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o .x
alzon A I

“Al can be thought of as simulating the capacity for
abstract, creative, deductive thought - and particularly the
ability to learn - using the digital, binary logic of

A | — 3 computers.”

" " “Artificial Intelligence (Al) is no longer some bleeding
N g red 1€ ntS technology that is hyped by its proponents and mistrusted
by the mainstream. In the 21st century, Al is not
T SEC ret necessarily amazing. Rather, it is often routine. Evidence
for the routine and dependable nature of Al technology is
everywhere.” \
e P
(Source: Tim Menzies, 2004) = A
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Data Culture

e Data culture is the collective beliefs and behaviors of the people in the
organization for leveraging data for improved business performance. —
Forbes

e Data culture is the collective behaviors and beliefs of people who value,
practice, and encourage the use of data to improve decision-making. —
Tableau

e Gartner’s third CDO Survey lists data cultures as the number one challenge
for realizing benefits of data and analytics
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Data Culiure

e Data culture is the collective beliefs and behaviors of the people in the
organization for leveraging data for improved business performance. —
Forbes

* Data culture is the collective behaviors and beliefs of people who value,
practice, and encourage the use of data to improve decision-making. —
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Data Culiure

* Data culture is the behaviors of the people using data for improved
decision making. — Schmucki
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Hurdles to Data Culiure YEAH, IE YOU,COULD JUST
CREATE 5 BOTS BY THE END OF THE YEAR

* Executives lack a clear vision for advanced analytics
* Goals are driven by tools and not business problems
* Analytic capabilities are isolated from the business

* Ignoring Lean Principles

THAT'D BE GREAT
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McKinsey’'s Model

Defining roles is an important first step in sourcing and integrating the right
talent for your data culture.

Business skills

Business leaders lead analytics
transformation across organization

(1) (2)
Business Dallvery
leaders managers

e Delivery managers deliver data-
©) and analytics-driven insights and
Analytics interface with end users

transiators

e Workflow integrators build
interactive decision-support tools
and implement solutions

o Visualization analysts visualize data
and build reports and dashboards

Technology skills Analytics skills

)

&S Al EXPERT
SP—= < NETWORK
Z ‘.. sl

Data engineers collect, structure,
and analyze data

Data architects ensure quality and
consistency of present and future
data flows

Analytics translators ensure
analytics solve critical business
problems

Data scientists develop statistical
models and algorithms




Steps to Data Culture

1. Create a service culture as it relates to data

2. Move away from Consensus and Hierarchy Cultures

3. Leverage technology

4. Invest in both people and technology

5. Fix basic data-access issues quickly

6. Question analytical choices
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Mechanistic vs. Probabilistic

Physics and Engineering mechanics provides the right conditions for the ideal or known scenario

The new probability (Al models) defines the real conditions without the physical and chemical basis

y : Statistical mechanics
Classic mechanics
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Al vs. Statistics

More than just multivariable models...

..‘,.;;:'-' X Mean: 54.26
r £ % Y Mean: 47.83
ettt X SD : 16.76

of ot fem Y SD : 26.93
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Understanding Al: Data (the Secret Sauce)

Data must be prepared before to use it: DS invest the 80% of their time on it

7 steps to consider when preparing data

1. Articulate 2. Define 3. Qualify data 4. Source
problem data needed and min missing data
prediction
accuracy

Findable, Accessible, Interoperable, Reusable principle

Vas Narasimhan, CEO of Novartis AG, in a 2018
5. Format data 6. Reduce,

_ 7. Rescale 8. Train Al "We’ve had to spend most of the
SRR géﬁmpose' e time just cleaning the data sets
, before you can even run the
2y ALCOA+++ algorithm”
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https://www.forbes.com/sites/davidshaywitz/2019/01/16/novartis-ceo-who-wanted-to-bring-tech-into-pharma-now-explains-why-its-so-hard/#40665fe57fc4

Al starts with data. In pharma, with quality data

Data Integrity deficiencies in Warning Letters, excluding compounding pharmacies
100

75
50

25

Total WLs referencing data management and data integrity U.S. WL sites with data integrity Non US WL sites with data integrity Total number of WL citing data integrity

FY2013 B FY2014 B FY2015 B FY2016 B FY2017 B FY2018

Source: fda.gov & PharmaceuticalOnline
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http://fda.gov/
https://www.pharmaceuticalonline.com/doc/an-analysis-of-fda-fy-drug-gmp-warning-letters-0003

Al starts with data. In pharma, with quality data

¥¥hat 38 EATR DAEAT ~ ALCOA: FDA's Data Integrity Focus

. Data and supplementary materials have . . Metadata and data are understandable .
. sufficiently rich metadata and a unique -+ . to humans and machines. Data is

and persistent identifier. .. deposited in a trusted repository.

