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Introduction

Disruption is the new normal and is forcing Life-Science
companies to reimagine the way they operate in order

to transform and accelerate product development,
regulatory review, manufacturing, and distribution cycles
aimed at improving patient outcomes.

43% of respondents representing pharmaceutical, biotech
and medical device companies, indicated their organi-
zations are currently undergoing digital transformation.

Clear patterns emerged as we analyzed and distilled the
survey data including different perspectives regarding the
extent to which regulatory frameworks support advanced
manufacturing initiatives and the biggest threats to supply
chains / manufacturing networks.

Research approach:

Axendia conducted a research study focusing on the state
of digital transformation in Life-Sciences manufacturing.
The goal was to identify and analyze the drivers for digital
transformation in support of advanced manufacturing
initiatives.

This report highlights the following

research findings:

> The top goals for digital transformation initiatives

P> Current and future advanced manufacturing initiatives

> Current and future initiatives to reduce supply chain risk
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Accelerating Transformation

Prior to 2020, “digital transformation” was a buzzword in

the Life-Sciences industry. In a 2020 Axendia survey, 69%

of Life-Science organizations were still in the process of
identifying applications and piloting technologies to support
their digital transformation initiatives. In just two years, these
numbers have shifted dramatically.

Today, 43% of Life-Science organizations are undergoing
digital transformation. Only a combined 35% are identifying
applications to support digital transformation and are
piloting technologies. 13% are learning about digital
transformation. The remaining 8% indicated they have
completed digital transformation. (Fig. 1)

With reference to ‘completed digital transformation, “It is
always very interesting to understand what this means —are
they referring to the whole company or a very specific part
of the business or a project?” said the technology translation
lead at a global biopharma company.

The executive director, digital innovation at a multinational
pharmaceutical company, agreed. “Some people tend

to be of the same opinion, but we correct it right away.
Completing a project in a small operating area is not digital
transformation. The projects are typically related to the
digital adoption of a process, but completing a project is
not the same as completing the journey to achieving digital
transformation.”

Where is your
organization on its digital
transformation (DT)
journey? Select one (Fig. 1)

Undergoing DT

Piloting DT technologies
Ml [dentifying applications to support DT
M | earning about DT
B Completed DT
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The Purpose of Digital Transformation

The top reason for digital transformation is to support
business focused initiatives. (Fig.2)

Please rank the top reasons for digital transformation
in your organization. (Fig. 2)

Business Focused

Technology Focused

“In my experience, nothing happens until you get the
business behind an initiative. Once you get the business
behind it, you can overcome a lot of hurdles. To me, they're
all most important but at different times. Getting a project
off the ground requires the business being behind it.
Otherwise, it doesn't even start...but once it starts, the other
two become equally important,” said the director of medical
device and combination products QA at a multinational
pharmaceutical and biotechnology corporation.

The Director, CMC at a biotechnology company, shared
a different perspective. ‘Il think that the drivers are both
business and technology. For example, they want us to
innovate yet people are slow to innovate.”

“I think the regulatory aspect of it is kind of a given,” he
continued. “It's something regulatory agents and the FDA
highly support and want us to continue to pursue. For a
small company transitioning into a larger company, the
technology is a factor as we move into the next phase of
what the regulators require from us.”

© 2022 Axendia, Inc.
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Advanced manufacturing initiatives are supporting digital transformation

Data-driven, intelligence-based decisions and enhanced manufacturing efficiency/throughput and yield are the top goals for
digital transformation in manufacturing. (Fig. 3) However, companies cannot implement modern technology and undergo
digital transformation on a foundation of bad master data. Every digital transformation project must start with master data
management and governance.

What are the Top 3 goals for your digital transformation initiatives in manufacturing?
Select 3 (Fig. 3)

67%

Data-driven, intelligence-based decisions

Enhanced manufacturing efficiency/

Throughput and yield 65%

Improved product quality 50%

Improved regulatory compliance 46%

Implement advanced manufacturing/

0,
Manufacturing modernization o

Improved supply network

resilience and agility 25%

Every digital transformation

13% project must start with
master data management
and governance.

Decreased environmental footprint

Other 3%
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When it comes to continuous manufacturing as

an advanced manufacturing initiative, 50% of the
companies surveyed have already implemented, are
piloting or plan to implement in less than two years.

(Fig. 4) Continuous manufacturing is being
implemented in a number of industries, but its adoption
in pharma has historically been slow. These data show
promise that a greater proportion of companies now see
the benefits outweighing the barriers.

