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Over the past 25 years, liquid chromatography-mass spectrometry (LC-MS) has transitioned from a
scientific novelty to a widely used technique, increasingly employed in routine field laboratories.

Compared to traditional chromatography (which uses a unidimensional detector like UV
absorbance), LC-MS provides enhanced selectivity and identity confirmation by measuring the mass-
to-charge ratio of ions or capturing MS data for the entire chromatogram, often generating three-
dimensional datasets.

7~ A When developing an LC-MS-based
analytical method, its performance
must be thoroughly evaluated and
consistently monitored.

7~/ | CMs systems are  complex,
requiring numerous parameters to be
set at or near optimal levels to
achieve the desired performance.



~—= Method validation is a crucial step in chemical analysis, essential for ensuring
reliable results.

= Methods based on LC-MS are notorious for their complexity

<= |n addition to its inherent necessity, method validation is increasingly mandated by
regulations governing laboratories, and scientific journals in analytical chemistry
require validation data for methods to be published.



Due to its significance, numerous validation guidelines have been developed for laboratories,
ranging from general frameworks to sector-specific standards.

Guidance for Industry

Bioanalytical Method Vahdation

Guidance for Industry

Bioanalytical Method Validation

DRAFT GUIDANCE ~ September 2013

INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN
USE

ICH HARMONISED TRIPARTITE GUIDELINE ’f

VALIDATION OF ANALYTICAL PROCEDURES: e
TEXT AND METHODOLOGY opics

Q2(R1)

O

EUROPEAN MEDICINES AGENCY

SCIENCHE MEDICINES HEALTH

21 July 2011
EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2%*
Committee for Medicinal Products for Human Use

AOAC Guidelines for Single Laboratory
Guideline on bioanalytical Validation of Chemical Methods for Dietary
Supplements and Botanicals
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Different recommendations
and different sets of
terminology are found in
the different guidelines

The analytical community has yet to reach a
consensus on the precise approach to validation,

both in general and specifically for LC-MS

applications.



DIFFERENT TERMINOLOGY

Table 2
Terms used for trueness in dillerent guidance materals.
i0hrga i xalion Term Meaning acconding to VIM
N e ... = ==
Ti - Tr A
ICH, FDRAL EMA ay Tr 5
Reference document [1] [2] [4a, b, c] [7] [8a, b] TUPAC, Maordy al | Trieness

Selectlwty 4 v X v X v v v
Specificity X X v X v X X X Kruve et al. Tutorial review on validation of liquid chromatography—mass

Ruggedness/Robustness v = 4 v v v - - spectrometry methods: Part II Analytica Chimica Acta 870 (2015) 8-28

1. IUPAC, Harmonized guidelines for single-laboratory validation of method of analyses (IUPAC technical report), Pure Appl. Chem. 74 (5) (2002) 835-855.
International Vocabulary of Metrology — _Basic and General Concepts and Associated Terms (VIM), JCGM 200:2012.

3. ICH Harmonized Tripartite Guideline: Validation of Analytical Procedures: Text and Methodology Q2(R1), International Conference of Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, 2005.

4, (a) BEurachem, Eurachem Guide: The Fitness for Purpose of Analytical Methods, Eurachem, Teddington, 1998; (b) B. Magnusson, U. Ornemark, Eurachem Guide: The Fitness for
Purpose of Analytical Methods — _A Laboratory Guide to Method Validation and Related Topics, 2nd ed., Eurachem, Teddington, 2014 Available from www.eurachem. org. ISBN
978-91-87461-59-0. (c) H. Cantwell (ed.) Eurachem Guide: The Fitness for Purpose of Analytical Methods — A Laboratory Guide to Method Validation and Related Topics, (3rd ed.
2025).

5. NordVal Protocol No. 2, Guide in validation of alternative propietary chemical methods, 2010.

6.  AOAC, AOAC Guidelines for Single-laboratory Validation of Chemical Methods for Dietary Supplements and Botanicals, Official Methods of Analysis, 19th ed., AOAC,
INTERNATIONAL, Gaithersburg, MD, 2012 Appendix K.

