Jean-Benoît Corcuff 
email: jean-benoit.corcuff@chu-bordeaux.fr
  
Dominique Ducint 
email: dominique.ducint@chu-bordeaux.fr
  
Julie Brossaud 
email: julie-brossaud@chu-bordeaux.fr
  
What do you need to know about mass spectrometry? A brief guide for endocrinologists Que doit savoir l'endocrinologue sur la spectrométrie de masse ?
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En routine d'hormonologie, la technique de spectrométrie de masse après chromatographie liquide (LCMS) a dorénavant pris ses marques pour le dosage des androgènes, du cortisol urinaire et des métanéphrines. Elle présente l'avantage incontestable d'une grande spécificité analytique avec toutefois une sensibilité qui dépend nettement de l'investissement financier dans un spectromètre très haut de gamme. Nous décrivons dans ce travail les principes généraux de la LCMS et les applications de routine développées à ce jour en hormonologie. L'objet de la présentation est de familiariser les endocrinologues aux techniques en développement avec leurs avantages, mais également leurs limites.

I. Introduction

The current enthusiasm for mass spectrometry (MS) techniques for hormone assay suggests that the technique is recent. In fact, its premises date back to the nineteenth century and the discovery of isotopes by this technique in 1919 (FW Aston's Nobel Prize). Forty years later, the first mass spectrometer coupled with gas chromatography was developed, opening the possibility of steroid hormone mass spectrometry analysis (GCMS) [START_REF] Eneroth | Identification and Quantification of Neutral Fecal Steroids by Gas-Liquid Chromatography and Mass Spectrometry: Studies of Human Excretion during Two Dietary Regimens[END_REF]. GCMS reigned for a few decades and it was not until the 1980s that liquid chromatography (LCMS) was able to settle in clinical routine. Although the LCMS apparatus is in fact more complex, the preparation of the samples is simplified because it is no longer necessary to make volatile the molecules of interest for their introduction into the gas phase.

At the same period, another discovery, also rewarded by a Nobel Prize [START_REF] Yalow | Immunoassay of endogenous plasma insulin in man[END_REF], cornered the use of MS to a few very specialized laboratories. It is, of course, the description of immunoassays. Their ease of implementation, analytical sensitivity and moderate costs have facilitated their rapid adoption for hormonal assays. These immunoassays initially used radioactive tracers. The industrialization of techniques has rapidly led to the development of automation of chemiluminescent immunoassays that are easier to implement.

Over the past ten years, technological progress allowed the possibilities of implementing LCMS techniques routinely in medical biology laboratories. The excellent specificity of LCMS offers a major analytical advantage over immunoassays for which cross-reactions are common. Nevertheless, unlike immunoassays, the sensitivity of LCMS is not always sufficient to correctly quantify certain hormones such as some steroids. Only the most recent, and most expensive, spectrometers achieve the same analytical sensitivity as the best immunoassays. In addition, LCMS is essentially routinely suitable for the quantification of small molecules (MW <1000 Da) and less for peptides and proteins. The craze for the LCMS came a little abruptly in an editorial stating that only articles with gonadic steroid mass spectrometry tests would be accepted. This editorial advocated, a bit prematurely, an exclusive recourse to this technique (3) but allowed a more systematic debate about an approach to the strengths and weaknesses of hormone dosing techniques. The simplistic opposition LCMS versus immunoassays (a method allowing an exact quantification of steroids, catecholamines ... versus economic method, easy and wide field of use) has been weighted and the respective advantages and disadvantages better and more widely explained [START_REF] Taylor | Mass spectrometry and immunoassay: how to measure steroid hormones today and tomorrow[END_REF].

We propose here to give some clues to endocrinologists to understand the principles of mass spectrometry, to discover its importance in hormonology but also to understand the limits.

II. What is mass spectrometry?

Mass spectrometry is an analytical technique for detecting, identifying and quantifying molecules of interest by measuring their mass. Its principle lies in the separation and selection of charged molecules, ions, according to their mass/charge ratio (m/z). The term mass spectrometer includes a number of very different instruments whose purposes range from the structural characterization of molecules to quantification. Quantitative hormone analysis requires tandem mass spectrometers known as triple quadrupole analyser. The analysis of many steroidal type molecules for example may be classically performed with a simple quadrupole coupled to gas chromatography. The spectrometer comprises several elements serially placed: an interface of introduction and evaporation of the sample, a source of ionization of the molecules, an analyser that separates the ions according to their m/z ratio and a detector. The samples are routed to the introduction interface after separative chromatography (gas phase or liquid, respectively GCMS and LCMS). The combination of such a separative method coupled to a tandem mass spectrometer makes it possible to guarantee an important analytical specificity.

