
Bioanalysis

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ibio20

The use of surrogate matrices in bioanalytical
preclinical safety testing using chromatographic
methods: a recommendation from the European
Bioanalysis forum

Lee Goodwin, Stuart McDougall, Mark Jean Gnoth, Daniel Mascher, Luca
Ferrari, Robert Wheller, Hayley Hawthorne, Josep-Maria Jansat, Joerg Faber,
Peter Huber, Alessandro Greco, Lars F Eggers, Matthias Sury, Jens-Jakob
Karlsson, Sune Hove Sporring, Susanne Globig, Nico van de Merbel & Philip
Timmerman

To cite this article: Lee Goodwin, Stuart McDougall, Mark Jean Gnoth, Daniel Mascher,
Luca Ferrari, Robert Wheller, Hayley Hawthorne, Josep-Maria Jansat, Joerg Faber, Peter
Huber, Alessandro Greco, Lars F Eggers, Matthias Sury, Jens-Jakob Karlsson, Sune Hove
Sporring, Susanne Globig, Nico van de Merbel & Philip Timmerman (23 Oct 2024): The
use of surrogate matrices in bioanalytical preclinical safety testing using chromatographic
methods: a recommendation from the European Bioanalysis forum, Bioanalysis, DOI:
10.1080/17576180.2024.2416360

To link to this article:  https://doi.org/10.1080/17576180.2024.2416360

Published online: 23 Oct 2024.

Submit your article to this journal 

Article views: 855

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ibio20

https://www.tandfonline.com/journals/ibio20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17576180.2024.2416360
https://doi.org/10.1080/17576180.2024.2416360
https://www.tandfonline.com/action/authorSubmission?journalCode=ibio20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ibio20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17576180.2024.2416360?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17576180.2024.2416360?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/17576180.2024.2416360&domain=pdf&date_stamp=23%20Oct%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/17576180.2024.2416360&domain=pdf&date_stamp=23%20Oct%202024
https://www.tandfonline.com/action/journalInformation?journalCode=ibio20


BIOANALYSIS 
https://doi.org/10.1080/17576180.2024.2416360 

WHITE PAPER 

The use of surroga t e ma trices in bioanalytical preclinical safety testing using 

chroma t ographic methods: a recommendation from the European Bioanalysis 

forum 

Lee Goodwin a , Stuart McDougall b , Mark Jean Gnoth c , Daniel Mascher d , Luca Fer rar i e , R obert 
Wheller f , Hayley Hawthorne g , Josep-Maria Jansat h , Joerg Faber i , Peter Huber j , Alessandro 
Greco k , Lars F Eggers l , Matthias Sury m , Jens-Jakob Karlsson n , Sune Hove Sporring 

o , Susanne 
Globig 

p , Nico van de Merbel q and Philip Timmerman * , r 

a Labcorp , Bioanalytical Services , Harrogate , HG3 1PY, UK ; b Quotient Sciences , Bioanalytical Services , Alnwick , NE66 2DH, UK ; 
c Bayer, DMPK, in vivo PK and bioanalytics , Bayer AG , Wuppertal , 42096, Germany ; d pharm-analyt Labor GmbH , Bioanalytical 
Services , 2500, Baden , Austria ; e Roche Pharma Research & Early Development (pRED) , F. Hoffmann-La Roche Ltd , 4070, Basel , 
Switzerland ; f Resolian Bioanalytics , Fordham , CB7 5WW, United Kingdom ; g ACM Global Laboratories , Bioanalytical Services , 
YO10 4DZ, York , United Kingdom ; h Almirall R&D , ADME&DMPK Department , 08980 Sant Feliu de Llobregat, Barcelona , Spain ; 
i A&M Labor für Analytik und Metabolismusforschung Service GmbH , 50126, Bergheim , Germany ; j Nuvisan GmbH , Bioanalysis , 
89231, Neu-Ulm , Germany ; k Aptuit (Verona) Srl, an Evotec Company , ADMET and Bioanalytical Sciences , 37135, Verona , Italy ; 
l Boehringer Ingelheim Pharma GmbH & Co. KG , DMPK GER/Bioanalysis , 88397 Biberach , Germany ; m Celerion Switzerland AG , 
Bioanalytical Services , 8320, Fehraltorf , Switzerland ; n Lundbeck A/S, department , 2500, Valby , Denmark ; o Novo Nordisk , LCMS 
Bioanalysis , DK-3500, Maloev , Denmark ; p Idorsia Pharmaceuticals Ltd , DMPK Department , 4123, Allschwil , Switzerland ; q ICON , 
Bioanalytical Laboratories , 9407 TK, Assen , the Netherlands ; r European Bioanalysis Forum vzw , Havenlaan 86c b204, 1000, 
Brussels , Belgium 

