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I. Role of Laboratory Medicine
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Establishing maximum allowable MU is key 
to keep tests fit-for-clinical-purpose!

Diagnostic versus Measurement Uncertainty
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The purpose of IVDR legislation is to regulate the trade in  

IVDs in the EU and, and by doing so, to guarantee the safety, 

suitability and performance as well as safeguard the health

and ensure the necessary protection of patients, users and 

other persons.

II. Rationale for the EU IVD Regulation
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https://eur-lex.europa.eu/content/summaries/summary-29-expanded-content.html

The European Commission is attempting to 
build a strong European Health Union, in 
which all EU countries prepare and respond 
together to health crises, medical supplies 
being available, affordable and innovative, 
but also to improve prevention, treatment 
and aftercare for diseases such as cancer. 
The European Health Union will

1. better protect the health of EU citizens;
2. equip the EU and its Member States to better 

prevent and address future pandemics;
3. improve resilience of Europe’s health 

systems. 

27 EU member states

17 European countries
outside the EU

European Health Union
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• IVDD regulates commercial IVDs (CE-IVDs)

• IVDR regulates CE-IVDs and In House-IVDs (LDTs)

IVDR
IVDD

CE-IVDs

LDTs

Laboratory-developed tests /

In-house devices

1998 - 2022 Entry into force: 2017

5 years for Implementation

Date of application: May 26th, 2022

Since 26 May 2022: from IVDD to IVDR
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Pre-market Post-market

Vigilance

Market surveillance

(competent 

authorities)

Qualification/

classification

Performance 

evaluation/ 

performance study

Conformity 

assessment

Post-market 

surveillance 

(manufacturer)

Areas of the EU Regulatory Framework
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EFLM observers

Governance of EU-level implementation
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The EU IVDD has been revised and strengthened in the IVD Regulation

Key changes:
• Risk-based test classification
• Clinical evidence requirement
• Notified body assessment
• Expert panel advice & EURL
• EUDAMED database
• UDI 
• CE-IVDs versus IH-IVDs (exempted!)

IVDR KEY CHANGES
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Note that tangible products/ kits are regulated by the IVDR, 
while the IVDR does not regulate lab medicine services.

Redefinition of an IVD medical device
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... solely or principally for the purpose of providing information on one or 
more of the following:

(a) Concerning a physiological or pathological process of state;
(b) Concerning congenital physical or mental impairments;
(c) Concerning the predisposition to a medical condition or a disease;
(d) To determine the safety and compatibility with potential recipients;
(e) To predict treatment response or reactions;
(f) To define or monitor therapeutic measures.

Companion Diagnostics Genetic testing

Scope Enlargement
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§ Major changes to how IVDs are 
classified.

§ Will be a RISK-RULE BASED 
SYSTEM using Global 
Harmonisation Task Force (GHTF) 
classification rules.

§ Impacts most IVD manufacturers 
and 80-90% of tests: quantum 
leap!

§ Classification depends upon THE INTENDED 
USE AND THE LEVEL OF RISK TO THE PATIENT 
AND THE PUBLIC (taking into account the 
likelihood of harm and the severity of that 
harm).

§ Identical devices may be classified differently if 
they are to be used for different diagnostic 
purposes. This is why the manufacturer’s 
intended use of the device is critical to 
determining the appropriate class.

Test (Re)Classification
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CCLM 2021, Cobbaert et al. 

Risk-based Classification System 
under the IVDR 2017/746
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Clinical Evidence 
= clinical data and performance 

evaluation results, pertaining to 

a device of sufficient amount 

and quality to allow a qualified 

assessment of whether the 

device achieves the intended 

clinical benefit and safety, 

when used as intended by the 

manufacturer.

IVDR REQUIREMENT WITH 
MAJOR IMPACT

Clinical Evidence Requirement
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III. Cyclical Framework for the 
Evaluation of in vitro Medical Tests

Key 

components of 

the test 

evaluation 

process are 

driven by the 

clinical need of 

using a test in 

the clinical 

pathway.
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The Test Evaluation Cycle

Is there an unmet 

clinical need and 

is there an 

effective 

intervention?
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Clinical pathway 

mapping: 

What is the purpose and 

role of the test?

