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Abstract: The Joint Committee for Traceability in Labora-
tory Medicine (JCTLM) supports worldwide equivalence and
comparability of measurement results in laboratory medi-
cine to improve health care and facilitate national and in-
ternational trade in in vitro diagnostic (IVD) medical devices.
The 2025 biennial members and stakeholders’ workshop
focused on the expectations and benefits of harmonized
results among medical laboratories, as well as the challenges
associated with achieving this goal. Harmonization of results
from end-user IVD measurement procedures (IVD-MPs) can
be achieved by applying the principles of metrological
traceability; however, there are several historical examples
of standardization efforts that did not achieve the required
level of harmonization. The reasons for these failures can be
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found in various elements of the calibration hierarchy
including: a) an unclear definition of the measurand, b)
differences in selectivity of the IVD-MPs, c) issues with the
commutability characteristics of secondary certified refer-
ence materials (CRM), d) inconsistencies in handling of CRMs
to prepare calibrators, and e) lack of adoption and imple-
mentation by the IVD manufacturers. The lack of harmo-
nized results can lead to confusion, treatment delays, errors
in medical decisions, and increased healthcare costs. There
are still assays in common use that lack metrological trace-
ability because they lack CRMs, reference method proced-
ures (RMPs), and/or reference method services (RMSs).
Producing and maintaining reference measurement system
components is complex and expensive. There are multiple
regulatory frameworks and requirements that IVD manu-
facturers must meet worldwide. There is a vital role for
External Quality Assessment (EQA) providers to assess the
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agreement status of results across different IVD-MPs and
identify any changes in their equivalence. However, EQA
materials must be commutable with clinical samples for
each of the examined IVD-MDs for results to reflect the status
of harmonization of clinical sample results. The future will
need leadership and cooperation between bodies such as
JCTLM, the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC), and IVD manufacturers.

Keywords: harmonization; reference materials; traceability;
certified reference materials

Introduction

The Joint Committee for Traceability in Laboratory Medicine
(JCTLM) was established in 2002 in response to the imple-
mentation of the European Community Directive 98.79/EC on
in vitro medical devices. The Committee consisted of repre-
sentatives from the International Bureau of Weights and
Measures (BIPM), the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC), and the Inter-
national Laboratory Accreditation Cooperation (ILAC). The
International Committee on Standardization in Hematology
(ICSH) further joined in 2019.

The primary output of the JCTLM is a global database of
higher-order certified reference materials (CRMs), reference
measurement procedures (RMPs), and reference measure-
ment services (RMSs). All references listed in the database
are reviewed for conformance to applicable International
Organization for Standardization (ISO) standards. The role
of JCTLM is to support worldwide equivalence and compa-
rability of measurement results in laboratory medicine for
the purpose of improving health care, and facilitating na-
tional and international trade in in vitro diagnostic (IVD)
medical devices, by [1]:

— Promoting the concept of metrological traceability of
measurement results to the International System of
Units (SI) or, where necessary, to other internationally
agreed references.

— Evaluating CRMs, RMPs and RMSs for laboratory medi-
cine for conformity with appropriate international
standards.

— Producing educational materials and activities promot-
ing the value of metrological traceability in laboratory
medicine and raising awareness amongst stakeholders.

— Promoting close links between laboratories performing
RMPs and national metrology institutes.

— Facilitating the identification and prioritization of
measurands requiring international traceability and
equivalence and thereby encouraging appropriate
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organizations to accept responsibility for the develop-
ment of suitable RMPs and CRMs.

— Encouraging the IVD manufacturers to establish
metrological traceability to the agreed reference mea-
surement systems.

- Encouraging External Quality Assessment (EQA) orga-
nizers to apply RMP values to commutable EQA
materials.

