

equal to 18 years of age. The use of the vaccine should be in accordance % icial
recommendations.’

The legal basis for this application refers to: k
Article 8.3 of Directive 2001/83/EC - complete and independ@plication

The application submitted is composed of administrative i@a on, complete quality data, non-
clinical and clinical data based on applicants’ own tests @s udies and/or bibliographic literature
substituting/supporting certain test(s) or study(ies).

Information on Paediatric require Q

Pursuant to Article 7 of Regulation (EC) NKZOUZOOG, the application included an EMA Decision(s)
P/0059/2021 on the agreement of a paediat®i€ investigation plan (PIP).

At the time of submission of the a p@n, the PIP P/0059/2021 was not yet completed as some
measures were deferred. 6

Similarity {O

Pursuant to Article 8 of Re tion (EC) No 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicangdid not submit a critical report addressing the possible similarity with
authorised orphan r@inal products because there is no authorised orphan medicinal product for a
condition reIated@e proposed indication.

*

/4

Applicapt@quest for consideration

Conditional marketing authorisation

pplicant requested consideration of its application for a conditional marketing authorisation in
accordance with Article 14-a of the above-mentioned regulation.

New active Substance status

The applicant requested the active substance adenovirus type 26 encoding the SARS-CoV-2 spike
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glycoprotein (Ad26.COV2-S) contained in the above medicinal product to be considered as a new
active substance, as the applicant claims that it is not a constituent of a medicinal product previously
authorised within the European Union.

Scientific advice b

The applicant received the following scientific advice on the development relevant forsh 1 ation
subject to the present application:

Date Reference SAWP co-ordinég

N

24 April 2020 EMEA/H/SA/4470/1/2020/11 Dr Jens Reirthgrdty Dr Walter Janssens

4 May 2020 Clarification Letter Dr Jens R &dt, Dr Walter Janssens
EMEA/H/SA/4470/1/2020/11

9 July 2020 EMEA/H/SA/4470/1/FU/1/2020/111 Dr IngQSche//ens, Dr Walter Janssens

27 November 2020 [EMA/SA/0000047617 hannes Hendrikus Ovelgonne, Prof
itte Schwarzer-Daum

The scientific advice pertained to the following quality, @(:Qnical, and clinical aspects:
. The qualification of cell bank system

. Specifications and controls for cell bank syst@virus seed system, active substance (AS) and
finished product (FP)

. Comparability assessment between &55 3 clinical material and commercial vaccine

. AS and FP process validation app cb'

. Implementation of new AS a anufacturing sites

. The approach to define th@ Life for the final product

. Preclinical data requirer%ts before first in man

. The design of an embhy@-foetal and pre- and postnatal development study in the rabbit
. Nonclinical and@al package to support the start of the Phase 3 efficacy study

e The design @e
L 4

. The tim &to initiate paediatric studies and submit a paediatric investigation plan

hase 2 (VAC31518C0V2001) and the Phase 3 study (VAC31518C0OV3001)

L 4
Complian ith Scientific Advice
In ge "he applicant has taken into account the advice and comments provided by the CHMP on
th ity-related issues. More particularly, the control strategy and specifications proposed by the

ant in the MAA are largely in line with the recommendations provided.

Regarding the pre-clinical development, points raised were the use of platform data to support clinical
development in the absence of studies with an insert-specific vector, timing of Ad26.COV2.S repeat-
dose toxicity study, design and timing of EFD-PPND study, nonclinical pharmacology package to
support clinical development at different stages, and platform data on biodistribution to support MA in
the absence of insert-specific data. The submitted data are not in conflict with the provided advice.
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The applicant has sought scientific advice on the clinical data needed to proceed with the Phase 3
study (VAC31518C0V3001) as well as different aspects of the design of the Phase 2
(VAC31518C0V2001) and the Phase 3 studies. The points discussed during the SA are reflected in the

AR where appropriate.

COVID-19 EMA pandemic Task Force (COVID-ETF) @

In line with their mandate as per the EMA Emerging Health Threats Plan, the ETF undé@he
following activities in the context of this marketing authorisation application:
\Qprocedure based

eview procedure.

The ETF endorsed the Scientific Advice letter, confirmed eligibility to the rolling r:
on the information provided by the applicant and agreed the start of the rollin

Furthermore, the ETF discussed the (Co-)Rapporteur’'s assessment reports% lews and provided
their recommendation to the CHMP in preparation of the written adoption,rolihg review procedures.
The corresponding interim opinions were subsequently adopted by the@

For the exact steps taken at ETF, please refer to section 1.2. {
1.2 Steps taken for the assessment of @product
The Rapporteur and Co-Rapporteur appointed by th& were:

Rapporteur: Christophe Focke Co-Rapporteur: Sodiz

The appointed co-rapporteur had no such pro@

subject to the present application.

role in scientific advice relevant for the indication

)
The CHMP confirmed eligibility to the tralised procedure on 28 July 2020
The ETF recommended to start t lling review procedure on 26 November 2020
The applicant submitted do ation as part of a rolling review on 27 November 2020
non-clinical and clinical d support the marketing authorisation
application
&

The procedure (Rolli eview 1) started on 01 December 2020

The Rapporteur Assessment Report was circulated to all CHMP, 07 January 2021
Peer Review& ETF on
PN

PRAC d':ﬁ@s took place on 12 January 2021

The Ra eurs circulated updated Joint Assessment reports to all 13 January 2021
C@er Reviewer and ETF on

Q}scussions took place on 14 January 2021

Adoption of first Interim Opinion (Rolling Review 1 [non-clinical, clinical 15 January 2021
and RMP]) via 24 hour written procedure on

The Rapporteur's first Assessment Report was circulated to all CHMP, 21 Jan 2021
Peer Reviewer and ETF on
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The Rapporteurs circulated updated Joint Assessment reports to all
CHMP, Peer Reviewer and ETF on

28 January 2021

BWP discussions took place on

27 January 2021

ETF discussions took place on

Adoption of second Interim Opinion (Rolling Review 1 [Quality-ERA-
NAS]) via written procedure on

The applicant submitted documentation as part of a rolling review
(Rolling Review 2) on non-clinical data to support the marketing
authorisation application

22 Ja@/ 2021

The procedure (Rolling Review 2) started on

&ary 2021
AN

The Rapporteurs circulated the Joint Assessment reports to all CHMP,
Peer Reviewer and ETF on

N

@ February 2021

ETF discussions took place on {
72

16 February 2021

procedure on

Adoption of third Interim Opinion (Rolling Review 2) via writtfnw

22 February 2021

The application for the conditional marketing authorisati&w\as formally
received by the EMA on \

15 February 2021

~
O

The procedure started on

16 February 2021

The following GMP inspection(s) were reques Mhe CHMP and their
outcome taken into consideration as part of the Quality/Safety/Efficacy
assessment of the product:

1. Emergent Manufacturing Operatio s imore LLC, 5901 East
Lombard Street, Baltimore, MD SA (active substance
manufacture)

2. Grand River Aseptic ma ing (GRAM), Grand Rapids MI,
49504-6426, USA (finished{oduct manufacture)

3. Catalent Indiana LLC, 0 Patterson Drive Bloomington IN 47403,
USA (finished produ&anu acture)

1. 1st-4th February 2021

2. 25t-29th January 2021

3. 22" February-1st March
2021

The CHMP rapp and co-rapporteurs Assessment Reports were
circulated to P, PRAC, BWP, peer reviewer and ETF on

4 March 2021

The PRAC R@rteur s first Assessment Report was circulated to all
CHMP, \and ETF on

4 March 2021

ETF sions took place on

8 March 2021

MP rapporteur's and co-rapporteurs updated assessment reports
e circulated to all CHMP, PRAC, BWP, peer reviewer and ETF on

9 March 2021

BWP extraordinary meeting was held on

9 March 2021

The PRAC agreed on the PRAC Assessment Overview and Advice to
CHMP during an extraordinary PRAC meeting on

9 March 2021
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The CHMP, in the light of the overall data submitted and the scientific 11 March 2021
discussion within the Committee, issued a positive opinion for granting
a marketing authorisation to COVID-19 vaccine Janssen on

2. Scientific discussion Qj
&
2.1. Problem statement {

2.1.1. Disease or condition &\/Q

End of December 2019, World Health Organization (WHO) was informe Qa cluster of cases of
viral pneumonia of unknown cause in Wuhan, China. In mid-January Zg&ne pathogen causing this
atypical pneumonia was identified as a novel coronavirus, severe aﬁe respiratory coronavirus 2
(SARS-CoV-2) and genome sequence data were published. Sinc y the virus has spread globally
and on 30 January 2020 the WHO declared the outbreak a Publi Ith Emergency of International
Concern and on 11 March 2020 a pandemic. The pandemic is%ng despite unprecedented efforts to

control the outbreak. Q

According to ECDC, histologic findings from the lung 'n@e diffuse alveolar damage similar to lung
injury caused by other respiratory viruses, such as ME CoV and influenza virus. A distinctive
characteristic of SARS-CoV-2 infection is vascuIar@age, with severe endothelial injury, widespread

thrombosis, microangiopathy and angiogenesib

2.1.2. Epidemiology and risk @rs

As of 01 March 2021, there have e@er 113 million confirmed cases of SARS-CoV-2 infection
globally with approximately 2.5 mij eaths resulting from infection and subsequent coronavirus
disease (COVID-19). The major'b nfections result in asymptomatic or mild disease with full

recovery. g
Underlying health conditi h as hypertension, diabetes, cardiovascular disease, chronic
respiratory disease, chronic ney disease, immune compromised status, cancer and obesity are
considered risk facto developing severe COVID-19. Other risk factors include organ
transplantation and osomal abnormalities.

Increasing agé& 'Qother risk factor for severe disease and death due to COVID-19. European
countries t‘ha haye established surveillance systems in long-term care facilities (LTCF) have reported
that 5-6 N current LTCF residents died of COVID-19, and that LTCF residents accounted for up to
72% of VID-19 related deaths.

Indi i@ﬁ with high risk of exposure to SARS-CoV-2 due to occupation include healthcare and
lifle workers.

2.1.3. Aetiology and pathogenesis

SARS-CoV-2 is a positive-sense single-stranded RNA (+ssRNA) virus, with a single linear RNA
segment. It is enveloped and the virions are 50-200 nanometres in diameter. Like other
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coronaviruses, SARS-CoV-2 has four structural proteins, known as the S (spike), E (envelope), M
(membrane), and N (nucleocapsid) proteins.

The spike protein contains a polybasic cleavage site, a characteristic known to increase pathogenicity
and transmissibility in other viruses. The Spike is responsible for allowing the virus to attach tg and
fuse with the membrane of a host cell. The S1 subunit catalyses attachment to the angiotensi
converting enzyme 2 (ACE-2) receptor present on cells of the respiratory tract, while the S nit
facilitates fusion with the cell membrane. The spike protein is considered a relevant anti vaccine
development because it was shown that antibodies directed against it neutralise the vfngd it elicits
an immune response that prevents infection in animals.

It is believed that SARS-CoV-2 has zoonotic origins and it has close genetic simi rQo bat
coronaviruses. Its gene sequence was published mid-January 2020 and the vi bélongs to the beta-
coronaviruses.

Human-to-human transmission of SARS-CoV-2 was confirmed in Januar . Transmission occurs
primarily via respiratory droplets from coughs and sneezes and throug osols. The median
incubation period after infection to the development of symptoms igffour to five days. Most
symptomatic individuals experience symptoms within two to sev s after exposure, and almost all
symptomatic individuals will experience one or more sympto e day twelve. Common symptoms
include fever, cough, fatigue, breathing difficulties, and loss Il and taste and symptoms may
change over time.

The major complication of severe COVID-19 is acut e@tory distress syndrome (ARDS) presenting
with dyspnoea and acute respiratory failure that require® mechanical ventilation. In addition to
respiratory sequelae, severe COVID-19 has been d to cardiovascular sequelae, such as myocardial
injury, arrhythmias, cardiomyopathy and hearifai , acute kidney injury often requiring renal
replacement therapy, neurological complicatio uch as encephalopathy, and acute ischemic stroke.

2.1.4. Clinical presentation$ﬂiagnosis

The severity of COVID-19 varies. ease may take a mild course with few or no symptomes,
resembling other common upp ratory diseases such as the common cold. Mild cases typically
recover within two weeks, whij se with severe or critical diseases may take three to six weeks to
recover. Among those who { died, the time from symptom onset to death has ranged from two to
eight weeks. Prolonged p mbin time and elevated C-reactive protein levels on admission to the
hospital are associat&&ith sévere course of COVID-19 and with a transfer to ICU.

The gold standard d of testing for presence of SARS-CoV-2 is the reverse transcription
polymerase chaimreaction (RT-PCR), which detects the presence of viral RNA fragments. As this test
detects RNA M infectious virus, its ability to determine duration of infectivity of patients is limited.
The test ig@ly done on respiratory samples obtained by a nasopharyngeal swab, a nasal swab or
sputum @ .

2. “Management

The"management of COVID-19 cases has developed during 2020, and includes supportive care, which
may include fluid therapy, oxygen support, and supporting other affected vital organs.

Treatment of hospitalised patients encompass anti-inflammatory agents such as dexamethasone and
statins, targeted immunomodulatory agents and anticoagulants as well as antiviral therapy (e.g.
remdesivir), antibodies administered from convalescent plasma and hyperimmune immunoglobulins.
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These therapies have shown variable and limited impact on the severity and duration of iliness, with
different efficacies depending on the stage of iliness and manifestations of disease.

While care for individuals with COVID-19 has improved with clinical experience, there remains an
urgent and unmet medical need for vaccines able to prevent or mitigate COVID-19 infections during
the ongoing pandemic. Especially protection of vulnerable groups and mitigating the effects off

pandemic on a population level are desired. Although three vaccines for prevention of COV ere

approved recently, there is still an important need for additional vaccines to meet gIobaI@ ds.
0\

About the product {

replication-incompetent adenovirus type 26 (Ad26) vectored vaccine encoding,a severe acute
respiratory syndrome coronavirus 2 (SARS CoV 2) spike (S) protein.

COVID-19 Vaccine Janssen (also referred to as Ad26.COV2.S) is a monoval@&mbinant,

Wild-type adenovirus serotype 26 (Ad26) consists of non-enveloped vi which encode the
adenoviral proteins. The dsDNA molecule is encapsulated by an icosaghedral protein structure.
The recombinant Ad26 vector Ad26.COV2.S contains a transgene encodes a modified full-length

SARS-CoV-2 spike (S) protein with stabilizing modifications, i.e ino acid changes in the S1/S2
junction that knock out the furin cleavage site, and 2 proline tutions in the hinge region.

Following administration of Ad26.COV2.S, the spike glycoprgtein of SARS CoV 2 is expressed,

stimulating an adaptive humoral and cellular immun se.

Ad26.COV2.S is administered intramuscularly as a single’dose of 0.5 mL (5x10%° vp, corresponding to
not less than 8.92 logio infectious units). O

Proposed indication: ‘COVID-19 Vaccine Jans is’indicated for active immunisation for the prevention
of coronavirus disease-2019 (COVID-19) wults greater than or equal to 18 years of age.

The use of the vaccine should be in acco@yce with official recommendations.’

The same Adenovirus type 26 (Ad or encoding the glycoprotein (GP) of the Ebola virus Zaire
(ZEBOV) Mayinga strain has been oved in Europe through Centralised Procedure (Zabdeno, INN:
ebola vaccine rDNA, repIicatio@ompetent; Procedure No. EMEA/H/C/005337/0000).

Type of ApplicationQd aspects on development

The applicant reque nsideration of its application for a Conditional Marketing Authorisation in
accordance withéi 14-a of Regulation (EC) No 726/2004, based on the following criteria:
I

balance is positive.

° The bene’ﬁ

Accordin f\ applicant, the efficacy, immunogenicity and safety data presented in their application
support urable benefit-risk profile for Ad26.COV2.S in the proposed cMA indication, i.e. for active
immu to prevent COVID-19 caused by SARS-CoV-2 in adults =18 years of age.

iS\ISsbased on evidence from the ongoing pivotal Phase 3 study COV3001 which examines the
e cy, safety, and immunogenicity of a single dose of Ad26.COV2.S in a diverse adult population =18
years of age, including adults =60 years of age. The applicant stated that the results for the primary
analysis, performed after at least 2 months (8 weeks) of follow-up indicate that Ad26.COV2.S is
effective against symptomatic COVID-19 and both co-primary endpoints of the study were met.
Vaccine efficacy (VE) (adjusted 95% confidence interval [CI]) for the co-primary endpoints against
molecularly confirmed moderate to severe/critical COVID-19 in participants who were seronegative at
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the time of vaccination was 66.9% (59.03; 73.40) when considering cases with onset at least 14 days
after vaccination and 66.1% (55.01; 74.80) when considering cases with onset at least 28 days after
vaccination, with consistent efficacy across age groups.

In addition, the applicant stated that Ad26.COV2.S is highly effective in the prevention of
severe/critical COVID-19, particularly in prevention of hospitalisation and death, across all co

and all ages. Vaccine efficacy (adjusted 95% CI) against molecularly confirmed severe/criti ID-
19 with onset at least 14 days after vaccination was 76.7% (54.56; 89.09) and increasedrto“85.4%
(54.15; 96.90) at least 28 days after vaccination. Vaccine efficacy against COVID-19 f% %
hospitalisation (including ICU admission, mechanical ventilation and ECMO) was 93.1% (95% CI:
72.74; 99.20) at least 14 days after vaccination and was 100.0% (95% CI: 74.26 .0) at least 28
days after vaccination.

Ad26.COV2.S group compared to 5 COVID-19-related deaths reported in cebo group.
Ad26.COV2.S, given as a single dose, is found to have an acceptable s and reactogenicity profile
in adults =18 years of age and did not raise safety concerns in any{ch ssessed populations that

Finally, according to the applicant, there were no COVID-19-related deaths Med in the
the Pba

are reflective of the target groups for vaccination, including adults €0 years of age and adults with
comorbidities (including comorbidities associated with an increased risk of progressing to severe/critical
COVID-19).

o It is likely that the applicant will be able to provide ce@ehznsive data.

The applicant intends to provide a comprehensive p —eting plan which is proposed to generate
additional data on long-term follow-up and in populations not yet studied. These data will be submitted
as they become available. O

° Unmet medical needs will be addressed. Q

According to the applicant, despite 3 vac s approved in the EU, the need for additional vaccines
remains high in the EU and globally as the virus continues to spread, with highly transmissible variants
continuing to emerge around the glo% € Janssen COVID-19 vaccine candidate, being single-dose,
easily transportable and stored, am atible with standard vaccine distribution channels could aid
to the further enhancement of the onse, to control this pandemic. In addition, Ad26.COV2.S is
highly effective in the prevent' severe/critical COVID-19 caused by newly emerging strains, such
as the 20H/501Y.V2 strain firs§ observed in South Africa and the P.2 variant first observed in Brazil.
This finding is especially ring since it can be expected that more variants will occur over time.

o The benefits to pM health of the immediate availability outweigh the risks inherent in the fact
that additional@are still required.

According to thg@?cant, a single dose of Ad26.COV2.S is effective against all symptomatic COVID-
19. Use of thig"vaecine could help to control the pandemic, to reduce the burden of disease and relieve
pressure ealth care infrastructure, in view if its high efficacy in prevention of severe/critical
COVID-1§pecially hospitalisation and death. In addition, the favourable storage conditions and

e

single@ gimen will simplify deployment of vaccination.
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2.2. Quality aspects

2.2.1. Introduction

The finished product (FP) is presented as a multidose suspension for injection containing not@than
8.92 log;o Inf.U (infectious units) per 0.5 mL dose, of Ad26.COV2-S (recombinant), the ade@ s type
26 vector encoding the SARS-CoV2 spike glycoprotein, as active substance (AS). E

2 4

Other ingredients are: 2-hydroxypropyl-B-cyclodextrin (HBCD), citric acid mono e, ethanol,
hydrochloric acid, polysorbate-80, sodium chloride, sodium hydroxide, trisodium ci dihydrate and
water for injections.

The product is available in a 2.5 mL multidose vial presentation (5 doses) i Qial pack. The type I
glass vials have a chlorobutyl stopper with fluoropolymer coated surfac@ inium crimp and blue

plastic cap. @
2.2.2. Active substance k

General information

The active substance, Ad26.COV2.S, is a recombinant, @%on—incompetent adenovirus serotype 26
(Ad26) encoding the severe acute respiratory syndro onavirus 2 (SARS-CoV-2) spike (S) protein.

Wild type adenovirus type 26 consists of non-en@ed virions, between 80 and 100 nm in diameter,
each containing a single linear molecule of dsD pproximately 35 kbp which encode the adenoviral
proteins. The dsDNA molecule is encapsulat& an icosahedral protein structure consisting of the
structural proteins II (hexon), III (pentor{IV (fibre), VI, VIII, IX, and IIIa. Core proteins V, VII, and X
and the terminal protein are directly aségd with the DNA molecule. The virus structure is shown in
Figure 1.

The recombinant Ad26 vector, A 0OV2.S, is replication incompetent after administration due to
deletions in the E1 gene (AE1 . The E1 deletion renders the vector replication-incompetent in
noncomplementing cells suclﬁ man cells. In Ad5 E1 complementing cell lines (e.g., HEK293, PER.C6
TetR and HER96 cells line virus can be propagated. In addition, a part of the E3 gene region has
been removed (AE3) to cr sufficient space in the viral genome for insertion of foreign antigens and
the Ad26 E4 orf6 hasnbeen exchanged by the Ad5 homologue to allow production of replication-
incompetent Ad26 \%rs in Ad5 E1 complementing cell lines.

The Ad26.CO\&®tor contains a transgene in the AE1A/E1B region which encodes a modified full-
length SARSQ( spike protein with stabilizing modifications (Figure 2). The wild-type full-length S
gene infEF\ (NCBI reference: YP_009724390.1) was obtained from a SARS-CoV-2 clinical isolate.

During ction of the recombinant vector the expression of the S antigen is silenced by the producing
cell li ER.C6 TetR cells). After administration of the vaccine, the S antigen will be expressed in
which will lead to an immune response.
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Figure 1: Schematic Representation of the Structure of the Ad26 Virion
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Figure 2: Schematic Representation of the A66.COV2.S Vector Genome
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Manufacture, process@‘rols and characterisation

The AS is manufactured b%wssen Vaccines & Prevention B.V. (Leiden, NL), Janssen Biologics B.V.
(Leiden, NL), and Emergent Manufacturing Operations Baltimore LLC (Baltimore, USA).

Janssen BiologicS§B.V. (Leiden, NL) and Emergent Manufacturing Operations Baltimore LLC (Baltimore,
USA). The cgi‘l tes have now been issued and the major objection resolved. All relevant active
substance“si ave valid manufacturing authorisations or valid GMP certificates as appropriate.

A Major objectio%@ised during the procedure for the absence of certificates of GMP compliance for

Descriz of manufacturing process and process controls

Th nufacturing process consists of ten stages: 1) pre-culture 2) cell expansion 3) virus production
iS’5) DNA precipitation; 6) clarification 7) anion exchange chromatography (AEX) chromatography

8) poblishing and buffer exchange 9) final adjustment and fill and finally 10) freezing of the AS.