ARTICLE HISTORY 
Received 10 October 2024 
Ac c ept ed 10 October 2024 

ABSTRACT 
Within the bioanalytical community, the use of blank matrix fr om pr eclinical animals for bioanalytical 
method v alida tion and sample analysis is c ommon practic e and r equir ed in the c ont ext of guidelines 
for bioanalytical method v alida tion. At the same time, its use has been challenged by the scientific 
community for decades, since there is ample scientific evidence to allow the use surrogate matrices 
for this purpose. Nevertheless, legacy and current regulatory thinking continues to be reluctant to 
allow the use of surrogate matrices in bioanalytical testing except for so-called rare matrices. As 
part of ongoing discussions in relation to the ICH M10 Guideline, the European Bioanalysis Forum 

re-challenges the unnecessary use of blank matrices from preclinical animals and believes that, as 
part of community responsibility and ethical standards and when supported by data, the use of 
surroga te ma tric es should bec ome widely ac c ept ed. It is in this c ont ext that target ed experiments 
w er e c onduct ed within the European Bioanaly sis Forum t o ga ther additional da ta and re-open 
the discussions with all inv olv ed and that it should become acceptable to use surrogate matrices 
wher ev er possible. 
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. I ntro duction 

he ethical need to ensure replacement, reduction,
 efinement and r esponsibility (3Rs) of animal use in safety
esting is a key consideration in the development of new
herapies, supported by both US FDA Center for Drug
v alua tion and Research [ 1 ] and EMA under EU Dir ectiv e
010/63/EU [ 2 ]. Historical and current regulatory guid-
nce or guidelines for bioanalytical method v alida tion
nd sample analysis [ 3–5 ] outline tha t calibra tion sam-
les, quality control (QC) samples and sample dilution

nt eg rity should be pr epar ed or performed using the
ame matrix and species as that of the study samples.
lthough it is ac c ept ed that QC samples should mimic

tudy samples by being pr epar ed in the same matrix, the
reparation of calibration samples and dilution of study
ONTACT Philip Timmerman Tel.: + 32 479 91 01 32; chair@e-b-f.eu 
2024 Informa UK Limited, trading as Taylor & Francis Group 
samples in preclinical matrix is potentially in conflict with
the 3Rs if alternativ es ar e demonstrat ed t o be suitable.
The current ICH M10 guidance [ 5 ] already calls out that for
‘rare’ matr ices, a sur roga te ma trix may be ac c eptable for
analytical method v alida tion, including dilution in t eg rity,
if it can be scientifically justified and demonstrated to
be equiv alen t. A survey within the European Bioanalysis
Forum (EBF) member companies [ 6 ] highlighted that
due to the difficulty in obtaining some preclinical matri-
ces, particularly non-human primate, several are already
suc c essfully using the surroga te ma trix approach for
calibration samples and dilution int eg rity for assays in
these species under the ‘rare’ matrix caveat. However,
the applicability of the surroga te ma trix approach to all
preclinical assays has the potential to significantly reduce

