Public

Developing Vaccines at
Pandemic Speed

WCBP
January 25-27, 2022

Kay Hunsberger
Executive Director
Merck & Co., Inc., Kenilworth, NJ, USA.



Public

Agenda

= Approach to Rapid Response
= Product and Process Development
=  Analytics
= Clinical Manufacture

= Regulatory Approaches
= (Case Study — Ebola
= Case Study — COVID

= Lessons Learned and Future Opportunities
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How do we develop vaccines with speed to address a pandemic?

Key Focus Areas:

1 Product and Process Development

J Analytics

O Clinical Manufacture

(J Regulatory Interactions and Filing Approaches

A..u.,.ic €9 MERCK



Public

Typical Timeline for Vaccine Development

*8 to 12 Years
«Standard timeline to develop a vaccine.

2020 2028+

This timeline is not acceptable for an epidemic or pandemic!
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Rapid Product and Process Development

What product technology will be used?

* mRNA - Can develop with speed but unclear the duration of memory response thereby requiring periodic boosts
¢ Challenge to generate sufficient supply for a global market

e Viral Vectors — variable memory response across the spectrum of viruses
* ERVEBO —single dose regimen with memory response
¢ J&J Zabdeno® /Mvabea® - requires a two —dose regimen

e Protein based vaccines - variable protection

e NO PERFECT SOLUTION.......

Platform Approaches

e Companies leverage their existing platform processes in order to gain speed
e Strong technical knowledge of the platform — process and analytical
e Leverage existing pre-clinical toxicology studies
e Existing materials/consumables allows work to begin immediately
e Stays aligned to existing manufacturing platforms allowing quick transitions to GMP manufacturing
¢ Single Use technologies and standardized unit operations allows for rapid transfer to commercial facility
e Implement continuous manufacturing processes to addresses product demand
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Analytics

“Well Characterized Vaccines”

Proteins, RNAs, viruses, LNPs, VLPs, polysaccharides,
and polysaccharide conjugates, novel adjuvants &

excipients

CyroEM, CD, Aggregation
DSC, DSF, UP-SEC, SEC-
ATR-IR MALS, FFF, DLS

Sub-Visible
DLS, SLS, MFI,

Secondary & e

Tertiary
Structure Quaternary
Structure

Purity / Integrity
HPLC, SDS-
PAGE, CE-SDS
MEKC

Heterogeneity,
Mass and Size
HPSEC, MALS,
[EX, CZE, CIEF,

Primary
Structure

Sequence /ID

Peptide Mapping

by LC/MS, NMR -

PCR, Sequencing |mpu rities Adventitious
Agents

0 MVS, WVS, MCB,

WCB, NGS, PCR,

P:[ggé:: duRaﬂ;::d Product Related
proteases, surfactants, Fragments
residual (GSH, alcohol, CE-SDSR &NR, SDsS-
EDTA), ICP-MS PAGE, CZE, Intact LC-MS,
Antigen degradation
(Simple Wes)
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Transition toward Real Time Release

Conventional QC/QA Future: Real Time Quality Release
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End to End Analytics for Multi-Modal Vaccines

A

Live attenuated viruses

Analytical

Method development for release
and stability; setting

Analytical support for process
changes; qualification of release and

Analytical supportfor range
finding; robustness testing of

Business impact:
e Faster turn-around time

/N

«  Genetically modified viruses aevciopment [ cams S e oo ”’”"Ttehfng'cdmictpgty validaton; authoring CHC
 Virus-like particles (VLP) '
* Ps-conjugates Preclinical Phase 1 Phase 2 Phase 3
*  mMRNA vaccines  Atiibute | Analytical Methods |
|dentity Sanger Sequencing, Immuno-plaque
\%ﬂ Potency Plaque, gPCR, reporter gene assay, cell based ELISA
- Ebola vaccine . Residuals PCR, qPCR, spectroscopy
Liveviruses o\ 7EBOV Gardasil (VLP) ~ Ps-CRM conjugate Safety Sterility, Endotoxin, Mycoplasma, Adventitious agents
. L Innovation . . L
« Innovation in vaccine clinical assays Plaque Reduction Neutralization Test (PRNT) - > Virus Beductln Neutralization Test (VRNT)
«  Scientific impact: R v
» 1 patent l _
« 2 publications | —> R 0y [N S —

