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Abstract
This presentation will discuss the following key elements within the USP <1210>, USP <1220>, and ICH Q14 
guidances which provide a new framework and workflow for analytical procedure development within the 
context of developing a robust LC method :

1. Analytical Target Profile (ATP)

A Negotiated Specification

2. Design of Experiments (DOE, DoE)

Guided by Risk Assessment

3. Method Operable Design Region (MODR)

Quantitative Robustness Integration

4. Replication Strategy Optimization

Meeting the ATP Performance Requirements
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ICH Q14 – Analytical Procedure Lifecycle
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ICH Q14 – Analytical Procedure Lifecycle
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Analytical Target Profile (USP <1220>

The ATP is based on the intended use for the procedure and, for quantitative or semi-quantitative procedures, 

should include upper limits on the precision and accuracy (bias) of the reportable value.

Example 2: The procedure must be able to quantify [analyte] in a range from [A units] to [B units] in the 

[description of test article] in the presence of [x, y, z] so that the distribution of the total analytical error of the 

reportable value falls within the total allowable analytical error range of ± [C%].

Analytical Target Profile

Replication 
StrategyNegotiation
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Two Critical Considerations:

1. The Negotiated Total Analytical Error (TAE) Allowance for the Analytical Method.

2. The Integration of Precision and Bias into a single Interval Metric – USP <1210>.

Total Analytical Error (TAE)

USP <1220>

Total analytical error (TAE) represents the overall 

error in a test result that is attributed to 

imprecision and inaccuracy; TAE is the 

combination of both systematic error of the 

procedure and random measurement error.
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<1210> Addresses a Critical Issue
3. ACCURACY AND PRECISION

σ = Precision

—
X

LSL USL

X(true)

β

An underperforming method can pass System Suitability for the Critical Method Attribute being evaluated when 

Accuracy (β – bias) and Precision (σ – precision) are assessed separately = High Risk Approach. 

β = Bias

LSL USL

±2σ

X(true)

USP 〈1210〉 Statistical Tools for Procedure Validation

3.2 Combined Validation of Accuracy and Precision
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3.2 Combined Validation of Accuracy and Precision

3. ACCURACY AND PRECISION

β = Bias

σ = Precision

As the illustration below shows – the method does not have acceptable System Suitability performance for the 

Critical Quality Attribute (CQA) being tested when both Accuracy (β – bias estimation) and Precision (σ – 

variation estimation) are assessed together = Low Risk Approach. 

—
X

LSL USL

β

X(true)

USP 〈1210〉 Statistical Tools for Procedure Validation

±2σ

<1210> Interval Metric Solution
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Guard Bands acknowledge the presence of Bias and Precision Limits and the 

need to incorporate a characterized TAE into the “Acceptance Zone”.

Total Analytical Error
Distribution

-2σ +2σ

TAE and Guard Bands

Rejection Zone

Safe and Efficacious Range

Reportable Value

Acceptance Zone
(Meets Specification)

Upper 
Acceptance

Limit

Lower 
Acceptance

Limit

-2σ +2σ-2σ +2σ

Rejection Zone
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Acceptance Zone is narrower to incorporate the characterized TAE. Total Analytical Error
Distribution

-2σ +2σ

TAE and Guard Bands

Safe and Efficacious Range

Reportable Value

Acceptance Zone
(Meets Specification)

Upper 
Acceptance

Limit

Lower 
Acceptance

Limit

-2σ +2σ-2σ +2σ

Rejection Zone Rejection ZoneGuard
Band

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

• Analytical method allowance = 30% of the P/T ratio using a 95% confidence interval.

Production: Amount of Precision-to-Tolerance (P/T) Ratio Available for the Analytical Method 

Tolerance Width = 4.00 (98.0 – 102.0)

Precision Width = 0.30 x 4.00 = 1.20

Split between LAL and UAL = ±0.60

± 0.60 = ±2σ width for 95% C.I.