The principle of chromatography followed by Multiple Reaction Monitoring (MRM)

analysis by mass spectrometry is detailed in Wudy et al.'s review [START_REF] Wudy | The art of measuring steroids: Principles and practice of current hormonal steroid analysis[END_REF]. Briefly, the chromatographic separation of the molecules of interest is based on their differences in affinity for molecular groups grafted onto silica micro-beads (stacked in a tube, the analytical column). Thus, these analytes will come out of the column more or less quickly, which will allow characterizing them according to their retention time. They are then directed to the mass spectrometer, where they will undergo ionization (gain or loss of a proton), a first selection according to the m/z ratio followed by fragmentation of the selected ion and finally a second selection according to the m/z ratio of one of the daughter ions resulting from the fragmentation. This double selection acting as a molecular signature is called "transition". The shift from one transition to another is very fast compared to the retention time of analytes by the analytical column, it is possible to scan several transitions and thus obtain a simultaneous assay of different analytes.

The GSMS techniques were the first developed especially for steroid assays. They are limited to very specialized laboratories with few routine applications. The arrival of a new, sufficiently sensitive, generation of LCMS has allowed the deployment of this latter technique for various routine applications including hospital (see next paragraph), confining the use of GCMS to steroidal analysis of a broad spectrum of analytes [START_REF] Shackleton | GC/MS in Recent Years Has Defined the Normal and Clinically Disordered Steroidome: Will It Soon Be Surpassed by LC/Tandem MS in This Role?[END_REF].

Pre-analytical treatment of biological samples prior assay

LCMS assays require, often time-consuming and rarely automated, upstream preparation of the biological samples. This pre-analytical treatment consists in extracting the analyte from its biological matrix in order to avoid the injection on the LCMS system of a large quantity of proteins, phospholipids, ions or urea (depending on the nature of the sample). There are 4 main types of extraction: protein precipitation by an organic solvent, liquid/liquid extraction and liquid/ solid extraction SLE and solid phase extraction, SPE. The choice of extraction will depend on the chemical nature of the analyte. It may also be necessary to perform hydrolysis (release of conjugated hormones) and/or derivatization (silylation, acylation, alkylation, etc.).

Although these last two steps are essential in the case of GCMS, they can sometimes be used for LCMS as well. All of these treatments tend to improve the sensitivity and the analytical specificity as well as the robustness of the assays.

Use of an internal standard

All these steps of extraction, injection on the chromatographic column, ionization or detection, elicit a loss of a fraction of the analytes to be quantified. This loss, which may be different from one sample to another, is characterised by the extraction yield of the preanalytical and analytical steps. The quantification of this yield makes it essential to use an isotopic internal standard, that is to say a molecule of the same structure as the analyte, with the exception of the replacement of one or more atoms of hydrogen, carbon or of nitrogen by a stable isotope (deuterium 2 H or D, carbon 13 13 C or nitrogen 15 15 N). This isotope will have a similar analytical behaviour to the analyte of interest. It will have the same retention time as the hormone to be assayed but a different transition due to its different mass. This internal standard, added in a strictly identical amount in all the samples analysed makes it possible to overcome the signal fluctuations inherent to the different stages of the process.

The usual analytical issues

Problems common to all assays (including immunoassays) exist for mass spectrometry assays.

Questions of sensitivities: The physiological concentrations of low molecular weight hormones (steroids, thyroid hormones, etc) are in the nmol/L or even pmol/L range. The technical difficulty in quantifying their concentration thus constituted a significant obstacle to the use of LCMS in endocrinology. Indeed, only recent technological advances allowed reaching sufficient analytical sensitivity, at least equivalent to that of immunoassays. Not surprisingly, the sensitivity of an assay is a function of the cost of the spectrometer. The technical characteristics of the ionization of the analytes, the ion path, the detector, etc can all have an impact on the sensitivity towards different molecules. This is partly due to the physical specificities of molecules themselves. Thus, some hardware configurations could increase sensitivity for some compounds and less for others. In other words, a limit of quantification is not identical for all analytes. For example, the sensitivity of sensitive spectrometers is clearly sufficient for assaying testosterone concentrations in a healthy male adult. The lowest concentrations in women will only be available to the best devices and prepubertal levels in paediatrics will often be undetectable. Similarly, estradiol levels in girls and postmenopausal women will not be clinically available.

