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Abstract: Clinical endocrinology relies critically on high-
quality biochemical data for diagnosis, therapeutic de-
cisions, and long-term patient monitoring. As endocrine di-
agnostics grow more complex due to expanding test menus,
technological advances, and changing patient populations,
the need for a strong, structured partnership between cli-
nicians and Laboratory Medicine professionals has never
been greater. This joint opinion paper, developed by young
professionals from the EFLM Committee Young Scientists
(EFLM-C:YS), the IFCC Task Force Young Scientists (IFCC TF-
YS), and the European Young Endocrinologists and Scientists
(ESE-EYES), explores clinicians’ expectations of modern

Endocrine Laboratory Medicine (ELM) and proposes
actionable strategies to meet them. Using a clinician–labo-
ratory question-and-answer framework, we address five key
domains: procedural harmonization, analytical reliability,
interpretability and contextualization of results, consultative
partnership, and innovation in service delivery. We highlight
the central role of laboratory medicine professionals
throughout the total testing process, from test selection to
post-analytical interpretation of laboratory results. Particular
emphasis is placed on the harmonization of endocrine dy-
namic function tests, adoption of high-specificity analytical
platforms such as liquid chromatography–tandem mass
spectrometry, development of personalized reference in-
tervals, and implementation of diagnostic management
teams. Emerging challenges, including transgender care,
endocrine disruptors, digital health technologies, and artifi-
cial intelligence, are discussed as opportunities for labora-
tories to assume leadership in precision and preventive
endocrinology. We conclude that the future of endocrine di-
agnostics depends on transforming laboratory data from a
technical endpoint into a strategic clinical partner, ensuring
diagnostic excellence through continuous dialogue, shared
accountability, and innovation.
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Defining the partnership for clinical
excellence

Clinical endocrinology, among medical disciplines, is one of
the most dependent on quantitative biochemical data. The
diagnosis and follow-up of endocrine disorders require
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laboratory results that are not only accurate but also clini-
cally interpretable and harmonized across analytical
methods and institutions [1, 2]. The stakes have increased in
recent years: the expansion of point-of-care technologies,
rapid adoption of digital health platforms, and increasing
complexity of endocrine diagnostics have made analytical–
clinical alignment more essential than ever. Endocrine
Laboratory Medicine (ELM) is therefore particularly
involved in clinical practice, but faces many challenges.
Young Laboratory Medicine professionals may struggle to
find their place in patientmanagement because of the lack of
clinical data and the great heterogeneity of hormonology
demands and results, sometimes blurring the interpretation
of laboratory results. How can clinicians in endocrinology
and ELM specialists enhance their partnership with labo-
ratory medicine professionals and use their strengths to
bring together analytical relevance and clinical expertise?

Diagnostic excellence depends on integrating laboratory
accuracy with clinical context. To achieve this, ELM must
evolve from a technical service into a strategic partner in the
clinical pathway, engaging across the total testing process
(TTP): from pre-analytical standardization and laboratory
tests ordering to post-analytical interpretation of the results.
Young endocrinologists increasingly recognize that achieving
“clinical excellence” requires shared accountability, contin-
uous dialogue, and joint education between clinicians
and laboratory professionals [2]. This opinion paper outlines
clinicians’ expectations and how laboratory medicine pro-
fessionals can address them, following a question-and-answer
dialogue illustrated by concrete example of clinically impact-
ful actions that could serve as a model for future initiatives
to improve the clinician-laboratory medicine professional
“Brain-to-Brain loop” (Figure 1).

Adapting ELM practice to societal
needs and evolutions

There have been several societal changes in the past few
decades impacting the field of hormonology testing, with the
appearance of new patient populations and clinical needs.
For example, it is important to remind that the first in vitro
fertilization baby was born less than 50 years ago, in 1978,
whereas it is estimated that 10–13 million infants were born
from assisted reproductive technology since then [4, 5]. This
whole highly specialized network of health care implies
several healthcare professionals, including hormonology
testing with uncommon laboratory results to integrate
(e.g., serum estradiol following ovarian stimulation).

More recently, the evolution in the management of
transgender patients has brought new clinical needs and
questions, such as laboratory monitoring gender-affirming
hormone therapy, with reference ranges adapting to an in-
dividual’s gender [6]. In addition, the general and hormonal
pathophysiological long-term consequences of transitioning
are yet to be described, as extensive longitudinal data in
these patients are scarce. Thereby, there is a challenge in
conducting observational clinical and biological studies to
address this issue.

