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•Analytical validity refers to the 
ability of a test to accurately and 
reliably detect the variant(s) of interest 
and includes measures of accuracy, 
sensitivity, specificity, and robustness. 

•Clinical validity implies that the test 
may accurately detect the presence or 
absence of a pathologic state or 
predict outcomes for groups of patients 
whose test results differ. 

•Clinical utility is documented when 
high levels of evidence exist to 
demonstrate that the use of the test 
improves patient outcomes compared 
with not using it.

LB tests: MAIN REQUIREMENTS FOR APPLICATION IN CLINICAL PRACTICELB tests: MAIN REQUIREMENTS FOR APPLICATION IN CLINICAL PRACTICE

Ntzifa A. & Lianidou E, Crit Rev Clin Lab Sci, 2023



FDA APPROVED LIQUID BIOPSY TESTSFDA APPROVED LIQUID BIOPSY TESTS

Ntzifa A. & Lianidou E, Crit Rev Clin Lab Sci, 2023



Several organizations and committees worldwide are working towards the implementation of liquid biopsy in
clinical practice covering various aspects of this multifaceted procedure. An important effort is guided by the
International Liquid Biopsy Standardization Alliance (ILSA) that gathered organizations and foundations to
systematically working towards the global use of liquid biopsy in oncology practice.

International efforts for standardization of LB-testing International efforts for standardization of LB-testing 



CURRENT GUIDELINES & STANDARDS FOR cfDNA ANALYSISCURRENT GUIDELINES & STANDARDS FOR cfDNA ANALYSIS

• 11 pre-analytical Minimal Technical 
Data Elements (MTDE) concerning 
factors most commonly associated 
with cell-free DNA (cfDNA) test 
design and development 

• generic analytical validation 
protocols for NGS ctDNA analysis in 
collaboration with FDA 

• the future steps - development of 
standards for analytical validation 
in multimarker testing, in MRD 
tests, and in blood tumor 
mutational burden (bTMB) tests

• developing CEN (European 
Committee for 
Standardization) technical 
preanalytical standards, 
including those for ccfDNA
(CEN/TC 16835-3, 
https://standards.cen.eu/).



CURRENT GUIDELINES & STANDARDS FOR cfDNA ANALYSISCURRENT GUIDELINES & STANDARDS FOR cfDNA ANALYSIS



CURRENT RECOMMENDATIONS FOR LB ANALYSIS IN SOLID TUMOURSCURRENT RECOMMENDATIONS FOR LB ANALYSIS IN SOLID TUMOURS



CURRENT RECOMMENDATIONS FOR ctDNA ANALYSIS IN SOLID TUMOURSCURRENT RECOMMENDATIONS FOR ctDNA ANALYSIS IN SOLID TUMOURS

The Food and Drug Administration (FDA or Agency) is announcing the availability of a draft
guidance for industry entitled “Use of Circulating Tumor DNA for Early-Stage Solid Tumor Drug
Development.” This draft guidance is intended to help sponsors planning to use circulating cell-free
plasma derived tumor deoxyribonucleic acid (ctDNA) as a biomarker in cancer clinical trials
conducted under an investigational new drug application (IND) and/or to support marketing
approval of drugs and biological products for treating solid tumor malignancies in the early-stage
setting.
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The European LB Society (ELBS), as an extension to the CANCER-ID project, 
is currently working on the development of guidelines fostering LB 
research and interactions with industry. 

Moreover, ELBS aims to organize ring studies across Europe using 
established standardized methods to achieve clinical implementation

One of ELBS main activities is also to encourage and support laboratories 
to fulfill the ISO15189 requirements regarding LB testing.

European Liquid Biopsy Society, ELBS European Liquid Biopsy Society, ELBS 



PRE-ANALYTICAL VARIABLES FOR ctDNA ANALYSISPRE-ANALYTICAL VARIABLES FOR ctDNA ANALYSIS

• Plasma cfDNA is released in blood circulation because of cell death, apoptosis, or necrosis, but can also 
arise from fetuses in pregnant women. 

• ctDNA comprises a small fraction of cfDNA and originates from active tumors that constantly release 
their biological information into the bloodstream. 

• Different tumor subclones may concurrently constitute the heterogeneous tumor background of plasma. 

• The size of ctDNA significantly differs from that of cfDNA, ranging between 160 and 180 bp, and is 
packaged around nucleosomes in a specific manner that makes it distinguishable during fragmentation 
analysis. 