Questions of specificities: Analytical specificity is based both on the physico-chemical characteristics of the hormone, conditioning its retention time on the analytical column, and on its structural characteristics, including its mass, and providing a transition of its own. This methodology offers a guarantee of measuring the targeted analyte only, much more specifically than with immunoassays possibly impeded by cross-reactions. This analytical superiority led to the publication of the above mentioned JCEM editorial strongly encouraging authors to use the LCMS for steroid testing [START_REF] Handelsman | Requirement for mass spectrometry sex steroid assays in the Journal of Clinical Endocrinology and Metabolism[END_REF].

It is nevertheless important to emphasize that there are, even with the LCMS, cases of analytical interference related to the sample matrix or even cross-reactions. Thus, for example testosterone and dehydroepiandrosterone or deoxycortisol and corticosterone, are position isomers with common transitions that require careful chromatographic separation.

Questions of standardization: Although the superior performance of LCMS for the determination of certain hormones is widely accepted, some authors pointed out some limitations in terms of analytical variability, especially in low concentrations, and standardization [START_REF] Buttler | Comparison of 7 Published LC-MS/MS Methods for the Simultaneous Measurement of Testosterone, Androstenedione, and Dehydroepiandrosterone in Serum[END_REF][START_REF] Buttler | Comparison of eight routine unpublished LC-MS/MS methods for the simultaneous measurement of testosterone and androstenedione in serum[END_REF][START_REF] Owen | A direct assay for the routine measurement of testosterone, androstenedione, dihydrotestosterone and dehydroepiandrosterone by liquid chromatography tandem mass spectrometry[END_REF]. These comparisons between several LCMS methods led to the implementation of standardization programs [START_REF] Binkley | Toward Clarity in Clinical Vitamin D Status Assessment: 25(OH)D Assay Standardization[END_REF][START_REF] Vesper | Standardization of testosterone measurements in humans[END_REF]. A review of the literature by Tavita and Greaves shows that this lack of homogenization of the results in LC-MSMS remains a critical issue leading to reference values, especially for steroids in paediatrics, which are still different from one laboratory to another [START_REF] Tavita | Systematic review of serum steroid reference intervals developed using mass spectrometry[END_REF].

Specific difficulties

The main difficulty of mass spectrometry lies in the need to have a high quality preanalytical preparation. Indeed, it is impossible to directly analyse serum or plasma as it is done for immunoassays.

Furthermore, there are analytical interferences related to the molecular environment in which the hormone to be assayed, commonly grouped under the term matrix effects. Overall, in mass spectrometry, these interferences are due to molecules that can amplify or reduce the expected signal of a molecule to be analysed. This phenomenon is mainly related to the favouring or the competition or even the inhibition of the ionization of the analyte of interest by molecules of the matrix [START_REF] Tudela | Matrix effect marker for multianalyte analysis by LC-MS/MS in biological samples[END_REF]. This matrix effect can be problematic especially when a total extinction of the signal occurs. The preventive measures to be implemented to avoid this effect are: i) an appropriate extraction of the molecule to be assayed, ii) chromatographic conditions making it possible to separate the molecule to be assayed from those responsible for the matrix effect, 3) if the effect on the signal is moderate, the use of an isotopic internal standard ensures correct quantization by correcting this gain or loss of signal.

Beside this technical difficulty, it is important to underline that mass spectrometry analysis requires a serial processing of the samples with an analytical duration directly related to the passage through the chromatographic column. Depending on the performance of this chromatography and the need to separate very close analytes, LCMS analysis times typically lies between 2 and 20 minutes per sample. Thus, unlike automated immunoassays capable of working in parallel, the analytical flow in mass spectrometers is reduced.

III. What can be assayed by mass spectrometry in endocrinology?

Routine

In clinical hormonal routine, small molecules are assayed by LCMS (steroids, amines, vitamin D). The initial matrix may be serum/plasma, urinary or salivary. There is some heterogeneity of the analytical resources in the various hormonology laboratories equipped with mass spectrometers. This heterogeneity is the consequence of variable local situations ("scientific" interests of clinical departments and laboratories, proximity to a laboratory using the technique (pharmacology, biochemistry, etc.), closure of radioanalytical laboratories...).

In addition, suppliers of reagents have developed "turnkey" kits to measure a number of parameters often associated (for example 10 steroids). The advantages are mainly an initial time saving on the development of the assay technique as well as a simplification of the accreditation procedures. The disadvantages are higher costs than "home-developed" techniques and, often, the addition in the kit of compounds that it is rarely necessary to routinely assay by LCMS (serum cortisol, for example).