Similarly, a combined 60% have already implemented,
are piloting or plan to implement advanced planning
and scheduling in less than two years. (Fig. 5)

Continuous process verification is also being more
widely adopted in commmercial manufacturing. A
combined 62% of companies have implemented,
are piloting or will implement continuous process
verification within the next two years. (Fig. 6)

MAXENDIA

When do you expect to...
Select one for each response

Implement Continuous Manufacturing
in commercial manufacturing? (Fig. 4)

“ Implemented

20%

9%
21%

21%

17%

Implement Advanced Planning and Scheduling
in commercial manufacturing? (Fig. 5)

“ Implemented

21%

19%
20%

2-5years 18%

5+ years

Implement Continuous Process Verification
in commercial manufacturing? (Fig. 6)

Implemented 24%

25%

17%

2-5years

5+ years

12%
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Predictive and prescriptive maintenance are no longer When do you expect to...
a nice-to-have but are a must-have. A combined 63% . Selectone for each response

of companies have implemented, are piloting or plan
to implement predictive and prescriptive maintenance

Implement Predictive and Prescriptive Maintenance
initiatives within the next two years. (Fig. 7) 1

in commercial manufacturing? (Fig. 7)

Implemented

The Life-Science industry historically lags in the implemen-
tation of new and advanced technologies. This is often

due to the misinterpretation of regulations, lack of process
understanding and an unwillingness to overcome cultural !
inertia. As a result, many companies are manufacturing next
generation products using last generation technologies. !

24%
25%
17%
5+ years

Should companies continue rolling out 10-year-old
technology and client-server applications running on

virtual machines or is this the right time to leapfrog to
achieve digital sustainability? In a Digitally Sustainable 3
state, companies are proactively seeking tomorrow’s 3
technology - today.2 ;

Have IT/OT Convergence (inclusive of Cloud)
in commercial manufacturing? (Fig. 8)

m Implemented

When it comes to IT/OT convergence, inclusive of cloud, a ! 23%
combined 60% of companies have already implemented, are
piloting or seek to adopt net new capabilities and offerings
that leverage the cloud within the next two years. (Fig. 8)

18%

19%

2-5years 15%

As the industry embarks on digital transformation, it must 5+ years

realize that this is a journey towards “digital sustainability.”3 14%

Lastly, while a combined 33% have implemented or are ‘
piloting technology to digitally streamline batch execution 1 Digitally streamline Batch Execution & Release
and release, 32% of companies are currently planning to ! in commercial manufacturing? (Fig. 9)
implement technology to support this initiative in the next : —

. . . : Implemented 17%
two years. (Fig. 9) These data fall in line with the amount ! E . ’
of time it typically takes to implement manufacturing } 16%

execution systems (MES), particularly in larger organizations

. 32%
with revenues over $1B. ?

2-5years 2%

5+ years

13%

6 23 An Axendia Straight from the Source Webinar: The Journey to Digital Sustainability in the Life-Sciences Industry, 2022 © 2022 Axendia, Inc.
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Closed-loop control in commercial manufacturing has also When do you expect to...
gained the attention of Life-Science companies. Select one for each response

A combined 30% of companies have implemented

or are piloting technologies to support this advanced
manufacturing initiative, with 22% planning to implement
closed-loop control in the next two years. (Fig. 10)

Implement Closed-loop Control
in commercial manufacturing? (Fig. 10)

Implemented 15%
15%
22%

2-5years 1%

5+ years

25%

Companies who have completed and are undergoing Digital Transformation, have Implemented the following:

Of the 51% of companies who have completed or are undergoing digital transformation, the top five advanced manufacturing
initiatives cited were: (Fig: 1)

Continuous process verification 31%

Advanced planning and scheduling 29%

Digitally streamline batch execution & release 25%

IT/OT convergence (inclusive of cloud) 25%

25%

Process Analytical Technology (PAT)

20%

Continuous manufacturing

Closed-loop control 19%

Predictive and prescriptive maintenance 19%

Modeling / Simulation / Digital Twins 14%

7 © 2022 Axendia, Inc.



THE NEEDLE IS MOVING: DIGITAL TRANSFORMATION IN LIFE-SCIENCES MANUFACTURING

The Role of Regulatory Frameworks

While most respondents were indifferent as to the degree
to which regulatory frameworks support advanced
manufacturing initiatives, the Director, CMC at a
biotechnology company shared his insights on the 13%
who did not agree. (Fig. 12)

“There could be many factors, when deciding if regulatory
frameworks do or don't support advanced manufacturing.
One being the size of the company. There are often institu-
tional myths in larger companies such as, ‘Hey, we can't

do that because that's just not going to be supported by
the agency. When there'’s direct contradiction to what the
agency espouses, they write it in their guidance documents
for our industry -- that they want to encourage technology
and advancement. However, many companies are just too
conservative because it costs too much to get shot down
by a regulator. For example, if you try to take an incremental
step in advancing your technology and the agency says, ‘We
don't agree with that'.. or you need more data to support
your thoughts on this or on going this direction, it can cause
delays of up to two or three years, which at any given burn
rate could cost a company tens of millions of dollars.”

