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Abstract

External quality assessment (EQA) programs play a critical role in ensuring the accuracy and reliability of laboratory testing,

particularly in the field of molecular pathology. Given the rising complexity of diagnostic tests and treatments for diseases such as cancer,

robust EQA systems are essential for maintaining high standards of laboratory performance. This review examines the various types of
EQA schemes implemented across clinical laboratories, focusing on their design, objectives, and impact on diagnostic accuracy. A

comprebensive literature search was conducted across multiple databases, including MEDIINE, EMBASE, and CINAHL, fo

gather relevant studies and reports on EQA programs up to 2023.The review identifies several key findings: EQA programs

significantly enbance laboratory performance by providing feedback that helps identify errors and areas for improvement. Diverse EQA

schemes are tailored to different biomarkers and testing methodologies, emphasiging the importance of continnous education and training
for laboratory personnel. Notably, participation in EQA programs has been associated with improved diagnostic accuracy and patient
safety, particularly in oncology settings. EQA programs are indispensable for the advancement of laboratory quality assurance and the
enhancement of patient care. They not only facilitate compliance with regulatory standards but also foster a culture of continnons
improvement within laboratories. Future research should focus on optimizing EQ.A methodologies and exploring the integration of
novel diagnostic technologies to further enbance laboratory performance.
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Introduction

A diverse array of advanced laboratory testing and treatments has recently been accessible to cancer
patients. The former are often costly, resulting in elevated health care expenses and possible strain on the
patient. Consequently, it is essential that these testing methodologies and modern therapies be used just in
suitable circumstances. Laboratory biomarkers are essential for patient selection because of their screening,
diagnostic, prognostic, and therapeutic significance. To ensure that a laboratory consistently delivers
trustworthy and accurate test findings, a robust quality management system and quality control are
important [1-3]. This includes routine participation in external quality assurance (EQA) programs. The
World Health Organization (WHO) defines the latter as “a system for objectively assessing the laboratory’s
performance through an outside organization or facility” [4]. This review will concentrate on molecular
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pathology diagnostics. Nonetheless, EQA systems exist across other domains, and numerous same
concepts are applicable.

External agencies, referred to as EQA providers, orchestrate and manage EQA schemes to enhance
transparency among labs, in contrast to ring investigations or ring tests, which frequently occur internally
among laboratories without the involvement of an impartial external entity [5]. The term proficiency testing
(PT) is sometimes used synonymously with external quality assessment (EQA), despite minor variances.
EQA prioritizes ongoing development and education, while PT focuses more on compliance with
regulatory standards [6]. Differences exist among EQA suppliers. Certain entities are associated with
universities and conduct research [7,8]. Other EQA providers are associated with national or regional
accrediting organizations and fulfill a dual function of organizing EQA schemes and granting formal
laboratory accreditation [9]. For others, the organization of EQA schemes becomes their primary business
[10]. EQA/PT suppliers may get accreditation in accordance with the International Organization for
Standatdization (ISO)/International Electrotechnical Commission (IEC) 17043 to verify compliance with
international standards [6,11,12]. ISO/IEC 17025 and ISO 15189 advocate for testing and diagnostic labs
to engage with ISO/TEC 17043-accredited EQA/PT companies [11-14].

The EQA process generally comprises several stages: sample shipping, testing and reporting, expert
evaluation, and the appeal phase. Participation in EQA is one aspect, while learning and enhancing
performance based on outcomes, individual mistakes, or those from other laboratories is another. Both
labs and EQA providers may get insights from an EQA system. Participation in EQA enables labs to assess
their performance over time and to benchmark it against that of their peers. Consequently, labs may evaluate
the efficacy of their daily testing methodologies, whether laboratory-developed tests (LDTs) or
commercially available kits. Furthermore, EQA has shown its value by facilitating partnerships with the
EQA supplier to examine the use and efficacy of their kits. Prior EQA study has demonstrated that EQA
involvement may expose deficiencies in testing methodologies, such as significant disparities across staining
procedures [15,16]. Moreover, EQA schemes and ring studies have contributed to the formulation of best
practice recommendations by identifying hazards and prevalent mistakes [17,18]. To enhance patient care,
the significance of EQA schemes and the insights gained from them will be paramount, alongside a variety
of novel testing methodologies.

Diverse Categories of EQ.A Schemes

EQAs may be conducted in several circumstances. EQAs are broadly relevant and should be extensively
used to achieve optimal health care outcomes. A variety of biomarkers may be assessed for various illnesses
using several methodologies, each with distinct benefits and limitations. Anaplastic Lymphoma Kinase
(ALK) changes may be assessed using immunohistochemistry (IHC), fluorescence in situ hybridization
(FISH), genetic analysis at the DNA or RNA level, and circulating tumor DNA (ctDNA) studies [19,20].

The objective of the EQA system must be explicit and capable of achieving its aims via its organization.
Recently, numerous EQA schemes have been established to address the urgent issue of testing for the
existence of SARS-CoV-2 [21]. These EQA methods have a definite objective. Various sorts of testing were
rapidly created and were crucial for individual health and wotldwide public health. Hasselmann et al.
conducted an initial pilot study for SARS-CoV-2 testing, demonstrating that IgG testing is more dependable
than IgM testing. Ast et al. [22] determined through their quality evaluation that approved tests yield more
accurate results than non-certified tests. Additionally, Buchta et al. indicated that targeting specific viral
genes leads to more reliable outcomes in their research [21-23]. Three distinct questions were addressed in
these EQA plans; therefore, they are structured to precisely target these issues. In the absence of external
quality monitoring, these discrepancies might not have been identified as promptly. The objective of
identifying the most effective assays for accurately detecting the virus was achieved.

