Professor of Endocrinology Philippe Chanson 
email: philippe.chanson@bct.aphp.fr
  
Dominique Maiter 
  
  
  
  
THE EPIDEMIOLOGY, DIAGNOSIS AND TREATMENT OF PROLACTINOMAS: THE OLD AND THE NEW

Keywords: prolactin, pituitary adenoma, dopamine agonist

Prevalence and incidence of prolactinomas are approximately 50 per 100,000 and 3-5 new cases/100,000/year. The pathophysiological mechanism of hyperprolactinemia-induced gonadotropic failure involves kisspeptin neurons. Prolactinomas in males are larger, more invasive and less sensitive to dopamine agonists (DAs). Macroprolactin, responsible for pseudohyperprolactinemia is a frequent pitfall of prolactin assay.

DAs still represent the primary therapy for most prolactinomas, but neurosurgery has regained interest, due to progress in surgical techniques and a high success rate in microprolactinoma, as well as to some underestimated side effects of long-term DA treatment, such as impulse control disorders or impaired quality of life. Recent data show that the suspected effects of DAs on cardiac valves in patients with prolactinomas are reassuring. Finally, temozolomide has emerged as a valuable treatment for rare cases of aggressive and malignant prolactinomas that do not respond to all other conventional treatments.

-Introduction

Prolactinomas are the most common types of pituitary adenomas. They are well known to endocrinologists and neurosurgeons, as well as to gynecologists and general practitioners, due to their effects on fertility, particularly in women. Their management has been transformed by the use of dopamine agonists (DAs) that were introduced in the seventies. Even if medical practice in the field of prolactinomas is now well established, our objective in this article was to highlight some data that, although they are older, are still relevant, and to provide insights into the epidemiology, diagnosis and treatment of prolactinomas in 2019. We will not describe the pathophysiology, histology or specific aspects of prolactinomas during pregnancy, because these topics have recently been reviewed in detail [START_REF] Asa | From pituitary adenoma to pituitary neuroendocrine tumor (PitNET): an International Pituitary Pathology Club proposal[END_REF][START_REF] Chanson | Prolactinoma[END_REF][START_REF] Mete | Overview of the 2017 WHO Classification of Pituitary Tumors[END_REF][START_REF] Molitch | Prolactin and pregnancy[END_REF][START_REF] Molitch | Endocrinology in pregnancy: management of the pregnant patient with a prolactinoma[END_REF].

2-Epidemiology

Prolactinomas represent the most common type of pituitary adenomas, accounting for approximately 50% of all pituitary tumors requiring medical attention [START_REF] Daly | The epidemiology and genetics of pituitary adenomas[END_REF][START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF]. Previous radiological and autopsy studies have revealed a high prevalence of pituitary adenomas (10-20%), and the vast majority (>99%) are small microadenomas with a predominance (25-60%) of lactotroph tumors, based on immunohistochemistry [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF][START_REF] Ezzat | The prevalence of pituitary adenomas: a systematic review[END_REF][START_REF] Buurman | Subclinical adenomas in postmortem pituitaries: classification and correlations to clinical data[END_REF]. In clinical settings, microadenomas are approximately four-to five-fold more frequent than macroadenomas, and a net predominance of PRL-secreting tumors (and of hyperprolactinemia in general) is observed in women aged 25-44 years compared to men (a male to female ratio of 1:5 to 1:10), while this difference disappears after menopause [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Kars | Estimated age-and sex-specific incidence and prevalence of dopamine agonist-treated hyperprolactinemia[END_REF][START_REF] Schlechte | Clinical practice. Prolactinoma[END_REF][START_REF] Soto-Pedre | The epidemiology of hyperprolactinaemia over 20 years in the Tayside region of Scotland: the Prolactin Epidemiology, Audit and Research Study (PROLEARS)[END_REF].

Several epidemiological studies performed in different countries over the past few years have shown a much higher prevalence of pituitary adenomas requiring medical attention than previously predicted, and prolactinomas were always the most frequent tumor subtype (Table 1) [START_REF] Daly | High prevalence of pituitary adenomas: a cross-sectional study in the province of Liege, Belgium[END_REF][START_REF] Raappana | Incidence of pituitary adenomas in Northern Finland in 1992-2007[END_REF][START_REF] Fernandez | Prevalence of pituitary adenomas: a communitybased, cross-sectional study in Banbury (Oxfordshire, UK)[END_REF][START_REF] Fontana | Epidemiology of pituitary adenoma: results of the first Swiss study[END_REF][START_REF] Gruppetta | Prevalence and incidence of pituitary adenomas: a population based study in Malta[END_REF][START_REF] Tjornstrand | The incidence rate of pituitary adenomas in western Sweden for the period 2001-2011[END_REF][START_REF] Agustsson | The epidemiology of pituitary adenomas in Iceland, 1955-2012: a nationwide population-based study[END_REF][START_REF] Day | Incidence and prevalence of clinically relevant pituitary adenomas: retrospective cohort study in a Health Management Organization in Buenos Aires, Argentina[END_REF]. Overall, the prevalence of PRL-secreting tumors ranged from 25 per 100,000 to 63 per 100,000. The prevalence of symptomatic microprolactinomas and macroprolactinomas is approximately 40 and 10 per 100,000, respectively. Important gender differences in both the age at diagnosis and tumor size have been observed.

The peak age of occurrence in women occurs at approximately30 years, while most men are diagnosed after age 50 [START_REF] Fernandez | Prevalence of pituitary adenomas: a communitybased, cross-sectional study in Banbury (Oxfordshire, UK)[END_REF]. The ratio between macro-and microprolactinomas is approximately 1:8 in women, whereas it is inverted in men (macroadenomas in 80% of cases) [START_REF] Raappana | Incidence of pituitary adenomas in Northern Finland in 1992-2007[END_REF].

The standard annual incidence rate of prolactinomas ranged from 2 to 5 new cases/100,000, and the value is 3-times higher in women than in men [START_REF] Raappana | Incidence of pituitary adenomas in Northern Finland in 1992-2007[END_REF][START_REF] Gruppetta | Prevalence and incidence of pituitary adenomas: a population based study in Malta[END_REF][START_REF] Agustsson | The epidemiology of pituitary adenomas in Iceland, 1955-2012: a nationwide population-based study[END_REF][START_REF] Day | Incidence and prevalence of clinically relevant pituitary adenomas: retrospective cohort study in a Health Management Organization in Buenos Aires, Argentina[END_REF]. Most studies also reported an increase in this incidence rate over time, possibly indicating improved disease recognition.

3-Diagnosis

3-1 Clinical consequences of hyperprolactinemia

3-1-1 Women

Most women with a prolactinoma have a microadenoma, and therefore endocrine symptoms are much more prevalent than mass effects, at least before menopause. Classic symptoms of prolactinomas in women include oligo-or amenorrhea (which is present in almost all patients, 85-90%), galactorrhea, (present in 84% of patients, according to a recent meta-analysis [START_REF] Lamba | Fertility after transsphenoidal surgery in patients with prolactinomas: A meta-analysis[END_REF])

and infertility [START_REF] Lamba | Fertility after transsphenoidal surgery in patients with prolactinomas: A meta-analysis[END_REF][START_REF] Touraine | Long-term follow-up of 246 hyperprolactinemic patients[END_REF][START_REF] Berinder | Hyperprolactinaemia in 271 women: up to three decades of clinical follow-up[END_REF][START_REF] Wong | Update on prolactinomas. Part 1: Clinical manifestations and diagnostic challenges[END_REF]. Conversely, in nearly 15% of women who experience secondary amenorrhea or oligomenorrhea hyperprolactinemia is found, and in more than half of those, this is due to a prolactinoma [START_REF] Touraine | Long-term follow-up of 246 hyperprolactinemic patients[END_REF][START_REF] Lee | Prevalence of hyperprolactinemia in adolescents and young women with menstruation-related problems[END_REF]. Although the prevalence of mild hyperprolactinemia in an unselected, asymptomatic population with infertility is approximately 5%, the finding of a pituitary adenoma at MRI is rather low in the absence of oligoamenorrhea and/or galactorrhea [START_REF] Souter | Prevalence of hyperprolactinemia and abnormal magnetic resonance imaging findings in a population with infertility[END_REF]. The mechanism by which hyperprolactinemia induces gonadotropic failure has recently been elucidated [START_REF] Sonigo | Hyperprolactinemiainduced ovarian acyclicity is reversed by kisspeptin administration[END_REF]: hyperprolactinemia does not directly inhibit GnRH neurons but acts via kisspeptin neurons, as an infusion of kisspeptin reverses gonadotropic failure in both mice [START_REF] Sonigo | Hyperprolactinemiainduced ovarian acyclicity is reversed by kisspeptin administration[END_REF] and humans [START_REF] Millar | Hypothalamic-Pituitary-Ovarian Axis Reactivation by Kisspeptin-10 in Hyperprolactinemic Women With Chronic Amenorrhea[END_REF].