The JCTLM organizes a biennial workshop for its members
and stakeholders. The 2025 workshop focused on the ex-
pectations and benefits of harmonized results among med-
ical laboratories, as well as the challenges associated with
achieving this goal. The workshop addressed necessary ini-
tiatives for CRMs, RMPs, and RMSs, along with the challenges
of implementing them in compliance with relevant ISO
standards. Sustaining these reference measurement sys-
tems, along with descriptions of how they should be imple-
mented, was discussed. The workshop explored the
implementation of metrological traceability by IVD manu-
facturers, its impact on regional and global regulatory re-
quirements, and how new processes can harmonize
measurement results.

Setting the scene
Patient expectations

Laboratory results shape life-altering decisions — yet for

many patients, they remain confusing, inconsistent, or

difficult to interpret. Patients consistently express four core
needs:

- Clarity: results must be understandable across literacy
levels. The average global reading level is between sixth
and eighth grade, so explanations must be scientifically
accurate yet accessible.

— Consistency: results should yield the same interpreta-
tion across laboratories, care settings, and time.

— Reliability: patients need confidence that results are
accurate and actionable.

— Equity: result interpretation must reflect genetic, cul-
tural, and socioeconomic diversity to avoid reinforcing
disparities.

Current practices such as variable reference limits, incon-
sistent reporting units, and technical jargon undermine
these expectations. Harmonization must extend beyond
technical measurement to encompass the language, format,
and context in which results are presented [2]. This includes
co-designing result reports with patient partners, applying
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community-based participatory research principles, and
ensuring transparency about uncertainty and limitations [3,
4]. In a digital, data-driven healthcare landscape, harmoni-
zation must serve both machines and people. Patient
expectations must inform both technical and communica-
tion standards, and meeting these expectations transforms
harmonization from a technical achievement into a bridge of
trust between science and lived experience.

Realizing the benefits of metrological
traceability

Every day, we reap the benefits of metrological traceability
in every aspect of our lives. Our food, our buildings, our
computers, our communications, and our travel are all built
using measurements traceable to SI. By contrast, the field of
laboratory medicine is sadly far behind in both achieving
widespread traceability of measurement results and in
delivering the benefits of such traceability where it exists.
Examples of failure to achieve such benefits is the wide-
spread use of different reference intervals for the same test
in laboratories, with the variation most commonly not
reflecting differences in the assay results or the population
served [5], and persistent variation in units of reporting [6].

All results are interpreted by comparison with a refer-
ence interval, a clinical decision limit, a previous result from
the same patient, or the practitioner’s prior experience. Each
of these interpretive processes is at risk if the comparator is
inconsistent relative to the result under consideration. Over
the years, local solutions have been developed, for example,
to validate reference intervals for local use or to indicate the
methods used in reports, alerting users to possible differ-
ences. These approaches are no longer acceptable. Two key
drivers of the need for metrologically traceable results are
the growth in combining results into common databases or
in other products that may cross international borders. The
other driver is the need to use evidence-based medical de-
cisions. If the results of a clinical study define a decision
threshold, this cannot be effectively applied in practice un-
less the results are unbiased or the bias is known and
managed. This approach provides the “clinical traceability”
of laboratory results [7].

To realize the benefits of results that have verified
metrological traceability, we should aim for common sup-
porting information such as test names, reporting units, and
reference intervals/decision thresholds. We also need the
information and terminology (coding) to allow traceable
results to be combined into clinical databases, as well as the
same to keep non-traceable results separate. In the current
digital and artificial intelligence world, it is clearly vital that
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information, whether for machines or people, does not carry
unnecessary variation.

Why does harmonization theory not always
work?

