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Process manufacturers
want to establish

Better data = better decisions

Innovation—but within
existing workflows

Prediction—identifying the process
variables that are related to an outcome

Better real-time process modeling,
simulation, and visibility

Maximized operator performance
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RNA—a potential new class of medicines
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Our current development pipeline
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Encoded vaccines
MRNA(S)
PCV
neoantlge
Flu
. 1L23 EECES Ab against
HI1ON8  H7N9 Chk g nya

OX40L IL36y
n IL12
“G ’ Relaxin

/"l!’

*ﬂy
/ \
MRNA(S)

Ribosome — &=

Protein
chain(s) \ )

Lysosome

Cytosol



Norwood “Facility of the Future”
Vertically integrated—Flexible—Native digital

Facility of the Future



How we enable digital
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People Processes
Digital Culture Value Stream Design
User Experience Compliance

Operating Model Lean Principles

Technology

Data Driven

Future Proof

Innovative



Moderna digital strategy
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Brining the power of AWS to the shop floor
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Systems landscape design
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AWS based design
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AWS enabled process control
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Digital transtormation on the shop floor
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Equipment Raw material QC sample Automated exceptions Real-time quality review

\/ Reduced manual exceptions
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\/ Reduced batch review
from 3 days to 3 hours




0T enabling operator centric operations
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Transtorming the lab benchtop with AWS
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-nabling laboratory testing on AWS

LabVantage (LIMS) Amazon EC2 g@g Amazon RDS

A 4

Amazon 52 Amazon <5F Amazon R=2 Amazon
EC2 eS8 RDS NN AppStream 2.0 553 RDS

% SF Amazon Chromeleon (CDS) LogiLab (SDMS)

AppStream 2.0
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Lab software Amazon EC2 583 Amazon RDS
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Lab instruments




Playing the long game

© Uization ® UTILIZATION DASHBOARD 207 Assets Monthly Report: January 2019
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-xtending our flexible landscape on AWS

PERSONALIZED
) VACCINE

UNIT
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Personalized cancer vaccines: A “batch of one”

mRNA encoding neoantigens
R R RBBREBERARAEERERERETDR]
Administration

by health care
professionals

Tissue Samples
Tumor (biopsy) and
normal (blood)

Next Generation

Sequencing (NGS)
What are the mutations?

cGMP Manufacturing
One batch per patient rather
than one batch for many
patients

Vaccine Design
Which mutations are predicted to be the most immunogenic?
What is the best design for a drug to present these mutations to the immune system?

Needle to needle chain of custody and identity



Tumor, blood

Delivering personalized cancer vaccines

mMRNA
Clinical sites €
l Patient/sample
info
mRNA info,
status updates Moderna
CRO — , |
- manufacturing
sample/
scheduling info Y
Prepped > Materials
tumor, blood v
PCV Tracker
? Orders
Status
NGS vendor updates ———> | Materials vendors
Trigger pipeline
mRNA designs l
Raw NGS data
Amazon Elastic >¥E Amazon
Raw NGS data Bioinformatics Container Service 7 Kinesis
Y Amazon Simple > . .
@ Storage Service (S3) plpellne AP AT

White = Moderna
Gold = Outsourced Contractors

ElastiCache Lambda




Clinical trial simulations with machine learning

Simulate 100s of
virtual trials to
predict behavior

Amazon EC2
@ Amazon Simple
Storage Service (S3)

<
Amazon Redshift

Eg]% Amazon SageMaker

Patient Data (Cumulative Average)

ToTAL RUNS 100 PATIENTS/RUN 157 TOTAL PATIENTS 15700

QO Grouped @ Stacked @ Cohort A @ Cohort B CohortC @Pembro3 @ Pembro4

1,355.0

= View Gantt

PCV Combo Timepoint Number % of Total
P3 13386 85%

P4 2313 15%

P5 1 0%



Real-time operator tracking

Utilizing location
services to ensure
train segregation




-nabling the power of data with AWS
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Democratization of manufacturing data

i Statistical/Data science Business Controlled Custom web
I nteg ratEd dna lytlcs St rategy analysis intelligence reporting applications
T
Controlled
statistical layer
(N

E! Amazon Redsi

Amazon Simple
Storage Service (S3)

Staging

ETL

Business strategy




Analytics driven operations

Operational Control

Analyze product performance
Tower

Buffer Prep
Room #1276

High cycle time variability

First Full EBR Production Run
(GMP with MBR PQ in Parallel)




| essons Learned




Lesson Learned 1: Start with a strategy
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Lesson Learned 2: Partner with quality early
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L esson Learned 3: Integrate vendors into our culture




In Closing
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Culture Processes Technology




Thank you!
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