https://doi.org/10.1080/17576180.2024.2416360
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he need f or in vasive blood draws across all preclinical
afety testing without compromising data quality, if
ppropria tely v alida ted . A t the same time, and aligned
ith current ethical standards, the industry should take

esponsibility to apply the principles of the 3Rs wher ev er
ossible and should not ac c ept inappropriat e use of

aboratory animals when a valid alternative is available.
o this end, the EBF formed a team to design and perform
xperimen ts to ga ther c ompelling and c onvincing data t o
 e-open discussions acr oss the Bioanalytical community,
ncluding the regulatory authorities, for the ac c eptanc e of
 eplacement of pr eclinical ma trix in assay v alida tion and
tudy sample analysis. 

. Experimental design 

eventeen EBF member companies tested existing, fully
 alida ted preclinical methods against two surrogate
alibration lines, one pr epar ed in human plasma and one
r epar ed in a synthetic matrix; 2% Bovine Serum Albumin

n Phosphate Buffered Saline (BSA-PBS). Existing QC sam-
les that w er e alr eady pr ov en v alid against the v alida ted
ssay w er e t est ed at a minimum of Low, Medium and High

ev els (5 r eplicates each) against the surr oga te ma trix
alibration lines on 3 separat e oc casions. A pr er equisite
hen selecting the assay for testing was that a stable iso-

 ope labeled int ernal standard w as av ailable . A c c eptanc e
r iter ia was within ±15% for both precision and accuracy.
dditional v alida tion experimen ts, such as selectivity and
pecificity, w er e not assessed on the basis that if QC
amples in preclinical matrix pass against a surrogate
alibration line, the selectivity and specificity of the LC-MS
ssay was assur ed . 

. Results 
cross the seventeen EBF member companies, 56 preclin-

cal assays w er e tested against a human plasma calibra-
ion line and 40 w er e t est ed against a BSA-PBS calibration
ine. The assays tested w er e originally v alida ted in either
og, ra t, non-human prima te , minipig, mouse , rabbit or
amster plasma ( Table 1 ). 

Across the assays tested w er e a variety of molecule
ypes from low molecular weight small molecules (120
a) through t o ac etylat ed peptides (5000 Da) and with
 broad array of phy sic o-chemical properties (logP, pKa).
he results are presented in Table 2 . 

Of the 56 preclinical assays tested against a human
lasma calibration line, 53 (94.6%) passed ac c eptanc e
r iter ia for accuracy and 55 (98.2%) passed acceptance
r iter ia for precision. Of the 40 preclinical assays tested
gainst a BSA-PBS calibration line, 28 (70.0%) passed
c c eptanc e crit eria for ac curacy and 40 (100.0%) passed
c c eptanc e crit eria for precision. 
4. Discussion & EBF r ecommenda tions 

The da ta genera ted by the EBF member companies gen-
er ally demonstr at ed good c orr elation betw een surr ogate
calibration lines and QC samples in all t est ed preclinical
species. How ev er, in the c ont ext of this data, it needs
t o be highlight ed that ther e w er e no att empts made t o
modify the methods to ov er come the matrix differences
seen between the surroga te calibra tion standards and QC
samples. With this in mind, the high pass rates observed
using either surroga te ma trix demonstra te the viability
of the approach from a scientific perspective as passing
QC samples ar e r eflectiv e of ac curat e quan tita tion in
incur red samples. Further more, based on the experience
within the EBF community this was an expected result for
methods using a stable isotope labeled internal standar d ,
that is known to compensate for differences in ionization
and other matrix effects, and the basis for this approach.
The assays that did not pass the ac c eptanc e crit eria had
no particular pattern in term of species, molecule type,
molecule size or assay range and generally failed due to
accur acy r ather than pr ecision. Giv en that the accuracy
failur es w er e mor e pr onounced in PBS-BSA than in
plasma, matrix composition and related effects is clearly
a consideration when selecting an appropriate surrogate
matrix. How ev er, in the c ont ext of this data, it needs
t o be highlight ed that ther e w er e no att empts made t o
modify the methods to ov er come the matrix differences
seen between the surroga te calibra tion standards and
QC samples. Further development of the methods would
undoubtably hav e r esult ed in ac c eptable performanc e
given that in most instances, the accuracy failures were
r elativ ely minor at < 5% outside ac c eptanc e crit eria with
ac c eptable precision. 