Postmenopausal women with prolactinomas usually do not present with functional symptoms.

They present with mass effects related to large tumors, although prolactinomas may also be discovered incidentally or because of a history of "premature" menopause [START_REF] Maor | Hyperprolactinemia in postmenopausal women[END_REF][START_REF] Shimon | Women with prolactinomas presented at the postmenopausal period[END_REF][START_REF] Santharam | Prolactinomas diagnosed in the postmenopausal period: Clinical phenotype and outcomes[END_REF][START_REF] Pekic | Hyperprolactinemia / Prolactinomas in the post-menopausal period: <br><br>challenges in diagnosis and management[END_REF].

3-1-2 Men

Compared to women, a greater proportion of men (approximately 80%) are diagnosed with a macroprolactinoma [START_REF] Nishioka | Growth potential of prolactinomas in men: is it really different from women?[END_REF][START_REF] Ramot | A study of the clinical differences between women and men with hyperprolactinemia[END_REF][START_REF] Delgrange | Sex-related difference in the growth of prolactinomas: a clinical and proliferation marker study[END_REF][START_REF] Maiter | Prolactinomas in men[END_REF]. The larger tumor size and more aggressive features observed in men are not primarily related to a diagnostic delay, but rather to gender-related differences in tumor behavior [START_REF] Delgrange | Sex-related difference in the growth of prolactinomas: a clinical and proliferation marker study[END_REF][START_REF] Delgrange | Influence of parasellar extension of macroprolactinomas defined by magnetic resonance imaging on their responsiveness to dopamine agonist therapy[END_REF][START_REF] Trouillas | Clinical, pathological and molecular factors of aggressiveness in lactotroph tumours[END_REF] and may involve the estrogen-receptor pathway [START_REF] Wierinckx | Sex-Related Differences in Lactotroph Tumor Aggressiveness Are Associated With a Specific Gene-Expression Signature and Genome Instability[END_REF].

Overall, approximately half of men with prolactinomas typically present with symptoms caused by the tumor mass and the other half with symptoms of hypogonadism, including a loss of libido, erectile dysfunction, gynecomastia, infertility, and/or osteopenia [START_REF] Somma | Bone marker and bone density responses to dopamine agonist therapy in hyperprolactinemic males[END_REF][START_REF] Noel | Prolactin release during nursing and breast stimulation in postpartum and nonpostpartum subjects[END_REF].

Although testosterone concentrations are often decreased, these levels may be normal in men with prolactinomas [START_REF] Shimon | Male prolactinomas presenting with normal testosterone levels[END_REF]. However, the successful treatment of hyperprolactinemia leads to a normalization or significant increase in testosterone levels in 60-80% of patients [START_REF] Colao | Outcome of cabergoline treatment in men with prolactinoma: effects of a 24-month treatment on prolactin levels, tumor mass, recovery of pituitary function, and semen analysis[END_REF][START_REF] Pinzone | Primary medical therapy of micro-and macroprolactinomas in men[END_REF][START_REF] Verhelst | Cabergoline in the treatment of hyperprolactinemia: a study in 455 patients[END_REF].

When normal testosterone levels are achieved, sperm volumes and counts are also likely to normalize, although sometimes after a prolonged (~2 years) duration [START_REF] Colao | Outcome of cabergoline treatment in men with prolactinoma: effects of a 24-month treatment on prolactin levels, tumor mass, recovery of pituitary function, and semen analysis[END_REF][START_REF] Rosa | Six months of treatment with cabergoline restores sexual potency in hyperprolactinemic males: an open longitudinal study monitoring nocturnal penile tumescence[END_REF].

3-2 Mass Effects

Macroadenomas may exert local mass effects. Visual field defects due to chiasmal compression depend on the extent of suprasellar extension. Headaches are a frequent symptom which is often associated with the lateralization of the tumor, and cluster-like headache may also occur as a major manifestation.

Hypopituitarism may result from direct pituitary compression or more commonly from hypothalamic/stalk dysfunction. Patients with larger tumors are more likely to present with one or more hormonal deficits. All patients with macroadenomas should be evaluated for possible deficits in pituitary function.

Macroprolactinomas may invade one or both cavernous sinuses, but cavernous sinus syndrome is rare and is generally observed in the context of pituitary apoplexy [START_REF] Briet | Pituitary apoplexy[END_REF], which is characterized by headache with a sudden and severe onset that is generally associated with visual disturbances or ocular palsy.

Giant prolactinomas are associated with endocrine symptoms (75%), visual symptoms (70%) and headaches (60%), but they are also responsible for unique manifestations related to the extensive invasion of surrounding structures [START_REF] Maiter | Therapy of endocrine disease: the challenges in managing giant prolactinomas[END_REF]. The extensive invasion of the skull floor with bony destruction occasionally occurs and may cause spontaneous cerebrospinal fluid (CSF) rhinorrhea, exophthalmos and optic nerve compression at the orbital apex, nasal stuffiness and epistaxis, or cranio-cervical junction instability [START_REF] Cesak | Medically induced CSF rhinorrhea following treatment of macroprolactinoma: case series and literature review[END_REF]. Extrasellar extension in other directions may cause hydrocephalus, hearing impairments, unilateral hemiparesis, temporal epilepsy or dementia due to frontal lobe extension [START_REF] Maiter | Therapy of endocrine disease: the challenges in managing giant prolactinomas[END_REF].

Malignant prolactinomas are rare tumors defined by the presence of distant cerebrospinal, meningeal and/or systemic metastases. Indeed, a reliable distinction between carcinoma and adenoma is rarely achieved based on standard histological criteria [START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Kaltsas | Clinical review: Diagnosis and management of pituitary carcinomas[END_REF][START_REF] Kars | Malignant prolactinoma: case report and review of the literature[END_REF][START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF]. Pituitary carcinomas differ from invasive pituitary tumors that remain contiguous with the primary tumor site. Their precise incidence is not precisely known but, overall, they account for only 0.1-0.2% of all pituitary tumors, and prolactinomas correspond to approximately one-third of these tumors. Detailed descriptions of approximately 65 cases of malignant prolactinoma (45 men and 20 women) have been published, and the characteristics of most of these tumors have been reviewed [START_REF] Chanson | Prolactinoma[END_REF]. Briefly, these tumors occur at any age but mostly develop in the fifth or sixth decade of life in patients with a preexisting prolactinoma. Typically, the primary tumor has been diagnosed many years before metastasis (the latent period between initial diagnosis and detection of metastases may persist for up to 22 years) and has been treated with high-dose DAs, repeated surgery and radiotherapy before the tumor becomes completely resistant to treatment and metastases become apparent [START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Kaltsas | Clinical review: Diagnosis and management of pituitary carcinomas[END_REF][START_REF] Kars | Malignant prolactinoma: case report and review of the literature[END_REF]. Once metastases are diagnosed, the median survival time is approximately 18 months, but the outcome of these tumors has improved over the past few years and prolonged, asymptomatic survival has now been reported in several patients [START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF].

3-3 Biochemical diagnosis

3-3-1 PRL levels correlate with prolactinoma size.

The diagnosis of hyperprolactinemia is determined by measuring basal PRL levels, which generally correlate well with the prolactinoma size [START_REF] Casanueva | Guidelines of the Pituitary Society for the diagnosis and management of prolactinomas[END_REF][START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF]. Patients with large macroprolactinomas have PRL levels that exceed 250 µg/l, virtually all patients with macroprolactinomas have levels greater than 100 µg/l and most patients with microprolactinomas present levels ranging from 50 to 150 µg/L [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF][START_REF] Delgrange | Hyperprolactinaemia as a reversible cause of weight gain in male patients?[END_REF] (Figure 1).

3-3-2 Pitfalls in the PRL assay.

When two-site immunoradiometric assays (IRMA) or immunochemiluminometric (ICMA) assays are used, patients with very high PRL levels may appear to have normal or only moderately elevated PRL levels, i.e., on the order of 30-200 μg/L, due to the so-called "hook effect" [START_REF] Delgrange | Potential hook effect in prolactin assay in patients with giant prolactinoma[END_REF][START_REF] Fahie-Wilson | Determination of prolactin: the macroprolactin problem[END_REF][START_REF] Binart | Prolactin assays and regulation of secretion: animal and human data[END_REF]. Under these circumstances, a prolactinoma may be misclassified as a clinically nonfunctioning macroadenoma, which may cause a similar moderate increase in PRL levels due to interference with stalk dopamine transport to normal lactotrophs. This confusion can be avoided by repeating the measurements of PRL levels in these patients after diluting the samples 1:100 or using an assay that does not induce this hook effect.

