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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 for
marketing authorisation to the European Medicines Agency (EMA) for COVID-19 Vaccine Janssen,
through the centralised procedure falling within the Article 3(1) and point 1 of Annex of Regulation
(EC) No 726/2004. The eligibility to the centralised procedure was agreed upon by the EMA/CHMP on
28 July 2020.

The applicant applied for the following indication: ‘COVID-19 Vaccine Janssen is indicated for active
immunisation for the prevention of coronavirus disease-2019 (COVID-19) in adults greater than or
equal to 18 years of age. The use of the vaccine should be in accordance with official
recommendations.’

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

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

Information on Paediatric requirements

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included an EMA Decision(s)
P/0059/2021 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PIP P/0059/2021 was not yet completed as some
measures were deferred.

Similarity

Pursuant to Article 8 of Regulation (EC) No 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant did not submit a critical report addressing the possible similarity with
authorised orphan medicinal products because there is no authorised orphan medicinal product for a
condition related to the proposed indication.

Applicant’s request for consideration

Conditional marketing authorisation

The applicant 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

The applicant received the following scientific advice on the development relevant for the indication
subject to the present application:

Date Reference SAWP co-ordinators
24 April 2020 EMEA/H/SA/4470/1/2020/11 Dr Jens Reinhardt, Dr Walter Janssens
4 May 2020 Clarification Letter Dr Jens Reinhardt, Dr Walter Janssens

EMEA/H/SA/4470/1/2020/11

9 July 2020 EMEA/H/SA/4470/1/FU/1/2020/111 Dr Ingrid Schellens, Dr Walter Janssens

27 November 2020 [EMA/SA/0000047617 Dr Johannes Hendrikus Ovelgonne, Prof
Brigitte Schwarzer-Daum

The scientific advice pertained to the following quality, non-clinical, and clinical aspects:
. The qualification of cell bank system

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

. Comparability assessment between phase 3 clinical material and commercial vaccine

. AS and FP process validation approach

. Implementation of new AS and FP manufacturing sites

. The approach to define the Shelf Life for the final product

. Preclinical data requirements before first in man

. The design of an embryo-foetal and pre- and postnatal development study in the rabbit

. Nonclinical and clinical package to support the start of the Phase 3 efficacy study

. The design of the Phase 2 (VAC31518C0OV2001) and the Phase 3 study (VAC31518C0OV3001)
. The timelines to initiate paediatric studies and submit a paediatric investigation plan

Compliance with Scientific Advice

In general, the applicant has taken into account the advice and comments provided by the CHMP on
the quality-related issues. More particularly, the control strategy and specifications proposed by the
applicant 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 undertook the
following activities in the context of this marketing authorisation application:

The ETF endorsed the Scientific Advice letter, confirmed eligibility to the rolling review procedure based
on the information provided by the applicant and agreed the start of the rolling review procedure.

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

For the exact steps taken at ETF, please refer to section 1.2.

1.2 Steps taken for the assessment of the product
The Rapporteur and Co-Rapporteur appointed by the CHMP were:

Rapporteur: Christophe Focke Co-Rapporteur: Sol Ruiz

The appointed co-rapporteur had no such prominent role in scientific advice relevant for the indication
subject to the present application.

The CHMP confirmed eligibility to the centralised procedure on 28 July 2020

The ETF recommended to start the rolling review procedure on 26 November 2020
The applicant submitted documentation as part of a rolling review on 27 November 2020
non-clinical and clinical data to support the marketing authorisation

application

The procedure (Rolling Review 1) started on 01 December 2020
The Rapporteur's first Assessment Report was circulated to all CHMP, 07 January 2021

Peer Reviewer and ETF on

PRAC discussions took place on 12 January 2021

The Rapporteurs circulated updated Joint Assessment reports to all 13 January 2021
CHMP, Peer Reviewer and ETF on

ETF discussions 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

28 January 2021

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

1 February 2021

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

22 January 2021

The procedure (Rolling Review 2) started on

25 January 2021

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

15 February 2021

ETF discussions took place on

16 February 2021

Adoption of third Interim Opinion (Rolling Review 2) via written
procedure on

22 February 2021

The application for the conditional marketing authorisation was formally
received by the EMA on

15 February 2021

The procedure started on

16 February 2021

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

1. Emergent Manufacturing Operations Baltimore LLC, 5901 East
Lombard Street, Baltimore, MD 21224, USA (active substance
manufacture)

2. Grand River Aseptic manufacturing (GRAM), Grand Rapids MI,
49504-6426, USA (finished product manufacture)

3. Catalent Indiana LLC, 1300 Patterson Drive Bloomington IN 47403,
USA (finished product manufacture)

1. 1st-4th February 2021

2. 25t-29th January 2021

3. 22" February-1st March

2021

The CHMP rapporteur's and co-rapporteurs Assessment Reports were
circulated to all CHMP, PRAC, BWP, peer reviewer and ETF on

4 March 2021

The PRAC Rapporteur's first Assessment Report was circulated to all
CHMP, PRAC and ETF on

4 March 2021

ETF discussions took place on

8 March 2021

The CHMP rapporteur's and co-rapporteurs updated assessment reports
were 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

2.1. Problem statement

2.1.1. Disease or condition

End of December 2019, World Health Organization (WHO) was informed about a cluster of cases of
viral pneumonia of unknown cause in Wuhan, China. In mid-January 2020 the pathogen causing this
atypical pneumonia was identified as a novel coronavirus, severe acute respiratory coronavirus 2
(SARS-CoV-2) and genome sequence data were published. Since then, the virus has spread globally
and on 30 January 2020 the WHO declared the outbreak a Public Health Emergency of International
Concern and on 11 March 2020 a pandemic. The pandemic is ongoing despite unprecedented efforts to
control the outbreak.

According to ECDC, histologic findings from the lungs include diffuse alveolar damage similar to lung
injury caused by other respiratory viruses, such as MERS-CoV and influenza virus. A distinctive
characteristic of SARS-CoV-2 infection is vascular damage, with severe endothelial injury, widespread
thrombosis, microangiopathy and angiogenesis.

2.1.2. Epidemiology and risk factors

As of 01 March 2021, there have been over 113 million confirmed cases of SARS-CoV-2 infection
globally with approximately 2.5 million deaths resulting from infection and subsequent coronavirus
disease (COVID-19). The majority of infections result in asymptomatic or mild disease with full
recovery.

Underlying health conditions such as hypertension, diabetes, cardiovascular disease, chronic
respiratory disease, chronic kidney disease, immune compromised status, cancer and obesity are
considered risk factors for developing severe COVID-19. Other risk factors include organ
transplantation and chromosomal abnormalities.

Increasing age is another risk factor for severe disease and death due to COVID-19. European
countries that have established surveillance systems in long-term care facilities (LTCF) have reported
that 5-6% of all current LTCF residents died of COVID-19, and that LTCF residents accounted for up to
72% of all COVID-19 related deaths.

Individuals with high risk of exposure to SARS-CoV-2 due to occupation include healthcare and
frontline 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 to and
fuse with the membrane of a host cell. The S1 subunit catalyses attachment to the angiotensin
converting enzyme 2 (ACE-2) receptor present on cells of the respiratory tract, while the S2 subunit
facilitates fusion with the cell membrane. The spike protein is considered a relevant antigen for vaccine
development because it was shown that antibodies directed against it neutralise the virus and 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 similarity to bat
coronaviruses. Its gene sequence was published mid-January 2020 and the virus belongs to the beta-
coronaviruses.