The ethical adv an tages of using the surrogate matrix
approach become clear when considering the volume
of matrix used on just calibration samples and for
sample dilution. If assumed in rodent species that in
exsanguina ting a ra t and mouse, 8 ml and 0.8 ml of
plasma can be c ollect ed , r espectiv ely, the animal savings
are quickly apparent across just the assay v alida tion,
28 day and 13-w eek r egulat ed t oxic ology studies. If
assumed 0.25 ml spiking volume for each calibration
poin t, eigh t calibra tion poin ts per assay and 12 ba tches
(3 precision and accuracy batches, 1 additional v alida tion
experimen ts ba t ch, 2 long t erm stability bat ches and 3
sample analy sis bat ches in each of the 28-day and 13-
week t oxic ology studies t o c over orig inal analy sis, repeat
analysis and incurred sample reanalysis) and 5 ml matrix
for sample dilutions then this r equir es appr oximately
29 ml of matrix. This equates to 4 rats and 32 mice
sav ed acr oss v alida tion and first 2 t oxic ology studies
alone. Even for larger species that are not euthanized for
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Table 1. Number of assays t est ed per species against human plasma and agains PBS-BSA. 

Assay matrix Assays t est ed vs human plasma Assays t est ed vs PBS-BSA 

Rat 23 15 
Dog 18 13 
Non-human primate 5 4 
Minipig 1 0 
Mouse 5 3 
Rabbit 4 3 
Hamster 0 2 
Total 56 40 

Table 2. Number of assays (and % of total number of assays) passing the ac c eptanc e criteria per surrogate matrix. 

Surroga te ma trix Assays t est ed Assays passing accuracy 
ac c eptanc e (%) 

Assays passing precision ac c eptanc e 
(%) 

Human plasma 56 53 (94.6%) 55 (98.2%) 
PBS-BSA 40 28 (70.0%) 40 (100%) 
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atrix, the r equir ement for less matrix means a reduction
n invasive blood draws, also aligned with the 3Rs
hilosophy. 

In conclusion, based on the high level of acceptability
f QC sample data when using surrogate calibration

ines, even without specific development of the assays to
ddress any potential matrix difference, and the ethical
avings that the approach delivers from a 3Rs perspective,
he EBF recommends that the surroga te ma trix approach
hould be utilized wher ev er possible. Only in cases where
he v alida tion does not pass ac c eptanc e crit eria when
sing this approach, and when also additional method
evelopment does not yield ac c eptable v alida tion results,

s the use of the same preclinical matrix recommended
or calibration samples and for sample dilution. The
evelopment of assays with surrogate matrix for both cal-

bration lines and sample dilution can be demonstrated
n v alida tion to have no impact on the da ta genera ted
sing the assay and has significant ethical advantages in

educing the use of animals in drug development. 
The EBF w ould w elcome further discussions with the

egulatory authorities in support of bringing the issue to
 question and answer (Q&A) on ICH M10, aiming at giving
dditional support for the use of surrogate matrix in
ioanalytical testing. The approach is scientifically sound
nd is also part of an evolving communit y responsibilit y
o support the 3Rs when bringing safe medicines to
a tien ts. 

The discussions within this manuscript are limited to
hromat og raphic assay s. Within the EBF, a different t eam

s genera ting experimen tal da ta for ligand binding assays
nd is planning to publish these data at a later time. 
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