Data

Metadata use a formal, accessible, : 4 Data and collections have a clear
- shared, and broadly applicable language * - usage licenses and provide accurate  * |ntegr|ty
for knowledge representation. > information on provenance. 4




Understanding Al: Algorithm & Math

Linear and Polynomial

Regression
2.0 Gradient Search
iteration = 0 140
m = 0.00
% Lo 100 |
o U 1 8ot
o
- 60
o 05} 1 I
é 4E| -
0.0F (] 1 20
0
_ 5 ] 1 1 1
-1.0 -0.5 0.0 0.5 1.0 1.5
line y-intercept (B)
i '-
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“No Free Lunch”

Points and Line

y = 0.00x + 0.00

'y i

'.- |

-20 0

20 40 60 80 100120

Regression Trees and Random
Forests




Al is already here because data is available

nature

Explore content v About the journal v Publish with us v

> News article

Publisshea. 05 April 2017

Machine learning predicts the look of stem cells

Website contains thousands of 3D stem cell images and could eventually help with better

understanding discases like cancer.

No two stem cells are identical, even if they are genetic clones. This stunning diversity is
revealed today in an enormous publicly available online catalogue of 3D stem cell images. The
visuals were produced using deep learning analyses and cell lines altered with the gene-
editing tool CRISPR. And soon the portal will allow researchers 1o predict variations in cell

layouts that may foreshadow cancer and other diseases,

nature

Explore content v About the journal v Publish wih us v Subsorbe

nature

Explore content «  About the journal v Publish with us ~ Subscribe

» articie

Al protein-folding algorithms solve
structures faster than ever

Deep learning makes its mark on protein-structure prediction,

articie

‘It will change everything’:
DeepMind’s Al makes gigantic leap
in solving protein structures

Google's deep-learning program for determining the 3D shapes of proteins stands to

transform biology, say scientists.



https://www.nature.com/articles/nature.2017.21769
https://www.nature.com/articles/nature.2017.21769
https://www.nature.com/articles/d41586-019-01357-6
https://www.nature.com/articles/d41586-020-03348-4

Bioreactor Fermentation Process

— Optimise the hypoxic conditions for Pichia Pastoris yeast to maximize production

— Study the effect of specific growth rates (DoE) on yield & protein stability

B 1

Phase | (Batch) FBHPX2 FBHPX3
FBHPXS ! FBHPX4 I!
FBHPX6 FOHEAS FBHPX10 Fndlli
FBHPX9 FBHPX11
Phase || (Adaptation) FBHPX2 FBHPX3
FBHPXS ! FBHPX4 !!
FBHPX6 FBHPX9 FBHPX7
FBHPX8 FBHPX10
FBHPX11
Phase Ill (Early Fed FBHPX2 FBHPX7 FBHPX4 1! FBHPX3
Batch) FBHPXS I FBHPX10
FBHPX6 FBHPX11
FBHPX8
FBHPXS
Phase IV (Later Fed FBHPXS I FBHPX2 FBHPX7 FBHPX3
Batch) FBHPX6 FBHPX10 FBHPX4 !!
FBHPXS FBHPX11
FBHPXS
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Reducing dimensionality by means of Al

2D UMAP
projection

n_neighbors: 200
min_dist; 0.0 (]
time: 3m 22

/2 ’WI ‘;?7'.':-’:? QI EXPERT
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2D t-SNE
projection

perplexity: 2000 .,.
time: Zh 5m
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Automatizing human cognition around C&GT

Cancer cells grow and divide at an
abnormally rapid rate, are poorly
differentiated, and have abnormal
membranes, cytoskeletal proteins, and
morphology. The abnormality in cells can be
progressive with a slow transition from
normal cells to benign tumors to malignant
tumors.

Self-sufficiency in growth signals
Insensitivity to anti-growth signals
Evading programmed cell death
Limitless replicative potential
Sustained angiogenesis

Tissue invasion and metastasis
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Automatizing human cognition around C&GT

)

[

Normal Cancer

1

. . ” | Large, variably shaped nuclei :\\

'

o B 2 ; Many dividing cells;

" 9% | Disorganized arrangement

| Variation in size and shape

Cancer Cells

| Loss of normal features N

Image Analysis

Localization
Whole Core Rim Rim & Core

>4 .
B R &
| \ / e L \\ / L \@,/

v ~—

Features of Cell Morphology Glapsce .

: , LA be
Protrusions, Concavity, Aspect Ratio,a %
Roughness, Area Variation g 3 -

Ryt
Features of Cytoskeletal Organization o

Total Pixel Intensity, Density,
Orientation, Parallelness —_— o~

Training

Feature
Weights

Validation

A

Classified and
Characterized
Cells



Reducing dimensionality and clustering features
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CPV of the Future p@ R' PDA

Parenteral Drug Association

Goal: Create a to manage a
working under

x | XAVIER HEALTH

Q: What does it mean, a digital twin? Al Summit info

Q: What kind of biotech process are we controlling?