Medical test standardization should ensure that various end-
user IVD measurement procedures (IVD-MPs) targeting the
same measurand provide harmonized results, i.e., equivalent
results within a measurement uncertainty (MU) consistent
with medical decision-making requirements, for any given
clinical sample. Harmonization of results from IVD-MPs can be
achieved by applying the principles of metrological trace-
ability and establishing a suitable calibration hierarchy for the
values assigned to the calibrators of the IVD-MPs, as specified
in the ISO 17511:2020 standard [8, 9]. However, there are
several historical examples of standardization efforts that did
not achieve the required level of harmonization, and the bias
in the measurement results of the various IVD-MPs remained
excessive. The reasons for these failures can be found in
various elements of the calibration hierarchy including: a) an
unclear definition of the measurand, b) differences in selec-
tivity of the IVD-MPs, c) issues with the commutability char-
acteristics of secondary CRM, d) inconsistencies in handling of
CRMs to prepare calibrators, and e) lack of adoption and
implementation by the IVD manufacturers [10]. These past
experiences teach us the importance of a good preparation
phase for each standardization and harmonization project.!
During this phase, the current disagreement among the IVD-
MPs, including a candidate RMP if applicable, should be
properly evaluated, including potential differences in non-
selectivity. In addition, the commutability of various prototype
reference materials should be assessed to find the most suit-
able production process for secondary CRMs.

Reference materials, reference
measurement procedures, and
reference measurement services
Metrological traceability of medical laboratory results is
crucial to ensure global comparability, reliability, and

meaningful interpretation in medical decision-making.
Metrological traceability is established through structured

1 In the context of this paper, standardization describes an approach
obtaining result equivalence by implementing metrological traceability
to SI, while harmonization is related to an approach that permits to
achieve equivalent results, even if non-SI traceable.
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calibration hierarchies, in which CRMs, RMPs, and RMSs
play crucial roles (Figure 1).

The development of CRMs, especially secondary
commutable matrix materials targeting complex analytes
such as proteins, is particularly demanding. Accurate
determination of concentration in biologically complex
matrices requires multiplexed approaches to achieve high
precision and low MU. Commutability — defined as the
agreement of analyte behaviour in both the CRM and clinical
samples when tested with different IVD-MPs — is a critical
criterion for JCTLM listing of secondary CRMs (m.3 in
Figure 1) [11]. Demonstrating commutability necessitates
complex interlaboratory studies, appropriate clinical sam-
ple panels, and rigorous statistical analysis (see section
‘Commutability: Ten Years of IFCC Working Group Activity’
below). Furthermore, when a CRM for a given measurand
already exists in the JCTLM database, an extent-of-
equivalence assessment is required to verify the inter-
changeability of the CRMs to avoid introducing bias [12].

RMPs are at a higher metrological order within calibra-
tion hierarchies and are used to assign values to CRMs and
calibrators. According to ISO 15193:2009, RMPs must meet
stringent criteria, including documented performance for
metrological traceability of any calibrants, trueness, MU, in-
terferences, selectivity for the defined measurand, sensitivity,
measuring interval, and limits of detection [13]. Peer-
reviewed publications describing RMPs are required [14].
Candidate RMPs must also be critically compared for the
extent of equivalence with existing JCTLM-listed RMPs [15].
Establishing an RMP is time-consuming and methodologically

MATERIAL
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complex, requiring both fundamental metrological expertise
and robust implementation protocols.

RMSs - originating from national metrology institutes,
qualified government/academic institutions, and IVD
manufacturers — form the backbone for implementing and
disseminating established metrological traceability struc-
tures. These services must be carried out under strict quality
systems that conform to ISO 17025 and ISO 15195 [16, 17].
Challenges facing laboratories offering RMS include ongoing
investment in infrastructure and personnel, and maintain-
ing method performance after technical modifications (e.g.,
liquid chromatography-tandem mass spectrometry param-
eters or gradient conditions). Such modifications necessitate
rigorous and continuous method validation and may
represent causes of non-compliance identified during the
JCTLM review process. Additionally, the growing demand
for CRMs is accompanied by concerns over limited global
availability, restrictive import/export regulations, and un-
equal resource allocation. A structural imbalance is evident:
while many manufacturer-operated RMSs support only in-
ternal systems, academic laboratories are frequently over-
extended and unable to meet the growing global demand for
services [18, 19]. At the same time, there is an increasing need
for a broader portfolio of validated RMPs in the JCTLM
database that can be implemented by additional laboratories
to expand RMS capacity and improve global accessibility.