 Higher throughput
* Lower cost

Fixation and staining
Manually count plaques

1

1

1

1

Day 8: PRNT I
1

1

and transfer data I
I

Day 3: VRNT
Fixation and staining
Read plate using an
imaging cytometer

=
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Clinical Manufacture

* Self supporting manufacturing facility — media/buffer manufacture, sterile supply

* Minimizes potential supply chain concerns

* Platform processes
* Ability to manufacture different platforms (mRNA, viral vectors and bacterial vectors)
* Provides ability to purchase and stock raw materials (powder medias and salts) and consumables
* Maintain key process equipment
* Staff trained in process operations allows for rapid response

* Risk based approach to manufacturing schedule

* Clinical Facility
* Flexible facility — able to do non-GMP and GMP work
=  Development work can continue while manufacturing clinical materials
* Combination of Single Use and Stainless steel to support multiple platforms

* Open floor concept to support multiple unit operations
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Flexible Manufacturing Facilities of the Future

Synchronized supply chain

Automated Continuous Processing

Adaptive Process
Control via PAT Tools
and Models

Molded -
parts R

Flexible Multi-Product Facility

Modular/Podular Concept
oy o
Caset¥ b Qi
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Regulatory Approaches

* With no adequate approved alternatives available to diagnose, treat or prevent a life-threatening disease

* Enhanced interactions and early dialogue with the agencies throughout development to rapidly get product to the
patient.

 Communicating program intent to FDA and scheduling periodic meetings.
* Providing key clinical data to support product safety to proceed rapidly into Phase 2 and 3 trials.

* Partnering with the FDA on expected timelines associated to the EUAL filing submission

For Ebola:
 From 2015-2019, there were 23 informal and formal regulatory CMC interactions.

* Filed EUAL May 30, 2016 however it was not enacted

* Doses were provided under a Pre-License Patient Access clinical protocol
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ERVEBO Case Study
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CASE STUDY: ERVEBO® (V920 Vaccine) ERVEBO

(Ebola Zaire Vaccine, Live)

rVSVAG-ZEBOV-GP, live attenuated

Q??????Y???/‘ “CSWITCHED .gﬂ?????????/‘
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ZEBOVGP

VESICULAR STOMATITIS INSERTED VESICULAR STOMATITIS VIRUS AG/
VIRUS WILD-TYPE ZAIRE EBOLA VIRUS GLYCOPROTEIN

This vaccine is a live, attenuated, recombinant vesicular stomatitis virus (rVSV)-based, chimeric-vector
vaccine, for which the VSV envelope protein was deleted and replaced (AG) by inserting the envelope
glycoprotein (GP) of Zaire ebolavirus (ZEBOV). There is no live Zaire ebolavirus in the vaccine.
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Merck’s Approach to Address Potential Vaccine Needs and Vaccine
Availability

Collaborate with current dose owners and stakeholders to align on best use of existing doses of
vaccine (~150 — 170K)

* Intended for expanded ring vaccination trials, new or expanded trials for at-risk US-based and ex-
US populations, etc.

Ramp up Merck Clinical manufacturing capabilities to produce additional doses that could be
deployed in the case of expanded or new outbreak

« Ethical obligation to ensure vaccine available
« Utilize the WHO Emergency Use Authorization process (new process/first time application)

Move monovalent frozen product forward for licensure as efficiently as possible
» Produce required safety database and demonstrate evidence of clinical benefit.

» Prepare commercial manufacturing facility and execute on process transfer and PPQ activities.