Human-to-human transmission of SARS-CoV-2 was confirmed in January 2020. Transmission occurs
primarily via respiratory droplets from coughs and sneezes and through aerosols. The median
incubation period after infection to the development of symptoms is four to five days. Most
symptomatic individuals experience symptoms within two to seven days after exposure, and almost all
symptomatic individuals will experience one or more symptoms before day twelve. Common symptoms
include fever, cough, fatigue, breathing difficulties, and loss of smell and taste and symptoms may
change over time.

The major complication of severe COVID-19 is acute respiratory distress syndrome (ARDS) presenting
with dyspnoea and acute respiratory failure that requires mechanical ventilation. In addition to
respiratory sequelae, severe COVID-19 has been linked to cardiovascular sequelae, such as myocardial
injury, arrhythmias, cardiomyopathy and heart failure, acute kidney injury often requiring renal
replacement therapy, neurological complications such as encephalopathy, and acute ischemic stroke.

2.1.4. Clinical presentation and diagnosis

The severity of COVID-19 varies. The disease may take a mild course with few or no symptoms,
resembling other common upper respiratory diseases such as the common cold. Mild cases typically
recover within two weeks, while those with severe or critical diseases may take three to six weeks to
recover. Among those who have died, the time from symptom onset to death has ranged from two to
eight weeks. Prolonged prothrombin time and elevated C-reactive protein levels on admission to the
hospital are associated with severe course of COVID-19 and with a transfer to ICU.

The gold standard method of testing for presence of SARS-CoV-2 is the reverse transcription
polymerase chain reaction (RT-PCR), which detects the presence of viral RNA fragments. As this test
detects RNA but not infectious virus, its ability to determine duration of infectivity of patients is limited.
The test is typically done on respiratory samples obtained by a nasopharyngeal swab, a nasal swab or
sputum sample.

2.1.5. 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 of the
pandemic on a population level are desired. Although three vaccines for prevention of COVID-19 were
approved recently, there is still an important need for additional vaccines to meet global demands.

About the product

COVID-19 Vaccine Janssen (also referred to as Ad26.COV2.S) is a monovalent, recombinant,
replication-incompetent adenovirus type 26 (Ad26) vectored vaccine encoding a severe acute
respiratory syndrome coronavirus 2 (SARS CoV 2) spike (S) protein.

Wild-type adenovirus serotype 26 (Ad26) consists of non-enveloped virions, which encode the
adenoviral proteins. The dsDNA molecule is encapsulated by an icosahedral protein structure.

The recombinant Ad26 vector Ad26.COV2.S contains a transgene 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.

Following administration of Ad26.COV2.S, the spike glycoprotein of SARS CoV 2 is expressed,
stimulating an adaptive humoral and cellular immune response.

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).

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

The use of the vaccine should be in accordance with official recommendations.”’

The same 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).

Type of Application and aspects on development

The applicant requested consideration of its application for a Conditional Marketing Authorisation in
accordance with Article 14-a of Regulation (EC) No 726/2004, based on the following criteria:

o The benefit-risk balance is positive.

According to the applicant, the efficacy, immunogenicity and safety data presented in their application
support a favourable benefit-risk profile for Ad26.COV2.S in the proposed cMA indication, i.e. for active
immunisation to prevent COVID-19 caused by SARS-CoV-2 in adults 218 years of age.

This is based on evidence from the ongoing pivotal Phase 3 study COV3001 which examines the
efficacy, safety, and immunogenicity of a single dose of Ad26.COV2.S in a diverse adult population =218
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 countries
and all ages. Vaccine efficacy (adjusted 95% CI) against molecularly confirmed severe/critical COVID-
19 with onset at least 14 days after vaccination was 76.7% (54.56; 89.09) and increased to 85.4%
(54.15; 96.90) at least 28 days after vaccination. Vaccine efficacy against COVID-19 related
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; 100.0) at least 28
days after vaccination.

Finally, according to the applicant, there were no COVID-19-related deaths reported in the
Ad26.COV2.S group compared to 5 COVID-19-related deaths reported in the placebo group.
Ad26.COV2.S, given as a single dose, is found to have an acceptable safety and reactogenicity profile
in adults =18 years of age and did not raise safety concerns in any of the assessed populations that
are reflective of the target groups for vaccination, including adults 260 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 comprehensive data.

The applicant intends to provide a comprehensive post-marketing 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.

° Unmet medical needs will be addressed.

According to the applicant, despite 3 vaccines 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 globe. The Janssen COVID-19 vaccine candidate, being single-dose,
easily transportable and stored, and compatible with standard vaccine distribution channels could aid
to the further enhancement of the response, to control this pandemic. In addition, Ad26.COV2.S is
highly effective in the prevention of severe/critical COVID-19 caused by newly emerging strains, such
as the 20H/501Y.V2 strain first observed in South Africa and the P.2 variant first observed in Brazil.
This finding is especially reassuring since it can be expected that more variants will occur over time.

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

According to the applicant, a single dose of Ad26.COV2.S is effective against all symptomatic COVID-
19. Use of this vaccine could help to control the pandemic, to reduce the burden of disease and relieve
pressure on the health care infrastructure, in view if its high efficacy in prevention of severe/critical
COVID-19, especially hospitalisation and death. In addition, the favourable storage conditions and
single dose regimen 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 less than
8.92 log;o Inf.U (infectious units) per 0.5 mL dose, of Ad26.COV2-S (recombinant), the adenovirus type
26 vector encoding the SARS-CoV2 spike glycoprotein, as active substance (AS).

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

The product is available in a 2.5 mL multidose vial presentation (5 doses) in a 10-vial pack. The type I
glass vials have a chlorobutyl stopper with fluoropolymer coated surface, aluminium crimp and blue
plastic cap.

2.2.2. Active substance

General information

The active substance, Ad26.COV2.S, is a recombinant, replication-incompetent adenovirus serotype 26
(Ad26) encoding the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike (S) protein.

Wild type adenovirus type 26 consists of nhon-enveloped virions, between 80 and 100 nm in diameter,
each containing a single linear molecule of dsDNA of approximately 35 kbp which encode the adenoviral
proteins. The dsDNA molecule is encapsulated by an icosahedral protein structure consisting of the
structural proteins II (hexon), III (penton), IV (fibre), VI, VIII, IX, and IIIa. Core proteins V, VII, and X
and the terminal protein are directly associated with the DNA molecule. The virus structure is shown in
Figure 1.

The recombinant Ad26 vector, Ad26.COV2.S, is replication incompetent after administration due to
deletions in the E1 gene (AE1A/E1B). The E1 deletion renders the vector replication-incompetent in
noncomplementing cells such as human cells. In Ad5 E1 complementing cell lines (e.g., HEK293, PER.C6
TetR and HER96 cells lines) the virus can be propagated. In addition, a part of the E3 gene region has
been removed (AE3) to create sufficient space in the viral genome for insertion of foreign antigens and
the Ad26 E4 orf6 has been exchanged by the Ad5 homologue to allow production of replication-
incompetent Ad26 vectors in Ad5 E1 complementing cell lines.

The Ad26.COV2.S vector contains a transgene in the AE1A/E1B region which encodes a modified full-
length SARS-CoV-2 spike protein with stabilizing modifications (Figure 2). The wild-type full-length S
gene information (NCBI reference: YP_009724390.1) was obtained from a SARS-CoV-2 clinical isolate.

During production of the recombinant vector the expression of the S antigen is silenced by the producing
cell line (PER.C6 TetR cells). After administration of the vaccine, the S antigen will be expressed in
humans 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 Ad26.COV2.S Vector Genome
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Manufacture, process controls and characterisation

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

A Major objection was raised during the procedure for the absence of certificates of GMP compliance for
Janssen Biologics B.V. (Leiden, NL) and Emergent Manufacturing Operations Baltimore LLC (Baltimore,
USA). The certificates have now been issued and the major objection resolved. All relevant active
substance sites have valid manufacturing authorisations or valid GMP certificates as appropriate.