Ensuring equivalent results from IVD-MPs in laboratory
medicine relies on continuous innovation and coordination
in CRM and RMP development, as well as equitable and
sustainable access to RMSs. Addressing technical challenges

MEASUREMENT PROCEDURE

Traceability

I Certified primary reference material, m.1

assessment or identify of pure substances, p.1

Measurement procedure(s) for purity

Primary reference measurement procedure for

calibrator, p.2

| Primary RM in solution, m.2

Reference measurement procedure for the

measurand, p.3

Secondary (commutable) RM, m.3

(matrix-based)

Manufacturer’s selected measurement procedure, p.4 |

Manufacturers’ working (master) calibrator, m.4

Manufacturer’s standing measurement procedure, p.5 |

| End-user IVD MD calibrator, m.5

End-user IVD MD, p.6

I Patient’s sample with results, m.6

Uncertainty

Figure 1: Metrological traceability/calibration hierarchy as described in ISO 17511:2020 standard (8). RM, reference material; IVD-MD, in vitro diagnostic

medical device.
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such as commutability assessment, full method validation,
regulatory alignment, and effective knowledge dissemina-
tion is essential for broader inclusion in the JCTLM database
and for advancing the harmonization of clinical measure-
ments worldwide.

The role of professional bodies: IFCC
projects with an immediate effect
on clinical practice

The mission of the IFCC Scientific Division is to advance the
science and application of clinical chemistry and laboratory
medicine. Prioritization is given to diagnostic test-care
pathways with clinical gaps. As global data exchange of
medical test results is now required in some current legis-
lation (such as the European Health Data Space), a primary
focus remains on implementing the metrological traceability
concept by establishing CRMs, RMPs, and RMSs in task-
oriented working groups or theme-oriented committees.
Activities are conducted in cooperation with other IFCC
divisions/parties, clinical societies, relevant national and
international organizations, and interested stakeholders of
the test-treatment pathways. Recently, the added value of
advanced technologies, artificial intelligence, and machine
learning-based algorithms and predictive models, as well as
integrated diagnostics, has also been included.

Recent publications for prioritized clinically relevant
peptide- and protein-based tests, such as parathyroid hor-
mone, cardiac troponin I, and hemoglobin A, [20-22], and
small molecules, including immunosuppressive drugs [23],
underscore the need to enhance the comparability of clin-
ical sample results for caregivers and patients. However,
funding is limited, and establishing endorsed CRMs, RMPs,
and RMSs is a lengthy process. Significant challenges
include the heterogeneity of peptide/protein measurands,
leading to varying selectivity and cross-reactivity; non-
comparability in immunoassay test results; and associated
costs. The current state of play of immunoassay-based IVD-
MDs remains confusing for caregivers, especially given the
lack of adequate CRMs, RMPs, and a functioning network
of RMSs.

What is the role of EQA in assessing
metrological traceability?

Two critical presuppositions must be fulfilled to assess
metrological traceability through EQA programs: 1) the EQA
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material must be commutable [24], and 2) the target value
should be set by an RMP or be traceable to a commutable
CRM [25]. Running a “commutable EQA scheme” can be more
expensive and more difficult than running ordinary
schemes with non-commutable control materials. Therefore,
providing a few “high-quality surveys” each year that are fit
for assessing metrological traceability is preferred to offer-
ing many surveys that are often of poor quality. Such “high-
quality” EQA schemes can, for example, be run once a year.
The national EQA providers must educate participants and
the accreditation body on how to evaluate reports from
different types of EQA schemes.

EQA programs that monitor daily patient medians can
serve as a supplement to sample-based EQA programs and
even replace some if they lack suitable EQA materials [26].
EQA programs with patient medians can monitor equiva-
lence between IVD-MPs. However, assessing which IVD-MP
best aligns with metrological traceability requires EQA
schemes that use commutable materials and target values
assigned by RMPs.