Each preculture train (from large volume high density (LVHD) bag thaw through 10 L wave-mixed culture
used for inoculation of stage 2) originates from a single LVHD bag and is used to produce one batch of
AS.
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All steps of the AS manufacturing process are described in detail. The process starts with thawing of a
vial of the cell substrate. Cells are expanded and then inoculated with the recombinant adenoviral
construct. After virus production the cells are lysed and virus is collected. Purification steps include a
DNA precipitation step, a clarification, an anion exchange chromatography step and diafiltration. The
diafiltered product is then formulated and undergoes a 0.2 um filtration before filling in poly onate
bottles. No reprocessing is claimed. The active substance is stored below -40°C.

As regards the control strategy, the manufacturing process is controlled using process @ters and
in-process controls. Critical process parameters (CPPs) have been provided for the A@wufacturing
process which has been verified during AS process performance qualification (PPQ he proposed
operating ranges for the CPPs are acceptable.

Both a small scale process at Janssen Vaccines & Prevention B.V. (Leiden, NL), large scale process,
at Janssen Biologics B.V. (Leiden, NL) and at Emergent Manufacturing Oper, Baltimore LLC (USA),
are included in the marketing authorisation application. The small scale progesswill be used for the initial

commercial AS batches. Both small and large scale processes use tier%;us seed systems (including
master virus seed (MVS), working virus seed (WVS) and inoculum{AI irus seed material originates

from the same MVS batch.

of the defined ranges (action limits) will be investigated. inction is made between in-process
controls (IPC) with strict acceptance criteria and IPC with{pré@defined instructions. IPC results have to
comply with acceptance criteria. The methods used f and the method qualifications have been

described. \

The manufacturing process is performed in a quction facility at controlled room temperature.
Maximum process durations and processing te ures are defined. The combination of hold time(s)
and processing time(s) should not exceed the ximum process duration. Upon request, the applicant
provided data for lifetime and sanitisation@edures for the anion exchange chromatography material.

Quality of process intermediates is adequately controlled by iﬁzéss controls. Any excursion outside

See Figure 3 for a flowchart of the AS@ acturing process.
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Figure 3: AS Manufacturing Process Overview
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Control of material\Q
Raw materials @

Sufficient infoier on raw materials used in the active substance manufacturing process has been
submitted. Al \@ rials have been described in detail. Compendial raw materials are tested in
accordance Wit the corresponding monograph. For non-compendial raw materials, adequate
specifica x\re in place to control their quality. Composition of media has been provided. No raw
mater@ uman or animal origin are used in the AS manufacturing process.

Du ablishment of the virus seed, bovine serum has been used which was compliant to the effective
on of EMA/410/01 (European Commission: Note for guidance on minimising the risk of transmitting
animal spongiform encephalopathy agents via human and veterinary medicinal products), and thus does
not pose any risk for transmission of transmissible spongiform encephalopathies/bovine spongiform

encephalopathies (TSE/BSE).

Benzonase, which is used during AS manufacturing, is produced in bacteria. The fermentation medium
contains casein hydrolysate that is produced from bovine milk sourced from healthy animals from
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Australia and New Zealand. The material complies with the Note for Guidance EMEA/410/01 Rev. 3
(TSE). Casein hydrolysate is sterile filtered before its introduction into the fermentation medium. The
latter itself is sterilised additionally in the fermenter at 121°C, 1 bar for 35 min. Accordingly, there are
no risks with regards to extraneous agents (viral or microbial) contamination.

Cell bank system b

The PER.C6 cell line is used for virus production. The PER.C6 cell line was derived from huma bryonal
retina (HER) cells, which were rendered immortal by transfection with the Ilneargse@G E1A.E1B
plasmid. The construction of the PIG.E1A.E1B plasmid was extensively described. T N aration of
both, adherent and suspension PER.C6 cell banks as well as the generation and se of the PER.C6
TetR cell line and research cell bank (RCB) are well described. The PER.C6 Tet Qbank system has
been documented in detail and is in line with ICH Q5D and ICH Q5A (R1). Thi IMpank was derived to
optimise production of the recombinant virus. The repressor protein, which ressed by the PER.C6
TetR cells, blocks expression of the SARS-Cov-2 transgene during pr ion of the recombinant
adenoviral vector, thereby optimising vector production. @

The cell banking system is a tiered system, including MCB, WCB anq_tVHD. Information on storage and
stability testing of cell banks is provided. Extensive testing at dif] levels (PER.C6 cell bank system
and PER.C6 tetR cell bank system) has been performed which ims that the PER.C6 TetR master cell
bank (MCB) and working cell bank (WCB) have been proper lified. Testing of cell banks for viral
and non-viral adventitious agents and screening also for refroviruses has been sufficiently described and
is acceptable. Tumorigenicity and oncogenicity studies een performed on the PER.C6 cell line. It
is accepted that repetition of these studies with the P TetR cell line is considered not necessary in
line with WHO TRS 978 Annex 3 and ICH Q5D. Additional characterisation testing also confirmed correct
identity and genetic stability of the cell bank systbhe applicant also described the manufacturing of
future WCBs and LVHD cells. The proposed te@programme to qualify future WCBs and LVDH cells is

deemed adequate. &
Virus seed system ‘ )

Ad26.COV2.S vector by transfe of this plasmid into PER.C6 TetR cells. To generate the replication
incompetent Ad26.COV2.S vjfuslinearised pAd26.E1.CMVdel134-TO.COR200007 was transfected into
PER.C6 TetR cells from PE etR RCB N644-076. Two plaque purifications were performed to ensure

the single plaque origin of virus seed stocks. MVS 20E18-04 was prepared by infecting PER.C6 TetR
cells with pre-MVS EO 72. The crude harvest (MVS 20E18-04) has been stored in cryobags in a freezer
below -65°C. WVS -05 was prepared by infecting PER.C6 TetR cells with MVS 20E18-04. A new
WVS 964918 haﬁgn prepared for the large scale process. WVS 964918 (large scale) was generated
from MVS 20E by first generating Ad26.COV2.S intermediate virus passage (IVP) 20F11-04, which
was subsmuétl} used to generate WVS 964918.

Both sm large scale processed uses tiered virus seed systems. All virus seed material originates
from e MVS batch. Generation of the recombinant virus and production and testing of the MVS
an has been described in detail (identity, safety including testing for sterility, mycoplasma,
viruses for WVS, in vitro adventitious virus assay, replication competent adenovirus (RCA) and viral
content). The proposed tests are deemed adequate. Specific tests for human viruses, porcine viruses
and MMV were not performed since no materials from human or animal origin were used during
generation of the virus seed system (except for irradiated foetal bovine serum). Since bovine serum was
used during production of the pre-MVS, possible contamination by highly resistant bovine viruses cannot
be fully excluded. Therefore, the applicant has performed additional screening for bovine viruses. The
MVS and WVS were characterised for infectivity titre, genetic stability and stable expression of the
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transgene. MVS, WVS and AS have identical sequences, demonstrating genetic stability. In addition, AS
manufactured by the large scale process using inoculum (which includes additional virus passages) had
identical sequences, confirming genetic stability. Correct expression of the transgene was confirmed.

The applicant also described the manufacture of future WVS. The proposed testing programme {o qualify
future WVS is deemed adequate. The applicant confirms its commitment to implementin 3Rs
principle. The use of in vivo methods to qualify future batches of WCB, LVHD and WVS is n ssary
since the manufacture of such materials does not represent any contamination risks that are already
mitigated. The in vivo testing has been removed as a release requirement for future’@es of WVS,
WCB and LVHD (including testing via end of production cells).

A summary of the validation of the transport of the cell banks and virus seeds to Qnufacturing sites
has been provided. Transport is properly validated.

Control of critical steps and intermediates $’
i

The applicant provided an overview of critical process parameters (CPP, n-process controls (IPC).
Overall, the control strategy is deemed acceptable. Each IPC is associated'With a test method, a sampling
location and an acceptance criterion or a predefined instruction. 1& results comply with acceptance
criteria. See manufacturing process development section fo@ther details of control strategy

development. q

Process validation

Process validation has a lifecycle, starting with p evelopment followed by commercial scale
process verification/process performance qualificati(;m//PPQ) runs and then continues in the form of
ongoing process verification throughout routine uction. Process validation at commercial scale is
carried out to demonstrate that the process is le of reproducibly manufacturing product meeting

quality requirements.

Based on experience with the Ad26 vac &watform products, critical quality attributes (CQA), critical
material attributes (CMA) and CPP haw assigned. The process validation addresses the following:
validation of different process st séges 1-10); qualification of process intermediate hold times;
control of impurities; consistenbf DS; shipping qualification; continued process verification.
Furthermore, IPC and release ere established as part of an initial control strategy. The purpose
of process validation is to degfo ate that the manufacturing process meets the acceptance criteria for
IPC, release testing, CPP a A. Supporting data to confirm these CPPs and CMAs and to define proven
acceptable ranges (PAR) aQnerated during process validation concurrent to Ad26.COV2.S commercial
manufacturing.

PPQ data have been@ided for the small scale AS process at Janssen Vaccines & Prevention B.V.
(Leiden, NL), U’\e@e scale AS process at Janssen Biologics B.V. (Leiden, NL) and Emergent Baltimore
(USA), includi \a a from AS process verification / process performance qualification (PV/PPQ) (process
parameter &, IPC results, impurity removal, batch data and hold times) confirming the validated
status of&ocess at these sites. In addition, process validation for the inoculum performed at Janssen
Biologij . (Leiden, NL) was completed through the successful execution of two consecutive PV/PPQ
ba @esults from the third PPQ lot should be provided post-approval (recommendation 1).

active and passive shipping systems are proposed and have been suitably validated for the transport
of AS. Qualification data were provided to support the hold times used during AS manufacture. A shipping
system has been qualified for the transport of inoculum.
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Manufacturing process development

A process control strategy was developed based on extensive AdVac/PER.C6 platform experience and
following scientific rationale. Potential CQA, preliminary CPP, and preliminary CMA were established and
controlled by different tests: IPC, release, characterisation and stability. The risk for viral contamination,
RCA and adventitious agents has been mitigated by performing appropriate testing to startin raw
materials in compliance with applicable regulatory guidance documents, together with apng e IPC
and release tests. The process used to identify critical quality attributes associated with and FP
is sufficiently described and explained. A criticality assessment was performed basé %he level of
severity and the degree of knowledge uncertainty. The CQA identified by the criticaliy assessment are
properly described. A summary of the preliminary CPP and CMA is provided, toget@wth justifications
for their criticality.

The history of the process development is summarised. Four process man ing variants (S-VAL-1
to S-VAL-4) of the AS manufacturing process have been used for the allvscale process and three
additional variants (S-VLF-1, S-VLF-2 and S-EME-1) for the large procs{b

The batches that have been produced for clinical development as we{ahs the current inventory of material
produced for commercial use were manufactured at the small gbjoreactor scale (Janssen Vaccines &
Prevention B.V., Leiden, NL). To ensure sufficient supply for c ial use, the applicant has upscaled
the process to a bioreactor of large scale at the Janssen Biolo V. (Leiden, NL) site and the Emergent
Baltimore (USA).

Detailed information has been provided on the equi@used and on the process parameter results
and IPC results for the 3 clinical lots and the first commercial AS lots of each of the three commercial
sites. Results were highly similar for all process ;@-neters and IPCs for all AS batches produced thus
far.

The essential elements of the AS manufac ingoncess were retained throughout process development.
The AS manufacturing process variant %2/3 did not change with respect to the manufacturing
process variant S-VAL-1, apart from tw. Qrences. The introduction of an additional virus seed passage
(AS was manufactured from WV '.@itional virus seed passage) was qualified by a comparability
analysis confirming the absence o impact on AS quality. Variant S-VAL-1/2/3 were used for Phase
1/2/3 clinical trials; however, 3 variants can essentially be considered the same process. The
introduction of a larger AS SK container is also assessed. Some further process optimisations were
introduced for the S-VAL- ss used for the small commercial batches. A 2-Tier staggered approach
has been used to demons comparability between S-VAL-2/3 and S-VAL-4 AS batches. The Tier 1
contains the release &ng results and some important characterisation tests. The Tier 2 part of the
comparability asses@wt comprises additional characterisation. Both the results for release tests and
characterisation were highly similar. Therefore, it can be concluded that the AS lots from the
commercial s ’Nk ale process at Janssen Vaccines & Prevention B.V. (Leiden, NL) are comparable to

the lots used\ e Phase 3 clinical trials.

Furtherrr%\as part of the qualification of the large scale process at the Janssen Biologics B.V. (Leiden,
NL), a&. study was performed to demonstrate comparability between AS from the large scale process
an all scale process (Process Variants S-VAL-4, small scale, and S-VLF-1/2, large scale) and was

designed as a 2-Tier staggered approach. Comparability was demonstrated based on the tier 1
comparability data. Similarly, comparability was also demonstrated between AS from the Emergent
(USA) site and AS from the other commercial sites based on tier 1 data. The applicant should provide,
upon availability, the tier 2 comparability data to confirm that the large scale AS (from Janssen Biologics
B.V. (Leiden, NL) and from Emergent Baltimore (USA)) is comparable to the small scale process material
(from Janssen Vaccines & Prevention B.V., Leiden, NL) (recommendations 2 and 3).
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Characterisation

Characterisation studies were conducted using AS batches and FP batches, including clinical trial material
and commercial use lots, investigating capsid composition, particle heterogeneity, virus DNA, Biglogical
activity and structure-function relationships.

The AS has been adequately characterised using a range of biochemical, biophysical and bj Ig!al state-
of-the-art methods revealing that the active substance has the expected structure. ¢

In conclusion, the correct expression of adenovirus proteins was confirmed and sh *o be consistent.
In addition, typical adenovirus particle results were obtained upon biophysical ¢ mrisation.

Biological activity: Relative level of transgene expression was measure ransgene expression
enzyme-linked immunosorbent assay (TGE-ELISA). Infectivity as determir&uantitative PCR based
potency assay (QPA) in release testing showed a strong correlation to E-ELISA characterisation
results, supporting that the transgene expression level is sufficiently olled by infectivity (QPA) in

release testing. {

Characterisation of virus DNA confirmed the transgene identi@ld flanking regions. The genomic
integrity and stability of Ad26.COV2.S AS was shown upon ad al passaging. Furthermore, transgene
genetic stability analysis confirmed expression of the trans? phenotypic stability.

Finally, structure/function relationships were charact using forced degradation studies which
indicated that the major route of degradation of A .€0V2.S exposed to thermal stress was virus
protein degradation. This degradation led to a lineag decrease in potency (on logio scale) as determined
by infectivity and relative transgene expression ﬂ@.lrements, indicative of a first order degradation.

Additional characterisation was carried out wit e inoculum to determine genetic stability.

Impurities c&/

Process-related impurities have been racterised during clinical development of the current product
and also during previous studiesb med for other Ad26 viral vectors produced using the same
platform technology. Process-rel mpurities from the AS manufacturing process include cell culture
media components and ad , PER.C6 TetR host cell constituents and downstream buffer
components. The principles &uality risk management (ICH Q9) were used to identify critical process-
related impurities.

From the assessmenMSl impurities, it was concluded that most were non-critical. Only 2 process-
related impurities w nsidered critical, host cell DNA and host cell protein (HCP); these are controlled
via the AS specifj€atigns.

L 4
Upon requeﬁ}e applicant has provided summaries of the impurity spiking studies. The data
demons the chromatography purification and the various filtration steps result in efficient
removal purities. All these impurities are reduced by several log units during purification of AS. The
level @ rity removal is deemed sufficient.

licant has also provided calculations of worst-case situation levels of the different impurities
taking into account the reduction obtained by the purification steps. It was shown that all impurities are
reduced to sufficiently low levels which do not raise any concerns regarding safety.

Potential product-related impurities include empty or incomplete adenovirus particles, adenovirus
aggregates and (fragments of) adenovirus proteins, and post-translationally modified forms of the
adenovirus protein. Product-related impurities, were analysed and shown to be low in quantity and
consistent between AS batches (regardless of the DS manufacturing scale, small or large).
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The stated impurities have been present in product used in clinical trials.

Specification

The release and stability specifications for Ad26.COV2.S AS comprise appropriate physico-chen@tests
and tests for identity, purity and potency. @

The specification of Ad26.COV2.S AS consists of the following tests: identity by ID-PCR.a s protein
fingerprinting by reversed phase high performance liquid chromatography (RP—HPchzQ rities (HCP
by ELISA and host cell DNA by gqPCR); potency (transgene expression by qualitati LISA, infectious
units, ratio virus particles/infectious units); quantity (virus particles by VP-qPCRGfety (bioburden,

bacterial endotoxins, replication competent adenovirus) and general tes%pearance, pH and

polysorbate 80 concentration). &
The specifications proposed for the AS are deemed acceptable. Upon re @uring the procedure the
applicant has included a release test for replication competent adenovi CA) which is considered an

important safety test for a pandemic vaccine virus and required by.ﬁ Ph. Eur. 5.14.
0

Upon request the HCP acceptance criterion has been further tight an acceptable level. In addition,
the infectivity specification has been increased to maintain aliq t with the revised FP specification.

Analytical methods Q

The analytical methods used have been adequat escribed and (non-compendial methods)
appropriately validated in accordance with ICH guidelines. Compendial methods were verified to
demonstrate that the methods are suitable@ use with the current product and that no

interference/inhibition occurs.

The specification includes tests for both viral &:Ie (VP) concentration and infectious units (Inf.U) to
measure potency.

Transgene expression is measured enzyme-linked immunosorbent assay. The qualitative
procedure to measure transgene ion confirms that cells infected with Ad26.COV2.S express the
transgene protein. Upon reques applicant provided more information on the source of the

recombinant fusion protein, t@ used as a primary antibody in the transgene expression assay;
specificity of this primary ansibody has been demonstrated.

Batch analysis Q

Satisfactory batch a \s data and additional characterisation test results are provided for clinical AS
batches and small commercial batches (including PPQ lots), all produced at the Janssen Vaccines
& Prevention &V@Il-scale commercial AS manufacturing site (Leiden, NL), for large scale PPQ batches
produced at ssen Biologics B.V. large scale manufacturing site (Leiden, NL) and for large scale
PPQ batche\tluced at the Emergent Baltimore (USA) site.

Referenétaterials

Th reference standard is used for AS and FP testing. See FP Reference materials section for more
iled information.

Container closure system

The applicant provided a detailed description of the AS container. An extractables study was performed
for the AS container. The data from the extractables study results did not indicate any reason of concern.
The container is stated to comply with the European requirements on leachables and extractables
outlined in CPMP/QWP/4359/03. The container closure system for the AS is qualified for product shipping,
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freezing/thawing and long-term storage. The integrity of the container closure system is validated. A
risk assessment was performed which confirmed that additional leachables studies are not required for
the AS container.

Stability b

A shelf life of AS when the AS is stored frozen was proposed by the applicant. :®

*
The proposed shelf life is supported by long term (below -40°C) and accelerated (2- "Q ability data

from other Ad26 viral vectors produced using the same platform technology (> 40 ts ranging from
24 months to 48 months stability). These lots were also stored in the same ponca@ate containers as
proposed for this product and they were manufactured at the small scaléNgt Janssen Vaccine and
Prevention B.V. (Leiden, NL). Given the COVID-19 pandemic and the current umstances and urgency,
this approach is deemed acceptable. The AS is typically very stable when sto below -40°C; no trends
are observed during shelf life.

The applicant has placed representative AS lots on stability (real ti at -60°C and accelerated at 5°C)
in accordance with applicable ICH guidelines. These include clinica manufacturing lots manufactured
at the small scale at the Janssen Vaccine and Prevention B.V. sjt iden, NL) and large scale lots from
the Janssen Biologics B.V. site (Leiden, NL). Since the glass tion temperature of the AS is -34°C,
stability studies at the proposed temperature are appropri stipport the storage conditions. AS lots
were stored in bottles considered representative of th ercial containers. The proposed stability
testing programme is deemed acceptable and incluxp ropriate stability-indicating parameters. All
batches are tested for pH, infectious units, transgene expression, virus particle (vector concentration),

and ratio VP/ Inf.U at all timepoints.

Currently 6 months stability data are availabl r'AS lots and 3 months for the small scale commercial
lot (manufactured at the Janssen Vaccin d Prevention B.V. site) and for one large scale commercial
lot (manufactured at the Janssen Biologics B.V. site). The AS stability studies will be continued until
completion at the real-time stability st condition and at the accelerated stability storage condition.
The applicant should provide the ility data for representative AS batches (from the small scale

production site) when the sta m study has been finalised and the results are available

(recommendation 4). Any ¢ ed out-of-specification result, or significant negative trend, should

however be reported to the@ . In addition to the three representative small scale AS lots, stability

studies have been initiat ith large scale commercial AS batches. Results will be provided when the

data are available. Fi allyﬂapplicant should also initiate stability studies for 3 PPQ AS lots from each
xites and from future added sites (recommendation 4).

of the AS manufact%

An appropriate sheif- of the AS and storage conditions were agreed. Stability-monitoring programs
for two inocull tches have also been initiated. A re-test date for inoculum when stored frozen was
proposed t‘)y ﬁej plicant. This date will be extended when the stability studies confirm stability.

N

2.2.%&ished medicinal product

cription of the product and Pharmaceutical development

FP composition

The Ad26.COV2.S FP is supplied as a sterile liquid suspension for injection. The FP is intended for
administration by the intramuscular route.

Each dose contains not less than 8.92 Log;o Infectious Units (Inf.U) and not less than 2.5 x 101° VP.
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The container closure system used for the finished product is a 2R Type I glass vial with a chlorobutyl
closure and an aluminium seal with a flip-off cap. Each vial contains an excess fill volume to allow for an
extractable volume of 2.5 mL as 5 extractions of 0.5 mL. The FP contains no preservative.

The composition of the FP is shown in Table 1. The AS is already formulated in formulation buffer sterile
filtered and filled in 2R Type I glass vials with an excess fill volume for commercial supply @ es. No
additional excipients are added during the FP manufacture. All excipients are well known rMaceutical
ingredients and their quality is compliant with Ph. Eur. standards. There are no novel ipients used in

the finished product formulation. '{\

Table 1: Composition of Ad26.COV2.S FP.

Component Grade? Function V
Ad26.COV2.S Company Standard  Active 0

Sodium chloride Ph. Eur., 0193 Tonici gent and stabiliser
Citric acid monohydrate Ph. Eur., 0456 Byffer agent

Trisodium citrate dihydrate Ph. Eur., 0412 r agent

Polysorbate-80 Ph. Eur., 0428 tabiliser
2-hydroxypropyl-B-cyclodextrin (HBCD) Ph. Eur., 1804 abiliser

Ethanol Ph. Eur., 1318 tabiliser

Sodium hydroxide Ph. Eur., 0677 pH adjuster

Hydrochloric acid Ph. Eur., 00% pH adjuster

Water for injections Ph. Eur., QK Diluent
Formulation development O

ibe detail. The formulation composition (excipients,

The development of the FP has been descr@in
concentrations, pH) of Ad26.COV2.S FP was based on prior knowledge from formulation studies with
similar adenoviral vector-based products

The type of excipients and the quantitati omposition of Ad26.COV2.S FP were selected based on early
formulation development studies. ection of the formulation composition was based on the results
of formulation screening and optir@on studies performed for Ad26.COV2.S and representative Ad26
platform products and para rs evaluated comprised pH, buffer type, various stabilisers
(cryoprotectant, antioxidant@ surfactant) and tonicifying agents.