CVRM pathway
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Disease

Predisposition

Risk Stratification

Screening

SurveillanceDiagnosis

Monitoring (Disease)

Treatment DecisionsStaging

Prognosis

Monitoring (Treatment )Early Detection

Intended Purposes of Medical Tests
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Key messages - 1

A test is a procedure that makes use of an assay in the context of a particular
disease, in a particular population for a particular purpose, followed by action.

Before a new test is fully evaluated, the 
– unmet clinical needs,
– intended purpose (screening, diagnosis, monitoring, etc.)
– role (add on, replacement, triage), 
– clinical pathway,
– population, 
– healthcare setting in which the test is intended to be used,
– condition that is intended to be managed with the use of the test,
– procedures for evaluating these, and
– potential final outcomes of testing

must be clearly defined.
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The Test Evaluation Cycle

The ability of an assay to 

correctly detect or 

measure a particular 

analyte/measurand.

preanalytical considerations

analytical sensitivity/specificity

limit of detection/quantitation,

measurement range

linearity

metrological traceability, 

imprecision and trueness
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Key messages - 2

Clin Chem Lab Med 2015; 53(6): 841–848

Analytical performance specifications (APS)

should reflect clinical needs 

can be based on 3 different models: 1/ outcomes, 2/ biological variation, 
3/ state-of-the art;

should be set at a level that achieves net health benefit for patients at 
reasonable costs;

should be tailored to the purpose and role of the test in a well-defined 
clinical pathway;

should be commensurate with the impact of the laboratory test on 
subsequent medical decisions and actions;
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Remember…

High quality analytical performance does not guarantee high 
quality clinical action or patient compliance or that the chosen 
treatment will be effective. 

The opposite is also true; poor analytical performance of a test 
that plays a small part in a complex clinical pathway may not 
necessarily lead to adverse or unfavourable outcomes.

Clin Chem Lab Med 2015; 53(6): 841–848
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Clin Chem Lab Med 2015; 53(6): 841–848

Key messages - 3

Outcome-based APS

address the influence of analytical performance on clinical outcomes 
that are relevant to patients and society;

are only useful where the links between the test, clinical decision-
making and clinical outcomes are straightforward and strong;

are often influenced by the current measurement quality and results 
may vary according to the actual test method used, the investigated 
population and healthcare settings.
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The Test Evaluation Cycle

the ability of a biomarker to 

detect patients with a 

particular clinical condition 

or in a physiological state

How well does it work in practice?

In what subset of patients?

Is it really better than the conventional test®?

How do alternative tests compare?

25

Cog wheel structure:
interdependence
between APS and CPS!
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CVRM & History of LDL-c Lowering Trials 

Cobbaert, Ann. Clin. Biochem., 2023
Packard et al. Heart, 2021

• Average baseline: Top of arrow

• On-treatment LDL-c levels: bottom of arrow

• Dotted lines: recommended LDL-c levels according to ESC/EAS guidelines

Analytical performance goals LDL-c tests

CVa <4%

Bias <4%

On-treatment goal 2.6-4.14 mmol/L

Current  LDL-c 
on-treatment goals

1–1.5 mmol/L

Analytical performance goals are 
not updated since 1995 whereas 

current treatment goals are 
2.5 to 3-fold lower
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Disconnect LDL-c test Analytical Performance 
and Clinical Performance

Disconnect between 
Analytical Performance and 

required Clinical Performance 
of LDL-c tests 

Test evaluation framework
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Dutch SKML EQA: 
LDL-c recovery in a normal native sample

N = 107
Proficiency testing
• Lab monitoring two-weekly
• Native sample
• 107-124 labs

normal TG
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Dutch SKML EQA: 
LDL-c recovery in native hyperTG samples

Proficiency 
testing
• Lab 

monitoring 
two-weekly

• Native sample
• 107-124 labs

normal TG
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Dutch SKML EQA: 
LDL-c recovery in native hyperTG samples

HTG

Proficiency testing
• Lab monitoring 

two-weekly
• Native sample
• 107-124 labs

The problem is non-selectivity of the test, not lack of standardization!