Besides, endocrine disruptors, such as perfluoroalkyl
substances (PFAS) are at the centre of discussion in last
several years, as an important public healthcare issue,
notably impairing reproductive hormones [7]. Hopefully,
exposome and large-scale ambitious research programs in
this field are ongoing [8]. However, translation to clinical
laboratories is lacking, both regarding the development of
specific analytical methods and the clinical and biological
definition of standard and over-exposition to these com-
pounds, at the individual scale.

Finally, chronic metabolic diseases, such as diabetes or
metabolic-associated fatty liver disease, are ever-growing
worldwide, so there is a critical upcoming challenge for en-
docrinologists and ELM specialists to promote prevention,
improve diagnosis and prognosis biomarker research, and
enhance translational research for therapeutic development.

Clinical expectation 1 – Procedural
consistency and harmonization

Reproducibility is central to clinical confidence. Yet across
Europe, wide variability persists in pre-analytical handling,
timing, and dynamic testing protocols [9]. Clinicians expect
laboratory results to be interchangeable, regardless of
where or when a test is performed [10].

Harmonization of endocrine dynamic function tests
(EDFTs), including protocols for dexamethasone suppres-
sion, Adrenocorticotropic hormone (ACTH) stimulation, and
Growth hormone (GH) suppression, should follow shared
guidelines such as the EndoCompass initiative [9]. These
efforts could reduce between-laboratories discrepancies and
improve diagnostic comparability.

Implementation requires joint laboratory medicine
professionals-clinician working groups to periodically re-
view standard operating procedures and sample-handling
protocols, ensuring that harmonization keeps pace with
evolving guidelines and technologies.
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ELM answer 1 – Emphasizing the
crucial role of pre-analytical phase
in laboratory testing

The pre-analytical phase is the critical part of laboratory
analyses, yielding from70 to 98.4 % of the errors occurring in
the clinical laboratory [11].

First and foremost, it is important to remind that the
pre-analytical phase also involves the pre-pre-analytical
phase of the TTP, including test ordering [12]. This part is
especially critical in endocrinology, because although spe-
cialists are well aware of which test is the most appropriate

to investigate their clinical hypothesis, errors are more
frequent among general practitioners ordering hormone
testing. For example, erroneous prescription of progester-
one instead of 17-OH-progesterone in the diagnosis of adre-
nal congenital hyperplasia, or 1,25-Dihydroxyvitamin D3
instead of 25 OH vitamin D in vitamin D status assessment,
are frequent and represent additional costs and delayed
management. Measuring progesterone at the beginning of
the menstrual cycle will reflect follicular phase rather than
luteal progesterone secretion and is therefore not clinical
informative [13]. With the spread of electronic prescription,
laboratory medicine specialists can better accompany diag-
nosis and clinical decisions, by implementing reflex testing

Figure 1: Adapted from Plebani et al. “The brain-to-brain loop concept for laboratory testing 40 years after its introduction” with modifications [3].
Representation of the brain-to-brain loop in Endocrine Laboratory Medicine, illustrating all steps of the total testing process that require collaboration
between the endocrinologist and the laboratory medicine specialist to promote clinico-biological dialogue.
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or standardized comments, such as automatically added
calcemia in primary care patients older than 45 years,
without measurement in less than three years [14].

Pre-analytical phase is particularly important in ELM,
given the large intra-individual variations observed for
endocrinology parameters, due to the nycthemeral cycle (e.g.
cortisol) [15, 16], postural conditions (e.g., lying or standing
for renin and aldosterone) [17], or the fed/fasted status (e.g.,
insulin or free thyroxin) [18]. Such variations can be crucial
for patient’s treatment and impact clinical decisions by
producing out-of-range results. Recently, the Association for
Diagnostics and Laboratory Medicine (ADLM, formerly
AACC) and the American Diabetes Association (ADA) pub-
lished joint guidelines for laboratory analysis regarding the
diagnosis and management of diabetes mellitus [19]. In this
publication, authors emphasize the importance of the pre-
analytical phase in blood glucose measurement, advocating
for the use of: “a tube containing a rapidly effective glycolytic
inhibitor such as granulated citrate buffer” to minimize
glycolysis-induced glucose underestimation. However,
depending on the sampling practices, and the choice and/or
availability of glycolytic inhibitor-containing tubes, results
can be slightly different [20, 21]. This can lead to misinter-
pretation in crucial diagnostic procedures such as the oral
glucose tolerance test (OGTT) to screen for gestational
diabetes mellitus [22]. Therefore, it is paramount for labo-
ratory medicine professionals to collaborate with clinicians
and phlebotomists to ensure the integration of all pre-
analytical variables so results can be properly reported and
interpreted.

