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Giant Prolactinoma Causing Hydrocephalus and Intracranial Hypertension as First Manifestations of Multiple Endocrine Neoplasia Type 1
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Context: Overall, giant prolactinomas are rare tumors (4%), especially those larger than 60 mm (1%). Despite the predominance of macroadenoma documented in multiple endocrine neoplasia type 1 (MEN1)-related prolactinoma, only three giant prolactinoma cases were described so far (size > 40 mm and prolactin > 1,000 ng/mL). None of them was larger than 60 mm or presented hydrocephalus or intracranial hypertension (ICH) as initial manifestation of MEN1.

Case Description: A 21-years-old man presented with ICH as the first clinical manifestation of MEN1. He harbored a MEN1 germline mutation but refused periodic vigilance after normal hormonal screening at age 14 years. During investigation, magnetic resonance imaging (MRI) of the skull showed an expansive sellar/parasellar lesion (75 × 44 × 36 mm) with moderate to severe supratentorial obstructive hydrocephalus and an extremely high serum prolactin (PRL) of 10,800 ng/mL, without combined hypersecretion of other pituitary hormones. He was diagnosed with giant prolactinoma, and cabergoline was initiated. The patient evolved with early improvement of clinical complaints for hydrocephalus and ICH and PRL reached normal values (11 ng/mL) in association with significant tumoral shrinkage after 18 months on cabergoline. After 2 months of cabergoline, cerebrospinal fluid leakage was diagnosed and corrective surgery was provided. The mean dose of cabergoline was 3 mg/week throughout treatment.

Conclusion: We reported the first case with hydrocephalus and ICH as the initial clinical manifestation of a giant prolactinoma in MEN1. From our knowledge, this is the largest MEN1-related prolactinoma reported so far. Notably, all four MEN1-related giant prolactinomas cases reported were younger than 21 years strengthening the importance to routine MEN1 genetic testing for prolactinoma in this age group. Also, they all had initial effective response with dopamine agonist ensuring this drug as first-line treatment for MEN1-related giant prolactinoma. However, the scarce number of treated patients and progression of cabergoline resistance in two of them suggest strict surveillance.

Keywords: giant prolactinoma, dopaminergic agonist, pituitary adenoma, obstructive hydrocephalus, intracranial hypertension, multiple endocrine neoplasia type 1

INTRODUCTION

Multiple endocrine neoplasia type 1 (MEN1) is a rare autosomal dominant disease caused by inactivating germline mutations of the MEN1 tumor suppressor gene that predisposes to the development of diverse endocrine and non-endocrine neoplasias. Tumors in parathyroid and pituitary glands and in duodenal/pancreatic endocrine cells are the most prevalent in MEN1 (1–3).

MEN1 mutations carriers invariably present with primary hyperparathyroidism, resulting in a complete penetrance at age 50 years (2, 3). The non-functioning pancreatic neuroendocrine tumors are highly prevalent and are the main culprits for MEN1-related morbidity and mortality (4). A widely variable frequency of pituitary tumors has been reported (15–65%) in MEN1 patients (1, 5–7). Prolactinoma is the most prevalent tumoral subtype, accounting for ~60% of cases with MEN1-related pituitary adenomas (1, 5, 7). As in sporadic cases, MEN1-related prolactinoma is more prevalent in women (5–7), being frequently diagnosed during the fourth decade of life (1, 5–7).

Overall, prolactinomas are usually classified according to tumor size, as microprolactinomas (<10 mm in its largest diameter) or macroprolactinomas (≥10 mm). Most tumors (>70%) are slow growing microprolactinomas frequently found in women of childbearing age. In turn, macroprolactinomas are predominantly represented by tumors with dimensions of <40 mm, more frequently occurring in men and older women. In addition, macroprolactinomas larger than 40 mm, known as giant prolactinomas, are exceptionally rare, accounting for 0.5–4% of all prolactin-hypersecreting adenomas (8–10).

Giant prolactinomas are defined by combined association of the following features: largest diameter measuring 40 mm or more, significant extrasellar extension, hyperprolactinemia predominantly higher than 1,000 ng/ml, and absence of other pituitary hormone co-secretions, as GH and ACTH. Contrasting with microprolactinomas, giant prolactinomas are exceedingly more prevalent in men (9:1) (8–10). Despite the high prevalence of suprasellar extension and frequent visual impairment in giant prolactinomas, compressive symptoms associated with hydrocephalus and intracranial hypertension are very rare (8, 9).

Here, we described the profile of the complete tumoral and hormonal response to cabergoline, a dopaminergic agonist (DA), in a young man presenting with moderate hydrocephalus and intracranial hypertension caused by a giant prolactinoma as the first clinical manifestation of MEN1.