This example pertains to a prevalent illness; yet, uncommon disorders are also subjected to testing. In these
instances, the objective is not to expedite the development of novel tests; instead, External Quality
Assessment (EQA) is crucial to ensure accurate diagnoses, facilitating the prompt initiation of appropriate
therapy where feasible. The selection or "production" of testing specimens for such EQA techniques is

12800


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 12799 — 12809

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/j0e.v3i8.6091

more challenging due to the limited availability of genuine instances in substantial volumes. EQA systems
seek to provide participants with samples that closely resemble real-life scenarios [24].

Due to the diverse settings and varying objectives associated with the same biomarker test, several kinds of
External Quality Assessment (EQA) schemes exist, targeting the pre-analytical, analytical, and/or post-
analytical stages of the testing process. Some prioritize accurate outcomes exclusively, others seek to
enhance the technical execution of techniques, some concentrate on meticulous record-keeping by
clarifying reports to guarantee comprehensive documentation, while others emphasize communication by
striving to eliminate ambiguity in result interpretation and conclusions.

Aspects of the pre-clinical phase subject to testing, maybe by questionnaire, include sample dealing with,
sample preservation, test sequencing according to case history, sample setup, mistake rates, sample rejection
rates, and their reasons, among others [25]. Malentacchi et al. investigated the impact of pre-analytical
techniques and circumstances on the integrity of genomic DNA in blood samples, revealing a large disparity
in gene copy numbers and considerable heterogeneity in gDNA integrity among labs [26,27].

The analytical step is extensively researched and entails dispatching samples to the respondents and
evaluating laboratory findings. The technical efficiency of staining may also be evaluated if the IHC staining
slides are returned to the EQA vendor [16]. Diverse methodologies may be explored for the same
biomarker, since each has distinct benefits and drawbacks [28]. EQA schemes concentrating on ALK may
examine FISH techniques only, IHC methods and their interpretative implications, or a comprehensive
approach including all methodologies, such as DNA/RNA screening [16,19,29,30].

Numerous guidelines, suggestions, and an ISO standard are established for the appropriate implementation
of an EQA program. This part will concentrate on molecular pathology EQA systems and include field
suggestions. The ISO/IEC 17043 standard is designed to be applicable to all types of EQA schemes. The
criteria and suggestions are organized into five primary categories and analyzed by Dufraing et al,
presenting a unified perspective from EQA providers alongside an international steering group [12].
Tembuyser et al. outline other best practices for diagnostic labs and EQA suppliers, in addition to the
essential criteria for clear and thorough clinical reports [31].

Upon registration for an EQA scheme, the EQA provider must explicitly convey the goal, sample quantity,
and timing, while assembling a certified team of healthcare and technological specialists [11,12,31]. Samples
must be of high quality, pertinent to the scheme, and chosen by experts in the area recognized as competent
by the EQA providers [11,12,31]. It is important to acknowledge that using genuine patient samples is not
always feasible, and synthetic samples may not always represent reality, although efforts should be made to
achieve this. Subsequently, participants must submit the required findings and/or return their samples. The
specific feedback asked must be explicitly conveyed to the respondents [11]. The findings are evaluated by
assessors in accordance with processes established prior to the commencement of the EQA system
[11,12,31]. Ultimately, the participants will get their findings, reflecting the agreement reached by the
assessors, which the participants may contest.

EQA providers may have certain obstacles when organizing their programs. Certain issues may affect the
planning and organization of the EQA system. If there is no previous experience with EQA the company,
it may be prudent to conduct internal audits to detect deficiencies in compliance with the ISO/IEC 17043
standard and pursue certification promptly [11]. An EQA program should be structured to closely replicate
standard laboratory procedures. Samples must be meticulously chosen, which may be accomplished by
collaborating with a community of recognized professionals. Tembuyser et al. have tackled several issues
in this regard [31].

A further difficulty that exceeds the capabilities of EQA suppliers is the regular processing of samples. The
objective is to evaluate the standard procedures of labs; nevertheless, EQA specimens are not consistently
regarded as such. If participants fail to treat their samples like any other, it becomes a squandered
opportunity, since the normal testing remains unexamined in such instances. The onus is on the participant,
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and the EQA supplier can only stress that samples ought to be handled like regular samples to the greatest
extent feasible.

An EQA provider accredited with ISO/TEC 17043 is equipped to evaluate potential risks and strategize to
address issues that may arise during the implementation of an EQA system. ISO/IEC 17043 accreditation
necessitates adequate staff training, explicit protocols for collaborator selection and sample choice for each
EQA scheme, procedures for sample preparation and storage, assessment protocols concerning statistics,
accurate outcomes and methodologies, and data analysis procedures [11]. In addition to these procedural
processes, there are needs to follow communication protocols (e.g., providing explicit directions for
respondents and establishing mechanisms for addressing concerns) and maintaining anonymity throughout
the whole EQA process [11].

Categories of EQA Organizations and Programs

EQA providers are accountable for the establishment, coordination, and oversight of EQA programs.
Various attributes distinguish various suppliers. Certain providers concentrate on a single EQA scheme,
whilst others manage numerous EQA systems [32,33]. Numerous suppliers concentrate on national clinical
labs, but others aim to engage a broader audience. Another significant characteristic is the ISO/TEC 17043
certification level of the EQA supplier.

ISO/IEC 17043 certification guarantees the proper organization and implementation of accredited EQA
schemes, as well as the proficiency of the EQA supplier [11]. Certification of an EQA source for a specific
EQA scheme does not imply that other EQA schemes offered by that organization are accredited. For
every EQA program, a determination is made on its total inclusion within the audit scope. The EQA
provider is assessed only on the EQA schemes within the defined scope, and only these schemes are eligible
for accreditation. Moreover, ISO/IEC 17043 delineates broad prerequisites applicable to all forms of EQA
schemes and establishes a foundation for more particular technological criteria that vary across various
domains [11]. Examples of recommendations that elaborate on technical requirements based on ISO/TEC
17043 certification are those by Dequeker et al. for CFTR testing and Langerak et al. for suspected
lymphoproliferations, respectively [34,35].