Another crucial aspect of the pre-analytical phase in-
volves dynamic testing. Endocrine dynamic function tests
(EDFTs) are useful diagnostic tools as they allow to visualize
pathological endocrine variation, exacerbated through
exogenous triggering. However, there is a wide heteroge-
neity in EDFTs protocols. For instance, there are at least
seven different types of dexamethasone suppression testing,
which display different diagnostic performances [23]. This
heterogeneity may be a strength, as sometimes it offers
versatility and complementary data to refine diagnosis. In
setting up diagnosis of pediatric GH deficiency, there are
numerous stimulation tests, such as insulin tolerance test,
glucagon stimulation test or GH-releasing peptide test, each
of them having different cut-offs in laboratory report
although all being focused on GH measurement [24]. In this
context, performing two different EDFTs using different GH
secretagogues may help to confirm GH deficiency [25].
Nevertheless, from one clinician or from one laboratory to
another, differences in priming and EDFTs protocols may
impair biological interpretation if pre-analytical conditions

are not reported properly, so dialogue between clinicians
and laboratory medicine professionals should be encour-
aged to allow laboratory identifying unnecessary or dupli-
cate tests and cancel them, proposing reframed protocols, or
adjusting testing method. As old habits die hard, the
harmonization and unification of diagnostics pathways still
have a long way to go. Nevertheless, this evolution will ul-
timately lead to clearer and more readable diagnostic pat-
terns, enabling more robust hormone concentration
decisional cut-offs to be defined in homogeneous pop-
ulations and reducing unwarranted variability. In this
perspective, close collaboration and co-design between cli-
nicians and laboratory specialists are paramount.

Example 1 of concrete impactful action

Harmonized OGTT for GH suppression in diagnosing acro-
megaly should improve reproducibility of results between
laboratories, facilitating multicenter research and consis-
tent clinical decisions.

Clinical expectation 2 – Analytical
reliability and specificity

Clinicians expect analytical results to be both sensitive and
specific, free from cross-reactivity, and consistent over time
[26–28]. Traditional immunoassays, while practical, are
limited by variable specificity and matrix effects, particu-
larly at low hormone concentrations [29, 30]. The adoption of
liquid chromatography-tandem mass spectrometry (LC-MS/
MS) as the analytical gold standard fulfills a major clinical
expectation by offering high specificity, minimal interfer-
ence, and the ability to quantifymultiple analytes from small
volume of sample bymultiplexing [31, 32]. LC-MS/MS enables
simultaneous steroid profiling enhancing the diagnostic ac-
curacy of adrenal and gonadal disorders [33].

ELM answer 2 – Support
technological advancements within
the analytical phase

Nowadays, clinical endocrinology relies on laboratory re-
sults obtained through immunoassays, as these methods are
highly specific and sensitive, allowing measurement of
hormones present at very low concentrations [29]. Although
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immunoassays have significantly evolved and become
widespread since the first generations were developed,
several analytical pitfalls remain. For example, falsely
elevated prolactin concentrations due to macro-
prolactinemia, heterophile antibodies interfering and dis-
rupting several hormone results, or cross-reactivity are
quite frequent, and analytical errors impact 0.4–4 % of im-
munoassays [30]. Prolactin secretion is pulsatile and influ-
enced by physiological and external factors such as sleep,
stress and exercise. Therefore, measuring serum prolactin
should be in themorning, after 15–30 min of rest tominimize
stress-related effects. Clinicians and patients should be
informed about this important pre-analytical consideration
[34]. The type and magnitude of interference is highly
depending on the reagents and analytical methods used by
the laboratory. However, clinicians are often not fully aware
of the specific techniques used by their laboratory. It is
therefore essential that laboratory medicine professionals
actively promote clinical-laboratory medicine communica-
tion whenever laboratory results are discrepant with clin-
ical findings in order to discuss, investigate and solve
potential analytical interference.