CASE DESCRIPTION

A 21-years-old man, as an at-risk member of a known MEN1 family, was initially invited to participate in a periodic clinical screening at age 14 years and 5 months. At that time, he had no complaints, and his pubertal development was normal. Routine biochemical and hormonal exams for MEN1 revealed no abnormalities, including pituitary hormones. At that time, sella turcica image was not initially performed. Since the patient did not adhere to the recommendations for annual assessment, he only sought medical care in the current situation, presenting with severe headache, nausea, vomiting and decreased visual acuity over 2 months. Additionally, he complained of sexual impotence and decreased libido. On physical examination, there was bilateral gynecomastia without galactorrhea and presence of hair rarefaction in axillary, pubic and facial regions.

He was admitted for diagnostic investigation. Magnetic resonance imaging of the skull revealed an expansive solid-cystic sellar and parasellar lesion measuring 75 × 44 × 36 mm, with no signs of calcification and no radiological evidence of suspected tumor hemorrhage. The tumoral mass invaded the cavernous sinus bilaterally, insinuating to the midbrain posteriorly, compressing the third ventricle and the foramen of Monro superiorly, and causing moderate to severe supratentorial obstructive hydrocephalus (Figure 1). The laboratory investigation revealed a very high serum level of diluted prolactin (PRL) of 10,800 ng/mL (reference value: 2.5–17 ng/mL) with no co-secretion of other pituitary hormones, thus compatible with the biochemical diagnosis of giant prolactinoma. Investigation for deficiencies of pituitary axes was normal, except for a hypogonadotropic hypogonadism (Table 1). Campimetry did not show any visual stimuli (black field) in the right eye and revealed diffuse loss of sensitivity and scotomas in the left eye.
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FIGURE 1. Radiological images showing remarkable therapeutic response with cabergoline in young man with hydrocephalus and intracranial hypertension for giant prolactinoma as first clinical manifestation of multiple endocrine neoplasia type 1. (A) Magnetic resonance imaging (MRI) in T1 with gadolinium, sagittal section; (B) MRI in T1 with gadolinium, coronal section; (C) MRI in T2 with gadolinium, coronal section. Left images show the solid-cystic sellar and parasellar tumoral mass identified at diagnosis (7.5 × 4.4 × 3.6 cm), with invasion of cavernous sinus, midbrain and third ventricle, occluded foramen of Monro and moderate to severe supratentorial obstructive hydrocephalus; Central images obtained 2 months after the beginning of cabergoline shows significant reduction of the tumor. Right images, with 8 months of cabergoline reveal a notable tumoral shrinkage and necrosis of the tumor.




Table 1. Outcome of pituitary hormones during first-line treatment with dopaminergic agonist of MEN1 case with giant prolactinoma.
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Cabergoline was initiated at a dose of 0.5 mg twice a week after a multidisciplinary decision including the neurosurgery team. Initially, it was decided to close surveillance attempting to avoid emergency invasive surgical procedures, such as external ventricle drainage. In the subsequent days of hospitalization, therapy with cabergoline appeared fully effective, as progressive and sustained improvement of headache, nausea, and vomiting was reported. After 12 days on cabergoline treatment, the patient was discharged still with visual alteration but with complete improvement of the intracranial hypertension symptoms.

In clinical follow-up, after 1 month of treatment, the serum PRL was 1,315.8 ng/mL, and after 2 months, it dropped to 150 ng/mL. Clinically, there was a marked visual improvement in the left eye. However, the patient complained of abundant fluid in the nasal cavity; rhinorrhea was promptly confirmed and a surgical procedure for correction of cerebrospinal fluid leakage was provided. Prior to surgery, MRI revealed a tumoral lesion reduction (45 × 35 × 26 mm) with no radiological signs of local bleeding. The tumor extended posteriorly to the pre-mesencephalic/pontine cistern in close contact with the third ventricle floor and there was moderate dilation of the supratentorial ventricular system, with resolution of hydrocephalus (Figure 1).

After 9 months on cabergoline therapy, serum PRL values (27 ng/mL) were mildly elevated and became normal with 18 months (Table 1). The pituitary MRI showed a marked tumor shrinkage. It became predominantly cystic with areas of necrosis beyond complete resolution of the supratentorial ventricular system dilation and significant reduction of the intraventricular tumoral component (Figure 1).

Despite the effective hormonal control (PRL, 22.1 ng/mL) and remarkable tumoral reduction after 12 months of treatment with cabergoline, total testosterone was low (228 ng/mL, normal values: 262–1,593 ng/mL) and complaints of hypogonadism remained. Thus, hormone replacement therapy with testosterone was initiated. After 18 months, at a mean dose of cabergoline of 3 mg/week, the patient was asymptomatic and PRL levels remained within the normal range (11.1 ng/mL). In addition, the periodic radiological and hormonal screening for MEN1-related tumors was performed during follow-up, allowing the diagnosis of asymptomatic primary hyperparathyroidism (PHPT) and absence of adrenocortical or pancreatic neuroendocrine tumors.