Description of manufacturing process and process controls

The AS manufacturing process consists of ten stages: 1) pre-culture 2) cell expansion 3) virus production
4) lysis 5) DNA precipitation; 6) clarification 7) anion exchange chromatography (AEX) chromatography
8) polishing 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 polycarbonate
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 parameters and
in-process controls. Critical process parameters (CPPs) have been provided for the AS manufacturing
process which has been verified during AS process performance qualification (PPQ). The proposed
operating ranges for the CPPs are acceptable.

Both a small scale process at Janssen Vaccines & Prevention B.V. (Leiden, NL), and a large scale process,
at Janssen Biologics B.V. (Leiden, NL) and at Emergent Manufacturing Operations Baltimore LLC (USA),
are included in the marketing authorisation application. The small scale process will be used for the initial
commercial AS batches. Both small and large scale processes use tiered virus seed systems (including
master virus seed (MVS), working virus seed (WVS) and inoculum). All virus seed material originates
from the same MVS batch.

Quality of process intermediates is adequately controlled by in-process controls. Any excursion outside
of the defined ranges (action limits) will be investigated. A distinction is made between in-process
controls (IPC) with strict acceptance criteria and IPC with predefined instructions. IPC results have to
comply with acceptance criteria. The methods used for IPC and the method qualifications have been
described.

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

See Figure 3 for a flowchart of the AS manufacturing process.
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Figure 3: AS Manufacturing Process Overview
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Control of materials
Raw materials

Sufficient information on raw materials used in the active substance manufacturing process has been
submitted. All materials have been described in detail. Compendial raw materials are tested in
accordance with the corresponding monograph. For non-compendial raw materials, adequate
specifications are in place to control their quality. Composition of media has been provided. No raw
materials of human or animal origin are used in the AS manufacturing process.

During establishment of the virus seed, bovine serum has been used which was compliant to the effective
version 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

The PER.C6 cell line is used for virus production. The PER.C6 cell line was derived from human embryonal
retina (HER) cells, which were rendered immortal by transfection with the linearised pIG.E1A.E1B
plasmid. The construction of the PIG.E1A.E1B plasmid was extensively described. The preparation of
both, adherent and suspension PER.C6 cell banks as well as the generation and selection of the PER.C6
TetR cell line and research cell bank (RCB) are well described. The PER.C6 TetR cell bank system has
been documented in detail and is in line with ICH Q5D and ICH Q5A (R1). This cell bank was derived to
optimise production of the recombinant virus. The repressor protein, which is expressed by the PER.C6
TetR cells, blocks expression of the SARS-Cov-2 transgene during production of the recombinant
adenoviral vector, thereby optimising vector production.

The cell banking system is a tiered system, including MCB, WCB and LVHD. Information on storage and
stability testing of cell banks is provided. Extensive testing at different levels (PER.C6 cell bank system
and PER.C6 tetR cell bank system) has been performed which confirms that the PER.C6 TetR master cell
bank (MCB) and working cell bank (WCB) have been properly qualified. Testing of cell banks for viral
and non-viral adventitious agents and screening also for retroviruses has been sufficiently described and
is acceptable. Tumorigenicity and oncogenicity studies have been performed on the PER.C6 cell line. It
is accepted that repetition of these studies with the PER.C6 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 system. The applicant also described the manufacturing of
future WCBs and LVHD cells. The proposed testing programme to qualify future WCBs and LVDH cells is
deemed adequate.

Virus seed system

The construction of the plasmid pAd26.E1.CMVdel134-TO.COR200007 has been described. The
pAd26.E1.CMVdel134-TO.COR200007 is a single genome plasmid which was used to produce the
Ad26.COV2.S vector by transfection of this plasmid into PER.C6 TetR cells. To generate the replication
incompetent Ad26.COV2.S virus, linearised pAd26.E1.CMVdel134-TO.COR200007 was transfected into
PER.C6 TetR cells from PER.C6 TetR RCB N644-076. Two plaque purifications were performed to ensure
the single plaque origin of the virus seed stocks. MVS 20E18-04 was prepared by infecting PER.C6 TetR
cells with pre-MVS E005872. The crude harvest (MVS 20E18-04) has been stored in cryobags in a freezer
below -65°C. WVS 20E20-05 was prepared by infecting PER.C6 TetR cells with MVS 20E18-04. A new
WVS 964918 has been prepared for the large scale process. WVS 964918 (large scale) was generated
from MVS 20E18-04 by first generating Ad26.COV2.S intermediate virus passage (IVP) 20F11-04, which
was subsequently used to generate WVS 964918.

Both small and large scale processed uses tiered virus seed systems. All virus seed material originates
from the same MVS batch. Generation of the recombinant virus and production and testing of the MVS
and WVS has been described in detail (identity, safety including testing for sterility, mycoplasma,
retroviruses 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 to qualify
future WVS is deemed adequate. The applicant confirms its commitment to implementing the 3Rs
principle. The use of in vivo methods to qualify future batches of WCB, LVHD and WVS is not necessary
since the manufacture of such materials does not represent any contamination risks that are not already
mitigated. The in vivo testing has been removed as a release requirement for future batches 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 the manufacturing sites
has been provided. Transport is properly validated.

Control of critical steps and intermediates

The applicant provided an overview of critical process parameters (CPPs) and in-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. IPC results comply with acceptance
criteria. See manufacturing process development section for further details of control strategy
development.

Process validation

Process validation has a lifecycle, starting with process development followed by commercial scale
process verification/process performance qualification (PV/PPQ) runs and then continues in the form of
ongoing process verification throughout routine production. Process validation at commercial scale is
carried out to demonstrate that the process is capable of reproducibly manufacturing product meeting
quality requirements.

Based on experience with the Ad26 vaccine platform products, critical quality attributes (CQA), critical
material attributes (CMA) and CPP have been assigned. The process validation addresses the following:
validation of different process steps (Stages 1-10); qualification of process intermediate hold times;
control of impurities; consistency of DS; shipping qualification; continued process verification.
Furthermore, IPC and release tests were established as part of an initial control strategy. The purpose
of process validation is to demonstrate that the manufacturing process meets the acceptance criteria for
IPC, release testing, CPP and CMA. Supporting data to confirm these CPPs and CMAs and to define proven
acceptable ranges (PAR) are generated during process validation concurrent to Ad26.COV2.S commercial
manufacturing.

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

Two 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 starting and raw
materials in compliance with applicable regulatory guidance documents, together with appropriate IPC
and release tests. The process used to identify critical quality attributes associated with the AS and FP
is sufficiently described and explained. A criticality assessment was performed based on the level of
severity and the degree of knowledge uncertainty. The CQA identified by the criticality assessment are
properly described. A summary of the preliminary CPP and CMA is provided, together with justifications
for their criticality.

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

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

Detailed information has been provided on the equipment 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 parameters and IPCs for all AS batches produced thus
far.

The essential elements of the AS manufacturing process were retained throughout process development.
The AS manufacturing process variant S-VAL-2/3 did not change with respect to the manufacturing
process variant S-VAL-1, apart from two differences. The introduction of an additional virus seed passage
(AS was manufactured from WVS i.e. additional virus seed passage) was qualified by a comparability
analysis confirming the absence of any impact on AS quality. Variant S-VAL-1/2/3 were used for Phase
1/2/3 clinical trials; however, these 3 variants can essentially be considered the same process. The
introduction of a larger AS storage container is also assessed. Some further process optimisations were
introduced for the S-VAL-4 process used for the small commercial batches. A 2-Tier staggered approach
has been used to demonstrate comparability between S-VAL-2/3 and S-VAL-4 AS batches. The Tier 1
contains the release testing results and some important characterisation tests. The Tier 2 part of the
comparability assessment comprises additional characterisation. Both the results for release tests and
characterisation tests were highly similar. Therefore, it can be concluded that the AS lots from the
commercial small scale process at Janssen Vaccines & Prevention B.V. (Leiden, NL) are comparable to
the lots used in the Phase 3 clinical trials.

