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2007
S-Matrix Introduces 
Trend Responses to 
Simplify Chemistry 
System Screening 
(Method Scouting)

S-Matrix Presents to FDA:
• Concept of LC System 

as “Process in a Box”
• Integrated Monte Carlo 

Robustness Simulation
2009

2019
S-Matrix Integrates 

USP <1210> Tolerance 
& Prediction Interval 
Metrics to Support 

Method Validation and 
Transfer

2009 - 2017
S-Matrix Continually 
Advances LC Data 

Modeling and 
Extends Automation 

Support to SFC, 
Multiple LC Systems  
and CDS Software

S-Matrix Introduces 
LC Automation with 

DoE for Method 
Development

2004

S-Matrix Integrates 
Replication Strategy 

Optimization into Fusion QbD 
for Method Development

2022

S-Matrix Integrates 
Automated MS Spectra 
Based Peak Tracking

2018

S-Matrix: Transforming LC Method Development

S-Matrix Integrates Full 
Experiment Automation and 
Peak Tracking Support for 

Forced Degradation Studies
2020
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Fusion QbD is the Only LC and LC-MS Method Development Software Which Brings All 

These Strategic Analytical Quality-by-Design (AQbD) Tools to Support Your Experimental 

Workflows for APLM* Method Development, Validation, and Transfer.

Presentation Overview

• Support for All Install Environments

• Fusion QbD – Automation & Compliance

• Fusion QbD – Design of Experiments (DoE)

• Chemistry System Screening

• LC Method Optimization

• Sample Preparation Method Optimization

• Replication Strategy Optimization

• Method Validation & Transfer

* – Analytical Procedure Lifecycle Management
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Referenced Guidance Documents – ICH
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Referenced Guidance Documents – USP
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Key Differentiators – Deployment

 Deploy at any Scale

 Deploy in any Install Environment 
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Install Environment Fusion QbD

* – Fusion QbD is operating in the GxP environments of 

international pharmaceutical companies worldwide.

Standalone (Workstation)  

Citrix Ready Certified

Fully Qualifiable for GxP*

WorkGroup  /  Network

 

 

 

Fusion QbD – Supports All Install Environments 
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Fusion QbD – Supports All Install Environments 

Lab Desktop
Office Desktop

Home Laptop

Empower
Enterprise 
DB Server

Network
PC

Network PC

Fusion QbD Network

EC

Network PC

Fusion QbD Network

EC
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Key Differentiators – Automation & Compliance

 Full Experiment Automation Support
 LC Systems

 Column/Solvent Valves

 Separation Modes

 Automation Supports Data Quality 

 Forced Degradation Studies

 Bi-directional Audit Trail Support
 Automation/Auditing Support Data Integrity
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Built-in pH Titration Curves for 
Quaternary Pump Modules!

Or Use Your Own Buffer Curve.

Extremely Precise!

Online Prep – pH, Salt ∆C, Buffer ∆C, Additive ∆C
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Fusion QbD – LC System Automation
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ChemStation
OpenLab

Fusion QbD – LC System Automation
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Fusion QbD – LC System Automation
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Reversed Phase
Normal Phase
Chiral
HILIC
Ion Exchange
Size Exclusion
SFC

Supports All These Separation Modes

Fusion QbD Automation with Empower
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Full Support for Forced Degradation Studies

Simple Setup integrates the replication scheme
into the DoE Study, and automatically assigns a
separate vial position to each replicate injection.

Fusion QbD tracks all peaks in all replicate chromatograms for 

each run and generates a composite chromatogram for each run 

containing all unique peaks from all replicate injections.
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Maximum Efficiency  +  Maximum Data Quality:

 Incorporates column conditioning.

 Maximizes use of reservoirs and 
solvent selection valves.

 Ramps on pH.

 Ramps on Temperature.

 Automates Mobile Phase Preparation.

Experiment Automation Intelligence
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CDS Software

Generates QbD-aligned 
DOE Experiment

Automatically Builds
Sequence and All

Instrument Methods

Fusion QbD – Export to CDS

ChemStation
OpenLab
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Auditing assures Data Integrity and Traceability

Automated, Audited Data Exchange –
Preserves Data Integrity and Traceability
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CDS Software

Automated  analysis, graphing, and reporting.