In your opinion, to

what degree do current
regulatory frameworks
support your company'’s
Advanced Manufacturing
initiatives?

Select one (Fig 12):

B Fully supports
Somewhat supports
M Does not support

AXENDIA

We saw a tremendous difference between companies
who are of the opinion that regulatory frameworks
support advanced manufacturing versus those that
don't.

A combined 68% of companies who believe regulatory
frameworks fully support advanced manufacturing
initiatives are undergoing or have completed digital
transformation. On the other hand, only a combined
14% of companies who believe regulatory frameworks
do not support advanced manufacturing initiatives are
undergoing or have completed digital transformation.
(Fig. 13)

Where is your organization on its digital
transformation journey? (Fig 13):

Il Learning about digital transformation
M |dentifying applications to support digital transformation
W Piloting digital transformation technologies

Undergoing digital transformation

Completed digital transformation

5

Fully supports

Does not support

© 2022 Axendia, Inc.



THE NEEDLE IS MOVING: DIGITAL TRANSFORMATION IN LIFE-SCIENCES MANUFACTURING

Another major difference is the rate at which continuous
process verification has been adopted. Combined, 45%

of companies who believe regulatory frameworks fully
support advanced manufacturing initiatives also have
already implemented continuous process verification or are
in the pilot phase versus only a combined 20% of the group
who believe that regulatory frameworks do not support
advanced manufacturing. (Fig. 14)

Predictive and prescriptive maintenance initiatives also
have a higher rate of adoption by companies who

agree that regulatory frameworks support advanced
manufacturing initiatives. A combined 32% of companies
have implemented, are piloting or will implement solutions
within the next two years. This is a stark contrast to the
combined 14% of companies who do not agree. (Fig. 15)

MAXENDIA

When do you expect to implement...
B implemented
Pilot underway
M Lessthan2yrs
M 25yrs
M S+yrs
m N/A

Continuous Process Verification
in commercial manufacturing? (Fig 14):

Fully supports Does not support

Predictive & Prescriptive Maintenance
in commercial manufacturing? (Fig 15):

Fully supports Does not support
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Supply Chain Woes

Delays in incoming materials and staying ahead of process
disruptions are the top two cited threats to supply chains and
manufacturing networks. (Fig. 16)

To gain resilience in the supply chain, we propose the
transition to smart sourcing, with a focus on value networks.
Standardized and optimized practices executed across value
networks drive improvements in operational efficiencies
and on-time deliveries, while reducing inventory, operational
costs, and the cost of quality. These practices are supported
by a technology foundation that provides adaptability,
flexibility, and creativity to solve the problems of the future.

AXENDIA

Having a network of suppliers that are qualified to provide
raw materials, sub-assemblies, intermediates or APIs that can
be leveraged throughout the manufacturing process, is the
desired state of the value network.

It's also imperative that when a supplier ships the product,
they also share the data associated with the product. This
includes not just a certificate of quality saying it met a
company’s standards, but actual valuable actionable insight
and data that can be used to fine-tune the manufacturing
process receiving the material. The processes affected cover
the full range of primary, secondary, packaging, and in-house
versus outsourced or contracted production.

What are the biggest threats to your supply chain / manufacturing network?
Select the top 3 (Fig 16):

Delays in incoming materials

Staying ahead of process disruptions

Communication (with internal and/or external partners) 33%

Inconsistent quality (products, materials, etc)) 31%

Inability to adjust proactively to shifts in supply & demand 31%

Lack of expertise / Labor resources 30%

Unexpected equipment downtime 28%

Timely distribution to customers 26%

Low yields or 1%

insufficient throughput

60%

50%

Of the 33% who selected communication with internal and/
or external partners, the technology translation lead at a global
biopharma company shared his thoughts:

“Perhaps part of the reason, when looking at contract
manufacturing organizations (CMO) versus internal manufacturing,
isthat the data is as important as the final product. Especially when
you want to have that agility ... if you're still waiting three months

to effectively release material, because you're waiting for the
documentation to come back and forth, it's not necessarily fixing
your supply chain in that space. You're just pushing the pain onto
someone else within your organization. It's not manufacturing, it's
the quality organization.”