Furthermore, as part of the qualification of the large scale process at the Janssen Biologics B.V. (Leiden,
NL), a third study was performed to demonstrate comparability between AS from the large scale process
and the small scale process (Process Variants S-VAL-4, small scale, and S-VLF-1/2, large scale) and was
also 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, biological
activity and structure-function relationships.

The AS has been adequately characterised using a range of biochemical, biophysical and biological 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 shown to be consistent.
In addition, typical adenovirus particle results were obtained upon biophysical characterisation.

Biological activity: Relative level of transgene expression was measured by transgene expression
enzyme-linked immunosorbent assay (TGE-ELISA). Infectivity as determined by quantitative PCR based
potency assay (QPA) in release testing showed a strong correlation to the TGE-ELISA characterisation
results, supporting that the transgene expression level is sufficiently controlled by infectivity (QPA) in
release testing.

Characterisation of virus DNA confirmed the transgene identity and flanking regions. The genomic
integrity and stability of Ad26.COV2.S AS was shown upon additional passaging. Furthermore, transgene
genetic stability analysis confirmed expression of the transgene and phenotypic stability.

Finally, structure/function relationships were characterised using forced degradation studies which
indicated that the major route of degradation of Ad26.COV2.S exposed to thermal stress was virus
protein degradation. This degradation led to a linear decrease in potency (on logio scale) as determined
by infectivity and relative transgene expression measurements, indicative of a first order degradation.

Additional characterisation was carried out with the inoculum to determine genetic stability.

Impurities

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

From the assessment of 81 impurities, it was concluded that most were non-critical. Only 2 process-
related impurities were considered critical, host cell DNA and host cell protein (HCP); these are controlled
via the AS specifications.

Upon request, the applicant has provided summaries of the impurity spiking studies. The data
demonstrate that the chromatography purification and the various filtration steps result in efficient
removal of impurities. All these impurities are reduced by several log units during purification of AS. The
level of impurity removal is deemed sufficient.

The applicant 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-chemical tests
and tests for identity, purity and potency.

The specification of Ad26.COV2.S AS consists of the following tests: identity by ID-PCR and virus protein
fingerprinting by reversed phase high performance liquid chromatography (RP-HPLC); impurities (HCP
by ELISA and host cell DNA by gPCR); potency (transgene expression by qualitative ELISA, infectious
units, ratio virus particles/infectious units); quantity (virus particles by VP-qPCR), safety (bioburden,
bacterial endotoxins, replication competent adenovirus) and general tests (appearance, pH and
polysorbate 80 concentration).

The specifications proposed for the AS are deemed acceptable. Upon request during the procedure the
applicant has included a release test for replication competent adenovirus (RCA) which is considered an
important safety test for a pandemic vaccine virus and required by the Ph. Eur. 5.14.

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

Analytical methods

The analytical methods used have been adequately described and (non-compendial methods)
appropriately validated in accordance with ICH guidelines. Compendial methods were verified to
demonstrate that the methods are suitable for use with the current product and that no
interference/inhibition occurs.

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

Transgene expression is measured by an enzyme-linked immunosorbent assay. The qualitative
procedure to measure transgene expression confirms that cells infected with Ad26.COV2.S express the
transgene protein. Upon request, the applicant provided more information on the source of the
recombinant fusion protein, that is used as a primary antibody in the transgene expression assay;
specificity of this primary antibody has been demonstrated.

Batch analysis

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

Reference materials

The same reference standard is used for AS and FP testing. See FP Reference materials section for more
detailed 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

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 (2-8°C) stability data
from other Ad26 viral vectors produced using the same platform technology (> 40 AS lots ranging from
24 months to 48 months stability). These lots were also stored in the same polycarbonate containers as
proposed for this product and they were manufactured at the small scale at Janssen Vaccine and
Prevention B.V. (Leiden, NL). Given the COVID-19 pandemic and the current circumstances and urgency,
this approach is deemed acceptable. The AS is typically very stable when stored below -40°C; no trends
are observed during shelf life.

The applicant has placed representative AS lots on stability (real time at -60°C and accelerated at 5°C)
in accordance with applicable ICH guidelines. These include clinical and manufacturing lots manufactured
at the small scale at the Janssen Vaccine and Prevention B.V. site (Leiden, NL) and large scale lots from
the Janssen Biologics B.V. site (Leiden, NL). Since the glass transition temperature of the AS is -34°C,
stability studies at the proposed temperature are appropriate to support the storage conditions. AS lots
were stored in bottles considered representative of the commercial containers. The proposed stability
testing programme is deemed acceptable and includes appropriate 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 available for AS lots and 3 months for the small scale commercial
lot (manufactured at the Janssen Vaccine and 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 storage condition and at the accelerated stability storage condition.
The applicant should provide the AS stability data for representative AS batches (from the small scale
production site) when the stability study has been finalised and the results are available
(recommendation 4). Any confirmed out-of-specification result, or significant negative trend, should
however be reported to the EMA. In addition to the three representative small scale AS lots, stability
studies have been initiated with large scale commercial AS batches. Results will be provided when the
data are available. Finally, the applicant should also initiate stability studies for 3 PPQ AS lots from each
of the AS manufacturing sites and from future added sites (recommendation 4).

An appropriate shelf-life of the AS and storage conditions were agreed. Stability-monitoring programs
for two inoculum batches have also been initiated. A re-test date for inoculum when stored frozen was
proposed by the applicant. This date will be extended when the stability studies confirm stability.

2.2.3. Finished medicinal product

Description 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 batches. No
additional excipients are added during the FP manufacture. All excipients are well known pharmaceutical
ingredients and their quality is compliant with Ph. Eur. standards. There are no novel excipients used in
the finished product formulation.

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

Component Grade? Function
Ad26.COV2.S Company Standard Active
Sodium chloride Ph. Eur., 0193 Tonicity agent and stabiliser
Citric acid monohydrate Ph. Eur., 0456 Buffer agent
Trisodium citrate dihydrate Ph. Eur., 0412 Buffer agent
Polysorbate-80 Ph. Eur., 0428 Stabiliser
2-hydroxypropyl-B-cyclodextrin (HBCD) Ph. Eur., 1804 Stabiliser
Ethanol Ph. Eur., 1318 Stabiliser
Sodium hydroxide Ph. Eur., 0677 pH adjuster
Hydrochloric acid Ph. Eur., 0002 pH adjuster
Water for injections Ph. Eur., 0169 Diluent

Formulation development

The development of the FP has been described in detail. The formulation composition (excipients,
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 quantitative composition of Ad26.COV2.S FP were selected based on early
formulation development studies. The selection of the formulation composition was based on the results
of formulation screening and optimisation studies performed for Ad26.COV2.S and representative Ad26
platform products and parameters evaluated comprised pH, buffer type, various stabilisers
(cryoprotectant, antioxidant and surfactant) and tonicifying agents.

Suitability of the final selected formulation for Ad26.COV2.S FP was demonstrated in product-specific
studies demonstrating acceptable stability during refrigerated and accelerated storage. The late stage
Ad26.COV2.S FP development consisted of studies designed to evaluate the stability of the formulation
during temperature cycling, freeze-thaw stress, mechanical stress (agitation) and thermal stability at
elevated temperatures. The conclusions are based on studies on Ad26.COV2.S and representative Ad26
platform products. Overall, the Ad26.COV2.S data obtained in assessments covering the range of
conditions described are in agreement with representative Ad26 platform products data and support
leveraging of platform data.