Trimodal curve!
LDL-c tests at low end: not fit for purpose!normal TG
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SUFFICIENTLY Current Analytical Performance of LDL-c tests ensures 
measurements are ACCURATE around former Clinical Decision Points

IFCC-SD and GSCC-CB 

38 assay and reagent 
manufacturers

Means of duplicate 
measurements

Calibration and non-selectivity 
bias are mostly sufficient for 
former LDL-c targets 

N = 1,914

Bias distribution of LDL-c measurements reported by assay and reagent manufacturers 
as part of their submission for CDC certification  (2016-2019) 

in mg/dL
<1.81      1.81-2.59    2.59-3.34    3.34-4.12   4.12-4.90    >4.90

mmol/L

By courtesy of  Dr H. Vesper, CDC, Atlanta, Georgia, USA
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Current Analytical Performance of LDL-c testing demonstrates 
INSUFFICIENT ACCURACY to support New Clinical Guidelines

IFCC-SD and GSCC-CB 

38 assay and reagent 
manufacturers

Means of duplicate 
measurements

Calibration and non-selectivity 
bias are mostly sufficient for 
former LDL-c targets 

N = 1,914

Bias distribution of LDL-c measurements reported by assay and reagent manufacturers 
as part of their submission for CDC certification  (2016-2019) 

in mg/dL

Calibration and non-selectivity 
bias are higher at new EAS/ESC 
and AHA/ACC targets 

<1.81      1.81-2.59    2.59-3.34    3.34-4.12   4.12-4.90    >4.90
mmol/L

By courtesy of  Dr H. Vesper, CDC, Atlanta, 
Georgia, USA

What can we do?
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Clinically superior Apolipoprotein B test 
as CVD risk marker

• ApoB shown to be clinically 
superior to LDL-c in MI prediction

• Primary prevention
- Copenhagen General Population 

Study 

- UK Biobank

• Secondary prevention

- INTERHEART 

- FOURIER 

- IMPROVE-IT

- ….
Marston et al. JAMA Cardiol. 2022

Johannesen et al. J Am Coll Cardiol. 2021 
2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk. Eur Heart J. 2020

2019 ESC/EAS Guidelines
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SKML EQA: 
LDL-c recovery in a hyperTG native sample

N = 107

N = 39

Interlaboratory 
CVa of 21%

LDL-c

ApoB

Interlaboratory 
CVa of 9%

Molecularly defined ApoB does not 
suffer from non-selectivity

Imprecision diagnostics

Precision diagnostics
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Clinical test-treatment pathways for CVD reduction 
according to current and new practices

Modified from Ruhaak, van der Laarse, Cobbaert, Ann Clin Biochem, 2019 SKML Congres 2024 
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Calibration hierarchy—Full metrological traceability to SI

Harmonized with the IVDR!

Metrological Traceability in the IVDR:
• 7 times mentioned 
• Values should be assigned through suitable 

RMPs and RMs of a higher metrological order!
• Where available: to certified RMs or RMPs
• Test fitness for the intended use is key! 
• Traceability starts with defining the measurand!

IV.       ISO 17511:2020 
& the Metrological Traceability Concept
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Stakeholders Involved
Committee based mode

IFCC, International bodies

National Metrology Institutes

Governments

Regulators/Notified Bodies

Calibration Laboratories

EQA providers

IVD Manufacturers

Clinical Laboratories

Clinicians

Patients

Accrediting Bodies

Key relationships

ISO standards

ISO standards

RELA

ISO standards

ISO standards

ISO standards

CE marking under 
the IVDD  IVDR
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ISO 17511 

ISO 15193, 15194, 15195
ISO 17025
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Standardization/harmonization
in Laboratory Medicine: current status

Many questions are pending :

- all tests (established, new) ? 