Report formats:
RTF, DOC, HTML, PDF, XLSX, XML

Automatically Retrieves All 
Chromatogram Results 

Data

Fusion QbD – Import from CDS

ChemStation
OpenLab
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Auditing assures Data Integrity and Traceability

Automated, Audited Data Exchange –
Preserves Data Integrity and Traceability
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Why Audit Trail is Important !

Where did this data 
come from?

Which Project?
Which Results Set?

Which Chromatograms?

Who imported this 
data – was the data 

modified?
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Design of Experiments (DOE, DoE)

ICH Q14

In an enhanced approach, the ranges for the 

relevant parameters and their interactions can 

be investigated in multivariate experiments 

(DoE). 

USP <1220>

Experimentation is a direct way of generating data that 

can be used to assess the impact of procedure 

parameters on performance, and the use of statistical 

design of experiments (DOE) is an effective way to do 

this.

Design of 
Experiments

(DOE, DoE)

Robustness
Optimization

Risk 
Assessment
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Key Differentiators – Design of Experiments 

 Full Design of Experiments Support

 Chemistry and Instrument Parameters

 Separation Modes

 Built-in Expert System Wizards

 Beyond Trial and Error
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Design of Experiments (DoE, DOE) is discussed extensively 

in the current and proposed guidances (FDA, USP, ICH)

Discussed as a Core QbD Tool for Many Applications, Including:

• Robust Method Optimization to Establish a MODR

• Sample Preparation Method Optimization

• Replication Strategy Optimization

• etc.…

Fusion QbD – Design of Experiments (DoE)
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Experiment Automation Simplifies DoE!
Full utilization of Quaternary Pumps, Solvent Selection Valves, and Column Switching Valves

Study any combination of LC parameters which can interactively effect method performance!

• Isocratic and Gradient Methods

• Strong Solvent Type

• Any pump program steps – e.g.

o Equilibration Time & %

o Isocratic Hold Time & %

o Gradient Time / Slope

o Initial / Final Hold Time & %

o Re-equilibration Time & %

• Column Temperature

• Column Type

• Flow Rate

• Injection Volume

• pH

• Mobile Phase Blends

• Salt, Buffer, Additive – Type & ΔC

• Wavelength

Fusion QbD Automation  DoE Flexibility
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Before Fusion QbD

Temp + tG

1

ACN:MeOH

2

Additive ΔC

4

Column or pH

5

Buffer ΔC

3

Before Fusion QbD: One-Factor-At-a-Time (OFAT) Approach

Starting Point
Select Column &
pH using Theory

Traditional Approach

Changing the pH and/or the column is 

the Last Resort! 

This means starting all over again 

without being able to build on prior work!
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“For methods involving a large number of samples, and where adequate 

resolution must be combined with run times that are as short as possible, 

it can be profitable to spend more time initially on “scouting” 

experiments. The experimentation may be with:

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3rd Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 67)

• Different columns

• Different B-solvents

• Variations in pH and temperature

• Use of Gradient elution during the experiments can help avoid the 

need to separately optimize values of %B for each variable studied.” 

Modern Thinking by Recognized Experts
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“Still another approach is to search the literature for separation of 

the same or similar sample. Trial-and-error modifications of 

conditions are then followed until an acceptable separation is 

achieved. We do not recommend this approach* because possible 

deficiencies in literature methods can delay subsequent attempts at 

achieving a final, acceptable separation.”

* – italics added by Snyder, Kirkland, and Dolan in book text to emphasize the point. 

Modern Thinking by Recognized Experts

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3rd Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 67)
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Chemistry System Screening
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Key Differentiators – Chemistry Screening

 Ease of Experiment Setup

 Simple Chromatogram Integration

 No Peak Tracking Needed

 Trend Responses Keep it Simple

 Fast Data/Chromatogram Review

 Instant One-click Modeling – Any Results

 Great Best Answer Visualization Graphics
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Chemistry System Screening

Solvent Type

Include Strong Solvent Alternatives – e.g., Acetonitrile and Methanol.
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Multiple Gradients
(3-5 Levels Covering Range)

Multiple Columns

Multiple pH Levels

Include recommended
column type

Include recommended pH

Chemistry System Screening
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Sample Actually Contains
8 Compounds

Trend Response* Automation

Flexible Trend Response Data Modeling Requires no Peak Tracking – 

Just Consistent Integration

* – U.S. Patents No. 7,613,574 B2 and No. 8,219,328 B2 

Consistent Integration Means:

• All integratable peaks of interest are integrated in each chromatogram.