Another pitfall of the PRL assay is macroprolactin interference, which is more common with the current generation of PRL immunoassays [START_REF] Binart | Prolactin assays and regulation of secretion: animal and human data[END_REF]. High molecular weight forms of PRL (150 kDa, big-big PRL) pose a major problem due to their interference with PRL assays. These forms may result in a false diagnosis of hyperprolactinemia that is not or is rarely accompanied by the usual signs of hyperprolactinemia, i.e., amenorrhea and galactorrhea [START_REF] Fahie-Wilson | Determination of prolactin: the macroprolactin problem[END_REF][START_REF] Fahie-Wilson | Macroprolactinaemia: contribution to hyperprolactinaemia in a district general hospital and evaluation of a screening test based on precipitation with polyethylene glycol[END_REF][START_REF] Leslie | Laboratory and clinical experience in 55 patients with macroprolactinemia identified by a simple polyethylene glycol precipitation method[END_REF][START_REF] Smith | Technology insight: measuring prolactin in clinical samples[END_REF][START_REF] Vallette-Kasic | Macroprolactinemia revisited: a study on 106 patients[END_REF]. Macroprolactin is recognized by immunoassays for PRL but has no biological activity in vivo. High concentrations of macroprolactin appear to be due to reduced clearance of IgG-PRL aggregates [START_REF] Hattori | Anti-prolactin (PRL) autoantibodies cause asymptomatic hyperprolactinemia: bioassay and clearance studies of PRL-immunoglobulin G complex[END_REF] and to their interference with the reactivity between PRL and the capture and detection antibodies involved in the sandwich reaction of PRL immunoassays [START_REF] Hattori | Anti-prolactin (PRL) autoantibody-binding sites (epitopes) on PRL molecule in macroprolactinemia[END_REF]. All available immunoassays detect macroprolactin, but the variability is quite surprising, with 2.3-to 7.8-fold differences in detection levels [START_REF] Smith | Gross variability in the detection of prolactin in sera containing big big prolactin (macroprolactin) by commercial immunoassays[END_REF]. False hyperprolactinemia related to macroprolactin is an important clinical issue because it may lead to misdiagnosis, mismanagement of patients, including unnecessary pituitary explorations, a waste of healthcare resources and unnecessary concerns for both patients and clinicians [START_REF] Cattaneo | Concomitant occurrence of macroprolactin, exerciseinduced amenorrhea, and a pituitary lesion: a diagnostic pitfall. Case report[END_REF][START_REF] Fahie-Wilson | In hyperprolactinemia, testing for macroprolactin is essential[END_REF][START_REF] Gibney | The Impact on clinical practice of routine screening for macroprolactin[END_REF][START_REF] Guay | Delayed diagnosis of psychological erectile dysfunction because of the presence of macroprolactinemia[END_REF][START_REF] Heaney | Misleading hyperprolactinaemia in pregnancy[END_REF][START_REF] Olukoga | Macroprolactinaemia: validation and application of the polyethylene glycol precipitation test and clinical characterization of the condition[END_REF][START_REF] Schlechte | The macroprolactin problem[END_REF][START_REF] Suliman | Frequent misdiagnosis and mismanagement of hyperprolactinemic patients before the introduction of macroprolactin screening: application of a new strict laboratory definition of macroprolactinemia[END_REF]. The prevalence of macroprolactinemia in hyperprolactinemic samples obtained in clinical practice has been evaluated in different studies and reported to range from 15 to 46% [START_REF] Gibney | Clinical relevance of macroprolactin[END_REF]. When hyperprolactinemia is detected in the first assay, clinicians are advised to obtain a control test from another laboratory that uses a different assay kit. If a major discrepancy is observed between the two results, particularly if one is normal, then macroprolactinemia is the most likely explanation [START_REF] Smith | Technology insight: measuring prolactin in clinical samples[END_REF]. The current recommendation for best practices in clinical chemistry laboratories when hyperprolactinemia is detected is to subfractionate the serum using 12.5% (w/v) polyethylene glycol (PEG). This procedure removes the higher molecular weight forms of PRL through precipitation, and the monomeric forms remain in the supernatant [START_REF] Smith | Technology insight: measuring prolactin in clinical samples[END_REF]. Residual PRL levels measured after precipitation with PEG correspond closely to monomeric PRL levels obtained after gel filtration chromatography (GFC) [START_REF] Kavanagh | Specificity and clinical utility of methods for the detection of macroprolactin[END_REF], which is the reference method for fractionating the various isoforms of PRL, including macroprolactin, in serum, but this method is cumbersome and costly.

3-3-3 Differential diagnosis

Hyperprolactinemia is the hallmark of prolactinomas, but may also be a consequence of a large variety of other disorders that must be excluded before prolactinoma is diagnosed.

Polycystic ovary syndrome (PCOS) is often associated with hyperprolactinemia and was long considered one of its causes. In fact, this association of two disorders that are both very common in the general population is more likely due to random chance. Indeed, an etiological investigation of women with both PCOS and hyperprolactinemia (11 to 16% of women with PCOS) showed that 50-70% had a prolactinoma, while hyperprolactinemia was drug-induced or related to assay artefacts (macroprolactin) in the remaining cases [START_REF] Filho | Polycystic ovary syndrome and hyperprolactinemia are distinct entities[END_REF][START_REF] Kyritsi | The value of prolactin in predicting prolactinomicronma in hyperprolactinaemic polycystic ovarian syndrome[END_REF].

Prolactinomas are the cause of hyperprolactinemia in approximately 12% to 70% of patients, depending on the level of PRL considered the diagnostic value and the type of population studied [START_REF] Kars | Estimated age-and sex-specific incidence and prevalence of dopamine agonist-treated hyperprolactinemia[END_REF][START_REF] Souter | Prevalence of hyperprolactinemia and abnormal magnetic resonance imaging findings in a population with infertility[END_REF][START_REF] Filho | Polycystic ovary syndrome and hyperprolactinemia are distinct entities[END_REF][START_REF] Miyai | Asymptomatic hyperprolactinaemia and prolactinoma in the general population--mass screening by paired assays of serum prolactin[END_REF].

Many physiological and pathological conditions may be associated with hyperprolactinemia [START_REF] Chanson | Prolactinoma[END_REF]. They are generally excluded by a careful review of the history and physical examination, as well as routine blood chemistry and thyroid function tests (Table 2).

4-Imaging

All patients with hyperprolactinemia in whom obvious non-hypothalamic-pituitary disorders have been excluded should undergo a pituitary MRI including at least T2-weighted coronal sections and T1-weighted coronal sections before and after gadolinium enhancement [81, 82 , 83]. A challenge in evaluating patients with mild hyperprolactinemia is the finding of a false-positive CT or MRI mass (pituitary incidentaloma). Because these techniques detect incidental non-secreting tumors, cysts, infarcts, or even normal focal heterogeneity in the pituitary gland [START_REF] Molitch | Pituitary tumours: pituitary incidentalomas[END_REF], the finding of a visible pituitary nodule on images from a patient with elevated PRL levels may not always be synonymous with the presence of a prolactinoma.

On T1-weighted MRI, micro-and macroprolactinomas are usually hypointense and occasionally isointense, but are rarely hyperintense (hemorrhagic transformation) [START_REF] Bonneville | Magnetic resonance imaging of pituitary adenomas[END_REF] (Figures 2 and3). The T2 MRI is more variable: 80% of prolactinomas are hyperintense and approximately half are heterogeneous [START_REF] Bonneville | Imagerie de l'hypophyse et de la tige pituitaire[END_REF][START_REF] Burlacu | T2-weighted magnetic resonance imaging characterization of prolactinomas and association with their response to dopamine agonists[END_REF]}. Physiological conditions, such as puberty and the post-pubertal period in girls [START_REF] Chanson | Normal pituitary hypertrophy as a frequent cause of pituitary incidentaloma: a follow-up study[END_REF], as well as pregnancy or spontaneous intracranial hypotension (which induces an increase in pituitary height) [START_REF] Schievink | Hyperprolactinemia due to spontaneous intracranial hypotension[END_REF], and morphological abnormalities leading to container-content mismatch [START_REF] Bonneville | Imagerie de l'hypophyse et de la tige pituitaire[END_REF] may result in misleading images.

Pituitary macroadenomas generally exhibit extrasellar extension that usually extends upwards towards the optochiasmatic cistern (Figure 3). Downward extension into the sphenoid sinus or lateral extension towards the cavernous sinus may also be observed [START_REF] Delgrange | Influence of parasellar extension of macroprolactinomas defined by magnetic resonance imaging on their responsiveness to dopamine agonist therapy[END_REF]. Hemorrhagic transformation occurs in approximately 20% of macroprolactinomas, but is usually asymptomatic [START_REF] Sarwar | The prevalence and natural history of pituitary hemorrhage in prolactinoma[END_REF]. Acute intra-adenomatous bleeding in the setting of pituitary apoplexy [START_REF] Briet | Pituitary apoplexy[END_REF] results in heterogeneous T1 hyperintensity. In the subacute stage, the sedimentation of blood and hemoglobin derivatives (deoxyhemoglobin and methemoglobin) can lead to the appearance of fluid-fluid levels within the hemorrhage.