Q: How to apply Al within regulatory frameworks?

PDA Interest Group "Process Validation" (EU)

Synthetic data generation to support Al model training

Automated biotech process control

COPYRIGHT © PDA 2022

‘f“;bﬁﬁ'?’ Regulatory considerations (QbD, Data governance, Al Procedures)

e,
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https://www.pda.org/
https://www.afdo.org/
https://www.healthcareproducts.org/ai/
https://pda.caboodleai.net/en/article/144339/the-product-quality-research-institute-advancing-regulatory-science-through-co?referer=left-div

Communication

Procedures

Early Al Awareness
and Understanding

Education

| Established channels |

for communication
with feedback
mechanisms

| Established

procedures defining
kay roles and
responsibilities,
actwities and

processes

Evolving from lack of
understanding to
trust

[ Pragrams /

| No estabiishod

T Mistrust, black box

No information

Al Maturity Model

Level 3

Leveld

No communication

procedures for Al life
<yde management.

Random or ad hoc
communications, likely
one-way (no feedback
lcop)

Ad hoc pracesses and
loosely detined
procedures for Al life
cycle management.

Interest in Al and
research as to how it is
being used by others
1D the ssue to be
addressed
Ad-hoc Awareness

| Randam or ad hoc

LOMMURMCAtIons with
feedback foop

| Some procedures for

Atlife cycle
management, not
covering the full ife
cycle or not camplete.

Buid trust, select

algorithm

Citizen data scientist -

Cooedinated
communications with
feedback loop,

Procedures for all areas
of Al life cycle
management and
integrated into the
broader QMS.

Build model, better

decision-making
capalbility

Ability to discern If data

Level 3

1_Depth of Al
apphication in a
company vs
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Tools and Techniques

‘)‘I‘llt’xtlvllm ]
{across company
warehousing, R&D,
manufacturing, quality,
labs, etc)

For example, Product
Development might be
sl aver it, but the rest
of the company st
using chpboaros. Or,
the whole company
might be employny
some nitial, basic
steps

Gartner's maturty
madel, biolorum
maturity evel, FOA
maturity model
Agphcation of Al

Progrietary
software/Huraries
Open source platform
Woraries

Saftware inatallation
Limited computational
capab¥ties

protection

General
understanding of
function but not the
use of Al

Basic descriptive
analytics Raw
hassaged data, not
interpreted

S Ad Maoc

Software platforms
decided by each
Data Scowntist
Platforms and
algorithms seit-
muasintained

No organizational
comrol on the
applications nor
hardware

TAR jwcipie

ALCOAS

Lavel 2

eorenucun lewreng
o fet anprovng)
Continuousty evohng
ottt aoa

DG4 atauailion Oots guality and Faper based, Systems in prace for Trarmfommatios Homosal of dota Bias ard | Real Dme gualty data
valume for use by collected by humans, | @wta collection equred from raw sampling nolee Fadt ik undentood and
N Ot rewl Ume. Mome | Dataset with missing. | duta to final format Automated proces 10 renediately comected
20 human eeror partial, low vrdume Wuman interaction to. | attain data Spcem s sware of
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Mirdrmal standards wurabion. Stuctures ngratiog from many | Manmgerment of the dita | place
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Lovel 3

and pensmord
manegement. Fuk
waceabiny for changes

ot ik o

bpovilmn of Al vs
understanding
programming

Advanced Descriptive
analytics

(Hindsght)
Interpreted data

| 55 Part of the
functional budget

Investment in Al a5 2
potential oppartunity

Llements of Al are
present but it is not
used broadly and
comprenensively

Diagrostic anatytics
{brsigght} First bl
interpretation

£55 Dedicated, but
lirwted budget

There is a non
dedicated budget for
Al althaugh Al is
included in the same
Bag with the rest of
technologes

¥ ch"-. n“l‘lp&h’rnnm

to replace human
actions

Modwels arw dynamic vs
stauc

Maodels are
Implementation
wpecific with updates
from cem
mueasurements, wif-
calibrating

| Predictive analytics

(Faoresight) Know what
the outcome is goeng Lo
be with manual
response to maintan

| controlied state

$455 Dodicated,
srategk budget

Strategic platform
management via ife
cycle und quality
system approach

Versan evalution

| Quantify the number

of areas anomated
year over year

Uswe across multiple
projects and
departments within
the comgany. Majority
of persannel trained
and using Al copability

Prescriptive analytics,

Process control, Avaid
failure, No newd far
human interaction for
# controlled state

SS5 Enterprian budget
d% 2 COrporate service

Enterprise level
strategy and support
aligrment, ROY
supports cost of on-
going Al growth plans