ISO/IEC 17043 cettification is conferred by the national accrediting authority of the country in which the
EQA setvice is located. Entities accredited with ISO/IEC 17043 by their national accrediting authority are
enumerated on the respective accrediting body's website. Providers are not required to be certified to
administer EQA programs. EQA schemes and EQA providers may possess distinct objectives. An EQA
providet's objective may center on structuring schemes to ensure accurate test results in national reference
laboratories, while another objective may involve targeting a broader population and investigating the
methodologies employed globally and their comparative efficacy. The feedback for each objective of an
EQA system may vary significantly for the participating laboratory [36]. Their target market consists only
of Belgian clinical labs, and the feedback provided to these laboratories encompasses the accuracy of
analytical outcomes and potential areas for improvement [37].

Another EQA service, CF Network, specializes on the Cystic Fibrosis Transmembrane Conductivity
Regulator (CFTR) gene [32]. They aim to enhance the quality of diagnostic and conduct research on the
longitudinal efficiency of DNA testing labs, the interpretation of test findings, and the presentation of
results. The target population include all clinical diagnostic tests for CFTR mutations globally. To conduct
studies, additional data is solicited from participants, and further input is provided at the conclusion of the
EQA scheme, particularly about the reporting of identified mutations with varying effects [38]. A crucial
component of an EQA program is the analysis of test outcomes. In molecular pathology, screening extends
beyond mutation identification, since certain illnesses result from gene fusions or clonal growth of blood
cells; therefore, EQA vendors also implement methods for these particular purposes [39-41].

The selection of samples is contingent upon the procedures to be evaluated in the EQA scheme; hence,
EQA providers must exercise meticulous attention in their sample selection. An exemplary sample for an
EQA system should accurately reflect real-life specimens with comparable minimum abundance, relevant
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variant allele frequencies, and conditions like to those often seen in hospital labs. Samples are sometimes
prepared first to maximize preservation, with testing conducted thereafter on formalin-fixed, paraffin-
embedded (FFPE) substance. Likewise, DNA may be retrieved from body fluids, using a tube containing
the DNA for testing purposes. Both alternatives may be chosen by an EQA provider; however, the selection
of sample format should be grounded in rationale.

If EQA suppliers concentrate on the diagnostic procedures specifically, distributing pre-extracted DNA
ensures comparable DNA quality for analysis across labs. Nonetheless, a provider may choose to include
the assessment of the extraction procedure inside the EQA system and dispatch FFPE samples from which
labs must independently extract DNA. During the analysis of outcomes, these factors must be taken into
account to facilitate comparison across patticipants. It is essential to consider the primary objective of the
EQA providers during each phase of the EQA establishment.

Significance of External Qnality Assessment Programs for Laboratories as well as Clinical Practice

The primary objective of EQA programs is to improve patient safety and care by identifying laboratory
mistakes and highlighting opportunities for improvement in laboratory tests. EQA enables labs to track
their progress continuously and to compare it with that of their peers. The criteria for marking used in the
EQA evaluation must be explicitly documented and validated by the experts. ISO/IEC 17043 recommends
the following measurements: overall performance relative to prior standards, inter- and intra-participant
variance, variation across techniques or processes, instructional feedback and guidance, and general
observations, among others [11]. Feedback acquired during EQA participation may be used by labs to
implement corrective and preventive measures (CAPAs) in practice. Miller et al. categorized several issues
that may arise during External Quality Assessment (EQA), such as clerical mistakes, methodological issues,
equipment malfunctions, technical difficulties attributable to human mistakes, or complications related to
the proficiency testing (PT) material [42].

The laboratory is obligated to enhance its practices proactively. Participants who disagree with their score
or find some input unclear may file an appeal to seek more clarification about their conclusion or, in certain
cases, request assistance with the setting up of CAPAs or enhancement initiatives in their laboratory.
Furthermore, consistent participation in EQA schemes is mandatory for accreditation as a testing or
medical laboratory in accordance with ISO/IEC 17025 or ISO 15189 [13,14]. In nations such as France,
labs handling human specimens for diagnostic reasons must get ISO 15189 accreditation [13]. Prior
retrospective research on external quality assurance in genetics and molecular pathology have shown
enhanced laboratory performance among those who consistently engaged in EQA schemes, underscoring
the educational significance of EQA [1,38,43-46]. Studies indicate that labs should initiate External Quality
Assessment (EQA) promptly after the introduction of novel biomarkers. Nonetheless, we must recognize
that, in addition to the educational component of EQA, other variables may influence these outcomes.
Experience with the plan, involvement bias, and the growth of scheme structure may affect performance

[47].
The Scientific Significance of EQA Programs and Their Importance for Industry

Besides evaluating individual laboratory performance, EQA schemes provide valuable insights that address
scientific inquiries by comparing extensive data from global labs. EQA systems in molecular pathology have
identified several significant mistakes across all stages of the testing procedure. Laboratories are often
accountable for guaranteeing adequate training and the effective implementation of various analytical
procedures. The degree and method of training for certain procedures might differ across labs and
pathologists [45].