Challenges for IVD manufacturers
in meeting different regulatory
requirements for traceability in the
international market

Many quantitative IVD-MPs currently in use were developed
decades ago, when only a limited number of CRMs and RMPs
were available. Consequently, IVD manufacturers estab-
lished calibration hierarchies based on in-house reference
standards, leading to variability in results among IVD-MPs
from different manufacturers when measuring the same
measurand. Recent efforts to expand the availability of CRMs
and RMPs have supported greater harmonization of patient
sample results. However, implementation is complicated by
regional-specific adaptations, such as national standards
(e.g., China GB/T 21415, based on ISO 17511) and regulatory
pathways based on predicate devices (e.g., in the
United States). Such regional variations influence IVD man-
ufacturers’ calibration strategies and contribute to persis-
tent variability in inter-IVD-MP results. Despite the global
progress in developing reference measurement systems, the
lack of uniform regulatory expectations continues to impede
the establishment of a universally applicable calibration
hierarchy. Achieving consistent clinical interpretation
across IVD-MPs will require greater international alignment
on traceability requirements and the adoption of standard-
ized metrological frameworks.
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Describing an assay as ‘traceable’ is
not enough to ensure the quality of
laboratory measurements

Implementing traceability of IVD-MP calibration to metrologi-
cally higher-order references does not automatically ensure
equivalence of results from different IVD-MPs, but if conducted
correctly, it should work. Many stumbling blocks still hinder
the practical implementation of metrological traceability con-
cepts, making them slow, variable, and sometimes inadequate
or oversimplified [10]. Traceability is often declared but not
consistently adhered to and/or correctly implemented.

Unsatisfactory harmonization can be attributed to
several reasons. Non-commutability of CRMs is a significant
issue that frequently prevents achieving IVD-MP harmoni-
zation. In addition to the need for suitable CRMs as common
calibrators, it is essential to establish an unequivocal defini-
tion of the measurand as the quantity intended to be
measured for the clinical application of the test. The concept
of areference measurement system is valid only if the higher-
order measurement procedures and corresponding IVD-MPs
have similar selectivity for the measurand [27]. If (some) IVD-
MPs exhibit poor selectivity for the measurand as defined by
consensus, a harmonizing recalibration is impossible. The
IVD-MP(s) in question should be either re-engineered by the
manufacturer to improve the selectivity demonstrated due to
their non-selectivity in the analytical principle, or the conse-
quent impossibility of standardization.

The metrology approach theoretically allows multiple
traceability schemes when available and leaves it to each IVD
manufacturer to develop and validate the calibration hier-
archy. However, unless the available higher-order references
are appropriately compared and shown to be unbiased with
respect to each other, two or more “metrologically legitimate”
traceability hierarchies can be constructed for some meas-
urands, and each is believed to produce “unbiased values”
that may not be equivalent but are nevertheless metrologi-
cally acceptable. The JCTLM requires demonstration of the
extent of equivalence to an existing higher-order reference
when a new candidate reference (CRM or RMP) is charac-
terized, to verify the suitability of the old and newly proposed
references and avoid introducing bias in the calibration hi-
erarchies of commercially available IVD-MPs [28].

Commutability: 10 years of IFCC
working group activity

Commutability of secondary CRMs with clinical samples is a
crucial property when these materials are used as higher-
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order calibrators for end-user medical laboratory IVD-MPs.
Similarly, commutability is a crucial property for EQA
samples when evaluating the trueness or equivalence of
results. The IFCC working group (WG) began addressing
commutability in metrological traceability in 2013. At that
time, the Clinical and Laboratory Standards Institute (CLSI)
had published EP14, 2nd edition: Evaluation of Matrix
Effects, while in 2014, it published EP14, 3rd edition: Evalu-
ation of Commutability of Processed Samples. These guide-
lines had limitations as the commutability criterion was
based on the standard deviation of the measurement pro-
cedures being evaluated; the commutability assessment did
not account for the selectivity of the measurement proced-
ures; and it did not consider MU in the measured values of
the materials being evaluated.