Pharmaceutical development

The 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 and on the
FP batches produced thus far. The differences between the clinical and commercial manufacturing
processes are described and includes changes of site, change from single to multi-dose and scale.
Information is provided to support equivalence of the clinical trial and commercial formulation buffer
composition and manufacture.

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

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

Comparability

A comparability analysis was performed demonstrating that early clinical material (phase 1/2) was
comparable to the FP lots used in the phase 3 trials (study 1). Based on an assessment of the release,
IPC and characterisation results of the clinical batches the study 1 conclusions are that the Ad26.COV2.S
FP batches produced using the post change manufacturing 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 manufacturing process variants introduced do not adversely
impact the quality, safety and potency of the Ad26.COV2.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 introduced in the FP process for commercial production, a
comparability analysis has been initiated to compare phase 3 FP lots and future commercial FP lots (study
2). A 2-tiered approach has been proposed by the applicant to demonstrate comparability. According to
this approach, initial comparability assessment (tier 1) consists of comparison of release and IPC results.
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 FP lots will be released for
commercial use. This enables timely use of post-change materials to alleviate the high demand due to
the COVID-19 pandemic. The tier 1 results have already been provided for the FP PPQ lots from the first
FP commercial site and demonstrate that the commercial FP is comparable to the clinical material.
Additional characterisation test results (tier 2) should be provided post-approval (recommendation 6).
In addition, comparability data (tier 1 and tier 2) is requested for the second finished product site to
confirm the FP is comparable to the FP from the first commercial site and the clinical material (Specific
obligation 1). Given the COVID-19 pandemic and the current circumstances and urgency, this approach
is deemed acceptable.

Container closure integrity tests (CCIT), residual seal force (RSF) tests and headspace analysis are used
to validate the integrity of the container closure system and its ability to prevent the ingress of microbial
contamination 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 contains 5
doses of the FP. The container closure system used for the FP is a 2R Type I glass vial closed with a
latex-free rubber stopper (chlorobutyl with fluoropolymer coated surface), aluminium crimp and blue
plastic cap. All relevant components (glass vials and rubber stoppers) comply with applicable Ph. Eur.
guidance.

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

Manufacture of the product and process controls

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

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

The applicant has proposed an additional FP release testing site for sterility and endotoxin. However,
qualification of this site is currently ongoing and is expected to be finalised in May 2021. Therefore, the
applicant has requested a time-limited exemption allowing reliance on FP release testing for sterility and
endotoxin conducted in registered sites that are located in a third country. This approach is acceptable.
The length for the QC testing site exemption has been clearly defined (until 30 June 2021) and it concerns
compendial tests (endotoxin and sterility). Suitability testing will be performed according to
pharmacopoeial requirements for method transfer qualification (see Product Information Annex
II.A).

Description of manufacturing process and process controls

The FP manufacturing process consists of several steps. First, the AS is thawed, pre-filtered, pooled and
diluted with pre-filtered formulation buffer. The formulated bulk is homogenised, sterile filtered in-line
(two 0.2um filters connected 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 inspected, frozen, labelled and packed.

All steps of the FP manufacturing process at the proposed FP manufacturing sites have been described
and information on CPPs and IPCs was provided. The proposed CPPs and IPCs are deemed adequate and
sufficient to control the FP process.

Prior to the start of sterile in-line filtration, both sterilising filters are tested to ensure filter integrity, and
a bioburden 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 performed for the
FP sites. The process validation for manufacture of Ad26.COV2.S FP consisted of three successful
validation runs performed at the minimum, intermediate and maximum FP batch sizes. For each of the
process validation runs, the IPC and FP product release met their predefined acceptance criteria and FP
release specifications, respectively. The results presented in this section demonstrate that the
Ad26.COV2.S FP manufacturing process as executed at the commercial manufacturing site is under
control and produces final FP of consistent quality that meets specifications. Continued process
verification (CPV), will be performed to assure that the FP process remains in a state of control during
commercial manufacture. The FP manufacturing process at the site is adequately validated. Some
additional characterisation data to confirm homogeneity and the hold times should be provided when
available (recommendation 7).

With regards to the second FP manufacturing 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 from phase 3
clinical lots and batches from the first site. However, the complete data have not been provided.
Therefore, the applicant is requested to provide the full FP PPQ data from the 3 representative FP lots
from the second site (including hold times). In addition, comparability data (tier 1 and tier 2) are
requested to confirm that the FP from this site is comparable 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 COVID-19 pandemic public health emergency.

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

A media fill simulation has been executed which confirmed that the aseptic handling procedures and the
environmental conditions for the filling step are considered appropriate for the production of FP. The
operating parameters used for the media fill are set to challenge worst-case conditions that may occur
during routine manufacturing and operational conditions. The vials are filled at high speeds (higher risk
for interventions) and low speeds (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 each FP process step (all CPPs). Therefore, the maximum time for the complete FP
process is defined as well as the maximum time of FP vials exposed to 2-8°C and to 25°C.

Vials are depyrogenated and caps are steam sterilised. The depyrogenation and autoclave have been
adequately validated. The rubber stoppers are provided by the supplier as ready-to-use sterile rubber
stoppers. The applicant has provided the requested information on the sterilisation of the stoppers. The
stoppers are deemed acceptable for use in the FP container. Appropriate filter validation reports are
provided and it is concluded that the filters are deemed suitable for the intended use.

For the 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

Release and stability specifications as well as description of the analytical procedures were provided. The
parameters tested are appearance (degree of coloration, clarity, and visible particles), identity by (ID)-
PCR and virus protein fingerprinting by RP-HPLC, potency with transgene expression by quantitative
ELISA and infectious units by QPA, quantity (virus particles) by VP-qCR, purity (aggregates average
hydrodynamic radius and polydispersity) by DLS, safety tests (sterility, bacterial endotoxins, container
closure integrity) and general tests (pH, osmolality, extractable volume, and polysorbate 80
concentration). The FP specification acceptance criteria have been sufficiently justified and the
specification ranges are deemed acceptable.

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

Since for immunogenicity and clinical efficacy the potency as expressed in infectious units is relevant,
the potency of the vaccine should be expressed on the labelling in line with other viral vaccines.
Therefore, it was proposed to change the labelling to “not less than 8.92 logio Inf.U/dose”, instead of
“not less than 2.5x101° VP/dose”. The applicant agreed 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 particles is established at AS level and a similar specification has
also been established for FP release.

Since currently only limited experience is available for the polydispersity specification, the applicant’s
proposal to report the result without an acceptance criterion is acceptable. For the time being it is agreed
that FP aggregates are sufficiently controlled by the hydrodynamic radius specification. However, it is
expected that an acceptance criterion for polydispersity will be established and justified once sufficient
experience and data for this parameter are available (recommendation 12).

For the transgene expression a qualitative ELISA is performed to confirm expression. The applicant has
properly justified the use of the assay for determining the transgene expression. The validation of this
method has been briefly described. In addition, the applicant has pointed out how the relative transgene
expression levels correlate linearly with infectivity results obtained by QPA, the latter being a quantitative
way to measure infectivity of Ad26.COV2.S.

For the extractable volume, the applicant states that the acceptance limit of 22.5 mL ensures that
enough volume can be extracted from the vial for correct dosing of up to five doses of 0.5 mL each
(tested as 5 times an extraction of 0.5 mL).

Due to 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 Regulation EC (No)
726/2004- Nitrosamine impurities in human medicinal products” (EMA/369136/2020). Based on the
information provided it is accepted that no risk was identified on the possible presence of nitrosamine
impurities in the active substance or the related finished product. Therefore, no additional control
measures are deemed necessary.