The samples delivered during EQA schemes must meet particular criteria for participants to get similar
samples [11]. Nonetheless, the results of an analysis remain contingent upon the pathologist's interpretation.
Chosen tumor specimens that are given possess a defined minimum quantity of tumor cells, and
pathologists must appropriately interpret this proportion. However, significant variability in the assessment
of tumor cell structure in tumor specimens has been revealed throughout the pre-analysis stage [48,49]. The
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impact of over- or under-estimations on test results necessitates harmonization. Training significantly
contributes to the process [50]. To execute this, extensive data on these estimates is required to establish

inter-observer concordances and identify bias-inducing elements in the testing procedure.

A comparison of three RING trials undertaken by the Tumor-Infiltrating Lymphocytes (TILs) Working
Group evaluating stromal TILs scores (sTILs) has shown the primary problems and inaccuracies in this
assessment. The intraclass correlation coefficients (ICC) of the three ring investigations varied from 0.70
to 0.89, affected by obstacles including inflammatory cells, tumor boundaries, and other variables [17].
Comparative analysis of these ring trials shown that discrepancies in TIL estimate may be mitigated by (1)
supplying reference pictures with a predetermined TIL proportion for instance, and (2) assessing several
tumor regions to circumvent intratumoral complexity and random mistakes [51].

Accreditation generally improves a laboratory's analytical performance, resulting in fewer analytical
mistakes, inconsistent findings, and technical inaccuracies compared to non-accredited labs [45,52]. These
findings illustrate the significance of EQA involvement in achieving optimal performance. As certification
of medical labs is not mandatory in all countries, involvement in EQA programs is crucial for achieving
acceptable test quality. Moreover, the introduction of a novel biomarker, together with certification and
subsequent EQA participation, facilitates its rapid integration into standard clinical practice, perhaps linked
to the implementation process [45,53].

Longitudinal findings from EQA strategies indicate that the adoption of an alternate anticipatory molecular
assessment in a laboratory positively impacts false negatives or erroneous results; however, it also introduces
additional technical failures, underscoring the necessity of proper training prior to routine implementation
[54]. The immunohistochemical staining efficacy for various biomarkers, including Programmed Death
Ligand-1 (PD-L1), ALK, and ROS1, exhibits variability in sample processing and has been shown to
improve with multiple EQA participations, likely due to peer comparison and subsequent individual
feedback post-EQA [16,55]. The use of industrial kits yields superior staining performance relative to LDT's
[16,56]. However, a proven technique that ensures high staining quality is crucial for achieving an
appropriate staining score, while also considering the interpretative skills of the pathologist to minimize
inter-individual variability and prevent misclassification or misunderstanding [15,16,57,58]. Furthermore,
certification positively influenced the staining efficiency and understanding of these biomarkers [55].

Post-analytically, the description of variants must be accurate and adhere to the principles established by
the Human Genome Variation Society (HGVS) [59,60]. 2016 research by Tack et al. [58] analyzed findings
from four distinct EQA sources to identify frequent variant naming problems. Problematic areas consisted
of, among others, clerical inaccuracies, use of conventional terminology in lieu of HGVS nomenclature,
and the exclusion of p. or c. [10, 41, 61]. Nevertheless, the delivery of comprehensive feedback has shown
efficacy in enhancing performance during future engagements [62].

Research has shown that involvement in EQA programs is an effective mechanism for enhancing test
quality in labs and provides individual feedback for improving interpretation and reporting. Furthermore,
the evidence amassed in this domain has resulted in the formulation of instructions and suggestions to
counsel medical laboratories regarding their involvement in external quality assurance initiatives and the
stages of the testing process (such as marker analysis); comprehension and reports; HGNC
recommendations; and HGVS recommendations [28,35,60,63-69].

Statistics from EQA schemes provide insights on the impact of certain forecasting methodologies. In
2020, research by Keppens et al. demonstrated that next-generation sequencing (NGS) and non-NGS
commercial kits were more effective than in-house non-next-generation sequencing methods for accurately
detecting supplementary EGFR ¢.2369C>T p.(Thr790Met) in non-small cell lung cancer (NSCLC) [50].

The identification of variations and the subsequent provision of targeted treatment is further hampered by
the inconsistency in companion diagnostics, which permits funding for certain medications only when a
designated diagnostic test is used, as shown by PD-L1 [70]. In this context, many papers indicated
substantial discrepancies in the proportion of acceptable or accurate findings obtained by labs using LDT's
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compared to those in the U.S. Companion diagnostics authorized by the Food and Drug Administration
(FDA-CDx) [71,72]. Consequently, the results of these research are crucial for assessing the efficacy of
commercial kits or companion diagnostics (CDx), their appropriate use, and the need for updates to
enhance sensitivity while incorporating certain uncommon variants.

Conclusions

The objective of EQA is to aid labs in evaluating testing effectiveness and to foster ongoing education.
Diverse EQA systems exist for labs, each with distinct features and objectives. Laboratory science is a
rapidly advancing discipline, necessitating EQA suppliers to adapt their schemes to include recent
developments. Both labs and industrial research institutions may get significant advantages from analyzing
the outcomes of EQA schemes. EQA providers must continuously adapt to their field and confront the

problems they face to achieve their objectives.

References

Keppens C., Boone E., Gameiro P., Tack V., Moreau E., Hodges E., Evans P., Briiggemann M., Carter 1., Lenze D, et al.
Evaluation of a worldwide EQA scheme for complex clonality analysis of clinical lymphoproliferative cases
demonstrates a learning effect. Virchows Arch. 2021;479:365-376.

Tack V., Ligtenberg M.J.L.., Tembuyser L., Normanno N., Vander Borght S., van Krieken H.J., Dequeker E.M. External
Quality Assessment Unravels Interlaboratory Differences in Quality of RAS Testing for Anti-EGFR Therapy in
Colorectal Cancer. Oncologist. 2015;20:257—262.

