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Biomanufacturing: 
Product and process under control

Manufacturing Science PAT

(...) The applicant should demonstrate an enhanced 
knowledge of product performance over a range of 
material attributes, manufacturing process options and 
process parameters

(...) Real-time quality control, leading to a reduction of 
end-product release testing

(...) A monitoring program (e.g., full product testing at 
regular intervals) for verifying multivariate prediction
models

(Source: ICH Q8 step 4, 2009)

The body of knowledge available for 
a specific product and process, 
including critical-to-quality product 
attributes and process parameters, 
process capability, manufacturing 
and process control technologies 
and quality systems infrastructure.

(Source: PhRMA Quality Technical Committee, 2003)



AI Continuum

LLM GenAI DL NN ML AI⊂ ⊂ ⊂ ⊂ ⊂



A brief history of AI: It’s a hype now, 
but It has a come a long way...

Darmounth 
Conference

1956 70’s 1974 21st Century

The First AI 
Winter

The Golden Years

1980-1987 90’s

The Second AI 
Winter

Moore’s Law Deep Blue … 
and cloud technologies

Boom



2025: the year of GMP AI

SOURCE: HYPE CYCLE FOR ARTIFICIAL INTELLIGENCE, 2024, GARTNER | ADVANCED MANUFACTURING TECHNOLOGIES DESIGNATION PROGRAM, 2024, FDA |
CONSIDERATIONS FOR THE USE OF ARTIFICIAL INTELLIGENCE TO SUPPORT REGULATORY DECISION-MAKING FOR DRUG AND BIOLOGICAL PRODUCTS, 2025, FDA

Regulatory Tailwind

AI Awareness and Momentum

GMP AI Technology 
Availability

Batch Record Digitization 
Acceleration



Who first imagined AI? 



What is AI, really?

Yi = ℷi ◦ F (xi , Yi) 

Model

AlgorithmData



AI
2. Algorithm

3. Model

4. Output
-Prediction
-Pattern recognition
-Classification

5. Score

1. Data

0. Business ProblemTraining/Test Data
• Problem dataset

Algorithm
• Mathematical procedure that creates the model 

from training data

Model
• Mathematical system that has been created from 

the exploration of a dataset; created after an 
extensive learning process referred to as training

Prediction / Classification / Recommendation / 
Recognition / Dimension Reduction
• Single inference over a model with an unseen 

sample

Evaluation
• Score evaluation of the test dataset

The 5 Basic Concepts in AI 
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Mechanistic vs. Probabilistic

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

What Really is ML?



More than Just Multivariable Models...

What Really is AI?



How data (reality) is perceived by AI



Vas Narasimhan, CEO of Novartis AG, in a 2018

Understanding AI: Data 
(the Secret Sauce)

Expected and Required Data Quality



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+++

Understanding AI: Data 
(the Secret Sauce)



Generative AI, like ChatGPT, uses 
machine learning to create new content. 

While generative AI tools can help explore 
new ideas, write text, and get feedback, 
there are important limitations to these 
tools to keep in mind.

What is Generative AI?

LLM GenAI DL NN ML AI⊂ ⊂ ⊂ ⊂ ⊂
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(measured in 100M users)



While AI can be a helpful tool, it 
should support your work, skill 
development and 
understanding, not replace it.

Why?



LLMs are not fit for 
Enterprises out of the box



Bias is just an example

January 2024!!



Bias is just an example





A recipe to apply AI 

in drug manufacturing



Journey to the right digitalization

Digital Plant Maturity Model Source: BioPhorum 
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Level 2
Digital Silos

Information

Breaking Data Silos

MES
.xls

Logistics
QMS

LIMS

Level 3
Connected Plant

Discovery

Smarter Root 

Cause Analysis

Level 4
Predictive Plant

Knowledge

Predicting Deviations

+ AI/ML

+ Edge

Edge AI +  digital twin

Self-driven OperationsLevel 5
Adaptive Plant



Pattern #1
(raw material clumps)

Pattern #2
(fungi)

AI to detect how humidity in the media prep room impacts the 
fermentation process

Siloed data from 
different systems

Peak Humidity 
media prep room

CO2 conc.
fermenter

Turbidity
fermenter

Unifying siloed data + AI integration

Deviation Detection: Clear Patterns in the CPPs



Dispensing

● Raw materials

● QC results

● Raw materials 

providers 

historical data

● Dead times

Granulation

● Fluid bed 

conditions

○ CQA

○ CPP

● In process 

controls

● Dead times

● Bins storage 

conditions

Blending

● Blending 

conditions

○ CPPs

○ CQAs

● In process 

controls

● Dead times

● Bins storage 

conditions

Coating

● Coating 

conditions

○ CPPs

○ CQAs

● In process 

controls

● Dead times

● Bins storage 

conditions

Tableting

● Tableting 

conditions

○ CPPs

○ CQAs

● In process 

controls

● Dead times

● Bins storage 

conditions

Coated tablets manufacturing process



Coated tablets manufacturing process

Release

● QC

○ Batch release 

information

○ OOS (each 

manufacturing 

steep)

