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Data in context: The high in Boston for the next two days is 

15 ºF

Information in context: The next two days of January are 5 

degrees colder compared to 2019

Application of knowledge in context: I need to wear my winter coat when I 

walk the dog, brrrr……

15 ºF

The Pyramid
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Overview

http://www.bing.com/images/search?q=Folder&view=detailv2&&id=D773C44153A6E38E1AF563A912251807DEAC71CD&selectedIndex=1&ccid=lkeKd/Ow&simid=608019773759292152&thid=OIP.M96478a77f3b005da780bd53a160de629H0
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Challenges

Searching & 
Reporting

Unstructured 
Data

Data 
Sharing

Data 
Integrity

Extracting 
value from 

data
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Data challenges increase as you go up… 
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Data is our fundamental asset..

…We must utilize it to make informed decisions

But first…

….We need it to be easily accessible and 

consumable
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Instrument & 

data 

processing 

software

Electronic 

Lab 

Notebooks

External 

Data

Sample, 

results and 

inventory 

mgmt

Analytics
Data 

visualization
Searching Reporting

Data Connectivity
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To build a 

successful data 

management 

strategy, we must 

understand our 

processes, data 

inputs/outputs, 

and systems. 

ONTOLOGY
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An established ontology is the foundation of any 

data strategy
Ontology

Taxonomy

Vocabulary
/Glossary 
of terms

Machine readable & Findable Accessible Interoperable Reusable

Proteins Diseases

Proteins Diseases
Proteins Diseases

is a

has a
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Structured Authoring: 

Recipe Driven Development & Qualification (RDQ)
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Opportunity

• Disparate experiment, data 

and reporting systems

• Lack of standardized 

approach to qualification

• No easy access to 

qualification data

• Manual execution of 

method steps

http://www.bing.com/images/search?q=Folder&view=detailv2&&id=D773C44153A6E38E1AF563A912251807DEAC71CD&selectedIndex=1&ccid=lkeKd/Ow&simid=608019773759292152&thid=OIP.M96478a77f3b005da780bd53a160de629H0
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Vision: Recipe driven approach

Template enabling a systematic approach to qualification 

while optimizing user interaction and method execution

Planning

Execution

Reporting

Standardized nomenclature model promotes consistency

Data Warehouse: 

Development & 

Qualification data
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• Purity & heterogeneity

• Separation based on molecular weight and hydrodynamic radius

• Platform release method 

Overview: Capillary Electrophoresis - Sodium 

Dodecyl Sulfate (CE-SDS)
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Automated Report Generation:

ICH Q2(R1)

o Accuracy

o Precision (Repeatability, 

Intermediate Precision)

o Specificity

o Detection Limit

o Quantitation Limit

o Linearity

o Range

Structured Database

Data analytics and visualization

New program

Automated result entry 

- LIMS

Easy searching and accessibility to data

The RDQ Framework

Sample Prep Instrument/run 

setup

Experiment Design Data analysis

E
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t

Requires an ontology to 

sustain & scale
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✓ This framework enables a systematic & standardized approach to 

qualification while optimizing user interaction and method execution

✓ Successful proof-of-concept with CE-SDS helped us realize efficiency gains 

of up to 66%

Impact of the RDQ framework
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Monitor key attributes from multiple qualification 

experiments across multiple programs

%
 T
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Heating Time (min)

Product A

Product B
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Automated Report Generation

Experiment

Report
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Utilizing data analytics to enable swift and informed 

decisions: Optimizing the Clone Selection process
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Cell Line Development & Analytical Testing Strategy

Pool Assessment, 
Enrichment & 
Cloning

•20-40 pools

•High Titer

Clone Assessment

•600-1000 clones

Ambr Clone 
Screening

•Top 24 clones

Banking

•Master cell bank of 
lead clone

▪ Sequence variants

▪ Glycoforms

▪ Post-translational 

modifications

▪ Charge variants

▪ Purity & impurities

• Molecule-dependent

• Cell line-dependent

• Process-dependent

Product Quality (PQ) monitoring
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Understanding and Mapping the Process

Chem Assay Team -  Generic HPLC Assay Process
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.csv 
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Historical Data for 4 mAbs were Analyzed

Measures of Dispersion

IQR = Q3 – Q1

MADM = 𝑚𝑒𝑑𝑖𝑎𝑛 𝑥𝑖 −𝑚𝑒𝑑𝑖𝑎𝑛 𝑥
Standard Deviation (σ)

CV = 
𝜎

𝜇

IQR correlated to MADM (R2>0.8)

CV is scale invariant and skews high for 

sets with lower mean values

IQR, SD were used for analyses
High IQR

High SD

mAb1

mAb2

mAb3

mAb4

• Assay data with higher IQR or SD indicate greater variability of the quality attribute (QA) tested (provided that 

assay itself has low variability)

• Higher variability QAs are valuable as they provide stronger differentiation of cell lines during screening



Biogen | Confidential and Proprietary 23

0

2

4

6

8

10

0 5 10

SD

IQR

0

2

4

6

8

10

12

14

16

18

20

0 2 4 6 8 10 12 14 16 18 20

SD

IQR

Total HMW (%)