Determining Required Precision (σmax)

TAE and Guard Bands

Safe and Efficacious Range

Reportable Value

Acceptance Zone
(Meets Specification)

Upper 
Acceptance

Limit

Lower 
Acceptance

Limit

-2σ +2σ-2σ +2σ

Rejection Zone Rejection ZoneGuard
Band

Guard
Band
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USP 〈1220〉 Analytical Procedure Life Cycle

2σmax = 0.60

Selected Analytical Procedure = LC:

Combined Bias and Precision Allowance Becomes the ATP Quantitation 

Performance Metric:

• Robust Method Optimization

• Replication Strategy Optimization

Analytical Target Profile
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ICH Q14 – Analytical Procedure Lifecycle
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Risk Assessment

Risk assessment and prior knowledge should 

be used to identify analytical procedure 

parameters, attributes and associated ranges 

to be investigated experimentally. Categorical 

variables (e.g., different instruments) can 

also be considered as part of the 

experimental design.

USP <1220>

For variables where there may be higher risk, one way to 

reduce risk is to gain additional knowledge about the 

influence of those parameters using modeling and/or 

experimentation.

Design of 
Experiments

(DOE, DOE)

Robustness
Optimization

Risk 
Assessment
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C = Controlled Factor,  N = Noise Factor,  X = eXperimental Factor (S = Screening, O = Optimization)

Risk Assessment – Parameter Selection

Sources of Risk for Bias and Variation

Low = 1

Medium = 3

High = 5

Impact Severity
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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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DoE uses Statistical Sampling of All Possible Combinations to Support

Accurate Estimation of Study Factor Effects

DoE (DOE) – A Model Building Methodology

𝑅𝑅𝑆𝑆 = 𝑏𝑏0 + 𝑏𝑏1(𝑥𝑥𝑥) + 𝑏𝑏2(𝑥𝑥𝑥) + 𝑏𝑏11(𝑥𝑥𝑥)2+𝑏𝑏22(𝑥𝑥𝑥)2+ +𝑏𝑏12(𝑥𝑥1 ∗ 𝑥𝑥𝑥)
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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
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Method Parameter Study Range
pH 2.70 – 4.90
Gradient Time (min) 10.0 – 25.0
Column Type BEH C18

BEH Shield RP18
HSS T3
CSH Phenyl-Hexyl

Parameter Selection – Screening Study

Prior knowledge (from original monograph) incorporated into 

Selected Column and Chemistry Study Factors and Range. 
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Empower CDS

Generates QbD-aligned 
DOE Experiment

Automatically Builds
Sequence and All

Instrument Methods

Fusion QbD Experiment  Automation 
– Export to Empower
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Empower CDS

Automated  analysis, graphing, and reporting.

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

Automatically Retrieves All 
Chromatogram Results 

Data

Fusion QbD Experiment  Automation 
– Import from Empower
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Quantitative
Knowledge

Required
Performance

Threshold

Region of Acceptable 
Performance

 – One Response

Shaded region = methods that do NOT meet 
performance requirements.

Screening Study – Simple Analysis
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Screening Study – Simple Analysis

Optimization – CSH Phenyl-Hexyl Column

Rectangle Identifies the pH and tG Study 

Ranges to use in an Optimization Experiment 

with the Phenyl-Hexyl Column

Simple Color-coded Responses.

Shaded Regions Correspond to

Under-performing Methods 
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Parameter Selection – Optimization Study

Method Parameter Study Range
Pump Flow Rate (mL/min) 0.35 – 0.55
Column Oven Temperature (°C) 40.0 – 50.0
Gradient Time (min)* 8.0 – 16.0
pH 3.60 – 4.20
Column Type CSH Phenyl-Hexyl

Light green background color indicates result obtained from screening study.

* – tG range adjusted to maintain slope range with new endpoint of 50% ACN.
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PeakTracker  – UV & MS Data Based Tracking

UV and MS Spectra

Analysis DialogUV Chromatogram

MS Chromatogram

Automatic Peak Deconvolution

Virtual Integration of

Non-absorbing Peaks
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Traditional Resolution Map – 2D

2D Contour Graph

Simulation Chromatogram

Composite UV Chromatogram

Includes Virtual MS Peak
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Resolution Map – Rotatable 3D

3D Response Surface Graph

Simulation Chromatogram
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Mean Performance Only MODR – Overlay

Multi-response Overlay GraphMean Performance:

• Resolution

• K-Prime

• Tailing

• Area %RSD

• Etc.