- clinicians and laboratory medicine specialists ?

- patients, health professionals and manufacturers ?

• Which priorities ?

• Identical needs of standardization/harmonization for

Many assays have been standardized (or harmonized) over the last decades

• Simple parameters : glucose, creatinine, cholesterol

• Enzymes

• Peptides, hormones, proteins
- TSH (IFCC-C)

- FT4 (IFCC-C)

- CDT (IFCC-WG)

….. but this represents only a small percentage of performed laboratory tests (< 15%)
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HbA1c : an example of (long but) 
successful standardization

• A clear strategy of standardization with a common approach of IFCC and

manufacturers (IFCC-WG on HbA1c standardization)

A rationale in public health:

• Diabetes mellitus: an underdiagnosed "non infectious epidemic disease" with severe

long-term complications

• HbA1c: the "gold standard" marker of glycemic balance

A sustainable standardization system (reference measurement procedure maintained

by an IFCC network of reference laboratories) in the 2000 s

A successful* implementation in routine laboratory medicine and clinical practice,

involving all partners, allowing new intended uses of the test (diagnosis vs follow-up)

* but relatively long : all stakeholders were not associated from the beginning

(clinicians : concerns with proposed change of values:  %  mmol/mol)
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Carbohydrate-deficient transferrin (CDT) : 
another example of success

All aspects, including metrological requirements, must be

considered (cooperation with JCTLM and metrology partners)

… method is also JCTLM listed

CDT: validated marker of alcohol abuse

Establishment of an HPLC-based reference method by the IFCC-WG on CDT standardization

(WG-CDT)

Determination of IFCCCDT values

Implementation of IFCCCDT values by (several) manufacturers
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Thyroid tests : another example of relative success

Thyroid tests : amont the most widely prescribed lab tests by GPs and specialists

IFCC Committee on standardization of thyroid tests (C-STFT)

• Standardization of FT4 values

• Harmonization of TSH values

• Network of IFCC reference laboratories

All aspects, including clinical context, manufacturers' needs

and regulatory aspects, must be considered

Excellent outcome of the analytical phase

• Valid and sustainable anchor for manufacturers / laboratories

• Recognized need of standardization

… but  concerns with changes in reference intervals (manufacturers, regulators eg FDA…)

 incomplete involvement of clinicians
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Autoimmune tests : an example of (relative) failure

 Outstanding activity and productivity

• Excellent cooperation with JRC for preparation of reference materials

- IgG anti-MPO (ERM DA478) and IgG anti-proteinase 3 (ERM DA483): achieved

- β2 GP1 and GBM antisera: being prepared

IFCC C-HAT (Committee on Harmonization of Autoimmune Tests)

Typical example of defective implementation 

need for a strategy of implementation from the beginning 

 But reluctance/resistance of major manufacturers to implement use of new reference

materials in their procedures (costs of recalibration/regulatory rules)

All aspects, including manufacturers' needs

and regulatory aspects, must be considered

SKML Congres 2024 
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Challenges related to Regulatory Frameworks

Facts

Complexity of regulatory frameworks within and between countries and regions

National regulations sometimes supported by national, non standardized reference

measurement procedures/reference materials

Cost of new applications for market distribution (e.g. in case of change of units/

reference values/decision limits)

 2021 international workshop :

44
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But also, slow adoption of Available RMs/RMPs
- the ß2-microglobulin Reference Material
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ß2-microglobulin Reference Material: Summary View
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Adoption of latest ß2-microglobulin RM 
was verified in Accuracy Based EQA Scheme in NL

3 pillars for accuracy based EQA scheme:

1. Commutable EQA materials (CLSI C37A)

2. Value assigned with ERM-DA470k for 

trueness verification

3. Scoring system based on biological 

variation and clinical relevance (TEa).

Introduced in the Netherlands since 2005 for 

general clinical chemistry and lipids/apos, and 

more recently for immunochemistry.
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Collateral damage: 
Dutch EQA-data for ß2-microglobulin

SKML notes 10% bias compared to the Reference Value assigned with ERM-DA470k/IFCC.