As expected, the genetic testing documented the same splice site mutation (IVS3, c.654 + 1G > T) found in the index case and in other affected family members (Figure 2).
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FIGURE 2. Pathogenic germline MEN1 variant (c.654 + 1G > T, IVS3, g.3405G > T) identified in the present MEN1 case reported with hydrocephalus and intracranial hypertension for giant prolactinoma. The change in heterozygous of the nucleotide guanine for timine at the canonic region +1 of the intron 3 of the MEN1 gene (c.654 + 1G > T; HGMD: CS982266; dbSNP: rs794728622) results in a splicing donor variant (ref. seq: ENST00000312049; NM_130799).



DISCUSSION

We reported the peculiar case of a young man with MEN1 syndrome presenting with a combination of rare or exceptionally rare events, such as presence of giant prolactinoma larger than 6 cm; pituitary tumor as the first clinical manifestation of MEN1 and occurrence of hydrocephalus and intra cranial hypertension, as initial symptoms of giant prolactinoma.

Sporadic (non-familial) giant prolactinomas are rare tumors representing, respectively, 0.5% of all pituitary tumors and 4% of all prolactinomas, as reviewed by Maiter and Delgrange (8). Most of them are characterized by tumors smaller than 6 cm. In fact, only few cases whose dimensions exceed this diameter have been described either as part of several small series of giant prolactinomas or as case reports (8, 11, 12). So far, only one study focused on this specific tumor subset and compiled 18 cases with giant prolactinomas larger than 60 mm (9). The latter cases accounted for no more than 1% of all prolactinoma patients from five tertiary reference centers reported in a period of 20 years, highlighting the marked rareness of this condition (9). To our knowledge, we reported the first patient with MEN1 syndrome presenting with a giant prolactinoma larger than 6 cm (Table 2).


Table 2. Main genetical and clinical findings and outcome of four young patients with MEN1-related giant prolactinoma.
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Despite the small number of MEN1-related macroprolactinoma cases in patients younger than 21 years (14, including the present case) (13–20), the frequency of giant prolactinomas at this age group is much higher (4/11; 36%) than the overall estimated prevalence (2–4%) of age-independent giant prolactinomas (8–10). These data may suggest that in younger MEN1 patients the frequency of giant prolactinomas is higher than in age-matched sporadic cases. Overall, giant prolactinomas are frequently diagnosed at the fourth to fifth decades being very rare in children and adolescents (8, 13). Thus, most of the 140 giant prolactinoma cases compiled from a meta-analysis were diagnosed around 40 years of age. Furthermore, only 16 cases with giant prolactinoma were identified during infancy and adolescence (8), highlighting the rarity of the present case report.

Three large series including apparently sporadic pituitary tumors diagnosed at younger ages have recommended routine genetic screening for MEN1 and AIP genes (19–21). Despite the occurrence of MEN1-related macroprolactinoma in 5% of patients younger than 20 y (3/59) (20) and 10% (3/30) in those younger than 18 years (19), there was no case with MEN1-related giant prolactinoma. Several other prolactinoma series at young ages have been reported either with no MEN1 genetic analysis (22–26) or MEN1 cases eventually diagnosed due to familial history and/or molecular diagnosis (27), suggesting potential underdiagnosis of this condition in this age group.

So far, four MEN1-related giant prolactinomas were diagnosed at young ages varying from 8 up to 21 years (present case included) (Table 2). Importantly, giant prolactinoma was the initial clinical manifestation of MEN1 in all four cases (Table 2). Pituitary adenoma may be the first clinical manifestation in up to 11–21% of the cases diagnosed with MEN1 syndrome (4, 5, 15, 16). Our patient had prolactinoma as the first MEN1-related tumor, developed during the end of the second decade of life, as puberty, growth acceleration and pituitary hormones were normal at age 15 years. The three cases previously reported (tumors <60 mm) were apparently sporadic. However, a MEN1 germline mutation was underscored and genetic screening allowed detection of newly affected family cases in all of them (Table 2). These data strengthen the importance to routine MEN1 genetic testing for prolactinoma in this age group, as suggested in more recent series (19, 20). Conversely, our case was a family member of a known MEN1 genealogy, although he lost the opportunity of early diagnosis, not adhering to periodic screening. The adoption of inappropriate coping mechanism especially of denial and cognitive avoidance of the disease is common in inherited cancer syndromes, as seen in our case (28).

The main clinical manifestations associated with giant prolactinomas are accounted for hypogonadism (61% of cases), vision alteration (71%) and recurrent headache (59%) (8), as documented in our case (Table 1). Hydrocephalus is very rarely associated with giant prolactinomas and there are debates on its therapeutic management (8, 9, 29–38).

Four cases with giant prolactinomas underwent transsphenoidal surgery for intracranial hypertension and giant macroadenomas in a series of 18 patients with prolactinomas larger than 60 mm (9). In turn, Chentli et al. described three cases of obstructive hydrocephalus in a series of 44 patients (6.8%) with giant prolactinomas (30). The very low prevalence of hydrocephalus and intracranial hypertension in giant prolactinomas could be resultant of very slow tumor growth (30). Again, MEN1 genetic analysis was not available and no MEN1 case was diagnosed in both series (9, 30). Most cases of giant prolactinoma with hydrocephalus were diagnosed in young males, as seen in our case (29, 31, 32, 34–38). However, in a recent series of 23 men with giant prolactinomas, no one had hydrocephalus (10). Labauge et al. described a MEN1 case with intracranial hypertension after hemorrhagic necrosis of the tumoral lesion, contrasting with our case (39).

