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2Privileged and confidential

ÅThroughout the workshop, please ask questions in the ñQ&Aò function. If you see that your question is already 

asked, you can ñlikeò the question in the ñQ&Aò function.

Å This workshop will be recorded. Please be mindful of the diverse audience attending the meeting when 

participating in open discussions.

Meeting Norms and Recording Disclaimer
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Agenda

Introduction 

10 min Introductions, meeting overview and rules Ajoy Chakrabarti, BMGF

15 min Current thinking: regulatory expectations for variant vaccines Dean Smith & Catherine Njue, Health Canada

Manufacturing case studies 

20min Multi-filo vaccine design based on an MVA platform Hubertus Hochrein, Bavarian Nordic

20 min Challenges of developing a multivalent vaccine for the global market: Gardasil®9 Paula Annunziato & Dicky Abraham, Merck

20 min Introducing new flu strain and challenges with multivalent vaccines Beverly Taylor, Seqirus

5 min Break

Clinical case studies 

10 min Introduction Jakob Cramer, CEPI

10 min Immunological perspectives Arnaud Didierlaurent, University of Geneva

15 min Takeda bivalent norovirus vaccine Jim Sherwood, Takeda

15 min Sanofi TIV to QIV influenza vaccine Kevin Yin and Sandrine Samson, Sanofi

20 min Moderna COVID-19 vaccines Darin Edwards, Brett Leav, and Carla Vinals, Moderna

Concluding Remarks and Wrap-up

10 min WHO support to regulatory preparedness David Wood, WHO 

10 min Meeting close and discussion Jakob Cramer, CEPI
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Introduction

Å Addressing the variants will impact development activities related to COVID-19 vaccines for the foreseeable future

Å There have been multiple workshops addressing how to introduce a modified or new vaccine to address variants. Today we 

are focused on multivalent vaccines (containing for example an antigen against the prototype strain as well as an antigen 

directed against a variant) and the lessons learned by others when developing such multivalent vaccines.

Å Joint Workshop between the CMC and Clinical SWAT teams has several potential benefits:

Å Highlight the interrelated nature of Clinical and CMC efforts

Å Cross-over learning opportunity to understand how issues from one area impacts the other

Å Three major CMC Themes for vaccine candidates that cover multiple COVID-19 variants:

Å Impact on potency assays and setting release specifications

Å Impact on formulation and stability

Å Difference between multiple DS that are blended together versus multiple antigens in a single DS

Å Three major Clinical Themes:

Å Risk of immunological interference. Demonstrate the immunological response to the first antigen is undeterred by the 

addition of the additional type(s).

Å How to benchmark the response to the new antigen against the response of the prototype vaccine antigen.

Å Safety: the impact of potentially increased antigen amount versus the risk of reduced-dosing failing non-inferiority.



Current regulatory thinking on 

multivalent vaccines: 

Nimble regulation during a pandemic

COVAX Workshop: 

Multivalent COVID-19 vaccines to help address emergence of variants: 

CMC and Clinical implications

April 14, 2021

Biologic and Radiopharmaceutical Drugs Directorate

Health Canada

Dean Smith & Catherine Njue



Context

Å Several prototype COVID-19 products with moderate to high vaccine 

efficacy have been developed, evaluated in large placebo controlled 

randomised clinical trials (RCT), authorised and are being deployed in 

record time

Å These prototype vaccines are based on monovalent full-length SARS-

CoV-2 original strain Spike(S) protein, native or pre-fusion stabilized

Å While longer term characterization of multivalent COVID-19 based 

vaccines may be prudent, for the rapid development of VOC adapted 

vaccines, developers should be aware of the potential for additional 

CMC and clinical challenges with multivalent vaccines against S and 

other antigens, when broadly neutralizing monovalent adapted VOC S 

designs may be possible
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Outline: CMC Considerations

ÅCMC Development

ïGeneral considerations

ïSingle antigen DS requiring blending

ïMultiple antigen in single DS

ïVOC Adapted antigen for authorised and new vaccines 

ÅSetting specifications

ïGeneral considerations

ïDose ranging studies to support specifications

ïPotential complexities with multivalent vaccines
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CMC Development  

General considerations: 
Å CMC characterization and QC for vaccine antigens in a multivalent 

vaccine same as that for monovalent, with the additional 

consideration of antigen interference in the QC assays (e.g., ID, 

potency and potentially other CQA).