• Its short half-life, usually less than 2 h, requires careful handling of samples and prompt transit to the 
laboratory. 

• The levels of ctDNA in body fluids are affected by various factors such as tumor stage or assigned 
treatments that need to be considered during its analysis 
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PRE-ANALYTICAL VARIABLES FOR ctDNA ANALYSISPRE-ANALYTICAL VARIABLES FOR ctDNA ANALYSIS

avoid e.g. hemolyzed samples

Plasma is preferred to 
serum because clotting in 
serum increases gDNA 

EDTA tubes for immediate sample 
processing (<2h) or
Tubes with preservatives: anti-
coagulant molecules and specific 
cell stabilizers to prevent cell lysis 

or

AT THE LAB

cfDNA 
extraction

Plasma
storage

Centrifugation

cfDNA
storage

Double centrifugation protocols: 
low to avoid cell lysis & higher 
for max purification

At −80 °C for long term storage
aliquots to avoid freeze-thaw cycles

commercially available kits or
automated systems for high-
throughput analysis and better 
repeatability (e.g. TETHIS)

At −20 °C for short term storage
At −80 °C for long term storage
Minimize freeze-thaw cycles

time

Transportation

-Minimize 
time intervals 
between 
blood 
collection and 
sample 
processing.
-Sample 
transportation 
at RT

cfDNA
quantity

PCR-based techniques are 
preferred to fluorometric methods



Preanalytical aspects for cfDNA and circulating miRNA analysisPreanalytical aspects for cfDNA and circulating miRNA analysis



Recommendations: “In patients with
oncogene-addicted NSCLC, liquid biopsy is
emerging as not only complementary to
tissue-based analysis but also acceptable as
the initial “plasma first” approach for
biomarker evaluation at the time of diagnosis
and for monitoring the efficacy of targeted
therapies”.

RECOMMENDATIONS FOR ctDNA TESTINGRECOMMENDATIONS FOR ctDNA TESTING

Rolfo C, et al, J Thorac Oncol. 2021



Recommendation: ESR1 mutations should 
preferentially be tested in ctDNA

“PADA-1 is the first trial to demonstrate that, in most patients, resistance-associated
mutations in the estrogen receptor gene can be detected and targeted before tumor
progression through ESR1 mutation monitoring in blood ”



PRE-ANALYTICAL VARIABLES FOR CTC ANALYSISPRE-ANALYTICAL VARIABLES FOR CTC ANALYSIS

• CTCs constitute a more difficult blood component in respect to ctDNA to handle pre-analytically 

• CTCs possess unique characteristics that reflect the origin of tumors and make them distinguishable 
from normal blood cells 

• CTCs can artfully be converted from one phenotypic state to another during epithelial-to-
mesenchymal transition (EMT) 

• Moreover, their scarcity in blood, with approximately 1 CTC at 107 peripheral blood mononuclear cells 
(PBMCs), often renders them hard to track down as LB components.

• CTCs are, in most types of cancer, bigger in size compared to the other blood cells and present 
different deformability and electric properties 

• Standardization of pre-analytical variables that affect CTC analysis is at its infancy, and guidelines that 
regulate their processing are still under investigation. 

• Nevertheless, some of the pre-analytical steps that precede sample processing are also essential for 
ensuring further CTC analysis. Different factors should be taken into account concerning the type of 
downstream CTC analysis: CTC counting or CTC molecular characterization on the transcriptomic, 
genomic, or proteomic level



PRE-ANALYTICAL VARIABLES FOR CTC ANALYSISPRE-ANALYTICAL VARIABLES FOR CTC ANALYSIS

Blood 
sampling

Blood 
collection 

tubes
CTC 

enrichment

time

Transportation

time

Discard the first 5 ml of blood draw to avoid 
contamination of skin epithelial cells, since 
cytokeratins are used for CTC detection and 
enumeration

use of specific tubes for CTC staining 
and counting that contain preservatives, 
is required because intracellular 
proteins and cell surface antigens must 
be preserved for efficient antibody-
based or label-independent enrichment 
and detection by immunofluorescence. 
However, these are inappropriate for 
gene expression analysis 

or

Transportation and time 
intervals are also important 
for the integrity of CTCs

the co-presence of peripheral blood 
cells significantly affects the 
sensitivity and specificity of results. 
The selection of the appropriate 
CTC enrichment technology is also a 
crucial step prior to CTC analysis



Preanalytical aspects for CTC analysisPreanalytical aspects for CTC analysis



Preanalytical aspects for CTC analysisPreanalytical aspects for CTC analysis



Preanalytical aspects for CTC analysisPreanalytical aspects for CTC analysis

Koch et al, Cancers, 2020
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• Crucial for the harmonization and standardization of the processes by ensuring the 
evaluation and monitoring of the comparability of test results across different 
laboratories and over time. 