Current Team Members
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Bioreactor Fermentation Process

— Optimise the hypoxic conditions for Pichia Pastoris yeast to maximize production

— Study the effect of specific growth rates (DoE) on yield & protein stability

: ——— Normoxic Hypoxic
| | Good | Aversge | Bad Good | Average
Phase | (Batch) FBHPX2 FBHPX3
FBHPXS I FBHPX4 !
FBHPX6 PRk FBHPX10 CRHERL
FBHPX9 FBHPX11
Phase || (Adaptation) FBHPX2 FBHPX3
FBHPXS ! FBHPX4 !
FBHPX6 FBHPX9 FBHPX7
FBHPX8 FBHPX10
FBHPX11
Phase Il (Early Fed FBHPX2 FBHPX7 FBHPX4 1! FBHPX3
Batch) FBHPXS I FBHPX10
FBHPX6 FBHPX11
FBHPX8
FBHPXS
Phase IV (Later Fed FBHPX5 I FBHPX2 FBHPX7 FBHPX3
Batch) FBHPX6 FBHPX10 FBHPX4 !!
FBHPX8 FBHPX11
FBHPXS
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Al-guided Process Monitoring

Phase 1: Batch

— Controlled process, no manual actions

— Anomalies due to equipment, material qualities or improper behaviour of biomass
— Multiple relevant factors can to be monitored to detect underperforming batches

DIRECT/INDIRECT MEASUREMENTS CALCULATED PARAMETERS
(PRIMARY VARIABLES) (SECONDARY VARIABLES)

) —

anol HPLC concentration (gL |—-—h|
 icobursnsfowram ume) SRR

0, analyzer [molarfraction)

CO, analyzer [molar fraction)
Air flow [Lfmin)
Pure O, flow [L/min)
Absolute Humidity [3)

Ethanol probe concentration (g/L)

Q: how can we bring value from Al
In an automated process without
Interacting with the unit?

¥
Y

H IH “I:I
m = |l
El ]

Temperature [2C)

- Agitation [rpm)

mgv:_:__ ® 0 _
271 110 S Al EXPERT
S ooo®% NETWORK




Al-guided Process Monitoring

— Controlled process, no manual actions
— Anomalies due to equipment, material qualities or improper behaviour of biomass
— Multiple relevant factors can to be monitored to detect underperforming batches

anomaly_score
anomaly_score
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Al-guided Process Control

Phase 2. Fed-Batch

— Final phase, hypoxic conditions.

— System requires constant manual control to keep the metabolic parameters within the
desired operating range by controlling the Agitation speed.

- - . . Bioreactor process control using Al recommendations
Time evolution of CPP/CQA/key parameters P 9
) 2100
5 250,00 1.8
1.8
1.6 200,00 o115 1800

o £
= 14 g ) —
=
9 . ) =z - =
£ L2 15000 35 % - L1500 &
T 1 5] 5 P
& i Qo9 5
o 0B 100,00 @ =S =
g & g‘ Manual control 1200 8
= 06 B = Al-model control o
£ ) = =06 <
B o4 5000 M @
: w9 900
= 0z A &
) 0 d : 0,00 g &

— . —_—
i 5 10 15 20 25 30 35 40 45 50 - 1 ¥
0.0 el L 600
Time (h) 0 200 400 600 800 1000
——RQ  ——Apitation speed -10-3 (RPM) —e—Biomass (DCW, g/L) Product (U4/mL) Time (min)
X ".lr"-: I
A Source: Gasset et al. (2022) Front. Bioeng. Biotechnol.
‘ - 4
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https://www.frontiersin.org/articles/10.3389/fbioe.2022.818434/full

Control Automation For Optimal Data Governance
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Improving manufacturing operations in real-time
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aizon

Real-time Al providing actionable
———e Recommendations to operators in
the manufacturing plant shop floor

Alarms and real-time
performance monitoring

Real-time Al Predictions providing
actionable Insights to operators in
the manufacturing plant shop floor

Operator feedback on Al
predictions and Al model
re-training




Follow-Up Question — Mentimeter Slide 6

Go to
www.menti.com

Enter the code

2256 8107


http://www.menti.com/

—1
ﬂ:ﬁ"%m, CELEBRATING

= 25 YEARS

Produced by POOdSAf!gty

........

Timothy Hsu
Chief Collaboration Officer, AFDO/RAPS
Healthcare Products Collaborative
thsu@healthcareproducts.org

Steve Mandernach
Executive Director, AFDO
smandernach@afdo.org

MAY 8-11 2023

Donald E. Stephens Convention Center | Rosemont, IL

COMMUNITY - EDUCATION - SOLUTIONS

Natalie Dyenson
VP Food Safety & Quality, Dole
natalie.dyenson@dole.com

Carrie Rigdon
Director of Research, AFDO
crigdon@afdo.org