ÅSingle antigen DS requiring blending:
ïPermits more direct control specific antigen additions to DP

ïSimplifies the characterization of antigen interference in QC 

assays, as well as the characterization of potential antigen 

competition in pre-clinical and clinical studies

ïRequires multiple production runs for DP, and antigen assay 

specificity in the DP is still required at release and during 

stability testing

8



CMC Development

ÅMultiple antigens in a single DS: 
ïControl of specific antigen content in a single expression 

cassette more complex and less flexible 

ïSingle production run to produce DP, but same assay specificity 

requirements at DS and DP

ïWill still require monovalent antigen production during 

development to characterize antigen QC assays and potentially 

antigen completion in pre-clinical and clinical studies

ÅVOC Adapted antigen design: 
ïVOC adapted antigen can be consideration for authorized 

vaccines, as well as products still in development for both mono 

and multivalent vaccines

ïNote: A demonstration of the added CMC (or clinical) value for 

all vaccine components, including additional antigens, is 

generally required
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Setting specifications with 

multivalent vaccines

Å Generally, specifications must be based on characteristics of vaccine 

lots demonstrated to be safe and effective in clinical studies or through 

clinical experience (i.e., clinically related/patient-centric specifications)

Å Dose ranging studies characterizing NAb and CMI can be as important 

for setting specifications as there are to determine the target clinical 

dose in Phase III. Can be essential to support a product through 

authorization, if clinical lot potency is challenging to maintain though 

commercial scale up. Also ñprotectsò specifications post-authorization.

Å Potential complexity with release/end of shelf-life specifications with 

multivalent vaccines and differing rates of potency decline between 

multiple antigens
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Outline: Clinical Considerations

ÅClinical Development 

ÅNeed for Dose Finding Studies

ÅStudy Designs to Assess Immune Response

ÅVaccines Still Under Development 
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Clinical Development 

ÅClinical development program will vary for

proposed multivalent vaccines and a distinction

should be made between:

ïMultivalent vaccines based on an authorized

platform with clear demonstration of efficacy

based on a clinical disease endpoint versus

ïMultivalent vaccines based on platforms

which are not yet authorized
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Dose Finding Studies

ÅFor COVID-19 vaccines which have already 

been authorised:

ïthe generation of a bi- or multivalent vaccine will 

likely necessitate additional immunogenicity studies 

to define the appropriate dose for each sequence

ïHence, properly designed dose finding studies to 

determine the optimal dose for each sequence 

should be conducted
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Dose Finding Studies  

ÅSuch studies will not only provide important 

dose-finding information but also safety 

information

ÅThe design of such studies should be discussed

early with regulators
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Assessing Immune Response

ÅOnce the optimal dose for each sequence has 

been determined:

ïStudies will also be needed to investigate 

whether the addition of a second (or 

subsequent) sequence(s) does not result in 

an inferior immune response to vaccines with 

a single sequence

ïThe reactogenicity of the multivalent vaccine 

relative to the single sequence vaccine 

should also be evaluated
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Assessing Immune Response

ÅThis will necessitate the need for properly 

designed non-inferiority studies

ÅThe study population, endpoints and non-

inferiority margins selected should be justified

ÅThe number of subjects enrolled in the study 

should be clearly justified based on the design 

and objectives of the study
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Vaccines Still Under Development

ÅFor multivalent vaccines based on platforms 

which are not yet authorized:

ïClinical development plans will depend on the 

stage of development including available data 

on immunogenicity, safety and efficacy 

ïIt is best that such plans are discussed early 

with regulatory agencies
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Thank-You!

Questions?
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Multi -filo vaccine design based on an MVA platform

Hubertus Hochrein, PhD

VP Research, Bavarian Nordic
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non segmented/ negative strand RNA

19kb, 7 genes, overlapping genes

ÅInfections cause severe form of hemorrhagic fever

Å Lethality in humans ranges from 23 to 90%

ÅHigh level of person-to-person transmission

ÅEbola virus (EBOV):

Å5 strains 

Å3 involved in morbidity and death of humans:

ÅZaire ebolavirus; Sudan ebolavirus; Bundibugyo ebolavirus   

ÅMarburg virus (MARV):