7. Guidance on bioanalytical method validation, European Medicines Agency, 2011.

8.  (a) US. Department of Health and Human Services Food and Drug Administration, Guidance for Industry: Bioanalytical Method Validation, U.S. Department of Health and Human
Services Food and Drug Administration, 2001; (b) U.S. Department of Health and Human Services Food and Drug Administration, Guidance for Industry: Bioanalytical Method
Validation, Draft Guidance, U.S. Department of Health and Human Services Food and Drug Administration, 2013. http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/UCM368107.pdf.
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DIFFERENT RECOMMENDATIONS

Kruve et al. Tutorial review on validation of liquid chromatography—mass spectrometry methods: Part I Analytica Chimica Acta 870 (2015) 8-28

Table 1

Recommendations for evaluation of linearity in dilferent validation guidelines and owr recommenda tons

Goadaledine

Expesriment plarndd ng

Evaluation of data

ICH [26]

ADAC |27]

[Earr acheem |25

IUPAC [48]

EMA [14]

FDA [13a]

SANCO (4]

O recamme nada tions

Min 5 oonce niration leveli Dilions of standand sbodk
salution or weighing different amounts of analyte
sk nd

G-8 paodnts, approsimately equally spaced, measured in
duplicates at random. Calibration sohutions obstained by
dilution of stock Solul ions

Blank and reference maternal or spiked blanks at & 10
concentrations evenly spaced exceading = 1B or = 20E
of the expected concentration rangs

(2= mesturements)

Min & calibration standards at evenly spaced
ooncenlr ations. omvering the range. Samples should be
analyzed in random onder at least in duplicate

Min & calibration standards at evenly spaced
comcentrations, a blank and a rer sample analyzed at
least in duplicate. Calibration standard is defined as
mabrix spiked with anahae

A blank sample® a zers ample®™ and &min non-zem®
samples analyeed in duplicate in & Sequemnes over
seveer al days. Calibration samples should be preparad in
the malrix a5 study samples

Three or mare concentralions. Use of two levels is
appropriate if the difference of conoenirations is below
10 imes

Solutions with at least 10 different @ncentrations,
approimately equally spaced, with ratio of the highes
ool ation bo Uhe lowest at least 5, conlaining the
mabrix compomnents (il possible), measured in random
arder and at least in duplicie

First evaluated by visual inspection of the plot of Signal-conce niration

e lationshi p. Incaseof Tinearity, addi tonal statistical me thod should be applied,
e, regrssion line iming least squares method Cormelation ooellicent,
y-intercepl, slope of regretsion line and resdual sem of soguares should be
uteisd Lo @ vahuate linesnty

o el o amaly s of deviation ol adwal data points from the regression line
{analysis of residuals )

Wisual examination is uswall yiulfident and in addition uwse of plot ol re<iduals i
sugpested. An aceplable fit produces random pattern of residuals with a
0 mean

Wigual inspection of the lne and residuals may be sufficient, bt statistical test,
e poodne s-offit are recommended

Examination of plot of residuals or lack-ol-fit test, bat preferably both

Matrix-matched calibration. Back-calculated concentrations of the calibration
Standands shoukld be within 155 of the nominal vahee (205 Tor lower Emit of
ettt o {LLad)) and wppeer limit of quantitation (ULod)) for at least 755 of
calibration standards

Matrix matched calibr ation. Standard curve i@ aoceplable when 755 of non-zero
Standards are within 155 of the nominal concentration (20 for LLod))

Matrix matched calibration Visual inspection or aloulation of retiduals
Relative residuals should be within 208 Weighted linear regression i
jprefier e

W recommend a two-5Lage approach: (1) Lineanity i first ssessed visually. In
e ar-cuwl St tions. (52 e Fig. 1 Tor explanations) visual ssessment of Eneanity i
sufficient. (2] In unclear situations (Fig 1) statistical tes1s should be wmead

* Blank sample: malrix sample without the analyte and intermal standand
B Zem sample: matrix sample with intemal fandard, withoul analye
© Mon-zem sample: malrix sample containing both analyte and internal standand |13a)l
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FAQS ON THE PROJECT SUBMISSION AND
APPROVAL PROCESS Project No.:  2021-036-1-500
PROJECT SUBMISSION FORM AND GUIDELINES Start Date: 10 Mar 2022
End Date:
ADVICE FOR PROJECT REVIEWERS
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Specific guidelines and common experimental protocols for the validation of LC-MS methods are needed. However, existing

guidelines are difficult to follow. The application fields involved are numerous, including the pharmaceutical, food,
environmental, forensic and clinical ones. Therefore, the aim of this proposal is to review the present status of validation
methods critically and provide a broader and easy to follow guide for the validation steps in all the aforementioned areas, with
cross-references to definitions and further details. In particular, methods for calculating the detection and quantification limits,
calibration, standards, matrix effect, recovery, reproducibility will be provided in an exemplified way. Moreover, we aim to study
the best quality control (QC) strategies and External quality assurance (EQA) programs.
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Progress

Jan 2023 update - The task group including members from North America, United States, Japan, Asia and Europe, will meet for
the first time in Europe, in occasion of IUPAC 2023 General Assembly, in August. During on-line meetings the group decided the
table of contents for the future report.