In a recent review, 140 giant prolactinoma cases from 15 small series ranging from 4 to 20 patients were selected. Surprisingly, no MEN1 case was reported in this large series (8). Reviewing a large French series of 77 young cases (<20 years) with macroprolactinoma that were investigated to detection of AIP and MEN1 germline mutations, we actively identified 10 cases (14%; 10/71) meeting the diagnostic criteria for giant prolactinoma aging 10–19 years (20), but none of them was MEN1-related giant prolactinoma (20). Again, these data emphasize the rarity of case presently reported.

Overall, there were three cases with MEN1-related macroprolactinoma (5%; 3/77) measuring, respectively, 30, 32, and 50 mm in this French series (20). Based on criteria adopted for most series and authors (8–10, 12–14, 40–45), this latter case was not defined as giant prolactinoma as prolactin was lower than 1,000 ng/ml. However, this is controversial as other authors has considered lower prolactin cut-offs as 200 or 250 ng/ml to define giant prolactinoma (30, 46–48).

Moraes et al. (48) and Maiter and Delgrange (8) emphasized the importance of exclude hook effect when there is dissociation between prolactin values and tumor volume in giant prolactinoma. Also, they reinforced that tumoral hemorrhagic or cystic component may lead to lower values of prolactin than expected. Unfortunately, these concerns are not informed in most papers (8, 34, 48) and it is possible that cup of cases with true giant prolactinoma but with prolactin values lower are underdiagnosed or erroneously diagnosed as non-giant macroprolactinoma or even as non-functioning pituitary macroadenomas (8, 48). Thus, to that case with MEN1-related macroprolactinoma (size, 5.0 cm; prolactin, 512 ng/ml) (20), it is not possible to exclude definitely a giant prolactinoma as there were data if the tumor had cystic component or if dilutions of prolactin were supported (20).

In a large MEN1 series, macroadenomas were two times more frequent in MEN1-related tumors than in sporadic non-MEN1 prolactinomas (85 vs. 42%) (5). In addition, clinical signs related to tumor size and poor response to DA therapy were more frequently observed in this MEN1 cohort than in non-MEN1 subjects (58 vs. 10%) (5). However, in a recent study including MEN1 mutation-positive carriers from known MEN1 families, a high response rate (90%) to DA therapy was documented in a subset of MEN1-related prolactinoma, independent of the tumor's size (6).

The fast tumoral growth observed in our case, reaching 75 mm suggested a potentially higher tumor aggressiveness. This possibility was reinforced by the early occurrence of intracranial hypertension at age 21 years, which might reduce responsiveness to DA. However, an excellent therapeutic response was documented in our case, as seen by the fast improvement of symptoms, complete resolution of obstructive hydrocephalus and normalization of serum prolactin (Table 1) followed by remarkable tumoral shrinkage and necrosis (Figure 1).

Worthwhile, highly positive responses to DA were also reported in most giant prolactinoma cases, as evidenced by normalization of prolactin (60%) and tumor response (74%) (8). Similar results were obtained in prolactinomas larger than 60 mm (9). Also, remarkable therapeutic responses to DA were recently reported in 12 giant prolactinoma male cases (10). Based on these data from sporadic giant prolactinomas, DA was primary therapeutic choice in all the four reported cases with MEN1-related giant prolactinoma. Initially, all four cases had an effective tumoral and hormonal response after DA administration, including resolution of intracranial hypertension in our case. In the follow up, two of them remained highly DA responsive. In the two other cases, resistance occurred after an initial effective response. Despite of that, selection of DA as first-line treatment in prolactinoma/MEN1 cases seems highly plausible (Table 2).

Accordingly, DA is the treatment of choice also in cases with giant prolactinoma and obstructive hydrocephalus (8), as reinforced by our case. Thus, invasive surgical procedures should be initially avoided. Such interventions as external ventricular drainage and transsphenoidal or transcranial surgeries have been reserved for specific patients who evolve with cerebrospinal fluid leakage, apoplexy, intolerance, and insufficient tumor response or tumor progression during treatment with DA (8–10). Nevertheless, the small number of cases with MEN1-related giant prolactinomas and the development of drug resistance secure strict vigilance.

In most cases, DA administration need to be continued even after surgery. Giant prolactinomas >60 mm have been treated with initial doses of cabergoline of 1–1.5 mg/week, staggered every 2–4 months, with a mean therapeutic dose of 3.5 mg/week that effectively reduced the levels of prolactin (9). There is no recommendation to start with high doses of DA or to increase them quickly as some patients may have an early, prompt and highly efficient therapeutic response with normalization of prolactin and tumoral shrinkage, which favors the cerebrospinal fluid leakage onset or apoplexy (8, 49). Accordingly, our patient started at a dose of 1 mg/week, with a slow increase up to 3 mg/week. Despite the gradual dose increase, cerebrospinal fluid leakage was noticed 2 months after starting treatment, requiring surgical correction.

