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SURVEY DEMOGRAPHICS

Survey Respondents 2023 (14)

AstraZeneca

Biogen

Bristol Myers Squibb
Claxosmithkline

Hovione Farmaciencia S.A.
Johnson & Johnson Integrated
Medicine

Novo Nordisk

Regeneron
Roche-Genentech

Sanofi S.A.

Takeda Pharmaceuticals
Vertex Pharmaceuticals
Merck

Significantly less survey participants
this year. This may have distorted
some of the results.

2023: 14
2022: 18
2021: 22
2020: 18

10

Approximately how many employees at your company?

il

<500 500 - 5,000 5,000-30,000 30,000-90,000 >90,000

m 2020
2021
W 2022
2023

L




SURVEY DEMOGRAPHICS

Survey Respondents 2020 (18)

AbbVie

Amgen

AstraZeneca

Biogen

Bristol Myers Squibb

Eli Lilly and Company
GlaxoSmithKline

Hovione FarmaCiéncia S.A.
JnJ/Janssen Pharmaceuticals

Merck

Pfizer Inc
Roche/Genentech

Sanofi S.A.

Takeda Pharmaceuticals
Thermofisher Scientific Inc
Vertex Pharmaceuticals Inc

Zoetis

Survey Respondents 2021 (22)

AbbVie

Amgen

AstraZeneca

Biogen

Bristol-Myers Squibb

Eli Lilly and Company
GlaxoSmithKline

Hovione farmaciéncia s.a
JnJ/Janssen Pharmaceuticals

Merck

Novo Nordisk

Pfizer Inc

Roche/Genentech

Sanofi S.A.

Takeda Pharmaceuticals
ThermoFisher Scientific

Vertex Pharmaceuticals Inc
CPAC - University of Washington
The Procter & Gamble Company
University of Massachusetts Lowell
Zoetis

Survey Respondents 2022 (18)

AbbVie

Amgen

AstraZeneca

Biogen

Bristol-Myers Squibb

Eli Lilly and Company
ClaxoSmithKline

Hovione farmaciéncia s.a
JnJ/Janssen Pharmaceuticals
Lyndra Therapeutics
Merck

Novo Nordisk

Pfizer Inc
Roche/Genentech

Sanofi S.A.

Takeda Pharmaceuticals
Thermofisher Scientific Inc
Vertex Pharmaceuticals Inc

Survey Respondents 2023 (13)
AbbVie

AstraZeneca
Biogen
Bristol-Myers Squibb

GlaxoSmithKline
Hovione farmaciéncia s.a
Jn]J/Janssen Pharmaceuticals

Merck
Novo Nordisk

Roche/Genentech
Sanofi S.A.

Takeda Pharmaceuticals

Vertex Pharmaceuticals Inc

Regeneron




PRODUCT TYPES 1
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SMALL MOLECULE
(PHARM)

92

_69

MABS

2018 m2019 m2020

Overall: good consistency
Main evolution: Cell therapy

WHAT PRODUCT MODALITIES DOES YOUR COMPANY DELIVER (%)
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TEAM ORGANIZATION Consistent - mostly “Partially
Organized with some formal
roles/PAT groups”

WHICH STATEMENT BEST REPRESENTS HOW YOUR PAT PEOPLE ARE ORGANIZED?

65%

m 2017 2018 m 2019 m 2020 2021 2022 2023

57%

00%

50
50%

<

5.00%
43.75%

25.00%

I :0.00%
12.50%
I 2 s0%
20%
11%
14%
0.00%
6.25%
I 2 50%
5%
22%
7%

5.00%
12.50%
| [REREZ
10%

6%

7%
I 20.00%
Bl s>

0%
11%
14%

DISTRIBUTED NETWORK OF SITE ORGANIZED COMMUNITY OF PARTIALLY ORGANIZED WITH SOME CENTRALIZED PAT FUNCTION OTHER (PLEASE SPECIFY)
BASED PAT PRACTITIONERS WITH PRACTICE WITHOUT FORMAL FORMAL ROLES/PAT GROUP. OPERATING ACROSS
LITTLE INTERACTION REPORTING LINES ORGANIZATIONAL BOUNDARIES?
Other setup:

- Combination of organizational models (Partially organized with CoP elements)




25%

I £ 0%
I 29%

TERM SIZE, FULL TIME - Majority of companies

between 10-40 PAT SMEs
 Ratio PAT SME / FTE: 0.04%

Assumption: center of range for number of PAT SMEs

HOW MANY FULL TIME PAT PRACTITIONERS AT YOUR divided by center of range of total FTEs per company. >40
COMPANY? taken as 50 SMEs, >90k taken as 100k FTEs.

