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Outline

Quality by Design (QbD)

Analytical Quality by Design (AQbD)

Example: AQbD for LC-MS/MS method

Analytical Procedure Life Cycle (APLC)

ICH Q14/Q2(R2) USP <1220>, and (ISO/IEC) 17025:2017



Quality by Design (QbD)
A systematic approach to product and process development that 

builds quality into products from the initial design stage, based on 

sound scientific knowledge and quality risk management

• Predefined objectives

• Product and process understanding

• Risk assessment

• Process control

• Continuous improvement

Key Principle

International Council for Harmonization (ICH) Guideline Q8



QbD Workflow
Continuous

Improvement



Product and process performance characteristics are scientifically designed to meet specific 

objectives, not merely empirically derived from performance of test batches. 

Defined by Dr. Janet Woodcock 

Quality by Design (QbD)
In Pharmaceutical Industries

Product 
Quality

Product 
Safety

Continuous 
Improvement

Regulatory
Flexibility

Cost
Effectiveness

Risk
Management

A systematic approach to development that begins with predefined objectives and 

emphasizes product and process understanding and process control, 

based on sound science and quality risk management.
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Analytical Quality by Design (AQbD)



Analytical Quality by Design (AQbD)
A systematic approach applied in analytical method development and 

optimization to ensure the reliability, robustness, and quality of analytical 

methods used in pharmaceutical analysis (and other fields)

• Define Analytical Target Profile (ATP)

• Identify Critical Method Attributes (CMAs)

• Identify Critical Method Parameters (CMPs)

• Perform Risk Assessment

• Design of Experiments (DoE)

• Establish Method Operable Design Region (MODR)

• Control Strategy

• Continuous Method Monitoring

Key Principle

International Council for Harmonisation (ICH) guideline Q14



AQbD Workflow



Traditional Approach
One-factor-at time experiments

OFAT

Enhanced Approach
Analytical Quality by Design

AQbD
• Single-variable experiments

• Trial-and-error approach

• One factor-at-time (OFAT) investigation 

• Fixed to a consistent method with 

associated performing criteria

• QbD implementation

• Holistic understanding

• Control strategy to ensure the reliability 

robustness, and quality

PROS
• Simplicity

• Isolation of Effects

• Ease of Interpretation

CONS
• Inefficient Use of Resources

• Failure to Capture Interactions

• Risk of Misinterpretation

• Limited Insight into Optimal Conditions

PROS
• Comprehensive Optimization

• Risk-Based Approach

• Efficient Resource Utilization

• Continuous Improvement

CONS
• Complexity

• Initial Investment

• Regulatory considerations



AQbD workflow 
LC-Mass Spectrometry





AQbD workflow for method development
NIN soft capsules containing 150 mg NIN esylate salt and 

soft capsules excipients (medium-chain triglycerides, hard fat, soya lecithin (E322)) 



AQbD Workflow
for LC-MS/MS method 
NIN soft capsules containing 150 mg NIN 

esylate salt and soft capsules excipients 

(medium-chain triglycerides, hard fat, 

soya lecithin (E322))



Analytical target profile (ATP)
defined as the accurate simultaneous determination of the main compound NIN and its seven potential 

impurities in a short analysis time and was based on the achievement of an adequate selectivity 

between the API and the adjacent impurity peaks. 

Analytical target profile and method scouting

Critical method attributes (CMAs) 
The selectivity between the main compound NIN and the adjacent peaks.

to overcome problems of interferences and ion suppression due to their possible co-elution, and by 

analysis time

Critical method parameters (CMPs) 
Instrumental parameters

Composition of the mobile phase

ICH guideline Q2(R1)

• measure the active API within the typical content range of 80 –120%

• demonstrate selectivity towards target analytes with a mean bias of ≤ 2% across the range and RSD ≤ 2%

• RSD for impurities ≤ 5.0% 

• LOQ for impurities ≤ 0.05% with respect to the normal impurity level (NIN) to ensure safety (considering a 

maximum daily dose of < 1 g)



Standard conditions for scouting phase
• Sample injection volume: 10 μL

• Organic solvent in eluent B: ACN

• HCOOH percentage in eluent A: 0.10% v/v 

• Flow rate: 0.33 mL min−1

• Oven temperature: 25 °C

• The elution started with 100% eluent A (0.10% v/v HCOOH) 

• Linear gradient of eluent B (ACN) with a gradient slope of 12.60%B min−1 to reach 95% of eluent B 

Suspension
• ACN:H2O (20:80 v/v) containing 0.1% v/v HCOOH. The final test [NIN] was about 1 mg mL−1

Chromatographic columns 
• Restek Ultra AQ C18 (100 × 2.1 mm, 2.7 μm) core-shell (Restek Corporation, Bellefonte, PA, USA)

