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INTRODUCTION. Biomarkers are used to assess normal physiological processes
in the body; to diagnose and select therapy for various diseases; and to develop
new drugs. The increasing use of biomarkers as drug development tools necessitates
improvements in analytical quantification methods.

AIM. This study aimed to review and summarise data on validation of bioanalytical
methods for biomarker quantification.

DISCUSSION. The analysed regulatory documents were issued by International Coun-
cil for Harmonisation (ICH), as well as Food and Drug Administration (FDA), including
the Biomarker Assay Collaborative Evidential Considerations Writing Group and Criti-
cal Path Institute (C-Path); European Medical Agency (EMA); Eurasian Economic Com-
mission (EEC); and other publicly available research platforms (including PubMed,
Web of Science, RSCI (e-Library), and Google Scholar online databases) primarily
published in 2014-2024. Analytical and clinical biomarker validation was examined,
alongside with analytical validation stages and key validation parameters of the
bioanalytical method depending on the objective (analysis for pharmacokinetics,
bioequivalence, and toxicokinetics studies; biomarker analysis in drug development
and for diagnosis in preclinical and clinical studies). Proposed is an algorithm for
choosing biomarker analytical validation level depending on the method (chroma-
tography, ligand-binding methods using reagent kits for various purposes) and the
issues to be addressed.

CONCLUSIONS. Confirming biomarker method suitability as per the objectives
is similar to a common validation procedure of bioanalytical methods. A broad and
detailed scientific discussion of biomarker analysis validation is needed, since a com-
prehensive scheme developed for this complex procedure will contribute to more
reliable use of biomarkers, improved quality of studies within this process, and
resulting safe and effective new medicinal products.
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m BBEAEHMUE. broMapkepbl UCMOMb3YIOT NPU OLEHKE HOPMalbHbIX GU3UONOrMYECKUX
NpoLEeccoB B OpraHM3Me; Ans AMArHOCTMKM M nofbopa Tepanuu pasnnyHbix 3abonesa-
HWI; Npu pa3paboTke HOBbIX NEKAPCTBEHHbIX NpenapaToB. PacwmpeHne 1cnonb3oBa-
HMs BMOMapKEpOB B Ka4yeCcTBe MHCTPYMEHTOB Pa3paboTKM NeKapCTBEHHbIX NpenapaTos
obycnoBnuBaeT He06X0AMMOCTb COBEPLUEHCTBOBAHUS METOAOB UX KONMYECTBEHHOIO
onpeneneHus.

LENb. O606weHne mMaTepunanos no BoONpocaM Banuaaumm 6M0aHaNUTUYECKMX MeTo-
LMK KONMYECTBEHHOTO onpeneneHus 6uomMapkepos.

OBCYXXAEHME. Mcnonb3oBaHbl perynatopHble 4OKYMEHTbl MexayHapoaHOro cose-
Ta no rapmoHusaumuu (International Council for Harmonisation, ICH), Ynpasnexus
MO KOHTPOJIKO 33 Ka4eCTBOM MpPOAYKTOB NMUTaHUA M NekapCTBeHHbIX cpeacTs (Food and
Drug Administration, FDA), skntoyas Pabouyto rpynny no coBMecTHOMY 06CyKaeHUI0
aHanunsa buomapkepos (Biomarker Assay Collaborative Evidentiary Considerations
Writing Group) u MHctutyT kputnueckoro nytu (Critical Path Institute, C-Path) Espo-
NencKoro areHTCTBa No JieKapcTBeHHbIM cpeacTBaM (European Medicines Agency, EMA),
EBpasuiickoi akoHoMuyeckorn kommcenn (E3K) n HayuHble nybamkaumm, Haxoaswmecs
B OTKPbITOM A0CTyre (B TOM YMC/Ie MO AaHHbIM 6ubnnorpaduyeckmx 6as U NOMCKOBbIX
cuctem PubMed, Web of Science, PUHLL (eLIBRARY.RU), Google Scholar), npenmyuie-
CTBEHHO onybnukoBaHHble B nepuod 2014-2024 rr. PaccMoTpeHbl Npouecchl aHanm-
TUYECKOM U KIUHMYECKOMN Banungauunun 6M0MapKepos, OTMe4eHbl 3Tanbl UX aHaNIUTU4e-
CKOM BanuAaumu, BblaeNeHbl KIKYeBble NoOKasaTenu Banuaauum 6roaHanMtMyeckon
METOAMKM B 3aBUCMMOCTM OT 334a4YM (aHaNU3 ANg UCCNefoBaHUi hapMaKOKMHETUKM,
6103KBMBANEHTHOCTU U TOKCMKOKMHETUKM; aHanu3 6uomapkepoB npu paspabotke ne-
KapCTBEHHbIX NMpenapaTtoB U ANng AUarHoCTUKKU B XoAe AOK/IUMHUYECKUX U KNMHUYECKUX
nccnenoBaHuii). MNpennoxeH anroput™ Bbibopa YpOBHS aHANUTUYECKOM Banuaaumm
61MomMapkepoB B 3aBMCMMOCTU OT ocobeHHoCTen MeToda (XpomaTorpadus, NMraHaces-
3blBaloLLME METOAbI C UCMONb30BaHMEM HAabOPOB peareHTOB Pa3IMYHOIO Ha3HAYEeHWMs)
W pellaeMmbix 334au.