€ MERCK
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Merck’s Vaccine Milestones and Accelerated Development

Timeline

Nov 15 Dec 15

Jan/Feb 16
Manufacture

May 15
Initiate
Manufacture
of Bank/Seed
and DS
Process
Development

17 Aug 15
Initiation
of Merck Phase Il
Safety and Lot
Consistency Study
(PO12)
in US/EU/Canada

31 July 15
Phase Il ring
vaccination trial
interim analysis
results
demonstrate
vaccine efficacy

23 Aug 15
Commercial
Siting
Decision

Sep 15
CAPEX
Scoping
Project
Initiated at
Manufacturing
Site

Manufacture
of BDS Lots
for EMU at
Anticipated
Commercial
Scale

BARDA
Lots F/F
@ Merck

of DP Lots
for EMU
within Merck
Facility

AUGSEF OCT|NOV DEC JAN | FEB |[MAR|APR|MAY | JUN

P |OCT|NOV|DEC|JAN |FEB |[MAR|APR|MAY |JUN|JUL

09 April 2015 22 Dec 2015 23 JUN 2016
PRIME granted

13 Oct 2014 2 Feb 2015 23 Mar 2015
Start of Initiation of Initiation of Initiation WHO agrees to
Phase | trials NIH-Liberia WHO of CDC STRIVE review an by EMA

Phase Il trial Emergency Use

rvsSv-ZEBOV- PREVAIL Phase lli
GP Phase I/l study in Guinea in Sierra Leone Assessment and
study Listing
submission

25 Jan
2015
Dose

selection

decision for
efficacy trials

29-JUN-2016
Breakthrough

Designation
granted by FDA

A
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Clinical Manufacture - Approach to Accelerate

Literature, CMO Process Scale—Up
Data Review and Development experiments

Merck Expertise Kick-Off [Jun2015] [Jun—Oct2015]

Development Focus

-Scale-up to 400 Roller Bottle scale (~4.5X increase from clinical batch size)

Parameters

End to End — 1 year
Produced Drug Substance sufficient to make >750k doses
Produced >125k doses (10-Dose image)
“Harvest Time Emergency Use Assessment & Listing (EUAL) filed 30May2016

-Depth Filtration i
-Enzyme Reaction Doses available for use — 30Sep2016

-TFF

-Multiplicity of Infection
-Plant density
-Day of Infection

Approach

Am"c -Leverage prior knowledge of cell line and roller bottle process operations € MERCK
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Process Development — Scale Up

Scale-up at Merck is comparable to CMO and clinical experience.
Improvement in overall purification recovery was achieved.

Virus Harvest Titer Across Scale-Up Step Yield Across Purification

/\

o
/ f\rz_(_—-o
/ / ~&=Phase 1CMO

=4#=90RB Avg
// == 400RB Avg
=@§=GMP Avg

Process Step

—
=

Virus Harvest Titer (pfu/mL)

\

[ S T TS e & o B = N R « < I X e

CMO, 90 RB Lots BPP, R&D WVS, 3 BPP, GMPWVS,  BPP,GMP  BPP, Scale-up,90 BPP, Sacle-up,
(n=12) RB Lot (n=1)  12RBLot(n=2) Emergency Use, RBLots(n=3) 400RB Lots (n=2)
400 RB Lots (n=4)
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ERVEBO ® Drug Substance Process

ERVEBO® Ph 3 Process

I

Cell Seeding and
Passage

A
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Cell Expansion

= 0
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Harvest

Single Use fully closed process

Clarification
Filtration

Nuclease
Digestion and
Enzyme
Treatment

—
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e
=
r.)" Dispense and
' storage
Ultrafiltration
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Comparison of Merck Commercial DS Process to Clinical Process

A

Log geomean titer (pfu)

Total PFU (plaque potency) - Batch size Corrected

——a— PHAC 0030513

—p— (MO Lot 1
[ —

CMO Lot 2

CMO Lot 3

CMO Lot 4

—
—_—

—e— (MOLlot 5
—e— (MO Lot 6
—_—

CMO Lot 7

CMO Lot 8

CMO Lot 9

—o
—_—
- CMO Lot 10
——
——

CMO Lot 11
Blue — CMO Clinical CMO samples o
Black—CMO non-clinical pre-.lr'mhlbltor .
Red — Merck lots addition o MAK-CO08
VH CVH RVH BDS e

