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REAL-TIME
MULTIVARIATE STATISTICAL 
PROCESS MONITORING (RT-MSPM)

10 years with RT-MSPM in biopharmaceutical manufacturing using SIMCA-online: The Journey…

CENK ÜNDEY, EXECUTIVE DIRECTOR
CHRIS GARVIN, PRINCIPAL ENGINEER
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DATA IS THE NEW OIL

You need to 
refine it to 
increase its value
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HOW RECEPTIVE IS YOUR COMPANY TO DIGITIZATION? 
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www.DellTechnologies.com/DTIndex

DIGITAL TRANSFORMATION IS UNDERWAY IN OUR INDUSTRY: 
SLOWLY BUT SURELY

A mere 5% of 
organizations have 
been categorized as 
Digital Leaders, the 
same as 2016. 

http://www.delltechnologies.com/DTIndex
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AMGEN’S MISSION 
IS TO SERVE PATIENTS

OPERATIONS:
ENSURE SUPPLY
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Patient Centric, 
Attribute Focused 

Drug Delivery

I
SECTION ONE

Patient Centric, 
Attribute Focused 
Drug DeliveryData & Digital 

Technologies
Partnerships Talent, Infrastructure Biology

First
Progressive 

Manufacturing & Dematerialization

II III IV V VI

DELIVERING INNOVATIVE MEDICINES WITH SPEED AND AGILITY
OUR STRATEGY IS INNOVATION
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POTENTIAL TO INCREASE EFFICIENCIES AND AGILITY OF PROCESS & 
PRODUCT DEVELOPMENT USING DIGITAL PREDICTIVE TECHNOLOGIES

Pre-PT FIH Development Clinical Support
Commercial Process 

Development
Commercial

Advancement
Commercial

Support
Design       |    Qualification  |   Continued Verification 

Planning Patient Centric Robust design
(6 Sigma)

Process and 
Product 

Performance
Management
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Increased data flow, digitalization and predictive computational models used across the product lifecycle
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Variable

N-3_N-2_N-1_N
DModXPS Contribution M5:N

(0010066284:0.0638889 - Average:0.0638889), Weight=RX[4]

SIMCA-Batch On-Line Client 3.3.0.2 - 2010-09-28 14:59:20 (UTC-5) 

First principles 
predictive modeling
(reduced wet exp.)

Predictive modeling 
for QTPP

Cell Line 
Development & 

Selection 
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WHILE WE ARE DECREASING THE FACILITY FOOTPRINTS, DATA 
SIZE IS INCREASING WITH ADVANCED SENSORS

DATA SIZE

PLANT SIZE
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WE TRANSFORM DATA INTO ACTIONABLE INSIGHTS
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MODALITIES

PRODUCTS

BETTER DATA IS GENERATED DAILY: 
“DATA-RICH TO DECISION-SMART”

DATA ~800,000,000 new
data points per day 

Methods &
Technologies 

Computational 
PowerData

• Learn from data across scales, sites, products •
• Decrease variation, potential NCs and experimental effort, increase quality and productivity •
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SIGNIFICANT AMOUNT OF DATA IS GENERATED DURING THE 
MANUFACTURE OF OUR PRODUCTS

> 500
QC Entries

> 2000
Batch Record Entries

> 500 Million
Continuous Data Points
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BEFORE: THE RT-MSPM TRANSFORMATION 

• No real-time statistical monitoring of multiple 
process variables and steps

• Limited capabilities to anticipate/prevent 
issues that could result in NCs and downtime

• Missed opportunities for quickly identifying 
process improvements

• No network-wide remote support for real-time 
process monitoring

We embraced the challenge to address these gaps with a GMP-capable monitoring platform
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TECHNOLOGY ROADMAP:
A STRONG PROCESS MONITORING FOUNDATION

Program focus has been on operationalizing RT-MSPM as 
a GMP system across nearly all Amgen plants

We are evaluating technology and advanced modeling 
approaches to advance along the curve in 2019 and 
beyond
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TODAY: AFTER THE RT-MSPM TRANSFORMATION

A GMP-enabled global platform using multivariate 
statistics to generate real-time process insights from 
large volumes of data at our manufacturing plants Success by the numbers:

- Launched at Amgen 10+ years ago

- Deployed at 14 manufacturing plants

- 1000+ trained users

- 300+ models covering 350+ operations

RT-MSPM has enabled monitoring equipment and process variables to detect weak signals

RT-MPSM is a monitoring platform across our manufacturing network
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RT-MSPM TIMELINE

2003

2007

2008

2009

2010 2014

2016

2018

2013

First use of the tool for
an NPI Tech Transfer

First 
Commercial DP 
Implementation

Completed 
network-wide 
rollout

First cGMP 
instance went 
live at ARI!
 Amgen OE 
Award Winner

 CIO100 
Award in 
Technology 
Innovation in 
Healthcare

eCPV and Data Lake 
connections made for 
advanced monitoring

Offline MSPM 
models 
introduced for 
troubleshooting

Completed a 
pilot in DS MFG 
Upstream
 Amgen OE 
Assessment 
“Best Practice”