BbIBOAbI. MoaTBEpXAEHME NPUFOAHOCTU METOAMKM aHanu3a GuomMapkepoB Ang npu-
MEHEeHMS COrNacHO NAaHMpyeMbiM Lenam 6n3Ko K obLenpuHaTon npoueaype Banu-
faunm buoaHanuTUYeCcKMx MeToguk. HeobxoamuMo Wwupokoe HayyHoe obcyxaeHue ae-
Tanen BanMAauUMM aHanusa GuoMapkepos, NOCKONbKY BblpaboTKa eAMHOro anropuTMa
3TOM CNOXHOM npouenypbl 6yaet cnocobcTBoBaTh 60nee HaAEXHOMY UCMONIb30BAHUIO
61OMapKepoB, NOBbILIEHNIO Ka4eCTBa COMYTCTBYIOLMX 3TOMY NPOLLECCY UCCNefoBaHMI
M KOHEYHOMY pe3ynbTaTy — BBEAEHMI0 B 06palLeHne HOBbIX 3¢ deKTUBHbIX 1 Be3onac-
HbIX IEKAPCTBEHHbIX NPenapaTos..

KnioueBble cnoBa: 6Momapkepbl; 6MoaHanuTUYECKas MeToaMKa; buomatepuan; aHaaMTMyeckas Banugaums,
KJIMHMYecKas Banvaauus; BaiM4aUuMoHHbIe NapaMeTpbl; 00beM BaNMAALMOHHbBIX UCTbITAHUI; OKIMHUYECKME
UCCNenoBaHna; KIMHUYECKME UCCIef0BaHMUA
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INTRODUCTION

Biomarkers Definitions Working Group
of the Food and Drug Administration
(FDA) and National Institutes of Health
(NIH, USA) understands biological marker
as “a defined characteristic that is meas-
ured as an indicator of normal biological
processes, pathogenic processes, or bio-
logical responses to an exposure or inter-
vention, including therapeutic interven-
tions” [1]. In the interpretation of [2, 3]
there is a slightly different emphasis
on “a characteristic that is objectively
measured and evaluated as an indicator
of normal biological processes, disease
processes, or pharmacologic responses
to a therapy” The authors of [4], with ref-
erence to [3], give the following definition
of a biomarker: an objectively investigated
parameter, measured with high accuracy,
reproducibility and reliability, which al-
lows to reflect the intensity of physiologi-
cal processes, the state of health, the risk
degree or the fact of the disease, its stage,
and outcome prognosis.

The parameter can be chemical, physical,
or biological. Biomarkers are used in as-
sessing body physiological processes;
detecting the disease and selecting treat-
ment; predicting the disease course, pro-
gression and outcome; developing new
medicinal products, establishing their
therapeutic and side effects, and identify-
ing the mechanism of action [4]. Given the
large number of various biomarkers, a sin-
gle classification is not applicable. Cur-
rently, biomarkers are classified depending
on their purpose in diagnosis and treat-
ment, on the study system, type, specificity,
etc.; thus, several ways to classify them
exist [4]. According to one of classifica-
tions [1]:

Type 0 — a marker used to detect presence
of a disease and correlating with its clini-
cal signs.

Type | - a marker associated with drug
therapeutic effect and mechanism of ac-
tion.

Type Il - (predictor of clinical outcome,
surrogate endpoint) a marker that allows
to assume the disease outcome and evalu-
ate the treatment effectiveness.

Based on the task, the following biomarker

groups are known [2]:

e diagnostic ones allow to establish the
presence or absence of a condition and
its severity (for example, the amount
of glycated haemoglobin and diabetes
mellitus);

e prognostic ones allow to assess the risk
of a condition or its complications (for
example, gene polymorphism of coagu-
lation factor);

e therapeutic ones help to evaluate or pre-
dict the outcome of exposure to a drug
therapy (for example, the international
normalised ratio (INR) is an assess-
ment of warfarin effectiveness, which
is a standardised indicator introduced by
the World Health Organisation to unify
the results of a prothrombin test in dif-
ferent laboratories [5]).

Accepting a parameter as a biomarker
is a long multi-level process requiring
to analyse the results of various clinical,
phylogenetic and other studies [6]. In the
review [6], the authors discussed the op-
portunity of using several parameters (re-
lated to genes encoding various enzymes
of the cytochrome P450 complex, the uri-
dine diphosphate glucuronosyltransferase
family and glycoprotein P) as pharmacoge-
netic markers of antiepileptic pharmacoki-
netics to improve the effectiveness and
safety of anticonvulsant therapy. However,
it was concluded that due to the contro-
versial results and the lack of appropriate
randomised prospective placebo-con-
trolled trials, reliable data on this issue do
not exist as yet.