Beyond immunoassays, clinical hormonology has un-
dergone significant changes in the analytical phase over the
past few decades due to technological advancements. The
development of cutting-edge technologies, such as LC-MS/
MS, have completely changed the analytical phase (with
consequences on the preanalytical phase too) in the endo-
crinology laboratory. Moving from radioimmunoanalysis
(RIA) to LC-MS/MS has revolutionized the TTP by enhancing
the medical service provided, improving the patient quality
of life, and by implementing greener, sustainable practices,
thanks to the withdrawal of radioactive elements. Addi-
tionally, environmental sustainability is promoted by
reducing the number of blood collection tubes required. For
example, whereas previously a separate tubewas needed for
each analyte in a steroid panel to explore steroidogenesis, a
single sample is now sufficient to assess the whole steroid
profile. This approach supports patient blood management
and is particularly beneficial in neonates [35]. Furthermore,
LC-MS/MS methods are typically set for multiplexing,
meaning that all the molecules from one panel analysis are
measured, even if only onewas requested. It allows to screen
and quantify a large number of compounds in a single run,
with high sensitivity on a large dynamic range. Therefore,
results are available on demand for the clinician in the need
of a supplemental biological argument. These customisable
methods will also enhance the development of diagnostic

innovations through holistic panels. For example, the
simultaneous measurement of 25-OH-vitamin D and 24,25-
(OH)2-dihydroxyvitamin D, constituting the Vitamin D
metabolite ratio (VMR), offers a more dynamic approach of
vitamin D metabolism, and is a more efficient biomarker of
functional vitamin D deficiency [36].

Another key benefit of LC-MS/MS methods is their
flexibility with different sample types. Unlike traditional
methods focusing on urine or plasma, MS can also be used
with alternative biological matrices like hair, oral fluid.
Interestingly, the pre-treatment process performed for LC-
MS/MS methods allows to explore unusual matrices that
could be of interest. For example, cortisol and cortisone
concentrations in hair samples are a valuable tool in
assessing long-term glucocorticoids exposure and detect
hypo- and hypercortisolism [37, 38], and salivary cortisol
and cortisone are now widely spread biomarkers of Cush-
ing’s syndrome [39].

However, despite the numerous advantages outlined
above, LC-MS/MS methods do not inherently guarantee
analytical validity or superior performance compared with
immunoassays, particularlywhen calibration and validation
procedures are suboptimal. For instance, evidence from the
Dutch external quality assurance program has shown that,
although overall analytical bias is generally lower with LC-
MS/MS, imprecision may remain comparable to that
observed with immunoassays. This variability depends on
both the analyte and whether the method is laboratory-
developed or based on a commercial kit [40].

Another huge recent technological breakthrough is the
development of genetic explorations through molecular
biology. Array comparative genomic hybridization (CGH
array), and Next Generation Sequencing (NGS), with whole
exome/genome panels have deeply changed the way of
managing syndromic patients, who are often referred to
endocrinologists. Although these approaches provide valu-
able diagnostic insights, they generate large and complex
amount of data that require joint interpretation by clinicians
and laboratory medicine professionals.

Example 2 of concrete impactful action

Parathyroid hormone (PTH) measurement is highly
discrepant depending on used assays. Recent standardiza-
tion initiative performing PTH immunoassays recalibration
based on a LC-MS/MS method made was a significant step
towards PTH assessment standardization [41].

Lefèvre et al.: Future perspectives in Endocrine Laboratory Medicine 5



Clinicalexpectation3– Interpretability
and clinical context

Endocrine interpretation of laboratory results cannot rely
solely on reference intervals. Hormone concentrations
fluctuate with age, sex, biological rhythm, and physiological
or pathological state. Clinicians therefore expect personal-
ized and contextually relevant interpretation rather than a
binary “within/outside the reference range” approach.

The laboratory medicine professionals’ community
must lead research on both population-based and person-
alized reference intervals (RIs), as well as clinical decision
limits (CDLs). This effort should build on established initia-
tives such as the CALIPER project, which has defined age-
and sex-specific pediatric RIs [42], and on emerging statis-
tical approaches that integrate analytical variation with
within-subject biological variation to derive individualized
Ris at the patient level [43]. Partitioning RIs by ethnicity,
Tanner stage, menstrual phase, and gender identity (in
transgender care) represents the next frontier of laboratory
and clinical endocrinology [44, 45].

A complementary expectation is harmonized reporting,
including consistent measuring units, used analytical
method, and traceability to reference materials. Use of
Logical Observation Identifiers Names and Codes (LOINC)
and Unified Code for Units of Measure (UCUM) allows data
interoperability and facilitates integration into digital health
systems and large research datasets [46].