The splice site mutation c.654 + 1G > T harbored by our case was first reported by Teh et al. (50). Of note, we have previously reported a sporadic MEN1 case (51, 52) and more recently other nine apparently unrelated familial MEN1 cases harboring this mutation (53). Due to its very low frequency, the MEN1 c.654 + 1G > T mutation is not included within the nine “warm spot” MEN1 variants (54). Thus, a founder mutation could be hypothesized. In this line, our case and his family could be unrecognized members of one of these 10 MEN1 Brazilian families early reported (53). Genealogy expansion and haplotype studies may potentially elucidate this question.

CONCLUSION

We reported, to our knowledge, the first MEN1-related prolactinoma larger than 60 mm and in which the first clinical manifestations were hydrocephalus and intracranial hypertension. So far, only three previous MEN1-related prolactinoma cases were reported as giant prolactinoma (tumors < 60 mm). Notably, in all four cases, the giant prolactinoma was the first clinical manifestation, and the diagnosis/first symptoms occurred during the first two decades of life. These data reinforce previous studies indicating MEN1 screening for young patients with macroprolactinoma. Despite the paucity of cases, first-line treatment with DA should be recommended for MEN1-related giant prolactinoma, as all reported cases had at least an initially effective and positive response of tumoral and/or hormonal control, including rapid resolution of emergency compressive neuro-ophthalmological symptoms due to hydrocephalus and intracranial hypertension, as seen in our case. In addition, close surveillance should be provided for the risk of cerebrospinal fluid leakage or apoplexy or resistance during DA therapy, as recommended for sporadic tumor counterparts.

ETHICS STATEMENT

This study was carried out in accordance with the recommendations of the Ethical Committees from both Institutions involved with written informed consent from patient reported. The patient gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Ethical Committee (CAPPesq) of the University of São Paulo and by Ethical Committee of the Federal University of Ceará.

AUTHOR CONTRIBUTIONS

AQ designed the study. ND and CS collected the data and created the database. AQ, MM, and DL analyzed the data. ND, AQ, and DL wrote the manuscript. MM and AQ followed the patient. All authors contributed to manuscript revision, read, and approved the submitted version.

FUNDING

This investigation was supported by FAPESP grants to DL (2013/19810-2; 2016/07504-2).

REFERENCES

 1. Lourenço DM, Toledo RA, Mackowiak II, Coutinho FL, Cavalcanti MG, Correia-Deur JE, et al. Multiple endocrine neoplasia type 1 in Brazil: MEN1 founding mutation, clinical features, and bone mineral density profile. Eur J Endocrinol. (2008) 159:259–74. doi: 10.1530/EJE-08-0153

 2. Thakker RV, Newey PJ, Walls GV, Bilezikian J, Dralle H, Ebeling PR, et al. Clinical practice guidelines for multiple endocrine neoplasia type 1 (MEN1). J Clin Endocrinol Metab. (2012) 97:2990–3011. doi: 10.1210/jc.2012-1230

 3. Falchetti A. Genetics of multiple endocrine neoplasia type 1 syndrome: what's new and what's old. F1000Res. (2017) 6:73. doi: 10.12688/f1000research.7230.1

 4. Goudet P, Murat A, Binquet C, Cardot-Bauters C, Costa A, Ruszniewski P, et al. Risk factors and causes of death in MEN1 disease. A GTE (Groupe d'Etude des Tumeurs Endocrines) cohort study among 758 patients. World J Surg. (2010) 34:249–55. doi: 10.1007/s00268-009-0290-1

 5. Vergès B, Boureille F, Goudet P, Murat A, Beckers A, Sassolas G, et al. Pituitary disease in MEN type 1 (MEN1): data from the France-Belgium MEN1 multicenter study. J Clin Endocrinol Metab. (2002) 87:457–65. doi: 10.1210/jcem.87.2.8145

 6. de Laat JM, Dekkers OM, Pieterman CR, Kluijfhout WP, Hermus AR, Pereira AM, et al. Long-term natural course of pituitary tumors in patients with MEN1: results from the DutchMEN1 Study Group (DMSG). J Clin Endocrinol Metab. (2015) 100:3288–96. doi: 10.1210/JC.2015-2015

 7. O'Brien T, O'Riordan DS, Gharib H, Scheithauer BW, Ebersold MJ, van Heerden JA. Results of treatment of pituitary disease in multiple endocrine neoplasia, type I. Neurosurgery. (1996) 39:273–8; discussion 278–9. doi: 10.1097/00006123-199608000-00008

 8. Maiter D, Delgrange E. Therapy of endocrine disease: the challenges in managing giant prolactinomas. Eur J Endocrinol. (2014) 170:213–7. doi: 10.1530/EJE-14-0013