• Waters XTerra C18 (150 × 3.0 mm, 5 μm) fully porous (Waters Corporation, Milford, MA, USA) 

• Phenomenex Luna C8 (150 × 4.6 mm, 5 μm) fully porous 

• PFP (pentafluorophenyl propyl) Kinetex (100 × 2.1 mm, 2.6 μm) core-shell (Phenomenex, Torrance, CA, USA)

Analytical target profile and method scouting



LC-MS condition and parameters
• Alliance 2695 HPLC (Waters Corporation, Manchester, UK), equipped with a low-pressure binary pump

• UV–Vis 2996 photodiode array (Waters Corporation) 

• Quattro microTM triple quadrupole mass spectrometer (Waters Corporation), equipped with Z-spray ESI source

• The autosampler temperature was set at 22 °C

• Full scan positive ionization mode from 110 to 1000 m/z scan rate (0.8 s scan time).

• Z-spray interface parameters: capillary voltage, 3.2 kV; extractor and RF (Rear Focusing) lens, 3 and 0 V, 

respectively

• Source and desolvation temperatures were 130 °C and 380 °C, respectively

• Gas flows were 350 L/h for desolvation gas and 20 L/h for cone gas. 

• Quadrupole resolution was set at 0.7 FWHM (Full Width at Half Maximum). 

• Spectra were recorded in centroid mode.

• Compound dependent parameters for MS/MS analysis were optimized by directly infusing a solution of each 

standard at 20 μg/mL in MeOH:H2O (50:50 v/v) containing 0.1% v/v HCOOH into the ESI interface. 

• Multiple Reaction Monitoring (MRM) was selected as acquisition mode in the optimized conditions.

• MassLynx v. 4.1 software (Waters Corporation) was used for data processing and acquisition

• The chromatographic plots were realized using R software environment

Analytical target profile and method scouting



AQbD workflow for method development
NIN soft capsules containing 150 mg NIN esylate salt and 

soft capsules excipients (medium-chain triglycerides, hard fat, soya lecithin (E322) 

Calculations and Softwares

• Nemrod-W software for generating the symmetric screening matrix for investigating the knowledge space

• Plackett-Burman design for testing robustness

• Modde® 10 software for generating Box-Behnken design for response surface methodology (RSM) 

experimental design and for identifying the MODR by means of probability maps calculated by Monte-Carlo 

simulations

• The calibration curves: 5 concentration values of the considered compounds (two samples for each concentration level)

• The [NIN] regression curve: range 0.6–1.2 mg mL−1

• The [NIN] chosen to enable to obtain a LOQ for all the impurities ≤  the reporting threshold of 0.05%

• The regression curves for the impurities were from the respective LOQ to 1% with respect to [NIN] 

I1 = 0.40 – 10.00 μg mL−1 I2 = 0.45 – 10.00 μg mL−1, I3 = 0.38 – 10.00 μg mL−1, I4 = 0.38 – 10.00 μg mL−1, I5 = 0.50 – 10.00 μg mL−1, 

I6 = 0.38 – 10.00 μg mL−1, I7 = 0.50 – 10.00 μg mL−1

Analytical target profile and method scouting



Risk assessment, CMAs, and CMPs
CMAs are directly connected with the ATP and are response variables, 

giving information on the quality of the chromatogram

CMAs were selected as the analysis time (t) ≤ 11 min 

• The retention time of I7 (the last eluting peak)  

• Chromatographic selectivity between NIN 

and the adjacent peaks, set as

α1: I4/NIN selectivity ≥1.03

α2: NIN/I5 selectivity ≥1.03

CMPs which could potentially influence the selected CMAs and 

thus needed to be in depth investigated by means of DoE
(multivariate optimization)

• Flow rate

• Oven temperature

• HCOOH % in eluent A

• Type of organic solvent in the mobile phase

• Gradient slope of organic eluent



3 CMAs 
5 CMPs 35 = 243 exps

CMPs
• Flow rate: 0.25 – 0.45 mL min−1

• Oven temp: 24 – 40 °C

• HCOOH: 0.05 – 0.15% (v/v)

• Gradient: 6.30 – 18.90% B min−1

• Type of organic solvent: 

MeOH, ACN and ACN/MeOH 1:1

35//16 screening symmetric matrix 16 exps (x2)
A high number of CMPs to be simultaneously 

studied keeping low the number of experiments.

CMAs
• t (min) ≤11 min 

• I4/NIN selectivity α1 ≥ 1.03

• NIN/I5 selectivity α2  ≥ 1.03

...
...

...
...

...
...

...
...

...