Jan 2024 update - During the in-presence meeting in occasion of the GA in The Hague, the task group decided to change the
scope of the project including not just an exemplified guide but harmonising the existing guidelines that refer to analytical
methodologies and including the specific regulations for LC-MS in one document.

Apr 2024 update - The task group is seeking participation in a survey that will assist in achieving the above stated objective. If
you are willing to participate in the survey you will be giving consent for the data to be used in developing the LC-MS validation
guidelines. Participation is completely voluntary and all the information collected will be kept private and confidential, to the
extent permitted by law. All survey responses will be held anonymous and will not be traceable to you. If you have any
questions about this research or about the survey, please contact the Project Leader, Dr. Fabiana Piscitelli of the National
Research Council-Institute of Biomolecular Chemistry (email: fpiscitelli@icb.cnr.it).

To participate in the survey, please follow the link here. The survey will remain open through to May 15, 2024.

Any feedback is important to us and we hope that you may forward this survey to your colleagues.

Jan 2025 update - A survey aimed at collecting feedback from the potential stakeholders has been sent out last year and the
results have been shown at the last EuChemS conference, held in Dublin last July. TR is in preparation and a workshop will be
organized at the end of 2025.
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Lit erat ure review

we will compare the existing
recommendations and guidelines on
method validation for small molecules to fill
the gap in knowledge and to help improve
standardisation and harmonisation of
validation procedures between the actual
regulatory guidelines and the common
strategies used by the LC-MS users in
research.

Xy, /
Ask Review Report

|
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I { &

i | | 1 ‘y
_ I 73
I “‘ | | I o
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Survey Technical report
The survey included 89 The output of the Project will
answers from scientific be a publication that builds on
analytical community with a well-established standard
widespread geographical validation terms and
localization and field of procedures to harmonise
application. validation procedures, create
specific guidance for LC-MS

and will provide valuable
support to practitioners.



SURVEY ON LC-MS VALIDATION METHOD AND BEST PRACTICE

What type of organisation do you work in?

114 risposte

Industry
Academia
Government

17 (14,9%)

32 (28,1%)

60 (52,6%)

Contract Laboratory 1(0,9%)
Management System certification [li—1 (0,9%)
CROE—1 (0,9%)

healtcare 1(0,9%)

laboratorio di analitica ambientale [§—1 (0,9%)
National Metrology Institute li—1 (0,9%)
forensic|i—1 (0,9%)

1(0,9%)

20

What is your job role?
113 risposte

40 60

Performing LC-MS analytical...
Managing LC-MS analytical...
Quality Control of LC-MS an...

21 (18,6%)

63 (55,8%)

)

Research and Development
Researcher

Teaching & research in poly...
ESI MS fundamental aspects
ISO Certification

Database

Technical support

supervising students using L...
Training

Teaching and Researching
Teaching LC-MS

research scientist

researcher

Analytical Development
Lecturing

Method development
Management

T(3.5%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)

1 (0,9%)

0

20 40 60
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Where is your company based?
114 risposte

Africa

Antartica 0 (0%)

10 (8,8%)

Asia 30 (26,3%)
Europe 58 (50,9%)
North America 13 (11,4%)
Oceania/ Australia 1(0,9%)
South America 2 (1,8%)
0 20 40 60
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Do you work in a regulated environment?
114 risposte

61 (53,5%)

24 (21,1%)

Yes, 1ISO15189 2 (1,8%)
3(2,6%)
previously in GLP [i—1 (0,9%)
1ISO9001-2015F—1 (0,9%)
Yes, ISO 9001 fi—1 (0,9%)
We have not obtained any certi... [i—1 (0,9%)
Department of Energy, USA 1 (0,9%)
0 20 40 60 80

Do you currently carry out method validation for LC-MS?
114 risposte

Yes 69 (60,5%)

Not yet, but | intend to

No 30 (26,3%)
Experiences with LC coupled to
various detectors, incl. CAD/
ELSD
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What field/sector are you in? Are there any field specific validation requirements you must follow? If

yes, please add details of these required validation documents in 'other' (Can select multiple)
114 risposte

Clinical

Forensics

Pharmaceutical
Environmental

Food

Cosmetics

Research and Development
Yes, we must follow specif...
No, we don't have specific...
recovery (high and low) le...
we generally follow ISO a...
pesticide residue analysis
ICH g2, internal SOP base...
agrichemical

ISO 17025 standard requir...
SANTE Guidelines for pes...
ICH M10, Bioanalytical me...