• Baseline noise and artifact peaks of no interest are not integrated.
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Support the Chromatographer’s Screening Goals
Automatically imported for each chromatogram:

• How many peaks are visible?
• How many peaks are baseline resolved?
• How many peaks have acceptable Tailing?
• How well resolved is the API?
• … (Any desired response)!

Trend Responses

Screening Study – Simple Analysis
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Automated Results Import & Data Review

• Sort chromatograms by study factors or results.
• View the chromatograms for one or more experiment runs.

o Overlay two or more chromatograms in a single view.
o Independently set Y-axis and X-axis offsets for easy comparisons.

Zoom
Stack
Offset
Etc.
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# – Rs ≥ 2.00 = 9.3 + 4.2(PFR) - 5.4(∆tG)2 + 12.7(∆tG*pH) + 1.3(pH*∆T) + 1.6[(∆T)2*∆tG] + … 

Linear
Effect

Curvature
Effect

Complex EffectInteraction Effects

DoE (DOE) – A Model Building Methodology

Turning Chromatograms into Knowledge
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Screening Study – Simple Analysis

Switch Columns and Move the Crosshairs
to See Method Performance

Different method combinations of Column Type, pH, and 
tG change the predicted results:

• How many peaks are visible
• How many peaks are baseline resolved
• How many peaks have acceptable Tailing
• How well resolved is the API
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Screening Study – Simple Analysis

Switch Columns to See Which One 

Should be Used in an Optimization Study

C18 Column Does Not Support Goals!

No Unshaded Region for any 

Combination of pH and tG.
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Screening Study – Simple Analysis

Optimization – BEH Shield RP18 Column

Rectangle Identifies the pH and tG Study 

Ranges to use in an Optimization Experiment 

with the Shield RP18 Column
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LC and LC-MS Method Optimization
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Key Differentiators – Method Optimization

 Ease of Experiment Setup

 Simple Chromatogram Integration

 Powerful UV & MS Based Peak Tracking

 Instant One-click Modeling – Any Results

 Complete Analysis Results Reporting

 Integrated Robustness Simulation

 Complete Multi-response Optimization

 Multi-dimensional Visualization Graphics
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Most LC Method Development software relies primarily on localized gradient slope-

based optimization. This drives the user to a multi-segment gradient method.

Multi-segment Gradients = Multiple Regions of POOR Robustness! 

Issues with Multi-segment Gradient Optimization

(See the Next Slide )

Localized Slope-Based Optimization is Now Recognized as High Risk.

Fusion QbD Does Not Rely on This Approach!
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“Increasing resolution by adjusting selectivity for different parts of the 

chromatogram can sometimes be achieved with a segmented 

gradient; … Segmented gradients are not often used for improving 

resolution … because their ability to enhance resolution without 

increasing run time is usually limited… However, there are other – 

generally more useful – means of optimizing resolution by changing 

selectivity and relative retention. Also, separations that use 

segmented gradients to improve resolution are likely to be less 

reproducible when transferred to another piece of equipment.” 

Issues with a Multi-step Gradient Approach to Method Optimization

Modern Thinking by Recognized Experts

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3rd Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 427-28)
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Parameter Selection – Optimization Study

Method Parameter Study Range
Pump Flow Rate (mL/min) 0.30 – 0.45
Column Oven Temperature (°C) 30.0 – 50.0
Gradient Time (min)* 25.0 – 40.0
pH 4.70 – 5.30
Column Type BEH Shield RP18

Light green background color indicates result obtained from screening study.
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PeakTracker  – UV & MS Data Based Tracking

UV and MS Spectra

Analysis DialogUV Chromatogram

MS Chromatogram

Automatic Deconvolution of Peak 

5 – which Coelutes with Peak 7 

(API Peak) in this Run
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Flexible Modeling of ALL important chromatographic performance properties 

for each peak in the chromatogram: Examples include, but not limited to:

• Retention Time
• K Prime
• Resolution
• Tailing
• Area, Area %, % RSD, etc.
• S/N Ratio
• Large Molecule Metrics – e.g., Retention Time Difference, P/V Ratio, …

Flexible Data Modeling
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Model Validation – Model Fit Metrics
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Model Validation – Predicted Best Conditions

Observed and Predicted 

Results and Chromatogram 

for Run #17 – the experiment 

run with level settings closest 

to the predicted optimum 

conditions.
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ICH Q14

Data gained during the development studies 

(e.g., robustness data from a design of 

experiments (DoE) study) could be used as 

part of the validation data for the related 

analytical procedure performance 

characteristics and studies do not necessarily 

need to be repeated. 