Notably, not every laboratory parameter
can be called a biomarker. According
to the authors [2], the main feature of
a biomarker is its statistically valid rela-
tionship with the disease, complication,

! US FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS and other Tools) Resource.
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and therapy effect. The authors noted that
only 20% of the studies they analysed’
showed sensitivity, specificity, and prog-
nostic value of this parameter. In most
studies, the indicator is called a biomarker
since it significantly increases/decreases/
occurs in a certain pathology; this is clear-
ly insufficient to recognise the parameter
as a biomarker.

Given the increasing role of biomarkers
in the diagnostics, therapy monitoring,
and development of modern biological
and pharmacological preparations, it is
important to review and systematise cur-
rent regulatory requirements, international,
national, and scientific recommendations
in order to identify and apply them.

The aim of the study is to review and sum-
marise validation data of bioanalytical
methods for biomarker assay.

MATERIALS AND METHODS
Regulatory documents of the Interna-
tional Council for Harmonisation (ICH),
Food and Drug Administration (FDA, in-
cluding Biomarker Assay Collaborative
Evidentiary Considerations Writing Group
and Critical Path Institute, C-Path), Euro-
pean Medicines Agency (EMA), Eurasian
Economic Commission (EEC), and other
open scientific sources (including elec-
tronic databases PubMed, Web of Science,
RSCI (eLibrary), Google Scholar) mostly
published over 2014-2024 were used
for this study. Keywords used in queries:
buomapkepbl (biomarkers), aHanutnueckue/
6uoaHanutnyeckne metoabl (analytical/
bioanalytical methods), konnyectBeHHoe
onpepneneHue (assay, quantification),
Banupaums (validation).

RESULTS AND DISCUSSION
Clinical and analytical validation (qualifica-
tion) of a biomarker. It was noted in [7] that

a biomarker should be selected, studied
and validated for its successful application.
In this case, validation implies confirming
that the selected biomarker fulfils its func-
tions (clinical, diagnostic, etc.), and its use
provides the expected results (defining the
disease, assessing therapy effect on the
disease course, identifying drug targets,
etc.). The Points to consider document: sci-
entific and regulatory considerations for the
analytical validation of assays used in the
qualification of biomarkers in biological
matrices’ examines analytical validation
(including all factors that belong to the
analysis procedure, depend on acceptabil-
ity of the samples, crucial reagents, and
performance of equipment or test system,
including sampling, processing, and stor-
age) and clinical validation of a biomarker
(to interpret biomarker measurements, as-
sess clinical sensitivity, specificity, and ac-
curacy of the biomarker in predicting the
assumed result). Biomarker qualification
is another common term in the literature
[8], presumably synonymous with the vali-
dation; in our opinion, these both terms
are attributable to clinical biomarker vali-
dation (or clinical qualification). Notably,
many papers devoted to the biomarker
validation discuss the aspects of clinical
validation - prognostic value, biomarker
response for various experimental condi-
tions (populations, diseases, etc.) both
within clinical and preclinical studies (pre-
CS), as well as legal issues of protecting
biological information, using biomedical
techniques and biomaterials [9-16]. Ac-
cording to the authors [14], due to the lack
of large-scale cohort studies that would
confirm clinical significance of potential
biomarkers, less than a hundred biomar-
kers out of several thousand discovered
over the past decades have found their
clinical use in medicine, and a little more
than ten biomarkers - in the veterinary

* E-Library publications for 2014-2024, the search was carried out using the keywords: biomarkers,
analytical/bioanalytical methods, assay, quantification, validation.
* Piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the gualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
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medicine. Therefore, clinical validation
of biomarkers is certainly noteworthy. No-
tably, the more generally accepted and
clinically widespread an indicator, the
more data (using established measure-
ment techniques) are available and as-
sayed in a significant number of patients
and populations, the more Llikely it is to
identify the clinical significance and quali-
fication of the indicator as a biomarker.

At the same time, the data underlying
clinical validation / qualification of a bio-
marker should use reliable methods
(bioanalytical techniques) to measure
a parameter that is a potential biomarker.
Since the following descriptions are used
for a biomarker: defined, objectively mea-
sured, measurement with high accuracy,
reproducibility and reliability, it is obvi-
ously necessary to develop a methodology
for quantifying the selected biomarker and
its subsequent validation.

Regulatory aspects of bioanalytical tech-
niques validation and biomarker analysis
methods. Validation procedure and scope
for bioanalytical techniques is regulated
by several documents*. The guidelines aim
to describe the validation of bioanalytical
techniques used to detect concentrations
of chemical and biological products and
their metabolites in biological samples
(blood, plasma, serum, other bodily fluids
or tissues) obtained in toxicokinetic (TK)
and pharmacokinetic (PK) studies and
at all stages of clinical studies (CS), includ-
ing comparative bioavailability/bioequiva-
lence studies. All documents show proce-

dural differences for chromatographic and
ligand binding methods.