No new impurities are introduced during the FP manufacture. The major objection is considered resolved.
Analytical methods

Descriptions were provided for all the analytical methods used for FP release testing. The analytical
methods for virus identity, protein fingerprinting, transgene expression, infectious units, virus particles
and PS80 content are the same methods as used for the AS. Compendial methods are used for pH,
osmolality, extractable volume, sterility, endotoxin, container closure integrity and appearance. The only
FP-specific method is the assay for aggregates. All non-compendial methods were appropriately validated
at each test site. Compendial methods were verified to demonstrate that the methods are suitable for
use with the current product and that no interference/inhibition occurs. Method suitability and absence
of interference by the product were demonstrated for the endotoxin and sterility tests.

Batch analysis

Batch analysis results are presented for clinical single dose finished product (FP) batches, non-clinical
multidose FP batch, multidose commercial PPQ FP batches from the first commercial site and multidose
commercial PPQ FP batches from the second site. 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 highly similar. The main difference between the phase 3 process and
commercial process is the scale of filling and the fill volume (single dose versus five-dose). The results
are within the specifications and confirm consistency of the manufacturing process.

Reference materials

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

In the future, a primary reference material (PRM) and working reference material (WRM) will be derived
from representative batches and qualified. The PRM and first WRM will be taken from different FP batches
manufactured using the clinical Phase 3 DP manufacturing process. The FP used to prepare the PRM was
made from AS from the small scale process (manufacturing process variant S-VAL-4) at 1 x 10! VP/mL,
and the FP used to prepare the WRM will be made from AS from the large scale process (manufacturing
process variant S-VLF-2) at 2 x 10! VP/mL. A qualification protocol for the primary reference material
and working 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.

Stability of the product

The proposed shelf life of the Ad26.COV2.S FP is 2 years when FP is stored frozen at -25°C to -15°C,
with a single storage period of 3 months at 2°C to 8°C (not exceeding the expiry date).

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

Only a few early time points of Ad26.COV2.S stability studies on clinical batches (Phase 1-3) are currently
available. The shelf life is based on platform data from similar Ad26 products. These platform products
were stored in the same vials as Ad26.COV2.S The same stability-indicating assays were used in the
studies as are being used for Ad26.COV2.S commercial product studies. Up to 36 month-data are
provided from more than 50 FP lots at different temperatures (-80°, -20°C). This includes data from 4
lots stored at -20°C for 36 months. These are considered sufficiently representative since the particles
are identical (apart from the genome which contains a different insert).

Based on these data and input from other development studies, 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, shelf life specifications, expected losses during packaging
and labelling, temperature excursions, in-use and an estimate of the average degradation slope.

Storage at -20°C or lower does not have any impact on FP quality; no trends are observed for potency.
When stored at 2-8°C, a slight decrease in potency occurs over time. Using platform data and a model
for potency decrease, the applicant has proposed that ‘once removed from the freezer, the unopened
vaccine may be stored refrigerated at 2°C to 8°C, protected from light, for a single period of up to
3 months, not exceeding the printed expiry date. Once thawed, the vaccine should not be re-frozen’.
This period is considered conservative when taking into account the statistical model and the stability
data from other Ad26 products.

The applicant also indicates that the FP must be stored in the original packaging in order to protect it
from light. As requested, the applicant provided information on the stability study and the risk
assessment (in absence of photostability data). This is considered acceptable at this point. However, to
evaluate the sensitivity of Ad26.COV2.S Finished Product when exposed to light stress, a study based
on the ICH Q1B requirement should be performed. The samples should be tested for potency, turbidity,
radius and aggregation (recommendation 8).

The clinical single dose FP batches and the commercial multidose FP batch included in the stability
studies will be stored in accordance with applicable ICH guidelines. In accordance with EU GMP
guidelines?, any confirmed out-of-specification result, or significant negative trend, should be reported
to EMA.

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
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‘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.’

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

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

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

Post approval change management protocol(s)

The applicant has provided a protocol for addition and validation of new sites for AS and FP production
at a larger scale. Initially, batches for clinical development and small-scale commercial supply are
manufactured at a bioreactor scale of small scale. A process scale-up was established to manufacture
AS at large scale. New sites are foreseen to manufacture at the large scale. Compared to the process
used for clinical and small-scale commercial manufacturing, the scale-up is mostly linear and the unit
operations remain the same. Where applicable, prior knowledge from other AdVac/PER.C6 platform-
based products has been and will be considered for the process design.

Process validation protocols are provided. In order to evaluate that each newly introduced AS
manufacturing site is capable of consistently performing manufacturing process, a process
validation/process performance qualification (PV/PPQ) campaign based on preliminary CPP and
preliminary critical material attributes (CMA) will be completed. A minimum of 3 AS or FP lots will be
produced for PPQ; acceptance criteria for CPPs and critical material attributes must be met (with potential
necessary adjustments due to site or scale elements); results for IPC and release tests must comply with
the acceptance criteria and the specifications.

The AS process at large bioreactor scale will be transferred to additional manufacturing sites.
Implementation of new manufacturing sites may result in limited changes to process parameter set-
points/ranges, equipment and raw materials. The applicant has previously successfully applied similar
process changes, e.g., AS manufacturing site transfers, to manufacture other AdVac/PER.C6 platform-
based vaccine candidates that have met their specifications. Initial release and characterisation testing
of the large scale AS batches of other AdVac/PER.C6 platform-based vaccine products demonstrated
comparable quality of the vaccine.

Initially, 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 (PACMP) to
optimise the cell culture steps and to use new equipment for stage 7 (chromatography) 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 proposed PACMPs 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, are deemed acceptable.

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. Compendial test methods will
be verified at the new QC test site according to pharmacopeial requirements. Non-compendial test
methods will be transferred by co-validation or by comparative testing (i.e., equivalency). 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. The applied acceptance criteria are deemed
sufficiently stringent and thus adequate. This PACMP and the proposed approach to introduce and qualify
additional QC testing sites is deemed acceptable.

Adventitious agents

The applicant adequately described the adventitious agents’ safety aspects.

Adventitious agents’ safety for Ad26.COV2.S is assured through the design and control of the
manufacturing process: controlled selection 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 in the manufacture of the MVS, intermediate virus passage, WVS,
inoculum, MCB, WCB, LVHD, AS, or FP batches was identified as being of direct animal or human origin.
None of the excipients was of animal or human origin. However, one of the raw materials used in the
manufacture of the MVS/WVS/AS (as a processing aid) was identified as involving animal-derived
products in its production process: benzonase. It is demonstrated, though, that it does not present any
adventitious agents safety risk. No transmissible spongiform encephalopathies (TSE) risk deriving from
the use of these materials has been identified.

With respect to microbial adventitious contamination (bacteria, fungi, mycobacteria, and mycoplasma),
appropriate microbial controls are performed on the starting materials. Furthermore, all the solutions
and buffers used in the downstream process are manufactured aseptically according to cGMP referential
conditions by a validated sterile filtration method and tested according to the European Pharmacopoeia.
In addition, microbial controls are performed during the cGMP manufacturing. Adequate controls and
specifications for starting materials, raw materials and excipients, appropriate specifications, in-process
controls, release tests, and validation of the relevant steps demonstrate that the MVS, WVS, AS and FP
are prepared 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.

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

GMO

Refer to the ERA assessment report and section 2.3.5.

2.2.4. Discussion on chemical, and pharmaceutical aspects

The quality information for the COVID-19 Vaccine Janssen presented during the MAA has been thoroughly
assessed. A list of questions was generated, which included three major objections, related to GMP,
nitrosamine risk assessment and acceptance criterion for infectivity during shelf-life.

Adequate responses were provided to address the major objections and other concerns and to support
Conditional Marketing Authorisation. Additional validation, release and comparability data have been
submitted for AS and FP manufacturing sites. Necessary EU GMP certificates for the manufacturing and
testing sites were subsequently provided.