Free-Wilson model 

32 exps

Screening phase



Stat. analysis by ANOVA



Response Surface Methodology and Method Operable Design Region

Box-Behnken Design estimating the second order polynomial equation representing the CMPs-CMAs relationship

3 levels per factor (CMP), Total = 3 CMPs

13 experimental plan (each CMA) , x2 = 26 exps



Response contour plots
Relationship between gradient and flow rate at different temperature

Flow rate: high levels

Gradient : low levels

High selectivity 

between NIN and 

adjacent peaks

• α1: I4/NIN 

Flow rate: high levels

Gradient : low levels

High selectivity 

between NIN and 

adjacent peaks

• α2: NIN/I5

High flow rate

High gradient
Minimization of 

the analysis time 

• t ≤11 min 



Sweet spot plots
describes ideal location or condition that maximizes performance or achieves desired outcomes

CMAs were satisfied according to their predicted values 



Flow rate: 0.37 – 0.43 mL min−1

Temperature: 38 – 40 °C

Gradient: 12.85 – 15.15 %B min−1

Define MODR
The MODR was calculated by 

Monte-Carlo simulations with 

the threshold for the risk of 

failure was set to 10%



Experimental domain/optimized values for the CMPs

Working condition
• Column: Restek Ultra AQ C18 

(100 × 2.1 mm, 2.7 μm) core-shell

• Sample injection volume: 5 μL

• Autosampler temperature, 22 °C

• HCOOH percentage in eluent A: 0.15% v/v

• MeOH as organic solvent in eluent B

• Flow rate: 0.40 mL min−1

• Oven temperature: 40 °C

• Gradient: 14.00 % B min−1



LC-MS/MS chromatogram 
A standard solution: NIN 1 mg mL−1 and NIN impurities 0.01 mg mL−1)

Validation of the MODR and validation of the calculated models



Robustness testing and control strategy

Robustness testing

• Multivariate approach

• Plackett–Burman design

CMPs

• Flow rate: 0.38 and 0.42 mL min−1

• Oven temp: 39 and 41 °C

• HCOOH: 0.14 and 0.16 % (v/v)

• Gradient: 13.50 and 14.50 %B min−1

• Type of organic solvent: MeOH



Control strategy of the method 

• 1.03 < α1 < 1.06

• 1.06 < α2 < 1.08 

• 9.24 < t < 10.48 min

Robustness testing and control strategy



Method validation 
ICH guideline Q2(R1)

For routine quality control of pharmaceutical dosage forms

• Selective to the analytes of interest

• Typical content specification range of the API of 80 –120%

• Mean bias ≤2% of theoretical across the range

• Relative Standard Deviation (RSD) ≤ 2%.

For the analysis of impurities 

• Higher RSD was accepted (≤5.0%) 

• A limit of quantitation equal (LOQ) or lower than the reporting 

threshold of 0.05% with respect to NIN (as from maximum 

daily dose <1 g) was required

Validation of the MODR and validation of the calculated models



Validation
ICH guideline Q2(R1) 
Test sample containing 

• 1 mg mL-1 NIN + 0.01 mg mL-1 NIN impurities

Selectivity test
6 injections, 3 consecutive days 

• Intra-day RSD values of AUC: 0.6-0.8% for NIN and 1.3-

2.4% for the impurities

• Inter-day RSD values of AUC: 0.9% for NIN and 1.6-2.8% 

for the impurities. 

• Intra-day RSD values for t : 0.12 to 0.15%, 

• Inter-day RSD values for t : 0.17%.

Sensitivity test
• LOD/LOQ values (µg mL-1): I1, 0.30/0.40; I2, 0.30/0.45; I3, 

0.25/0.38; I4, 0.25/0.38; I5, 0.35/0.50; I6, 0.25/0.38; I7, 

0.30/0.50

Linearity test
• Coefficient of determination (R2) = 0.995 -0.999

Accuracy (%recovery)
• 95.9 ± 4.8 – 104.6 ± 8.1

Precision (% RSD)
• 0.8 – 4.6

Validation
ICH guideline Q2(R1) 
Test sample containing 

• Vargatef ® soft capsules containing 150 mg NIN

• 4 parallel replicates 

• The observed CMA values were included in the control 

strategy interval (α1 = 1.049 ± 0.015, α2 = 1.073 ± 0.012,

t = 10.23 ± 0.05 min; α/2 = 0.025)

• The determined content of NIN: 98.4 ± 1.6 % 

• RSD 1.0 % showing evidence of good precision. 

• All the impurities were below the LOQ concentration

values and thus fell below the reporting threshold of 0.05%   

with respect to NIN.



Analytical Quality by Design (AQbD)



The Analytical Procedure Lifecycle



Framework for analytical procedures that holistically incorporates all the events that 

take place over the procedure life cycle that are designed to demonstrate that a 

procedure is, and remains, fit for the intended purpose

The Analytical Procedure Lifecycle

USP GC <1220>



ISO/IEC 17025
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