○ OOT (each 

manufacturing step)

● Ongoing stability

○ OOS

○ OOT

Primary conditioning

● QC conditioning materials

○ Blister providers  

(ALU-ALU, ALU-PET, 

...)

● Conditioning materials 

providers historical data

Secondary conditioning

● QC conditioning materials

○ Leaflet

● Conditioning materials 

providers historical data



AI Approach from a Quality Application

Pharmaceutical 
Unit Operation

CMAs

CPPs

CQAs

IPCs

CQA = ⨍(CMA, CPP, Z) ⟷ OOS

IPC = ⨎(CMA, CPP, Z)  ⟷ OOT

Granulation Blending QB(Xk)

Other 
factors (Z)

Q(Xi)

QG(Xj)QD(Xi)

1 Inside Unit Operation

2 Inter Unit Operation



Relevant factors by Unit Operation based on historical data

Granulation Blending QB(Xk)QG(Xj)QD(Xi)

Uniformity [✓ 91%]
Potency
Particle size [✓ 87%]
Particle distribution
Bulk/Tapped/true density
Moisture content
Flow properties
Cohesive/adhesive properties
Powder segregation
Electrostatic properties [✓ 89%]

QA, IPC

F
Particle size
Particle distribution
Fines/oversize
Particle shape
Bulk/Tapped/true density
Cohesive properties
Electrostatic properties
Moisture content

Type and geometry
Mixer load level
Order of addition
Number of revolutions(t,s)
Agitating bar (on/off 
pattern)
Discharge method
Holding time
Environment T and RH

Logistics
Human
Environment
Seasonality
Others

IMA CPP OthersBatches

BFXH-913
BFGH-914
BFSH-915
BFTH-916
BFKH-917
BFLH-918
BFMK-919
BFPH-920
...

F (IMA, CPP, Z)



Dissolution test
Friability [✓ 85%]
Polymer 1 solubility
Polymer 2 solubility 
Colorant adherence
Shape
Weight
Density [✓ 90%]

Relevant factors inter Unit Operation based on historical data

Granulation Blending QB(Xk)QG(Xj)QD(Xi)

Uniformity [✓ 87%]
Potency
Particle size [✓ 91%]
Particle distribution [✓ 83%]
Bulk/Tapped/true density
Moisture content
Flow properties [✓ 84%]
Cohesive/adhesive properties [✓ 93%]
Powder segregation  [✓ 86%]
Electrostatic properties 

QG(Xj)

𝒇
Particle size [✓ 82%]
Particle distribution
Fines/oversize
Particle shape [✓ 83%]
Bulk/Tapped/true density
Cohesive prop. [✓ 92%]
Electrostatic properties
Moisture content

(...)

QB(Xk) QT(Xm) QX(Xn)Batches

BFXH-913
BFGH-914
BFSH-915
BFTH-916
BFKH-917
BFLH-918
BFMK-919
BFPH-920
...

Relevant factors along operations



QG(Xj) QB(Xk)

QT(Xm)

QX(Xn)

Cause Effect P

Uniformity Moisture content 0.75

Segregation Dissolution 0.86

Particle size Particle shape 0.81

Particle shape Friability 0.79

Flow prop. Friability 0.92

Cohesion Friability 0.84

Adhesive prop. Colorant 
adherence

0.91

(....) (....) (....)

RCA
Defect identification
Deviation study
OOS, OOT root cause
CAPA

Interaction between factors by/inter Unit Operation



QG(Xj) QB(Xk) QT(Xm) Yield
OOS & OOT

Predicting deviations
Optimal material attributes
Recommended IPC
Early anomaly detection
CAPA

Yield maximization and OOS/OOT minimization



AI through the lens of Unit Operations

Peptide manufacturing process

Intermediate
Synthesis

● Raw materials
● QC results
● Supplier data
● Dead times
● Storage conditions
● Reactor conditions

○ CPPs
○ CQAs

● In process controls

Peptide Coupling 
Cycles

● Raw materials
● QC results
● Supplier data
● Dead times
● Storage conditions
● Operating conditions

○ CPPs
○ CQAs

● In process controls

Cyclization & 
Cleaving

● Reactor conditions
○ CPPs
○ CQAs

● In process controls
● Storage conditions
● Washing

Purification & 
Isolation

● HPLC reactor 
conditions

○ CPPs
○ CQAs

● Solvents
● In process controls
● Storage conditions



AI in Life Sciences

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


AI in Life Sciences



Do you still have doubts about 
AI application in Science?