© 2022 Axendia, Inc.
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n

59% of the companies participating in our research study are
currently onshoring their supply chains and manufacturing
networks. 71% of companies are considering reshoring in the
future. (Fig. 17)

The technology translation lead at a global biopharma
company shared his thoughts again:

“l imagine that some of the new therapeutic areas are going
to take a closer look at localized manufacturing. Companies
need to be closer to their patient in terms of the supply
chain piece. But it all comes back to whether companies see
themselves manufacturing within big facilities or not. What
does the future of their network look like if they decide to
take a more decentralized approach?”

Which of these strategies are you using or considering
to de-risk your supply chain/manufacturing network?
(Fig 17)

Currently using

Considering for the future

50% 50%

Nearshoring: moving manufacturing within your region/continent

55%

Offshoring: moving manufacturing outside your region/continent

59%

Onshoring: increasing manufacturing locally

48%

Realigning: realigning supply chain / network

29% 71%

Reshoring: moving manufacturing locally from offshore

AXENDIA

Conclusion

Recognizing continuous disruption as the new normal,
Life-Science companies are being forced to reimagine the
way they operate. Almost half of the pharmaceutical, biotech
and medical device companies surveyed indicated their
organizations are currently undergoing digital transformation,
which is a significant increase from even two years ago.

Other notable observations include a greater adoption or
planned adoption of continuous manufacturing, continuous
process verification, IT/OT convergence, predictive and
prescriptive maintenance, digitally streamlining batch
execution and release, and to a lesser extent, closed-loop
control.

Companies who are of the opinion that regulatory
frameworks fully support advanced manufacturing initiatives
are much further along in their digital transformation
journey as compared to those who do not. The data suggest
that these companies are years ahead in implementing
continuous process verification and predictive and
prescriptive maintenance technologies, for example.

Globalization and outsourcing have increased the volume of
geographically dispersed partners, facilities, and suppliers
in the Life-Science global supply chain. These factors have
increased complexity and variability, which when coupled
with the inevitability of Black Swanz events, results in an
overall instability of the healthcare ecosystem and increased
risk to the supply chain.

To improve supplier management and mitigate risks
associated with complex supply chains, many organizations
are working diligently to optimize their supplier base. 7 out
of 10 companies surveyed indicated they are considering
reshoring in the future. The topic of supply chain resilience is
back on the agendas of industry executives as they seek to
maintain product availability and integrity across the globe.

2|n his book “The Black Swan: The impact of the highly improbable,” Nassim Taleb defines a ‘Black Swan'as an event
characterized by rarity, extreme impact, and retrospective (though not prospective) predictability.
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Demographics

In support of this research, we surveyed 199 Life-Science
professionals representing a wide range of manufacturers who
market and sell medical products worldwide. 57% of respondents
hold roles of responsibility at the level of manager/supervisor or
above. 59% of the companies surveyed have annual revenues

of $1B or more.

By current functional role*

Regulatory (3%)

Sales & Marketing (4%) ———
R&D (4%)

IT

Manufacturing /

Operations
Executive

Management

Other

Engineering Quality

By company annual revenue* (USD)
Under $50M

Greater than $10B

$50M to $150M

$151M to $550M

$551M to $999M
$1B to $10B

*Rounded to the nearest whole number.
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By company’s products and services* (respondents selected all that apply)

Pharmaceuticals 37%
Biotechnology

Medical devices

Cell / Gene therapy
Combination product
CMO/CDMO
Vaccines
Academia / Regulatory
Nutraceuticals

CRO

By level of responsibility*

Manager / Supervisor

Engineer

Director / Department Head
Consultant

Professor / Researcher / Scientist
C-level Executive

Vice President / General Manager
Student

Partner

S

North Ametrica

South America

Australia
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For more information, visit www.axendia.com or contact us at info@axendia.com

v Jinlizd £

AXENDIA

The following team

members contributed
to the research study
and report:

Sandra K. Rodriguez,
Sr. Industry Analyst

Modnica V. Matlis,
MSIE, CPE
Chief Operations Officer

© 2022 Axendia, Inc.


https://twitter.com/axendia
https://www.linkedin.com/company/axendia-inc./
mailto:info%40axendia.com?subject=
http://axendia.com/blog
https://www.aspentech.com/en
https://www.jamasoftware.com
https://www.aspentech.com/pharma
https://www.axendia.com
https://www.axendia.com/
mailto:info%40axendia.com?subject=