NONE of the participating labs recovered the assigned value within allowable Total Error.

ALL participating Dutch labs got a ZERO SCORE in the EQA!

Source: SKML letter dd 22 February 2023, section HIM, Inez-Anne Haagen
49



JCTLM listed Reference Material ERM-DA470k/IFCC

Yet, manufacturers’ traceability in IFU is still to the first 

WHO standard from 1987! No proven commutability!?

https://crm.jrc.ec.europa.eu/p/q/erm-da470k_ifcc+/ERM-

DA470k-IFCC-HUMAN-SERUM-proteins/ERM-

DA470k_IFCC 

Commutable recommended RM for ß2-Microglobulin 

is available and JCTLM-listed.

Manufacturer stated: 

• WHO material depleted, 

• WHO not able to provide timeline for successor

• Impact to assignment process, use material within traceability chain
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JRC website: origin of ERM-DA474/IFCC
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Long lasting Suboptimal Performance 
of CE-IVD approved prolactin tests
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The Macroprolactin Problem

 Immunoassays for serum prolactin are widely used in the
investigation of infertility and the diagnosis of
prolactinomas – a prolactin secreting pituitary adenoma
characterised by hyperprolactinaemia. Assays are also
utilised for monitoring the response to both medical or
surgical treatment

 The symptoms related to hyperprolactinaemia are
common and non-specific – serum prolactin is used as a
screening tool to identify subjects with
hyperprolactinaemia who may merit further investigation
and treatment..

 Immunoassays for prolactin are almost entirely
performed on automated multichannel analysers. All
immunoassays for prolactin detect the two main forms of
prolactin present in sera;

1. Monomeric prolactin, secreted by the pituitary which is
bioactive in vivo.

2. Macroprolactin, a complex of monomeric prolactin with
an IgG antibody which is not bioactive in vivo and has no
pathological significance.

 Macroprolactin has a longer half-life than monomeric
prolactin and accumulates in the circulation leading to
apparent hyperprolactinaemia - Macroprolactinaemia.

 Macroprolactinaemia is common and occurs by chance in
patients presenting with the non-specific symptoms of
hyperprolactinaemia such that 5 - 25% of all cases of
hyperprolactinaemia are due to macroprolactinaemia.
This widespread form of interference by macroprolactin in
commercial assays for prolactin has been recognised for
25 years.

 If macroprolactinaemia is not identified by the laboratory
as the cause of the apparent hyperprolactinaemia it can
lead to misdiagnosis, unnecessary further investigations,
inappropriate treatment, concern for clinician and patient
and waste of healthcare resources.

• True hyperprolactinaemia (due to elevated levels of 
bioactive, monomeric prolactin) cannot be distinguished from 
macroprolactinaemia on clinical grounds alone hence there is 
a need to identify this condition correctly by the laboratory.
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The Macroprolactin Problem

 Macroprolactin can easily be removed from serum by
precipitation with polyethylene glycol (PEG) and residual
bioactive, monomeric prolactin can then be measured in
the supernatant. A technique involving magnetic
separation of the precipitate may allow automation of the
process.

 PEG precipitation is widely, but not universally, used by
clinical laboratories to detect macroprolactinaemia. Best
practice guidelines have been proposed but policies and
procedures for testing vary considerably.

 Best practice for manufacturers of prolactin assays
has also been proposed (2013):

Modify prolactin assay to minimise reactivity with

macroprolactin.

Advise users that macroprolactin interferes in their prolactin
assay.

Publish a validated method which users can employ to detect
macroprolactinaemia in their prolactin assay.

 With only one exception assay manufacturers have
not attempted to modify their prolactin assays to
minimise interference by macroprolactin.

 Currently, most manufacturers make no mention of
interference by macroprolactin in their assay
Instructions For Use (IFU). Where manufacturers do
give information, it is minimal, inadequate, outdated
and, in some cases, incorrect.