In summary, clinicians require reports that are clear,
personalized, and immediately applicable to clinical
decision-making.

ELM answer 3 – Making ourselves
understandable: challenges within
the post-analytical phase

Although the expansion of chromatography methods has
been a cornerstone in the improvement of ELM, results ob-
tained by LC-MS/MS for a specific analyte are not always
directly comparable with those previously generated by RIA
or immunoassays. For example, the post-cosyntropin cutoff
levels for cortisol and 17-hydroxyprogesterone in the diag-
nosis of adrenal insufficiency are lower when assessed by
LC-MS/MS than with immunoassays [47]. It is therefore
crucial that laboratory medicine specialists adapt the RIs
and cut offs based on up-to-date literature, and that they
inform and communicate closely with clinicians to avoid

misinterpretation. In the field of clinical endocrinology, the
pitfall of reasoning with a “reference intervals” approach is
especially prevalent, due to the considerable inter- and
intra-individual variability linked to age, gender, diurnal
rhythm, pathological conditions, or medications. Thus,
managing the post-analytical phase, including establishing
the proper RIs, is a highly demanding task. Great efforts have
been made to address this issue, such as the CALIPER data-
base initiative, which provides pediatric reference intervals
for numerous hormones [42], or the EFLM biological varia-
tion database, which provides key metadata on analytical,
inter- and intra-individual variation [48]. These tailored
patient-centred initiatives can lead to substantial advances.
For example, several countries like Italy and France have
proposed an age-adapted upper limit of thyroid-stimulating
hormone (TSH) reference range, in order to acknowledge
physiological changes and avoid unnecessary treatment of
(subclinical) hypothyroidism [49].

Besides, a critical pitfall in the post-analytical phase lies
in reporting analytes in appropriate terminology and
measuring units. Hormones can be reported either accord-
ing to their ponderal, molar or activity quantification, not
necessarily being designated SI units, which may lead to
misinterpretation [50]. Recently, a lot of work has been
carried to harmonize laboratory reporting using tools such
as LOINC system or UCUM [51]. In addition, international
lean societies initiatives such as the EFLMworking group on
harmonization have highlighted the need for standardiza-
tion in reporting data [46]. Interestingly, in a recent survey
among European laboratories, the use of SI units for a panel
of hormone reached from70 to 90 % [46]. These advances are
an important step in ensuring proper comprehension of
ELM data, especially for clinicians, and providing large data-
sets that could be universally integrated in big data research,
such as meta-analyses.

Another benefit of harmonizing analytes codes and
units is the facilitation of data integration into cross-
disciplinary clinical decision supports systems (CDSS),
which link the Laboratory Information System with the
electronic health record, including medication history.
In laboratory medicine, CDSS are being progressively
implemented to consolidate clinical and biological data to
improve the use and interpretation of laboratory tests,
and ultimately enhance diagnostic support and clinical
management [52].

Example 3 of concrete impactful action

Inconsistent units for prolactin (mIU/L vs. ng/mL) once led to
apparent hyperprolactinemia in a transferred patient;
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harmonized SI reporting resolved the confusion. Moreover,
hyperprolactinemia related to exposure to dopamine an-
tagonists, such as antipsychotic medications, is a frequent
cause of elevated prolactin concentrations. In this context, a
CDSS integrating pharmacy records could automatically flag
this likely drug-related explanation, thereby preventing
unnecessary diagnostic investigations, unless a genuine
clinical suspicion warrants further evaluation.

Clinical expectation 4 – Consultative
partnership and diagnostic support

The most advanced expectation of clinicians is the trans-
formation of the laboratory professional into a diagnostic
consultant. Clinicians increasingly seek interpretive sup-
port, interference investigation, and guidance in test selec-
tion from laboratory medicine professionals [53].

Diagnostic management teams (DMTs) formalize this
collaboration: multidisciplinary case conferences where
clinical endocrinologists and laboratory medicine pro-
fessionals jointly interpret complex or discordant patients’
findings. Beyond reactive consultation, laboratory medi-
cine professionals must proactively educate clinicians
about assay limitations, pre-analytical variables, and
appropriate test use (linking with test ordering manage-
ment, see answer 1). Regular feedback sessions and joint
continuing medical education activities enhance analytical
literacy across disciplines and reduce diagnostic error
[2, 53].