 9. Shimon I, Sosa E, Mendoza V, Greenman Y, Tirosh A, Espinosa E, et al. Giant prolactinomas larger than 60 mm in size : a cohort of massive and aggressive prolactin-secreting pituitary adenomas. Pituitary. (2016) 19:429–36. doi: 10.1007/s11102-016-0723-4

 10. Iglesias P, Arcano K, Berrocal VR, Bernal C, Villabona C, Díez JJ. Giant prolactinoma in men : clinical features and therapeutic outcomes. Horm Metab Res. (2018) 50:791–6. doi: 10.1055/a-0752-0741

 11. Grebe SK, Delahunt JW, Feek CM. Treatment of extensively invasive (giant) prolactinomas with bromocriptine. N Z Med J. (1992) 105:129–31.

 12. Shrivastava RK, Arginteanu MS, King WA, Post KD. Giant prolactinomas: clinical management and long-term follow up. J Neurosurg. (2002) 97:299–306. doi: 10.3171/jns.2002.97.2.0299

 13. Subasinghe CJ, Somasundaram N, Sivatharshya P, Ranasinghe LD, Korbonits M. Case report giant prolactinoma of young onset : a clue to diagnosis of MEN-1 syndrome. (2018) 2018:1–7. doi: 10.1155/2018/2875074

 14. Gan HW, Bulwer C, Jeelani O, Levine MA, Korbonits M, Spoudeas HA. Treatment-resistant pediatric giant prolactinoma and multiple endocrine neoplasia type 1. Int J Pediatr Endocrinol. (2015) 2015:15. doi: 10.1186/s13633-015-0011-5

 15. Goudet P, Dalac A, Le Bras M, Cardot-Bauters C, Niccoli P, Lévy-Bohbot N, et al. MEN1 disease occurring before 21 years old: a 160-patient cohort study from the Groupe d'étude des Tumeurs Endocrines. J Clin Endocrinol Metab. (2015) 100:1568–77. doi: 10.1210/jc.2014-3659

 16. Vannucci L, Marini F, Giusti F, Ciuffi S, Tonelli F, Brandi ML. MEN1 in children and adolescents: data from patients of a regional referral center for hereditary endocrine tumors. Endocrine. (2018) 59:438–8. doi: 10.1007/s12020-017-1322-5

 17. Oiwa A, Sakurai A, Sato Y, Sakuma T, Yamashita K, Katai M, et al. Pituitary adenomas in adolescent patients with multiple endocrine neoplasia type 1. Endocr J. (2002) 49:635–40. doi: 10.1507/endocrj.49.635

 18. Drori-Herishanu L, Horvath A, Nesterova M, Patronas Y, Lodish M, Bimpaki E, et al. An intronic mutation is associated with prolactinoma in a young boy, decreased penetrance in his large family, and variable effects on MEN1 mRNA and protein. Horm Metab Res. (2009) 41:630–4. doi: 10.1055/s-0029-1216358

 19. Cuny T, Pertuit M, Sahnoun-Fathallah M, Daly A, Occhi G, Odou MF, et al. Genetic analysis in young patients with sporadic pituitary macroadenomas: besides AIP don't forget MEN1 genetic analysis. Eur J Endocrinol. (2013) 168:533–41. doi: 10.1530/EJE-12-0763

 20. Salenave S, Ancelle D, Bahougne T, Raverot G, Kamenický P, Bouligand J, et al. Macroprolactinomas in children and adolescents: factors associated with the response to treatment in 77 patients. J Clin Endocrinol Metab. (2015) 100:1177–86. doi: 10.1210/jc.2014-3670

 21. Stratakis CA, Tichomirowa MA, Boikos S, Azevedo MF, Lodish M, Martari M, et al. The role of germline AIP, MEN1, PRKAR1A, CDKN1B and CDKN2C mutations in causing pituitary adenomas in a large cohort of children, adolescents, and patients with genetic syndromes. Clin Genet. (2010) 78:457–63. doi: 10.1111/j.1399-0004.2010.01406.x

 22. Colao A, Loche S, Cappa M, Di Sarno A, Landi ML, Sarnacchiaro F, et al. Prolactinomas in children and adolescents. clinical presentation and long-term follow-up. J Clin Endocrinol Metab. (1998) 83:2777–80. doi: 10.1210/jc.83.8.2777

 23. Cannavò S, Venturino M, Curtò L, De Menis E, D'Arrigo C, Tita P, et al. Clinical presentation and outcome of pituitary adenomas in teenagers. Clin Endocrinol (Oxf). (2003) 58:519–27. doi: 10.1046/j.1365-2265.2003.01748.x

 24. Acharya SV, Gopal RA, Bandgar TR, Joshi SR, Menon PS, Shah NS. Clinical profile and long term follow up of children and adolescents with prolactinomas. Pituitary. (2009) 12:186–9. doi: 10.1007/s11102-008-0149-8