Bellon E., Ligtenberg M.J., Tejpar S., Cox K., de Hertogh G., de Stricker K., Edsjo A., Gorgoulis V., Hofler G., Jung A., et
al. External quality assessment for KRAS testing is needed: Setup of a European program and report of the first
joined regional quality assessment rounds. Oncologist. 2011;16:467—478.

WHO Overview of External Quality Assessment (EQA) (accessed on 7 June 2022).

Johnson P., Cabuang L. Proficiency testing and ring trials. Rev. Sci. Tech. 2021;40:189—-203.

James D., Ames D., Lopez B, Still R., Simpson W., Twomey P. External quality assessment: Best practice. J. Clin. Pathol.
2014567:651-655.

NordiQC Immunohistochemical Quality Control. (accessed on 7 June 2022).

Biomedical Quality Assurance, KU Leuven. (accessed on 7 June 2022).

The College of American Pathologists. (accessed on 7 June 2022).

The European Molecular Genetics Quality Network. (accessed on 7 June 2022).

ISO/TEC17048:2010 . Conformity Assessment—General Requirements for Proficiency Testing. The International
Organization for Standardization; Geneva, Switzerland: 2022.

Dufraing K., Fenizia F., Torlakovic E., Wolstenholme N., Deans Z.C., Rouleau E., Vyberg M., Parry S., Schuuring E.,
Dequeker E.M.C. Biomarker testing in oncology—Requirements for organizing external quality assessment
programs to improve the performance of laboratory testing: Revision of an expert opinion paper on behalf of
[IQONPath ABSL. Virchows Arch. 2021;478:553-565.

[SO15189:2012 . Medical Laboratories—Requirements for Quality and Competence. The International Organization for
Standardization; Geneva, Switzerland: 2022.

ISO/IEC17025:2017 . General Requirements for the Competence of Testing and Calibration Laboratories. The International
Organization for Standardization; Geneva, Switzerland: 2022.

KReppens C., Dequeker E.M., Pauwels P., Ryska A., Hart N, von der Thiisen J.H. PD-L1 immunohistochemistry in non-
small-cell lung cancer: Unraveling differences in staining concordance and interpretation. Virchows Arch.
2021;478:827—839.

Keppens C., von der Thiisen J., Pauwels P., Ryska A., Hart N., Schuuring E., Miller K., Thunnissen E., Zwaenepoel K.,
Dequeker E.M.C. Staining Performance of ALK and ROS1 Immunohistochemistry and Influence on Interpretation
in Non-Small-Cell Lung Cancer. J. Mol. Diagn. 2020;22:1438—1452.

Kos Z., Roblin E., Kim R.S., Michiels S., Gallas B.D., Chen W., van de Vijver K.K.,, Goel S., Adams S., Demaria S., et al.
Pitfalls in assessing stromal tumor infiltrating lymphocytes (sTILs) in breast cancer. NPJ Breast Cancer.
2020;6:17.

Dufraing K., van Krieken J.H., De Hertogh G., Hoefler G., Oniscu A., Kuhlmann T.P., Weichert W., Marchio C., Ristimaki
A, Ryska A., et al. Neoplastic cell percentage estimation in tissue samples for molecular oncology:
Recommendations from a modified Delphi study. Histopathology. 2019;75:312-319.

Jurmeister P., Vollbrecht C., Johrens K., Aust D., Behnke A., Stenzinger A., Penzel R., Endris V., Schirmacher P., Fisseler-
Eckhoft A., et al. Status quo of ALK testing in lung cancer: Results of an EQA scheme based on in-situ
hybridization, immunohistochemistry, and RNA/DNA sequencing. Virchows Arch. 2021;479:247-255.

Horn L., Whisenant J.G., Wakelee H., Reckamp K.L., Qiao H., Leal T.A., Du L., Hernandez J., Huang V., Blumenschein G.R,,
et al. Monitoring Therapeutic Response and Resistance: Analysis of Circulating Tumor DNA in Patients With
ALK+ Lung Cancer. J. Thorac. Oncol. 2019;14:1901-1911.

12805


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 12799 — 12809

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/j0e.v3i8.6091

Buchta C., Gorzer 1., Chiba P., Camp J.V., Holzmann H., Puchhammer-Stéckl E., Mayerhofer M., Miiller M.M., Aberle S.W.
Variability of cycle threshold values in an external quality assessment scheme for detection of the SARS-CoV-2
virus genome by RT-PCR. Clin. Chem. Lab. Med. 2020;59:987-994.

Ast V., Costina V., Eichner R., Bode A., Aida S., Gerhards C., Thiaucourt M., Dobler G., Geilenkeuser W.J., Wolfel R, et al.
Assessing the Quality of Serological Testing in the COVID-19 Pandemic: Results of a European External Quality
Assessment (EQA) Scheme for Anti-SARS-CoV-2 Antibody Detection. J. Clin. Microbiol. 2021;59:e0055921.

Haselmann V., Ozgiiriimez M.K., Klawonn F., Ast V., Gerhards C., Eichner R., Costina V., Dobler G., Geilenkeuser W.J.,
Wolfel R, et al. Results of the first pilot external quality assessment (EQA) scheme for anti-SARS-CoV2-antibody
testing. Clin. Chem. Lab. Med. 2020;58:2121-2130.

Weng B., Li X. An external quality assessment scheme for prenatal detection of rare chromosomal abnormalities. Clin. Chim.
Acta. 2012;413:1721-1724.

Rristensen G.B., Aakre K.M., Kristoffersen A.H., Sandberg S. How to conduct External Quality Assessment Schemes for the
pre-analytical phase? Biochem. Med. 2014524:114—122.