H2017 w2018 w2019 m2020 ' 2021 w2022 w2023

PAT SMEs vs number of employees

) 45
4
. 3.5
~ 3
D\o = >90000
] 25
, # 30000-90000
s 5000-30000
' 500-5000
05 <500

<5 5-10 10-20 20-40 >40
PAT SMEs

I 1%
25%
28%
29%
17%
21%
Number of comapnies
o -

I 13%
10%

I 5%
0%
I 7%

I 25%
20%
21%
I (5%
I 29%

I Y%

25%

11%

7%
I 0%
I 21%
I 25%

20%
17%
21%
I 0%
6%
I 14%
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10-20 20-40 >40 @



Majority of PAT people organized

in development and/or

PAT IN ORGANIZATION

commercial technical operations

WHICH STATEMENT BEST REPRESENTS HOW YOUR PAT PEOPLE

ARE ORGANIZED?
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2021
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Main focus

CORE COMPETENCIES " Chemamaris

What competencies/skills does your organization consider important for ~ Growing focus

performing PAT work? (check all that apply) * Automation,
Instrumentation

120%

Decreasing trend in

100% « Data engineering
« Systems/Empirical
80% - — — — Modeling
60% - [ _ — — ] — 2019
m 2020
40% - — — — — — — — — —— m 2021
2022
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PAT STRATEGY

DOES YOUR COMPANY HAVE A FORMAL PAT APPROACH/STRATEGY?

m2017 w2018 m2019 m2020 © 2021 w2022 w2023

No obvious trend here

55.00%
68.75%
58.82%
70.00%
67%
64%
53.33%

46.67%
45.00%
41.18%

31.25%
30.00%
33%
36%

YES NO




DRIVERS

24

22

20

14

Normalized Score

12

10

What are the primary drivers of value proposition for PAT
at your company?

18 A

16 -

Process Process Control process Cycle time Real time Supply chain lab/floor test
knowledge in supply monitoring in  optimization quality/RTRT  performance  replacement
generation in supply
development
Axis Title

calculated score [Rating x Votes, corrected for missed votes and normalized] to allow for year-on-year comparison

Main drivers remain

Process Monitoring, Control,
Lab/floor test replacement

Cycle time optimization and RTRT
increasing

Process knowledge generation and
Supply chain performance less in
focus

2023 may be impacted by low
number of participants

L




PRIMARY DRIVERS

What are the primary drivers of value proposition for PAT at
your company? (2020)

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Onot at all important
Osomewhat important

Eimportant

mkey and critical

What are the primary drivers of value proposition for PAT at
your company? (2021)

Onot at all important Votes

Osomewhat important Votes

Eimportant Votes

M key and critical Votes

What are the primary drivers of value proposition for PAT
at your company? (2022)

60.00%
50.00%
40.00% i
30.00% -
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What are the primary drivers of value proposition for PAT
at your company? (2023)
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ANNUAL INVESTMENT

WHAT IS YOUR LEVEL OF ANNUAL TECHNOLOGY INVESTMENT IN PAT?

W 2017 2018 m2019 m2020 2021 2022 2023
X
=
’n\\"
'o\\c'
%"

Investment level slightly decreased
over 2021 and 2022

60%

50%

44%
43%

40%

o
)

21%

X
[32]
<
x
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NOR
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g o~
o

<$500,000 $500,000 - S1MM S1IMM - S5MM >S5MM @

- JEW
21%
I 30%
27%
21%
0%
0%
0%
13%
15%
17%
14%

I 0%
13%




SPLIT BETWEEN MANUFACTURE VS
DEVELOPMENT + Most deployment (71%) in

development
« Change to 2022 may be

What is the split in PAT Resources in commercial attributable to lower number of
manufacturing relative to that made in development (in participating large companies (>
percent) 30k employees)

60 54

46

41 42

40

30

20

10

Manufacturing Development

W 2018 2019 m2020 m2021 2022 2023

L




%

DO YOU OUTSOURCE ANY/PART OF YOUR PAT
ACTIVITIES

Do you outsource any part of your PAT project

90
80
70

Comparison YOY, percent outsourced

2023: 23%
2022: 44%
2021: 40%
2020: 35%
2019:43%
2018: 0%

2017: 25%

79

W 2020

work?