Visual field testing should be performed in patients whose tumors are adjacent to or abut the optic chiasm, as visualized on an MRI scan. If a clear distance of >2 mm is seen, this testing is unnecessary.

A CT scan of the pituitary region is useful for detecting skull base bone erosion in patients with large invasive macroprolactinomas (Figure 4), particularly in men, which, in combination with subsequent tumor shrinkage following treatment with DAs, may result in spontaneous CSF rhinorrhea [START_REF] Cesak | Medically induced CSF rhinorrhea following treatment of macroprolactinoma: case series and literature review[END_REF].

5-Treatment

5-1 Surveillance

Studies of the natural history of untreated microprolactinomas have shown that significant or persistent growth of these tumors is uncommon [START_REF] Sarwar | The prevalence and natural history of pituitary hemorrhage in prolactinoma[END_REF][START_REF] Schlechte | The natural history of untreated hyperprolactinemia: a prospective analysis[END_REF]. Therefore, as recommended by the most recent guidelines for the treatment of prolactinomas [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF], symptomatic eugonadal patients with microprolactinomas do not require active therapy and can be monitored with regular measurements of PRL levels. A prolactinoma is unlikely to show significant growth without a concomitant increase in hormone levels. Likewise, amenorrheic premenopausal women with a microadenoma who do not wish to become pregnant may be treated with oral contraceptives instead of DA therapy, if PRL levels do not increase substantially and evidence of tumor enlargement is not observed [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF][START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF].

For patients with macroprolactinomas, therapy is usually advisable as these tumors have shown a propensity to grow and eventually become aggressive, particularly in males, in whom cavernous sinus invasion is frequently observed [START_REF] Delgrange | Sex-related difference in the growth of prolactinomas: a clinical and proliferation marker study[END_REF]. Moreover, most macroprolactinomas are associated with symptoms related to significantly increased PRL levels or tumor compression (see the preceding sections).

5-2 Medical treatment

Medical therapy with DAs represents the primary therapy for almost all prolactinomas, including microadenomas that require treatment, macroprolactinomas and giant prolactinomas.

The well-documented high efficacy of DA therapy for decreasing hyperprolactinemia and the tumor volume applies to both female and male patients, in whom DA therapy will usually normalize PRL levels, regardless of the tumor size [START_REF] Pinzone | Primary medical therapy of micro-and macroprolactinomas in men[END_REF][START_REF] Colao | Gender differences in the prevalence, clinical features and response to cabergoline in hyperprolactinemia[END_REF][START_REF] Verhelst | Toward the establishment of a clinical prediction rule for response of prolactinomas to cabergoline[END_REF]. The three drugs currently that are available for this indication in most countries are bromocriptine, cabergoline and quinagolide.

5-2-1 Efficacy of the different DAs

5-2-1-1 The "old" agent bromocriptine

Bromocriptine is an ergot derivative that functions as both a D1R and D2R agonist. It was the first DA introduced into clinical practice more than 40 years ago [START_REF] Thorner | Long-term treatment of galactorrhoea and hypogonadism with bromocriptine[END_REF]. Although its use has largely been supplanted by cabergoline, some patients may continue to use this drug in specific situations (e.g., patients whose symptoms have been well controlled by this drug for many years, in young women who are planning a pregnancy and reside in countries where the use of cabergoline has not been approved for this indication, or patients with severe cardiac valve disease). Most patients are successfully treated with daily doses of 7.5 mg or less.

However, doses as high as 20-40 mg/day may be necessary for patients who display DA resistance. Bromocriptine normalizes serum PRL levels in 78% and 72% of patients with microprolactinomas and macroprolactinomas, respectively [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF][START_REF] Colao | Dopamine receptor agonists for treating prolactinomas[END_REF]. The resumption of ovulatory cycles occurred in approximately 80% of women.

A significant decrease in tumor size is achieved in approximately 77% of patients, with a reduction in tumor size greater than 50%, between 25 and 50%, and less than 25%, in 40%, 30% and in the remainder of patients, respectively [START_REF] Bevan | Dopamine agonists and pituitary tumor shrinkage[END_REF]. Importantly, some patients experience an extremely rapid decrease in tumor size with a significant improvement in visual fields noted within 24-72 hours, and changes are already apparent on images within 2 weeks [START_REF] Thorner | Rapid regression of pituitary prolactinomas during bromocriptine treatment[END_REF]. Improvements in the visual field generally parallel the changes observed on pituitary images, whereas the reduction in PRL levels usually precedes any detectable change in tumor size.

5-2-1-2 The "new" agent cabergoline 13

Cabergoline is an ergot derivative that is more (but not strictly) selective for D2R and has a long duration of action, which permits once or twice weekly administration. Most patients are successfully treated with weekly doses of 0.5 or 1 mg, but a few will require doses of ≥3.5 mg to control their symptoms [START_REF] Ono | Prospective study of high-dose cabergoline treatment of prolactinomas in 150 patients[END_REF].

In a compilation of 14 prospective studies of the effects of cabergoline treatment on patients with hyperprolactinemic disorders, the hormonal response rate was 73-96% and the tumor size was reduced by 50 to 100% [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF] (Figure 5). Approximately 80-90% of patients present a rapid response (within 3 months) to low doses of cabergoline (less than 2.0 mg/week) and exhibit good tolerability [START_REF] Ono | Prospective study of high-dose cabergoline treatment of prolactinomas in 150 patients[END_REF][START_REF] Delgrange | Characterization of resistance to the prolactin-lowering effects of cabergoline in macroprolactinomas: a study in 122 patients[END_REF]. However, some patients require higher doses, and approximately 10-15% of patients respond to each dose increase with a step-wise reduction in their PRL levels. Thus, cabergoline is certainly the most effective compound to treat prolactinomas, and provides good patient compliance with long-term treatment regimens.

3-2-1-3 Quinagolide

Quinagolide is a non-ergot dopamine agonist with selective D2R activity. Therapeutic doses range from 0.075 to 0.600 mg once daily. Its efficacy in normalizing PRL levels and reducing tumor size is similar to bromocriptine and pergolide [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF][START_REF] Brownell | Quinagolide in hyperprolactinemia[END_REF]. Furthermore, approximately 40% of patients who are resistant to bromocriptine respond to quinagolide [START_REF] Barlier | Quinagolide--a valuable treatment option for hyperprolactinaemia[END_REF], and adverse effects occur less frequently than with bromocriptine [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF][START_REF] Brownell | Quinagolide in hyperprolactinemia[END_REF], likely because of the more specific D2R affinity and no intrinsic agonist activity towards 5-HT2B receptors. This drug is currently unavailable in the US, but is approved for use in Europe.

3-2-2 Management of medical treatment

Usually, the DA is initiated at a low dose (typically 0.25-0.5 mg of cabergoline once or twice weekly), and the dose is escalated at 1-3 monthly intervals according to PRL levels and the reduction in tumor size [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Schlechte | Clinical practice. Prolactinoma[END_REF][START_REF] Casanueva | Guidelines of the Pituitary Society for the diagnosis and management of prolactinomas[END_REF][START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF][START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF]. In patients with macroprolactinomas, more intensive treatment with higher doses of cabergoline and a more rapid increase in the dose has been suggested to achieve a more rapid reduction in PRL levels and tumor volumes [START_REF] Ono | Individualized High-Dose Cabergoline Therapy for Hyperprolactinemic Infertility in Women with Micro-and Macroprolactinomas[END_REF]. In fact, a comparative prospective randomized study showed that intensive treatment with cabergoline was not superior to the conventional recommended dosage schedule with respect to the time needed to normalize PRL levels and to achieve 50% tumor shrinkage [START_REF] Rastogi | A comparison between intensive and conventional cabergoline treatment of newly diagnosed patients with macroprolactinoma[END_REF]. According to Endocrine Society guidelines, once the PRL level has been normalized and tumor volume has decreased, DA therapy (sometimes at high doses) should be continued for a minimum of two years [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF] before attempting treatment withdrawal. Another strategy is to gradually taper the DA dose to the minimum concentration required to maintain both a normal PRL level and control the tumor volume [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF]. In a large retrospective study of cabergoline-treated patients with macroprolactinomas, a strategy in which the cabergoline dose was maintained (fixeddose group) and a strategy in which the cabergoline dose was tapered (de-escalation group) until the minimal effective dose required to maintain a normal PRL level was established were compared once the PRL levels were normalized [START_REF] Paepegaey | Cabergoline tapering is almost always successful in patients with macroprolactinomas[END_REF]. Cabergoline de-escalation was successful in 91.7% of patients. The mean cabergoline dose was reduced from 1.52±1.17 to 0.56±0.44 mg/week at the last visit. De-escalation was also possible in patients requiring high doses of cabergoline (≥2 mg/week) to normalize PRL levels. Cabergoline de-escalation had no negative long-term effects on the tumor size [START_REF] Paepegaey | Cabergoline tapering is almost always successful in patients with macroprolactinomas[END_REF].