Further information is provided below on the resolution of the major objections and the rationale for
accepting some open issues to be addressed as a specific obligation post-marketing. Several other
issues are further highlighted as recommendations to be addressed by the applicant post-approval.

In addition, it should be ensured that, in accordance 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 methods in compliance with the latest state of scientific and
technical progress. As a consequence, the manufacturing processes and controls (including the
specifications) shall be designed to ensure product consistency and a product quality of at least shown
to be safe and efficacious in clinical trials and shall introduce any subsequent changes to their
manufacturing process and controls as needed.

The dossier is of acceptable quality however, certain information and data remain to be provided.
Despite the short time frame of product development, sufficient data to support conditional marketing
authorisation are provided and key areas requiring completion are explained below. These further data
will be addressed in a specific obligation and other post-approval measures (recommendations).

The Ad26.COV2.S AS and FP manufacturing processes and process controls are described in detail.
Quality of process intermediates is adequately controlled by in-process controls. Both a small-scale AS
process and a large scale AS process are included in the MAA.

The following issues have been addressed during the procedure:

A major objection was raised with regards to the GMP compliance of AS and FP manufacturing sites.
Proof of GMP compliance has been provided for all relevant sites. In addition, GMP inspections have been
performed 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).
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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 from phase 3
clinical lots and batches from the first commercial site. This is sufficient to support approval of the
conditional marketing authorisation, in the context of the COVID-19 pandemic public health emergency,
supporting a conclusion that the site can consistently manufacture FP. However, full PPQ data (including
hold time) are required for the second commercial site to complete the data package from this facility.
These data are requested post-approval (specific obligation 1).

Data supporting proven acceptable ranges (PAR) for CPP and non-CPP (nCPP) are provided. However,
some parameters are still being evaluated and are classified as potentially critical. 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 were qualified by a comparability
analysis confirming the absence of any impact on product quality. Some further optimisations were
introduced for the AS/FP processes that will be used for the initial commercial batches. To demonstrate
comparability, the applicant has used a 2-tiered comparability approach that comprises a combination
of release testing and additional characterisation testing. Both the results for release tests and
characterisation tests were highly similar. Therefore, it can be concluded that the AS lots from the
commercial small scale process at Janssen Vaccines & Prevention B.V. (Leiden, NL) are comparable to
the lots used in the Phase 3 clinical trials. Moreover, it was also shown that AS lots produced using the
large scale processes at Janssen Biologics B.V. (Leiden, NL) and Emergent Baltimore (USA) were
comparable to clinical AS lots and to AS lots small scale site. Tier 2 comparability data to confirm that
the large scale AS (from Janssen Biologics B.V., Leiden, NL) is comparable to the small scale process
material (from Janssen Vaccines & Prevention B.V., Leiden, NL) (recommendation 2) and tier 2
comparability data to confirm that the large scale AS (from Emergent, USA) is comparable to the AS
from the other commercial AS sites (recommendation 3) should be submitted post-authorisation.

With regards to the FP manufacture, FP lots from the first FP site were shown to be comparable to the
phase 3 clinical FP lots. Tier 2 comparability data for confirmation should be submitted post-authorisation
(recommendations 6). In addition, a forced degradation study (thermal stress) is ongoing to support
further comparability assessment between clinical Phasel/2 lots and phase 3 lots (recommendation
9).

With regards to the second site, the batch release data (3 lots) are very consistent and also highly similar
to release data from Phase 3 clinical lots and batches from the first commercial FP site and provide
already some indication about the process validation and comparability. However, comparability data
(tier 1 and tier 2) are requested to confirm that the FP from the second commercial site is comparable
to the FP from the first site and consequentially also confirm comparability with clinical material (specific
obligation 1). This approach is acceptable in the context of the COVID-19 pandemic public health
emergency.

FP release testing for endotoxin and sterility will be temporary performed in registered sites that are
located in the US until 30 June 2021. From 30 June 2021 onwards, FP release testing for endotoxin and
sterility 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.

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

A third major objection was raised on the need to revise the lower limit of the FP specification for
infectious units. To address this issue the applicant has increased the infectious units release lower limit
and the end of shelf life limit. In addition, the test for RCA has been included in the AS specifications.
The upper limit for HCP (AS specification) has been revised. The specifications proposed for the AS and
FP are deemed acceptable. However, it is expected that an acceptance criterion for polydispersity will be
established and justified once sufficient experience and data for this parameter are available
(recommendation 12).

Since for immunogenicity and clinical efficacy the potency as expressed in infectious units is relevant,
the potency of the vaccine should be expressed on the labelling in line with other viral vaccines. Hence,
it was proposed to change labelling to “not less than 8.92 logio Inf.U/dose”, instead of “not less than
2.5x10'° VP/dose”. The applicant agreed to express the labelling in Inf.U.

Container closure systems of AS and FP were properly qualified. The applicant should provide the results
of the 6 month time point of the FP container leachables (recommendation 11).

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

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

The applicant has provided PACMP protocols for addition and validation of new sites for AS and FP
production at a larger scale. Process validation protocols include production of a minimum of 3 AS or FP
lots for PPQ; acceptance criteria for CPPs and critical material attributes must be met; results for IPC
and release tests must comply with the acceptance criteria and the specifications. To demonstrate
comparability of AS or FP, a 2-tiered approach is proposed. 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 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. Furthermore,
another PACMP has been provided to optimise the cell culture steps and to use new equipment for stage
7 (chromatography) 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.

Assessment report
EMA/158424/2021 Page 40/218



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 point of view the
marketing authorisation application for COVID-19 vaccine Janssen is acceptable.

Impact on the benefit-risk assessment
Efficacy, safety and immunogenicity was demonstrated using clinical batches of the vaccine.

The active substance and finished product are acceptable in relation to control of critical quality attributes
and impurities.

Studies to demonstrate batch-to-batch consistency of the finished product in terms of process validation
studies/process performance qualification studies (PPQ) have not been fully completed in the finished
product commercial manufacturing sites. Nonetheless, sufficient data have been provided for full scale
lots (including some PPQ lots) at the commercial sites and at other sites using the commercial process.

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

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

Based upon the applicant’s justification and commitment, and in view of the public health emergency,
detailed plans have been agreed with the applicant and reflected in the quality part of this assessment
regarding data to be generated and submitted with interim milestones for assessment in order to
complete the proposed specific obligation. Based on the applicant’s plans and documentation, it is
expected that data to fulfil the quality SO will be submitted by mid-August 2021.

2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

The data presented to support consistent quality of this medicinal product is considered sufficient in
the context of a conditional marketing authorisation in the current (COVID-19) pandemic emergency
situation. To complete the quality documentation in the framework of the conditional marketing
authorisation, the applicant is requested to fulfil the specific obligation (SO) post-approval.

The CHMP has identified a specific obligation to address the quality development issues that may have
a potential impact on the safe and effective use of the medicinal product, and which therefore is needed
to achieve comprehensive pharmaceutical (quality) data and controls for the product. The specific points
that need to be addressed in order to fulfil the imposed specific obligation are mentioned below.

In accordance with Article 16 of regulation (EC) No 726/2004, the MAH shall inform the Agency of any
information which might influence the quality of the medicinal product concerned, such as any necessary
tightening 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 provided. In
addition, comparability data should be provided to confirm that the finished product (FP) from
the second FP site is comparable to the FP from the first site. One interim report with initial
PPQ data and tier 1 comparability should be submitted by 31 March 2021, and a final
report with all remaining PPQ results and tier 2 data should be submitted by 15 August
2021.

