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Introduction

The Fusion QbD Software Platform (Fusion QbDe) has been used in the Pharmaceutical Industry
for over 10 years. Analytical R&D customers have successfully applied the Fusion LC Method
Development module (FMD) and the Fusion Method Validation module (FMV) to develop,
optimize, qualify, and formally validate LC methods according to QbD guidelines. The software
has been used successfully for a wide variety of sample types, including small molecules,
peptides, proteins, and nucleotides, and supports a wide range of chromatographic techniques for
these samples, including reversed phase, normal phase, ion exchange, HILIC and Chiral
separations. Analytical R&D customers also gain dramatic increases in efficiency using the
Fusion Product Development module (FPD) to develop robust Non-LC methods such as GC, CE,
MS, and Dissolution. In QC the Fusion Inhaler Testing module (FIT) is saving customers many

times the software’s initial cost every year.

The following pages present some of the many public examples of customer successes achieved
using Fusion QbD. In every case:
e Fusion QbD always dramatically improved method performance.

e Fusion QbD always profoundly reduces the development and validation timeline.

[Note that in some cases herein the platform is referred to as “Fusion AE” — this is the previous product
name for Fusion QbD.]

LFusion QbD — Customer ROl Benchmarking J

LC Method Development —
Realized Time Savings > 70%.

Analyst Hands-On Time Comparison

Experimental Design
and Method Creation |

Chromatagram Integration
and Data Analysis

Report. Generation

Total Time
i 2 -
0 10 20 30 a0 50
Hours Required

Example Customer Statements:

The Fusion QbD software is
such an excellent tool, and
has helped us streamline
our method development
to about 70% timesaving.

Adcock Ingram:

Baxter Healthcare: 78% savings using Fusion
QbD. The developed
methods are rugged and

LC Method Validation —
Realized Time Savings = 85%.

Minimum Expected Savings per
Project = 60%*

% Time Spent per Method Validation Activity
60

50 | m Fusion GbD' ‘
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;1 40 ‘ [
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SPLPrep & DataAnalysis Research
Seq. Setup & Stats Report
Creation
Activity

- Aaverage 2.5 FTE equivalent years spent in
method validation support work over 10 year life
span of drug.

ﬁ robust!
« S-Matrix
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Amgen, Inc.

Large Molecule — used for both early chemistry system screening and method optimization with
integrated robustness. Successful development and transfer of multiple methods. Method
robustness proven on transfer to QC.

¢ Internal benchmarking showed profound reduction in method development time with far
superior results over other approaches.

ACS 2015:  Book Chapter on mAbs — all work done using Fusion QbD.

State-of-the-Art and Emerging Technologies for Therapeutic Monoclonal
Antibody Characterization Volume 2. Biopharmaceutical Characterization:
The NISTmADb Case Study.

Editors: John Schiel, Darryl Davis, Oleg Borisov, Copyright © 2015 American Chemical Society

http://www.nist.gov/mml/bmd/nist-mab.cfm

Separation Methods and Orthogonal Techniques
http://pubs.acs.org/doi/abs/10.1021/bk-2015-1201.ch005

BPI1 2013: BioProcess International Meeting — Fusion AE Evaluation: A QbD
Approach to Method Development and Robustness Studies (SEC-LC and
CEX-LC)
Fusion AE System Evaluation: Conclusions
Advantages:
Fast approach to method development/test method robustness evaluations
S-Matrix Comment: . Automated- Set up design and walk away

n Establish knowledge base of variable interactions
This statement ¢

presents a strategic
reason for why Fusion

Experiments performed following DOE and QbD principles-improvement over One-
Factor-at-a time analytical method development approach

Visual results for variable interactions and robustness studies

QbD was adopted —

the Analytical R&D . Visual results of operating space

community previously - Generates statistical results to assess method robustness
rejected a general Disadvantages:

statistics package as

too complex for use . New software to learn

as a strategic +  Software/hardware costs

analytical method

development tool. - Chromatographers generally are unwilling to become statisticians!