Something is Changing the World Perspective Regarding AI

https://www.fda.gov/medical-devices/medical-device-regulatory-science-research-programs-conducted-osel/credibility-computational-models-program-research-computational-models-and-simulation-associated?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/medical-devices/medical-device-regulatory-science-research-programs-conducted-osel/credibility-computational-models-program-research-computational-models-and-simulation-associated?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/media/154985/download


Driving compliance
with confidence

Regulators are continuously requesting:

Process knowledge (not heuristic and 
opportunistic knowledge)
Process implementation based on science and 
data
Implementation of CSA rather than CSV
Continuous Process and Operation Verification
Transparency and explainability
Consistent risk assessment
Explaining the model from an algorithmic 
perspective



Digital twins: 

virtual copies 

managed by AI



The ultimate goal: 
What can you achieve with GMP AI?

AI in action: 
CPV of the Future

Manufacturing of Tomorrow 
Available Today



Control automation for optimal and 
autonomous fermentation governance

Control Strategy
PAT & IoT 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)

http://../resources/CPV-bioreactor-demo.mp4


Applications of AI in 

drug manufacturing



SITUATION
Client experienced a notable, consistent yield decline 
because of unexpected variability in a key product, lasting 
for multiple years of manufacturing.

PROBLEM
Client had already studied probable causes, but with the 
available data and traditional analytical approaches they 
couldn’t figure out how to revert the situation.

CHALLENGES
1. Highly complex manufacturing process spanning 

many weeks to produce a single batch.
2. Low throughput high value product, resulting in 

limited batch data availability.
3. Multiple data silos, spread across validated 

proprietary IT systems.
4. Combinatorial problem → issue did not have a 

single root cause, but arose from multiple unit 
operations and their interactions.

Showcase
Solve the root-cause of persistent yield decline

ROOT CAUSE ANALYSIS

Identify the main manufacturing conditions
that explain the historical yield decline 
for this key product.

Break multiple data silos to do a comprehensive 
root cause analysis, combining batch record 
CPPs, CQAs, IPCs and time-series sensor data.

Execute a workflow of univariate and multi-
variable analytics to determine the key 
contributing factors to yield variability.

Train multiple ML models on all manufacturing 
data to create holistic process understanding, 
ranking insights on impact & criticality.



How a CDMO gained 40%+ efficiency by 
generating automated annual PQR.

SITUATION
With over 350 PQR reports/year per site (and growing), Client 
aimed to automate this process to increase efficiency.

CONTEXT
PQR was performed manually, spending ingent time on 
collecting data from different systems (e.g., Trackwise QMS, 
SAP, several Excel spreadsheets, and historian Aspen21). 

ACTION
Integrated all the data sources in Aizon Unify contextualized 
lakehouse, enabling aggregation of all data, provided real-
time and historical visibility and data contextualization. Client 
increased audit-readiness with automatic generation of 
standard reports, including batch results vs expected 
thresholds, details, changes, deviations, testing and 
conclusions.

AUTOMATED ANNUAL PQR, SELECTED SCREENSHOTS



Improved yield and reduced OOS by enabling 
Continuous Process Optimization.

SITUATION
A large CDMO experienced variations in chemical reactions that 
heavily impacted production, causing fluctuations in yield and quality.

CONTEXT
Difficulties in consolidating data from multiple sources hindered the 
ability to fully understand the reasons behind this variability. Previous 
attempts failed because external data scientists lacked the pharma 
knowledge and results were not easy to industrialize.

ACTION
Centralized data in Unify, integrating real-time sensor and manual 
batch data. Compared batch performance with "Golden" batches, 
then identified key root causes driving deviations by looking at critical 
process parameters correlation with critical quality attributes. Once 
industrialized, scaled from 1 to 3 products in just a week.

BATCH COMPARISON TOOL

GOLDEN BATCH PROFILE TO MONITOR BATCH 
EVOLUTION IN REAL TIME



How a leading CDMO increased throughput & 
reduced cost - “right first time” (90%).

SITUATION
Client could not accurately predict how much substance to 
manually add in the reactor as it is highly dependent on previous 
batches. If the CQA was not achieved the product had to go 
through multiple cycles and delayed production deadlines.

