
Analyzing the strengths, 
opportunities to the 

weaknesses and threats 
for AI implementation in 

biopharmaceuticals



Wha t  is  Art ific ia l In t e llige nc e ?

“AI 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 
computers.”

“Artificial Intelligence (AI) is no longer some bleeding 
technology that is hyped by its proponents and mistrusted by 
the mainstream. In the 21st century, AI is not necessarily 
amazing. Rather, it is often routine. Evidence for the routine and 
dependable nature of AI technology is everywhere.”

“Verification and Validation and Artificial Intelligence,” Tim Menzies, Portland State 
University, Charles Pecheur, NASA Ames Research Center. July 2004.



What Really is AI?
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More than Just Multivariable Models...



Me c ha nis t ic  vs . Prob a b ilis t ic

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

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



Understanding AI
● Training/Test data

○ Problem’s dataset
● Algorithm

○ Mathematical procedure that creates the Model from the training data
● Model

○ Mathematical system that has been created from the exploration of a data set. It’s created 
after an extensive learning process referred as training.

● Prediction
○ Single inference over a model with an unseen sample

● Evaluation
○ Score evaluation of the Test dataset

5



Understanding AI: Data (the Secret Sauce)
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7 steps to consider when preparing data

Findable, Accessible, Interoperable, Reusable principle

"We’ve had to spend most of the 
time just cleaning the data sets 
before you can even run the 
algorithm"

Vas Narasimhan, CEO of Novartis AG, in a 2018

ALCOA+++

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

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


Biom a nufa c t uring 4 .0 : p rod uc t  a nd  p roc e s s  und e r c ont rol
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Manufacturing Science

The  b od y of knowled ge  availab le  for 
a  sp ec ific  p rod uc t  and  p roce ss , 

inc lud ing c rit ic al- to- q uality p rod uc t  
a t t rib ute s  and  p roce ss  p arame te rs , 
p roce ss  c ap ab ility, manufac turing 
and  p rocess  cont rol te chnologie s  

and  q uality sys tems  infras t ruc ture .

Source : PhRMA Quality Technical Committee  (20 0 3)

PAT
(...) The  ap p lic ant  should  d e mons t rate  an 
e nhanc e d  knowle d ge  of p rod uc t  p e rformanc e  
ove r a  range  of mate rial at t rib ute s , 
manufac turing p roc e ss  op t ions  and  p roc e ss  
p arame te rs

(...) Re al- t ime  q uality c ont rol, le ad ing to a  
re d uc t ion of e nd - p rod uc t  re le ase  te s t ing

(...) A monitoring p rogram (e .g., full p rod uc t  
te s t ing at  re gular inte rvals ) for ve rifying 
m ult iva ria t e p re d ic t ion mod e ls

Source : ICH Q8, s tep  4  (20 0 9 )
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AI is  a lre a d y he re

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


CPV of the Future



CPV = 𝒇𝒇(Stage1, Stage2) + 𝞥𝞥(unknown factors)

Continued Process Verification (CPV)

- Data acquisition, processing and analysis (IIoT)
- Process verification and controlReal time 

https://www.fda.gov/files/drugs/published/Process-Validation--General-Principles-and-Practices.pdf


Goal: Create a digital twin to manage a biotech 
process working under GxP conditions

Q: What does it mean, a digital twin?
Q: What kind of biotech process are we controlling?
Q: How to apply AI within regulatory frameworks?

PDA Interest Group "Process Validation" (EU)
Taskforce 1 |  Synthetic data generation to support AI model training
Taskforce 2 |  Automated biotech process control
Taskforce 3 |  Regulatory considerations (QbD, Data governance, AI Procedures)

CPV of the Future

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



AI-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 be monitored to detect underperforming batches 

Q: how can we bring value from AI 
in an automated process without 
interacting with the unit?



Reducing dimensionality by means of AI

2D t-SNE projection2D UMAP projection



AI-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 



AI-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.

Source: Gasset et al. (2022) Front. Bioeng. Biotechnol.

https://www.frontiersin.org/articles/10.3389/fbioe.2022.818434/full


Lessons Learned From Phase I
RISK ASSESSMENT

● Important in an initial phase of the project
● Include multidisciplinary team (quality, regulatory, data scientist, CPV expert)

DATA INTEGRITY

● Using cloud-based storage with audit trail to retain the original state of raw data.
● Manual data clean-up should be avoided, as well as insecure data handling and transfer (USB, email etc.).