3-2-3 Discontinuation of DA treatment

While the medical treatment of prolactinoma is generally considered a lifelong therapy in most patients [START_REF] Schlechte | Long-term management of prolactinomas[END_REF], many studies have now shown that withdrawal of DA may be successful under well-defined conditions without recurrence of hyperprolactinemia. A meta-analysis reported by Dekkers et al. in 2010, which included 19 studies and 743 patients, showed a global remission rate of 21% of all prolactinomas after DA withdrawal [START_REF] Dekkers | Recurrence of hyperprolactinemia after withdrawal of dopamine agonists: systematic review and metaanalysis[END_REF]. Slightly better results were observed in patients with a microprolactinoma, in patients who were treated for at least 2 years, and in patients treated with cabergoline rather than bromocriptine. In addition, the absence of cavernous sinus invasion, a longer treatment duration, and lower PRL levels, residual tumor diameter and cabergoline doses at the time of withdrawal were all associated with a higher likelihood of remission [START_REF] Colao | Withdrawal of long-term cabergoline therapy for tumoral and nontumoral hyperprolactinemia[END_REF][START_REF] Kharlip | Recurrence of hyperprolactinemia after withdrawal of long-term cabergoline therapy[END_REF].

Recent studies using strictly defined criteria to eventually stop DA treatment (strict PRL normalization with the lowest dose of the DA (i.e., 0.25 mg/week of cabergoline), no cavernous sinus invasion, at least 2 or 3 years of treatment, and tumor disappearance or a greater than 50% reduction in size on MRI) have indeed shown a substantial proportion of patients with persistent normoprolactinemia after drug withdrawal (Table 3) [START_REF] Kharlip | Recurrence of hyperprolactinemia after withdrawal of long-term cabergoline therapy[END_REF][START_REF] Huda | Factors determining the remission of microprolactinomas after dopamine agonist withdrawal[END_REF][START_REF] Anagnostis | Long term follow-up of patients with prolactinomas and outcome of dopamine agonist withdrawal: a single center experience[END_REF][START_REF] Barber | Recurrence of hyperprolactinaemia following discontinuation of dopamine agonist therapy in patients with prolactinoma occurs commonly especially in macroprolactinoma[END_REF][START_REF] Watanabe | Longterm results of cabergoline therapy for macroprolactinomas and analyses of factors associated with remission after withdrawal[END_REF][START_REF] Ji | Best candidates for dopamine agonist withdrawal in patients with prolactinomas[END_REF][START_REF] Teixeira | Prolactinoma management: predictors of remission and recurrence after dopamine agonists withdrawal[END_REF]. In these studies, remission rates observed for microprolactinomas range from 23 to 78% (overall: 47%) and remission rates for macroprolactinomas range from 7 to 73% (overall: 41%). In most of these studies, the most effective predictor of long-term remission appeared to be the observation of no visible tumor remnant on MRI at the time of drug withdrawal.

Notably, a second attempt at cabergoline withdrawal after two additional years of therapy may be successful, particularly in patients with low PRL levels after treatment and no visible tumor on pituitary MRI [START_REF] Kwancharoen | Second attempt to withdraw cabergoline in prolactinomas: a pilot study[END_REF][START_REF] Vilar | Second attempt of cabergoline withdrawal in patients with prolactinomas after a failed first attempt: Is it worthwhile?[END_REF].

The precise mechanisms underlying the post-treatment remission of prolactinomas are still unclear but may involve prolactin cell necrosis or apoptosis, and tumor hemorrhage or fibrosis that may occur in response to DA therapy [START_REF] Sarwar | The prevalence and natural history of pituitary hemorrhage in prolactinoma[END_REF][START_REF] Esiri | Effect of bromocriptine treatment on the fibrous tissue content of prolactin-secreting and nonfunctioning macroadenomas of the pituitary gland[END_REF][START_REF] Stefaneanu | Effect of Dopamine Agonists on Lactotroph Adenomas of the Human Pituitary[END_REF].

3-2-4 Side effects of DAs 3-2-4-1 Short-term side effects

All currently available DAs -even when administered at low doses -may produce several side effects, including nausea and vomiting, other gastrointestinal symptoms, postural hypotension, dizziness, headache, nasal stuffiness and Raynaud's phenomenon [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF][START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF]. These short-term side effects are related to a parallel activation of 5-HT1R and D1R receptors, and are much more common with bromocriptine than with cabergoline or quinagolide [START_REF] Webster | A comparative review of the tolerability profiles of dopamine agonists in the treatment of hyperprolactinaemia and inhibition of lactation[END_REF][START_REF] Webster | A comparison of cabergoline and bromocriptine in the treatment of hyperprolactinemic amenorrhea. Cabergoline Comparative Study Group [see comments[END_REF], likely because of a shorter half-life and a less specific D2R agonist activity. In most patients, these side effects are moderate and subside with time. They can be minimized by introducing the drug at a low dose at bedtime, taking it with food, and then escalating the dose very gradually. However, intolerance persists in some patients, the quality of life deteriorates and therapy withdrawal is required. Fortunately, this scenario is uncommon and occurs in less than 3-4% of cabergoline-treated patients [START_REF] Verhelst | Cabergoline in the treatment of hyperprolactinemia: a study in 455 patients[END_REF][START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF][START_REF] Webster | A comparative review of the tolerability profiles of dopamine agonists in the treatment of hyperprolactinaemia and inhibition of lactation[END_REF][START_REF] Rains | Cabergoline: a review of its pharmacological properties and therapeutic potential in the treatment of hyperprolactinaemia and inhibition of lactation[END_REF]. When intolerance to all available DAs is observed, an alternative treatment such as neurosurgery must be considered.

Nonsurgical CSF rhinorrhea has been reported during treatment of a large invasive macroprolactinoma with bromocriptine or cabergoline. This complication is due to rapid tumor shrinkage, partially removing the "cork" that was formed by the adenoma to cover the tumor-induced defect in the skull base [START_REF] Maiter | Therapy of endocrine disease: the challenges in managing giant prolactinomas[END_REF][START_REF] Suliman | Nonsurgical cerebrospinal fluid rhinorrhea in invasive macroprolactinoma: incidence, radiological, and clinicopathological features[END_REF]. A reduction in the dose but not discontinuation of the DA is advocated in these patients to achieve mild reexpansion of the adenoma and obturation of the breach.

3-2-4-2 Long-term side effects

Regarding long-term side effects, constrictive pericarditis and pleuropulmonary fibrosis have been reported in patients who are chronically treated with high doses of bromocriptine or cabergoline for Parkinson's disease [START_REF] Mcelvaney | Pleuropulmonary disease during bromocriptine treatment of Parkinson's disease[END_REF][START_REF] Guptha | Pleural effusion and thickening due to cabergoline use in a patient with Parkinson's disease[END_REF][START_REF] Townsend | Constrictive pericarditis and pleuropulmonary fibrosis secondary to cabergoline treatment for Parkinson's disease[END_REF], but rather exceptionally in patients treated with lower doses for a prolactinoma [START_REF] Serratrice | Fibrotic valvular heart disease subsequent to bromocriptine treatment[END_REF][START_REF] Londahl | A case of constrictive pericarditis during cabergoline treatment for hyperprolactinaemia. 10.1530/EJE-07-0584[END_REF].

A more concerning issue that has been identified over the last few years has been the possible association between the long-term use of bromocriptine or cabergoline and cardiac valve disease. Indeed, while occasionally reported in previous studies, a significant risk of cardiac valve regurgitation in patients treated with some ergot-derived DAs was reinforced by two reports published in 2007 of data from patients who were chronically treated with high doses of DAs for Parkinson's disease [START_REF] Schade | Dopamine agonists and the risk of cardiac-valve regurgitation[END_REF][START_REF] Zanettini | Valvular heart disease and the use of dopamine agonists for Parkinson's disease[END_REF]. Valve abnormalities typically included fibrotic thickening and stiffening of the leaflets and chordae and a reduction of the valve tenting area (an index of valve closure ability), and involved mainly the tricuspid, mitral and aortic valves.

The risk is mainly related to the variable intrinsic agonist properties of some DAs for the serotoninergic 5-HT2B cardiac receptors present in heart valves [START_REF] Roth | Drugs and valvular heart disease[END_REF]. Higher risks were observed for patients treated with cabergoline and pergolide than bromocriptine, and the risks appeared to be negligible for patients treated with quinagolide [START_REF] Roth | Drugs and valvular heart disease[END_REF].