The Guidelines’ apply, inter alia, to bio-
marker analysis techniques. Other docu-
ments® state that biomarker analysis and
bioanalytical methods used to assess
immunogenicity are not within the scope
of the guidelines. The discrepancy con-
cerning biomarkers is presumably because
a full cycle of validation tests is rather
resource-intensive and time-consuming,
so its rationale in the early study of a po-
tential biomarker is debatable. According
to E.S. Don et al. [7], biomarker validation
should first of all include quantification
(a bioanalytical technique), or even de-
velop such a technique. The biomarker
study has an unknown range of variable
possible concentrations, the influence
of sampling conditions and storage, matrix
components, and reagents used. In addi-
tion, the missing well-established refer-
ence samples for assay complicate the
validation of such methods, causing lack
of unified strategy or possibility to vali-
date the method only in certain tasks, thus
allowing unsuitability for alternative, other
purposes [7].

Regarding analytical techniques for de-
termination of biomarkers in biological
matrices, English-language literature es-
tablishes the context of use (COU) and fit-
for-purpose (FFP), implying that prelimi-
nary results of a potential (prospective)
biomarker assessment can be used for
exploratory research, while more essential
decisions are based on data on a vali-
dated (qualified) biomarker [17]. Therefore,

4

medicines within Eurasian Economic Union.

Decision of EEC Council dated 03.11.2016 No. 85 Rules for conducting bioequivalence studies of

Guidance for industry: Bioanalytical method for validation. Rockville, 2018.
Guideline on bioanalytical method validation. EMEA/CHMP/EWP192217/2009. London, 2011.
ICH M10 on bioanalytical method validation. Scientific guideline. EMA/CHMP/ICH/172948/2019.

Amsterdam, 2022.

Guidance for industry: Bioanalytical method for validation. Rockville, 2018.

® Guideline on bioanalytical method validation. EMEA/CHMP/EWP192217/2009. London, 2011.
ICH M10 on bioanalytical method validation. Scientific guideline. EMA/CHMP/ICH/172948/2019.

Amsterdam, 2022.

Piccoli SP, Sauer JM. Points to consider document: scientific and requlatory considerations for the

analytical validation of assays used in the gualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
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Fit-for-purpose (FFP) method validation

Biomarker assay validation Pre-study method/assay Exploratory Full/advanced method/assay In-study method/assay
(analytical validation) validation method/assay validation validation validation

Biomarker clinical validation

(qualification) Exploratory biomarker Probable valid biomarker Known valid biomarker
qualification) process

Drug development process Discovery Preclinical development Clinical development Disease application
The figure is prepared by the authors

Fig. 1. Integrating analytical validation of biomarker analysis and its clinical qualification with drug development (based on
moderated material [18])

Table 1. Key elements of bioanalytical method validation depending on the objective

CHECTNEEIES, Biomarker analysis during drug Biomarker analysis for
Parameters pharmaco- . X
s development diagnosis
and toxicokinetics
Stage of drug Regulatory pre-CS and Development, Translational pre-  Pre-CS and CS,
development, CS of drug substances screening,defining CS identification of diseases
type of further use of the and CS, candidate and pathological
decision biomarker biomarker selection, conditions, safety

safety, mechanism assessment

of action (PD), dose of the biomarker
selection, dosing validation

regimen, biomarker for the subject/patient,

proof confirmation
of concept of diagnosis
Validation Full validation Discovery/ Translational/ Full/advanced validation
level* exploratory partial validation
validation
Analyte Exogenous, Endogenous
endogenous
Matrix Authentic or surrogate, Authentic or Authentic or surrogate, discussion of the
parallelism/linearity  surrogate, disease status, several donors (at least
of response parallelism 6 sources for chromatographic methods,
(if samples at least 10 - for ligand binding methods),
are available) parallelism
Standards Generally well Reagents and standards should be well characterised, batch-to-
characterised batch change control established, GMP requirements met, stability

of reagents ensured

Calibration Model mixtures with  Model mixtures with analyte additives, QC samples, can be used
samples, analyte additives as real samples from animals/humans and/or lyophilised samples
QCsamples of 2-3 concentration levels from reagent kit
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Table 1 (continued)

Parameters

Selectivity/
specificity

Calibration
model

Calibration
(analytical)
range

Sensitivity

Validation

of accuracy™*

and
precision***

Stability****

Bioequivalence,
pharmaco-
and toxicokinetics

Biomarker analysis during drug
development

Biomarker analysis for
diagnosis

Analyte specificity,
selectivity in the
presence of unrelated

Analyte specificity; reference standard
from reagent kit can be used

Selectivity in the presence
of other isoforms,
co-mediators and

impurities endogenous ligands
in the biological Check the reference
sample standard from

minimum 6 blank
sources for
chromatographic
methods, at least 10 -
for ligand binding
methods

the reagent kit

More often linear
(chromatography),
mathematic model
selection (ligand
binding methods)