32
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Baxter

Baxter Healthcare, Inc.

Key ongoing results of using Fusion QbD:
e Used for early chemistry screening and method optimization with integrated robustness.

e Successful development and transfer of nine (9) methods in a 2-year period. Method
robustness proven on transfer to QC.

No method performance problems from any of these methods.

Pittcon 2015:  (Organized Session) — A review of applying QbD concepts for analytical
development for Pharmaceutical Drug Products

BEXter —

Recent Initiatives by FDA and Compendia: How do

They Impact Analytical Development for

Pharmaceuticals? A review of applying QbD concepts for analytical
development for pharmaceutical drug products

Session 1660, March 11, 2015
Moderator: Shreekant Karmarkar, Ph.D., Baxter PITTCON 2015: Organized Session

Healthcare, Round Lake, IL 60073 Shreekant Karmarkar, Ph.D,
Baxter Healthcare, Round Lake, IL 60073

QbD Approaches can be implemented for Analytical Baxter Optimized HPLC methad: Both problems solved! Baxter
Development

Constant peak D retention time! |K.0I|mr| ot-to-lot variability minimized| |

| D0E based method optimization is part of averall GBOI |

DOE based method development: Right thing to do! Baxter

¥ Considerable saving in time and, therefore, money:
m Traditional approach: 3 months (about 14 weeks) to develop a method
= DOE approach: 3 weeks
w Total cost reduced from about 560,000 to $13,000 = about 78% savings!
¥ The developed methods are rugged and robust!
¥ The automated process (Transferring sequences from Fusion ObD to Empower and result sets
from Empower to Fusion QbD) helps in minimizing errors
¥ The DOE based software can be adopted to non-chromatographic methods, e.g., ICP-OES
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~\ Boehringer
|"|I Ingelheim

Boehringer-Ingelheim, Inc.

Pittcon 2012: QbD Approach to Rapid LC Method Development for Pharmaceuticals
Using Automated Screening and Design of Experiments

Total Time to Develop using Fusion QbD ~ 30 Hours.

= Boehringer
||||\ Ingelheim

Overcoming QbD Method Development Challenges

Manual LC QbD
* Software 1 - Generate DOE

+ Software 2 - Write the instrument methods and sequences
= Software 3 - Graph data to study how method parameters interact [ 2to & weeks
+ Manual - Select final method conditions

Quality by Design {QbD) Approach to Rapid LC Method
Development for Pharmaceuticals Using Automated
Screening and Design of Experiments (DOE)

Catharine Johnson and Shaun Mendonsa

g::Ir:.rlilvcv:L?;::tlalur?errr:nl’thalmaoeuﬂcals, Ridgefield, CT AutomatesIGODT]
Pittcon 2012, Orlando, FL * Software 1 - LC Specific - Fusion AE (S-Matrix Corp, Eureka, CA)
* Generate DOE
« Translate DOE to LC methods and sequences. e—— 2to 4 days

= Graph method parameters for visualization
+ Sort chromatographic data
* Select and test final method

™\ Boehringer
I|||I Ingelheim

‘Qualityby Besipn (0bD) Aporcach it for Automated Sreening and Design 28 March 2012
i [

Verify Predicted Final Method i) Poeirineer Total QbD LC Method Development Time with Automation (i) hoeanmee"
QbD Method Development Task Time (Hours)
Ensure target performance profile and performance criteria are met Generate DOE screening design: 0.5
s Multiple columns, pHs and gradient conditions

Export design to Empower (CDS) and execute screening exp 15 (unattended)

BEH Shield API I ks and call § Its to Fusi

pH 2.0 \ megrale peaks ani automatical ylrans er results to Fusion 0.5

Final Organic15-95% View automatically generated 2D and 3D surface plots to study critical 0.5

0.45 mi/min Critical Pair (RS

34°C Impurity A : Sort results and find general conditions that meet method objectives 0.5