Approval to 
implement at 
ARI single-
product DS 
cGMP
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ON THE FLOOR EARLY WINS

Identified a high variability in a 
bioreactor control point in real-
time, replaced flow controller 
and reduced variability in the 

next batch

Real-Time
Perfusion Bioreactor Viability 

Decline (~1sd=3%) was 
investigated and a potential root 
cause was highlighted, quickly 

isolated to a single skid and 
eliminated

RT-MSPM detected pressure 
fluctuations.  Actuator 

assembly on pressure control 
valve was fixed averting a 
contamination in skid and 

eliminated

Predict & PreventBatch-to-Batch
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Be careful what you wish for, you might get it!

• Built a visionary, innovative 
leader sponsorship

• Perseverance
• Business potential with real data
• Organizational agility
• A committed software partner
• C:\>pipe || DOS prompt

ARI 2009: FIRST CGMP IMPLEMENTATION APPROVED

3 people + big dreams, demonstrated:

MSPM Provides Efficient Means of Process Supervision
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Initial total cost of 
ownership (or 

expenditures) is typically 
high in introducing new 

technologies

OPTIMIZING TIME-TO-MARKET IS ESSENTIAL TO CAPTURE VALUE
MANY RT-MSPM TECHNOLOGY SUSTAINMENT OPPORTUNITIES EXISTED AFTER GO-LIVE

* G. Pisano, The Development Factory, HBS Press, 1997.
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Model is loaded to plant server and 
connected to raw data sources

RT-MSPM: HOW IT WORKS

Trained model builder collects 
representative historical data

Multivariate stats are used to go from 
many to few variables for monitoring

Software applies multivariate
algorithm to real-time data for 

monitoring new batches
Trends are viewed live on plant floor 

monitors, individual computers and NOC
Multivariate alarms highlight weak 

signals; users drill into data to explore

   
     

T2Crit(95%) = 13.8868T2Crit(99%) = 31.8575
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RT-MSPM: REALITY – THE CHALLENGES

Resourcing

Expertise

Pressing 
Priorities 

Murphy's 
Law

Procedures
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WHAT DOES IT TAKE? 

• Hardware and software enabled & functional
• Validation and supporting documents in place

The foundation

• On-demand models for relevant products & 
processes

• Optimal alarm strategy
• Exceptional user experience

The experience

• Clear roles and responsibilities
• Support for models and systems
• Feedback mechanisms in place

The people
• Business processes for monitoring, 

responding to signals, and communicating 
findings

• Users are trained and empowered; desired 
behavior is rewarded

The business 
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Value stream mapping and waste reduction exercises led to several significant 
improvements:

CASE #1: LOWERING TOTAL COST OF OWNERSHIP
LEAN PRINCIPLES APPLIED TO PROCEDURES TO IMPROVE MODEL AND SOFTWARE ROLLOUTS

Systems/documents
Consolidated from site-based to global system

Model launch
Removed conservative and unnecessary SOP steps

Software upgrade
Leveraged vendor testing and global structure

Automated modeling
Used Python/SIMCA to reduce manual modeling

7513 documents

2-4 weeks  < 1 day

52 months

Update a model in < 5 minutes
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Program 
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01 Sy stem 
Implementation

02 Sof tware
Feedback, 

Future 
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03 Onsite 
Hardware 04 Training

05 Modeling 
Initial

06 Modeling 
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Shooting

07 Run Support
08 Sy stem 

Trouble 
Shooting

09 KPI 
Reporting

10 Observ ation 
Reporting
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(1x per plant)
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CASE #2: A CONCIERGE SERVICE FOR EVERY PLANT 
LIAISON PROGRAM INTRODUCED TO IMPROVE ENGAGEMENT, COMMUNICATION, AND SERVICE

Structure put in place to ensure 
strong connection between 
program team and local plant 
teams/users, and to empower
plant staff to take program 
ownership



30

*A. Tulsyan, C. Garvin, C. Undey, “Advances in industrial biopharmaceutical batch process monitoring: 
Machine‐learning methods for small data problems,” Biotechnology and Bioengineering, 2018;115:1915-1924.