It is better to have raw data available on the platform that handles the AI model life cycle.

PRIOR KNOWLEDGE

● Key enabler to efficiently design and run the DoE.
● Design of DoE, factor selection & operating ranges were defined based on prior knowledge (20 years experience).
● Check equipment responsible for critical measurements before running experiments (ex: In the case of hypoxic

fermentations, gas analysis system is crucial, so lab team re-calibrated O2 and CO2 analyzers in each
fermentation, checked inlet gas composition periodically, considered gas humidity, etc.)



SWOT Analysis: AI for CPV

● Capacity to deal with multivariate and complex reality
● Capacity to deal with the dynamic nature of bioprocesses
● Easy detection of anomalous batches in historical data plus 

assess upcoming batches in real-time
● Estimating optimal operating conditions for bioprocess unit,

including bioprocess efficiency and product quality

● High volumes of data needed to feed AI models
● Predictions are sensitive to “bad quality” data, which leads to 

rapid deterioration of performance or incorrect conclusions.
● Data management and preparation is time-consuming

● Impression that AI applications are a “black box”, while
regulatory requirements require transparency and regulators
need to understand how and why a result came about.

● AI applications can produce valid conclusions that are
counter intuitive to those which individuals or even teams of
experts derive.

● Deal with model changes over time in a regulatory point of
view (freeze the model vs multiple submissions)

● CPV highly recommends bioprocess automation, use of PAT, 
risk assessment, and a deep knowledge of the 
biomanufacturing process quality attributes. Existing 
methodologies can be complemented with AI.

● Continued Improvement is always a “work-in-progress” task
since the AI model is continuously learning from the data that
is being fed.

STRENGTHS WEAKNESSES

OPPORTUNITIES THREATS



Control Automation For Optimal Data Governance

Control Strategy
● PAT & IIoT Technology
● Combination of edge & cloud
● Fully automated data pipeline
● Coverage of full AI lifecycle

(train, productivise, monitor)
● Operate in near real-time

Control Parameters
● Storage of 17 raw data variables
● Critical read-out: respiratory quotient (RQ)
● Critical control: agitator speed (AS)
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Current Steps



Conclusions and Next Steps

1. Multivariate analytics methods, based on machine learning & AI, can be a 
valuable tool for both monitoring and control of biopharma manufacturing 
bioprocesses to help improve its efficiency and to assure product quality.

2. Initial phases of the project focused mostly on overcoming technological 
challenges related to cyber security, data integrity and cross-system 
communication. The next steps will focus on improvements to system 
validation and reproducibility of data & AI models, following GMP standards.

3. Regulatory considerations require us to redefine the conditions in which we can 
develop and industrialise AI for manufacturing. This is especially relevant for 
data integrity, risk assessment, AI lifecycle management.
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Thank you!



Sum m a ry of c a s e  s t ud ie s

55% variance  
exp lained b y AI

4 0 0 M key d ata values  
d igit ized

$4 .1M savings COGS 
init ially

4 % yie ld  inc rease

277g loss of mAB p e r 
b atc h p revented

Potent ial revenue  gain of 
up  to $6 8 0 M p er year in 
p rod uc t

$19 - 78 M savings
COGS b y end  of 20 22

$11.6 M savings COGS 
b y end  of 20 22

3h FTE/ Da y red uc t ion in 
t ime used  for p e rformanc e  
b oard  rep ort ing

11% OEE s tab ility 
inc rease

Re a c t ive  t o  
Proa c t ive  p red ic t ion

Ma nua l Re p ort ing 
e liminated

6 1% red uc t ion in 
nec essary runs

Pre ve nt e d  all b atc h-
re lated  d ata loss

10 0 % Right  Firs t  Time  
b atc hes

Fa s t e r & m ore  
a c c ura t e  p lanning for 
line  p e rsonne l and  
tec hnic ians

https://www.youtube.com/watch?v=UHyBd9_LrdA&t=1500s
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