Since 2007, many cross-sectional and prospective studies were initiated to identify an increased prevalence of cardiac valve complications in patients treated with DAs (mainly cabergoline) for hyperprolactinemic disorders, and most of these data were summarized in a review published by Caputo et al. in 2015 [START_REF] Caputo | The need for annual echocardiography to detect cabergoline-associated valvulopathy in patients with prolactinoma: a systematic review and additional clinical data[END_REF]. The authors concluded that the probability of clinically significant cabergoline-associated valvular heart disease was very low, as only two of 1 811 patients (prevalence: 0.11%) had a confirmed typical cabergoline-associated valvulopathy, as defined by the triad of moderate or severe valve regurgitation associated with a thickened and restricted valve (notably, a third case has since been reported based on a newonset cardiac murmur [START_REF] Caputo | The Third Case of Cabergoline-Associated Valvulopathy: The Value of Routine Cardiovascular Examination for Screening[END_REF]).

A large follow-up multicenter study performed in the UK confirmed the lack of association between the cumulative dose of DA treatment for prolactinoma and the age-corrected prevalence of any valvular abnormality [START_REF] Drake | A crosssectional study of the prevalence of cardiac valvular abnormalities in hyperprolactinemic patients treated with ergot-derived dopamine agonists[END_REF], while a new meta-analysis only identified an association between "low-dose" cabergoline treatment for hyperprolactinemia and an increased prevalence of mild to moderate tricuspid regurgitation, without any clinical consequences [START_REF] Stiles | A meta-analysis of the prevalence of cardiac valvulopathy in hyperprolactinemic patients treated with Cabergoline[END_REF]. Thus, a definite conclusion has not been reached, but the risk of clinically significant changes in valve morphology and dysfunction associated with DAs administered at doses used to manage hyperprolactinemia appear to be extremely limited.

Based on all these data, Steeds et al. recommend, in a recent joint position statement of the British Society of Echocardiography, the British Heart Valve Society and the Society for Endocrinology, a standard transthoracic echocardiogram before a patient starts long-term DA therapy for hyperprolactinemia at 5 years after starting cabergoline if the total weekly dose remains ≤2 mg and annually if the patient is taking more than 2 mg weekly [START_REF] Steeds | Echocardiography and monitoring patients receiving dopamine agonist therapy for hyperprolactinaemia: a joint position statement of the British Society of Echocardiography, the British Heart Valve Society and the Society for Endocrinology[END_REF].

Much more worrisome are neuropsychiatric symptoms such as psychosis (or exacerbation of pre-existing psychosis) [START_REF] Boyd | Bromocriptine and psychosis: a literature review[END_REF] and impulse control disorders (ICDs), including pathological gambling, hypersexuality, compulsive shopping or eating, and punding (repetitive performance of tasks), which can have devastating effects on the patient and his/her social environment. These side effects have long been underestimated until recent studies showed that ICDs are associated with both chronic bromocriptine and cabergoline treatments [START_REF] Bancos | Impulse control disorders in patients with dopamine agonist-treated prolactinomas and nonfunctioning pituitary adenomas: a case-control study[END_REF][START_REF] Noronha | Treating prolactinomas with dopamine agonists: always worth the gamble?[END_REF][START_REF] Barake | Investigation of impulsivity in patients on dopamine agonist therapy for hyperprolactinemia: a pilot study[END_REF][START_REF] Moore | Reports of pathological gambling, hypersexuality, and compulsive shopping associated with dopamine receptor agonist drugs[END_REF]. The true prevalence of ICDs specifically related to DAs in hyperprolactinemic patients remains unclear. A cross-sectional study found a non-significant increase in the prevalence of ICDs in 77 patients with prolactinomas with current or past use of DAs (24.7%) compared to 70 patients with non-functioning adenomas (17.1%). Another recent cross-sectional study performed in 308 patients observed the presence of any ICD in one of six hyperprolactinemic patients who were treated with DA [START_REF] Dogansen | Dopamine agonist-induced impulse control disorders in patients with prolactinoma: a crosssectional multicenter study[END_REF]. Interestingly, men had a higher frequency of ICDs associated with DAs, and hypersexuality was the most commonly reported side effect [START_REF] Bancos | Impulse control disorders in patients with dopamine agonist-treated prolactinomas and nonfunctioning pituitary adenomas: a case-control study[END_REF][START_REF] Dogansen | Dopamine agonist-induced impulse control disorders in patients with prolactinoma: a crosssectional multicenter study[END_REF]. A recent literature review concluded that despite the lack of randomized controlled studies, a consistent association exists between a wide variety of ICDs and DA treatment in patients with prolactinoma [START_REF] Barake | MANAGEMENT OF ENDOCRINE DISEASE: Impulse control disorders in patients with hyperpolactinemia treated with dopamine agonists: how much should we worry?[END_REF], and for the authors recommended that endocrinologists increase their awareness of this potential adverse event to facilitate early detection wand subsequent drug cessation. Risk factors include the dosage of DA, male gender, younger age and being unmarried [START_REF] Athanasoulia-Kaspar | Neuropsychiatric and metabolic aspects of dopaminergic therapy: perspectives from an endocrinologist and a psychiatrist[END_REF].

3-2-4-3 Quality of life of patients receiving chronic DA treatment

Most studies on treatment of functioning pituitary adenomas, particularly prolactinomas, have focused on clinical and biochemical outcomes rather than on functional and mental wellbeing.

Recently, this important outcome has received increasing attention, and researchers recommend that is should now be considered when deciding the appropriate treatment strategy [START_REF] Andela | Quality of life (QoL) impairments in patients with a pituitary adenoma: a systematic review of QoL studies[END_REF][START_REF] Andela | Towards a better quality of life (QoL) for patients with pituitary diseases: results from a focus group study exploring QoL[END_REF]. A specific chapter of this issue will be devoted to the psychological burden of pituitary diseases and their treatment (see Biermacz N, Best Pract Res Clin Endocrinol Metab. 2019 in this issue)

In the study by Kars et al, the quality of life (QoL) was significantly impaired in female patients with microprolactinoma after several years of treatment with DAs compared with control subjects. This impairment was due to increased anxiety, depression and fatigue scores, but the authors failed to show an association with current use of DAs [START_REF] Kars | Quality of life is decreased in female patients treated for microprolactinoma[END_REF]. Similar results were reported by other authors who also observed an inverse relationship between the QoL and both the PRL level and free androgen index [START_REF] De | Quality of life in women with microprolactinoma treated with dopamine agonists[END_REF]. Although not found in all studies, negative effects of the chronic use of DAs on some dimensions of QoL, such as mood or sexual activity, have been reported [START_REF] Ioachimescu | Psychological effects of dopamine agonist treatment in patients with hyperprolactinemia and prolactin-secreting adenomas[END_REF][START_REF] Raappana | Long-term health-related quality of life of surgically treated pituitary adenoma patients: a descriptive study[END_REF]. These adverse effects do not appear to be related to gender, personal history of psychiatric disorders, type of DA, dose and duration of therapy, and, importantly, they are usually reversible after DA discontinuation [START_REF] Ioachimescu | Psychological effects of dopamine agonist treatment in patients with hyperprolactinemia and prolactin-secreting adenomas[END_REF]. Clearly, this important issue deserves greater medical attention and further studies, including comparisons with surgical treatment.

5-3 Surgical treatment

5-3-1 Indications for surgery 20

Although DAs remain the primary treatment for prolactinomas in current guidelines, indications for neurosurgery have been expanding over the last few years dues to several advances in imaging and surgical techniques and better surgical outcomes [147]. For many years, classical indications for neurosurgery have been restricted to a few indications, including (i) acute complications such as pituitary apoplexy or CSF leakage, (ii) resistance or intolerance to DAs, resulting in doses that are insufficient to sufficiently reduce PRL levels or tumor size, and, rarely, (iii) symptomatic pregnancy-related tumor expansion that is refractory to medical therapy [START_REF] Melmed | Diagnosis and treatment of hyperprolactinemia: an Endocrine Society clinical practice guideline[END_REF]. Neurosurgery should be also considered for women with worrisome macroadenomas that are planning a pregnancy.

Other indications are now being reconsidered, such as young patients with a high likelihood of complete tumor resection and who do not wish to undergo prolonged medical treatment, or patients with predominantly cystic tumors [START_REF] Kreutzer | Operative treatment of prolactinomas: indications and results in a current consecutive series of 212 patients 10.1530/EJE-07-0248[END_REF]. Individuals who require higher than standard doses of cabergoline to control PRL levels (the "partially resistant" patients) might also benefit from surgery, although tumor resection is incomplete. Surgical debulking may indeed improve their hormonal control with lower postoperative doses of the DA [START_REF] Primeau | Outcomes of transsphenoidal surgery in prolactinomas: improvement of hormonal control in dopamine agonist-resistant patients[END_REF][START_REF] Vroonen | Prolactinomas resistant to standard doses of cabergoline: a multicenter study of 92 patients[END_REF]. Other potential indications for surgery emerge, as the patients in whom drug withdrawal might become mandatory due to rare cardiac valve complications with chronic dopamine agonist therapy or, more frequently, unacceptable ICDs (see the preceding section).