The method is specific for \ Perform fine optimization 0.5
. |
Impurity A, at 0.1% and . Export design to Empower (CDS) and execute optimization exp 9.0 (unattended)
wr - above . i Fast run time
[T S S | Integrate peaks and automatically transfer results to Fusion 0.5

Assess chromatographic performance characteristics: Automatically 2.0
compute and visualize factors affecting method robustness, select

. N final methol
Commmmmen otal QbD method development (not counting sample/buffer prep) ~30 hrs

2 March 2012 tyby taeto D P ' an: Design 2 arch 2012
16 of Exporiments (DOE) - catharine johnson@boshringer-ingeneim.cam 1

Queny o o
ofExperiments (D0F) - sthasene gahrsor @ioshinger-ngelher.com

= Boehringer
QbD Summary Y 1ngelneim

- 2 Boehringer
Conclusions CIlD Ingclhcifn

+ QFAT approach to LC method development: Automated QbD Results in:
Does not provide a true understanding of the method
May not provide true optimum method
Lengthy process =+ High quality robust methods

* Fast development
* QbD approach .
Determines how parameters interact
Leads to a defendable, robust LC method = QbD LC method development can be performed by analysts with minimal
statistical knowledge

Meaningful SST criteria

= QbD LC automation is key!
+ LC specific QbD software (i.e. Fusion AE)

2 March 2012 " " 28 March 2012
18 20

- Methed
of Experiments (DOE) - catharine johnson@bochringer-ingelncim zom oF Expsrimerts (DOE) - cathrine.jobnson@heeringer-ing=cim com
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Cambridge Isotope Laboratories, Inc.

Key ongoing results of using Fusion QbD:
e 100% ROI achieved almost immediately.

e Consistently achieves a minimum of 70% reduction in time to develop and validate
methods.

e Enables standardized approach to method validation across instrument platforms.

e Dramatically reduces risk and enhanced productivity by eliminating most sources of
transcription, calculation, and reporting errors.

Consistently achieve at least 70% time reduction to develop & validate methods.

Pittcon 2014:  Use Fusion QbD as a platform-neutral tool in the validation and
development of analytical methods for Quantitative NMR, HPLC, and
GC/MS

Speaker: Tim Eckersley, PhD., Director of Quality Control, Cambridge Isotope Laboratories, Inc.

Use of the Fusion Software as a Platform Neutral Tool in the Validation of Analytical Methods Use of the Fusion Software as a Platform Neutral Tool in the Validation of Analytical Methods

The Validation Module Provides Summary Report Data That
Challenges: Satisfies Regulatory Requirements

- Wide Range of Products * The design interface provides for ease of use

* Diverse Methods * Builds operator confidence and familiarity

+ Different Analytical Platforms

Il Turn—Ariund Tiines = Allows the development of a template for validation work
« High Development and Validation Costs « This all results in rapid turnaround

« Cost of validation is predictable and controlled

N
CIL  cambricge Isatope Labaratories, Inc, | wwwisotope,com
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Eli Lilly and Company, Inc., Elanco Division

Pittcon 2015: A Perfect Storm of Technologies Drives QbD-aligned LC Method
Development (Authorized Use of Lilly Data for QbD Case Study)

e Natural Product: 14 Compounds — 2 APIs, 11 related impurities, and 1 process impurity

¢ Image A Chromatogram — no usable result after a 6 month effort using trial and error.

¢ Image B Chromatogram — result 3 days development using Fusion QbD.

Image A — 6 Months Trial and Error Image B — 3 Days using Fusion QbD
E !
s . i
e . “ ‘
I
wb U - N ; 1.t oA 3| || || |, i
R Rt gt g g bt A b it

Uptss

Pittcon 2014: Pursuing the “Perfect” Method Using Quality by Design

e Natural Product: 10 Compounds — API, Intermediates, Reactants, Degradants

e Generic Method for Potency Assay, Impurities Assay, and In-process Control.
Total Time to Develop using Fusion QbD - 30 Hours.