We will not present here a list of what can be assayed but will illustrate, for some analyses, the advantages and disadvantages to use a technology by mass spectrometry.

Urinary cortisol Determining urinary free cortisol (UFC) is one of the recommendations in the search for hypercorticism [START_REF] Ceccato | Screening Tests for Cushing's Syndrome: Urinary Free Cortisol Role Measured by LC-MS/MS[END_REF]. However, UFC represents a very low weight fraction compared to the excretion of its metabolites and conjugated cortisol with which it shares antigenic epitopes. There is therefore a risk of cross-reactions overestimating the concentration of UFC in immunoassays. Similarly, the cross-reactions are major with some synthetic glucocorticoids such as prednisone & prednisolone. The use of mass spectrometry for the determination of UFC overcomes these problems. UFC assay is fast and does not require a very sensitive (more expensive) mass spectrometer. It should be noted that there is no kit proposed by industrials and that each laboratory must develop its technique. In order to minimize inter-laboratory biases due to differences in extraction or calibration techniques for example, we had to undertake exhaustive analytical comparisons [START_REF] Brossaud | LC-MSMS assays of urinary cortisol, a comparison between four inhouse assays[END_REF]. However, no technique is free of difficulty such as ion suppressor matrix effects (see above). For instance, the antibiotic piperacilline may dramatically decrease some transitions of cortisol [START_REF] Danese | Urinary free cortisol assessment by liquid chromatography tandem mass spectrometry: a case study of ion suppression due to unacquainted administration of piperacillin[END_REF].

Serum steroids

The determination of serum steroids by LCMS has become an important element in the diagnosis of certain pathologies such as the various congenital hyperplasias of the adrenal glands. In fact, the best immunoassays of the desired steroids most often require prior extraction and chromatography because of the cross-reactions between these steroids of very close structures. In addition, the different dosages requested could often not all be made due to insufficient blood samples in children. Mass spectrometry for simultaneous multiple steroid assays from a few hundred microliters of serum is particularly useful here. In our laboratory, we are hardly limited anymore to assay steroids in paediatric patients because of insufficient sampling. In addition, there is a number of publications, particularly in paediatrics, which provide laboratories with reference values (subjected to local verification, however) [START_REF] Kulle | Implementation of a liquid chromatography tandem mass spectrometry assay for eight adrenal C-21 steroids and pediatric reference data[END_REF][START_REF] Greaves | Hormone modeling in preterm neonates: establishment of pituitary and steroid hormone reference intervals[END_REF][START_REF] Yeap | Reference ranges and determinants of testosterone, dihydrotestosterone, and estradiol levels measured using liquid chromatographytandem mass spectrometry in a population-based cohort of older men[END_REF].

Metanephrines The determination of plasma or urinary metanephrines is the analysis of choice for the investigation of pheochromocytoma and paraganglioma [START_REF] Darr | Accuracy of recommended sampling and assay methods for the determination of plasma-free and urinary fractionated metanephrines in the diagnosis of pheochromocytoma and paraganglioma: a systematic review[END_REF]. This analysis is possible, after HPLC, by electrochemistry or mass spectrometry. Electrochemistry is a very sensitive technique, less expensive but also less analytically specific than mass spectrometry (i.e. with more frequent analytical interference). Urinary assays do not require a very sensitive mass spectrometer and they were the first to be converted from electrochemistry to mass spectrometry. On the other hand, plasma assays push to the limits of their possibilities mass spectrometers that can be used in laboratory routine. Therefore, few centres have, to date, established this assay in routine conditions. With high-end machines, the analytical advantages would be a sensitivity equivalent to electrochemistry with less interference and a shorter analysis time. In clinical terms, there is no difference in performance between electrochemistry and mass spectrometry assays: clinical accuracy mainly depends on sampling position and prevalence in the study population [START_REF] Darr | Accuracy of recommended sampling and assay methods for the determination of plasma-free and urinary fractionated metanephrines in the diagnosis of pheochromocytoma and paraganglioma: a systematic review[END_REF]. Lastly, it should be noted that mass spectrometry has not completely abolished the existence of analytic interferences with structurally related molecules (MDMA or L-DOPA) [START_REF] Dunand | Analytical interference of 4-hydroxy-3-methoxymethamphetamine with the measurement of plasma free normetanephrine by ultra-high pressure liquid chromatography-tandem mass spectrometry[END_REF][START_REF] Peitzsch | Interference from 3-O-methyldopa with ultra-high performance LC-MS/MS measurements of plasma metanephrines: chromatographic separation remains important[END_REF][START_REF] Corcuff | Urinary sampling for 5HIAA and metanephrines determination: revisiting the recommendations[END_REF].