Integrated Robustness Simulation

USP <1220>

In some cases, it is helpful to demonstrate robustness 

of the procedure by developing models that describe 

the effect of parameters on the performance of the 

procedure, … This knowledge also enables the 

determination of robust operation regions for procedure 

parameters and, if desired, a method operable design 

region (MODR). 

Design of 
Experiments

(DOE, DoE)

Robustness
Optimization

Risk 
Assessment
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—X

-3σ +3σ

Variation

Variation

Variation

Gradient

pH

Temp
ExecutionMethod Assay

( �𝑋𝑋, σ)RESULT

Assay

LSL USL

—X

-3σ +3σAssay

LSL USL

AcceptReject

Example Study Parameters –
Expected Variation on Transfer

Monte Carlo Robustness Simulation
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2D Resolution Map View

Simulation Chromatogram
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3D Resolution Map View

Simulation Chromatogram
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Multi-Response Overlay View

Simulation Chromatogram
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Final Design Space – Mean Performance + Robustness

Activate the Robustness Responses:

Check the checkboxes in the grid.



55Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

4-Factor Robustness Trellis Graph View
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Fusion QbD can generate Trellis 

graphs which display the mean 

performance and robustness MODR 

for 4 Factors Simultaneously.

All Fusion QbD Reports, which can 

include 2D, 3D, and 4D Trellis 

graphics and prediction and 

verification chromatograms can be 

output in a variety of file formats, 

including MS Word and Acrobat PDF.

MODR Validation
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Replication Strategy Optimization
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ICH Q14

Reportable Result: the result as generated by 

the analytical procedure after calculation or 

processing and applying the described sample 

replication. (ICH Q2)

ICH Q2(R2)

The experimental design of the validation study 

should reflect the number of replicates used in 

routine analysis to generate a reportable result.

Robust Final
LC Method APLM Stage 2

Replication 
Strategy

Optimization

Replication Strategy Optimization

USP <1220>

Stage 1:

Optimization of performance characteristics 

of the analytical procedure such as 

accuracy, precision, …; this includes a 

preliminary replication strategy for samples 

and standards.
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Key Differentiator – 
Replication Strategy Optimization

 Quantifies Method Precision
 Defines the relative contribution of sample 

preparation error and sample injection error to 

overall method precision 

 Optimizes Your Reportable Value
 Defines the Preparation x Injection combination 

which most efficiently and cost effectively meets 

the precision requirements of your method
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Analytical Target Profile  Guard Bands

• API method has a tolerance range of 4.0% (i.e., 98.0% to 102.0%)

• Analytical method may take up to 30% of the precision-to-tolerance ratio using a 95% 
confidence interval.

Negotiated with Production: Amount of Precision-to-Tolerance Ratio Available for the Analytical Method 

Tolerance Width = 4.00 (98.0 – 102.0)

Precision Width = 0.30*4.00 = 1.20

Split between LAL and UAL = 0.60

0.60 = 2σ width for 95% Confidence 

σmax = 0.60/2 = ±0.30 

Determining Required Precision (σmax)



61Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Replication Strategy for the Reportable Value



62Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Fusion QbD reports the Components 
of Variation and the Corresponding % 
Contributions to method precision.

Fusion QbD also reports the TOST (±σ) and T.I 
Results for Replication Strategies from 1x1 to 10x10

Replication Strategy for the Reportable Value
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Replication Strategy for the Reportable Value

The Final Replication Strategy is 

Transferred to APLM Stage 2
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Replication Strategy Fails  Sample Prep Study
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Robust Final
LC Method APLM Stage 2

Replication 
Strategy

Optimization

Robust Sample 
Prep Method
Optimization

Sample Prep Method Optimization

ICH Q14

A sample and/or sample preparation is 

considered suitable if the 

measurement response of the sample 

satisfies pre-defined acceptance 

criteria for the analytical procedure 

attributes that have been developed 

for the validated analytical procedure. 