QbD-aligned Development of a UHPLC Method for API Potency & Impurities Analysis

and In-process Control E’GHCO
S vieion of %'ZZI
Joseph Turpin, Eli Lilly and Company Inc., Elanco Animal Health Sciences Division; Richard Verseput, S-Matrix Corporation a divisten o
RESULTS
sion lodels

PH (2.0 3.0) and Geadkent Time (9.0 — 13,0} - see graph above. These
o  robust

udy parameters tindepeadent sdditv:
sl method performascs sesults (C

Predicted undd Qlisers cel esults

i settings for

Oven Temp. = $2.0°C

s the Tusion Qb1 trelis gruphs at right show, braa robust safe operating ranges are identified for all st

exoeeds all pefOImiLoe WquirEmants.
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U.S. Food and Drug Administration
Division of Pharmaceutical Analysis

FOA

FDA

IFPAC 2015:
Robustness

Screening and Optimization Designs to Improve Method Performance and

o Initial Effort: 3 months using trial and error. No acceptable results.

e Fusion QbD: First overnight screen separated Sildenafil and all 5 analogs.

1 week from start to final method.

Q U.S. Food and Drug Administration www.fila.gov
Protecting and Promoting Public Health

Screening and Optimization Designs
to Improve Method Performance and
Robustness

John F. Kauffman, Ph.D.
Daniel I. Mans, Ph.D.
FDA Division of Pharmaceutical Analysis

TIFPAC 2015

Disclaimer:
The findings and conclusions in this presentation have not been formally disseminated by the Food and Drug
Administration and should not be construed to represent any Agency determination or policy. 1

ﬁ U.5. Food and Drug Administration www.fda.gov
Ir| Protecting and Promoting Public Health

Starting Point: USP Method for Sildenafil
B I |« Isocratic: 57/28/15
Buffer/Methanel/CH;CN
(Buffer = Phosphoric acid,
pH 3 with triethylamine)

¥

« CIl8 column
‘ « 30°C

{ , * Poorly separated:
H 6 compounds = 3 peaks

BSEEENYEEIYNLOEALIETES

zeppsBFd

IEREREEEEEETNTEEEEREEEERE]
Yo

ERYRT etandbuin Admtstralon AR
Research Problem Statement

* FDA will develop a method using the QbD
paradigm, and transfer the method to an EMA
lab.

— Begin with a harmonized compendial method and
apply QbD concepts to improve the method

— Mecthod: HPLC analysis of sildenafil and
analogues of sildenafil

ﬁ U.S. Food and Drug Administration www.fda.gov
I '=2 protecting and Promoting Public Health

Summary and Conclusion of Initial Screen

+ 6 columns screened (4 C18, 2 PFP): Results did not conform
with theoretical expectations

* Varied combinations of mobile phases and gradient times

* Began to investigate pH effects: 4.5 vs. 3.0
= affords separation of the 6 components but
does not meet criteria of the ATP

« Time consuming and tedious one-variable-at-a-time
conventional approach. Difficult to keep track of numerous
generated method files.

U.S. Food and Drug Administration

www.fda.gov
Protecting and Promoting Public Health

A Systematic QbD Approach

+ Develop screening designs to evaluate diverse method options

+ Use DOE methodology to predict optimal conditions

+ Use statistical analysis to determine ranges of acceptable
operating parameters - Robustness

« Implemented using S-Matrix Fusion QbD Software

m U.S. Food and Drug Administration wuww. fda.gov
2 Frotecting and Pramating Public Health

Optimal Conditions

¢+ Phenylhexyl is the best column
— Literature methods use C18

« Acetonitrile gives best peak shape and
resolution.

— MeOH/Phenylhexyl can support a method that
meets the ATP. This is extremely useful
information for method understanding

* Gradient time, pI, column temperature have
been optimized
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Pfizer, Inc.

The poster below was presented at HPLC 2016. It presents results of two of the benchmarking
studies which resulted in corporate licensing of the Fusion QbD Platform.

e Key Findings:
0 Case Study 1 - reduced development time from five (5) months to under 2 days.

o Case Studies 1 and 2 — Overall Conclusion:

Estimated time savings equivalent to 2.5 full time employees per month.

