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= HPLC/UPLC Technology
- Define: Speed/Sensitivity/Resolution
- What does this all mean?
- What is the impact?

Online UPLC
- How does it work?
— What problem does it solve?
- What is the impact?
= Case Study #1
o Solving for time

- Yield/Efficiency/Productivity

= Case Study #2
— Process/Product Monitoring
Is the process under control?

« Is the product good?
= Case Study #3
— More tools & capability
— Close loop connection & communication
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Speed - Timeliness of Information THE SCIENCE OF WHAT'S POSSIBLE.
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Sensitivity — allowing for lower levels of detection THE SCIENCE OF WHAT'S POSSIBLES

Minntace
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Resolution ...more information, & higher quality data Wo’rers
= better & faster decision making THE SCIENCE OF WHAT’S POSSIBLE.

- High Resolution Peptide Mapping 100 pmol:
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MIT St“dy — waiting fOr QC TESting THE SCIENCE OF WHAT’S POSSIBLE.

OVERALL CYCLE TIMES:
QC TESTING TIMES ARE SIGNIFICANT

Overall Cycle Time Components 3 Days to Process

_ _ _ _ | > 20 Days waiting
| for results

Need to solve
the problem
for time

M Process Times
B QC Testing Times

A B C D E F
PROCESS CASE STUDY

G.K. Raju, MIT PHARMI, Pharmaceutical Manufacturing: New Technology Opportunities, presentation at USFDA 16M0V01
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How to Move Liquid Chromatography Waters
into Process Monitoring THE SCIENCE OF WHAT'S POSSIBLE!

GKA Analytik

Definition

Or. oo nalf, OXAS

http://www.analyticjournal.de/glossar_beitraege_einzeln/pa_monitoring.html
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How does the PATROL UPLC Online System
Work?
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Process Sample Manager (PSM):
Pumps and Valves

100 pL Sample
Pump: moves the
sample in and out
of the injection
needle

200 pL Dilution
Pump: works
with the Sample
Pump to deliver
a diluted sample
to the injection
valve

©2016 Waters Corporation

250 pL Process Pump:
pulls sample from the
“process” into the PSM

Sample Valve: directs the
movement of the process sample
to waste or to fill the needle

1000 psi Pressure
Transducers for pumps

Priming Valve used
with both the Sample
and Dilution Pumps

R
Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

ACQUITY UPLC 15 kpsi
Fixed Loop Injection
Valve

Process Valve used
with the Process
Pump (acts as the
check valve for the
Process Pump)
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Transducer

eedle
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Waste

Needle is seated into the Injection
Tower = “INJECT PORT Bottom”
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Case Study #1

Workflow & Process Time
Impact
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PAT Assay Business Process

Time is the rate limiting step!

Deliver .
sample to Log-in Dilute Perform
Lab Wait | sample Wait sample Wait | analysis Wait
Step 2
Step1 Step 3 Step 4
Log sample Instrument The PAT solution streamlines the
into PAT No Wai Perf .
nstrument || andwansters | @SS@Y process using robust SPV results
resulttoLMS | yafidated automation. Step 3
Steps 1 & 2 Steps 3-7
No Wait
Record result .
onticket | Wait result. to | Wait System  Wait into LIMS Wait
< operations [< Result entry |« System  [*
Step 9
Step 8 Step 7 Step 6

Genetic Engineering News March 10, 2010
Key Collaborator
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Downstream Process
Biopharmaceutical Purity Analysis THE SCIENCE OF WHAT'S POSSIBLE

HPLC Analysis
= 40 minute chromatography 9 Steps 80 Minutes
= 160L reprocessed at minimum
= Final recovery after reprocessing

COLLECT

REPROCESS

L C RN

12 hours |
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Downstream Process Woaters
Biopharmaceutical Purity Analysis THE SCIENCE OF WHAT'S POSSIBLE!
HPLC Analysis UPLC Analysis
= 40 minute chromatography = 3.5 minute chromatography

= 160L reprocessed at minimum = No reprocessing required

= Final recovery after reprocessing

) 4 Steps 5 Minutes
9 Steps 80 Minutes

> Yield

— L
Er——

12 hours
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Case Study #2 - Part 1

Small Molecule
Monitoring the Process and Product
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Process issue - timeliness of understanding Waters
and fix (hours not days!!! THE SCIENCE OF WHAT'S POSSIBLE?

On-line HPLC Process Control

Investigation into higher than expected impurity formation indicated hydrolysis of starting material within the
process pump. Process pump cycle times were plotted vs. on-line HPLC data correlating observed area % of
impurity with pump cycle times.
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e
Reaction Characterization

On-line HPLC enables real time changes to process parameters to characterize reactions
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PATrol for Monitoring Continuous Woaters
Thermal Tube Reactors — Steady THE SCIENCE OF WHAT’S POSSIBLES?
State

Chiral Purity at Steady State
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Case Study #2 - Part 2

Small Molecule
Offline Vs Online Results
Reliability & Robustness

Impact
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A Product
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A Flow-Enabled Ir-Catalyzed
Reductive Amination
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2523800
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» 24 days of continuous operation in a 380L plug flow
tube reactor design in manufacturing.
»0Online HPLC used to monitor the reaction

»2 MT of 2524875 produced
»Crude profile shows 0.3-0.5% cis

»>95% yield; >99.6% purity with 0.2% cis

» Superior safety profile vs. batch STAB reaction
»Runs as a low risk operation
»Avoids storage and handling of STAB Material Comparison in Req. Stab.
»All Hydrogen is kept outside of the building . Campaign

083 kg STAB vs
1.1 kg Ir catalyst and 1.2 kg TBAI m
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Case Study #3

Tools for Large Molecule
Closed loop communications & control
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Expanding Large Molecule PAT Toolkit
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SIMCA-OnLine

Fa¥ 5ipAT

Toolkit

ELISA &
Sensors

NanoChip™ \
SENSOR
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lon Exchange Protein A Affinity
Charge variants Concentration

Reverse Phase : ' Size Exclusion
Purity, Aggregation,
Concentration Concentration

A""‘" € MERCK

Be well
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UPLC Empower 3 Data Freedom STEN

THE BIIINOL OF WA PO L

Command to resample (if needed)

o

UPLC Empower 3 SIPAT - Data fisfonian

-Collects Online Samples from §
Process
-CQAs Data

| - Aligns data with UPLC
Time of Sampling

- Analyzes data for
decision making

Sample

Process Control

Contacts: Maria Khouzam é Public e MERCIK

or Doug Richardson B welf
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= Advances in separations technology allows for the expansion of
tools in the Process space

= The increase in the amount of higher quality data available
provides greater process understanding and knowledge about
the process.
= The impact provides the business the following ways:
- Higher yields
— Faster ROI'’s
o> Raw materials costs
o Personnel reduction
o Space reduction
o Utilization increases
= Expanded capabilities

» Closed Loop Communications & Control
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