Not less than

6 concentration

levels, 3 replicates

for chromatographic
methods, 6 - for ligand
binding methods

LLOQ is determined using acceptance criteria (minimum calibration standard, 3 replicates
for chromatographic methods, 6 - for ligand binding methods); LOD can be determined
as well (more often used for ligand binding methods, the scheme from the instructions
for the commercial reagent kit and/or calculated by the ratio of the average value of the
analytical signal and standard deviation, SD)

For chromatography, the analytical signal for the LLOQ Llevel is at least 5 times greater
than the signal of the blank sample

Mathematic model selection (ligand binding methods), less often
linear (chromatography)

Not less than
6 concentration levels,
6 replicates

Not less than 6 concentration levels,
3 replicates

4 QC levels, No According to By various sources: 4 QC
3 replicates, not less recommendations various sources: levels, 3 replicates for
than 2 different days or without 4-5 QC levels, chromatographic methods,

for chromatographic
methods,

5 QC levels,

6 replicates,

not less than

2 different days

for ligand binding
methods)

Stock and working Short-term stability, According to various sources: stability of
solution of analyte and can include room reagents, freezing/thawing (3 cycles), short-

2 replicates,
2-6 levels,
3-6 replicates
or 4-6 levels,
6 replicates

5 QC levels, 6 replicates
for ligand binding
methods,

4-6 levels, 6 replicates

specifying the
number of levels,
3 replicates

IS freezing/thawing, temperature term (room temperature, refrigerator -
short-term and long- or storage up to 24 hours) and long-term stability
term stability, matrix in the refrigerator (-20 °Cand/or -80 °C, 1-2 years, samples
spiked samples (up to 4 h), with additives to the matrix and/or analysed

1 defrosting/
freezing cycle

samples
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Bioequivalence,
Parameters pharmaco-
and toxicokinetics

Biomarker analysis during drug Biomarker analysis for
development diagnosis

Parallelism,  Required mainly for ligand binding methods (linearity of dilution is also relevant for

minimum chromatographic methods, at least 5 determinations per dilution, accuracy and precision

required within £#15% recommended)

dilution,

dilution

linearity

Acceptance  Acceptance criteria Acceptance criteria Acceptance criteria are based on the results

criteria are established by are not required,  of the assessment and technologically sound
regulatory documents based on the analytical considerations (including Cl, 2SD,

assessment results etc.), can be approximated and/or similar to
those adopted for BE
Documents  Validation plan/report Description of Validation plan/report
analysis and
results, instructions
for commercial
reagent kits

Regulatory Compliance with GLP No specific recommendations, but adherence FDA-approved

requirements principles to GLP principles ensures traceability of methods, results are
milestones and outcomes consistent with
CT recommendations
(if applicable)

The table is prepared by the authors

Abbreviations. IS, internal standard; pre-CS, preclinical study; Cl, confidence interval; CS, clinical study; FDA, Food and Drug
Administration; GLP, Good laboratory practice; GMP, Good manufacturing practice; LLOQ, lower limit of quantification; LOD,
limit of detection; PD, pharmacodynamics; QC, quality control; SD, standard deviation

Note.

* in-study validation criteria are based on validation results and formulated in the same way as the acceptance criteria for
test sample analysis (ECE Council Resolution No. 85 of 03.11.2016 “On Procedure of Bioequivalence Studies in the EAEU”;
Guidance for industry: Bioanalytical method for validation. Rockville, 2018).

** for heterogenous (high molecular weight) biomarkers, calibrators are usually prepared with recombinant reference mate-
rial in a surrogate matrix. The analysis evaluated only relative accuracy. The term is appropriate for almost all biomarkers
where the calibration material (reference standard and matrix) differs from the endogenous biomarker.

*** for more detailed recommendations on the design (scope) of experiments to evaluate the precision of biomarker assay
validation, refer to Table 7 in Piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations
for the analytical validation of assays used in the qualification of biomarkers in biological matrices. Biomarker Assay
Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.

**** when using labelled reference standard for heterogeneous (high-molecular) biomarkers, the analysis only allows to de-
fine stability of a recombinant molecule but not the stability of endogenous biomarkers.