2021 w2022

65
60
60 56
50
40

40 35
30
20
10

0

No

2023

Yes

21

31% of companies request CRO/CMO to
implement PAT as part of their core process work,
in contrast to 50% in 2021 and 2022.

If yes - what percentage of PAT work is

outsourced?
12 - 11
10
10 -+
8
81 7
6 m 2021
6 .
2022
4 - 2023
2 2
2 1 1 11 1
0 00O 00O
0 [ n
<20% 20-40% 40-60% 60-80% 80-100% n/a
Does your firm request of CRO/CMO partner to
implement PAT applications as part of the core
process work?
80 1 64
60 - 50 50 50 50 2071
X 40 - 36
2022
20 A
2023
0 n T 1
Yes No




LEADERSHIP COMMITMENT

Level of Commitment from executive leaders 46% of companies voted “4 -
60% Good support from most leaders”
S0 In 2023, no company voted “5 - great

support from most leaders”, down
from 17% in 2022

40%

No company voted below “3 - good
30% support from a few leaders”,
| consistent with 2022

1-none at all 2 - some support froma 3 -good support from a few 4 - good support from most 5 - great support from
leader or two leaders leaders most leaders

X

X

m 2017 2018 m2019 m2020 2021 2022 2023

L




HAVE YOU FILED PAT METHODS IN REGULATORY
SUBMISSIONS?

Have you filed PAT in regulatory submissions

(NDA/BLA/PAS, etc)? Have you filed PAT in regulatory submissions

(NDA/BLA/PAS, etc)? If yes how many

60
approved?
55 -
m >4 dossiers 1-3 dossiers
50 -
m 2021 =
X 45 - — 2022 Other
40 - 2023
35 I ,
30 T T 1
Yes No
From 2021 and 2022 Othe.r o
® »in review

* 5 companies have between 1-3 dossiers with PAT
* 5 companies have 4-6 dossiers with PAT
* 1 company has >10 dossier with PAT

+  “Single small PAT solution have been approved with success (water
content by NIR of lyophilized samples)”
*  “N/AP (None in the sense that all PAT applications are implemented

within our clients' submissions)” @



HOW MUCH PAT ADOPTION / INTEGRATION IN QUALITY, DEVELOPMENT,

MANUFACTURING

What is the level of PAT adoption and integration within
your development, manufacturing and quality
organizations?

50.00%

45.00%

40.00%

35.00%

30.00%

25.00%

20.00% -

15.00% -

10.00% -

5.00% -

0.00% -

Development

Manufacturing

iﬁlklu

Quality

» Good to excellent adoption in

Development

« (Good to patchy in

Manufacturing

* Quality is split:

- 15% none
- 35% good/excellent
- 50% Fair/Patchy




HOW MUCH PAT ADOPTION / INTEGRATION IN QUALITY, DEVELOPMENT,
MANUFACTURING

70.00%
60.00%
50.00%
40.00%
30.00%
20.00%

What is the level of PAT adoption and
integration within your Development
organization?

None

MW Patchy

M Fair

Good

10.00% -
0.00% -

M Excellent

2020 2021 2022 2023

50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%

10.00% -
5.00% -
0.00% -

What is the level of PAT adoption and integration
within Quality organization?

None

B Patchy

M Fair

Good

M Excellent

2020 2021 2022 2023

What is the level of PAT adoption and integration
within your Manufacturing organization?

General trend flat across

50.00%

40.00%

all three areas

None

30.00%

20.00% -

10.00% -

0.00% -
2020 2021

2022

B Patchy
M Fair
Good

B Excellent

2023

©



If yes, is the strategy at a local, divisional, or
. enterprise level?