12 (10,5%)
12 (10,5%)

)
35 (30,7%)
28 (24,6%)

58 (50,9%)

19 (16,7%)
23 (20,2%)

1ISO17025

Biological Science
Bioanalyical methods

Feed

We determine pesticides ...
Drinking Water production
Guideline on Bioanalytical...
Pesticides residue in food...
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What documents do you currently follow or reference when doing LC-MS validation? Please

additionally state specific standard/reference in 'other' if applicable.
113 risposte

None

ICH guidelines (i.e. Q2R1)
USA interpretations of the...
European interpretations o...
ISO standards

IUPAC Technical Report -...
Eurachem Guide - The Fit...
European Bioanalysis For...
AOAC

INTRODUCTION TO MO...
CIPAC guidelines
Guidelines notified by the...
Procedures (SOP) of each...
Ministry of Health , Labour...
SANTE/2015/11945

SANTE guidelines

ICH M10, Bioanalytical me...
The validation procedures...
OECD guidance No.72 an...
CLSI

EMA guideline

review paper https://doi.or...
WRIB White Papers

34 (30,1%)
27 (23,9%)

12 (10,6%)
9 (8%)
29 (25,7%)

6%)

3(2,7%)
3(2,7%)
1 (0,9%)
1 (0,9%)
1 (0,9%)
1 (0,9%)

1(0,9%) Do you think a IUPAC specific LC-MS validation best practice guide that everyone can use and

1(0.9%) reference will be useful to you and would you use it?
1(0,9%) 115 risposte

@ Yes, we need an IUPAC guide on
validation specifically for LC-MS

@ No, the information is already well
known

SANTE, OECD, OPPTS
SANCO/3029/99 rev.4, SA...
DG SANTE DOCUMENT...
JBF interpertatins of
SWGTOX

ICH M10

EU DG SATE /2020/12830...

1(0,9%) 10,4%
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What should the guide focus on? (Can select multiple)
103 risposte

LC-MS

LC-MS/MS

Quantitative data

Qualitative data

Single laboratory validation
Multi-laboratory validation

Single analyte method validation
Multi-criteria, wide analyte rang...
Best practice for use of isotope...
Hybrid Immunocapture LC-MS...

58 (56,3%)

84 (81,6%)
76 (73,8%)

46 (44,7%)

47 (45,6%)

47 (45,6%)

36 (35%)

48 (46,6%)

0 20 40 60 80 100

How should the guide be broken down?
103 risposte

By validation topic - sensitivity,
selectivity, working range, bias, ...

More chronologically - the order

0,
you would validate a method 31(30,1%)

By analytical topic - LC-MS, LC-
MS/MS, quantitative , qualitativ...

By field - clinical, forensic, etc 22 (21,4%)

1(1%)
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For quantitative methods what kind of quantitation method would you like to see mentioned in the

guide? (multiple answers possible)
102 risposte

Normalization 56 (54,9%)

External Calibration 82 (80,4%)

Standard Addition 66 (64,7%)
Internal standard calibrationi—1 (1%)
internal standards i1 (1%)
Internal calibration fi—1 (1%)
Internal calibration (must have)—1 (1%)
isotopic labelled internal sta...[}—1 (1%)
tag-labeling Ji—1 (1%)
1(1%)
Internal standardi—1 (1%)
Internal standardi—1 (1%)
Use of internal standard cali...i—1 (1%)
Internal standards for LC-ES... 1 (1%)

0 20 40 60 80 100

64 (62,1%)

80
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Should the guide discuss all the approaches and then advise on best practice?
103 risposte

Explain multiple approaches with
pros and cons and leave open
ended

20 (19,4%)

Explain multiple approaches with
pros and cons and advise best
practice and why

81 (78,6%)

Explain best practice option only 11 (10,7%)

0 20 40 60 80 100

Should the guide include a lot of theory, or keep it simple and practical
102 risposte

Practical 35 (34,3%)

Theory and practical 68 (66,7%)

theory and practical, in separate
sections, so that | can read/use
whichever is useful/interesting t...

1(1%)
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v

v

v

v

High-throughput requirements: Metabolomics and similar fields often require high-throughput analysis to handle
large sample volumes. Traditional validation guidelines may not adequately cover the strategies needed to
maintain consistency and reliability at such scales.