 25. Liu Y, Yao Y, Xing B, Lian W, Deng K, Feng M, et al. Prolactinomas in children under 14. Clinical presentation and long-term follow-up. Childs Nerv Syst. (2015) 31:909–16. doi: 10.1007/s00381-015-2679-5

 26. Hoffmann A, Adelmann S, Lohle K, Claviez A, Müller HL. Pediatric prolactinoma : initial presentation, treatment, and long-term prognosis. Eur J Pediatr. (2018) 177:125–32. doi: 10.1007/s00431-017-3042-5

 27. Steele CA, MacFarlane IA, Blair J, Cuthbertson DJ, Didi M, Mallucci C, et al. Pituitary adenomas in childhood, adolescence and young adulthood: presentation, management, endocrine and metabolic outcomes. Eur J Endocrinol. (2010) 163:515–22. doi: 10.1530/EJE-10-0519

 28. Rodrigues KC, Toledo RA, Coutinho FL, Nunes AB, Maciel RMB, Hoff AO, et al. Assessment of depression, anxiety, quality of life, and coping in long-standing multiple endocrine neoplasia type 2 patients. Thyroid. (2017) 27:693–706. doi: 10.1089/thy.2016.0148

 29. Cackett P, Eunson G, Bath L, Mulvihill A. Proptosis as the presenting sign of giant prolactinoma in a prepubertal boy: successful resolution of hydrocephalus by use of medical therapy. Futur Oncol. (2012) 8:1621–6. doi: 10.2217/fon.12.149

 30. Chentli F, Azzoug S, Daffeur K, Akkache L, Zellagui H, Haddad M, et al. Neurological, psychiatric, ophthalmological, and endocrine complications in giant male prolactinomas: an observational study in Algerian population. Indian J Endocrinol Metab. (2015) 19:359–63. doi: 10.4103/2230-8210.152771

 31. Perani D, Colombo N, Scotti G, Tonon C. Rapid size reduction of giant prolactinoma following medical treatment. J Comput Assist Tomogr. (1984) 8:131–3. doi: 10.1097/00004728-198402000-00027

 32. Zikel OM, Atkinson JL, Hurley DL. Prolactinoma manifesting with symptomatic hydrocephalus. Mayo Clin Proc. (1999) 74:475–7. doi: 10.1016/S0025-6196(11)65126-4

 33. Sarkar PK, Manapuzha R, Ahmad S, Ritch AE. Fluctuating confusional state due to massive macro-prolactinoma resulting in obstructive hydrocephalus. Age Ageing. (2001) 30:426–8. doi: 10.1093/ageing/30.5.426

 34. Schöfl C, Schöfl-Siegert B, Karstens JH, Bremer M, Lenarz T, Cuarezma JS, et al. Falsely low serum prolactin in two cases of invasive macroprolactinoma. Pituitary. (2002) 5:261–5. doi: 10.1023/A:1025334001748

 35. Iglesias P, Macho LP, Díez JJ. Resolution of macroprolactinoma-induced symptomatic hydrocephalus following cabergoline therapy. Age Ageing. (2004) 33:410–2. doi: 10.1093/ageing/afh108

 36. Scarone P, Losa M, Mortini P, Giovanelli M. Obstructive hydrocephalus and intracranial hypertension caused by a giant macroprolactinoma. Prompt response to medical treatment. J Neurooncol. (2006) 76:51–4. doi: 10.1007/s11060-005-2319-0

 37. Tasma H. Giant prolactinoma: an unusual case of obstructive hydrocephalus. Acta Endocrinol. (2011) 7:95–100. doi: 10.4183/aeb.2011.95

 38. Alkatari S, Aljohani N. Obstructive hydrocephalus, fifth nerve and hypothalamus involvement: Acute presentation of a giant prolactinoma. Clin Med Insights Case Rep. (2012) 5:115–8. doi: 10.4137/CCRep.S9675

 39. Labauge R, Pages A, Pages M, Ribstein J, Richard JL. Haemorrhagic necrosis of a pituitary adenoma in a case of multiple endocrine neoplasia. Rev Neurol (Paris). (1982) 138:149–58.

 40. Gillam MP, Molitch ME, Lombardi G, Colao A. Advances in the treatment of prolactinomas. Endocr Rev. (2006) 27:485–534. doi: 10.1210/er.2005-9998

 41. Murphy FY, Vesely DL, Jordan RM, Flanigan S, Kohler PO. Giant invasive prolactinomas. Am J Med. (1987) 83:995–1002. doi: 10.1016/0002-9343(87)90668-1

 42. Delgrange E, Raverot G, Bex M, Burman P, Decoudier B, Devuyst F, et al. Giant prolactinomas in women. Eur J Endocrinol. (2013) 170:31–8. doi: 10.1530/EJE-13-0503

 43. Saeki N, Nakamura M, Sunami K, Yamaura A. Surgical indication after bromocriptine therapy on giant prolactinomas: effects and limitations of the medical treatment. Endocr J. (1998) 45:529–37. doi: 10.1507/endocrj.45.529