70%

60%
50%
20% m 2020
Does your company have a formal Industry 30% = 2021
. e . . g . ,? 20% m 2022
4.0/Digital Transformation initiative® o 5= o
100% 0%

90% Local Divisional Enterprise Other (please
specify)
80%
e » No clear trend
60%
50% .
20% Is PAT explicitly an element of the
30% strategy?
20% 70%
1
0%
Yes No 50%
H2019 m2020 m2021 m2022 m2023 40% " 2020
m2021
30% m 2022
20% m 2023
Some decline from 2022, 73% companies have a formal 10%
Digital Transformation program 0%
Yes No

Trend towards including PAT in strategy Q



IN'SILICO MODELING (NEW QUESTIONS 2023)

Is in-silico modeling part of your Industry 4.0

/ Digital Transformation strategy?

17%

83%

* Modeling essential part of Digital

What goals does your company pursue with in-silico modeling?

120%

100%
100%

82%

80%
64%
60% 55%
mYes 40%
No 18%
20% °
N

Replace/reduce lab Other

work in process

Digital Twins for
process control

Digital Twins for
process monitoring and

Predict CQAs (across
one or multiple unit

(clinical/commercial) fault detection operations, development and
(clinical/commercial) development and/or characterization
commercial)

Comments
« computational models to assist with process understanding and troubleshooting;

Transformation strategy for most companies
* Reduction of lab work in development is key

driver

« Commercial process monitoring and CQA

prediction comes second




MODELING SOFTWARE wov amsmoss ey open-source ot

* Most companies have experimented

How would you rate the readiness and experience of your company with open-source modeling software
regarding the use of open source and/or cloud based tools in GxP « 6 companies use these tools on regular
applications? (think Python, R, ChatGPT, ...) basis in development

* No company has implemented open-
source software in GxP environment

! = No to basic experience in Development (0-2 points) SOftware
» Wide range of different tools

« Commercial packages dominate
Good experience in Development, first steps in GxP (5-6 points)

5 * Not many dedicated Al and cloud
Regular use in Development, some GxP experience (7-8 points) SOIUtionS

6 Some use in Development, no GxP (3-4 points)

Routine use in GxP (9-10 points)

5 Purpose Software Tool
2 MVDA Desktop Software SIMCA, PLS Toolbox
] 1 Commercial scripting software Matlab, gPROMs
Open-source scripting software Python, R, R Shiny
0 Statistical packages JMP

(0-2 (3-4 (5-6 (7-8 (9-10
points) = points) = points) | points) @ points)

Ansys, Mstar, GoSilico, Dynochem,
Special purpose DesignExpert

Commercial process modeling PharmaMYV, Yokogawa In-Silico, DataHow @
[

Commercial Data Science solution Dataiku, Tibco Statistica N=14



DATA MANAGEMENT — IN DEVELOPMENT & COMMERCIAL

How is development data (includes PAT) managed in your company?

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Data stored in siloed
systems

Data mostly siloed,
limited core systems

Some common data
systems

Mostly common systems,
limited silos

Core Common Data
Systems

How is commercial data (includes PAT) managed in your company?

Data stored in siloed
systems

Data mostly siloed,
limited core systems

Some common data
systems

Mostly common systems,
limited silos

Core Common Data
Systems

m 2021
2022
2023

m 2021
2022
2023

In Development

« Some inconsistency YoY, likely
due to low number of respondents

In Commercial — higher maturity

« Consistent YoY with commercial
generally having higher data
maturity than development




DATA STANDARDS — MATURITY

How are data standards applied in your company? Clear improvement towards data
60% standards
50%
40%
30% m 2021
2022
= 2023
20%
10% I
0%
No common standards (0 - 33) Some Standards Applied (34 - 66) Standards are adapted and applied

correctly (67 - 100)




2022
» Vendor capability and readiness
C H A LLE N G E S » Lack of skillsets to support projects and sustain long-term
* Regulatory hurdles — adoption, framework, expertise
» Reliability and sensitivity of instruments
= Alignment between functions
= Model complexity — lifecycle

* Business process integration and LCM » Cost/benefits (for OTC products)

= Internal business support and Business case development " Integration to older Data/automation systems