Suitability of the final se% formulation for Ad26.COV2.S FP was demonstrated in product-specific
studies demonstratin&iep ble stability during refrigerated and accelerated storage. The late stage
Ad26.COV2.S FP d ent consisted of studies designed to evaluate the stability of the formulation
during temperat ling, freeze-thaw stress, mechanical stress (agitation) and thermal stability at
elevated tem es. The conclusions are based on studies on Ad26.COV2.S and representative Ad26
platform Rro@ucts: Overall, the Ad26.COV2.S data obtained in assessments covering the range of
conditio@& ribed are in agreement with representative Ad26 platform products data and support
leveragi platform data.

Ph tical development

Quality Target Product Profile (QTPP) is presented with links to defined CQAs. For the CQA
identification process, potentially relevant quality attributes were selected based on the QTPP, pre-
assessment and prior knowledge of other adeno vectors. Control of FP CQA is based on an integrated
strategy including material controls, process parameter limits, IPCs, release and stability testing and
GMP/ quality systems. A summary is provided of the criticality identification process and assessments
for CPPs. Data supporting proven acceptable ranges (PAR) for CPP and non-CPP (nCPP) are provided.
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However, some parameters are still being evaluated and are classified as potentially critical. A final
conclusion on the criticality of the potentially critical parameters should be provided upon availability
(recommendation 10). The justifications of IPC acceptance criteria, including summaries of IPC results
during the development and clinical manufacturing batches are provided.

Information was provided on the different process variants used during product development a the
FP batches produced thus far. The differences between the clinical and commercial m turing
processes are described and includes changes of site, change from single to multi-dgse“afid scale.
Information is provided to support equivalence of the clinical trial and commercial ft tion buffer
composition and manufacture. {

Additionally, to evaluate the sensitivity of Ad26.COV2.S FP when exposed to lig Qs, a study based
on the ICH Q1B requirement will be performed. The samples should be tes for potency, turbidity,
radius and aggregation (recommendation 8).

The AS thawing stage includes storage of AS at the FP manufacturing f Qhawing of frozen AS and
an optional refrigerated intermediate hold step.

Comparability é

A comparability analysis was performed demonstrating tha%y clinical material (phase 1/2) was
comparable to the FP lots used in the phase 3 trials (studQB ed on an assessment of the release,
IPC and characterisation results of the clinical batches t y 1 conclusions are that the Ad26.COV2.S
FP batches produced using the post change manufa g process variants are comparable to the FP
batches produced using the pre change manufacturing process variant. This comparability assessment
therefore confirms that the post-change manuf ng process variants introduced do not adversely
impact the quality, safety and potency of tI‘QZ&COVZ.S FP batches. A forced degradation study
(thermal stress) is ongoing in support of this comparability assessment (recommendation 9).

Since some changes have also been g&duced in the FP process for commercial production, a
comparability analysis has been initiat ompare phase 3 FP lots and future commercial FP lots (study
2). A 2-tiered approach has been Qd by the applicant to demonstrate comparability. According to
this approach, initial comparability@ssment (tier 1) consists of comparison of release and IPC results.
If the release results of both prQ‘rd post-change FP batches are within the commercial specifications,
it will be concluded that the initial comparability criteria are met and post-use FP lots will be released for
commercial use. This enatlmely use of post-change materials to alleviate the high demand due to
the COVID-19 pandemic. Th&tier 1 results have already been provided for the FP PPQ lots from the first
FP commercial site Xdemonstrate that the commercial FP is comparable to the clinical material.
Additional charactew@n test results (tier 2) should be provided post-approval (recommendation 6).
In addition, cg rability data (tier 1 and tier 2) is requested for the second finished product site to
confirm the F@o parable to the FP from the first commercial site and the clinical material (Specific

obligati "X ven the COVID-19 pandemic and the current circumstances and urgency, this approach
is deem% ptable.

rclosure integrity tests (CCIT), residual seal force (RSF) tests and headspace analysis are used
e the integrity of the container closure system and its ability to prevent the ingress of microbial
tamination to the final product. In addition, Ad26.COV2.S FP samples have been tested for RSF at t
= 0 and after 3 weeks of storage at -85 °C confirming integrity of the FP container. Compatibility studies
were performed mimicking vaccine administration conditions in the field to ensure that the steps required
prior to administration do not impact the quality of the product. Results of studies investigating the
compatibility of the Ad26.COV2.S FP with syringes and needles used for intramuscular administration
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are presented. Physicochemical and biological stability as well as microbiological safety were assessed.
Additionally, microbial growth for the in-use conditions was evaluated in a microbial challenge study.

Container closure system

Detailed information was provided on the multi-dose FP container closure system, which conta 5
doses of the FP. The container closure system used for the FP is a 2R Type I glass vial close ba

latex-free rubber stopper (chlorobutyl with fluoropolymer coated surface), aluminium crim;@ blue
plastic cap. All relevant components (glass vials and rubber stoppers) comply with appli Ph. Eur.

guidance. \

Container closure integrity of the FP container was demonstrated. Extractables anc ables studies
were performed (or are ongoing). The extractables study did not reveal any nds of concern as
regards safety. The applicant has provided data from an extractables study Cmed for Zabdeno
(same container, vial and stopper). These data did not indicate any comp% f concern. Results
from the leachables studies should be provided post-approval (recom% ion 11).

Manufacture of the product and process controls {

The FP is manufactured at different manufacturing sites. B rtification is performed at Janssen
Pharmaceutica N.V. (Beerse, BE) or Janssen Biologics B.V. ) NL). All sites have appropriate GMP
certification. A detailed listing of test sites and associated ting is stated in the dossier.

A major objection regarding GMP status was raise@ree FP sites however, valid proof of GMP
compliance has now been provided for these sites. The major objection is resolved.

qualification of this site is currently ongoing afid is‘expected to be finalised in May 2021. Therefore, the

applicant has requested a time-limited exepnption allowing reliance on FP release testing for sterility and

endotoxin conducted in registered sites t&fe located in a third country. This approach is acceptable.

The length for the QC testing site exe% as been clearly defined (until 30 June 2021) and it concerns
I

The applicant has proposed an additional FP% testing site for sterility and endotoxin. However,

compendial tests (endotoxin a lity). Suitability testing will be performed according to
pharmacopoeial requirements fo hod transfer qualification (see Product Information Annex

IL.A). O

Description of manufacturi cess and process controls

The FP manufacturing proc consists of several steps. First, the AS is thawed, pre-filtered, pooled and
diluted with pre—filte%rmulation buffer. The formulated bulk is homogenised, sterile filtered in-line
(two 0.2um filters cébcted in series) and aseptically filled into vials, stoppered and capped. Filling is
done immediately after sterile filtration. The sterile filtered bulk is not stored. Subsequently, the vials

are visually ir@gt d, frozen, labelled and packed.

L 4
All steps%f the FP manufacturing process at the proposed FP manufacturing sites have been described
and info @ on on CPPs and IPCs was provided. The proposed CPPs and IPCs are deemed adequate and
suffici@o control the FP process.

to the start of sterile in-line filtration, both sterilising filters are tested to ensure filter integrity, and
a bieburden sample is taken from the holding vessel.

The minimum and maximum FP batch size has been defined for the proposed FP manufacturing sites.
Hold times are defined. The formulation buffer used in the commercial FP manufacture is made at the
commercial manufacturing site as part of the FP manufacturing process.
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Process validation and/or evaluation

The validation of the manufacturing process for the Ad26.COV2.S FP consists of several steps: (1)
validation of process steps, (2) validation of hold times during manufacturing process and (3) validation

of media fills.

Process verification and process performance qualification (PV/PPQ) studies have been perfor Qr the
FP sites. The process validation for manufacture of Ad26.COV2.S FP consisted of threg/successful
validation runs performed at the minimum, intermediate and maximum FP batch sizegs. ach of the
process validation runs, the IPC and FP product release met their predefined accepta iteria and FP
release specifications, respectively. The results presented in this section d itrate that the
Ad26.COV2.S FP manufacturing process as executed at the commercial man ming site is under
control and produces final FP of consistent quality that meets specifica s.*Continued process

verification (CPV), will be performed to assure that the FP process remain tate of control during
commercial manufacture. The FP manufacturing process at the site is uately validated. Some
additional characterisation data to confirm homogeneity and the hold s should be provided when

available (recommendation 7).

With regards to the second FP manufacturing site, batch data of gPQ lots were provided. All results
were compliant with the FP specifications and also highly simi release test results from phase 3
clinical lots and batches from the first site. However, the lete data have not been provided.
Therefore, the applicant is requested to provide the full F@Q ata from the 3 representative FP lots
from the second site (including hold times). In additi omparability data (tier 1 and tier 2) are
requested to confirm that the FP from this site is C(N ble to the FP from the first commercial site
and consequentially also confirm comparability with clinical material (specific obligation 1). This
approach is acceptable in the context of the COVl@ pandemic public health emergency.

The applicant has submitted an updated sectio®,3.2.S.2.5 on shipping validation including information
on air transport. All shipping routes aré¥described including air transport. For each route the used
shipping systems are indicated. All shi@ systems, including the ones used for air transport, have
been properly qualified via thermal quahfication, distribution testing and shipping route verification.

A media fill simulation has been e%ed which confirmed that the aseptic handling procedures and the
environmental conditions for t illfng step are considered appropriate for the production of FP. The
operating parameters used fg media fill are set to challenge worst-case conditions that may occur
during routine manufacturij d operational conditions. The vials are filled at high speeds (higher risk
for interventions) and low eds (prolonged exposure) to simulate worst-case production conditions.
Filling is done immediately after sterile filtration. The sterile filtered bulk is not stored. Maximum times
are indicated for e process step (all CPPs). Therefore, the maximum time for the complete FP
process is defiPe ell as the maximum time of FP vials exposed to 2-8°C and to 25°C.

Vials are depyfrogenated and caps are steam sterilised. The depyrogenation and autoclave have been

ted. The rubber stoppers are provided by the supplier as ready-to-use sterile rubber
applicant has provided the requested information on the sterilisation of the stoppers. The
deemed acceptable for use in the FP container. Appropriate filter validation reports are
nd it is concluded that the filters are deemed suitable for the intended use.

he second FP site, sections 3.2.P.3.5 Process Validation and/or Evaluation - Depyrogenation of Glass
Vials, 3.2.P.3.5 Process Validation and/or Evaluation - Sterilisation of Equipment Components and
Stoppers, and 3.2.P.3.5 Process Validation and/or Evaluation - Decontamination of Filling isolators
should be provided post-authorisation (recommendation 5).

Filled FP at first site is then shipped (between -30°C and -15°C) to a packaging site, where labelling and
secondary packaging proceeds. This site then ships the packaged product (between -30°C and -15°C)
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to the Janssen Distribution Centres where it is stored between -30°C and -15°C. The shipping of the FP
has been evaluated through a shipping route verification study and a distribution testing study which
evaluated the impact of shipping on product packaging, including container closure integrity of the vials.

Product specification b

parameters tested are appearance (degree of coloration, clarity, and visible particles)s y by (ID)-
PCR and virus protein fingerprinting by RP-HPLC, potency with transgene expressiﬂ quantitative
ELISA and infectious units by QPA, quantity (virus particles) by VP-qCR, purity@ gates average
hydrodynamic radius and polydispersity) by DLS, safety tests (sterility, bacteri toxins, container
closure integrity) and general tests (pH, osmolality, extractable vol %d polysorbate 80
concentration). The FP specification acceptance criteria have been suffi tly justified and the
specification ranges are deemed acceptable.

Release and stability specifications as well as description of the analytical procedures wereg@ﬁed. The

The FP specification for infectious units is considered the most importa@rameter for FP. The initially
proposed lower limits for FP infectious units at release and end-of-ﬁf-life (EOSL) were lower than the
potency of the phase 3 clinical lots and could not be considered @ ically qualified/justified (this was
a major objection). Subsequently, the applicant increased the@ ous units release lower limit and the

end of shelf life limit.

Since for immunogenicity and clinical efficacy the pote Qexpressed in infectious units is relevant,
the potency of the vaccine should be expressed labelling in line with other viral vaccines.
Therefore, it was proposed to change the labelling to “rot less than 8.92 logio Inf.U/dose”, instead of
“not less than 2.5x101% VP/dose”. The applicant @zd to express the labelling in Inf.U.

Identity, bacterial endotoxins, osmolality, extractable volume and polysorbate 80 concentration are not
tested during stability studies. A test for replication-competent adenovirus (RCA) is performed on the AS
only. The ratio infectious units/viral par(clj Is established at AS level and a similar specification has
also been established for FP reIease.o

Since currently only limited experi€hce is available for the polydispersity specification, the applicant’s
proposal to report the result wit acceptance criterion is acceptable. For the time being it is agreed
that FP aggregates are sufficj controlled by the hydrodynamic radius specification. However, it is
expected that an acceptan ﬁterion for polydispersity will be established and justified once sufficient
experience and data for tFQrameter are available (recommendation 12).

For the transgene e ion a qualitative ELISA is performed to confirm expression. The applicant has
properly justified chb of the assay for determining the transgene expression. The validation of this
method has bge@ﬂy described. In addition, the applicant has pointed out how the relative transgene

orrelate linearly with infectivity results obtained by QPA, the latter being a quantitative

expression le N
way to m@\xﬁ,ﬁfectivity of Ad26.COV2.S.

For the @ctable volume, the applicant states that the acceptance limit of =2.5 mL ensures that
enou lume can be extracted from the vial for correct dosing of up to five doses of 0.5 mL each
s 5 times an extraction of 0.5 mL).

o the implementation of ICH Q3D guideline on elemental impurities, compliance to ICH Q3D should
be confirmed. Although vaccines are strictly taken, not within the scope of ICH Q3D, a risk assessment
of the elemental impurity level in the finished product should be performed in order to keep the same
level of safety assurance on elemental impurities, as requested according to Ph. Eur. general chapter
5.20. A summary of this risk assessment and a control strategy for elemental impurities in accordance
with ICH Q3D should be provided (recommendation 13).
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A risk evaluation concerning the presence of nitrosamine impurities in the finished product has been
performed (as requested) considering all suspected and actual root causes in line with the “"Questions
and answers for marketing authorisation holders/applicants on the CHMP Opinion for the Article 5(3) of
Regulation (EC) No 726/2004 referral on nitrosamine impurities in human medicinal products”
(EMA/409815/2020) and the “Assessment report- Procedure under Article 5(3) of Regulatioﬁ(No)

726/2004- Nitrosamine impurities in human medicinal products” (EMA/369136/2020). Ba the
information provided it is accepted that no risk was identified on the possible presence of samine
impurities in the active substance or the related finished product. Therefore, no addi al control

measures are deemed necessary.

No new impurities are introduced during the FP manufacture. The major objection iS|dered resolved.

Analytical methods Q

Descriptions were provided for all the analytical methods used for FP rel testing. The analytical
methods for virus identity, protein fingerprinting, transgene expression i ious units, virus particles
and PS80 content are the same methods as used for the AS. Compe@ methods are used for pH,
osmolality, extractable volume, sterility, endotoxin, container cIosurgi::egrity and appearance. The only
FP-specific method is the assay for aggregates. All non-compendim ods were appropriately validated
at each test site. Compendial methods were verified to demo that the methods are suitable for
use with the current product and that no interference/inhibiti@urs. Method suitability and absence

of interference by the product were demonstrated for the oxin and sterility tests.

Batch analysis \O

Batch analysis results are presented for clinical single dose finished product (FP) batches, non-clinical
multidose FP batch, multidose commercial PPQ F hes from the first commercial site and multidose
commercial PPQ FP batches from the second{sit® Information regarding batch scale, manufacturing
dates and genealogy is provided Also, additional’characterisation test results are provided. The single-
dose and multi-dose processes are highl ilar. The main difference between the phase 3 process and
commercial process is the scale of filli the fill volume (single dose versus five-dose). The results
are within the specifications and C& onsistency of the manufacturing process.

Reference materials

The applicant provided a dﬁe description of the reference materials used during development.
Reference material (RM) 4 d as a control in release, stability and in-process testing, and for
characterisation methods t ghout the product development lifecycle. The same reference material is
used for AS and FP tes . RM includes research material (ResMat) and development reference material
(DRM).

In the future, e@ry reference material (PRM) and working reference material (WRM) will be derived
from represeptatiwe batches and qualified. The PRM and first WRM will be taken from different FP batches
manufa ‘&ng the clinical Phase 3 DP manufacturing process. The FP used to prepare the PRM was
made fr from the small scale process (manufacturing process variant S-VAL-4) at 1 x 10! VP/mL,
and t sed to prepare the WRM will be made from AS from the large scale process (manufacturing
pr riant S-VLF-2) at 2 x 10! VP/mL. A qualification protocol for the primary reference material
orking reference material has been provided and is deemed acceptable. For the time being, the
DRM2 and DRM3 (both used during phase 3 studies) are considered sufficiently qualified and therefore
suitable for use as reference material for commercial AS and FP.

The ResMat was used for testing clinical batches (Phase 1, 2, and 3) and as the RM to qualify RM Batch
(DRM1). This lot is used in part of the Phase 3 trials until implementation of RM Batches (DRM2) and
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(DRM3). The latter two are used for Phase 3 trials and first commercial lots (until a primary and working
standard will be established in the future).

The applicant has provided a testing protocol for future primary reference standard and working
reference standards, which is deemed sufficient and acceptable. 2

Stability of the product

L 4
The proposed shelf life of the Ad26.COV2.S FP is 2 years when FP is stored frozen a @2 to -15°C,
with a single storage period of 3 months at 2°C to 8°C (not exceeding the expiry di:

Within these 24 months, a 3 months storage at 2-8°C is also proposed. The FP, d not be refrozen
after it has been placed in storage at 2-8°C. The FP must be stored in the o% packaging in order to

protect it from light.

Only a few early time points of Ad26.COV2.S stability studies on clinical Q(Phase 1-3) are currently
available. The shelf life is based on platform data from similar Ad26 plﬁts. These platform products
were stored in the same vials as Ad26.COV2.S The same stabilityfindicating assays were used in the
studies as are being used for Ad26.COV2.S commercial prod dies. Up to 36 month-data are
provided from more than 50 FP lots at different temperature , -20°C). This includes data from 4
lots stored at -20°C for 36 months. These are considered ly representative since the particles
are identical (apart from the genome which contains a dif nt insert).

Based on these data and input from other develop&@udies, a conservative shelf life model was
constructed to justify the proposed initial shelf life for Ad26.COV2.S FP. In this model, the following
factors were taken into account: AS stability, sh specifications, expected losses during packaging
and labelling, temperature excursions, in-use Q@n estimate of the average degradation slope.

Storage at -20°C or lower does not have impact on FP quality; no trends are observed for potency.
When stored at 2-8°C, a slight decreasefin ency occurs over time. Using platform data and a model
for potency decrease, the applicant h posed that 'once removed from the freezer, the unopened
vaccine may be stored refrigerat Q’C to 8°C, protected from light, for a single period of up to
3 months, not exceeding the prinbxpiry date. Once thawed, the vaccine should not be re-frozen’.
This period is considered cons@ive when taking into account the statistical model and the stability
data from other Ad26 produ&

The applicant also indica(Qat the FP must be stored in the original packaging in order to protect it
from light. As requ&gid tRe applicant provided information on the stability study and the risk
assessment (in abs of photostability data). This is considered acceptable at this point. However, to
evaluate the sen@ of Ad26.COV2.S Finished Product when exposed to light stress, a study based

on the ICH Q1 irement should be performed. The samples should be tested for potency, turbidity,
radius and‘a regation (recommendation 8).

The clini ifgle dose FP batches and the commercial multidose FP batch included in the stability
studie e stored in accordance with applicable ICH guidelines. In accordance with EU GMP
gui , any confirmed out-of-specification result, or significant negative trend, should be reported

As regards the in-use shelf life of the FP, it was shown during product development that:

1 6.32 of Vol. 4 Part I of the Rules Governing Medicinal products in the European Union

Assessment report
EMA/158424/2021 Page 35/218



‘Chemical and physical in-use stability of the vaccine has been demonstrated for 6 hours at 2°C to
25°C. From a microbiological point of view, the product should preferably be used immediately after
first puncture of the vial; however, the product can be stored between 2°C-8°C for a maximum of

6 hours or remain at room temperature (maximally 25°C) up to 3 hours after first puncture of the vial.
Beyond these times, in-use storage is the responsibility of the user.’ b

The applicant is requested to provide the stability data from PPQ FP lots from the facility wm
available. In addition, for each additional FP manufacturing site, FP stability studies shou
and these data can be provided post-approval (recommendation 14). ¢

itiated

In addition, the applicant has investigated the possible impact of mechanical stresﬁerienced during
transport) on the thawed finished product (potency and quality). No impact was ed. Moreover, it
was also shown that the vaccine is relatively stable when exposed to room peérature for a limited
period of time. Therefore, the applicant has included guidance in the S ith regard to possible
temperature excursions above 8°C and transport of the thawed vaccine. b

In conclusion, the FP shelf-life is adequately supported by the submitte@a. A 2-year shelf life for the
vaccine when stored between -25°C and -15°C (long-term storage) ghd the additional storage conditions
described in section 6.4 (Special precautions for storage) of the w are accepted.

Post approval change management protoc

The applicant has provided a protocol for addition apd @ ation of new sites for AS and FP production
at a larger scale. Initially, batches for clinical dev%fbwnent and small-scale commercial supply are
manufactured at a bioreactor scale of small scal process scale-up was established to manufacture
AS at large scale. New sites are foreseen to ture at the large scale. Compared to the process
used for clinical and small-scale commercial nufacturing, the scale-up is mostly linear and the unit
operations remain the same. Where appli¢able, prior knowledge from other AdVac/PER.C6 platform-
based products has been and will be corE%!d for the process design.

Process validation protocols are p@ed. In order to evaluate that each newly introduced AS
manufacturing site is capable onsistently performing manufacturing process, a process
validation/process performanc ification (PV/PPQ) campaign based on preliminary CPP and
preliminary critical material es (CMA) will be completed. A minimum of 3 AS or FP lots will be
produced for PPQ; accepta %teria for CPPs and critical material attributes must be met (with potential
necessary adjustments inte or scale elements); results for IPC and release tests must comply with
the acceptance criterhKnd the specifications.