In addition, since the analytical method transfer from the US to EU is ongoing, Annex II of the opinion
will include:

'In view of the declared Public Health Emergency of International Concern and in order to
ensure early supply this medicinal product is subject to a time-limited exemption allowing
reliance on batch control testing conducted in the registered site(s) that are located in a third
country. This exemption ceases to be valid on 30 June 2021. Implementation of EU based
batch control arrangements, including the necessary variations to the terms of the marketing
authorisation, has to be completed by 30 June 2021 at the latest, in line with the agreed plan
for this transfer of testing.’

2.2.6. Recommendations for future quality development

In the context of the obligation of the MAHSs to take due account of technical and scientific progress,
the CHMP recommends the following points for investigation:

Active substance

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

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

3) The applicant should provide the tier 2 comparability data to confirm that the large scale AS
(from Emergent, USA) is comparable to the AS from the other commercial AS sites by 31 July
2021.

4) The applicant should initiate stability studies (including at least 3 representative lots) for the
large scale AS process at Emergent (USA). In addition, for each new AS manufacturing site, AS
stability studies should be initiated. The applicant is requested to provide the AS stability data
for 3 representative AS batches for each manufacturing scale (small scale at the Janssen Vaccine
and Prevention B.V. site (Leiden, NL) and large scale batches produced at the Janssen Biologics
B.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 results from
bulk homogeneity verification during formulation and sterile filtration and filling by 31 July 2021.
In addition, the additional characterisation data to confirm the hold times should be provided by
31 July 2021.

8) To evaluate the sensitivity of Ad26.COV2.S FP when exposed to light stress, a study based on
the ICH Q1B requirement should be performed. The samples should be tested for potency,
turbidity, radius and aggregation by 30 September 2021.

9) The applicant should provide an updated section 3.2.P.2.3 Manufacturing Process Development
- Comparability, including results from forced degradation studies using thermal stress
conditions (which were performed as part of the comparability analysis between clinical Phasel/2
lots and phase 3 lots) by 30 June 2021.

10) A final conclusion on the criticality of the potentially critical parameters in an updated version of
section 3.2.P.2.3 Manufacturing Process Development - Control Strategy Development - Critical
Process Parameters should be provided. In addition, the applicant should provide an updated
table 1 Summary of Critical Process Parameters and Associated PAR in FP Manufacturing Process
in 3.2.P.2.3 Manufacturing Process Development - Control Strategy Development - Critical
Process Parameters by 31 July 2021.

11) The applicant should provide the results of the 6 month time point of the FP container leachables
study by 31 December 2021.

12) Regarding the FP specification for polydispersity, the applicant is requested to establish and
justify acceptance criteria once sufficient experience and data for this parameter are available,
by 31 December 2021.

13) The applicant should provide a summary of the risk assessment of elemental impurities in the
Ad26.COV2.S finished product to confirm compliance to ICH Q3D Guideline by 31 March 2021.

14) The applicant should provide the FP stability data for the 3 FP PPQ batches from the first
commercial FP site when the stability studies have been finalised and the results are available
(by Q2 2024). In addition, for each additional FP manufacturing site, FP stability studies should
be initiated.

2.3. Non-clinical aspects

2.3.1. Introduction

The proposed candidate vaccine is an Ad26 vector with deletions in the early region (E1) of the Ad26
genome, 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.

2.3.2. Pharmacology

Primary pharmacodynamic studies

The non-clinical pharmacology of the Ad26.COV2.S candidate was evaluated in mice, rabbits, Syrian
hamsters, and non-human primates (NHP) (rhesus monkey). Before selection of Ad26.COV2.S,
different vaccine constructs with design elements previously shown to be successful for other
coronavirus S protein-based vaccines were compared in in vitro and in vivo studies. The combination of
the wild-type signal peptide, the furin cleavage site mutations, and the proline substitutions translated
into superior immunogenicity in mice, Syrian hamsters, and non-human primates (NHP) (Bos et al.,
2020; Mercado et al., 2020; van der Lubbe et al., 2021). The in vivo testing in NHP showed that the
design of Ad26.COV2.S was optimal in inducing robust neutralising antibody responses as well as
protection following SARS-CoV-2 challenge (Mercado et al., 2020).

Mice

The murine model was used to examine immunogenicity by assessing antibody and cellular immune
responses after immunisation, including T helper cell (Th) polarisation of the immune response. The
mice used were aged 10 to 12 weeks, which is considered to correspond to adult age in humans. In
study 9346-20004, a dose level dependent induction of binding antibodies was observed at day 14 and
28 after vaccination. The stabilizing mutations present in Ad26.COV2.S compare favourably with
binding antibody titers induced by a vaccine candidate coding for WT Spike protein, and this is
confirmed in the virus neutralisation assay. Data from IFN-y ELISpot and intracellular cytokine staining
(ICS) assays show that T cell responses are induced, with a higher response in the CD8+ T cell
compartment compared to the CD4+ compartment and indicate that IFN-y is predominantly generated
by CD8+ T cells.

The second study (9346-20007) was designed to determine the Th1/Th2 balance induced by a single
dose of Ad26.COV2.S (1/5% of a human dose). Immunogenicity of Ad26.COV2.S was compared to
recombinant adjuvanted S protein, known to induce a Th2 type immune response. Ad26.COV2.S was
shown to induce the Th1 associated cytokine IFN-y in ELISpot and multiplex ELISA assays, in contrast
to alum adjuvanted Spike protein, 2 weeks post vaccination. The Th1l skewed immune response was
demonstrated by a favourable ratio of IFN-y to the Th2 associated cytokines IL-4, IL-5 and IL-10. In
Balb/c mice, high IgG1 subclass with no IgG2a is associated with a Th2 response, whereas a balanced
1gG2a/1gG1 ratio is indicative of a Thl-directed response. The ratio of anti-S protein antibody
subclasses IgG2a and IgG1 was significantly higher for Ad26.COV2.S compared to alum adjuvanted
Spike protein, with high IgG2a levels observed only after Ad26.COV2.S vaccination. These results
confirm the induction of a favourable immune response in view of a potential for vaccine associated
enhanced 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 the dose
reported in some publications (Sia et al, 2020, Tostanoski et al., 2020), but justified by results from
Van der Lubbe et al. showing that a low dose challenge inoculum (102 TCIDsp) induces a comparable
viral load and disease compared with higher viral dose challenges. This dose was therefore selected to
allow assessment of the occurrence of more severe disease in this model compared to NHPs and to
evaluate the theoretical risk for VAERD. However, it actually conferred rather mild pneumonia without
any clinical signs apart from body weight loss.

The aim of the first challenge study performed in the hamster [TKO 707 (TV-TEC-175626)] was to
compare immunogenicity and protection of Ad26.COV2.S with other Ad26-based candidate SARS-CoV-
2 vaccines, in a one- and two-dose schedule. Animals were challenged 4 weeks following immunisation
and followed for 4 days after infection. This 4-day follow-up period is also justified by prior studies
(Van der Lubbe et al.), showing that a 4-day follow up time after challenge is the most optimal time
point to simultaneously evaluate lung tissue viral load and histopathology.

A single immunisation with 1/50t% or 1/5t of a human dose of Ad26.COV2.S induces S protein binding
antibodies as of Week 2 post-immunisation. A second dose increased binding antibody titers but levels
returned to those observed before the second dose within 4 weeks. A single immunisation with
Ad26.COV2.S induced SARS-CoV-2 neutralising antibodies, starting at Week 2 and increasing at Week
4. In contrast to binding antibody titers, a second dose led to significantly higher neutralising antibody
titers throughout the study period (challenge followed 4 weeks post-immunisation).

Ad26.COV2.S given in a 1-dose or 2-dose regimen resulted in a lower lung viral load compared with
the Ad26.Empty mock-immunised animals. That load was below the limit of detection for the majority
of animals immunised with Ad26.COV2.S. This reduction in viral load was however less apparent in the
upper r