Process step

Product potency across the
process is consistent across
all scales from lab to
commercial scale and aligns
to CMO experience.
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DP Process Development

Impact of shear and mixing on final formulated bulk (FFB) — no impact (data
not shown)

* Impact of DP freezing and thawing
e DS dilutability studies to target a final DP potency (linear, data not shown)

e Short-term stability studies to investigate the impact of normal manufacturing
times and temperatures on drug product potency

e Establish 2-8C storage
* Understand Time Out of Refrigeration (TOR)

A..u.,.ic € MERCK
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DP Freeze Thaw Studies

Method of freezing does not appear to
impact potency

Thaw product at RT to minimize the thaw
time.

Impact of Freezing Rate on Potency
140

120 1 [

|

=

=

]
Il

Relative Potency (%)
&

Lot A Lot B Lot C

B 15 Minute Freeze M2 Hour Freeze 8 Hour Freeze W 72 Hour Freeze

Relative Potency (%)

Impact of Thaw Time on Drug Product Potency

140.0

120.0 l

100.0 +

80.0 -

3
o

400

200 ——

0.0 +

Single Dose Image 10-Dose Image

WFastThaw ®24 Hr Thaw 48 Hr Thaw

A

Multiple freez
thaw has no
impact on
stability (data
nnot shown).
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ERVEBO® Drug Product Profile

J Single dose and 10 dose image

J Provides flexibility on treatment approaches

(] Stored at -70C

J Short term storage 2-8C for 4 weeks for use in the field

Apu.,..c €9 MERCK
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Approach to Analytical Comparability

Establish analytical comparability retrospectively

between the original clinical batches from CMO and the . . .

scale-up Pilot Plant batches to 2. BIO|OgICS Pilot Plant
1) Show Comparability

2) Set prospective criteria for formal commercial e Scale-up to commercial scale
comparability * Emergency Use/Clinical dose
Manufacture
1. Contract Manufacturing > >
* |nitial Clinical Dose experience l
< > 3. Commercial
* Process characterization
Formal comparability protocol to establish * Transfer from pilot plant to
analytical comparability between the PPQ commercial site
batches at the commercial site and the original e PPQ and Commercial batches

clinical batches from the CMO

€% MERCK
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ERVEBO Emergency Use Manufacture Summary

End to End — 1 year!

 Single Use Technology to support rapid transfer to commercial facility
d EUAL Vaccine for Ebola was filed May 30, 2016

1 Available for Use — September 30, 2016

 Supported outbreaks from 2016 — 2020

d ERVEBO® Approved — USA - Dec 19, 2019, EU- Feb 14, 2020

A..u.,.ic € MERCK
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COVID Vaccine Case Study

Ao €% MERCK
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Merck-1AVI: Employ VSVAG Chimeric Virus Platform Used for ERVEBO®

VSV = vesicular stomatitis virus

VSV (Indiana)

RNA genome Delete VSV G gene

(AG)

Substitute gene for\A

heterologous viral
glycoprotein

, JUV W Y 4
i ?” @b edalnis ol Dt s

¢ i %
$ i 3
=~ gw ;«ﬂsﬂnm:unv%%’“

vy T

A

VSVAG-ZEBOV-GP

R . / Replication-competent

chimeric viruses

VSVAG-SARS-CoV-2

—GP E R/ E BO

CHALLENGES

e VSV and CoV are from
different virus families

« VSV and CoV replication
cycles vary considerably

* The two viruses replicate in
different cellular
compartments

 VSVGandCoVS
concentrate in different
regions of the cell during
virus replication

€3 MERCK
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VSVDG-SARS-CoV-2 Process Development: Would the EREVEBO ® Process be Plug and