ELM answer 4 – Embracing a
synergistic patient-centred
approach

The final part of the post-analytical phase lies in inter-
preting laboratory results in relation to clinical data.
Diagnostic errors are common in the area of endocrinology,
particularly among general practitioners, either due to
diagnosis misidentification, or to a lack of knowledge
regarding a specific condition [54]. As highly trained spe-
cialists, laboratory medicine professionals should promote
multidisciplinary case reviewing and joint interpretation,
especially with clinicians in different fields to reduce
diagnosis errors.

Example 4 of concrete impactful action

In cases of discordance between abnormal thyroid function
tests showing low TSH and elevated T4, and normal clinical
presentation, the laboratory may identify biotin interfer-
ence as the underlying cause and alert clinicians, thereby
preventing unnecessary pituitary imaging [55].

Clinical expectation 5 – Innovation
and future service delivery

Clinicians increasingly expect laboratories to lead in inno-
vation, delivering faster, less invasive, and more integrated
diagnostic services.

Non-invasive sampling (e.g. salivary or hair cortisol)
offers valuable alternatives for Cushing’s evaluation [56],
while intraoperative point-of-care testing (POCT) of PTH
provides fast results that optimize surgical outcomes [57].

Meanwhile, the rise in digital health technologies,
including continuous glucose monitoring (CGM) requires
laboratory oversight to ensure analytical validity and safe
data integration [58]. The laboratory medicine professional
becomes a data quality gatekeeper, ensuring device metrics
are traceable and interoperable through standardized cod-
ing (LOINC/UCUM).

ELM answer 5 – Leading innovation
in biomarker research and translate
into clinical impact

The field of clinical chemistry and laboratory medicine is
experiencing rapid development and innovation. The
emerging use of LC-MS/MS technology offers high sensitivity
and comprehensive multiplexing of several analytes while
overcoming the cross-reactivity issue of immunoassays. The
LC-MS/MS technology is already being integrated into auto-
mated analyzers, such as the Cobas® i 601 analyzer (Roche
Diagnostics, Switzerland), which offers a number of avail-
able analytes, including steroids, vitamin D, drugs of abuse,
and therapeutic drugmonitoring. Another field based on LC-
MS/MS has also emerged: metabolomics, which focuses on
the relative or absolute quantification of a wide array of
small molecules, also known as metabolites. Metabolomics
can provide clinically compliant analysis of over a hundred

Lefèvre et al.: Future perspectives in Endocrine Laboratory Medicine 7



metabolites in a single assay. The metabolome shows
promise for novel biomarker discovery, unravelling disease
pathophysiology, and advancing integrated and personal-
ized laboratory medicine. Several applications of metab-
olomics are already pioneering in the field of endocrinology,
such as in obesity or endometriosis [59]. These examples
show how finding new biomarkers combined with highly
multiplexed LC-MS/MS analyses is paving the way for more
personalized laboratory medicine.

Another revolution in the field of laboratorymedicine is
occurring in sample collection itself. One aspect is reducing
the sample volume needed for analysis, a process known as
microsampling [60]. Furthermore, there is a current focus on
non-invasive methods and alternative biological materials,
such as sweat, saliva, and tears [61]. Patient-friendly micro-
sampling enables individuals to collect small volumes of
blood or plasma at home, which can be mailed to the labo-
ratory as stabilized dried samples, thereby eliminating the
need for hospital visits. This reduces the risk of infection for
immunosuppressed patients and reduces the burden on
personnel and time for sample collection. Minimally inva-
sive microsampling and home sampling are key trends that
will probably shape the future of the field of laboratory
medicine.

Technical advancements concern not only the core
laboratory, but also all the out-of-the-lab technologies, such
as point-of-care-testing, continuous glycemic control,
smartwatch and connected devices following metabolic
status, etc. These are new resources in the diagnostic arsenal
that can significantly improve patient management. For
example, the use of intraoperative PTH during minimally
invasive parathyroidectomy has been associated to higher
cure rates in patients presenting with primary hyperpara-
thyroidism [62]. However, there are technical pitfalls and
limitations that should be acknowledged. First, the classical
core laboratory turnaround time (TAT), due to centrifuga-
tion and immunoanalysis delays may hinder the clinical
value of this test if results are not available promptly.
Furthermore, during such surgeries, PTH fragments that
interfere with second-generation PTH assays may be
released and mask the expected rapid decrease [63]. It is
important that the joint clinical-biological team be thor-
oughly familiar with their PTH assay and optimize work-
flows to prevent these potential caveats. Recent innovation,
such as the development of a ‘in theatre’ point-of-care
analysis method for PTH has allowed to reduce TAT to 5 min
[64], with reliable analytical performances, thus improving
laboratory medical value. However, there are still few pub-
lications evaluating this practice and unfortunately only a
single manufacturer currently provides this technology.
Therefore, caution is warranted, and further validation of its

analytical and clinical performance is required before it can
be widely implemented.