CONTEXT
Client has one “expert” technician that can “guess” the amount of 
material to use. They could only achieve “right first time” ~70% of 
the time. They tried AI modeling but failed to implement given lack 
of expertise and technological limitations. 

ACTION
Leveraged Predict to integrate operator input data and real-time 
process values from the SCADA system to deploy an AI model that 
delivers the exact volume (in Liters) to use in the process. The 
model enabled the most stable campaign in history and led to 
~90% of batches being right first time.

Operator Screen (AI Model results directly to operator)

Setpoint from the prediction 
sent to operators screen

Process Stability Monitored in Real-Time



SITUATION
Recirculations at the ultrafiltration process were burdening 
operational efficiency for a leading Product.

CONTEXT
Almost half of all batches were Right First Time; analyzing the 
process was a challenge because data was well spread 
across disparate sources like Oracle, DeltaV, and GLIMS.

ACTION
We integrated purification line data in Unify to achieve real-
time batch monitoring. Then, used Predict to define the 
optimal CPPs that were affecting target CQA. Once changes 
were implemented, achieved Right First Time for all baches, 
reducing the number of runs by 61%.

How a top biotech achieved Full Right First 
Time as a product standard.

10.1 g/L 10.1 g/L

# of recirculations

C
Q

A
[g

/L
] 

WITH AIZON BEFORE

0 1 2 3

-3%

Goal

-4%

-6%

RECIRCULATION ELIMINATION

61% reduction on the # of runs 



SITUATION
Increased competition and rising COGS were crunching 
profitability for one of Customer’s top selling products.

CONTEXT
Production identified centrifugation step as a key factor to 
recover margins, but improving 97% yield proved daunting.

ACTION
Used Unify’s multidimensional analysis to identify root causes 
across candidate stages (initial hold up volume, harvest 
operation, clarification); leveraged Predict to optimize 
centrifugation operational times, resulting in 1.5%+ increase in 
yield. Ensured cross-factory consistency by implementing a 
real-time monitoring dashboard.

How a top 5 pharma realized $XXM of 
annual savings for a single product and site.

HARVEST OPERATION TIME, ANALYSIS PROCESS

96,7 96,8 96,7 97,3

95,3 95,0 94,7 94,5
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100
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PRODUCT 1 PRODUCT 2

REAL-TIME DASHBOARD MONITORING CROSS-PRODUCT TIMES

51 min
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Initial optimal
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Initial optimal

30
0

200

100

Harvest Operation Time

PRODUCT 1 PRODUCT 2



A leading pharma has
saved $XXXM+ increasing yield and 
stabilizing quality.

SITUATION
Client experienced a notable yield decrease and unexpected 
variability in a key product, heavily impacting their site P&L.

PROBLEM
Client had already studied probable causes, but with the 
available data and traditional analytical approaches they 
couldn’t figure out how to revert the situation.

ACTION
Leveraged Unify to integrate 3Bn+ data from raw materials, CPP, 
CQAs and real-time process values from the SCADA system. Ran 
root-cause analysis on this data to unveil the critical parameter 
impacting the outcomes (55% of variability), and used Predict to 
optimize its value to improve the average yield +4%. 
Industrialized the insights to reap the benefit across multiple 
sites.

Yi
el

d

3 months

+4%

Before Aizon

AVG. YIELD INCREASE VS BASELINE



SITUATION
The CDMO was not able to effectively meet release deadlines and 
noticed release metrics trending in a negative direction for three 
key sites across the U.S. 

CONTEXT
Lack of data management across systems and coordination with 
the various teams involved in batch release was too laborious and 
resulted in many bottlenecks.

ACTION
Aizon Unify to automatically ingest from various silos across three 
sites: product inventory, CPPs, test schedules, complaints, and 
QA/QC data. Contextualization of this data immediately surfaces 
bottlenecks and provides visibility into the full product portfolio in 
terms of batch release status and outstanding actions.

How a top CDMO implemented a multisite 
Batch Release acceleration solution.

BATCH RELEASE / DEVIATION MANAGEMENT



Strategy for a valid 

AI implementation in 

drug manufacturing



What About the Regulations....

https://www.fda.gov/medical-devices/software-medical-device-samd/good-machine-learning-practice-medical-device-development-guiding-principles?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/medical-devices/medical-device-regulatory-science-research-programs-conducted-osel/credibility-computational-models-program-research-computational-models-and-simulation-associated?utm_medium=email&utm_source=govdelivery
https://digital-strategy.ec.europa.eu/en/library/coordinated-plan-artificial-intelligence-2021-review


No, regulators are not holding you back!