Simulation Chromatogram
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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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Wizard Page 1 – Define Maximum Expected Variation in Study Parameters

Go beyond development LC system 

expected variation in QC lab across LC systems during routine use.

Monte Carlo Robustness Simulation
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Wizard Page 2 – Define Failure Mode and Spec Limits

Monte Carlo Robustness Simulation
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—X

-3σ +3σ

ExecutionMethod Assay
( �𝑋𝑋, σ)RESULT

Assay

LSL USL

—X

-3σ +3σAssay

LSL USL

AcceptReject

Monte Carlo Robustness Simulation

Variation

Variation

Variation

Gradient

pH

Temp

M.P Comp. Variation
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Multi-Response Overlay View

Simulation Chromatogram
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4-Factor Method Operable Design Region 

(MODR).

• MODR (unshaded region) – methods are 

robust for all CQAs.

• Rectangle – independently adjustable 

ranges within which permanent post-

approval changes can be made while 

maintaining robust performance for all 

CQAs.

Robustness and MODR – 4-factor Trellis
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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.



37Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Replication Strategy for the Reportable Value
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• API method has a tolerance range of 4.0% (i.e., 98.0% to 102.0%)

• Analytical method allowance = 30% of the P/T ratio using a 95% confidence interval.

Production: Amount of Precision-to-Tolerance (P/T) Ratio Available for the Analytical Method 

Tolerance Width = 4.00 (98.0 – 102.0)

Precision Width = 0.30 x 4.00 = 1.20

Split between LAL and UAL = ±0.60

± 0.60 = ±2σ width for 95% C.I.

Determining Required Precision (σmax)

TAE and Guard Bands

Safe and Efficacious Range

Reportable Value

Acceptance Zone
(Meets Specification)

Upper 
Acceptance

Limit

Lower 
Acceptance

Limit

-2σ +2σ-2σ +2σ

Rejection Zone Rejection ZoneGuard
Band

Guard
Band
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Replication Strategy for the Reportable Value
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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. 



41Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Optimization reduces the amount of the 
TAE contributed by Sample Preparation.

APLM Stage 1  Sample Prep Method Optimization
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Replication Strategy for the Reportable Value
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ICH Q14 – Analytical Procedure Lifecycle
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Complete Method Validation Experiment Suite

• Analytical Capability*
• 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, Dissolution]

• Method Transfer Study Support*

* – integration of USP <1210> Tolerance & Prediction Intervals]
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ALR
Design

Analytical Method Transfer Example

Transferring Lab Receiving Lab

Chromatogram
Results Data

Fusion QbD
Sequence
Execution

Fusion QbD
Sequence
Execution

1. Fusion QbD – Exports experiment to the CDS
as Ready-to-Run sequence, methods, standards 

2. Sequence is run at both labs.

3. Fusion QbD – Imports results for instant and 
complete analysis and reporting.

Accuracy
Linearity
Repeatability
Tolerance Interval
Pass/Fail Results

Chromatography 
Data Software
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ICH Q14 – Analytical Procedure Lifecycle
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Analytical Control Strategy

Robust Final
LC Method APLM Stage 3Analytical Control 

Strategy

ICH Q14

Knowledge gained from application of an enhanced 

approach to analytical procedure development can 

provide better assurance of the performance of the 

procedure, can serve as a basis for the analytical 

procedure control strategy and can provide an 

opportunity for more efficient regulatory approaches to 

related post approval changes. 

USP <1220>

The [Analytical Control Strategy] is a set of 

controls needed to ensure the procedure 

performs as expected and plays a key role 

in ensuring that the ATP is realized 

throughout the life cycle. The preliminary 

ACS is identified during the procedure 

development

process in Stage 1, …
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LC System Control Specifications

Analytical Control Strategy (ACS)
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Routine Monitoring – Control Charts  

Analytical Control Strategy (ACS)
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