CASE #3: IMPROVING MODEL COVERAGE
USING A MACHINE LEARNING APPROACH TO ADDRESS THE SMALL DATA PROBLEM 
FOR TECH TRANSFERS

Hardware Software
Med-NLow-N Large-N

Real data In Silico data

Generate 
data in silico 

“Intelligently” 
scale-up sending 

site data

Time-variant scaling 
to expected data 

trajectory at 
destination site

Sending site Receiving site



RT-MSPM 
@Amgen

How we engage with Sartorius

Shared goals to drive both companies’ 
visions
• Amgen-conducted POCs will help test 

next generation of software

Increased transparency
• Site visits (ARI, ATO, ADL) have led to 

improved understanding of customers

Re-initiated Sartorius product-focused 
meetings with key Amgen users
• Has led to collaboration on prescriptive 

maintenance application

Customer Advisory Board participation

Next-Gen 
Platform POCs

Training
Stakeholder 
Engagement

Model 
Coverage

Program 
Advancement

User Experience 
Improvement

Transparency 

Software Evaluation 
and Feedback

Strategy/Roadmap
Alignment

CASE #4: FORMALIZING A RELATIONSHIP
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PLATFORM IS PRIMED FOR FURTHER ADVANCES 
IN 2019 AND BEYOND

RT-MSPM platform is lean and 
efficient

We have driven significant growth 
of users and models

Relationships have been 
established with key users and 
vendor; staff are empowered to 
contribute

New model deployment in minutes
Automated model updates
Rapid response to user needs

Nearly 1000 users (+25% in past year)
and 350 models (+70% in past year)

‘Liaison’ program implemented to 
improve program-to-plant support, 
communication, and feedback loops; 
Sartorius SRE pillar established
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Simplify, digitalize and 
digitally integrate

De-materialize: Miniaturize, 
virtualize, smart and wireless 
sensors

Advance predictive 
technologies and AI (including 

intelligent robotics, AR)

Invest in talent: Acquire and 
develop new skills

MANUFACTURING 4.0 STRATEGY 
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TECHNOLOGY ROADMAP:
A STRONG PROCESS MONITORING FOUNDATION

Program focus has been on operationalizing RT-MSPM as 
a GMP system across nearly all Amgen plants

We are evaluating technology and advanced modeling 
approaches to advance along the curve in 2019 and 
beyond



36

THE FUTURE - EXAMPLE #1
OPEN-LOOP CONTROL WITH HUMAN INVOLVEMENT – SMART RECOMMENDATIONS

       
        

 

Real-time model detects an 
atypical multivariate signal during 

bioreactor operation

Cognitive computing algorithm 
searches company-wide historical 

data for similar patterns and 
context

“Smart” recommendation 
provided to decision-maker, 
who determines next steps

Action is taken as needed 
by manufacturing staff
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Raw materials Seed reactor Production reactor Column 1 Column 2 Bulk DS

Real-time final yield prediction
Model inputs (batch conditions)

Instructions to process equipment to optimize yield 
(loop continues throughout process)

THE FUTURE - EXAMPLE #2
CLOSED-LOOP CONTROL WITH FULL AUTOMATION



38

This is a sample text. 
Insert your desired text 
here. 

This is a sample text. 
Insert your desired text 
here. 

WE LOOK TO SARTORIUS FOR…

Flexible, open 
platform

Excellent and 
configurable UI 

Improved KM, 
intelligent alarming 

and recommendations 
to users

Easy to implement 
our own adaptive, 

ML and first 
principles models

Fit for our IIoT 
framework and  
seamless integration of 
advanced sensors and 
PAT 

Integration with 
control systems

Integration 
with AR

Easy to develop, deploy and 
sustain multi-block, 
hierarchical models

Explore beyond 
traditional 
monitoring
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RT-MSPM provides 
staff with process 

knowledge where and 
when they need it.

SIMCA is engrained in 
our plant culture. I set 
the expectation that 

we use it as part of our 
daily routine.

This is a really 
powerful tool that 
allows us to better 

understand our 
processes.

RT-MSPM is 
aligned with our 

vision of the 
manufacturing 

plant of the 
future.

WHAT SUCCESS SOUNDS LIKE

Manufacturing staff to VPs regularly use RT-MSPM to monitor operations and make informed decisions
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WHAT SUCCESS LOOKS LIKE

Saved batches

Yield increases

o Contamination avoidance in bioreactors
o Early detection of Lyophilizer heater failure before product intro
o UF/DF leak detection
o Bioreactor vent heater failure early detection

o Titer increase due to bioreactor seeding density optimization
o Titer increase due to induction timing optimization
o Optimizing batch production output while minimizing PQ risk

Efficiency gains
o Quick troubleshooting of mfg issues in real-time 
o Faster NC resolution due to ease of access to data and ability to 

compare to historical batches
o Downtime avoidance on filling line due to detection of 

equipment issue during decontamination cycle
o Tech transfer support
o Preventive/condition-based maintenance

Ty
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Monitoring in ASM with ATO data
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SUCCESS IS A PARTNERSHIP…

STRATEGY

PROCESS

SKILLS

TECHNOLOGY
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CONTACT US

CENK ÜNDEY
Executive Director, Amgen
Thousand Oaks, California, USA
T: 805.447.0955 ● E: cundey@amgen.com

CHRIS GARVIN
Principal Engineer, Amgen

West Greenwich, Rhode Island, USA
T: 805.447.9617 ● E: garvinc@amgen.com
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