ÅSeveral strains

Filovirus
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https://www.cdc.gov/vhf/ebola/history/distribution -map.html

https://www.cdc.gov/vhf/marburg/outbreaks/distribution -map.html



Structure and Genetic Organization of filoviruses

Fields ed.: Virology

22



23

Promoters
Co-Stimulatory

Molecules
Antigens

Recombinant 

Poxviruses

Customized

Immunogenicity

Antigenic

Complexity

Low

High

Simple

Complex+

Poxvirus

Vectors

Wide Variety 

of Target 

Diseases

Target 

Multiple 

Antigens for 

a Single 

Disease

Widely Applicable Technology for Infectious Disease and Cancer Immunotherapy

MVA

FPV

Poxvirusesas base for multivalent vaccines
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Strain Protein
GP-SEBOV Glycoprotein of Sudan Ebolavirus (Boniface strain)

GP-ZEBOV Glycoprotein of Zaire Ebolavirus (Mayingastrain)

GP-MARV-MusokeGlycoprotein of MusokeMarburgvirus

NP-CdI-EBOV Nucleoprotein of Ivory Coast Ebolavirus

MVA-BN®-Filo

ITR

IGR-II

ITR

IGR-I

GP-ZEBOV GP-MARV-MusokeGP-SEBOV NP-CdI-EBOV

ÅDesigned to protect against Marburg, Ebola Zaire and Sudan, 

as well as smallpox

ÅIn addition to the major protective antigen GP of all Filoviruses, MVA -BN® multivalent Filo 

encodes for conserved nucleoprotein (NP), known to induce good T cell responses
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Å Immunogenic in mice and NHP

Å Complete protection from death

and clinical symptoms in NHP

Group 

ID
N

Test/Reference Item Administration
Challenge

Day 42Test/Reference 

Item

Dose per 

Administration
Schedule

1 1 TBS control -
Days 0 and 28 Marburg Musoke

2 3 MVA-BN-multifilo 5x108 TCID50

Efficacy of MVA-BN® multivalent Filo 

against Marburg in NHP

Study 1



MVA-BN® Filo and FPV-Filo
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BN funded study
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Chimpanzee adenovirus vaccine generates acute and 

durable protective immunity against ebolavirus

challenge
Stanley et al. Nat Med 2014 (doi:10.1038/nm.3702)

Ebolavirus disease causes high mortality, and 

the current outbreak has spread unabated 

through West Africa. é.Here we show that a 

chimpanzee-derived replication -defective 

adenovirus (ChAd) vaccine also rapidly induced 

uniform protection against acute lethal EBOV 

challenge in macaques. Because protection 

waned over several months, we boosted ChAd3 

with modified vaccinia Ankara (MVA) and 

generated, for the first time, durable 

protection against lethal EBOV challenge.
Ten months after the prime, macaques were administered a lethal dose 
(1,000 PFU) of EBOV. Graph indicates percentage of surviving animals.
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The combination of Adenovirus and MVA induces strong adaptive immune 

responses

naiveÅThe combination of Ad26 + MVA-BN-filo induces full protective immune 

responses in NHPs challenged with Ebola

ÅAd26 or ChAd3 + MVA-BN-filo induce long lasting high antibodies and 

T cell responses to Ebola proteins in clinical trials in the USA, Europe and 

Africa 

RESTRICTEDBUSINESSPROPRIETARY

Milligan et al. JAMA 2016Tapia et al, Lancet Infect Dis 2015
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ChAd3 +MVA-BN boost enhances 

human CD4 and CD8 T-cell quality (Ebola)

Tapia et al. Lancet Inf Dis 2015
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ÅMVA-BN-filo demonstrates that MVA could be the basis for multivalent 

vaccines. 

ÅMVA-BN-filo induced immune responses to the incorporated transgenes 

covering the lethal filovirus family.

ÅSynergy with another single vector multivalent vaccine (FPV -multifilo ) in 

protecting against EBOV challenge in NHP.

ÅMVA-BN-filo demonstrated strong synergy with monovalent adenoviruses in 

protecting NHP against EBOV challenge.

ÅIn combination with monovalent adenoviruses MVA-BN-filo synergistically 

induced strong (antibodies and T cells) and durable immune responses in 

various clinical trials.
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Summary of MVA-BN as a multivalent vector
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CHALLENGES OF DEVELOPING A 
MULTIVALENT VACCINE FOR THE GLOBAL 
MARKET: GARDASIL®9

Dicky Abraham, Distinguished Scientist, Global Vaccines, Merck Manufacturing Division

Paula Annunziato, Vice President, Vaccines Global Clinical Development

14-April-2021



Clinical Aspects



GARDASIL®9

1. Luxembourg A et al. Contemp Clin Trials. 2015;42:18ï25. 2. de Sanjose S et al. Lancet Oncol. 2010;11:1048ï1056. 3. Serrano B et al. Infect Agent Cancer. 2012;7:38. 
4. Joura EA et al. N Engl J Med. 2015;372:711ï723. 5. Huh WK et al. LancetΦ нлмтΤофлΥнмпоҍнмрфΦ 6. Luxembourg A and Moeller E. Expert Rev Vaccines 2017;16:1119-1139.