»** ECE Council Resolution No. 85 of 03.11.2016 “On Procedure of Bioequivalence Studies in the EAEU”; Guidance for in-
dustry: Bioanalytical method for validation. Rockville, 2018; Guideline on bioanalytical method validation. EMEA/CHMP/
ICH/172948/2019. Amsterdam, 2022.
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it is necessary to perform validation tests
to an extent that confirms the compat-
ibility of the technique with its intended
use at a specific research stage. According
to A. Safavi®, it is important to constantly
revisit the assay context. The answers to
“What will the data be used for?”, “What
conclusions will be drawn from the analy-
sis?”, “Are they qualitative or quantitative?”,
“Will the biomarker data be used to submit
to regulatory authorities or are they only
used to better understand the mecha-
nism of action?” form the basis of the COU
and FFP concepts. The concept emerged
in 2005-2006 [17] and underwent several
changes and discussions in ad hoc work-
ing groups and during extensive scientific
discussions at conferences, in scientific
publications, etc. [18-20]; it was docu-
mented in detail in 2018-2021° [21]. The
legal status of the document'® entitled
“Points to Consider” is not clear - in some
papers, it is marked as the final document
prepared by Critical Path Institute (C-Path)
in USA and Food and Drug Administration
(FDA) [22]. However, at the time of this
writing, it was not available on the FDA
website. Apparently, it is the predecessor
of a regulatory guideline, and its recom-
mendations are to be followed in practice.
Notably, the concept and the document
are subject to further improvement and
development of approaches consider-
ing different expert opinions in this field
[22-24], and the key provisions were in-
cluded in the FDA document on the use

of biomarkers for clinical studies of new
veterinary drugs™.

Stages and key elements of biomarker
analytical validation. Biomarker analysis
according to the fit-for-purpose concept
(FFP) is a process that accompanies drug
development using a biomarker (regard-
less of the role of the biomarker in this
process) and includes (according to [18])
four continuous stages: methodology de-
velopment and pre-validation, research
methodology validation, complete or ex-
tensive methodology validation, and meth-
odology validation in a study (Figure 1).
Measurements subsequently used to es-
tablish and confirm decision points in the
biomarker clinical validation (qualification)
should be sufficiently and rigorously vali-
dated to ensure that the analysis is suf-
ficiently effective for application of the
biomarker. In this paper, we focus specifi-
cally on the analytical part - measuring
methodology/procedure for a parameter.

Most studies point out two main stages
or directions — biomarker analysis in the drug
development and for diagnosis® [7, 17, 18,
22, 23]; they determine the scope of valida-
tion tests. Preliminary (screening) stages [17]
are now also included (translational/partial
validation, not found in earlier works [18, 19]
and in Figure 1, but present in Points to Con-
sider™*) as well as comparison with the scope
of validation tests for methods evaluating BE,
PK, and TK of drug substances”™ [7, 17]. The
recommendations are summarised in Table 1.

8 Safavi A. Exploratory biomarker testing: to qualify or validate the assay? 2018.

® Piccoli SP. Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the gualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.

Guidance for industry. Biomarkers and surrogate endpoints in clinical studies to support effectiveness of

new animal drugs. Rockville; 2021.

" piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the qualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.

! Guidance for industry. Biomarkers and surrogate endpoints in clinical studies to support effectiveness of

new animal drugs. Rockville; 2021.

2 piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the gqualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.

Y |bid.
 Ibid.
B bid.
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Table 1 is based on amended and changed
materials'® of [7, 17, 18]; however, the
key document was the preferred source
of classification/validation stages in the
table”, which does not include pre-vali-
dation stage of the technique. Considering
pre-analytical issues and method devel-
opment, this stage was mentioned in [17]
and included elements such as describing
reagent sources and reference standards;
assessing lower limit of quantification
(LLOQ) and the preliminary analytical
range; method accuracy and precision
(without recommended number of concen-
tration levels and repetitions); calibration
function; reagent specificity (according
to supplier’s information from the litera-
ture), matrix effect; arranging feasible con-
ditions for collection, processing, storage
of reagents and samples, and recommen-
dations on the number of concentration
levels and repetitions for validated dis-
eases and bioanalytical methods, etc. This
should be called a preparatory and ex-
ploratory stage that does not end up with
analysing experimental samples to obtain
values for decision-making, even within
pre-CS. Later, the authors™ also noted the
importance of pre-analytical factors (bio-
material, interference, sampling procedure,
sampling tubes and instruments, time
and conditions, primary sample process-
ing, storage and further logistics, freezing/
thawing™) to be outlined while the tech-
nique is being developed and validated,

standardised and defined for applicability
(acceptability) of variations.

The early biomarker research (screening,
biomarker selection, effectiveness evalua-
tion) will only require a simple and mini-
mally validated analysis (Table 1, Research
validation). However, the clinical qualifi-
cation of a biomarker (assessment of the
therapeutic effect of the created drug, di-
agnostics, etc., both within pre-CS and CS)
will require a confirmed analytical result.
At the same time, according to different
sources, the required tests may vary, and
the choice of the stage/task to attribute
the validated method during biomarker
analysis are not complete or ambiguous,
which certainly challenges development
of a single consequent algorithm for ana-
lytical biomarker validation.