Malentacchi F., Pazzagli M., Simi L., Orlando C., Wyrich R., Hartmann C.C., Verderio P., Pizzamiglio S., Ciniselli C.M.,,
Tichopad A, et al. SPIDIA-DNA: An External Quality Assessment for the pre-analytical phase of blood samples
used for DNA-based analyses. Clin. Chim. Acta. 2013;424:274—286.

Malentacchi F., Pizzamiglio S., Ibrahim-Gawel H., Pazzagli M., Verderio P., Ciniselli C.M., Wyrich R., Gelmini S. Second
SPIDIA-DNA External Quality Assessment (EQA): Influence of pre-analytical phase of blood samples on genomic
DNA quality. Clin. Chim. Acta. 2016;454:10—14

Thunnissen E., Bubendorf L., Dietel M., ElImberger G., Kerr K., Lopez-Rios F., Moch H., Olszewski W., Pauwels P., Penault-
Llorca F., et al. EML4-ALK testing in non-small cell carcinomas of the lung: A review with recommendations.
Virchows Arch. 2012;461:245—257.

Ibrahim M., Parry S., Wilkinson D., Bilbe N., Allen D., Forrest S., Maxwell P., O’Grady A., Starczynski J., Tanier P., et al.
ALK Immunohistochemistry in NSCLC: Discordant Staining Can Impact Patient Treatment Regimen. J. Thorac.
Oncol. 2016;11:2241—2247.

Marchetti A., Barberis M., Papotti M., Rossi G., Franco R., Malatesta S., Buttitta F., Ardizzoni A., Crino L., Gridelli C., et
al. ALK rearrangement testing by FISH analysis in non-small-cell lung cancer patients: Results of the first italian
external quality assurance scheme. J. Thorac. Oncol. 2014;9:1470—1476.

Tembuyser L. Dequeker E.M. Endorsing good quality assurance practices in molecular pathology: Risks and
recommendations for diagnostic laboratories and external quality assessment providers. Virchows Arch.
2016;468:31—41.

Dequeker E., Stuhrmann M., Morris M.A,, Casals T., Castellani C., Claustres M., Cuppens H., des Georges M., Ferec C,,
Macek M., et al. Best practice guidelines for molecular genetic diagnosis of cystic fibrosis and CFTR-related
disorders—Updated European recommendations. Eur. J. Hum. Genet. 2009;17:51-65.

Langerak A.W., Groenen P.J,, Briiggemann M., Beldjord K., Bellan C., Bonello L., Boone E., Carter G.I., Catherwood M.,
Davi F., et al. EuroClonality/ BIOMED-2 guidelines for interpretation and reporting of Ig/TCR clonality testing
in suspected lymphoproliferations. Leukemia. 2012;26:2159-2171.

Regulation (EC) No 765/2008 of the European Parliament and of the Council of 9 July 2008. (accessed on 7 June 2022).

Laudus N., Audrézet M.P., Girodon E., Morris M.A., Radojkovic D., Raynal C., Seia M., étambergové A., Torkler H.,
Yamamoto R., et al. Laboratory reporting on the clinical spectrum of CFTR p.Arg117His: Still room for
improvement. J. Cyst. Fibros. 2020;19:969-974..

Armand M., Derrieux C,, Beldjord K., Wabeke T, Lenze D., Boone E., Bruggemann M., Evans P., Gameiro P., Hummel M.,
et al. A New and Simple TRG Multiplex PCR Assay for Assessment of T-cell Clonality: A Comparative Study
from the EuroClonality Consortium. HemaSphere. 2019;3:e255.

Kirchner M., Glade J., Lehmann U., Merkelbach-Bruse S., Hummel M., Lehmann A., Trautmann M., Kumbrink J., Jung A,
Dietmaier W., et al. NTRK testing: First results of the QuiP-EQA scheme and a comprehensive map of NTRK
fusion variants and their diagnostic coverage by targeted RNA-based NGS assays. Genes Chromosomes Cancer.
2020;59:445—453

Miller W.G., Jones G.R., Horowitz G.L., Weykamp C. Proficiency testing/external quality assessment: Current challenges
and future directions. Clin. Chem. 2011;57:1670—1680.

Berwouts S., Girodon E., Schwarz M., Stuhrmann M., Morris M.A., Dequeker E. Improvement of interpretation in cystic
fibrosis clinical laboratory reports: Longitudinal analysis of external quality assessment data. Eur. J. Hum. Genet.
2012;20:1209—-1215.

Keppens C,, Tack V., Hart N, Tembuyser L., Ryska A., Pauwels P., Zwaenepoel K., Schuuring E., Cabillic I, Tornillo L., et
al. A stitch in time saves nine: External quality assessment rounds demonstrate improved quality of biomarker
analysis in lung cancer. Oncotarget. 2018;9:20524—20538.

Tack V., Schuuring E., Keppens C., Hart N, Pauwels P., van Krieken H., Dequeker E.M.C. Accreditation, setting and
experience as indicators to assure quality in oncology biomarker testing laboratories. Br. J. Cancer. 2018;119:605—
614

KReppens C., Dufraing K., van Krieken H.J,, Siebers A.G., Kafatos G., Lowe K., Demonty G., Dequeker E.M.C. European
follow-up of incorrect biomarker results for colorectal cancer demonstrates the importance of quality improvement
projects. Virchows Arch. 2019;475:25-37.

Peterson J.C,, Hill R.H., Black R.S., Winkelman J., Tholen D. CDC 2008. Review of Proficiency Testing Services for Clinical
Laboratories in the United States—Final Report of a Technical Working. Battelle Memorial Institute; Columbus,
OH, USA: 2008.

12806


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 12799 — 12809

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/j0e.v3i8.6091

Dufraing K., De Hertogh G., Tack V., Keppens C., Dequeker E.M.C,, van Krieken J.H. External Quality Assessment
Identifies Training Needs to Determine the Neoplastic Cell Content for Biomarker Testing. J. Mol. Diagn.
2018;20:455—464.