Illustration of out-of-the-lab competence of laboratory
medicine professionals is the continuous glucosemonitoring
(CGM). There was an exponential development since early
2010’s in the spread of CGM as a key player of diabetes
mellitus follow-up among glucose meters, improving con-
centrations of HbA1c and time-in-range while reducing time-
above-range [65]. Although these analyses are not actually
performed in the laboratory, laboratorymedicine specialists
have to integrate these practices in the global patient-
centred TTP. However, despite these technological ad-
vancements being promising for monitoring patients at risk
of developing metabolic conditions (e.g., wearable devices
capable of measuring blood glucose, cholesterol or cortisol)
[66] and thus potentially representing a breakthrough in
preventivemedicine, caution is still warranted, as numerous
non-FDA-authorized wearable devices fail to provide accu-
rate measurements and could be harmful if not properly
supervised [66].

Lastly, artificial intelligence is becoming increasingly
prevalent in laboratory medicine. While current large lan-
guage models (LLMs) can interpret laboratory findings with
a satisfactory degree of accuracy [67], expert evaluation and
approval remain irreplaceable [67]. However, models
trained on medical data, such as Med-PaLM 2, show promise
in adapting LLMs to interpret clinical data and laboratory
findings and aid professionals in the diagnostic process [68].
It is essential to follow laboratory-aware considerations
when developing and using artificial intelligence in labora-
tory medicine to ensure that it is scientifically rigorous,
robust, and reproducible in routine practice [69].

Example 5 of concrete impactful action

Laboratory validation of smartwatch-based glucose trend
data against capillary and venous glucose confirmed clinical
usability and informed structured CGM protocols.

The future of endocrine diagnostics depends on labo-
ratories embracing their role as leaders in digital, trans-
lational, and precision medicine.

Meeting the expectations: practical
joint actions and collaborative
models

The transition from expectation to clinical practice re-
quires structured collaboration, harmonized protocols,
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Table : Reflexion on joint clinician-laboratory medicine professionals’ actionable strategies to promote collaboration and enhance patient
management.

Clinician expectation Joint clinician-laboratory medicine profes-
sional strategies

Concrete clinical illustration

Procedural consistency and
harmonization

Work on the pre-pre and pre-analytical phases
aiming at harmonization of laboratory results

Actionable strategy
– Implement test ordering management for specialized analyses to

reduce misuse of laboratory resources
– Expert advising endocrinologists about clinical inquiries to help

choosing the right test for clinical question
– Unify pre-analytical protocols for endocrinology testing (posture,

fed/fasted, type of priming, etc.), especially in endocrine dynamic
function tests

The (pre)-preanalytical phase is the most critical part of the total testing
process. Efforts made within this phase will undoubtedly benefit to clinical
practice.
Clinical example
Inappropriate ordering mistaking progesterone for -OH-progesterone
is frequent and may jeopardize diagnosis (e.g. congenital adrenal
hyperplasia). A better test ordering management helps preventing this
type of mistake.

Implement joint and harmonized interpretation Actionable strategy
– Develop co-signed interpretation templates for key endocrine con-

ditions (Cushing’s, acromegaly, adrenal insufficiency).
– Use standardized comment libraries linking analytical findings to

clinical context.
– Review and update annually through clinician-laboratory medicine

steering groups.
These measures provide clinicians with context-anchored, method-
specific interpretation while embedding laboratory transparency within
routine reporting.
Clinical example
In suspected Cushing’s syndrome, cortisol results following low-dose
dexamethasone suppression may appear borderline due to of cross-
reactivity with prednisolone.
A joint interpretation algorithm that accounts for assay generation can
prevent unnecessary imaging and false-positive conclusions.