The AS process a ge bioreactor scale will be transferred to additional manufacturing sites.
ImplementatiQn @f Mew manufacturing sites may result in limited changes to process parameter set-
points/range NI ment and raw materials. The applicant has previously successfully applied similar
process C E;le.g., AS manufacturing site transfers, to manufacture other AdVac/PER.C6 platform-
based v ”Xcandidates that have met their specifications. Initial release and characterisation testing
of the scale AS batches of other AdVac/PER.C6 platform-based vaccine products demonstrated
co e quality of the vaccine.

itially, FP batches were manufactured for commercial supply. The commercial FP manufacturing
process has been scaled up and will be transferred to additional sites to increase manufacturing capacity.
To demonstrate comparability of AS or FP, a 2-tiered approach is proposed by the applicant. Initial
comparability assessment (tier 1) will consist of comparison of release and IPC results and some limited
characterisation. If the release results of both pre- and post-change FP batches are within the commercial
specifications, it will be concluded that the initial comparability criteria are met and post-use lots will be
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released for commercial use. This enables timely use of post-change materials to alleviate the high
demand due to the COVID-19 pandemic. The additional characterisation test results (tier 2) will be
provided post-approval. Given the COVID-19 pandemic and the current circumstances and urgency, this
approach is deemed acceptable.

In addition, the applicant also proposes a post-approval change management protocol (P@D) to
optimise the cell culture steps and to use new equipment for stage 7 (chromatography) & age 8
(diafiltration) to increase the AS process capacity. Process validation protocols and stabili% cols are

provided and a similar comparability analysis with two tiers is proposed. ’\

The proposed PACMPs to introduce and validate additional AS production sites an roduction sites
using processes at a larger scale, as well as to optimise the large scale AS proce crease capacity,
and to demonstrate comparability of AS/FP, are deemed acceptable. 6

Finally, an additional PACMP has been proposed to add new QC testing sites. C sites will be qualified
based on predefined analytical method validation or verification protocol pendial test methods will
be verified at the new QC test site according to pharmacopeial req@wents. Non-compendial test
methods will be transferred by co-validation or by comparative te{nbg (i.e., equivalency). Acceptance
criteria for test method validation will be at least equally strict @aSythe acceptance criteria used during
original method validation as described in the dossier. The @d acceptance criteria are deemed
sufficiently stringent and thus adequate. This PACMP and the ed approach to introduce and qualify
additional QC testing sites is deemed acceptable.

Adventitious agents \

The applicant adequately described the adven%@gents’ safety aspects.

Adventitious agents’ safety for Ad26.COV2.SNis assured through the design and control of the
manufacturing process: controlled sele and appropriate specifications for raw materials and
excipients, and specifications, in-process,controls and release testing for starting materials, AS and FP.

None of the raw materials used manufacture of the MVS, intermediate virus passage, WVS,
inoculum, MCB, WCB, LVHD, AS, cébatches was identified as being of direct animal or human origin.
None of the excipients was of @al or human origin. However, one of the raw materials used in the
manufacture of the MVS/WAS/ (as a processing aid) was identified as involving animal-derived
products in its production ess: benzonase. It is demonstrated, though, that it does not present any
adventitious agents fety%. No transmissible spongiform encephalopathies (TSE) risk deriving from
the use of these ma S{'Q‘G has been identified.

With respect to | adventitious contamination (bacteria, fungi, mycobacteria, and mycoplasma),
appropriate nfi ial controls are performed on the starting materials. Furthermore, all the solutions
and buffer§ ué‘dJ the downstream process are manufactured aseptically according to cGMP referential
conditio alidated sterile filtration method and tested according to the European Pharmacopoeia.
In addit’b\icrobial controls are performed during the cGMP manufacturing. Adequate controls and
specif@ns for starting materials, raw materials and excipients, appropriate specifications, in-process
co , release tests, and validation of the relevant steps demonstrate that the MVS, WVS, AS and FP
a repared under conditions designed to minimise the risk of microbial contamination.

With respect to adventitious viruses, the preMVS material has been tested for in vitro adventitious agents
(on Vero, MRC-5, and Hela cells); no viral contaminants were detected. Testing of the MVS with respect
to viral safety is detailed. No viral contaminants were detected. The PER.C6 TetR-derived cell substrates
have also been tested extensively tested by the general viral safety tests for adventitious or endogenous
viruses/retroviruses and by PCR for specific human viruses. No porcine or bovine viruses were detected.
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The manufacturing process does not have a dedicated, validated viral clearance step. Because the
product is a non-enveloped virus vector, it is not possible to implement specific (non-enveloped) viral
clearance steps in the manufacturing process.

suitably assured.

MO Qj
G ,\@

Refer to the ERA assessment report and section 2.3.5. {

2.2.4. Discussion on chemical, and pharmaceutical asp@

The applicant has included RCA test as release test for the AS. TSE, viral and microbial safetyéas been

The quality information for the COVID-19 Vaccine Janssen presented durin%&«tAA has been thoroughly
assessed. A list of questions was generated, which included three m objections, related to GMP,
nitrosamine risk assessment and acceptance criterion for infectivity{‘ri shelf-life.

Adequate responses were provided to address the major objecti& d other concerns and to support
Conditional Marketing Authorisation. Additional validation, relea nd comparability data have been
submitted for AS and FP manufacturing sites. Necessary EU t@ Gertificates for the manufacturing and

testing sites were subsequently provided.

Further information is provided below on the resolutvqgh e major objections and the rationale for
accepting some open issues to be addressed as a specifie obligation post-marketing. Several other
issues are further highlighted as recommendatior@be addressed by the applicant post-approval.

In addition, it should be ensured that, in acco@e with Annex I of Directive 2001/83/EC and Article
16 of Regulation (EC) No 726/2004, the active substance and finished product are manufactured and
controlled by means of processes and m X@c in compliance with the latest state of scientific and
technical progress. As a consequence, anufacturing processes and controls (including the
specifications) shall be designed t uge product consistency and a product quality of at least shown
to be safe and efficacious in cIinicbals and shall introduce any subsequent changes to their
manufacturing process and cor@ s needed.

The dossier is of acceptable ‘elity however, certain information and data remain to be provided.
Despite the short time fra @» product development, sufficient data to support conditional marketing
authorisation are pro%ﬂca d key areas requiring completion are explained below. These further data
will be addressed in’ﬁ ific obligation and other post-approval measures (recommendations).

The Ad26.COV2 and FP manufacturing processes and process controls are described in detail.
L 4

Quality of pro c& termediates is adequately controlled by in-process controls. Both a small-scale AS

process and a laige scale AS process are included in the MAA.

The foIIo@\sues have been addressed during the procedure:

A a@bjection was raised with regards to the GMP compliance of AS and FP manufacturing sites.
GMP compliance has been provided for all relevant sites. In addition, GMP inspections have been
p rmed for and GMP certificates have been issued resolving the major objection.

The small scale AS process at Janssen Vaccines and Prevention B.V. (Leiden, NL) and the large scale AS
processes at Janssen Biologics B.V. (Leiden, NL) and Emergent Baltimore (USA) have been properly
validated. In addition, production of the inoculum (used for the large scale process) has been validated
and results from the 3™ PPQ lot should be provided post-approval (recommendation 1).

Assessment report
EMA/158424/2021 Page 38/218



The FP manufacturing process at the first commercial FP site is adequately validated. Some additional
characterisation data to confirm homogeneity and the hold times should be provided post-approval
(recommendation 7).

With regards to the second commercial FP site, batch data of the 3 PPQ lots were provided. All results
were compliant with the FP specifications and also highly similar to release test results fro se 3
clinical lots and batches from the first commercial site. This is sufficient to support ap of the
conditional marketing authorisation, in the context of the COVID-19 pandemic public hea pzjargency,
supporting a conclusion that the site can consistently manufacture FP. However, full PP % (including
hold time) are required for the second commercial site to complete the data packag %ﬂ this facility.

These data are requested post-approval (specific obligation 1). O
Data supporting proven acceptable ranges (PAR) for CPP and non-CPP (nCPP)Nare“provided. However,
some parameters are still being evaluated and are classified as potentially ical. A final conclusion on

the criticality of these parameters should be provided upon availability (recommendation 10). Some
process changes were introduced during clinical development and wﬁQualified by a comparability
analysis confirming the absence of any impact on product quality, So further optimisations were
introduced for the AS/FP processes that will be used for the initial mercial batches. To demonstrate
comparability, the applicant has used a 2-tiered comparability @ach that comprises a combination
of release testing and additional characterisation testing.% the results for release tests and
characterisation tests were highly similar. Therefore, it oncluded that the AS lots from the
commercial small scale process at Janssen Vaccines & P, tion B.V. (Leiden, NL) are comparable to
the lots used in the Phase 3 clinical trials. Moreoverait @also shown that AS lots produced using the
large scale processes at Janssen Biologics B.V. (Lei , NL) and Emergent Baltimore (USA) were
comparable to clinical AS lots and to AS lots sm ale site. Tier 2 comparability data to confirm that
the large scale AS (from Janssen Biologics B.\ en, NL) is comparable to the small scale process
material (from Janssen Vaccines & Preventiom\B.V., Leiden, NL) (recommendation 2) and tier 2
comparability data to confirm that the lakge scale AS (from Emergent, USA) is comparable to the AS
from the other commercial AS sites (rec(mj'nendation 3) should be submitted post-authorisation.

phase 3 clinical FP lots. Tier 2 comj bility data for confirmation should be submitted post-authorisation
(recommendations 6). In adm, a forced degradation study (thermal stress) is ongoing to support
further comparability assesspie tween clinical Phasel/2 lots and phase 3 lots (recommendation

With regards to the FP manufactP ts from the first FP site were shown to be comparable to the

9)

With regards to the s nc&, the batch release data (3 lots) are very consistent and also highly similar
to release data fro Xe 3 clinical lots and batches from the first commercial FP site and provide
already some indj wabout the process validation and comparability. However, comparability data
(tier 1 and ties r€ requested to confirm that the FP from the second commercial site is comparable
to the FP fro kﬁrst site and consequentially also confirm comparability with clinical material (specific
obligat’i_ﬂ:b »This approach is acceptable in the context of the COVID-19 pandemic public health
emerge

FP el@ testing for endotoxin and sterility will be temporary performed in registered sites that are

in the US until 30 June 2021. From 30 June 2021 onwards, FP release testing for endotoxin and
stagility will be performed by a site located in the EU. This is deemed acceptable in the context of the
COVID-19 pandemic public health emergency. As it concerns compendial tests (endotoxin and sterility),
suitability testing will be performed according to pharmacopoeial requirements for method transfer
qualification. Annex II.A of the Product Information reflects this temporary exemption.

The absence of evaluation of the risk of the presence of nitrosamine impurities in the finished product in
accordance with the published Art. 5(3) Referral on Nitrosamines was raised as a major objection. The
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applicant has performed a risk assessment for both the AS and FP Manufacturing process with regard to
possible nitrosamine impurities. Importantly, it concerns a biological process that does not contain any
chemical synthesis steps. No nitrosating agent is used in the manufacturing process. Based on the AS/FP
manufacturing process conditions and the nature of the starting materials, raw materials, excipients and
equipment used, the risk for nitrosamines is considered negligible. b

A summary of this risk assessment of the elemental impurity level in the finished product ir@ dance
with ICH Q3D should be provided post-approval (recommendation 13). %

2 4

A third major objection was raised on the need to revise the lower limit of the F ﬁeufication for
infectious units. To address this issue the applicant has increased the infectious unj gease lower limit
and the end of shelf life limit. In addition, the test for RCA has been included i QS specifications.
The upper limit for HCP (AS specification) has been revised. The specification\@sed for the AS and
FP are deemed acceptable. However, it is expected that an acceptance criterj r polydispersity will be
established and justified once sufficient experience and data for twéarameter are available

(recommendation 12). @

Since for immunogenicity and clinical efficacy the potency as exprﬁed in infectious units is relevant,
the potency of the vaccine should be expressed on the labelling Q} with other viral vaccines. Hence,
it was proposed to change labelling to “not less than 8.92 lo .U/dose”, instead of “not less than
2.5%101% VP/dose”. The applicant agreed to express the Iabel% Inf.U.

Container closure systems of AS and FP were properly g Q The applicant should provide the results
of the 6 month time point of the FP container leachahle commendation 11).

A shelf life of AS when the AS is stored frozen waﬁoposed by the applicant.

The proposed shelf life for the FP is 24 month stored frozen at -25°C to -15°C, and within these
24 months, 3 months when stored at 2 to 8°CQe shelf lives are based on platform data from similar
Ad26 products. The currently proposed If lives for AS and FP are deemed sufficiently qualified and
justified and are thus acceptable. Producf-spgcific stability data will be generated and should be provided
when available (recommendations 4 14). The proposed stability testing protocols are acceptable.
Additionally, the applicant sh rovide data from photostability studies post-approval
(recommendation 8).

The applicant has provided ﬁc@ protocols for addition and validation of new sites for AS and FP
production at a larger scal ess validation protocols include production of a minimum of 3 AS or FP
lots for PPQ; acceptance Qria for CPPs and critical material attributes must be met; results for IPC
and release tests mustcomply with the acceptance criteria and the specifications. To demonstrate
comparability of AS , a 2-tiered approach is proposed. Initial comparability assessment (tier 1) will
consist of compa@of release and IPC results and some limited characterisation. If the release results
of both pre- a’ t-change FP batches are within the commercial specifications, it will be concluded
that the irﬂti&parability criteria are met and post-use lots will be released for commercial use. This
enablest ?hsuse of post-change materials to alleviate the high demand due to the COVID-19 pandemic.
The ad i%l characterisation test results (tier 2) will be provided post-approval. Given the COVID-19
pa d@and the current circumstances and urgency, this approach is deemed acceptable. Furthermore,
PACMP has been provided to optimise the cell culture steps and to use new equipment for stage
7 romatography) and stage 8 (diafiltration) to increase the AS process capacity. Process validation
protocols and stability protocols are provided and a similar comparability analysis with two tiers is
proposed. The PACMPs and the proposed approach to introduce and validate additional AS production
sites and FP production sites using processes at a larger scale, as well as to optimise the large scale AS
process to increase capacity, and to demonstrate comparability of AS/FP, is deemed acceptable.
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Finally, an additional PACMP has been proposed to add new QC testing sites. New QC sites will be qualified
based on predefined analytical method validation or verification protocols. Acceptance criteria for test
method validation will be at least equally strict as the acceptance criteria used during original method
validation as described in the dossier. This PACMP and the proposed approach to introduce and qualify
additional QC testing sites is deemed acceptable.

All other issues raised during the procedure are considered solved and from quality poin w the
marketing authorisation application for COVID-19 vaccine Janssen is acceptable. c
0\

Impact on the benefit-risk assessment

Efficacy, safety and immunogenicity was demonstrated using clinical batches of th@ccine.

The active substance and finished product are acceptable in relation to control @al quality attributes
and impurities. %

Studies to demonstrate batch-to-batch consistency of the finished produgt | rms of process validation
studies/process performance qualification studies (PPQ) have not bee@y completed in the finished
product commercial manufacturing sites. Nonetheless, sufficient dﬂhave been provided for full scale
lots (including some PPQ lots) at the commercial sites and at ot ites using the commercial process.

In order to confirm the consistency of the finished product ufacturing process, the applicant is
requested to provide the completed process validation (incl Id times) and comparability data for
the Catalent Indiana LLC site.

It is considered likely that the applicant will be able t Qde the requested data and thereby fulfil the
specific obligation.

Based upon the applicant’s justification and c ent, and in view of the public health emergency,
detailed plans have been agreed with the appli®ant and reflected in the quality part of this assessment
regarding data to be generated and suBfnitted with interim milestones for assessment in order to
complete the proposed specific obligatﬁy ased on the applicant’s plans and documentation, it is
expected that data to fulfil the quaIit@wiIl be submitted by mid-August 2021.

2.2.5. Conclusions on ermical, pharmaceutical and biological aspects

The data presented to sup {;onsistent quality of this medicinal product is considered sufficient in
the context of a condition rketing authorisation in the current (COVID-19) pandemic emergency
situation. To complet%‘qu lity documentation in the framework of the conditional marketing
authorisation, the aw t is requested to fulfil the specific obligation (SO) post-approval.

The CHMP has idéntified a specific obligation to address the quality development issues that may have
a potential i \ n the safe and effective use of the medicinal product, and which therefore is needed
to achieve* n&hensive pharmaceutical (quality) data and controls for the product. The specific points
that nee addressed in order to fulfil the imposed specific obligation are mentioned below.

In ac@nce with Article 16 of regulation (EC) No 726/2004, the MAH shall inform the Agency of any
infi on which might influence the quality of the medicinal product concerned, such as any necessary
t ening of the finished product specifications. This is also related to the general obligation to vary the
terms of the marketing authorisation to take into account the technical and scientific progress and enable
the medicinal product to be manufactured and checked by means of generally accepted scientific
methods (see the proposed recommendations).

To complete the quality documentation in the framework of the conditional marketing authorisation, the
applicant should fulfil the following specific obligation (SOs) post-approval.
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S01: In order to confirm the consistency of the finished product manufacturing process, the
applicant should provide additional validation and comparability data.

a. The applicant should provide the complete process validation/ process performance qualification
(PPQ) data (including hold times) for US site. Information demonstrating proper validation of the
proven acceptance ranges for the critical process parameters during PPQ should be pr%d. In
addition, comparability data should be provided to confirm that the finished produm from
the second FP site is comparable to the FP from the first site. One interim rep ith initial
PPQ data and tier 1 comparability should be submitted by 31 March ﬁ%nd a final
report with all remaining PPQ results and tier 2 data should be submilQ y 15 August

2021. O

In addition, since the analytical method transfer from the US to EU is ongoing%x II of the opinion

will include: &

'In view of the declared Public Health Emergency of Internation ern and in order to
ensure early supply this medicinal product is subject to a time-li d exemption allowing
reliance on batch control testing conducted in the registereq:f(s) that are located in a third
country. This exemption ceases to be valid on 30 June 2 . ¥Implementation of EU based
batch control arrangements, including the necessary v, %75 to the terms of the marketing
authorisation, has to be completed by 30 June 2021 a%/atest, in line with the agreed plan
for this transfer of testing.’

2.2.6. Recommendations for future qua development

In the context of the obligation of the MAHSs to Oje account of technical and scientific progress,
the CHMP recommends the following points fofjnveéstigation:

Active substance &

1) The applicant should provide (Jidation data of the third process validation inoculum batch
produced at Janssen Biolo8i . (Leiden, NL) by Q4-2021.

2) The applicant should p the tier 2 comparability data to confirm that the large scale AS
(from Janssen Biologi ., Leiden, NL) is comparable to the small scale process material by
30 June 2021.

3) The applicang.shou rovide the tier 2 comparability data to confirm that the large scale AS
(from Emer% SA) is comparable to the AS from the other commercial AS sites by 31 July
2021.

4) The afp @should initiate stability studies (including at least 3 representative lots) for the
Ial;ge :aSAS process at Emergent (USA). In addition, for each new AS manufacturing site, AS
N studies should be initiated. The applicant is requested to provide the AS stability data
epresentative AS batches for each manufacturing scale (small scale at the Janssen Vaccine

@d Prevention B.V. site (Leiden, NL) and large scale batches produced at the Janssen Biologics

V. (Leiden, NL)) when the respective studies have been finalised and the results are available
(by Q2-2024).

Finished product

5) The applicant should provide the following updated sections for second FP site: 3.2.P.3.5 Process
Validation and/or Evaluation — Depyrogenation of Glass Vials, 3.2.P.3.5 Process Validation and/or
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Evaluation - Sterilisation of Equipment Components and Stoppers, and 3.2.P.3.5 Process

Validation and/or Evaluation — Decontamination of Filling isolators by 31 March 2021.

6) The applicant should provide the tier 2 comparability data to confirm that FP from the first site

can be considered comparable to the Phase 3 clinical FP lots by 30 June 2021.

7) Regarding the process validation of the first site, the applicant should provide the r bfrom
bulk homogeneity verification during formulation and sterile filtration and filling by @y 2021.
In addition, the additional characterisation data to confirm the hold times shoyld rovided by
31 July 2021.

8) To evaluate the sensitivity of Ad26.COV2.S FP when exposed to light stre@ study based on
the ICH Q1B requirement should be performed. The samples sho%e
turbidity, radius and aggregation by 30 September 2021. &

9) The applicant should provide an updated section 3.2.P.2.3 Manuf@mg Process Development
- Comparability, including results from forced degradatiorfa ies using thermal stress
conditions (which were performed as part of the comparability analys
lots and phase 3 lots) by 30 June 2021. (

10) A final conclusion on the criticality of the potentially crigi @arameters in an updated version of

sted for potency,

is between clinical Phasel/2

section 3.2.P.2.3 Manufacturing Process Development trol Strategy Development - Critical

Process Parameters should be provided. In addit@he applicant should provide an updated
table 1 Summary of Critical Process Parameters s

in 3.2.P.2.3 Manufacturing Process DevelopN - Control Strategy Development - Critical
Process Parameters by 31 July 2021. Q

11) The applicant should provide the result
study by 31 December 2021.

12) Regarding the FP specification f‘o’ydispersity, the applicant is requested to establish and
justify acceptance criteria onc Q
by 31 December 2021. 6
Q summary of the risk assessment of elemental impurities in the
duct to confirm compliance to ICH Q3D Guideline by 31 March 2021.

13) The applicant should pro
Ad26.COV2.S finished

14) The applicant sho

sociated PAR in FP Manufacturing Process

6 month time point of the FP container leachables

ient experience and data for this parameter are available,

provide the FP stability data for the 3 FP PPQ batches from the first

commercial FP sitethen the stability studies have been finalised and the results are available

(by Q2 2024).\addition, for each additional FP manufacturing site, FP stability studies should

be initiated.@

2.3. Non-@cal aspects

*

>
2.3. b roduction

posed candidate vaccine is an Ad26 vector with deletions in the early region (E1) of the Ad26
%, rendering it replication incompetent. The Ad26.COV2.S vector contains a transgene in the
AE1A/E1B region which encodes a modified full-length SARS-CoV-2 spike (S) protein with stabilizing
modifications, i.e. 2 amino acid changes in the S1/S2 junction that knock out the furin cleavage site,
and 2 proline substitutions in the hinge region known to stabilise the prefusion conformation. The wild-
type full-length S gene information was obtained from a SARS-CoV-2 clinical isolate (Wuhan, 2019,
whole genome sequence NC_045512).
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A similar Adenovirus type 26 (Ad26) vector encoding the glycoprotein (GP) of the Ebola virus Zaire
(ZEBOV) Mayinga strain has been approved in Europe through Centralised Procedure (Zabdeno, INN:
Ebola vaccine rDNA, replication-incompetent; Procedure No. EMEA/H/C/005337/0000). The current
application concerns a single dose regimen.