• The purpose of EQA programs includes 
(a) the evaluation of laboratory performance for specific tests and its continuous 
monitoring, 
(b) the identification of interlaboratory differences, 
(c) the evaluation of method/diagnostic system performances, 
(d) the degree of comparability between methods/diagnostic systems and 
(e) the monitoring of the success of harmonization/standardization efforts for 
improving results comparability. 

(Sciacovelli et al. Clin Chem Lab Med 2018; 56(10): 1644–1654)

EXTERNAL QUALITY ASSESSMENT SCHEMES EXTERNAL QUALITY ASSESSMENT SCHEMES 



• Participation of laboratories in EQA schemes is equally important to the internal control
assessment for testing the good performance of molecular assays in daily practice or as part of
multicentered studies.

• Interlaboratory testing conducted by accredited organizations (ISO17043) compares genotyping
results between diverse laboratories that use the same or alternative detection methodologies and
aims to improve quality and strengthen the awareness of any intra-laboratory deficiencies

• An important aspect that is highlighted through all the above-mentioned inter-laboratory
comparisons is the genotyping inconsistencies observed between laboratories even when they
are using exactly the same methodology.

• Inter-laboratory differences underline the urgent need for compliance to specific requirements
and guidelines regarding the good clinical practice (GLP), especially in the field of liquid biopsy
where standardization of the pre-analytical variants is significantly important.

External Quality Assessment (EQA) SCHEMESExternal Quality Assessment (EQA) SCHEMES



• IQNPATH
http://www.iqnpath.org/

EQA-European Society of Pathology
http://lung.eqascheme.org/

EMQN
https://www.emqn.org/

EXTERNAL QUALITY ASSESSMENT SCHEMES PROVIDERS EXTERNAL QUALITY ASSESSMENT SCHEMES PROVIDERS 



EQA participants from the European Society of Pathology between 2014 and 2018 for lung and colorectal cancer were 
contacted, if they had at least one analysis error or test failure in the provided cases, to complete a survey. 

For 72.4% of 514 deviating EQA results, an appropriate action was performed, most often including staff training (15.2%) and 
protocol revisions (14.6%). 

The majority of participants adhered to ISO 15189 and implemented suitable actions by designated staff, not limited to 
accredited laboratories. 

However, for 27.6% of cases (by 20 laboratories) no corrective action was taken, especially for pre-analytic problems and 
complex techniques. 

The surveys were feasible to request information on results follow-up and further recommendations were provided.

Analysis in tissues

EQA SCHEMESEQA SCHEMES



EQA SCHEMES - ctDNAEQA SCHEMES - ctDNA



EQA SCHEMES - ctDNAEQA SCHEMES - ctDNA



1st EQA in cfDNA testing in Greece1st EQA in cfDNA testing in Greece

ISO17043-accredited
External Quality 

Assessment (EQA) 
organization

•Supported by:•Organized by:



1st EQA in cfDNA testing in Greece - RESULTS1st EQA in cfDNA testing in Greece - RESULTS

Ntzifa et al, Clin Chem Lab Med, 2018



1st EQA in cfDNA testing in Greece - Results1st EQA in cfDNA testing in Greece - Results

Ntzifa et al, Clin Chem Lab Med, 2018



EQA SCHEMES - CTCsEQA SCHEMES - CTCs

• To date, official bodies certified according to ISO17043 standard for organizing EQA 
schemes for CTC analysis do not exist

Τhe pivotal role of
standardization of image
interpretation through regular
training of the readers and
through well-designed
external quality schemes

Variations were observed
between laboratories, between
instruments and between
operators

The main contributor to these
inter-laboratory variations was
the variability among reviewers
of CellSearch images

Lower agreement was observed
in the non-metastatic setting of
M0 breast cancer patients in
contrast to the metastatic setting

The lower number of CTCs or the
presence of granular CTCs due to
administration of therapy were
two of the major contributors to
inter-reader disagreement
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• Scope: to guide laboratories to develop a quality management system that regulates the 
whole testing procedure, thus ensuring constant quality services of patient care. 