Analytical reliability and
specificity

Implement validated reference methods &
pursue global harmonization

Actionable strategy
– Work on immunoassays interference and cross-reactivity compre-

hension to alert clinicians on potential pitfalls
– Enhance LC-MS development to serve as reference method for

standardization
– Promote integrative multiparametric panel testing
– Definemethod and population-specific cut-offs and reference ranges

and clinical decision limits
Interpretability and clinical
context

Safety, critical values, and multidisciplinary
engagement

Actionable strategy
– Jointly define endocrine-specific critical analytes and values lists with

agreed escalation protocols.
– Establish reflex and cascade testing pathways, e.g., elevated total

calcium automatically triggering PTH measurement.
– Implement 24-h on-call notification pathways with clear handover

documentation.
– Involve laboratory experts in multidisciplinary meetings for complex

cases (e.g., multiple pituitary hormone deficiency, assay interference
investigations).

Structured multidisciplinary engagement, through Diagnostic Manage-
ment Teams (DMTs), ensures analytical expertise directly informs patient
care, reducing misinterpretation and improving safety.
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Table : (continued)

Clinician expectation Joint clinician-laboratory medicine profes-
sional strategies

Concrete clinical illustration

Clinical example
Rapid laboratory notification of serum calcium >.mmol/L with reflex
testing of parathormone enables urgent evaluation for parathyroid
carcinoma.

Communication and transparency on labora-
tory data

Actionable strategy
– Integrate automatic alerts within Laboratory Information Systems

(LIS) and Electronic Health Records (EHRs) to notify users of assay
updates.

– Apply a discontinuity in the patient’s result history to exclude data
obtained with earlier analytical methods and prevent interpretation
mistake on variations

– Ensure metadata capture (sampling time, fasting status, posture,
medications) through digital order forms, enabling precise
interpretation.

Reflex algorithms and systematic alerts reduce diagnostic delay, prevent
unnecessary retesting, and enhance clinical confidence in trending results
Clinical example
After a thyroid assay platform change, abrupt shifts in TSH and fT trig-
gered unnecessary medication adjustments until the laboratory clarified
the method update

Consultative partnership
and diagnostic support

Bridging between clinical and laboratory
practice

Actionable strategy
– Schedule regularly joint review meetings focusing on analytical-

clinical discrepancies.
– Incorporate case-based learning into Continuing Medical Education

programs for endocrinology and laboratory trainees.
– Use anonymized case summaries to highlight the impact of assay

harmonization and communication failures on patient outcomes, and
promote continuous improvement

Embedding education within quality cycles turns every discrepancy into a
shared learning opportunity
Clinical example
Review of falsely low testosterone results revealed SHBG interference.
Subsequent discussion led to a standardized interpretive comment in all
testosterone reports.

Innovation and future ser-
vice delivery

Innovation and patient-centred practice Actionable strategy
– Evaluate alternative matrices (saliva, dried blood, hair) for validated

LC-MS/MS analytes.
– Co-design digital scheduling systems for timed dynamic tests.
– Evaluate and integrate Point-of-Care Testing (POCT) and wearable

devices data streams under laboratory medicine professional’s su-
pervision to maintain analytical governance.

Patient-centred innovation not only increases efficiency but also fosters
trust by aligning laboratory development with clinical workflow realities.
Clinical example
Dried blood spot sampling for morning cortisol monitoring allowed
patients to collect samples at home, improving compliance and reducing
pre-analytical error.

Shaping the practice of tomorrow Actionable strategy
– Support translational research with cutting-edge multi-omics

development
– Translate metabolomics from research into clinical impact
– Embrace and supervise advancements linked to artificial intelligence
Clinical example
Metabolomic-based scoring systems will refine diagnosis in endocrine
diagnosis.
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and consistent communication between clinical endocri-
nologists and laboratory medicine professionals. Table 1
presents the reflexion and propositions of concrete
actionable strategies co-developed by young endocrinolo-
gists and laboratory medicine specialists to achieve
excellence in endocrine diagnosis.

Outlook – Establishing strategic
partnership between the ELM
specialist and the clinician

The future of Endocrine Laboratory Medicine lies in stra-
tegic partnership.

Clinicians expect data that are reliable, standardized,
and clinically interpretable, while laboratories seek insight
into patient context to refine testing and reporting.

This reciprocal relationship, rooted in analytical excel-
lence, transparent communication, and continuous innova-
tion, forms the foundation of precision endocrinology.

By integrating harmonization efforts, interpretive
collaboration, and translational research, young clinical
endocrinologists and laboratory medicine specialists
together can redefine diagnostic practice, transforming the
laboratory from a technical endpoint into a guardian of
diagnostic quality and an engine of patient-centred
innovation.
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