The IFCC WG has developed a series of peer-reviewed
publications with recommendations for assessing the com-
mutability of CRMs, new experimental designs to evaluate
commutability [29, 30], and a criterion for commutability of a
CRM based on the maximum allowable MU of medical lab-
oratory test results [31]. In addition, clarification of which
calibrators in a calibration hierarchy need to be commutable
with clinical samples, correction for the non-commutability
of a matrix-based CRM used in a calibration hierarchy,
assessing commutability of a replacement batch of a CRM,
assessing commutability of a CRM for use with an IVD-MP
not included in the original commutability assessment, and
an approach for determining commutability of EQA samples
that considers non-selectivity were developed. All the IFCC
recommendations are listed on the website: https://ifcc.org/
ifce-scientific-division/sd-working-groups/wg-cmt/.

The COMET (manufacturing of
COMmutable calibrators and
quality control materials for
standardisation and post-markET
surveillance of IVD tests) project

The paucity of CRMs and RMPs (spanning small molecules to
proteins and nucleic acids) often prevents IVD manufac-
turers from complying with regulations requiring the
implementation of metrological traceability to higher-order
references. To help the IVD manufacturers meet the re-
quirements of the European Union IVD Regulation 2017/746,
the COMET project was developed. Metrological traceability
will be achieved by establishing the necessary metrological
infrastructure to provide cost-effective calibration services
to IVD manufacturers. This will allow us to properly
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calibrate IVD-MPs and monitor their performance more
effectively. New CRMs and quality control materials will be
produced for IVD-MPs to implement standardization and
post-market surveillance activities. It is expected that the
COMET project will identify common causes of poor com-
mutability in CRMs and enhance their manufacturing pro-
cesses by developing more efficient procedures for
conducting commutability studies.

Challenges in adopting and
maintaining new standards

By continuously innovating, proactively adapting work-
flows, and leveraging their collective strengths, laboratories
can strengthen quality and efficiency even as demands and
complexity rise. When all pillars operate cohesively, the
reference measurement system not only withstands future
challenges but also advances diagnostic excellence. Exam-
ples of how the system is adapting and the challenges it faces
are provided in the following section, where cases involving
measurements of thyroid hormones and tumour markers
are discussed.

Establishing metrological traceability for the two most
frequently performed thyroid hormone tests required the
development of dedicated reference measurement systems,
the strategy for these being based on ISO 17511 [32]. For free
thyroxine (FT4), the development of a conventional sec-
ondary RMP, endorsed by the IFCC, led to its listing in the
JCTLM database. For thyroid-stimulating hormone (TSH),
due to its complex molecular nature, a harmonisation pro-
cess was validated, always in accordance with ISO
17511:2020. A proof-of-concept for the implementation of
both reference systems was published in 2016-17. Through
the activities of the IFCC Committee for Standardisation of
Thyroid Function Tests, a system is in place to ensure the
sustainability of TSH harmonization. For FT4, a network of
reference laboratories is operational. Although the agree-
ment between TSH and FT4 assays has improved, formal
implementation has, however, not yet been achieved [33].
The slow progress is associated with several factors: limited
mechanisms to enforce implementation (despite the inclu-
sion in legislation); lack of clinical demand as well as
financial considerations by the IVD manufacturers; varia-
tions in global regulatory frameworks that increase both the
logistic and administrative burden of implementation; co-
ordination of activities by volunteers (inherent to the coor-
dination via an IFCC committee); and the growing
administrative demands related to the collection, process-
ing, and distribution of dedicated clinical specimens. The
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anticipated change in FT4 values following standardization
is considered less of a challenge, as IVD manufacturers and
medical laboratories have established standardized
communication protocols.