Play?
ERVEBO® Ph 3 Process
o g _ oy
(== Egﬁ%% U c_:I;h .'-'"“"’" a1
, 9499, %:% 2 e
— | —BEm e —
« W‘m
Cell Seeding and .‘M. Harvest Nuclease oy Dispense and
Passage ‘ Clarification DlgEer?x:]:nd & storage
Cell Expansion Filtration Treatment Ultrafiltration
ERVEBO unit operations resulting in
poor yields for SARS-CoV-2.
6 INVEN-IF;%\IIS’LIFE
Ao €% MERCK
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VSVDG-SARS-CoV-2 Phase 2/3 Process

Conversion to commercial-ready microcarrier process implemented in 3.5 months

uonoaju|

L

— ” — ] ] —

AL ) L
o = > : ‘ (iﬂ
Y haad %) Sterile
Cell Seeding and Expansion Clarification | —— Filtration
Production Bioreactor: Filtration Column Ultrafiltration
) ) Chromatography
(1) Virus propagation
(2) Nuclease Digestion
l Eliminates
Eliminates close(.j
separate processing
processing
A operation 6 INVENTOR e

Dispense and
storage
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Moving with Speed: Development Timeline for VSVDG-SARS-CoV-2

Mar  Apr  Apr  Apr Apr May May May May May Jun Jun Jun Jun Jul Jul Jul Jul Aug Aug Aug Aug
g <RURRE: RURRCUNAR: HNNRE: SHNAR: NUNNSE, SHVNRE: LANAK: wBURRL, SRUNRY: RUNAR GANRRE, CHNARE, CHNNN: AUNTAC, SHRNTC: SUNNIE: RVAR: SUNNSY, AuNRA, JURNAE, SHARRN]
*

' *Clone Selected

VSVDG-SARS-
CoV-2 begins Phase 1 Process Development
¢ ¢ Phase 2/3 Process Development
¢ 4
Master Virus Seed
*
Phase 1 GMP DS Phase 1 DP

Aug Sept Sept Sept Sept Oct Oct Oct Oct Nov  Nov Nov Nov  Nov Dec Dec Dec Dec Jan Jan Jan Jan Jan Feb

g TRNITLARVRNL IRRYC SHRNAC, JRINAS, NRURAR: ARINL: ARRRY: CRUNTE. SURRRR. URNRL. RRURK. <RURRC, HNINU AURURS (RNRC) SUNMRE. ATV SURARK: <HURNL, JRURUE. NN SRR
* *

Phase 1 FIH 02Nov VSVAG-SARS-CoV-2 Discontinued

VN

Phase 2/3 Process Development

*
TIME to FIH: 6.5 months Phase 3 GMP DS Phase 3 DP

ALME to Ph3 READY: 6 months ¢ MERCK
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Lessons Learned to be Applied to Future Vaccine Development Programs

Process Development
* Platform processes with standard unit operations can enable faster path to clinic and commercial manufacture
* Early Integration with Discovery to enable optimum clone selection considering both antigenicity and manufacturability
* Minimize repeat scientific work and take reasonable risk-based decisions in development
* Front-load analytical resources to enable rapid process understanding.

Manufacturing

* Use existing facilities to support PPQ activities and address long term commercial capacity off critical path

* Design and implement multi-purpose flexible facilities

Clinical and Regulatory Interactions
* Up-front understanding of clinical dose impact on manufacturability and timelines
* Technical reports are source documents and “rolling” submissions can accelerate regulatory pathways
* Early engagement with the regulatory agencies for alignment on strategies for product development and licensure

* Recognize each country has unique regulatory requirements

Emergency Use Authorization
* Requires advance planning to establish fastest path to clinical efficacy PoC
* Quality must not be compromised; EUA does not “shortcut” this!
* Manufacturers must comply with existing regulations

€3 MERCK
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We're all under the same pressure to get it right
and to obtain the approvals to ensure availability
of licensed doses to support ongoing outbreak
efforts.
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Automation to Accelerate LVV Process Development

Standard Plaque assay MPlaque Assay

* 11to 24-well format * 96-well format

« Manual assay and visualization - Automated assay and imaging

» Crystal Violet stain (clear spots = plaques) « Immunofluorescence staining for viral proteins

— Viral Nucleoprotein (NP)