Data Processing and Analysis: The complexity of data generated by LC-MS, especially in non-targeted studies,
requires sophisticated data processing algorithms. Validation guidelines typically focus on the analytical process
and do not include the equally important data analysis phase.

Regulatory Considerations: In metabolomics, following strict regulatory guidelines often means extensive analysis
and significant effort, which does not necessarily coincide with the frequency of analytical method updates. If
validation guidelines evolve to provide a more streamlined approach, this would be especially beneficial for
exploratory and research-specific applications that can reduce regulatory burden without compromising scientific
integrity.

Adaptability: Validation protocols should be adaptable so that new technological advances and analytical
approaches can be quickly incorporated.

Simplification and Standardization: There is a need for simplified and standardized validation protocols that can be
easily applied across different l[aboratories and studies without sacrificing the rigor necessary to obtain reliable and
reproducible results.



Introduction

E 1.1 Scope and field of application
] 1.2 Terms and definitions
& 1.3 Symbols
1.4 Abbreviations
LC-MS method development
2.1 Sample preparation (link to Annex 1)
~ 2.2 Reference materials (both certified and in-house)
5 2.3 Key elements of liquid chromatography
E 2.4 Key elements of mass spectrometry
G 2.4.1 lonization
2.4.3 Quantification
Method validation
3.1 Linearity and sensitivity
3.2 Selectivity and identity confirmation
m
_5 3.3 Limit of detection and limit of quantification
E 3.4 Trueness, precision and accuracy
3.6 Ruggedness
3.7 Matrix effect
3.8 Measurement uncertainty
3.9 Expression of results
5 Practical tools and softwares
§ = 4.1 Overview
td 4.2 Examples and explanations
Sample preparation
1.1 Definition of sample
: 1.2 Sample collection
] 1.3 Sample containers and handling conditions
< 1.4 Concentration of target analyte

1.5 Extraction methods

1.6 Protein precipitation
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Topics of interest:

¢ Validation
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¢ Experimental approaches§
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Institute of Biomolecular Chemistry

Main Site: Pozzuoli - Napoli (AdR NA3)

Branches: Catania (being established AdR CT)
Padova (Dept. Chemistry UNIPD)
Sassari (AdR SS)

IRGB/SS S
(2022) 9 , >
- Catania
N S ==
IBPM/RM 4 = -
(2014)
{ (

ICB/RM | e
(2001-2014)

20(:1(:2%06_) ] The ICB is committed to the study of the
characteristics, synthesis and properties of
chemical compounds, in particular small organic

molecules, involved in biological processes, with
IATCAPA/SS N ISSN/CT . . . .
[ (1981-2001) ][ ('CM'B/NA) [(1981—2001) ] the aim of understanding their function and
1979-2001 ) ) ) )
CSCSON-CCF/RM f_‘ g SSaPD exploring their applications .......
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LCFMIB/NA ICFMIB/NA



Catania
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® d-maps.com
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ca
molecolare

Research & Development

Human health and well-being
Drug discovery, vaccines, nutraceuticals, drug delivery, cell
biology of molecular pharmacology in cancer, immunology

and neuroscience

Green chemistry and sustainibility
Eco-friendly processes, hnhon-toxic
optimization, circular transformation,

hydrogen

solvents, synthesis
biofulels and bio-

Biotechnology
Bio-based processes, biocatalysis, fermentation, waste reuse,

biological CO,_capture and valorization, novel food, microalgal
and bacterial culturing

Nature and environment
Chemical ecology, marine
extremophiles, exo-biology

ecology, microbiology of

Consiglio
@I EW&’?&% Nazionale delle Ricerche



TECHNOLOGY PLATFORMS

CHEMISTRY , —
/ ) //J-
Organic Synthesis /' CELL BIOLOGY
/ Labelling studies (13C, 2H) g Mass Imagin
/ Natural Products Chemistry /Fl g &
i ff Chemical-omics: Metabolomics & } vorescence microscopy e
| Lii . Mass Cytometry
| ’ Rlecilics \\ Receptorial Assay \
‘ Peptide Synthesis A\ /
"w. H‘\ P _ y _ 3 Immunoassays H EALTH
I\ Protein analysis —— /  Preclinical tests
\\ Chemical Biology A Neuroscience
\\ Green chemistry _ al Innate Immunology
W Supramolecular chemistry BIOTECHNOLOGY { Nutraceuticals
AN Biocatalysis \ Oncology
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