Total LMW (%)

Total** impurity%

Basic Variant

Main Variant

Acidic Variant (SUM)

Total afucsose

Total fucosylation

Total HM

Total sialylated forms

Total charged glycans

%Gal

Assessment of Product Quality Results

PQs with the 

highest IQR or SD:

1. %Gal

2. %Acidic variant

3. %Main variant

4. %Purity

5. %Afucosylation

6. %Sialylation 

% purity

%Gal

• Data from top 36 clones were analyzed from 4 mAbs

• Assays located in the top right quadrant (N-glycan, GXII 

charge variant) provide more data for clone rejection than 

those in the bottom left (e.g. SEC)



Biogen | Confidential and Proprietary 24

Outcome

✓ Eliminated 2 of 6 assays needed to inform clone selection

✓ Enabled quicker selection of optimal clones

Requires an ontology to 

sustain & scale

▪ Automate selection process

▪ Predict top clones
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• Process mapping and understanding is a key first step in establishing a data & 

knowledge management strategy

• Ontologies are critical in ensuring a sustainable or scalable strategy

• Agile and well scoped projects allow us to easily demonstrate value of harnessing our 

data, paving the way for an enterprise level initiative

Conclusion
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• Establish and apply an ontology across our drug development process

• Utilize our data to continue growing our process knowledge and understanding

• Apply the recipe driven approach to our analytical methods and other outputs

• Align with initiatives within industry (E.g.: Knowledge-aided Assessment and 

Structured Applications (KASA) led by the FDA, Industry 4.0)

Recipe-driven filings & marketing applications!

Preparing for the Future
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THANK YOU! 

QUESTIONS? 
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BACKUP
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Database
Standardized and automated capture of 

critical aspects of the experiments 

❖ Sample

❖ Results

❖ Materials

❖ Controls

❖ Instrument parameters

Track attributes across phases of 

development & multiple programs 

enabling data-driven insights and 

decisions

Cloud-based development of robust search 

capabilities enabling easy accessibility to 

data & easy sharing of data with our 

stakeholders (Quality etc.)

Experiment

Study

Conditi
on

Sample

• Result

• Unit

Material

Lot

Vendor

Expiry

Instrum
ent

Control



Biogen | Confidential and Proprietary 31

Modeling Philosophy

Modeling activities are tied to the knowledge continuum, hence just like knowledge, process models and 

applicability within (and outside) the automation architecture will evolve with time and experience. 

Causal and Mechanistic Prescriptive

Advanced Process Control (RT-
Optimization and FDC)

Causal Predictive (Feedback, 
Feedforward Control) and OC-action

Correlative 

Proof of Concept, Investigations and 
PCM with no Control

Descriptive

Investigations

Modeling Continuum and Automation
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Knowledge Continuum

ISA S95, L 0-3

ISA S95, L2  

ISA S95, L2  

Adapted from Dr. Ajaz S. Hussain, 5thEGA Symposium on Biosimilars, London

Biopharmaceutical Process Model Evolution- Enabling Process Knowledge Continuum from an Advanced Process Control Perspective

Romero-Torres et.al. 

American Pharmaceutical Review
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FDA PAT Guidance
“Comprehensive statistical and risk analyses of the process are

generally necessary to assess the reliability of predictive

mathematical relationships. Based on the estimated risk, a simple

correlation function may need further support or justification,

such as a mechanistic explanation of causal links among the

process, material measurements, and target quality

specifications.”

USP 40 1039
“The underlying rationale for variable selection in chemometrics is

twofold. First, certain predictor variables could be irrelevant to the

intended purpose, and ideally, these variables should be minimized or

removed from the model. For example, only specific wavelengths of the

whole range generated by the spectrometer may bear information

relevant to the variation in levels of the response variable. Variable

selection for this purpose should be based on first principles and

experience. Inclusion of unrelated predictors, such as irrelevant spectral

regions, could potentially degrade performance of the model. A smaller

number of variables from the preprocessed data can be used to achieve

superior performance, such as accuracy, precision, and robustness.”

Modeling Regulatory Expectations

ICH Q11
“A scientifically justified model can enable a prediction of quality,

and can be used to support the extrapolation of operating

conditions across multiple scales and equipment.”

✓ A data-driven approach alone (without any 

scientific knowledge) is not apt for process 

control or quality related decisions

Risk ∝1/Knowledge

Saly Romero-Torres et al. 
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Objectives

Establish..
templated platforms 

standardizing our 

practices enabling 

faster cycle times for 

new programs without 

compromising data 

quality (especially 

partner programs)

Enable..
easy accessibility to 

development and 

qualification data

Automate…
generation of 

qualification reports 

reducing analyst time by 

~70%

Optimize…
execution of methods via 

automation tools 

promoting effective 

transfers to results 

generation 
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CE-SDS Qualification Workflow: Experiment 

Design and Execution

Automation of reagent, sample prep & sample transfer reduced overall manual tasks by ~50%