Composition of GARDASIL 91,4

Impact of Adding 5 HPV Types2ς4

Overview of Clinical Program4-6

P001, phase 3 safety and efficacy study (~14,000 

subjects)4

ïClinical efficacy for new types and immunobridging to 

original types in 16-26-year-old women

ïActive comparator GARDASIL®

ïImmunobridging from GARDASIL to GARDASIL 9 

ïAll primary and secondary hypotheses were met

Ten phase 3 safety and immunogenicity studies 

(>12,500 subjects) 
ïImmunobridging from women 16-26 years of age(3 doses) 

to girls and boys 9-15 years of age (2- or 3-doses), men 

16 -26 years of age (3 doses) and women 27-45 years of 

age (3 doses)

ïImmunobridging from GARDASIL to GARDASIL 9 (girls 9-

15 years of age, men 16-26 years of age)

ïConcomitant use (Menactra, Adacel, Repevax)

ïPrior recipients of GARDASIL®

ïManufacturing lot consistency

ïAll primary and secondary hypotheses were met

AAHS=amorphous aluminum hydroxyphosphate sulfate.

GARDASIL 9

GARDASIL ®

Type of 

Lesion

GARDASIL 9 

Types 

Contribution

GARDASIL® 

Types 

Contribution

Contribution of 

HPV Types 

31/33/45/52/58 
Cervical 

Cancer*
90% 70% 20%

CIN2/3** 80% 50% 30%

CIN1** 50-60% 30-35% 20-25%

* Based on de Sanjose et al. 2010 and Serrano et al. 2012

** Based on Joura et al. 2014



Three Decades of Quadrivalent HPV (qHPV) and 9-valent HPV (9vHPV) 
Vaccine Development1
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Monovalent vaccines
(proof of concept)

qHPV vaccine
(girls, boys,young women)

qHPV vaccine 
(adult women, young men)

qHPV vaccine 
(2-dose:girls; investigator-initiated)

qHPV vaccine 
(China, India, Japan registration)

2nd generation vaccine
(Phase 2 studies)
9vHPVvaccine 

(girls, boys, young women/men)
9vHPV vaccine 

(2-dose:girls and boys)
9vHPV vaccine 
(adult women)
9vHPV vaccine 

(China, Japan, Vietnam registration)
9vHPV vaccine

(oral persistent infection; adult men)

Long-term follow-up

Long-term follow-up

Long-term follow-up

2 doses 6 to 12 
months apart

2 doses 1 to 5 
years apart

Long-term follow-up

Licensure of 
qHPV vaccine

Licensure of 
9vHPV vaccine Today

Follow-up



The Journey Continues - Regulatory and Recommendation Updates 

Gardasil approved in >130 countries; Gardasil 9 approved in >80 countries

ïExamples of recent regulatory approvals:

ïGardasil 9 approval for females 16-26 years in China (2018)

ïGardasil 9 mid-adult indication in US (2018)

ïGardasil 9 oropharyngeal and other head and neck cancer indication in US (2020)

ïSilgard 9 approval in Japan (2020)

ïGardasil female 9-19 years indication in China (2020)

ïGardasil male җ9 years indication in Japan (2020)

>80 countries with HPV vaccine in National Immunization Program

ïExamples of recent recommendations

ïGender neutral vaccination in EU countries (2018-2019)

ïMid-adults in US (2019)

Increased interest in HPV vaccination

ïHPV disease elimination has been a goal for WHO and certain countries since 2018 

ïSupply constraint due to sharp increase in demand for Gardasil/Gardasil 9 since 2018
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Virus-Like Particle

(~20,000 kDa)

L1 Capsomere

(Pentamer)
(~280 kDa)

5 ³L1

L1 protein
(55 or 57 kDa)

(Crystal structure coordinates

courtesy of Prof. S. C. Harrison,

Harvard University)

~ 3 nm ~ 10 nm

~ 60 nm

GARDASIL®9 Based on Human Papillomavirus (HPV) Virus-Like Particle (VLP)

~72 ³L1

Capsomeres

Å Vaccine based on HPV major capsid protein, L1, self-assembled into virus-like particles (VLPs)
Å Complex structure, but well characterized