2 4
Primary pharmacodynamic studies {

2.3.2. Pharmacology @b
O

hamsters, and non-human primates (NHP) (rhesus monkey). Before selection 6.COV2.S,
different vaccine constructs with design elements previously shown to be s for other
coronavirus S protein-based vaccines were compared in in vitro and in vivg stirdies. The combination of
the wild-type signal peptide, the furin cleavage site mutations, and th ine substitutions translated
into superior immunogenicity in mice, Syrian hamsters, and non-human pfimates (NHP) (Bos et al.,
2020; Mercado et al., 2020; van der Lubbe et al., 2021). The in vi esting in NHP showed that the
design of Ad26.COV2.S was optimal in inducing robust neutralisi tibody responses as well as
protection following SARS-CoV-2 challenge (Mercado et al., 2@

Mice Q

The murine model was used to examine immunogenici assessing antibody and cellular immune
responses after immunisation, including T helper cel% polarisation of the immune response. The
mice used were aged 10 to 12 weeks, which is co@ered to correspond to adult age in humans. In
study 9346-20004, a dose level dependent induetiof of binding antibodies was observed at day 14 and
28 after vaccination. The stabilizing mutations%ent in Ad26.COV2.S compare favourably with
binding antibody titers induced by a vacc candidate coding for WT Spike protein, and this is
confirmed in the virus neutralisation assgy. Pata from IFN-y ELISpot and intracellular cytokine staining
(ICS) assays show that T cell responﬁre induced, with a higher response in the CD8+ T cell
compartment compared to the CDb partment and indicate that IFN-y is predominantly generated
by CD8+ T cells.

The non-clinical pharmacology of the Ad26.COV2.S candidate was evaluated in EiOabbits, Syrian
A
ul

The second study (9346-200 Qs designed to determine the Th1/Th2 balance induced by a single
dose of Ad26.COV2.S (1/5 human dose). Immunogenicity of Ad26.COV2.S was compared to
recombinant adjuvanted S tein, known to induce a Th2 type immune response. Ad26.COV2.S was
shown to induce the associated cytokine IFN-y in ELISpot and multiplex ELISA assays, in contrast
to alum adjuvanted protein, 2 weeks post vaccination. The Thl skewed immune response was
demonstrated b@vourable ratio of IFN-y to the Th2 associated cytokines IL-4, IL-5 and IL-10. In
Balb/c mice, h" G1 subclass with no IgG2a is associated with a Th2 response, whereas a balanced
1gG2a/IgGl @s indicative of a Thl-directed response. The ratio of anti-S protein antibody
subclass 2a and IgG1 was significantly higher for Ad26.COV2.S compared to alum adjuvanted
Spike rm with high IgG2a levels observed only after Ad26.COV2.S vaccination. These results
confir induction of a favourable immune response in view of a potential for vaccine associated

d respiratory disease (VAERD).

NZW Rabbits

An immunogenicity study in rabbits [study TOX14369 (TV-TEC-175060)] shows that immunisation with
a dose corresponding to 1/10™ or a full human dose induces an immune response towards the antigen
of the insert, which qualifies this species as relevant for the toxicological assessment. In addition, a
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second dose of vaccine 56 days after the first immunisation triggers a booster in both the humoral and
cellular responses.

Syrian hamsters

In the two hamster efficacy studies, the challenge dose was 102 TCIDsp, which is lower than théxdose
reported in some publications (Sia et al, 2020, Tostanoski et al., 2020), but justified by result

Van der Lubbe et al. showing that a low dose challenge inoculum (102 TCIDsp) induces a co@able
viral load and disease compared with higher viral dose challenges. This dose was thergf lected to
allow assessment of the occurrence of more severe disease in this model compared t s and to
evaluate the theoretical risk for VAERD. However, it actually conferred rather mild imonia without
any clinical signs apart from body weight loss. G

The aim of the first challenge study performed in the hamster [TKO 707 (T QSGZG)] was to
compare immunogenicity and protection of Ad26.COV2.S with other Ad26§ candidate SARS-CoV-
2 vaccines, in a one- and two-dose schedule. Animals were challenged s following immunisation
and followed for 4 days after infection. This 4-day follow-up period is als stified by prior studies
(Van der Lubbe et al.), showing that a 4-day follow up time after cI{?nge is the most optimal time
point to simultaneously evaluate lung tissue viral load and histo olegy.

A single immunisation with 1/50t or 1/5t of a human dose o%i.covz.s induces S protein binding
antibodies as of Week 2 post-immunisation. A second dos d binding antibody titers but levels
returned to those observed before the second dose withj meks. A single immunisation with
Ad26.COV2.S induced SARS-CoV-2 neutralising anti d@starting at Week 2 and increasing at Week
4. In contrast to binding antibody titers, a second dose Ted to significantly higher neutralising antibody
titers throughout the study period (challenge foll 4 weeks post-immunisation).

Ad26.COV2.S given in a 1-dose or 2-dose regi@resulted in a lower lung viral load compared with
the Ad26.Empty mock-immunised animalgs.,That foad was below the limit of detection for the majority
of animals immunised with Ad26.COV?2. %reduction in viral load was however less apparent in the
upper respiratory tracts as the presen t}ufectious virus after challenge was also detected in
vaccinated challenged animals ind&d t of the 1- or 2-dose schedule.

The results of histopathological ation confirm the viral load results, i.e. a 2-dose regimen with
Ad26.COV2.S induced a signifj eduction in LRT histopathology scores and limited effects on URT
histopathology scores after c&enge. Due to a technical error only limited histopathology data are
available for the 1-dose s @ le hampering any conclusion on the potential benefits of a 2-dose.
Finally, there were nozgigns 0f VAERD observed in animals dosed with Ad26.COV2.S compared with the
control group for an e parameters assessed.

Four days post i ion, body weight loss was significantly reduced in animals vaccinated with a
L 4

single dose of COV2.S compared to controls, but this reduction was not evident in the 2-dose
edywith controls.

group, com&
AlthougF@addition of a second dose 4 weeks after the first immunisation induces an increase in
neutrﬁ! antibodies in the hamster model, a clear benefit in terms of weight loss reduction, viral
lo athological scores could not be demonstrated in this model.

B in terms of immune responses and protection from infection, Ad26.COV2.S compared favourably
with the other vaccine candidates tested in this study.

The second hamster experiment [TKO 766 (study TV-TEC-176250)] was designed to determine the
immunogenicity and efficacy of Ad26.COV2.S in a 1-dose regimen in Syrian hamsters at different doses
of 107,108, 10° or 100 vp Ad26.COV2.S, with the highest dose corresponding to 1/5t of a human
dose. The negative control groups received 10%° vp of an Ad26 vector not encoding any SARS-CoV-2
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antigens. In this study lower dose levels of Ad26.COV2.S were included, with the aim of inducing
suboptimal immune responses, allowing breakthrough viral replication in the lungs post inoculation
with SARS-CoV-2. Under these conditions it can be investigated whether there is any increased risk for
VAERD compared with a non-vaccinated control group. Viral load, body weight loss, and lung
histopathology were measured after inoculation. In the present experiment as well, there wer

iliness signs, apart from body weight loss, which appears similar among all groups, only slig t%
reduced by vaccination. @

A single immunisation with Ad26.COV2.S led to dose level-dependent induction of S pf %inding
and neutralising antibodies, a dose level-dependent reduction in median lung viral lo &er
inoculation with SARS-CoV-2 and a dose level-dependent reduction in LRT histopa@gy scores. A
dose of 108 vp (or below) Ad26.COV2.S resulted in a breakthrough SARS'COV*Q? ion as measured
by the viral load in lung tissue. If breakthrough infection occurred, no incre%o% iral load was noted
compared with the infection in the control group. There was no indicationw ased lung pathology
in the vaccinated animals even at lower doses and no presence of eosin were noted upon
histopathological analyses, showing that the presence of low levels of n lising antibodies elicited by
sub-optimal Ad26.COV2.S vaccine doses do not aggravate lung disﬁe in challenged Syrian hamsters
compared to controls.

The conclusions appear similar to those for the previous expe%t in hamsters, i.e. prior
immunisation seems to protect animals mainly from a low tory tract infection and it seems
that the benefits of the vaccine in terms of upper respira act protection are not clearly apparent,
as measured by viral load (infective and viral RNA qu, histopathological scores and
immunohistochemistry.

The applicant also conducted a correlate of prote analysis showing that the binding and
neutralisation titers inversely correlate to the @Noads and histopathology scores in the lower
respiratory tract.

The results published by Tostanoski et ag?r irm some of the findings from the 2 studies reviewed
above, i.e.; a single administration o% or 1/5% of a human dose of the Ad26.COV2.S protects
against severe disease and morta% amsters infected with a high dose of 5%10° TCIDso. The
vaccinated animals showed a mini interstitial pneumonia whereas the controls displayed moderate
to severe multifocal pneumonij racterised by consolidation affecting 30 to 60% of lung
parenchyma. This publicatio so confirms that humoral immune responses correlate inversely with
lung viral load after challe -@. Unlike in those previous studies, in this model a correlation of the
humoral response wiwpe espiratory tract viral load was also identified.

The efficacy of the e in hamsters in terms of protection against body weight loss was not clear
from the two pre@ studies in hamsters discussed above. In this paper however, it seems that prior
immunisation’ t8cts against severe weight loss noted in the naive challenged animals (-4% versus -
19.9%). This@oss in vaccinated animals actually looks similar to that reported in the above studies.
It appea prior immunisation of hamsters does not prevent a slight weight loss but seems

efficaci bprevent an increased weight loss when severe disease is induced.

Th nce of the virus in the gastrointestinal tract was not assessed in either studies but are
ted in Tostanoski et al. showing that prior immunisation with Ad26.COV2.S decreases the amount
ime of detection of viral load in GI, spleen, liver and kidney compared to sham challenged

animals.

an

Based on the data presented in hamster immunogenicity and challenge studies we can conclude that
vaccination with one or two doses of Ad26COV2.S at 10° and 101° vp 4 weeks prior to challenge
protects the animals from mild to severe infection as noted by reduction of findings in the lower
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respiratory tract (viral loads, histopathology and immunohistochemistry). The antibodies generated
following vaccination with Ad26.COV2.S correlate with protection in the lower respiratory tract of
hamsters. Their correlation with protection of upper respiratory tract is not clearly established.

and the protection following challenge. The high level of genetic homology between NHPs a mans,

Non-human primates
The NHP model assessed the immune response following one administration of the candidati bne
and their comparative immunology make NHPs a suitable model for studies of vaccine,in@-uogenicity.

In study NHP 20-09, the NHPs were immunised IM with a single dose of 10! vp Ad26¢COV2.S (N=6)
which corresponds to twice the human dose. A negative control group received sanly. The NHPs

were inoculated with 1x105 TCIDso SARS-CoV-2 strain USA-WA1/2020, by they asal and
intratracheal routes 6 weeks after immunisation. Although this study serve ~-clinical proof of
concept, it appears that all animals remained healthy throughout the study o clinical signs or
changes on pulmonary radiographs or in inflammatory parameters or ey, ignificant differences in
scores upon histopathological examination are reported. In addition, a decrease in viral load in

both URT and LRT shown in sham immunised animals was also rep@d. This may be due to the fact
that macaques only recapitulate moderate COVID-19 disease, th g age (3-9 years) and healthy
status of the animals and also given the low viral load used to mte the animals compared to
published data. In conclusion, although the NHP challenge m@ considered adequate to
demonstrate immunogenicity, and viral clearance, it apperu ficient to demonstrate efficacy
against the disease. It can be considered relevant for tk@o elling of asymptomatic or mild to
moderate forms of disease in humans.

The immunogenicity results show that a single iw@isation with Ad26.COV2.S induces antibodies
against the S protein as well as neutralising a s. Regarding the cellular responses, they are
considered as rather low and variable.

The main efficacy read-out in the NHP stc&aﬁted was the reduction of viral load in the upper and
lower respiratory tract (URT/LRT) in t inated animals as measured by reverse transcription
polymerase chain reaction (RT-PC éting sub-genomic SARS-CoV-2 mRNA (sgRNA). This viral
load was below the limit of detecti OD) in the LRT in 6/6 NHP immunised with Ad26.COV2.S, and
in nasal swab samples, viral |OQ below the LOD in 5/6 NHP. All control animals showed detectable
lung and nasal swab viral Ioan challenge. Rectal and throat swabs were not collected to assess
the presence of the virus, minex and ICS were not performed on BALs. This is unfortunate as
those results would have b important for the assessment of the candidate vaccine absence of ERD
potential (particularlyN\e absence of clinical disease in the controls). The histopathology findings
were very mild esp in females of both groups and no histopathologic evidence of VAERD was

observed in the @ udy.
NN

Some limited were presented on the immune response 2 weeks post challenge (at week 8 post

immunis, t‘l&rese data showed that levels of neutralising antibodies post challenge seem to remain

at a sta el while binding antibodies seem to increase after challenge. The cause for this

is unknown. Regarding the cellular immunity, ICS was performed 2 weeks post challenge

alysed in favour of analysis of clinical ICS data. ELISpot results show a decrease 2 weeks
challenge, compared to the response observed before challenge (timepoint 4 weeks after

immunisation; response in 5 out of 6 NHP). The applicant hypothesised that recruitment of specific T

cells towards respiratory tracts could have reduced the systemic cellular responses but this explanation
remains only theoretical.

NHP Study 20-14 [study TV-TEC-176763] is a dose level titration study with Ad26.COV2.S, applying
dose levels of 1x10!! vp, 5x10%° vp, 1.125x10° vp, and 2x10° vp, administered as a single dose, to
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further characterise the relationship between humoral and cellular immunogenicity and protective
efficacy. A single immunisation with Ad26.COV2.S dose level-dependently induced protection from
SARS-CoV-2 infection in LRT and URT. Protection rate in the LRT was 100% within the groups that
received either 1x10!! vp or 5x101% vp Ad26.CoV2.S and 80% within the groups immunised with either
1.125x10%'%p or 2x10° vp (N=5 per dose level). Protection rate in the URT was reduced at eachhdose
level titration step, from 100% to 80%, 60% and 20%. Ad26.COV2.S dose-dependently ind cm
neutralising (measured by psVNA) and binding (S or RBD ELISA) antibodies. T cell respons@
measured by IFN-y ELISpot, were also dose dependent but rather low and variable.

Since a higher number of breakthrough infections was observed in the nose compar hhe lung,
these data suggest that protection in the upper respiratory tract may require high@ccine doses
offering a higher level of systemic immune responses. This study confirms th% .COV2.S protects
from infection as demonstrated in study NHP 20-09. In addition, a dose resp(sl elationship was
demonstrated for immune markers as well as viral load. 0

Vaccination of rhesus monkeys with Ad26.COV2.S at all dose levels foll by inoculation with SARS-
CoV-2, was associated with considerably lower average lung pathology sc6res and the absence of
virus-induced lung pathology, when compared to unvaccinated/shamzdosed challenged animals,
demonstrating protection against viral challenge. It should be n hat the additional subgroup of
control animals, with an age of 7-8y (=efficacy only group), igher average scores compared to
the initial control group (PBS-vaccinated, and at the age of he vaccine groups); 33.2 versus
24.87 respectively. This is in line with viral loads in the chin these groups, there was
considerable variability in lung histopathology score béere were no obvious differences between
males and females. Thus, in the control animals in genehkal but especially in the age-matched control
group pneumonia induced after challenge was ver@ild and without clinical signs.

In addition to the evidence of protection, vacc@n with Ad26.COV2.S was not associated with an
increase in the severity of lung findings (ng,increase in lung scores) even in animals having a
breakthrough infection when compared %ccinated animals after challenge, indicating there was
no histopathologic evidence of VAER

D
Data from 3 NHP studies (NHP 20- Q09 and 20-14) were pooled for correlate of protection
analysis. The design of those s Is similar: NHP were vaccinated with a single dose of Ad26-
based SARS-CoV-2 vaccine ca @ tes (10! vp for study 20-07 and 20-09, dose titration range 10!!-
2.10° vp for study NHP 20-149, followed by challenge via intranasal and intratracheal route with same
strain (USA-WA1/2020) e dose (10> TCIDso) at week 6 or 7. Ad26.COV2.S was not evaluated in
study NHP 20-07 but«f other¥Ad26 SARS-CoV-2 vaccine candidates were tested in comparable
conditions. The sam \unogenicity assays (2 pseudovirus neutralisation assays (Nexelis
pseudoparticle based modified VSV; and BIDMC with pseudotyped particles made from a modified
lentivirus backt\ , 2 binding antibody ELISAs (full length S in prefusion-stabilised conformation
(Nexelis) andgRBD»(BIDMC)) and a T cell assay (IFN-y ELISpot) were used for samples obtained in all
three studi 0, the same assay was used to determine viral load in BAL and nasal swabs (RT-gPCR
of SARS QS E gene subgenomic ribonucleic acid (sgRNA).

Twp lagisiic regression analyses were made independently: one dataset consisted of all vaccine
i8gtes combined (N=51) and a second dataset containing only the Ad26.COV2.S candidate

(N=26).

Based on the data generated with the final vaccine candidate, derived from studies NHP 20-09 and 20-
14, the dose dependent increases in humoral immune responses correlate with protection from

infection, especially in the URT. Since dosing-down still offered protection from LRT infection, with only
2 vaccinated animals showing viral replication in the lungs (1 each in the two lowest dose groups), this
comes with less precision of the logistic regression models for lung viral load. Correlation between tests
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assessing neutralising and binding antibodies has been demonstrated, and correlation of those markers
with viral load is confirmed when the latter is expressed as a continuous instead of a binary variable.
Binding antibody titers appeared to have a higher discriminatory capacity than neutralising antibodies.

Neutralising antibody levels had the highest discriminatory capacity across all vaccine candidates

combined from all studies. When comparing the overall analysis of all candidates to the analy ith
the final candidate only, a correlation of T cell responses to protection was only shown in t r.
However, although a dose response relationship is indeed identified for the final vaccine mte, it
should be clear that the responses are not higher than those seen for other candidate$ '%dy NHP

20-07.
Qion of those

study 20-07, and

For the logistic regression analysis of all candidates, it should be noted that inte
results is less straightforward, especially because the final candidate was not
it also builds on the assumption that the immune responses induced by the nt candidates are
qualitatively similar. For the logistic regression analysis of the final candidate pnly, as indicated above,
precision of this logistic regression model is low for the lung as dose ti@ did not lead to the
expected reduced LRT viral load. Both strategies are therefore consi&re omplimentary, but these

limitations may influence the weight that should be attributed to th&putcome of the logistic regression
analysis. However, the models have not been used to determine@'eshold to apply to human data

sets, which would probably require more robustness and furt justification of the relevance of the
animal model of infection, not disease. No unfounded clai een made. The overall conclusion is
supported: binding and neutralising antibody titers obse 4 weeks after immunisation with a single

dose correlate with protection from infection in LRT a\ , when challenged in the short term.

A passive transfer experiment in this NHP model shows that convalescent plasma dose-dependently
protects from infection, indicating that humoral r se induced after infection is sufficient for
protection (McMahan et al.). Ad26 vaccine-ind@neutralising or binding antibodies could thus be
mechanistically involved in protection but,it,remains to be determined if vaccine-induced humoral
response is sufficient for protection or alterhatively that antibodies could also act as surrogate of the
actual protective effector mechanismé ay well be multifactorial.

p

Further evidence on the type of T onse induced by vaccination was provided through a
publication by Solforosi et al. (not r reviewed). In this publication, a Th1l response was
characterised by CD4+CD69+ s expressing IFN-y and/or IL-2 and not IL-4, IL-5 and/or IL13 and
a Th2 response was characterised by CD4+CD69+ T cells expressing IL-4, IL-5 and/or IL-13. Th1l
skewing of the immune rse is demonstrated in aged monkeys. Animals vaccinated with alum
adjuvanted spike protein alsddvnduced comparable levels of antigen specific Thl cells, but unlike the
Ad26.COV2.S vacci ivation of Th2 cells likely occurred. A similar intracellular cytokine staining
was used for hu ples from the phase I/IIa clinical trial, equally demonstrating Thl skewing of
the immune ro@(Sadoﬁ et al. 2020). In addition, this publication describes that immune
response anon{ ction from challenge have been demonstrated in aged monkeys. These data

support i udies, NHP 20-09 and NHP 20-14, with demonstration of protection in lower

respirat ct. It should be noted that in contrast to previous NHP studies, the G614 SARS-CoV-2
challe ain was used. In study NHP 20-14 a dose response relationship was shown for protection
frofma tion in upper respiratory tract. In the current study, only a partial protection of the URT was

ved in the vaccinated animals. The applicant suggested that several factors may have contributed
to this finding, like age of the animals, time of the challenge and the strain used. A detailed
assessment, in absence of a study report, is not possible at this stage but increase in temperature and
signs of interstitial pneumonia in aged monkeys from the unvaccinated control group indicate that
older age is associated with a more severe disease compared to what was observed in control animals
in previous studies in young adults.
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Preliminary results of an ongoing durability challenge study in NHPs [study NHP 2020-3373 (TV-TEC-
179493)] are publicly available (Roozendaal et al., not peer reviewed). The applicant analysed whether
vaccination with Ad26.COV2.S provides protection in macaques 6 months after the first vaccination,
and whether the degree of protection could have been anticipated based on the derived correlates of
protection, as described above (Logistic regression models; based on data from studies NHP 20x07, 09
and 14). Groups of 7 macaques were vaccinated with either a one-dose (5x101° vp or 1x1011 \&r
two-dose regimen (5x101° vp/dose) of Ad26.COV2.S with either a 4-week or an 8-week int

between doses. .

Although there is not much detail, the protection conferred by one or 2 immunisatioﬁ}ms to last
for at least 6 months after the first immunisation, as shown by the antibody titers @t e viral loads
measured in the BALs. The presence of replicating virus was measured in the vaccinated
animals at similar levels than in controls, however animals receiving two ad iStrations of the vaccine
8 weeks apart had significantly lower loads compared to the controls even@ replicating virus is
still measured as well in that group.

There is good agreement between the observed protection 6 months afte¥vaccination with the

predicted protection probability in the lung based on both pre-chall@Rge binding and neutralising
antibody levels and correlate of protection models. In the nose, redicted levels were above those
actually measured. Thus, the predictions for the probability o ection in the lower airways based on

binding and neutralising antibody levels is more robust tha r the protection in the upper
respiratory tract. These findings are considered supportié

Secondary pharmacodynamic studies

No studies on the secondary pharmacodynam@ave been performed, which is in accordance with

applicable guidelines. &

Safety pharmacology progr

Safety pharmacology studies hav been performed with Ad26.COV2.S, since data (e.g., detailed
clinical observations) from rep e toxicity studies with Ad26.COV2.S and other Ad26-based
vaccines did not suggest tha§1t vaccines have a significant impact on physiological functions (e.g.,
central nervous system, regspiratory, and cardiovascular functions) other than those of the immune
system. Therefore, and in with the WHO guidelines on non-clinical evaluation of vaccines, stand-
alone safety pharmacofagy studies are not deemed necessary.

Pharmacod@ﬁc drug interactions

No studies'w\@bérmacodynamic drug interactions have been performed, which is in accordance with
applicabl idelines.

harmacokinetics

Biodistribution studies were not performed with this specific COV2.S construct as formerly discussed
and agreed during the scientific advices undertaken by the applicant.