• The ISO15189:2012 describes which procedures and aspects must be included regarding 
pre-analytical, analytical and post-analytical phase, in order to design a proper quality 
management system.  

• This International Standard can be used by medical laboratories in developing their quality 
management systems and assessing their own competence. It can also be used for 
confirming or recognizing the competence of medical laboratories by laboratory customers, 
regulating authorities and accreditation bodies.

ISO15189 STANDARDISO15189 STANDARD



The aim of ISO15189 standard is
• to specify the requirements about the total testing procedure including

pre-analytical, analytical and post-analytical phase,
• to give recommendations and
• to offer guidance to laboratories for improving their quality system.

The two main components of the ISO15189 standard are
a) the management and
b) the technical requirements,
the fulfilment of which ensures the generation of technically valid results.

Accreditation of a lab according to the ISO-15189 standardAccreditation of a lab according to the ISO-15189 standard

• Laboratories are asked to develop and define their own quality management system
that meets ISO15189 requirements adapted to their total testing process thus aiming
to the quality of services. Undoubtedly, accredited laboratories often reach more optimal
results in contrast to the labs that don’t work under standardized procedures

• All the quality metrics mentioned above, including pre-analytical variables, quality control
issues, regular participation to EQA schemes or conformity to recommendations about
reporting and interpretation of results are well-defined in the requirements of the
ISO15189 standard.



ISO15189 REPORTING OF RESULTSISO15189 REPORTING OF RESULTS

• According to the ISO15189, the results shall be reported “accurately, clearly,
unambiguously, in accordance with any specific instruction”, sample quality/
suitability/adequacy shall be commented, and interpretive comments shall be included

• All reported recommendations suggest the use of “mutation detected/not detected”
instead of “positive/ negative” result

• False-positive results could be attributed to the presence of clonal hematopoiesis or
concurrent germline mutations. Therefore, it is advisable to report the variants
detected by the assay and underline genes that are commonly implicated in
CHIP

• False-negative results might be subjected to pre-analytical variables that could lead
to insufficient ctDNA input or to the lower analytical sensitivity of the methodology used.

• It is essential to include these quality control metrics regarding DNA yield or DNA
quality and LOD of the assay in order to avoid over-interpretation of results.



• In liquid biopsy, harmonization to standardized procedures can be achieved
through compliance to ISO15189 standard and laboratory accreditation.

• ISO15189 certification to laboratories that offer liquid biopsy testing will upgrade the
quality systems of the labs by enhancing the competence.

• ISO certification constitutes a prerequisite for reimbursement of liquid biopsy tests.

• One of the main activities of European Liquid Biopsy Society (ELBS) is to encourage
and support laboratories to fulfil ISO15189 requirements regarding liquid biopsy testing
(https://www.uke.de/english/departments-institutes/institutes/tumor-biology/european-
liquid-biopsy-society-elbs/index.html).

• The recent in vitro diagnostics regulation (IVDR) included an important
requirement regarding the use of laboratory-developed tests (LDT) that are limited only
to the laboratories compliant to the ISO15189 standard to guarantee a proper
validation of such tests

Accreditation of a LB lab according to the ISO-15189 standardAccreditation of a LB lab according to the ISO-15189 standard



Management requirements
Organization and management responsibility
Quality management system
Document control
Service agreements
Examination by referral laboratories
External services and supplies
Advisory services
Resolution of complaints
Identification and control of nonconformities
Corrective action
Preventive action
Continual improvement
Control of records
Evaluation and audits
Management review

Technical Requirements
Personnel
Accommodation and environmental
conditions
Laboratory equipment, reagents, and
consumables
Pre-examination processes
Examination processes
Ensuring quality of examination 
results
Post-examination processes
Reporting of results
Release of results

ISO 15189: REQUIREMENTSISO 15189: REQUIREMENTS



https://www.iso.org/standard/69800.html



ACTC lab : ACCREDITATION IN LIQUID BIOPSY ANALYSISACTC lab : ACCREDITATION IN LIQUID BIOPSY ANALYSIS

ISO15189 certified for:

 EGFR mutations in ctDNA in COBAS, ROCHE (FDA cleared assay)