Analysing the combined recommenda-
tions (Table 1), noteworthy is the similarity
of the key indicators used to validate a bi-
oanalytical technique, regardless of the
task. Analytical validation of the biomarker
in general should include an assessment
of seven parameters: accuracy (precision),
range of analytical measurements (includ-
ing LLOQ and the upper limit of quantifi-
cation, ULOQ), parallelism (minimum re-
quired dilution and dilution linearity, if ap-
plicable), precision (within and between
cycles, operators, days, and reagent lots, if
applicable), selectivity, specificity, and sta-
bility (under operating conditions, short-
term, long-term, during freezing/thawing).

'® Decision of EEC Council dated 03.11.2016 No. 85 Rules for conducting bioequivalence studies of
medicines within Eurasian Economic Union.
Piccoli SP, Sauer JM. Points to consider document: scientific and requlatory considerations for the
analytical validation of assays used in the gualification of biomarkers in biological matrices. Biomarker
Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
Guidance for industry. Biomarkers and surrogate endpoints in clinical studies to support effectiveness of
new animal drugs. Rockville, 2021
Uvarova NE. Solid dosage forms for oral administration with immediate systemic release. Experience in
examining dossier documents related to bioequivalence studies. Modern approaches to the examination
and registration of medicines (Reglek-2022). Materials of the scientific and practical conference.
Moscow: Federal State Budgetary Institution Scientific Centre for Expert Examination of Medicinal
Products of the Russian Healthcare Ministry, 2022.

7 Piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the
analytical validation of assays used in the qualification of biomarkers in biological matrices. Biomarker

; Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
Ibid.

¥ Ibid.
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Ligand binding method using Biomarker analysis during DP
clinical reagent kits without = |———| creation and for diagnosis during »| Verification
change in purpose pre-CS/CS
g N Development and testing Pre-study
5 of the analytical validation
§
Ligand binding method: €,
« research reagent kits S S Screening, selection of
without changing the &Y || apotential biomarker, — EXplora)tOfy
purpose o2 decision on its further use validation
e clinical and research 2 o
reagent kits with a change |— g, g
in purpose £ Biological model Partial
« creation of a new S ' - g orud
S g development in pre-CS validation
procedure or use of -2 =4 and CS
separate commercially % .
available reagents S © ] L
- Biomarker analysis in
< pre-CS/CS (pathology
g | diagnosis, PD assessment,
2 effect of therapy, etc.).
Chromatography, ligand
binding method (any level Full
kit or individual commercial [ BE, PK, TK study validation
reagents)

The figure is prepared by the authors

Fig. 2. Choosing analytical validation level of a biomarker depending on the method and the objectives; BE, bioequivalence;
pre-CS, preclinical study; CS, clinical study; MP, medicinal product; TK, toxicokinetics; PD, pharmacodynamics; PK,
pharmacokinetics

Some cases require additional analytical the accuracy (relative systematic error, 9)
parameters, including stability, assessment  and precision (CV), not exceeding 30% for
of drug interactions, etc.” The authors [22]  ULOQ and 40% for LLOQ), and is present
emphasised that the document® high- in the current documents regarding ligand
lighted the important assessment of par- binding methods®’. Validation parameters,
allelism and introduced the concept of an  procedures, and acceptance criteria for
acceptable total analytical error (TAE). biomarker analysis are similar, though
Notably, the concept of total analytical they may not be identical to those used
error sums up total error in determining  to obtain data on BE, FK, and TK”’. This

2 piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the
analytical validation of assays used in the gualification of biomarkers in biological matrices. Biomarker
N IAl;s_sdav Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
id.
*? Decision of EEC Council dated 03.11.2016 No. 85 Rules for conducting bioequivalence studies
of medicines within Eurasian Economic Union.
Guidance for industry: Bioanalytical method for validation. Rockville, 2018.
ICH M10 on bioanalytical method validation — Scientific guideline. EMA/CHMP/ICH/172948/2019.
Amsterdam, 2022.
?* Guidance for industry: Bioanalytical method for validation. Rockville, 2018.
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document notes that method validation
for biomarker analysis should address the
same issues as the validation of a method
for drug analysis. ... The approach used for
drug analysis should be the starting point
for validating biomarker analysis, although
FDA understands that some characteristics
may not apply or require various consi-
derations®”.

Opinion of A. Safavi”®, which presents dif-
ferences/similarities between biomarker
validation and qualification, deserves to be
highlighted, apparently from the purely
analytical perspective of these processes
(without affecting clinical validation/qual-
ification of the biomarker). In his opinion,
both processes are aimed at proving that
the test is suitable for its intended pur-
pose but differ in the scope and reliabil-
ity of the estimated parameters and the
number of replicates per each parameter.
The scope of qualification procedures rec-
ommended by the author is comparable
to the research and/or partial validations
(Table 1). Notably, qualification of analyti-
cal procedure is a term hardly found in the
scientific literature and regulatory docu-
ments.