The biodistribution profile of the Ad26 vector platform was evaluated in the rabbit using two Ad26-
based vaccines encoding other antigens than the SARS-CoV-2 S protein.
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In these biodistribution studies, one Ad26-based was administered at a dose of 5x101° virus particles
[vp], with animals sacrificed at Days 11, 61, or 91 following single IM injection, whereas for a second
Ad26-based vaccine the animals received a dose of 1x10!! vp, with animals sacrificed on Days 11, 90,
120 or 180 following single IM injection of the vaccine.

Tissues from these animals were harvested for analysis of Ad26 vector DNA using a quantitatib

polymerase chain reaction (q-PCR) assay. @

The results from both biodistribution studies show that the replication incompetent Ad2 or does
not widely distribute following IM administration in the animals. Vector DNA was prim N etected at
the site of injection, draining lymph nodes and (to a lesser extent) the spleen. Fro e tissues,
Ad26 DNA diminished slowly, with a small amount remaining in iliac lymph node nimal at 180
days. In one of the studies, the vector DNA was below limit of detection in all errorgans.
Considering the removal of regions in the genome necessary for replication e results of the two

distribution studies performed with Ad26 platform, it is considered unlikelythdt the vector will replicate
in human tissues. Notably, no biodistribution in gonads (ovaries and teﬁb\ was detected.

In addition, both Ad26-based vaccines tested in the biodistribution ﬁdies showed a similar pattern of
(systemic) distribution and clearance when delivered via the IM in the rabbit, despite carrying
different transgene inserts. The Ad26 vector backbone used fq .COV2.S is identical to the vector
backbone of the Ad26-based vaccines that were tested in the ble biodistribution studies. The only
difference between the vectors, apart from the encoded antigén transgene, is the insertion of a
tetracycline operon (TetO) motif in the cytomegaloviru ) promoter sequence of the transgene
expression cassette of Ad26.COV2.S. This is not consl to impact the biodistribution profile of the

Ad26 vector. O

2.3.4. Toxicology Q

The nonclinical safety profile of the Adzﬁﬁjﬁ.s vaccine has been assessed in two pivotal toxicology
studies in New Zealand white (NZW) r. , @ combined repeat-dose toxicity and local tolerance
study, and a combined embryo—fo6 pre- and postnatal development (EF-PPND) toxicity study.

Table 2 Overview of Toxi 9 Studies in Support of the Development of the Ad26.COV2.S

Vaccine Q
Test Study Descrifaon Vaccine, Route, Interval, and Dose GLP | Study Report
Species i\ Level
WEW 3 injections (Days 1, 13, 29; 2-week Tes Modd 232/
rabhit mterval between doses), I TOX14382
= Saline
«  1x10Mwp
NZIW {'n@d embryo-fetal and pre- | 3 imjections (Day 12 GD& and GD2(; Yes | Modd235Y
rabbit cstnatal development study | 2-week interval between doses), IM TOX14339
*  Saline®
P o 1x10Uqph I

Vs pricr to painng

y includes 2 subgroups: 1 group consisting of females that are necropsied on GD29 and have a uterine and
mation (external, visceral, and skeletal exams), and 1 group consisting of females that are allowed to give
and in which the survival and development of the kits is evaluated through lactation day 28

GD: gestation day; GLP: Good Laberatory Practice; IM: inframuiscular; NZW: New Zealand white; vp: vins particles
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Repeat dose toxicity

A specific GLP-compliant repeat-dose toxicity and local tolerance study with Ad26.COV2.S (study
TOX14382) was conducted in male and female NZW rabbits to evaluate its toxicity and to assess the
potential reversibility, persistence or delayed occurrence of any findings 3 weeks after the las
vaccination. The rabbits were injected IM with a control solution (0.9% sodium chloride) or 1%vp
Ad26.COV2.S on three occasions with a 14-day interval period (Days 1, 15 and 29). This d nd
interval encompass the actual clinical dose and schedule, which is acceptable. The rab.bi Iso
demonstrated to elicit an immune response to the antigen contained in the vector, whi alifies this
species for the safety assessment of the present vaccine.

Ad26.COV2.S administered on three occasions every 2 weeks at 1x10!! vp/dosesi ed a transient
inflammation consistent with an immunologic response to vaccination, i.e.: %hyperthermia and
minimal body weight loss or lower body weight gain after injection, increas %Iasma proteins (CRP,
fibrinogen and globulins) and white blood cell counts (monocytes and lym tes).

Microscopic pathology findings showed increased lymphoid cellularity o@minal centers in popliteal
and iliac lymph nodes and the spleen, also consistent with an imm\ﬁresponse to the vaccine. Overall,
the findings were considered non-adverse and were partially or (@ tely reversible after a 3-week

treatment-free period. %
The local changes consisted of transient local injection sit reactions associated with minimal to
slight and reversible inflammation and haemorrhage at jection site.

In conclusion, the repeat dose toxicity and local toleN study did not highlight any unexpected
findings. Those were mild, transient and as expecbfrom a local/general inflammatory reaction

subsequent to vaccination. Q

Genotoxicity and carcinogeniciﬁgl

No genotoxicity and carcinogenicity st&gdvere carried out, in line with relevant guidelines. Studies
evaluating genotoxicity and carcin@ ty are normally not required for viral vaccines. Since no
adjuvants or novel excipients ar in this product, absence of those studies is considered
acceptable. 6

As regard Ad26 vector an &tegration ability in nature, wild type adenoviruses do not integrate
their genomes into the ho Il chromosomes. With a few exceptions they replicate as linear, extra-
chromosomal DNA (e\qnic) elements in the nucleus. The guideline on non-clinical testing for
inadvertent germlin‘é\smission of gene transfer vectors EMEA/273974/2005 indicates that
adenoviruses Eaea itionally been regarded as non-integrating.

Repro tl\goﬁ Toxicity

A GLP; iant EF-PPND toxicity study (study TOX14389) was conducted in female NZW rabbits that
\@dZG.COVZ.S intramuscularly on Day 1 (i.e., 7 days prior to mating), followed by two

re
%ﬁons during the gestation period (i.e. GD 6, and GD 20). The design of this study was
distussed with CHMP and considered appropriate.

The rabbit is an acceptable model for developmental toxicity studies, and the dosing strategy ensures
induction of a maternal immune response during mating and early gestation, evaluation of potential
direct embryotoxic effects of the components of the vaccine formulation and the (direct) effects of the
vaccine during late gestation, and a sustained maternal immune response up to lactation.
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There were no adverse effects of treatment on survival, clinical observations, body weight, body weight
change, food consumption, reproductive performance, fertility, ovarian and uterine examinations,
parturition, or macroscopic evaluations in parental females.

evaluations on GD 29, or F1 kit evaluations from LD 0-28 (sex ratios, survival, body weights,

No adverse effect of treatment was seen on foetal body weights, external, visceral, and skeletal
I
findings, developmental evaluations, and macroscopic evaluations).

The assay used for immunogenicity is a qualified SARS-CoV-2 spike ELISA. All immun';se@imals and
their foetuses had high SARS-CoV-2.S protein-specific antibody titers, indicating that &e nal
antibodies were transferred to the foetuses. While antibody titers of foetuses were arable to that
in the does, titers in kits (measured on LD28) were 1.3-fold lower.

In conclusion, the reproductive and developmental toxicity study did not re mevidence of
impaired female fertility and did not indicate harmful effects with respect to oductive toxicity, while
exposure of dams and offspring was confirmed by detection of antibody@ A.

treatment related effects on reproduction or on FO or F1 animals a administration 8 days prior to
mating and at GD6.

Previous studies submitted with Ad26.ZEBQOV vaccine in the rabbit d'td n ighlight significant

Local Tolerance Q t

No stand-alone local tolerance studies were submitt Q is acceptable and in line with relevant
guidance on non-clinical vaccine development since local’tolerance was evaluated in a repeated dose

toxicity study. O

2.3.5. Ecotoxicity/environmenﬁlirisk assessment

Ad26.COVS.2 is a recombinant Adeno 'rﬁ% that has been rendered replication-incompetent by
deletion of the E1 region of the wi édz& Ad26.COVS.2 is produced in an E1 complementing cell
line, without any DNA sequence o ap between the Ad26.COV.S vector and the cell line, thereby
precluding the formation of rep competent adenovirus (RCA). RCA testing of drug substance DS
was conducted for several sr‘ﬁG d large-scale processes and the results complied with the
acceptance criteria specifigati .

Both the non-replicatiye n;§e and the anticipated biodistribution profile upon intramuscular injection
of Ad26COVS.2 is a to minimise co-infection events with wild-type adenoviruses, E1-
complementing vi ﬁr coronaviruses. An assessment of the effect and likelihood of recombination
events conclud at resulting recombinants would either be non-replicative or will have no increased
risk profile a &pared to the circulating wild-type viruses that are present in the individual at the
time of i on. While it is anticipated that exposure of unintended individuals to Ad26COVS.2 will
ers of magnitude lower as compared to the dose administered for vaccination, results
obtai clinical trials completed so far indicate good tolerability and reveal no particular safety
co r@distinct from other Ad26-based vaccines.

RISk management strategies

Even though the overall risk of Ad26.COVS.2 is deemed negligible, measures have been taken by the
applicant to minimise the likelihood of spread in the environment or to non-target individuals.

The SmPC gives some guidance in relation to protection of personnel during handling and
administration, including disinfection of accidental spills in section 6.6: “Potential spills should be
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disinfected with agents with viricidal activity against adenovirus”. Since the environmental risks of
Ad26.COVS.2 are negligible, the inclusion of additional risk management strategies for reasons of
environmental safety and safety of non-target individuals is not necessary.

The overall risk for human (non-vaccinated individuals) and the environment under the proposed
conditions of release of Covid-19 Vaccine Janssen is negligible.

X2
2.3.6. Discussion on non-clinical aspects {\

Pharmacology Q:

Ad26.COV2.S is an adenoviral vector that encodes a modified variant of th tein that is stabilised
in its prefusion conformation. This vaccine construct was shown to induc érior immunogenicity in
mice, Syrian hamsters, and non-human primates and protection foIIow@ARS—CoV—Z challenge in
NHPs and hamsters compared to other vaccine candidates explored py the applicant.

Immunogenicity of the Ad26.COV2.S vaccine was tested in mice@tnts, Syrian hamsters, and NHP.
The vaccine elicits a dose-dependent binding and neutralising dy response in the species tested
and additionally induces a cellular immune response in mic s, and NHP, which is rather low and
variable. The applicant showed that the Ad26.COV2.S vacCige elicited a Th1l skewed immune response

in mice and NHP.

The high level of genetic homology between NHP an(hnans, and their comparative immunology
make NHP a suitable model for studies of vaccine unogenicity and efficacy studies. The Syrian
hamsters were selected as they are describeermissive to SARS-CoV-2 replication and display
widespread lung pathology and clinical signs inclading weight loss. In contrast to the NHP model,
shown to be an infection model but not s to demonstrate protection from disease, the hamster
model shows more severe disease (I\g- ntela, C. et al., 2020).

Challenge studies performed in NHB e shown reduced viral load in the upper and lower respiratory
tracts in vaccinated animals compto controls. The NHP challenge model was considered adequate
to demonstrate immunogenicit d viral clearance, but appears insufficient to demonstrate efficacy
against the disease. In a titration study in NHPs, a dose-dependent humoral immune response was
demonstrated. While proth from infection in the lower respiratory tract was observed with little
breakthrough cases eyen in tQe low dose groups, viral load in the upper respiratory tract was dose
dependent. Prelimin ults of an immunogenicity and efficacy study in aged NHP (VH808.681)
have been provided ugh a manuscript (Solforosi et al.) and indicate that immune responses
induced by Adg@z.s vaccination confer protection in older animals. Finally, preliminary data from
an ongoing d N y study indicate that the immune response lasts for at least six months and confers
Caér respiratory tract infection (Roozendaal et al.).

protectio \
It seems@ prior immunisation of NHPs confers protection more in the lower respiratory tracts
comp@to upper tracts 6 months after the first administration of the vaccine. Protection from upper
res ory tract infection was high shortly after vaccination of adult NHPs with high doses of

.COV2.S (NHP 20-09). However, the titration study (NHP 20-14) with a dose level-dependent
protection of URT suggested that protection in the upper respiratory tract may require higher vaccine
doses offering a higher level of systemic immune response, compared to protection from LRT viral
replication. Another study in older NHPs has also only shown partial protection of URT infection. In this
new duration study, with only a small subsets of animals protected from URT viral replication, the
applicant suggested that systemic binding and neutralising antibody levels likely are associated with a
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distinct mechanistic correlate of protection in the nose early after vaccination, rather than being a
mechanistic correlate of protection themselves.

The applicant complemented the non-clinical package with two humoral immunogenicity and challenge
studies in a SARS-CoV-2 Syrian hamster challenge model. Ad26.COV2.S significantly reduced
in the lung and lower histopathological scores compared with mock vaccinated controls. Howe @ he
difference was less apparent in the upper respiratory tract where viral load and histopathol 3
findings were not very different from unvaccinated animals. Like the experiments in the P
challenge dose conferred rather mild pneumonia without any clinical signs in the unva%@
animals, apart from body weight loss in hamsters.

@dent reduction

erdose levels. The

d control

Data from a dose level titration study performed in hamsters showed dose level-
of efficacy and partial breakthrough infection in the lower respiratory tract at
protection of vaccination against weight loss was not really apparent in the riments reported
here, however, some beneficial effects of Ad26.COV2.S on weight loss w npted in a study by
Tostanoski et al. using a more stringent SARS-CoV-2 challenge dose, d@strating significant
protection when the body weight loss is severe.

It is additionally considered that the theoretical risk of SARS-Co &ccine-associated enhanced
respiratory disease (VAERD) has been sufficiently addressed b pplicant. The structure of the
Spike coded by the vector stabilised in its prefusion conforma fthe Thl skewing of the immune
response confirmed in mice, NHPs and rabbits as well as t@sence VAERD noted in the challenge
studies based on assessments of lung histopathology a ence of signs of clinical disease contribute
to conclude that this risk is low.

In both animal models, two different challenge st@ were used, D614 which is related to the one
expressed by the vaccine vector, and a G614 Q with higher infectivity. Protection from infection
b

by emerging strains of interest will be address y assessing neutralising potential of clinical samples.

Finally, the applicant showed that in bot idan hamsters and NHP, the binding and neutralising
antibodies elicited by Ad26.COV2.S co Qd with protection from infection with SARS-CoV-2 as

measured by viral load in the res ryjtracts. Because immunogenicity and efficacy data are
available from clinical studies, th:@n—clinical data are for the most part superseded and considered

supportive of this application. O

No assessment of a potentia mune response toward the vector in itself was provided. Taking into
account the available non@cal and clinical platform data, as well as of clinical Ad26.COV2.S-specific
data, the absence of wcli al insert-specific vector immunity data is considered acceptable and
sufficiently justified

Pharmacokirf@

The biod'% n profile of the Ad26 vector platform was evaluated in the rabbit using two other

Ad26 baaccines. These platform biodistribution data are considered sufficient to inform on the

biodis@ on profile of Ad26.COV2.S, for which the same (replication incompetent) Ad26 vector

ba is used. This position has been confirmed and agreed in a previous Scientific Advice by EMA
/CHMP/SAWP/369281/2020, dated 9 July 2020). It is further noted that the same platform

biodistribution data were part of the MAA file for the Ebola vaccine component Ad26, Zabdeno

(EU/1/20/1444/001).

The Ad26 vector shows a limited distribution profile following IM injection, with detection at the site of
injection, draining lymph nodes and (to a lesser extent) the spleen. Clearance (reflected by a
downward trend in number of positive tissues and vector copies over time, to levels close to, or below
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the detection limit of the g-PCR methods used) of the Ad26 vector was observed, indicating that the
vector does not replicate and/or persist in the tissues following IM injection.

Dissemination of Ad26 vector into breast milk or to/across the placenta has not been specifically
assessed in these non-clinical biodistribution studies. Even if a small quantity was excreted via,the
milk, it would not be considered as a risk, since Ad26.COV2.S is a non-replicating vaccine and@ not
encode a complete virus.

Studies on absorption, metabolism and excretion were not performed, which is in accgrd@ with the
WHO Guidelines on the Nonclinical Evaluation of Vaccines. {\

Toxicology Q
o

The nonclinical safety profile of the Ad26.COV2.S vaccine has been assess o pivotal toxicology
studies in New Zealand white (NZW) rabbits, a combined repeat-dose toxieityjand local tolerance
study, and a combined embryo-foetal and pre- and postnatal develop EF-PPND) toxicity study.

Overall, the repeat dose toxicity and local tolerance study did not rQIight any unexpected findings.
Those were mild, transient and as expected from local/general ir@ atory reaction subsequent to
vaccination. It also did not reveal any effects on male sex org%n t would impair male fertility.

Female reproductive toxicity and fertility were assessed in ed embryo-foetal and pre- and
post-natal development study in the rabbit. In this stud irst vaccination of COVID-19 Vaccine
Janssen was administered intramuscularly to female 7 days prior to mating, at a dose
equivalent to 2-fold above the recommended human doSe, followed by two vaccinations at the same
dose during the gestation period (i.e., at gestatio@ays 6 and 20).

This EF-PPND toxicity study did not reveal anys§yaceine-related effects on female fertility, pregnancy, or
embryo-foetal or offspring development. parental females as well as their foetuses and offspring
exhibited SARS-CoV-2 S protein-specific dy titers, indicating that maternal antibodies were
transferred to the foetuses during ges ” No COVID-19 Vaccine Janssen data are available on
vaccine excretion in milk. 6

Dedicated male fertility studies h routinely required for vaccines, and this is considered
acceptable in this case as no ns were raised in repeat dose toxicity study and biodistribution
studies. Absence of juvenil imal studies is also acceptable since no target organs of toxicity have
been identified. Q

Neither genotoxicity n arcinogenicity studies were performed. The components of the vaccine are
not expected to ha otoxic potential.

Overall, the t E@y studies were adequate and in accordance with the WHO guidelines on non-
clinical evaluééof vaccines and scientific advice. The vaccine-related effects noted were considered
to reflec ‘K al, immunologic response consistent with vaccination. The nonclinical safety profile of
Ad26.C is largely similar to the profile observed previously for other Ad26-based vaccines.

Conclusion on the non-clinical aspects

No major non-clinical issues are identified in this application. A range of other concerns identified have
been properly addressed by the applicant.

The CHMP is of the view that non-clinical data reveal no special hazard for humans based on
conventional studies of repeat dose toxicity and reproductive and developmental toxicity.
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2.4. Clinical aspects

2.4.1. Introduction

The trials performed by the applicant are still ongoing and all are randomised, placebo-control nd
conducted in a double-blind fashion. The first-in-human VAC31518C0OV1001 is a Phase 1/2
evaluate the safety, reactogenicity, and immunogenicity of Ad26.COV2.S at 2 dose level &
and 1x10! vp). The data from this study supported the enrolment in the pivotal stud \%
VAC31518C0OV3001. A Phase 1 trial VAC31518C0V1002 evaluates the safety and immunogenicity of
Ad26.COV2.S. VAC31518C0V2001 is a Phase 2a trial conducted in three EU count@o evaluate the
safety and immunogenicity of the vaccine candidate. Two Phase 3 trials, VAC V3001 and
VAC31518C0OV3009, evaluate the efficacy, safety, and immunogenicity of A %Z.S in adults aged
>18 years living in or going to locations with high risk for acquisition of Ac@ 2.S infection.

10 vp

This report presents the primary efficacy and safety analysis from stud 31518C0OV3001, which
was performed once the required 2-month median follow-up was reached{reached on 22 January
2021). In addition, interim immunogenicity and safety analyses from,studies VAC31518C0OV2001,
VAC31518C0OV1002 and VAC31518C0OV1001 are presented, as w@s preliminary immunogenicity

analysis for VAC31518COV3001. q
GCP OQ

The applicant claimed that the clinical trials included in the application were performed in accordance
with GCP.

The applicant has provided a statement to th@t that clinical trials conducted outside the
Community were carried out in accordanwi;h the ethical standards of Directive 2001/20/EC.

In addition, EMA, in the context of the CQ/)D—19 pandemic, gathered additional information on clinical
trial conduct and GCP compliance of the“studies included in this dossier, from the from EU and non-EU
regulatory authorities and shared ith the CHMP to be considered in the assessment:

e Establishment Inspecti ports from GCP inspections performed by US-Food and Drug
Administrations (USA{Redulatory Authority) of five investigator sites in USA for study
VAC31518C0OV30 andomized, Double-blind, Placebo-controlled Phase 3 Study to Assess

Q of Ad26.COV2.S for the Prevention of SARS-CoV-2-mediated COVID-19

the Efficacy and S
in Adults Ag%Years and Older”.

e Summary, outcome from GCP inspection performed by the Peruvian Ministry of Health
(INS) %\ of the investigator sites located in Peru’ for the study VAC31518COV3001.

e S of the outcome from GCP inspections performed by the Federal Agency for Medicines
alth Products of Belgium (FAMHP) at two of the investigator sites located in Belgium for
tudy VAC31518C0OV1001 “A Randomized, Double-blind, Placebo-controlled Phase 1/2a
dy to Evaluate the Safety, Reactogenicity, and Immunogenicity of Ad26COVS1 in Adults
Aged 18 to 55 Years Inclusive and Adults Aged 65 Years and Older”.

¢ Summary of the outcome from GCP inspections by the Health and Youth Care inspectorate of
the Netherlands (IGJ) at two of the investigator sites located in the Netherlands for the study
VAC31518C0OV2001 “A Randomized, Double-blind, Placebo-controlled Phase 2a Study to
Evaluate a Range of Dose Levels and Vaccination Intervals of Ad26.COV2.S in Healthy Adults
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Aged 18 to 55 Years Inclusive and Adults Aged 65 Years and Older and to Evaluate 2 Dose
Levels of Ad26.COV2.S in Healthy Adolescents Aged 12 to 17 Years Inclusive”.