USP <1220>

Stage 1: Procedure design 

encompasses procedure 

development, which consists of the 

analytical technology and sample

preparation. 
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Sample Preparation Method Optimization
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Key Differentiator –
Sample Preparation Optimization

 Support for Sample Preparation Studies

 Full CDS Testing Automation

 Same Powerful Modeling, Optimization, 

and Visualization Tool Suite:
 Instant One-click Modeling – Any Results

 Complete Analysis Results Reporting

 Integrated Robustness Simulation

 Complete Multi-response Optimization

 Multi-dimensional Visualization Graphics
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Flexible Experiment Setup
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3) Sample Preparation
Study Execution

Experiment run samples 
transferred to LC for 
testing using the Fusion 
QbD Sample Set.

1) Experiment Design

Fusion QbD generates 
the Sample Prep. Study 
based on the user’s 
variable settings.

2) Testing Design

Fusion QbD creates a 
companion LC Testing 
Design and exports it to 
Empower as a ready-to-
run Sample Set.

CDS

4) Results Data Import

Fusion QbD 
automatically imports all 
LC results for all 
compounds and maps 
the data to the Sample 
Prep. Study design for 
automated modeling.

Sample Preparation Experiment Dataflow
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CQA = 9.3 + 4.2(pH) – 5.4(Add.)2 + 12.7(Add*SolvAmt) + 1.3(SolvAmt*Sonic∆t) + 1.6[(∆pH)2(Add.)] + … 

Linear Effect Curvature
Effect

Complex EffectInteraction Effects

Multivariate DOE Study – goal is characterizing all significant effects of the study 
parameters on all Critical Quality Attributes (CQAs)

Automated Import and Data Modeling
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UNshaded Region 

in the graph is the 

Method Operable 

Design Region 

(MODR)

Multi-response Overlay Graph

Below is the Final Robust MODR in which methods meet or exceed all critical
mean performance and robustness goals simultaneously.
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MODR Trellis Graph – 4 Study Factors
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Report Output in Multiple Formats

• MS Excel

• MS Word

• PDF

• …

Complete QbD Reporting
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Method Validation & Transfer
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Analytical  Method Validation Suite

• Replication Strategy
• Specificity
• Filter Validation
• Sample Solution Stability
• Accuracy
• Linearity & Range
• Repeatability

• Accuracy / Linearity / Repeatability
[Combined as per ICH Q2(R1)]

• LOQ, LOD
• Intermediate Precision and Reproducibility
• Validation Robustness – LC
• Validation Robustness – Non-LC

[e.g., Sample Preparation, GC, CE, Dissolution]

Complete Method Validation Experiment Suite
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Accuracy, Linearity, and Repeatability
with USP <1210> Metrics

Define your Acceptance Limits and Associated Estimation Precision Requirements for the Determination.

USP <1210> 

Interval Metrics  

Integrated within 

the Accuracy and 

Repeatability 

Analysis and 

Reporting
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Accuracy Report – Tolerance Interval Results

Report Includes 

Results of Required 

Verification Test for 

Validity of Data 

Compilation for 

Tolerance Interval 

Analysis. 
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Analytical Method Transfer

Transferring Lab Receiving Lab

ALR
Design

Chromatogram
Results Data

Fusion QbD
Sequence
Execution

Fusion QbD
Sequence
Execution

1. Fusion QbD – Exports Experiment to the CDS
 as Ready-to Run methods and sequence.

Accuracy
Linearity
Repeatability
Tolerance or
  Prediction Interval
Pass/Fail Criteria
Results

Chromatography 
Data Software

2. Sequence is Run at Both Labs.

3. Fusion QbD – Imports Results for Instant and Complete 
Analysis and Reporting.
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Analytical Method Transfer

Automation Makes it Easy to Extend the Analysis to Address Bias Concerns:

• Analyst

• Equipment

• Day

• Etc.

For example, each analyst could run the sequence 

on each LC on each Day. 

Each results set could then be imported into 

Fusion QbD for direct analysis and comparison.
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Important References

1. Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3rd Edition; 
John Wiley & Sons, Inc., Hoboken, New Jersey

2. Lifecycle Management of Analytical Procedures: Method Development, Procedure Performance 
Qualification, and Procedure Performance Verification; Pharmacopeial Forum 39(5) 2013

3. USP <1210> Statistical Tools for Procedure Validation, The United States Pharmacopeial 
Convention, May 2018

4. USP <1220> Analytical Procedure Lifecycle Management, The United States Pharmacopeial 
Convention, May 2022

5. ICH Q14, Analytical Procedure Development (Draft Version), March 2022

6. ICH Q2(R2), Validation of Analytical Procedures (Draft Version), March 2022
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End of Presentation

www.smatrix.com
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