= Internal risk culture

* Resource and budgeting challenges (FTEs, Capex) 2021

= Equipment maturity, vendor capability and readiness - Lack of skillsets to support projects effectively

= IT support, ownership » Regulatory hurdles - adoption, framework

» Lack of skills internally and with CMOs " Reliability of equipment

= Alignment between functions

* Regulatory challenges
= Model complexity — lifecycle

* General education on PAT concepts
» Cost/benefits (for OTC products)

= Low dose challenges

» Integration to older Data/automation systems

Note:
«  Complete list in Back-up

Q




ENABLERS

= Visionary leadership support and sponsorship

= Solid business case via alignment between business
organizations

* Required technology and infrastructure in place, including
aligned data repositories

* Dedicated resources and sufficient funding
= Serious adoption of PAT in organization
* Increased demand for process and asset optimization

= Appetite for non-spectroscopic PAT

Note:

Complete list in Back-up

2022

Leadership engagement and sponsorship

Dedicated resources / experts

Budget & resource

Training and X-functional collaboration

Business relevance / demonstrated successes

PAT embedded in quality systems and manufacturing KM
Strategy alignment

Digital transformation and the focus on data

Common data ecosystems / data integration

2021

Leadership engagement (x10)

Dedicated resources / experts

Budget & resource

Training

Business relevance / demonstrated successes
PAT embedded in quality systems

Strategy alignment

Common data ecosystem

Adoption of new platforms e.g. continuous @
[



WOULD YOU BE SUPPORTIVE OF SHARING THE BLINDED
RESULTS OF THIS SURVEY WITH ORGANIZATIONS THAT ARE
REPRESENTED AT PPAR?

100% YES







ENABLERS — COMPLETE LIST OF RESPONSES

Respondents Responses
1 Visionary sponsorship/leadership, Interdepartmental collaboration, Aligned data repositories, aligned data management system
2 Leadership support, dedicated resource

Adoption of PAT in organization, beneficial use case
Business case, alignment between development and commercial, stakeholder management

5
Tech and data infrastructure in place, quality framework adaptation, leader support

(o>}

1. Leadership backup 2. Dedicated PAT teams
7

Managers/Project Leaders that push PAT. Champions of PAT communicating their successes.
9 1. Funding, 2. Dedicated Resources

1) Increased demand for the optimization of processes and assets ( e.g. cycle time reduction) / 2) Appetite for non-spectroscopic PAT
11

leaders advocating for and driving PAT, advertising success and value of PAT

12 Senior management support and alignment, definition of a formal global PAT strategy, clarity on business case for PAT development and
implementation

13Leadership buy-in, prior success, in-house knowledge/expertise

14 Champions in management; partners in S&T; solid instrumental foundation




CHALLENGES — COMPLETE LIST OF RESPONSES

Respondent Responses
lInfrastructure (IT or physical space), Quality Systems integrations, FTE Challenges (limited skill-sets/bandwidth/exp)
2Validation, maintenance, regulatory implication
3 Capex, manpower, equipment maturity, business process integration
4 Business case development, expertise, change management & mindset
5

Manufacturing business case development, burden of PAT lifecycle management, regulatory framework clarity

61. Access to enough batches with commercial process to develop in-line PAT methods before submission 2. Analytical robustness of NIR
methods 3. Resources (mostly time)

7

Investment at site level, life cycle management
8 CMO without experience/equipment/expertise. Not total acceptance (collect analytical data thru traditional, non-PAT methods by chemists
and engineers. Risk adverse.
91. Getting internal "customers" to realize the benefits. 2. Coordinating between the functions can get confusing. 3. No specific budget for
PAT. relay on individual cost centers.
101) Misconceptions / lack of PAT awareness from the adopters / 2) short pathways from development to commercial (low data variability to
train chemometric models)
11 CMOs without experience, equipment, or expertise in PAT, technology robustness, organizational barriers
12IT Support and ownership, Resources (talent recruitment with appropriate PAT skillset), Culture (Change and Risk Management),
Technology development and implementation conflicts with accelerated process development/first in human
13Instrumentation robustness/complexity, limited vendors/supply
14 Changing the mindset (conservative culture); resourcing; democratizing tools
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