Based on the review of clinical data, the above-mentioned reports and the general advisory input from
the COVID-19 EMA pandemic Task Force (ETF), a request for GCP inspection of the clinical trials
included in this dossier was not considered necessary by the CHMP.

e Tabular overview of clinical studies ’\C 9

The results described in this Clinical Overview are derived from 5 ongoing clinical st‘éwhich are being
conducted in North America, Latin America, Europe, Africa, and Asia. An overview oing and planned
clinical studies with Ad26.COV2.S is provided in the following Table.
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Table 3 : Overview of the studies included in the @gion

Q'V

(o

<
S

b
Study ID Country(ies): Phase S Total Study Vaccine(s): Formulation | Number of
EudraCT Number Number of Study iption/Design, Number of (Route of Administration) Subjects
First Patient First Visit Centers St@pulation, Subjects Dose Regimen (by Vaccine
/ Primary Objective(s) Duration of Treatment Group)
Completion Date
(day Month year)
Study Status’
BEL?, U% Ad26.COV2.S: 1x10" vp/mL; Cobhort la
12 O Placebo: 0.9% NacCl solution Gp 1: 77
Phase 1/2a (IM injections) Gp 2:75
Q Randomised, double-blind, placebo- Cohorts 1a/b and 3: Gp3:75
\ controlled
N Days 1, 57: Gp 4:73
@ Healthy adults aged >18 to <55 Go 1. Go 5. 77
@ years and adults aged >65 years. p P
10
VAC31518C(\ 0 To assess the safety and Ad26.COV2.S 5x10' vp, Cobhort 1b
2020-0014183 8 reactogenicity of Ad26.COV2.S' at | Planned: Ad26.COV2.S 5x10" vp Gpl:5
22 July N 2 dose levels, 5x10'° vp and 1x10'" | 1,045 « Gp 2: Gp2:5
. i r vp, administered IM as a single dose 10
e} Ad26.COV2.S 5x10 , Gp3:5
ngo& or 2-dose schedule in healthy VP P
. placebo Gp4:5
adults aged >18 to <55 years and in
adults aged >65 years in good health *Gp 3: Gp3:5
with or without stable Ad26.COV2.S 1x10'"! vp, Cohort 2a
underlying conditions. Ad26.COV2.S 1x10" vp Planned:
*Gp 4: Gp 1: 30
Ad26.COV2.S 1x10!' vp, Gp 2: 30
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e\‘z’b

*

N
&

NS
Q

placebo

* Gp 5: placebo, placebo
Cohort 2a:

Ad26.COV2.S 5x10° vp in a
single-dose primary regimen
(Day 1) with or without a
single booster vaccination at 6,
12 or 24 months after
completion of the primary
regimen

Placebo on Day | and at 6, 12,
and 24 months after
completion of the primary
regimen

Cobhort 2b:

Ad26.COV2.S 5x10° vp in a 2-
dose primary regimen (Day 1
and Day 57) with or without a
single booster vaccination at 6,
12 or 24 months after
completion of the primary
regimen

Placebo on Day 1, Day 57, and
at 6, 12, and 24 months after

completion of the primary
regimen

Gp 3: 30
Gp 4: 30
Gp5: 15
Cohort 2b
Planned:
Gp 1: 30
Gp 2: 30
Gp 3:30
Gp 4: 30
Gp 5: 15
Cohort 3
Gp 1: 81
Gp 2: 80
Gp 3: 82

Assessment report

EMA/158424/202

1

Page 60/218



health aged 65 years and older and

JPN: 3 \% Ad26.COV2.S: 110" vp/mL; | Cohort 1
Q Placebo: 0.9% NacCl solution Gp 1: 51
Q (IM injections) Gp 2: 50
Phase 1 \O Cohort 1 Gp 3:24
Randor@l, double-blind, placebo- Days 1, 57: Cohort 2
cont +Gp 1: Planned:
Healthy adults aged >20 to <55 Ad26.COV2.S 5%x10' vp, Gp 1: 50
hes ears' and adults in good }'malth with Ad26.COV2.S 5%101 vp Gp 2: 50
‘F ithout stable underlying
VAC31518COV1002 onditions aged >65 years *Gp2: Gp 3:25
. 1
Not Applicable To assess the safety, reactogenicity, | ppy o4 Ad26.COV2.S 1107 vp,
and immunogenicity of Ad26.COV2.S 1x10'" vp
12 August 2020 @) Ad26.COV2.S at 2 dose levels, 250 + Gp 3: placebo, placebo
Ongoin 5x10'° vp and 1x10!! virus particles ’
some { P P Cohort 2
Q (vp), administered intramuscularly )
\ (IM) as 2-dose schedule in healthy Days 1, 57:
®~ adults aged >20 to <55 years and "Gp I:
>65 years in good health with or Ad26.COV2.S 5x10' vp,
. \Q without stable underlying Ad26.COV2.S 5101 vp
. ‘ ) conditions «Gp2:
b\ Ad26.COV2.S 1x10"! vp,
@ Ad26.COV2.S 1x10'" vp
\ * Gp 3: placebo, placebo
i‘ DEU?, NLD, Phase 2a Ad26.COV2.S: 1x10'" vp/mL; Planned:
VAC31518COV2001 Planned:
ESP, and other Randomised, double-blind, placebo- anne Placebo: 0.9% NaCl solution Adults
2020-002584-63 Adults: 625
countries to be | controlled o (IM injections) Gp 1:75
31 August 2020 determined®: Healthy adults aged 18 to 55 years | Adolescents: 1 = Gp2: 75
Ongoing inclusive, adults in good or stable 660
Number of Days 1, 57, and 4 months post Gp3:75
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centers to be

determined

@b

Q

healthy adolescents a 017
years inclusive

Adults

To assess the @ral immune
response to se levels (5x10'° vp,
2.5x10® 1.25x10' vp) of
Ad@ 2.S, administered IM as a
2-dos@schedule at a 56-day interval,
8 days after Vaccination 2.

0 assess the humoral immune
response to 2 dose levels (1 x10'" vp

and 5x10'° vp) of Ad26.COV2.S,
administered IM as a single
vaccination, 28 days after
Vaccination 1.

To assess the humoral immune
response to Ad26.COV2.S at the

5x10'° vp dose level, administered
IM as a 2-dose schedule at a 28-day
and at an 84-day interval, 28 days
after Vaccination 2.

To assess the safety and
reactogenicity of Ad26.COV2.S,
administered IM at several dose
levels, as a 2-dose or a single-dose
schedule.

Adolescents

To assess the safety and
reactogenicity of Ad26.COV2.S,
administered IM at the 2.5x10'° and

vaccination 2 (Injection 3)6 :
*Gp I:

Ad26.COV2.S 5x10'% vp,
Ad26.COV2.S 5x10'% vp,
Ad26.COV2.S 1.25x10'" vp
*Gp 2:

Ad26.COV2.S 2.5x10' vp,
Ad26.COV2.S 2.5x10'° vp,
Ad26.COV2.S 1.25%10" vp
*Gp 3:

Ad26.COV2.S 1.25x10'° vp,
Ad26.COV2.S 1.25x10' vp,
Ad26.COV2.S 1.25x10'" vp
*Gp 4:

Ad26.COV2.S 1x10!'! vp,
placebo, Ad26.COV2.S
1.25%10' vp7

*Gp 5:

Ad26.COV2.S 510" vp,
placebo, Ad26.COV2.S
1.25%101% vp’

* Gp 6: Placebo, placebo,

placebo

Days 1, 29, and 4 months post
vaccination 2 (Injection 3)°:

*Gp7:

Gp4:75
Gp5:75
Gp 6: 25
Gp 7: 50
Gp 8: 25
Gp 9: 50
Gp 10: 25
Gp 11: 50
Gp 12: 25

Adolescents

Gp A: 150
Gp B: 150
Gp C: 30
Gp D: 150
Gp E: 150
Gp F: 30
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5x10' vp dose level, ag 3Q«lose or
a 1-dose schedule.

If the safety pro/@he 5x101% vp
dose level in cents is not
found to b ptable only the
hypoth@n noninferiority (NI)

below re related to the

2.5%\/]) dose level in adolescents
ill b&tested.

emonstrate NI of immune
sponses induced by 1 dose of
Ad26.COV2.S 5x10'° vp in
adolescents vs 1 dose of
Ad26.COV2.S 5x10'° vp in adults

If the above is demonstrated, then:
To demonstrate NI of immune
responses induced by 1 dose of
Ad26.COV2.S 2.5x10' vp in
adolescents vs 1 dose of
Ad26.COV2.S 5x10'" vp in adults

To demonstrate NI of immune
responses induced by 2 doses of
Ad26.COV2.S 5x10'% vp in
adolescents vs 1 dose of
Ad26.COV2.S 5x10'" vp in adults

If the above is demonstrated, then to
demonstrate the following in
sequential order:

* NI after 2-doses of Ad26.COV2.S
5x10'° vp in adolescents vs 2 doses
of Ad26.COV2.S 5x10'° vp in adults

Ad26.COV2.S 510" vp,
Ad26.COV2.S 510" vp,
Ad26.COV2.S 1.25%10'° vp
* Gp 8: Placebo, placebo,
placebo

*Gp1l:

Ad26.COV2.S 5x10' vp,
Ad26.COV2.S 5x10'% vp,
Ad26.COV2.S 1.25x10'" vp
* Gp 12: Placebo, placebo,
placeboDays 1, 85, and 4
months post vaccination 2
(Injection 3)°:

*Gp9:

Ad26.COV2.S 5x10' vp,
Ad26.COV2.S 5x10'% vp,
Ad26.COV2.S 1.25%10'° vp
* Gp 10: Placebo, placebo,
placebo

Adolescents

Days 1, 57, and 12 months post

vaccination 1 (Injection 3)6:
* Gp A:

Ad26.COV2.S 2.5x10' vp,
placebo, Ad26.COV2.S
2.5x10"%vp

Assessment report
EMA/158424/2021

Page 63/218



0'\/

(o
A\

@b

Q

N
n

* NI after 2-doses of *€OV2.S
2.5x10'" vp in adole s 1 dose
of Ad26.COV2.85x1M'Yp in adults

« NI after -ded26.COV2.S
2.5x101° V& olescents vs 2
doses ofAd26.COV2.S 5x10' vp in
adults 6

*Gp B:

Ad26.COV2.S 2.5%10' vp,
Ad26.COV2.S 2.5x10' vp,
Ad26.COV2.S 2.5x10'° vp

* Gp C: Placebo, placebo,
placebo

* Gp D:

Ad26.COV2.S 5x10'% vp,
placebo, Ad26.COV2.S
5x10"% vp

*GpE:

Ad26.COV2.S 510" vp,
Ad26.COV2.S 5x10'% vp,
Ad26.COV2.S 5x10' vp

* Gp F: Placebo, placebo,
placebo

VAC

Ongoing

M

COV3001

&ember 2020

able

. Q' USA, ZAF,
N

BRA, COL,

MEX, CHL,
PER, ARG:

225

Phase 3

Randomised, double-blind, placebo-
controlled

Stages la: Participants aged >18 to
<60 years without relevant!’
comorbidities.

Stage 1b: Participants aged >18 to
<60 years with or without relevant!®
comorbidities.

Stage 2a: Participants aged >60
years without relevant!®
comorbidities.

Planned:

40,000

Ad26.COV2.S: 1x10" vp/mL;
Placebo: 0.9% NaCl solution
(IM inject injections)

Group 1: Ad26.COV2.S 5x10!°
vp

Group 2: Placebo

Planned:

Gp L:
20,000
Gp 2:
20,000
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Stage 2b: Participant: 60
years with or withou nt'®
comorbidities.

To demon, tra@ efficacy of
Ad26.CO\Xn the prevention of
molecu confirmed®, moderate to
severe/@al COVID-19°, as

conipar®d to placebo, in SARS-
oV-2'seronegative adults.

BEL, BRA, se 3 Planned:
COL, FRA, andomised, double-blind, placebo- Ad26.COV2.8: 1x10'" vp/mL; Gp 1: Up to
DEU, PH controlled Placebo: 0.9% NacCl solution 15,000
VAC31518COV3009 ZAF, Health adults >18 years of age (IM injections) Gp 2: Up to
2020-003643-29 G Q To demonstrate the efficacy of Upto Days 1, 57: 15,000
16 November 2020 L) Ad26.COV2.S in the prevention of 30,000 +Gp 1:

molecularly confirmed?, moderate to

Ongoing Ad26.COV2.S 5x10' vp,

\ severe/critical coronavirus disease-
/b\ 2019 (COVID-19)’, as compared to Ad26.COV2.S 5x10' vp,
placebo, in SARS-CoV-2 * Gp 2: Placebo, placebo
. \Q seronegative adults

Abbreviations: Ad26 = ovirus type 26; ARG = Argentina; AUS = Australia, BEL = Belgium; BRA = Brazil; COVID-19 = coronavirus disease-2019; CAN = Canada, CHL = Chile; COL = Colombia; DEU = Germany; ESP
= Spain; FIN i . = France, Gp = group; GRB = Great Britain; IM = intramuscular; ITA = Italy; MEX = Mexico; N/A; not applicable; NLD = The Netherlands; PER = Peru; PHL = Philippines; SARS-CoV-2 =
severe acuteN syndrome coronavirus-2; USA = United States of America; vp = virus particles; ZAF =South Africa.

1. Availablcwation is included up to a cut-off date of 22 January 2021.
2. Ad2 .S is also known as Ad26COVS1.
3. lgitim, only 65-75-year-old subjects are enrolled.
ntries to enroll adolescents are under discussion.
. IMGermany, no adolescents will be enrolled.
. Antigen presentation

5

6

7. 6 Months after Vaccination 1 in the single-dose regimens (Groups 4 and 5).

8. Molecularly confirmed COVID-19 is defined as a positive SARS-CoV-2 viral RNA result using a PCR-based or other molecular diagnostic test.
9

. Per case definition for moderate to severe/critical COVID-19

10. Relevant comorbidities are comorbidities that are associated with increased risk of progression to severe COVID-19.
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2.4.2. Pharmacokinetics

According to the Guideline on clinical evaluation of new vaccines (EMEA/CHMP/VWP/164653/2005),
pharmacokinetic studies are usually not requested for vaccines. 2

2.4.3. Pharmacodynamics @

. \@

There is no established immunological correlates of protection (ICP) against COVIQ. Both the

humoral and cellular immune responses are thought to be involved in the pro&@ gainst COVID-
susee

19, but their respective contribution in the protection or in the progression X} ptibility of disease,
and severe disease, are still poorly understood.

Pharmacodynamics relates to investigation of immunogenicity.

Binding and neutralising antibody responses induced by Ad26.COV2.S ination correlate with
protection as demonstrated in NHP and Syrian hamster challenge st(die :

Mechanism of action @

COVID-19 Vaccine Janssen (Ad26.COV2.S) is a monovalelwci e composed of a recombinant,
replication-incompetent human adenovirus type 26 vec t encodes a SARS-CoV-2 full-length spike
(S) glycoprotein in a stabilised conformation. FoIIowm@inistration, the S glycoprotein of SARS-
CoV-2 is transiently expressed, stimulating both neutraliSing and other functional S-specific antibodies,
as well as cellular immune responses directed agz@ the S antigen, which may contribute to

protection against COVID-19. Q

Immunogenicity studies (&l

Belgium and in the US (VAC3151 001), a Phase 1 trial conducted in Japan (VAC31518C0OV1002),
a Phase 2 trial conducted in Sp e Netherlands, Germany, UK (VAC31518C0OV2001), and one of
the Phase 3 trials (VAC3151%h 01). No immunogenicity results are available for the second

se 3 trial. Data from all trials are interim results.

The immunogenicity data avaiIabI;s af®were generated from a Phase 1/2a FIH trial conducted in

ongoing VAC31518COV30§V
Both the immunogen"%as s and the studies (design and results) are discussed in the next sub-

sections. @

L 4
Assays use@valuate immunogenicity
L 4
Dependi Nhe study, the main immunogenicity objectives of the ongoing studies are to assess

humoral une responses in terms of neutralising antibodies, measured by wtVNA, and of S-specific
i ibodies, measured by S-ELISA, as well as to assess cellular immune responses, measured

nd/or ELISpot. In VAC31518C0OV1001 and VAC31518C0OV1002 studies, and in participants at
ted sites in study VAC31518C0OV3001, the presence of neutralising antibodies to the Ad26 vector
backbone was measured using the Ad26 VNA. Additional antibody functionality has been investigated

by means of ADCP. An SARS-CoV-2 N-ELISA was used for the detection of asymptomatic infection.

Timepoints for blood samples were variable across studies. Samples were taken at baseline and 28
days post-vaccination. Additional samples were also taken, including at days 14, 56, 70, or 85 days as
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well as 6 and 12-14 months post-first vaccination in the VAC31518C0OV1001 and VAC31518C0OV2001
study studies.

An overview of the immunological assays used (or that will be used) in clinical studies is presented in

the Table below
Table 4. Summary of Immunogenicity assays b
)

Assay Purpose /}/

Humoral Immunogenicity ¢ \‘0

SARS-CoV-2 neutralization Analysis of neutralizing antibodies to the wild-type vigis and/or

(VNA) pseudovirion expressing S protein

SARS-CoV-2 binding antibodies | Analysis of antibodies binding to the SARS-CoV. Uotem and, if such

(ELISA) an assay can be developed, SARS-CoV-2 N %

SARS-CoV-2 neutralization Analysis of neufralizing antibodies to the va ine $train (or other strain), as

(neutralization assay) measured by an alternative neufralization @ ifferent from the VNA
used for the secondary endpoint)

Adenovirus neutralization Analysis of neufralizing antibodies to 4dévirus

(neutralization assay) »

Functional and molecular Analysis of antibody characteristi®§including Fe-mediated viral clearance,

antibody characterization avidity, Fe characteristics, Ig sybglass and IgG isotype

Epitope-specificity Analysis of site-specificity, g mapping

characterization - &

Cytokine profiling Analysis of cytokines, clientekiffes, and other proteins of the innate or
adaptive immune res i the serum or plasma

Passive transfer Analysis of iumu@ators correlating with protection against
experimental SARS-QeV-2 challenge in a suitable animal model

Cellular Immunogenicity e

Flow eytometry (ICS) Analysis of -WESpODSES to SARS-CoV-2 S protein, and/or other
protein pep@by ICS including CD4%/CD8”, IFNy, IL-2,TNFa, IL-4, IL-
5. 1L-13, and’r other Th1/Th2 markers

ELISpot IFN%LA responses to SARS-CoV-2 S protein peptides by PBMCs,
based o single ELISpot

Gene expression analysis %ﬁ of gene expression by RNA transcript profiling and/or analysis of

in translates, in cells or whole blood stimulated with SARS-CoV-2 S

tein peptides or in unstimulated cells or whole blood (ex vivo)

Cytokine profiling (ELISA or

multiplexed arrays) {

Analysis of cytokines, chemokines, and other proteins of the innate or
adaptive immune response in cells or whole blood stimulated with
SARS-CoV-2 S protein peptides, or in unstimulated cells or whole blood,
by ELISA or multiplexed arrays and confirmation by functional in vitro
assays

Purpose

Assay
Tand B ceﬂ& typing Analysis of the phenotype of antigen-specific T and B cells, assessed by
( N single cell analysis (on frozen or Smart tube isolated PBMCs)

cytokin ining; IFNy = interferon gamma; Ig = immunoglobulin; IL = interleukin: PBMC = peripheral blood
- cell; RNA = ribonucleic acid; S = spike; SARS-CoV-2 = severe acute respiratory syndrome

ELISA & ¢ -linked immunosorbent assay; ELISpot = enzyme-linked immunospot (assay); ICS = intracellular
mony @
C '0%&5—2: TNFa = tumor necrosis factor alpha: VNA = virus neutralization assay.

Sample interpretation and responder definitions were as follows:
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Table 5. Overview of sample interpretation

Responder Definition Post Vaccination Sample

Assay Sample Interpretation (Positive/Negative) Baseline Sample Negative Baseline Sample Positive
SARS-CoV-2 S-ELISA
All studies Pozitive if result =LLOQ Responder if positive Responder if >4-fold increase from baseline

SARS-CoV-2 wtVNA

All studies Pozitive if result >LLOQ Responder if positive Responder if >4-fold increase from%a 2
SARS-CoV-2 S ICS
The responder status of a participant was determined for each cv

Positivity was based on comparisons of the percentage of

. T cells with positive cytokine staining between the sepa{a't_e15"ou the l?ackgr mﬂndismec.t?d percentages _for th? pép?de
General rules for experimental well and the negative cantrol well pools (ie, sum of 51 and 52). For a given time point, if @1es tatus was
COV1001 and =P : = y achieved based on either cytokine, then the participant w; ered a

COV2001 Positivity was determined for each cytokine subset. If at

least one cytokine subset was positive, the overall peptide responder at that time point. For a given time point, a

considered a responder when either of the following con@itions stated below

pool (81 or 52) was considered positive were satisfied.
Ccoviool, Assessment of Thl/Thl response ratio.
COovV2001 Based on the combined SARS-Cov2-5 peptide pool, and using post baseline time points only, a Thl/ se ratio was calculated for
samples that satisfied at least one of the following two conditions:
*  aThl response (“IFN-g or IL2 NOT TH2") that is both positive and =2 x LLOQ, &
OR
*  aTh? response (“IL4 or IL5 or IL13 and CD40L™) that is both positive and =2 x LLOQ
For the purposes of the Th1/Th2 ratio analysis, the LLOQ is 0.022% for both cell populations ( 2).
If both cell populations (Thl and Th2) were positive and =2 x LLOGQ), then the ratio of Thl vas calculated as a numerical result. If
only one cell population (either Thl or Th2) was positive and =2 x LLOQ, then the follow were used to determine a qualitative

assessment of the Th1/Th2 ratio:

»  Ifone cell population is positive and the other is negative, then the positive cell ffopulation is greater than the negative cell population:
if the Thl response is positive and the Th2 response is negative, then the Th1®R2 ratio will be set to “>17. If the Th1 response is
negative and the Th? response is positive, then the Th1/Th2 ratio will be

+  Ifboth cell populations are positive, then the cell population that is 22 x i¥f greater than the cell population that is <2 x LLOQ:
if the Thl response 15 =2 x LLOQ and the Th2 response 13 <2 x LLO, Thl/Th2 ratio will be set to “>17. If the Thl response
iz < 2 x LLOQ and the Th2 response is =2 x LLOQ, then the Th1/T! avill be set to “<17.

SARS-CoV-2 S_specific IFN-y ELISpot

COoV1001 Positive if result =LLOQ Responder : Responder if baseline value =LOD and =3-
fold increase from baseline
Responder Definition Post Vaccination Sample
Assay Sample Interpretation (Positive/Negative) ) Baseline Sample Negative Baseline Sample Positive
SARS-CoV-2 S-specific IL-4 ELISpot N
COoV1001 Positive if result =LOD Responder if positive Responder if:
 the baseline sample value is <LOD and
the post-baseline sample is =LOD
* the baseline sample value is <LLOQ and
the post-baseline sample is =LLOQ
* the baseline sample value is >LLOQ and
the post-baseline sample value =2-fold
increase from the baseline sample value
Ad26 VINA
COoV1001 Positive if result =LLOQ Not applicable Not applicable
SARS_CoV_2 N serology assay (N Protein Bindi dies)
COV3001 Positive if cut-off iug Not applicable Not applicable

i
N

2.4.3.1.1. First-ir@mn VAC31518COV1001 study

In the foIIowir@\Qns of this report, the vaccine groups will be abbreviated as follows:
e 5x10°,/5x10%° vp group: Ad26.COV2.S 5x10%0 vp, followed by Ad26.COV2.S 5x10%0vp
o 10 yp, PL group: Ad26.COV2.S 5x101° vp, followed by placebo
-@ 101, 1x10 vp group: Ad26.COV2.S 1x10 vp, followed by Ad26.COV2.S 1x10! vp
e 1x10'! vp, PL group: Ad26.COV2.S 1x10"! vp, followed by placebo
e PL, PL group: placebo, followed by placebo

Cohort 1a was conducted for dose selection in young adults and Cohort 3 in the older adults. The
selection of the optimal dose level and schedule was to be based on the safety and immunogenicity
results observed in baseline SARS-CoV-2 seronegative participants.
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Immunogenicity evaluation

Venous blood samples are to be collected at baseline, at 14, 28, 56 (vaccination 2), 70, 84 days post-
dose 1, and at months 6 and 12 post-dose 2 for the assessment of humoral and cellular immune

responses
For purposes of analysis, the following populations are defined: b

FAS: The full analysis set will include all participants with at least one vaccine admlmstr Q
documented.