Vitamin D There are controversies about the desirable serum vitamin D level in relation to the optimal PTH levels. However, establishing reference values depends closely on the standardization of dosages or even discrimination between different forms of vitamin D that do not necessarily have the same biological effects. Different automated immunoassays of vitamin D do not distinguish between cholecalciferol and ergocalciferol (for review [START_REF] Garg | 25-Hydroxyvitamin D Testing: Immunoassays Versus Tandem Mass Spectrometry[END_REF]). The LCMS assay can therefore serve as a reference method for separating these 2 molecules but it remains difficult to separate their epimers especially 3-épi-25(OH)D3 [START_REF] Fabregat-Cabello | A fast and simple method for simultaneous measurements of 25(OH)D, 24,25(OH)2D and the Vitamin D Metabolite Ratio (VMR) in serum samples by LC-MS/MS[END_REF]. Most of the immunoassays show results that are globally well correlated with those of the LCMS but often with biases justifying possible differences in the reference values of each assay [START_REF] Farrell | State-of-the-art vitamin D assays: a comparison of automated immunoassays with liquid chromatography-tandem mass spectrometry methods[END_REF]. As often, this could weaken the value of consensus on target values. Given the possible analytical flow of immunoassay analysers, they are essential in routine indications even if in some countries the LCMS assay is very well established. Standardization via the LCMS as a reference technique will facilitate the application of consensus as well as further specialized studies.

Depending on the local context, some assays are available in MCMS such as salivary cortisol (diagnosis of Cushing's syndrome), metabolites of cortisol (diagnosis of blocking of 11beta HSD by glycyrrhizic acid or by mutation), or the diagnosis of incidentalomas [START_REF] Brossaud | Urinary glucocorticoid metabolites: biomarkers to classify adrenal incidentalomas?[END_REF].

Out of routine

Although some assays are possible by mass spectrometry the technique is not routinely necessary in routine. For example, in some centres, a very large number of requests for cortisoluria determination would impede of the spectrometers' workflow. The strategy is then to perform a first-line immunoassay and confirm or deny a high value by LCMS. Indeed, the main risk of the immunoassay is an overvaluation by cross-reaction that will be eliminated by LCMS. Other centres receive a lower demand for cortisoluria analysis and have enough old spectrometers but with sufficient performance for the determination of urinary cortisol. They will find it more interesting to dose UFC by LCMS as first line.

LCMS techniques may also solve problems of analytical interferences demonstrated with immunoassays. We have thus reported a case of hypercalcemia with very high concentrations of vitamin D (quantified with different immunoassays) [START_REF] Belaidi | Hypercalcemia and elevated concentration of vitamin D: A case report too easy to be true[END_REF]. It was in fact a major analytic interference with monoclonal myeloma immunoglobulin that interfered with immunodetection. LCMS was unaffected by the interference because of the extraction procedure before assay and showed that hypercalcemia was not due to vitamin D intoxication.

Immunoassay for free thyroxine is a very frequent hormonal assay. However, technically, this assay is not free of difficulties because of its dependence on, often unknown, quantitative and qualitative variations of its binding proteins. This is, for example, observable in the intensive care unit where the free thyroxine assay after ultrafiltration and LCMS shows double concentrations compared to an unbiased immunoassay for non-ICU subjects [START_REF] Welsh | Assessment of thyroid function in intensive care unit patients by liquid chromatography tandem mass spectrometry methods[END_REF]. In addition, the correlation between thyroxine immunoassays and ultrafiltration and LCMS assay worsens for concentrations moving away from baseline values, where, however, analytical precision is important [START_REF] Jonklaas | Total and free thyroxine and triiodothyronine: measurement discrepancies, particularly in inpatients[END_REF]. It is of course not conceivable to propose routinely this type of dosage for thyroxine, but to potentially restrict it for example in studies with patients in whom the carrier proteins are altered, in complex cases where quantitative of qualitative abnormalities of binding proteins are suspected [START_REF] Welsh | How reliable are free thyroid and total T3 hormone assays?[END_REF].