…AND THEY WILL REQUIRE IT SOON!

https://www.fda.gov/media/184830/download
https://digital-strategy.ec.europa.eu/en/library/coordinated-plan-artificial-intelligence-2021-review
https://www.fda.gov/media/165743/download


Next guidelines to have in mind

https://www.fda.gov/media/188844/download
https://health.ec.europa.eu/consultations/stakeholders-consultation-eudralex-volume-4-good-manufacturing-practice-guidelines-chapter-4-annex_en


AI/ML Validation

ARTIFACT

URS/SRS

DATA ALGORITHM MODEL MODEL VALIDITY VALIDATION

Data sources Purpose
Intended use

Input feed
Output 
consumption

Expected range 
of confidence

PQ

FS Generic/Ad-hoc
Maths & Statistics
Justification
Inputs/outputs

Accuracy
Performance
Efficiency
Confusion Matrix

0QResults
Format
Model Metadata
Life cycle
Audit

DS Methods 
and scripts
Clean-up and 
preprocessing

Fine tuning
Hyperparameters

Storage
Execution

Fine tuning
Triangulated validity

IQ

Risk
Assessment

Bias
Clean-up criteria
Processing
Automation

Conditioning
Variability 
Complexity
Continuous Learning

Computing and 
storage capabilities
Monitoring
Overfitting/underfitting

Data 
divergence
Data drift

Continuous 
monitoring

DOE
Coverage
Training/testing
Contextualization

Source: AI Empowering Process Analytical Technology and Continued Process Verification in Biotechnology

https://doi.org/10.1089/genbio.2024.0041


AI Model Validation

https://www.biophorum.com/download/implementing-ai-systems-in-regulated-pharma-environments-biophorum/


The World Health Organisation (WHO) has called for innovative 
regulatory practices to reduce the environmental footprint of 
medical products. The Department of Regulation and 
Prequalification in a document entitled “Greener 
pharmaceuticals’ regulatory highway,” also expressed an 
urgent need to drive sustainability in the pharmaceutical sector, 
while maintaining high standards of safety and efficacy.
WHO Assistant Director-General for Access to Medicines and 
Health Products, Dr Yukiko Nakatani, said addressing the 
environmental impact of healthcare products is no longer 
optional but imperative.

https://guardian.ng/features/science/who-seeks-innovative-regulatory-practices-for-greener-pharmaceuticals/
https://guardian.ng/features/science/who-seeks-innovative-regulatory-practices-for-greener-pharmaceuticals/
https://cdn.who.int/media/docs/default-source/medicines/regulatory-updates/call-for-action-greener-pharmaceuticals--regulatory-highway-20241111.pdf?sfvrsn=e92ecac5_4
https://cdn.who.int/media/docs/default-source/medicines/regulatory-updates/call-for-action-greener-pharmaceuticals--regulatory-highway-20241111.pdf?sfvrsn=e92ecac5_4


Risk Assessment and impact on patient access to medicines

Source: efpia



TWF

FFT

The information is in the noise/vibration level and the spectra of that noise

Overall Equipment Effectiveness (OEE)



<26% 

Downtimes OEE > 35%

>35%

After a 6 months using IIoT, cloud and AI, the amount of 
26% unexpected downtimes were reduced, the OEE increased a 35%

Overall Equipment Effectiveness (OEE)



So
lv

en
ts

 &
 R

aw
 M

at
e

ri
al

Reactor 1

Reactor 2

(…)

Reactor n

VOC

Parallel processes Sequential processes

Emissions

VOC, EL & Cooling Process Optimization



>17% 

Energy savings EL >20% x 1h

0

After a 2-month POC, 17% energy savings in the cooling processes,
and no EL incidents (previously several per month)

VOC, EL & Cooling Process Optimization



63

Prescriptive Operator Guidance



64

Creating alarms for human understanding



The Right Drug Manufacturing Supported by AI

Working closely with humans,
full commitment with patients!

THREE COMMANDMENTS
Safety, Efficiency, Quality

ONE REQUIREMENT
Keep the Human 
Healthy

A CURRENT NEED
Speed, accuracy
and fast deployment

Identifying relevant factors

Recognizing patterns

Recommending actions

Detecting anomalies

Predicting deviations

Establishing improvements

Executing repetitive analysis

Simulating processes



The Right Drug Manufacturing Supported by AI

A CURRENT NEED
Speed, accuracy
and fast deployment

Because taking care of the 
biosphere is also taking care of 
the patients of today and 
tomorrow

And a fourth 
Commandment 



Obrigado pelo seu tempo

toni.manzano@aizon.ai
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