PPI: The per protocol immunogenicity population will include all randomised and v *ted
participants for whom immunogenicity data are available excluding participant major protocol
deviations expecting to impact the immunogenicity outcomes. %

Analysis of the immunogenicity results was based on the per protocol immu nicity population
(Cohort 1a) or the full analysis set (Cohort 3), consisting of all randomi vaccinated participants
for whom immunogenicity data were available.

Cohort 1a (Adults aged =18-<55 years &

e SARS-CoV-2 neutralising antibodies and S protein antibodies at baseline and Days 29,

The data provided by the applicant are the following: ;@

57, 71 and 85.

e Ad26 neutralising antibodies at baseline andh@.

e ADCP and T cell responses (ICS) at baseliay 15 and Day 29.

e IFNy and IL-4 responses (ELISpot) at @Une and Day 15.
(i) Humoral responses &
Neutralising Antibody Responses to S, (BJV-Z:
Neutralising antibodies to wt SARﬁé
(random subset) per group were
Fifteen participants in Cohor Qre SARS CoV-2 seropositive at baseline and only one of these was in

the subset of 125 part|C| analyzed by wtVNA. Detectable levels of neutralising antibodies were
observed in a minority of C|pants at baseline.

were measured in a wtVNA assay. Samples of 25 participants

Descriptive statistic he actual values (GMTs with corresponding 95% CIs) and percentage of
responders over e provided by vaccination group in the Table below.

*

\
Z
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Table 6. SARS-CoV-2 neutralising wtVNA

Ad26 Sel0, Ad26 Sel0, Ad26 lell, Ad26 lell, PL,
Ad26 5e10 PL Ad26 1el1 PL PL
Analysis set: PPI Population 74 75 74 71 75
Baseline
N 25 25 25 25 25
Geometric Mean <LLOQ <LLOQ <LLOQ (< < LLOQ (<LLOQ: < LLOQ (< LLOQ:
(95% CI) (<LLOQ: <LLOQ) (:2) LLOQ: <LLOQ) <LLOQ) <LLOQ)
Positive sample n (%) 3 (12%) 0 2 (8%) 1 (4%) 1 (4%)
(95% CT) (3%: 31%) (0% 14%) (1%; 26%) (0; 20) (0; 20)
Titer > 100 n (%) 0 0 1 (4%) 1 (4%) 0
(Qi o CT) (0%: 14%) (0%; 14%) (0%: 20%) (0; 20) (0; 14)
Day 29
N 25 24 25 25 25
Geometric Mean 224 224 354 215 <LLOQ
(95% CI) (168; 298) (158:319) (220: 571) (169: 273) (1) O
Positive sample n (%) 25 (100%) 23 (96%) 24 (96%) 25 (100%) 0
(95% CT) (86%: 100%) (79%: 100%) (80%; 100%) (86; 100) (01
Titer = 100 n (%) 19 (76%) 21 (88%) 23 (92%) 24 (96%)
(95% CT) (55%; 91%) (68%; 97%) (74%; 99%) (80; 100) [(R
GMI (95% CT) from 38 4.0 5.7 3.6 \
Baseline (2.8:5.0) (2.9:5.5) (3.9:85) (2.8:4.6) : 10)
Responders n/N* 22/25 23/24 23/25 24/25
%) (88%) (96%) (92%) (96%) @/25
(95% CT) (69%; 97%) (79%; 100%) (74%:; 99%) (80; 100) (0; 14)
Day 57
N 25 25 24 24 23
Geometric Mean 288 310 488 3% < LLOQ (<LLOQ:
(953% CI) (221; 376) (228; 422) (334:714) : <LLOQ)
Positive sample n (%) 25 (100%) 25 (100%) 24 (100%) %) 2 (9%)
(95% CT) (86%: 100%) (86%: 100%) (86%; 100%) (1: 28)
Titer = 100 n (%) 25 (100%) 25 (100%) 24 (100%) %) 0
(95% CI) (86%: 100%) (86%; 100%) (86% 100%) ( 100) (0: 15)
GMI (95% CI) from 4.9 54
Baseline (3.7.6.3) (3.9:73) ('S 6; 4. 4 8 5) 1.0 (1.0: 1.0)
Responders n/N* 24/25 25/25 x 23/24 1/23
%) (96%) (100%) 96%) (96%) (4%)
(95% CT) (80%: 100%) (86%: 100%) 0%) (79; 100) (0: 22)
Day 71 b
N 24 24 . 24 22
Geometric Mean 827 321 266 388 <LLOQ (< LLOQ:
(95% CT) (651; 1052) (237; 434) 913; 1757) (303; 497) <LLOQ)
Positive sample n (%) 24 (100%) 24 (1002 25 (100%) 24 (100%) 1(5%)
(95% CT) (86%: 100%) (86%; 1 (86%:; 100%) (86; 100) (0; 23)
Titer = 100 n (%) 24 (100%) 24 (lé%)) 25 (100%) 24 (100%) 0
N4
Ad26 Sel0, QIO Ad26 1ell, Ad26 lell, PL,
Ad26 Sel0 Ad26 1ell PL PL
(95% CT) (86%:; 100%) f /o 100 (86%: 100%) (86; 100) (0; 15)
GMI (95% CT) from 139 19.8 6.7 1.0
Baseline (10.9:17.7 O (4. 1 7 3) (15.3;25.7) (5.2:8.6) (1.0: 1.0)
GMI (95% CT) from Pre- 2.9 2.6 1.1 1.0
Dose 2 (2. 3 (0. 8 l 2) (2.0:34) (0.9:1.3) (1.0: 1.0)
Responders n/N* 24/24 25/25 24/24 1/22
(%) (1 l 09 (100%) (100%) (100%) (5%)
(95% CT) 86%; 10 0) (86%; 100%) (86%: 100%) (86; 100) (0; 23)
Day 85 \
N 24 24 24 24 22
Geometric Mean (95% 849 338 1229 377 <LLOQ
CI) (664; 1086) (230; 496) (886: 1706) (283; 503) (<LLOQ: 61)
Positive sample (%0 24 (100%) 24 (100%) 24 (100%) 24 (100%) 1(5%)
(95% CT) \ (86%: 100%) (86%; 100%) (86%: 100%) (86%; 100%) (0%; 23%)
Titer > 100 n( 24 (100%) 24 (100%) 24 (100%) 23 (96%) 1(5%)
(95% CI (86%:; 100%) (86%; 100%) (86%: 100%) (79%; 100%) (0% 23%)
GMI (95 (Mm 143 5.8 19.2 6.5 1.2
B (11.2;18.3) (4.0; 8.6) (14.3:25.7) (4.9:8.7) (0.8:1.8)
GMI (9 from Pre-
S 29(2.1:3.8) 1.1(0.8:1.5) 24(1.8:3.2) 1.0 (0.9:1.2) 1.2(0.8:1.8)
es; s /N" (%) 24/24 (100%) 24/24 (100%) 24/24 (100%) 24/24 (100%) 1/22 (5%)
o C) (86%:; 100%) (86%; 100%) (86%; 100%) (86%; 100%) (0%; 23%)

CI= confidence interval. GMI = geometric mean increase. N =

number of subjects with data. N* = number of subjects

data at baseline and at that time point. Exact Clopper-Pearson 95% confidence intervals are shown for Positive sample and
Responders. Positive sample refers to a quantifiable response (sample interpretation). Note: Ad26 5e10: Ad26.COV2.S 5<101°
vp: Ad26 lell: Ad26.COV2.S 1x10 ! vp; PL: Placebo. The assay status is: "qualified". The assay range may change as the

assav becomes validated.

Binding Antibody Responses Against SARS-CoV-2 S Protein:
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Binding antibodies to the SARS-CoV-2 S protein were measured by ELISA. Samples of 75 participants
per group were analysed.

Out of the 15 participants in Cohort 1a were SARS CoV-2 seropositive at baseline, 2 were defined as
seropositive by screening serology alone, being negative by baseline S-ELISA.

Descriptive statistics of the actual values (GMTs with corresponding 95% CIs) and percentage

samples over time are provided by vaccination group in the Table below.

Table 7. S-ELISA

itive

<@
&

Analysis set: PPI Population
Baseline
N
Geometric Mean (95%
cn
Positive sample n (%)
(95% CI)
Day 29
N
Geometric Mean (95%
1)
Positive sample n (%)
(95% CT)
GMI (95% CT) from
Baseline
Responders n/N" (%)
(95% CT)
Day 57
N
Geometric Mean (95%
cn
Positive sample n (%)
(95% CT)
GMI (95% CI) from
Baseline
Responders n/N” (%)
(95% CI)
Day 71
N
Geometric Mean (95%
CcD)
Positive sample n (%)
(95% CI)
GMI (95% CI) from
Baseline
GMI (95% CI) from
Pre-Dose 2
Responders n/N” (%)
(95% CT)
Day 85
N
Geometric Mean (95%
1)
Positive sample n
(95% CI) o

GMI (95% CT N
Baseline
GMI (99% gt

itr’$

Ad26 5el0, Ad26 Sel0, Ad26 lell, Ad26 1ell,
Ad26 Sel0 PL Ad26 1ell PL
74 75 74 71 76 Nt
73 75 74 71
<LLOQ (< <LLOQ (< <LLOQ (< <LLOQ (< <
LLOQ: <LLOQ) LLOQ:<LLOQ) LLOQ:<LLOQ) LLOQ:<LLOQ) ¥~ 1LLOQ)
3 (4%) 5(7%) 2(3%) 2 (3%) (1%)

(1%: 12%) (2%: 15%)

72 69
586 (445, 771)

71 (99%)
(93%: 100%)

478 (379: 603)
69 (100%)
(95%: 100%)

10.1 (8.1: 12.6)
70/71 (99%)
(92%: 100%)

8.8(7.1: 10.8)
68/69 (99%)
(92%: 100%)

74 73
786 (610: 1012)

74 (100%)
(95%: 100%)

662 (518: 844)
73 (100%)
(05%: 100%)

13.5(10.8: 16.9)
73/73 (100%)

(95%: 100%) (93%: tef%)
70 7
2015 (1662;
2442) (A3e: 705)
70 (100%) il 00%)
(95%: 100%) %: 100%)

35.9 (29.9; 4 11.4(8.9: 14.6)

2.6(2.2; 1.0 (0.9: 1.0
69/6 % 67/67 (100%)
(95 %) (95%: 100%)

\ 72 70
4 (1674:

2375) 6358 (502: 862)

72 (100%) 70 (100%)
(95%: 100%) (95%: 100%)
35.7(28.9:43.9)  12.1(9.3:15.7)
2.5(2.1:3.1)
70/71 (99%)
(92%: 100%)

1.0(0.9:1.2)
69/70 (99%)
(92%: 100%)

(0%: 9%)
74
788 (628; 988)
74 (100%)
(95%: 100%)
14.8 (12.2: 18.1
74/74 (100%
(95%: 100%
74

1059 (873: T286)

100%)
@ L 100%)

122 (9.7: 15.4@ (16.8:23.7)
72/73 (99%) 74/74 (100%)

(95%: 100%)

71
2656 (2208;
3106)
71 (100%)
(95%: 100%)

49.9 (41.9; 59.5)

2.5(2.1:2.8)
71/71 (100%)
(95%: 100%)

70
2465 (2063
2046)
70 (100%)
(95%: 100%)

46.3 (39.3: 54.5)
2.3(2.0:2.7)

70/70 (100%)
(95%: 100%)

(0%: 10%) (0%: 7%)
67 @ 72

625 &73}
Don)
8. 400%)

9:15.2)
7 (99%)
(92%: 100%)

67

882 (712: 1092)
67 (100%)
(95%: 100%)

16.7 (13.3: 20.9)
65/67 (97%)
(90%: 100%)

62
921 (735; 1154)
62 (100%)
(94%: 100%)
17.4 (13.6:22.1)
1.0 (0.9; 1.2)
60/62 (97%)
(89%: 100%)
64
965 (772; 1205)
64 (100%)
(94%: 100%)
18.2 (14.4: 23.1)
1.1(1.0:1.2)

62/64 (97%)
(89%: 100%)

<LLOQ (<
LLOQ: <LLOQ)
2(3%)
(0%: 10%)

1.1(09:12)
1/72 (1%)
(0%: 7%)

70
<LLOQ (<
LLOQ: < LLOQ)
3 (4%)
(1%: 12%)

1.1(09:1.4)
2/70 (3%)
(0%: 10%)

65
<LLOQ (<
LLOQ: < LLOQ)
3(5%)
(1%:; 13%)

1.1(0.9: 1.4)

1.0 (1.0: 1.0)
2/65 (3%)
(0%: 11%)

67
<LLOQ (<
LLOQ; < LLOQ)
5 (7%)
(2%: 17%)

12(1.0:1.5)
1.1(1.0:1.2)

4/67 (6%)
(2%: 15%)

dence interval. GMI = geometric mean increase. N = number of subjects with data. N* = number of subjects with data at baseline
e pomt. Exact Clopper-Pearson 95% confidence intervals are shown for Positive sample and Responders. Positive sample refers to a

[TIRHUM21-C1A RTF]
[VAC31518'WAC31518COV1001'DBR. EUA IMMUNO 3 JAN21 SEQUESTERED'RE EUA IMMUNO 3 JAN21 SEQUESTERED'PRO
D\TIRHUM_X1.5A5] 13JAN2021, 14:36

Neutralising antibody titers correlated highly with binding antibody concentrations at Day 29 and Day

71. The Spearman correlation at both timepoints was >0.80.

Functional Antibody Characterisation:
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Antibody-dependent cellular phagocytosis of SARS-CoV-2 trimeric Spike antigen was measured by an
ADCP assay. Samples of 75 participants per group were analysed.

SARS-CoV-2 S-Protein antibody-dependent cellular phagocytosis (Phagocytic score)

AAZE Se10 ASDE Se10|| AdDS Se10 Placebo AL2E 1e11 ADPE 1811 Ad2E 1811, Placebo Placebo “.6

Phagocytic scone

- . — h ; J
The aary stanm o “gualified” The Mady range moy chanpe 3 e 3y becomes vabdy
Note: ADDS Sel0: AdDS OOV S Sx10™ vp. AdDS lell: ADS COVIS Ix10™ vp PL: Plac

Figure 4. SARS-CoV-2 S-ADCP (phagocytic s@)

Correlation analysis demonstrated a positive chation between ADCP (phagocytic score) and
neutralising antibody titers (IC50), with a’Q?arman correlation of 0.75. A strong positive correlation
between phagocytic score and binding a@bj y titers (EU/mL) was also demonstrated (Spearman

correlation =0.856). 0

Pre-existing immunity and Respo 0 Ad26 Backbone:

Neutralising antibodies to the backbone vector were measured using the Ad26 VNA at baseline
and prior to second vaccinatiog on Day 57.

Four participants had preQing levels of Ad26-neutralising antibodies >LLOQ.

At Day 57 Ad26—ne@§ng antibodies 2LLOQ were detected in more than 95% of participants in the
active vaccine gr ompared to 9% of those in the PL, PL group.

Correlation an‘ 1®of Ad26 neutralising antibodies pre-dose 2 vs. SARS-CoV-2 neutralising antibodies
post-dose2 showed a poor correlation between the two variables (r=-0.25 at Day 71 and r=-0.29 at
Day 85).

Neutr@ Antibody Responses to SARS-CoV-2 B.1.1.7 lineage (variant 20I/501Y.V1):
ising antibodies capable of inhibiting live virus infections by the SARS-CoV-2 B.1.1.7 lineage
(vagiant 20I/501Y.V1) were assessed in samples of Cohort 1a as part of the exploratory analyses with

a non-qualified assay. No LLOQ was determined and no responder definition is applied. Neutralising
antibody titers against SARS-CoV-2 are expressed as IC50 units.

Samples from VAC31518C0V1001 Cohort 1a were selected for the measurement of neutralising
antibodies directed against the B.1.1.7 lineage. In particular, samples showing high titers in the
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Victoria/1/2020 wtVNA were selected 28 days post-dose 1 (Day 29, n=8), 70 days post-dose 1 (i.e. 14
days post-dose 2, Day 71, n=24).

Neutralising antibody titers against SARS-CoV-2 B1.1.17 were detectable in all samples from the active
groups, while all placebo samples were below detection.
2 b\m

was 573 (95% CI: 268-1,226) whereas the GMT observed in the B.1.1.7 lineage VNA was
30-141).

For the 6 Day 29-samples of the 5x101° vp, PL group, nAb GMT observed in the Victoria 1/
é!’s% CI:

L 4

For the 14 Day 71-samples of the 5x101% vp, PL group, nAb GMT observed in the Vi kyzozo VNA
was 375 (95% CI: 271-519) whereas the GMT observed in the B.1.1.7 lineage VN s 113 (95% CI:

82-155). ?

For the 6 Day 71-samples of the 5x101%, 5x101° vp group, nAb GMT obser &p he Victoria 1/2020
VNA was 1,656 (95% CI: 1,046-2,622) whereas the GMT observed in the%&] lineage VNA was 398
(95% CI: 282-561).

(ii) Cellular immune responses {

CD4+ T and CD8+ T-cell Responses by ICS: @

The induction of CD4+ and CD8+ T-cell responses was deterr% by ICS at baseline, Day 15 and Day
29 post-dose 1.

PBMCs were collected from a subset of participants @nalysis (n=196).

Profiles for CD4+ T cells expressing IFNy and/or ILz2 (Th1), but not Th2 cytokines, and CD8+ T cells
expressing IFNy and/or IL-2 in response to SARS -2 S peptide stimulation are presented below.

Median CD4+ Th2 (CD4+ T cells expressing IL-#and/or IL-5/IL-13 and CD40L) responses were
undetectable at Day 1, Day 15 and Day ZﬁQlall vaccine groups.

The Th1/Th2 ratio was above 1 for allé' pants in the active vaccine groups.
e Tck|

| response (CD4+) SARS-CovZ S IFNg+ or IL2+ not TH2

ICS Percentage Posihi
%0 Ad26 5e10, Ad26 510 Ad28 @ Ad2E 1811, Ad2E 1811 Ad26 1e11, PL PL PL

25

N&Q'_..a;g “ﬁ&m N

@ e ] 38 ¥ 40 e ] ] ] kL] EL ] E1] 7 35 40 A0 3
o a.08 o003 a o.0e a0 Q 013 o1z oo 0,09 oazr Q a.m am
e B T4 T2 il L m L] 83 il 3 T8 m L] il -]

percentage of CD4+ T cells
P

Baseline  Day 15 Day 23 Bassine  Day 15 Day 28 Bascline  Day 15 Day 2%  Basaline  Day 15 Day 23 Bascline  Day 15 Day 29

® Posilive MNegative

Figure 5. Percentage of CD4+ Th1 cells
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ICS Percentage Positive T cell response (CD8+) SARS-Cov2 5 IFNg+ or IL2+
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Figure 6. Percentage of CD8+ Th1 cells Q

N

Th1l and Th2 phenotypes were characterised b nd IL-4 ELISpot quantification, respectively, in
375 subjects. ELISpot results confirmed the results observed by the ICS method, an induction of Thl
cells responses in most of the vaccinated&bjjcts, and overall comparable between groups.

£iypants in the active vaccine groups.

IFN-y and IL-4 Responses by ELISpot:

The Th1/Th2 ratio was above 1 for all

The data provided by the appli
which some of the blood dra
except for the sentinel partigi

the same as for Cohort 1a, with some differences on the days at
e been carried out. There are no immunogenicity data post-dose 2

When interpreting the Day esults from Cohort 3, it is important to note that, due to the study pause,
Day 57 blood draws \‘umunogenicity were delayed for the majority of participants. Data within the
defined per protoco 57 visit window (57 £3-7 days post vaccination) are available for 15 participants
only (n=3 pergr@ For the remaining participants, the actual timing of the Day 57 blood draw ranged
from 86 to 1&ys post-vaccination (median visit = Day 87). Therefore, data presented below for
Cohort 3 ar, d on the FAS instead of the PPI set, ie, including data from participants out of window
for the D, blood samples.

(i) H@-al responses
ising Antibody Responses to SARS-CoV-2:
Samples of 25 participants per group were analysed.

Neutralising antibody responses against SARS-CoV-2 over time are graphically presented in the Figure
below.
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SARS-CoV-2 Neut. Ab Wild Type (VICTORIA/M/2020) (IC50)
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Figure 7. SARS-CoV-2 wtVNA \

O

Binding Antibody Responses Against SARS-CO@ Protein:
Samples of 80 participants per group we nalysed.

Binding antibody responses against sépbv-z over time are graphically

below. b
{O

R

&
N
>

@QJ

presented in the Figure
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SARS-CoV-2 Binding Ab S ELISA (ELISA Unit (EU/mL))
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Figure 8. S-ELISA
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Examination of humoral assay correlations indicated that neutralising antibody titers (IC50) correlated
highly with binding antibody concentrations (ELI its/mL) at Day 29. The Spearman correlation

value was 0.72.

Functional Antibody Characterisation:

<

Samples of 80 participants per group weeajnalysed.

The results from this analysis are z&bﬁ

R

&
é}(\
>
o

the next Figure.
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Figure 9. SARS-CoV-2 S-ADCP (phagocytic scor}

Correlation analysis demonstrated a high corr i etween ADCP (phagocytic score) and neutralising
antibody titers (IC50), with a Spearman correlation of 0.72. A strong correlation between phagocytic
score and binding antibody titers (EU/mL%also demonstrated (Spearman correlation =0.80).

Pre-existing immunity to Ad26 Backbo e(}

Of the Cohort 3 participants, 23 h% existing levels of Ad26-neutralising antibodies.
(ii) Cellular immune respon@

CD4+ T and CD8+ T-cell Re&?ses by ICS:

PBMCs were collected frorQubset of 200 participants for analysis of cellular immune responses
(n=40 per group).
CD4 Th1 cells wer @:ted at Day 15 and the proportion of positive samples slightly increase up to

28 days post-w ation. At Day 15, the proportion of positive samples ranged from 59% to 63% and
%at Day 29. Median responses were also comparable between groups at Day 15

from 63% tog4

(0.07%- t\ nd remained stable up to Day 29 (0.09%-0.10%).

Median sponses were undetectable at Day 1, Day 15 and Day 29 in all vaccine groups.
Th h2 ratio was above 1 for all participants in the active vaccine groups.

CD8 Th1 cells were detected at Day 15 and their proportion further increased up to 28 days post-
vaccination. Proportion of positive samples ranged between 49% and 65% at Day 29. Median
responses ranged between 0.06% and 0.11%.

Regression Analyses of Antibody Responses on Demographic and Baseline Characteristics
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