 CTCs enumeration using the CellSearch system (FDA cleared) 
for metastatic: 
• Breast cancer
• Colorectal cancer
• Prostate cancer

 PD-L1 mRNA expression in CTCs –Oncolipsy kit (Pharmassist)



 ACTC lab is accredited for the CTC enumeration using the CellSearch system according to ISO 
15189:2012

An example when EQA schemes for liquid biopsy analyses are not available 

ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration

ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration



Day to day repeatability: 
CellSearch® Circulating Tumor Cell Control 

High CTC numbersLow CTC numbers
resultrangemedianresultrangemedianDay

927819-11239713625-71481

943819-11239714625-71482

925819-11239714225-71483

871819-11239713625-71484

890819-11239715925-71485

993819-11239714125-71486

853819-11239715125-71487

1010819-11239714025-71488

923819-11239716025-71489

886819-11239714925-714810

849819-11239715025-714811

920819-11239714525-714812

945819-11239715625-714813

935819-11239714425-714814

957819-11239715225-714815

960819-11239714725-714816

92447Median value

467,4
Standard deviation

(SD)

5,016(CV%)



ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration

ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration



Healthy 
donor #1

Healthy 
donor #2

Healthy 
donor #3

Low number 
of MCF-7 

cells

Medium 
number of 

MCF-7 cells

High number 
of MCF-7 cells

Preparation of samples: Spiking MCF-7 
cells in healthy donors blood samples

EQA 2017 RESULTS
Participating labs: E. Lianidou, K. Pantel, L. Terstappen

EQA 2019 RESULTS
Participating labs: E. Lianidou, R. Zamarchi, N. Stoecklein

ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration

ACTC lab, ISO-15189 ACCREDITATION 
CellSearch CTC enumeration



1. Oncopole, Toulouse University Cancer Institute, Toulouse, France, 
Anne Pradines / Laura Keller

2. Institute of Tumor Biology, UKE, Hamburg, Germany, Sabine 
Riethdorf

3. Institut Curie, Paris, France, Jean-Yves Pierga / Renault Shufang

4. Oslo University Hospital, Oslo, Norway, Elin Faye Borgen / Hege 
Russnes

5. Translational Medical Oncology Group (Oncomet), Santiago de 
Compostela, Spain, Laura Muinelo Romay

6. ACTC Lab, University of Athens, Athens, Greece, Evi Lianidou

7. University Clinic Düsseldorf, Düsseldorf, Germany, Nikolas Stoecklein

8. Erasmus University Medical Center, Rotterdam, Netherlands, Jaco 
Kraan

9. Menarini HQ/Bologna lab

ELBS EQA: CellSearch, CTC enumeration
(sponsored by Menarini Silicon Biosystems)

9 participating ELBS member sites (8 academic)

ELBS EQA: CellSearch, CTC enumeration
(sponsored by Menarini Silicon Biosystems)

9 participating ELBS member sites (8 academic)
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QUALITY CONTROL ISSUES IN LIQUID BIOPSY TESTINGQUALITY CONTROL ISSUES IN LIQUID BIOPSY TESTING

Ntzifa A. & Lianidou E, Crit Rev Clin Lab Sci, 2023



• Harmonization of results for the same liquid biopsy assays in 
different labs that use exactly the same technology

• Highly important to establish a network of ISO-15189 certified labs 
for specific liquid biopsy tests within ELBS

• Validation of liquid biopsy protocols and their implementation in the 
clinical setting

• Reimbursement of liquid biopsy tests by the National Health System 
(example: AR-V7, Epic assay, USA)

• Evaluation of novel technologies by comparing results for the same 
samples in ISO-15189 labs

BENEFITS OF ISO-15189 ACCREDITATION BENEFITS OF ISO-15189 ACCREDITATION 



CONCLUSIONSCONCLUSIONS

• Liquid biopsy is a valuable tool for real-time monitoring of cancer patients
during therapy, for treatment selection, and cancer diagnosis and prognosis

• To date, there are guidelines and recommendations mainly for ctDNA testing in
solid cancers

• There are still technical challenges to overcome to achieve standardization of
liquid biopsy testing and implementation to clinical practice

• Pre-analytical considerations and quality control issues are important steps to
consider for the implementation of liquid biopsy assays

• Accreditation of laboratories according to ISO15189 standard is the best way to
reassure valid and reliable results in favor of cancer patients



Hellenic Society of Liquid Biopsy
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