Tumor marker testing constitutes an essential part of the
medical laboratory portfolio. Most tumor markers were
discovered and developed decades ago and have been avail-
able for clinical use ever since. However, results from many
tumor marker assays are not harmonized, and results ob-
tained with different assays can vary significantly. Estab-
lished in 2024, the IFCC WG on Tumor Marker Harmonization
(WG-TMH) became a joint WG with the International Society
of Oncology and Biomarkers in 2025. The WG-TMH first ac-
tivity was to investigate the current status of harmonization
for six commonly used tumor markers [34]. The results from
international EQA programs indicated that results for carci-
noembryonic antigen (CEA), carbohydrate antigen (CA) 15-3,
CA19-9, and CA125 were not sufficiently harmonized. The
feasibility of harmonization through recalibration was
investigated and it was indicated that improvement of CEA
and CA15-3 harmonization was feasible [35]. A verification
study in one laboratory confirmed that the average difference
between assays for these four biomarkers could be reduced
by recalibration with a bias correction derived from indi-
vidual patient sample results. However, relevant differences
in results specific to individual samples remained. Currently,
new CRMs for CEA and CA15-3 are being developed.
Furthermore, to address the differences when various assays
are used for tumor markers, a questionnaire was designed to
gather information about how tumor marker results are re-
ported. We envision that the results of the questionnaire and
the method comparison studies will inform the clinical
reporting of tumor markers, highlighting the more relevant
differences between IVD-MPs.

Conclusions

The key discussions from the JCTLM workshop centered on
the importance of metrological traceability to ensure the
concept of “accurate results for patient care” (Figure 2).
Figure 2 also shows that accrediting bodies audit EQA-
organisers on compliance with specific ISO standards. EQA
organisers verify trueness when they use adequate
(commutable and value-assigned) EQA tools; they check end
results for fitness for purpose, but do not have a role in test
standardisation. Laboratory professionals (not clinicians)
are responsible for creating test menus, designing medical
labs, and equipping them with equipment from selected
vendors. Laboratorians may consult clinicians, but they are
the diagnostic leads and decision makers.
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Figure 2: Collaboration among stakeholders to ensure metrologically traceable and thus accurate results from IVD-MPs used by medical laboratories
(specified for the European Union under the IVDR 2017/746). Adapted from van der Helm M. P., et al. [36]. CE, Conformité Européenne; LDT, laboratory
developed test; IVDR, in vitro diagnostic regulation 2017/746; RMP, reference measurement procedure; EQA, External Quality Assessment; RM, reference
material. Blue arrows demonstrate the inputs for clinical needs and test selection by lab professionals, caregivers (clinicians), and patients. Orange arrows
demonstrate the relationships among IFCC, NMIs, and calibration labs, and that deliverables/output must be endorsed by JCTLM and/or adopted by the
IVD industry. Grey arrows indicate that IVD manufacturers should meet regulatory requirements before market entry; in the right-hand quadrant,
independent supervisors (EQA, accreditation bodies) of medical laboratories are mentioned.

The lack of harmonized results can lead to confusion,
treatment delays, errors in medical decisions, and increased
healthcare costs. There are still assays in common use that
lack metrological traceability because they lack CRMs, RMPs,
and/or RMSs. In some cases, measurands have multiple cali-
bration hierarchies, potentially producing different results
for the same patient sample. Producing and maintaining
reference measurement system components is complex and
expensive. Non-selectivity of some IVD-MPs limits the ability
to establish equivalence between IVD-MPs. There are multiple
regulatory frameworks and requirements that IVD manu-
facturers must meet worldwide. There is a vital role for EQA
providers to assess the agreement status of results across
different IVD-MPs and identify any changes in their equiva-
lence. However, EQA materials must be commutable with
clinical samples for each of the examined IVD-MDs for results
toreflect the status of harmonization of clinical sample results
[37]. The future will need leadership and cooperation between
bodies such as JCTLM, IFCC, and IVD manufacturers.
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