Use of Fusion QbD for
Automated Method Screening for Biotherapeutics

Joshua Woods !, Marguerite Arechederra?, Barbara Kelly !, and Justin Sperry’
rInc. Chesterfield MO 63017

Analytical R&D, Pfi

ters, Milford MA 01757

ABSTRACT

Analytical organizations focused on biotherapeutics spend
the bulk of their time investment pursuing robust
methodologies that ensure drug substances and drug
products are pure and stable. |n order to achieve faster
delivery of therapies to patients, those organizations are
continually improving the method development process.
One way to improve method development throughput s by
moving towards automated method screening and
automated method optimization.

Fusion QbD software (S-Matrix Corporation, Eureka CA)
was used to automate the screening process for several
different modes of ehromatagraphy. Fusien allows the user
to input relevant chromatographic variables dependent
upen which mode of chrematography is being L
Fusion then uses statistical-based experimental design to

Case Study 1 - WCX Development
Fusion QbhD Screening and Optimization

® 89 Instrument m: gener
exported inte Empower 3

i by Fusion and

® 5 Full time employee (FTE) hours, 120 instrument hours

g, better resolution
utien of basic

spacies

® Resulting methed comparable to methed developed in 5
months prier to use of Fusion QbD

Case Study 2 - HILIC Development

Fusion QbD Screening

® 33 In
expo

ument methods generated by Fusion QbD and
rted into Empower

® 2 Full time employee (FTE) hours and 15 instrument
hours

fariables in DoE: pH, column temperature, gradient
fime

- resolution between
n to less talling of both

® Resutting method shows iner
Protein 1 and Protein 2 in additi
protein peaks

assess all chosen variables. The design can be exported
te Empower 1o automatically generate method files, which
eliminates a large portion of the method development
effert. After running the generated methods, results can be
imported back into Fusion for modeling and evaluation of
each chromatographic variable

Fusion Workflow

Qb0 aligned DoF is generated in Fusion with user defined
variables, Fusion wri methods from the DoE into

cs from processed chromatograms can be
rmine optimal

brought back
chr aphic variables.

- Ii -
Case Study 1 - Overlay Plots

“ - =
Fusion GbD . o Blat:
. imp inte Fusion fram Emp

e

e white highlight acceptable performance regions kased
SR operating ranges that do not meet the nearest listed
epe——

[

Figure 2 WCX HPLC Zoom af (A} Method prior to development and (B)
Fusion QbD generated method showing increased resolution of both
ackiic and basic species

Figure 4 HILIC HPLC Chromatogram of jnal method for
separation of Protein 1 from Protein 2 and (2] Fusion QbD generated
method showing increased resclution and less @ilng.

EmpowercDs
CONCLUSION

Fusion QbD was successfully used to generate design of
experiments (DoE) for hydrophobic interaction (HILIC) and

i chromats needed for the
analysis of biotherapeutics. Using the method export
function in Fusion, methods were automatically created in
Empower according to the DoE that was built by Fusion.
Results from the automated screening achieved the goals
of better resgiution in the HILIC methed. and increased
peak count and resolution in the cation-exchange method
Processed Empower 3 results from the cation exchange
method were then imported back into Fusion and modeled
to provide optimal operating space for relevant
chromatographic variables, The amount of time saved
using Fusion QbD is estimated at 2.5 full time employees
(FTE's) over the course of a month

ere generated for X HPLC

d

requirement
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EVA

Teva, Inc.

Since 2011 Teva has consistently realized a savings of two days per week per analyst using the
Fusion Inhaler Testing software module (FIT).

40% reduction in direct cost for the work translates into excellent annual savings.

The following simple calculation illustrates the ongoing value of FIT:

Using an estimated TOTAL annual cost per analyst of USD* $75,000.00 —

Direct Savings = USD $30,000.00 per Analyst per Year Every Year!

Apparatus Types

2% :’"gﬂ

Testing
Plan

Ok

]

mE

(* — United States Dollars)
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