In research

LCMS analysis also allows the determination of peptides and proteins. The analysis of small peptidic hormones is feasible without too many technical difficulties by spectrometers with sensitivity that must be adapted to the expected concentrations. It is thus possible, for example, to study different molecular forms of angiotensins [START_REF] Shen | Simultaneous determination of nine trace concentration angiotensin peptides in human serum using ultra high performance liquid chromatography with tandem mass spectrometry with sephadex LH-20 gel solid-phase extraction[END_REF], BNP [START_REF] Favresse | Natriuretic peptides: degradation, circulating forms, dosages and new therapeutic approaches[END_REF], ghrelin [START_REF] Eslami | Recent developments in liquid chromatography-mass spectrometry analyses of ghrelin and related peptides[END_REF], PTHrp [START_REF] Kushnir | LC-MS/MS Measurement of Parathyroid Hormone-Related Peptide[END_REF], etc. Sometimes, it may be useful to couple the LCMS to a preparatory stage of immunoaffinity purification [START_REF] Thomas | Immunoaffinity techniques coupled to mass spectrometry for the analysis of human peptide hormones: advances and applications[END_REF]. Protein hormone analysis, if possible, remains difficult (e.g. growth hormone [START_REF] Arsene | Growth hormone isoformdifferential mass spectrometry for doping control purposes[END_REF] or IGF1 [START_REF] Cox | Sensitive quantification of IGF-1 and its synthetic analogs in dried blood spots[END_REF]. Proteins must be enzymatically hydrolysed in a controlled manner and the proteotypic fragments are identified and assayed. Qualification is usually done by comparison with the hydrolysis a known amount of the same labelled protein is available or of labelled proteotypic fragments. MCMS analysis may be used to determine steroids in tissues to apprehend tissue concentrations, different from circulating concentrations. In humans, it has been possible to demonstrate different concentrations of testosterone and estradiol between malignant and benign tumours of the prostate [START_REF] Meunier | Sex steroids in serum and prostatic tissue of human cancerous prostate (STERKPROSER trial)[END_REF]. In animals, we can for example study the brain metabolism of neurosteroids [START_REF] Hojo | Neurosteroids in Adult Hippocampus of Male and Female Rodents: Biosynthesis and Actions of Sex Steroids[END_REF] or, as in our laboratory, the reversible inactivating metabolism of glucocorticoids in models of diabetes [START_REF] Marissal-Arvy | Insulin treatment partially prevents cognitive and hippocampal alterations as well as glucocorticoid dysregulation in early-onset insulin-deficient diabetic rats[END_REF].

IV. Non quantitative mass spectrometry

The technology which mass spectrometry is based on can be used for purposes other than assays. MALDI (Matrix Assisted Laser Desorption/Ionization) technique can ionize molecules on a surface. These molecules take off from the surface and can be collected and analysed in a mass spectrometer. This technology is used in bacteriology to establish specific molecular profiles allowing the rapid identification of bacteria. The technique can be applied to tissue sections thus identifying the molecules present in the area targeted by the laser. Thus, the images obtained are similar to those obtained in histology with immunostaining but with the possibility of identifying, on the same section, a very large number of small molecules (biogenic amines, steroids but also metabolites such as ATP, creatine, arachidonic acid etc.) [START_REF] Fujimura | MALDI Mass Spectrometry Imaging for Visualizing In Situ Metabolism of Endogenous Metabolites and Dietary Phytochemicals[END_REF]. Applied to endocrinology, this research technique is particularly suited to the study of tissues with different metabolisms that express hormones accessible to this method such as the adrenal [START_REF] Sun | High-Resolution Tissue Mass Spectrometry Imaging Reveals a Refined Functional Anatomy of the Human Adult Adrenal Gland[END_REF] or in neuroendocrinology [START_REF] Fujimura | MALDI Mass Spectrometry Imaging for Visualizing In Situ Metabolism of Endogenous Metabolites and Dietary Phytochemicals[END_REF][START_REF] Cobice | Mass spectrometry imaging for dissecting steroid intracrinology within target tissues[END_REF].

V. Conclusion

LCMS routinely allows serum steroids, urinary cortisol or metanephrines assays with the undeniable advantage of high analytical specificity compared to immunoassays. Many laboratories have developed homemade techniques by choice or necessity. This makes mandatory the establishment of inter-laboratory comparisons of values obtained with different techniques as well as with immunoassays.

The financial investment required to obtain a very high-end spectrometer and the high degree of specialization of the personnel involved will probably limit the diffusion of certain techniques to specialized laboratories. Routine but rare dosages in MCMS (metabolites of cortisol, vitamin D, etc.) will probably remain limited to expert laboratories. 
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