5-3-2. Neurosurgical techniques

With the exception of the rare giant tumors with large suprasellar extension beyond the midline, the transsphenoidal approach still represents the standard of care. Recent technological advances include endonasal endoscopy, intraoperative MRI and neuronavigation [147, [START_REF] Buchfelder | Surgical treatment of pituitary tumours[END_REF][START_REF] Cappabianca | Surgical complications associated with the endoscopic endonasal transsphenoidal approach for pituitary adenomas[END_REF][START_REF] Halvorsen | Surgical complications after transsphenoidal microscopic and endoscopic surgery for pituitary adenoma: a consecutive series of 506 procedures[END_REF][START_REF] Laws | A checklist for endonasal transsphenoidal anterior skull base surgery[END_REF]. Immediate surgical results obtained using the endonasal endoscopic approach are comparable to the results obtained using the traditional operating microscope, but overall complication rates appear to be slightly lower, and the operative duration and hospitalization stays may be reduced [147,[START_REF] Buchfelder | Surgical treatment of pituitary tumours[END_REF][START_REF] Cappabianca | Surgical complications associated with the endoscopic endonasal transsphenoidal approach for pituitary adenomas[END_REF][START_REF] Halvorsen | Surgical complications after transsphenoidal microscopic and endoscopic surgery for pituitary adenoma: a consecutive series of 506 procedures[END_REF][START_REF] Laws | A checklist for endonasal transsphenoidal anterior skull base surgery[END_REF]. More important for a successful outcome is the pituitary expertise of the neurosurgeon and his familiarity and expertise with the technique used, regardless of the operative route and imaging modalities [START_REF] Casanueva | Criteria for the definition of Pituitary Tumor Centers of Excellence (PTCOE): A Pituitary Society Statement[END_REF].

5-3-3 Neurosurgical outcome

Surgical results from a very large number of published series have been summarized in two comprehensive reviews using the same inclusion criteria (cure or remission rates according to the size of the tumor (microadenoma vs. macroadenoma) and defined by postoperative normalization of PRL levels), with documented follow-up. The first review analyzed results from 50 series published between 1980 and 2005 with a total of 4 363 patients (2 137 with a microprolactinoma and 2 226 with a macroprolactinoma) [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF] and the second focused on 12 more recent series published between 2005 and 2015, including a total of 1 583 patients (741 with a micro-and 842 with a macroprolactinoma) [START_REF] Chanson | Prolactinoma[END_REF]. In the review by Gillam et al [START_REF] Gillam | Advances in the treatment of prolactinomas[END_REF], average estimated rates of remission were 75% and 34% for micro-and macroprolactinomas, respectively, while in the review by Chanson and Maiter [START_REF] Chanson | Prolactinoma[END_REF], slightly better rates were obtained (81% for PRL-secreting microadenomas and 41% for macroadenomas). Surgical success rates were highly variable across the series, ranging from 60% to 93% for microadenomas and from 10% to 74% for macroadenomas, depending on surgeon's expertise and different selected indications.

The absence of cavernous sinus invasion and the initial magnitude of PRL hypersecretion were identified as the two best factors predicting surgical success [147]. Indeed, a preoperative PRL concentration less than 200 µg/l is associated with a higher likelihood of long-term remission [START_REF] Amar | Predictive value of serum prolactin levels measured immediately after transsphenoidal surgery[END_REF]. The remission rate is higher for patients with prolactinomas enclosed by the pituitary gland (87%) than for patients with adenomas located laterally (45%) due to the possible invasion of the cavernous sinus [START_REF] Micko | Endoscopic Transsphenoidal Surgery of Microprolactinomas: A Reappraisal of Cure Rate Based on Radiological Criteria[END_REF]. When visual deficits are present preoperatively, they are improved by surgery in the vast majority of patients [START_REF] Liu | Clinical outcomes in male patients with lactotroph adenomas who required pituitary surgery: a retrospective single center study[END_REF].

The immediate success rates of surgery should be tempered by the rather high risk of recurrence of hyperprolactinemia after initial remission. Based on 30 studies published between 1985 and 2010 including 3 152 patients, a median recurrence rate of 18% was observed after a median follow-up period of 4.9 ± 0.6 years [START_REF] Roelfsema | Clinical factors involved in the recurrence of pituitary adenomas after surgical remission: a structured review and meta-analysis[END_REF] When performed by a very experienced surgeon, the overall mortality rate for transsphenoidal surgery is very low, less than 0.5%, and major complications (CSF leakage, meningitis, stroke, intracranial hemorrhage, and vision loss) occur in 1 to 3% of patients, with similar rates observed for the microscopic and endoscopic approaches [START_REF] Gondim | Endoscopic endonasal transsphenoidal surgery: surgical results of 228 pituitary adenomas treated in a pituitary center[END_REF][START_REF] Jane | Surgical Treatment of Pituitary Adenomas[END_REF]. However, these risks are much greater in less experienced centers, reaching greater than 1.0% and between 6 and 15% for mortality and severe morbidity, respectively [START_REF] Barker | Transsphenoidal surgery for pituitary tumors in the United States, 1996-2000: mortality, morbidity, and the effects of hospital and surgeon volume[END_REF]. As observed for patients with other types of pituitary adenomas, these risks are lower for patients with microadenomas, while larger invasive tumors and giant adenomas are associated with a higher morbidity rate. Minor local postoperative complications (such as sinusitis, nasal bleeding or nasal septal perforations) are observed in approximately 5% of patients, regardless of the size of the tumor [START_REF] Jane | Surgical Treatment of Pituitary Adenomas[END_REF].

Complications of surgery may also include anterior hypopituitarism, permanent diabetes insipidus, and hyponatremia due to transient inappropriate secretion of vasopressin. Most patients with intact pituitary hormonal axes preoperatively retain normal function after surgery, except for diabetes insipidus, which can occur in up to 10% of patients, even in hospitals with a high caseload [START_REF] Barker | Transsphenoidal surgery for pituitary tumors in the United States, 1996-2000: mortality, morbidity, and the effects of hospital and surgeon volume[END_REF]. Researchers have not clearly determined what proportion of patients with preoperative pituitary deficits regain or experience a further deterioration of their pituitary function after neurosurgical treatment of macroprolactinomas.

Finally, the impact of preoperative DA treatment on surgical outcomes is still a matter of debate, with studies showing a negative effect [163 , 164], a neutral effect [START_REF] Bevan | Factors in the outcome of transsphenoidal surgery for prolactinoma and non-functioning pituitary tumour, including pre-operative bromocriptine therapy[END_REF][START_REF] Giovanelli | Surgical results in microadenomas[END_REF], or a positive effect of preoperative bromocriptine administration [START_REF] Sughrue | Preoperative dopamine agonist therapy improves post-operative tumor control following prolactinoma resection[END_REF][START_REF] Thomson | Ten year follow up of microprolactinoma treated by transsphenoidal surgery[END_REF]. Unfortunately, no randomized study has addressed this issue.

5-3-4 Cost effectiveness analyses

A few studies have compared the relative cost effectiveness of transsphenoidal surgery (either microsurgical or endoscopic) and medical therapy (either bromocriptine or cabergoline) with decision analysis modeling [START_REF] Jethwa | Cost-Effectiveness Analysis of Microscopic and Endoscopic Transsphenoidal Surgery Versus Medical Therapy in the Management of Microprolactinoma in the United States[END_REF][START_REF] Zygourakis | Cost-Effectiveness Analysis of Surgical versus Medical Treatment of Prolactinomas[END_REF]. Both studies concluded that surgery (either microscopic or endoscopic) appeared to be more cost-effective than life-long medical therapy in young patients with a life expectancy greater than 10 years, if neurosurgery is performed only in select patients by experienced pituitary surgeons at high-volume centers with high biochemical cure rates and low complication rates.

5-4 Radiotherapy

Due to high effectiveness of medical treatment to control the symptoms of most patients and of surgery to rapidly relieve most acute complications, radiotherapy (RT) has become exceptionally rarely used in patients with prolactinomas. It should be reserved for the rare large tumors that do not respond to DAs, recur or progress after surgery, and are highly aggressive or malignant [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF]. Recent advances in radiation techniques employed in the treatment of pituitary adenomas are reviewed elsewhere in another chapter of the same issue (Minniti G Best Pract Res Clin Endocrinol Metab 2019). These techniques currently facilitate much more accurate treatments by delivering higher radiation doses to the target volume and sparing the normal surrounding tissues. These technical improvements include intensitymodulated radiotherapy, volumetric modulated arc therapy, and stereotactic techniques, either stereotactic radiosurgery (SRS) using a gamma knife, linear accelerator-based systems or proton units, or fractionated stereotactic radiotherapy.