Smits A.J., Kummer J.A., de Bruin P.C., Bol M., van den Tweel J.G., Seldenrijk K.A., Willems S.M., Offerhaus G.J., de Weger
R.A., van Diest P.J, et al. The estimation of tumor cell percentage for molecular testing by pathologists is not
accurate. Mod. Pathol. 2014527:168—174.

Mikubo M., Seto K., Kitamura A., Nakaguro M., Hattori Y., Maeda N., Miyazaki T., Watanabe K., Murakami H., Tsukamoto
T., et al. Calculating the Tumor Nuclei Content for Comprehensive Cancer Panel Testing. J. Thorac. Oncol.
2020;15:130—137.

Denkert C., Wienert S., Poterie A., Loibl S., Budczies J., Badve S., Bago-Horvath Z., Bane A., Bedri S., Brock J., et al.
Standardized evaluation of tumor-infiltrating lymphocytes in breast cancer: Results of the ring studies of the
international immuno-oncology biomarker working group. Mod. Pathol. 2016;29:1155—1164

Buchta C., Coucke W., Mayr W.R., Miiller M.M., Oeser R., Schweiger C.R., Korméczi G.F. Evidence for the positive impact
of ISO 9001 and ISO 15189 quality systems on laboratory performance—Evaluation of immunohaematology
external quality assessment results during 19 years in Austria. Clin. Chem. Lab. Med. 2018;56:2039—2046.

Deans Z.C,, Bilbe N., O’Sullivan B, Lazarou L.P., de Castro D.G,, Parry S., Dodson A., Taniere P., Clark C., Butler R.
Improvement in the quality of molecular analysis of EGFR in non-small-cell lung cancer detected by three rounds
of external quality assessment. J. Clin. Pathol. 2013;66:319-325.

KReppens C., Dequeker E.M.C., Rouleau E., Hart N., Bubendorf L., Dufraing K., Garrec C., Guéguen P., Lamy A., Marchetti
A, et al. Sensitive detection methods are key to identity secondary EGFR ¢.2369C>T p.(Thr790Met) in non-small
cell lung cancer tissue samples. BMC Cancer. 2020;20:366.

Nielsen S. External quality assessment for immunohistochemistry: Experiences from NordiQC. Biotech. Histochem.
2015;90:331—-340.

Vyberg M., Nielsen S. Proficiency testing in immunohistochemistry—Experiences from Nordic Immunohistochemical
Quality Control (NordiQC) Virchows Arch. 2016;468:19—29.

Lantuejoul S., Sound-Tsao M., Cooper W.A., Girard N., Hirsch F.R., Roden A.C,, Lopez-Rios F., Jain D., Chou T.Y., Motoi
N, et al. PD-L1 Testing for Lung Cancer in 2019: Perspective From the IASLC Pathology Committee. J. Thorac.
Oncol. 2020;15:499-519.

Torlakovic E., Lim H.J., Adam J., Barnes P, Bigras G., Chan A.W.H., Cheung C.C., Chung J.H., Couture C,, Fiset P.O., et
al. “Interchangeability” of PD-L1 immunohistochemistry assays: A meta-analysis of diagnostic accuracy. Mod.
Pathol. 2020;38:4—17.

Den Dunnen J.T., Dalgleish R., Maglott D.R., Hart R.K., Greenblatt M.S., McGowan-Jordan J., Roux A.F., Smith T,
Antonarakis S.E., Taschner P.E. HGVS Recommendations for the Description of Sequence Variants: 2016 Update.
Hum. Mutat. 2016;37:564—569.

Van Krieken J.H., Normanno N., Blackhall F., Boone E., Botti G., Carneiro F., Celik 1., Ciardiello F., Cree 1.A., Deans Z.C.,
et al. Guideline on the requirements of external quality assessment programs in molecular pathology. Virchows
Arch. 2018;462:27-37.

The European Society of Pathology. (accessed on 7 June 2022).

Tack V., Deans Z.C., Wolstenholme N., Patton S., Dequeker E.M. What's in a Name? A Coordinated Approach toward the
Correct Use of a Uniform Nomenclature to Improve Patient Reports and Databases. Hum. Mutat. 2016;37:570—
575.

Cree I, Deans Z., Ligtenberg M., Normanno N., Edsjo A., Rouleau E., Solé F., Thunnissen E., Timens W., Schuuring E., et
al. Guidance for laboratories performing molecular pathology for cancer patients. J. Clin. Pathol. 2014;67:923-931.

The College of American Pathologists Molecular Pathology Checklist. (accessed on 7 June 2022).

Van Krieken J.H., Jung A., Kirchner T, Carneiro I, Seruca R., Bosman F.T., Quirke P., Fl¢jou J.F., Plato H.T., de Hertogh
G., et al. KRAS mutation testing for predicting response to anti-EGFR therapy for colorectal carcinoma: Proposal
for an European quality assurance program. Virchows Arch. 2008;453:417—431.

Bubendorf L., Biittner R., Al-Dayel F., Dietel M., EImberger G., Kerr K., Lépez-Rios F., Marchetti A, Oz B., Pauwels P., et
al. Testing for ROS1 in non-small cell lung cancer: A review with recommendations. Virchows Arch.
2016;469:489—503.

Gulley M.L,, Braziel R M., Halling K.C,, Hsi E.D., Kant J.A., Nikiforova M.N., Nowak J.A., Ogino S., Oliveira A., Polesky
H.F,, et al. Clinical laboratory reports in molecular pathology. Arch. Pathol. Lab. Med. 2007;131:852—863.