Plaque Assay Layout Example

pPlaque Assay Layout Example
HighRes Biosolutions System “Phoenix” Dilution > Dilution >

! 1
b -0

€% MERCK
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Automation to Accelerate LVV Process Development

Correlation Plot:
VIl (Calibrated via Different Methods) vs. Plaque Assay

1072
1011.;
E.. E
m -
T 1010
E ]
b o ] —— VII (Est. TCID50/mL)
w 10'; — VIl (Est. pfu/mL)
S 1084
o
3 ]
r 107
= ]
1054
; n=957
108 hELLILR | T T eoorErrrr
108 108 1010 1012 %Infected vs. Viral Titration
pfu/mL 1007
. Q‘ 80
Assays are correlative :
- 604
» R =0.97 (strong positive correlation) fel
§ 20 —— Sample 1
®
o -
ﬂllo 10600 1006000

Overall DF

HTA enables:

1. Directionally and speed

2. Consistency and predictive with release assays e MERCK
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Automation to Accelerate LVV Process Development

V590X Support in 2020:
Breakdown by Assay 2020 V59X Sample Submissions by Month

m PicoGreen ® Pierce 660 (Bradford) muPlaque = VEI

mples

21, 0%
2924, 25% 1|

Total # of Sa

= /590

8864, 74%

Ap..b..c E INVENTING FOR LIFE
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Next Gen Sequencing and Viral Metagenomics for LVV
Master virus seed and Ph | bulk harvests tested in limited VMA to due to lack of adequate AVA neutralizing antibody

>
v Sequencing met or exceeded depth requirements from regulators.
v Spike virus recovery was consistent across samples and demonstrated reasonable sensitivity.
—  Virus Master seed study had a bioinformatically-confirmed contig sequence ‘hit’ to another virus in the infected harvest
Infected cell pellet Infected harvest Uninfected cell pellet Uninfected fluids Medium control Cell wash (PBS) control
0 8,913 nucleotides 0 0 0 0
But the other virus was not detected in * Assignable cause determined:
1. Other samples in either MVS or bulk « The dual index used for infected harvest was the same as the

index two runs prior on same NextSeq instrument!

* The project was to conduct complete genome sequencing on
that particular virus, so carryover was the source.

2. Original cell substrate VMA or production samples

3. Harvest or fluids samples using RT-QPCR for that
particular virus

> Lesson: Implementation of dedicated indices for our samples at the sequencing lab.

» Conclusion: VMA supported a low viral risk of the cell substrate, seed, and bulk, thus complementing a partial
gap in the risk profile based on conventional testing.

€ MERCK '
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Vaccine HTA Instrumentation

PAA “Helios” HRB “Selene”
CBA - 60 plates CBA - 60 plates
Multi-assay

HRB “Phoenix”

CBA - 36 plates
Sartorius CompacT

Cell Culture System
Flask handling,
cell passaging

: ELISA — 24 plates
Tecan Freedom EVO 2M

(96/384)
Biochem and ELISA -9
Dynamic Devices plates
Lynx VVP
Preanalytical sample
prep
A Instrument Complexity &
Public

Capacity € MERCK
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HTA Cell Based Platforms

HighRes Biosolutions System “Selene” V590 Infectivity using BioTek Cytation5 PAA System “Helios” V590 Immuno-plaque
Image captured using PE EnSight (Algorithm Counted: 44)

HT Infectivity Assay Platform S — o HT uPlague Assay Platform

«  Fully automated (48-60) 384 - == = « Fully automated (44-48) 96
well plate run capacity — 12 EEE. - well plate run capacity — 14
samples/plate (in duplicate) e - samples/plate (in singleton)

« 576 -720 samples per run | as «  ~600-700 samples per run

¢ 2-3runs/week mmmm. = « 1-2runs/week

+  96-capacity built-in ) « 384 well capability built-in

. BioTek Cytation5 L :f _ - PE EnSight & BioTek Cytation3

-,
—

a - Our first HighRes Biosolutions System “Phoenix” > |1 1 e’ MERCK
ublic

Set up for both Assay Platforms in lower capacity and throughput