In most patients, RT (whether stereotactic or not) is administered following non-curative surgery of macroprolactinomas. In these patients, and despite progresses in irradiation techniques, this treatment is still disappointing regarding the normalization of PRL levels, which occurs in approximately 25-40% of patients after a median delay of 44 to 120 months after fractionated external beam RT (EBRT) and in 16 to 46% of patients after a median follow-up of 30 to 96 months after SRS [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Minniti | Stereotactic radiotherapy and radiosurgery for non-functioning and secreting pituitary adenomas[END_REF][START_REF] Wilson | Single-centre experience of stereotactic radiosurgery and fractionated stereotactic radiotherapy for prolactinomas with the linear accelerator[END_REF][START_REF] Castinetti | Role of stereotactic radiosurgery in the management of pituitary adenomas[END_REF][START_REF] Loeffler | Radiation therapy in the management of pituitary adenomas[END_REF][START_REF] Olsen | Radiotherapy for prolactin-secreting pituitary tumors[END_REF]. For example, in one large series, the reported remission rate of hyperprolactinemia was 31.4% in 455 patients with prolactinomas who were treated with gamma knife and the median time to PRL normalization ranged from 2 to 8 years [START_REF] Olsen | Radiotherapy for prolactin-secreting pituitary tumors[END_REF]. With the addition of medical therapy, however, the normalization of PRL levels was observed in approximately 80-100% of patients [START_REF] Loeffler | Radiation therapy in the management of pituitary adenomas[END_REF]. In contrast, local tumor control is usually excellent, with rates of 80-100% reported in recent series, regardless of whether EBRT or SRS was used [START_REF] Chanson | Prolactinoma[END_REF].

The choice of the mode of irradiation will mainly depend on the characteristics of the tumor remnant and technique and the experience available at the site at which the patient is being managed. When available, SRS is preferred if the tumor is well delineated and located at least 5 mm distant to the optic structures. In other patients, particularly in patients with large tumors presenting with suprasellar extension, EBRT is preferred [START_REF] Loeffler | Radiation therapy in the management of pituitary adenomas[END_REF][START_REF] Olsen | Radiotherapy for prolactin-secreting pituitary tumors[END_REF][START_REF] Brada | Radiosurgery for pituitary adenomas[END_REF].

Regardless of the technique used, the most frequent long-term complication of pituitary irradiation is anterior hypopituitarism. Indeed, technological advances in the more focused delivery of radiation are unlikely to significantly reduce this complication, as irradiated prolactinoma residues are usually invasive and located in close proximity to the adjacent normal pituitary and hypothalamic tissues. Not surprisingly, the cumulative actual risk of hypopituitarism is similar, approximately 50% at 10 years, for both EBRT and SRS [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Loeffler | Radiation therapy in the management of pituitary adenomas[END_REF][START_REF] Olsen | Radiotherapy for prolactin-secreting pituitary tumors[END_REF][START_REF] Hoybye | Adrenocorticotropic hormone-producing pituitary tumors: 12-to 22-year follow-up after treatment with stereotactic radiosurgery[END_REF].

Other reported risks of irradiation occur at a far lower frequency and include optic nerve damage, cerebrovascular accidents, neurological dysfunction, and secondary intracranial benign and malignant tumors [START_REF] Minniti | Stereotactic radiotherapy and radiosurgery for non-functioning and secreting pituitary adenomas[END_REF]. These risks will likely be significantly reduced in the future with the application of modern RT techniques, but further studies are needed. To date, no cases of secondary brain malignancy following SRS for pituitary adenomas have been reported, and only a few cases of benign brain tumors have been identified [START_REF] Olsen | Radiotherapy for prolactin-secreting pituitary tumors[END_REF].

5-4 Treatment of malignant prolactinomas

Resistance to dopamine agonists is a key feature of prolactin-secreting carcinomas [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF][START_REF] Maiter | Management of Dopamine Agonist-Resistant Prolactinoma[END_REF] and effective therapeutic options are limited when craniospinal or systemic metastases are present. Palliative debulking surgery is generally used and eventually repeated with the aim of relieving local compressive effects [START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF]. Radiotherapy may help slow tumor growth to some extent, but with the exception of a single case study [START_REF] Popadic | Malignant prolactinoma: case report and review of the literature[END_REF], evidence that RT prolongs survival is not available [START_REF] Chanson | Prolactinoma[END_REF].

A major advance in the treatment of these pituitary carcinomas has been reported in recent years with the use of temozolomide (TMZ), an oral alkylating agent that was first approved for the treatment of glioblastomas [START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Bengtsson | Long-term outcome and MGMT as a predictive marker in 24 patients with atypical pituitary adenomas and pituitary carcinomas given treatment with temozolomide[END_REF][START_REF] Mccormack | Aggressive pituitary tumours: the role of temozolomide and the assessment of MGMT status[END_REF][START_REF] Raverot | Temozolomide treatment in aggressive pituitary tumors and pituitary carcinomas: a French multicenter experience[END_REF]. Recently, Raverot et al. reviewed the existing literature and established ESE guidelines for the management of pituitary carcinomas and aggressive pituitary tumors, emphasizing the central role of this drug in the treatment algorithm [START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF]. To date, long-term results of TMZ treatment have been reported in detail in 15 patients with malignant prolactinomas, with a complete response observed in two patients and a partial (hormonal and tumor) response in 7, along with substantial reductions in the primary tumor volume, size of metastases, and prolactin levels (see [START_REF] Chanson | Prolactinoma[END_REF] for a review). In most of these studies, a TMZ dose between 150 and 200 mg/m² was administered for 5 days every 4 weeks. Furthermore, as also reported for other aggressive and malignant pituitary tumors, low MGMT expression in the tumor correlates with a good treatment response in some but not all studies [START_REF] Chanson | Prolactinoma[END_REF][START_REF] Heaney | Clinical review: Pituitary carcinoma: difficult diagnosis and treatment[END_REF][START_REF] Raverot | European Society of Endocrinology Clinical Practice Guidelines for the management of aggressive pituitary tumours and carcinomas[END_REF][START_REF] Maiter | Management of Dopamine Agonist-Resistant Prolactinoma[END_REF].

Conclusions

Several advances in the epidemiology, diagnosis and treatment of prolactinomas have been reported in recent years. The prevalence (approximately 50 per 100 000) and the incidence (3-5 new cases/100,000/year) have been specified by recent epidemiological studies. The mechanisms by which hyperprolactinemia induces hypogonadotropic hypogonadism have been elucidated and the substantial gender differences in the natural evolution, consequences and complications of prolactinomas are now well recognized.

Improvements in PRL assay methods and imaging now allow clinicians to diagnose prolactinoma with a higher accuracy and to avoid pitfalls such as macroprolactinemia or the hook effect.

Medical therapy with DAs still represents the primary treatment for most PRL-secreting tumors, but neurosurgery has regained interest as a treatment strategy, due to advances in surgical techniques and a high success rate in patients with microprolactinomas, as well as to some underestimated side effects of long-term DA treatment, such as ICDs, which might affect up to one in six patients. Finally, temozolomide has emerged as a valuable treatment for aggressive and malignant prolactinomas that do not respond to all other conventional treatments. Future treatments should aim at upregulating or bypassing the D2R and modulating downstream pathways involved in either PRL secretion or cell proliferation.

Practice points

• Prolactinomas remain the most common types of pituitary adenomas.

• Their prevalence is approximately 50 per 100 000 and incidence is 3-5 new cases/100,000 individuals/year

• In males prolactinomas are larger, more invasive and less sensitive to DAs

• High molecular weight forms of PRL (macroprolactin) pose a major problem due to their interference with PRL assay and may lead to misdiagnosis, mismanagement of patients, a waste of healthcare resources and unnecessary concerns for both patients and clinicians.

• Medical therapy with DAs still represents the primary treatment for most prolactinomas.

• If suspected effects of DAs on cardiac valves in patients with prolactinomas seem to be not substantiated by recent data which are reassuring, attention has recently be drawn to underestimated side effects, such as impulse control disorders that might affect a substantial number of patients or impaired quality of life.

• Thus, neurosurgery has regained interest as a treatment strategy, due to progress in surgical techniques and a high success rate in microprolactinoma, as well as to DAs side effects or intolerance.

• Temozolomide has emerged as a valuable treatment for rare cases of aggressive and malignant prolactinomas that do not respond to all other conventional treatments.

Research agenda.

• More research needs to be made to understand pathophysiological mechanisms leading to the development of prolactinomas.

• Define if microprolactinomas and macroprolactinomas which have a very different behavior in terms of proliferation correspond to two distinct diseases. 
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 1 Figure 1. Correlation between pretreatment serum PRL concentration and maximal tumor
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 2 Figure 2. Microprolactinoma. The microprolactinoma is not visible (isointense) (white arrow)
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 3 Figure 3. Macroprolactinoma. MRI sagital (A) and coronal (B) T1W sections after injection
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 4 Figure 4. Giant macroprolactinoma in a 35y-old male patient. T1-weighted MRI coronal
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 5 Figure 5. Sagital (upper pannels) and coronal (lower pannels) T1W MRI sections illustrating

  

  

  

  

  

• Develop future treatments aiming at upregulating or bypassing the D2R and modulating downstream pathways involved in either PRL secretion or cell proliferation.