Doroshow D.B., Bhalla S., Beasley M.B., Sholl L M., Kerr K.M., Gnjatic S., Wistuba LI, Rimm D.L., Tsao M.S., Hirsch F.R.
PD-L1 as a biomarker of response to immune-checkpoint inhibitors. Nat. Rev. Clin. Oncol. 2021;18:345-362.

Moncur J.T., Bartley AN, Bridge J.A., Kamel-Reid S., Lazar A.J.,, Lindeman N.I, Long T.A., Merker J.D., Rai A.J., Rimm
D.L, et al. Performance Comparison of Different Analytic Methods in Proficiency Testing for Mutations in the
BRAF, EGFR, and KRAS Genes: A Study of the College of American Pathologists Molecular Oncology
Committee. Arch. Pathol. Lab. Med. 2019;1438:1208—1211.

Kim A.S,, Bartley A.N,, Bridge J.A., Kamel-Reid S., Lazar A.J,, Lindeman N.I,, Long T.A., Merker J.D., Rai A.J., Rimm D.L,,
et al. Comparison of Laboratory-Developed Tests and FDA-Approved Assays for BRAF, EGFR, and KRAS
Testing. JAMA Oncol. 2018;4:838—841.

Hall J.A., Salgado R., Lively T., Sweep F., Schuh A. A risk-management approach for effective integration of biomarkers in
clinical trials: Perspectives of an NCI, NCRI, and EORTC working group. Lancet Oncol. 2014515:e184—e193.

Brunnstréom H., Johansson A., Westbom-Fremer S., Backman M., Djureinovic D., Patthey A., Isaksson-Mettivainio M.,
Gulyas M., Micke P. PD-L1 immunohistochemistry in clinical diagnostics of lung cancer: Inter-pathologist
variability is higher than assay variability. Mod. Pathol. 2017;30:1411-1421.

12807


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

Journal of Ecohumanism
2024
Volume: 3, No: 8, pp. 12799 — 12809
ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOT: https://doi.org/10.62754/joe.v3i8.6091
Burthem J., Brereton M., Ardern J., Hickman L., Seal L., Serrant A., Hutchinson C.V., Wells E., McTaggart P., De la Salle
B., et al. The use of digital ‘virtual slides’ in the quality assessment of haematological morphology: Results of a
pilot exercise involving UK NEQAS(H) participants. Br. J. Haematol. 2005;130:293—-296.
Yu K.H,, Zhang C,, Berry G.J., Altman R.B., Ré C,, Rubin D.L., Snyder M. Predicting non-small cell lung cancer prognosis
by fully automated microscopic pathology image features. Nat. Commun. 2016;7:12474.
Akbar S., Peikari M., Salama S., Panah A.Y ., Nofech-Mozes S., Martel A.L. Automated and Manual Quantification of Tumour
Cellularity in Digital Slides for Tumour Burden Assessment. Sci. Rep. 2019;9:14099.
Bera K., Schalper K.A., Rimm D.L., Velcheti V., Madabhushi A. Artificial intelligence in digital pathology—New tools for
diagnosis and precision oncology. Nat. Rev. Clin. Oncol. 2019;16:708-715.

12808


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

Journal of Ecohumanism

2024

Volume: 3, No: 8, pp. 12799 — 12809

ISSN: 2752-6798 (Print) | ISSN 2752-6801 (Online)
https://ecohumanism.co.uk/joe/ecohumanism
DOI: https://doi.org/10.62754/j0e.v3i8.6091

u'a\f‘\!\@k ‘_,é&hb,ﬂid\ slal g andiiall iéauk. o_ilal dan) ya Ay g ) Q‘M\éh\g@ﬂ@j&l\ anlil) g0
RN

adlall

Jiae (b als 5 oy ) ol JLEaY) 48 g5 482 Glasa (G Lasla 150 (EQA) 250 (o ) anil) el jy ol 48180
o> A anl) dabal muad (gl pudl i (al jaY Cladlall 5 dpapaiiil) ol JUEAY) il 3ba ) aes Sl gl Y ale
Adle EEPEES sl laa e Lliall Ly pa 33 5all
S e ey ) ol sl 8 Gakad ) B0 sl o Had) anil) sl o AlAa @1 Y1 dual yall 028 (i peiadi; dsagall
MEDLINE ¢lld & Ly «lily ac) 8 sac 8 Jald dasy ol ja) &3 pandidil) 48y e b il il et o

2023 ple s 33 5all @J&\ il =lon Al cld el ealad Hall @;J «CINAHI. sEMBASE s

i DA (e LS IS8 @l ) el B3 sall s S il el g a0 A ) g Bae (e dnal all (oSS gilil)
4 sl sl Calite e ol apill el gy aanad | Gpuand () U3 3l @Yl g eUadl) paad b acls cillaadl
gl (8 ASLEA o SAL sl ey il (A Cplalall painall il 5 alall dpeal 5 Lea  JLEAY) Cilingias

Ao ke il 8 Aala ¢ el Tadl 5 i) 483 ety culagi )l 53 gall o Jad) apll

2l Y g el Ale 5 a5l A G830 gl laca 3 el e e W B0 sl oa LA apll el e AaDAY)
S8 O g sl JAb el Gl FAE 58 A Lyl aalid b ecnd Zpaplaiill plaall JERY) 3y 5a5 e
ol piaall glal 3 3 Apaal) A ad il bl ped CHLESEL) 5 53 gall oo LAY 4l Ciliagia Cpead oAbl EilagY)

S J8s

sl A ¢l 483 (ol diaall ¢l ¢ iy jad) il jel ale aa sall oa JlA) anill; Agalidal) cilalst)

12809


https://ecohumanism.co.uk/joe/ecohumanism
https://doi.org/10.62754/joe.v3i8.6091