Features of an analytical biomarker valida-
tion due to the used methods. When vali-
dating biomarker analysis methodology,
some points to consider originate from
the underlying method, depending on the
measured biomarker (protein, lipid, etc.),
availability of current methods, reagent
kits, and measurement features (small
sample volume, laboratory or field condi-
tions, personnel qualifications, etc.), sensi-
tivity and selectivity requirements, as well
as method availability”. Typically, evalua-
tion can include plate-based analysis and

various detection methods (fluorescence,
chemiluminescence, electrochemilumi-
nescence, chromogenic method, mass
spectrometric assessment, and relatively
new acoustic detection systems®’). Accord-
ing to [23], most biomarker analysis tech-
niques are based on one of three methods:
e chromatographic techniques to be deve-
loped de novo;
e ligand binding techniques to be devel-
oped de novo;
e ligand binding techniques using com-
mercial reagent kits.

Commercial reagent kits may be au-
thorised for in vitro diagnostics, clinical
laboratory testing, or for research only.
Authors [25] examined some aspects
of commercial kits used in the biomarker
analysis. Commercial reagent kits should
be tested on each analysed object (matrix)
[22]. According to the authors [22], clini-
cal laboratory kits may differentiate the
need for validation and validation param-
eters on a case-by-case basis, depending
on the intended use or characteristics
of biomarkers. In this regard, it appears
correct to discuss verification of methods
aimed to confirm that the requirements
used at its earlier validation (for exam-
ple, by a manufacturer of reagent Kkits)
are fulfilled in a specific laboratory (using
a set from a certain batch and equipment
available in the laboratory). These aspects
seem to be similar to those discussed
in [26] in relation to the activities of clini-
cal diagnostic laboratories that perform
biomedical biomarker tests as well. Ac-
cording to the publication based on analy-
sis of relevant international regulatory
documents, @ minimum list of tests verify-
ing clinical and laboratory studies should
include intermediate precision, accuracy,

# Piccoli SP. Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the qualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.

Guidance for industry: Bioanalytical method for validation. Rockville, 2018.
% Safavi A. Exploratory biomarker testing: to qualify or validate the assay? 2018.

%6 Piccoli SP, Sauer JM. Points to consider document: scientific and regulatory considerations for the

analytical validation of assays used in the qualification of biomarkers in biological matrices. Biomarker

Assay Collaborative Evidentiary Considerations Writing Group, Critical Path Institute (C-Path); 2019.
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linearity and range of calibration function,
calibration verification, and confirmation
of applicability for biological reference
intervals specified in the manufacturer’s
manuals (if applicable) [26].

Research kits (intended for research only)
are fully validated regardless of valida-
tion information in the operating manuals
[22]. It is recommended to choose a spe-
cific kit when fully understanding whether
it corresponds to the intended use of the
relevant biomarker (such as calibration
range or specificity). The reference stand-
ard included in a kit is evaluated using
other commercially available products,
paying attention to the differences from
the endogenous substance, which is the
target analyte. When the kit lot changes,
make sure to confirm that the differences
in the measured analyte concentration
of the same sample are acceptable. Since
research kits may become unavailable
(discontinued production, disrupted eco-
nomic contacts or supply), alternative
analytic approaches should be considered
(for example, separate use of reagents, not
as part of the kit, if applicable).

Choosing the level of biomarker analyti-
cal validation depends on the method and
the tasks. Pre-CS conducted in vivo using
various animal species and in vitro using
buffer media, cell lines, isolated organs,
etc., may use clinical and research Kkits
both specific to the measured marker, ani-
mal species or type of biological matrix,
and with a different initial purpose. Kit ap-
plication range beyond the manufacturer’s
recommendations for assessment of BE, PK,
and TK requires full validation of the bio-

analytical methodology, otherwise (includ-
ing PD assessment) depending on the task.
Thus, at the stage of biomarker selection,
research level of validation is sufficient;
when switching to model development
using the selected biomarker, it is recom-
mended to increase the validation level
of the bioanalytical procedure to a partial
one, similar to the full validation of the
biomarker analysis method used to solve
pre-CS/CS tasks, such as diagnosing ab-
normalities, assessing therapy effect, etc.
(Table 1). A similar scheme can be recom-
mended in some other cases (Figure 2).

Thus, only using clinical reagent kits as in-
tended will minimise method validation
procedures; in all other cases, relatively
extensive validation tests will be required.

CONCLUSION

In conclusion, we would like to emphasize
that extended use of biomarkers for drug de-
velopment necessitates the improved meth-
ods of analytical quantification. Obviously,
use of a biomarker should be preceded by
a confirmation that the procedure is suitable
for the planned goals, similar to a common
procedure validating bioanalytical methods.
The authors have compared key validation
elements of the biomarker analysis and
considered the level of analytical validation
based on the method and the tasks. A more
detailed scientific discussion of biomarker
analysis validation is warranted, as there
is still no joint scheme for this complex pro-
cedure. The discussion will allow using bio-
markers more reliably, improving the quality
of the accompanying research, and ultimately
help introduce new effective and safe medi-
cines into civil commerce.
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