 Compliance with the In Vitro Diagnostic Directive
98/79/EC (IVDD) became mandatory in December
2003. With respect to immunoassays for prolactin
and interference from macroprolactin there is no
evidence that manufacturers in general have
complied with those aspects of the IVDD regulations
which are now also included in Annex I in the IVDR.
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Also, Molecular Tests to Evaluate and Standardize 

(or to harmonize)

• New challenges : - New concepts = MOLECULAR DEFINITION OF HEALTH & DISEASE (PRECISION Dx!)

- More focus on clinical needs; evolution in science, technology & regulations!

• IFCC = Scientific expertise - « Catalist »
- « Conductor » (P. Gillery, CCA 2021)
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New Kids on the Block:
Proteoforms

courtesy of A. Boeuf, LNE
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Precision Diagnostics demands 
(R)Evolution in Protein Measurement Technologies

Proteoform detection and quantification has to be considered in Lab Medicine to improve clinical care 
pathways and ensure future sustainable healthcare. 

Kruijt et al. RPTH 2023
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Medical tests should be fit-for-clinical-purpose THROUGH 
THEIR ENTIRE LIFE CYCLE (PEP and PMPF)!

Performance Evaluation Plan (PEP) – Recital (61)
Post-market Performance Follow-up (PMPF) – Recital (63)

Clinical Evidence Requirement
as mentioned in the IVDR Framework IVDR regulatory 

framework assesses 

COMPLIANCE of medical 

tests FOR EU MARKET

ACCESS according to 

the intended use, risk 

class and performance 

claims presented in the 

IFU and technical 

dossier.

RATIONAL USE of medical 

tests in clinical care 

pathways is the 

responsibility of lab 

specialists!

VI. Conclusions
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Multiple stakeholders involved in Test Evaluation
and Implementation in Clinical Care

• Patients
• Clinicians

• Scientific societies

• Manufacturers

• EQA providers

• Academic laboratories

• Clinical laboratories

• NMIs

• IFCC
• Regulators
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A. Major outcomes for Regulators
regarding APS and fitness for purpose of Tests

For IVDs more uniform regulatory requirements internationally (especially

in case of recalibration) are needed! Not only at the EU-level!

IVDR should be evaluated regarding its effectiveness! What are its

(un)intended effects on patient management, IVD-sector and EU-

healthcare!? How to move to IVDR 2.0?

EU CALL applications on Clinical Evidence Generation for Regulators are currently

processed.

Adoption/implementation of commutable matrix-based CRMs for getting accurate results in

case of DISEASE DEFINING TESTS should become mandatory in order not to harm

patients/confuse MDs.

Country/region specific regulations are far too burdensome for manufacturers, especially in

the case of (mathematical) recalibration of tests. Less bureaucracy for GLOBAL test

restandardization should be considered by regulatory bodies in all areas.
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B. A changing landscape
for EQA-organizers & End-Users

A major goal: how to improve suboptimal test performance & adoption effectiveness of

(re)standardization projects?

• Successful adoption/implementation of new/improved tests demands effective governance in tight

network organizations / consortia with clearly defined roles of all stakeholders, including clinical

societies.

• Quest for one shared vision with unique activities, alignment and transparancy!

• The entire testing process in labs should be considered in EQAS.

Always (re)consider the focus of balancing Analytical and Clinical Performance

Specifications in specific clinical care pathways in your institution

• Classical tests (continuation after reevaluation of needs)

• New areas of laboratory medicine (proteomics, personalized medicine)

• Necessary priority assessment of clinical needs
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The Obvious Concluding Message
regarding IVDR in general & Clinical Evidence

All stakeholders have responsibility in 

balancing Analytical & Clinical

Performances of Tests!

SKML as supervisor of 

balanced Analytical and 

Clinical performance goals

… but

IVDR not yet a suitable framework! It 

reveals necessity of a GLOBAL VISION:
REGULATORY REQUIREMENTS should be

HARMONIZED ACROSS THE GLOBE!
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For further information, visit
www.ifcc.org | eacademy.ifcc.org

Thanks for your attention.

Questions?

SKML Congres 2024 63

http://www.ifcc.org/