 44. Acharya SV, Gopal RA, Menon PS, Bandgar TR, Shah NS. Giant prolactinoma and effectiveness of medical management. Endocr Pract. (2010) 16:42–6. doi: 10.4158/EP09221.OR

 45. Mascarell S, Sarne DH. Clinical presentation and response to therapy in patients with massive prolactin hypersecretion. Pituitary. (2007) 10:95–101. doi: 10.1007/s11102-007-0009-y

 46. Yu C, Wu Z, Gong J. Combined treatment of invasive giant prolactinomas. Pituitary. (2005) 8:61–5. doi: 10.1007/s11102-005-5087-0

 47. Wu ZB, Yu CJ, Su ZP, Zhuge QC, Wu JS, Zheng WM. Bromocriptine treatment of invasive giantprolactinomas involving the cavernous sinus: results of a long-term follow up. J Neurosurg. (2006) 104:54–61. doi: 10.3171/jns.2006.104.1.54

 48. Moraes AB, Silva CM, Vieira Neto L, Gadelha MR. Giant prolactinomas: the therapeutic approach. Clin Endocrinol (Oxf). (2013) 79:447–56. doi: 10.1111/cen.12242

 49. Chattopadhyay A, Bhansali A, Masoodi SR. Long-term efficacy of bromocriptine in macroprolactinomas and giant prolactinomas in men. Pituitary. (2005) 8:147–54. doi: 10.1007/s11102-005-5111-4

 50. Teh BT, Kytölä S, Farnebo F, Bergman L, Wong FK, Weber G, et al. Mutation analysis of the MEN1 gene in multiple endocrine neoplasia type 1, familial acromegaly and familial isolated hyperparathyroidism. J Clin Endocrinol Metab. (1998) 83:2621–6. doi: 10.1210/jc.83.8.2621

 51. Toledo RA, Lourenço DM, Coutinho FL, Quedas E, Mackowiack I, Machado MC, et al. Novel MEN1 germline mutations in Brazilian families with multiple endocrine neoplasia type 1. Clin Endocrinol (Oxf). (2007) 67:377–84. doi: 10.1111/j.1365-2265.2007.02895.x

 52. Lourenço DM, Toledo RA, Coutinho FL, Margarido LC, Siqueira SA, dos Santos MA, et al. The impact of clinical and genetic screenings on the management of the multiple endocrine neoplasia type 1. Clinics (Sao Paulo). (2007) 62:465–76. doi: 10.1590/S1807-59322007000400014

 53. Carvalho RA, Urtremari B, Jorge AAL, Santana LS, Quedas EPS, Sekiya T, et al. Germline mutation landscape of multiple endocrine neoplasia type 1 using full gene next-generation sequencing. Eur J Endocrinol. (2018) 179:391–407. doi: 10.1530/EJE-18-0430

 54. Lemos MC, Thakker RV. Multiple endocrine neoplasia type 1 (MEN1): analysis of 1336 mutations reported in the first decade following identification of the gene. Hum Mutat. (2008) 29:22–32. doi: 10.1002/humu.20605

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Dantas, Soares, Martins, Lourenço and Quidute. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fendo-10-00582-t001.jpg
Hormones

Diluted profactin
(25-17ng/ml)
Total testosterone
(262-1,593 ng/dL)
FSH

0.7-11.1 mUI/mL)
LH

(1.1-11.06 mUVmL)
TSH

(0.4-4.0 plU/mL)
Free T4

(0.89-1.76 ng/dL)
IGF-1
(116-358ng/mL)
Basal cortisol

(5-25 pg/al)

CAB (mg/week)

FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone; CAB, cabergoline.
*Normal range of IGF1 values between 22 and 24 years (99.7-289 ng/mL).

At diagnosis

10,800
186
23
3.1
0.92
1.13
211

9.27

20
days

1315

month

688

months

150

186

23

0.77

154

months

150

0.86

186

6
months

56.4

327

0.6

1.04

9

months

27

220

12

months

20,

228

18
months

"

277

1.08

110°





OPS/images/fendo-10-00582-t002.jpg
Reference  Age* G-PRLomaasfirst  Prolactin (ng/ml) Tumor maximal Altered pituitary Index MEN1 genetic  Medication  Cabergoline Surgeryfor  Other

(vears)/Sex clinical diameter (mm) axes case/number of analysis*** (doses) response tumor MEN1
manifestation/ MEN1-positive associated
hydrocephalus/ family members tumors.
other symptoms with index-case

included)
Subasinghe  8/M YN/ 91,800 59 - V] 6781C> T, Cabergoline (7 Resistant, butwith Transcranial Insuiinoma
etal. (13) Headache p.GIn261* (NS);  mg/week) initial significant ~ excision, PHPT
Visual disturbance exon 4 response radiotherapy
Ganetal. (14) 11/M v 1,114 55 GH, TSH 4 ©784-9G > A Cabergoline (3.5 Resistant, but with Transcranial  PHPT
Headache (SSyinton 4 mg/week) initial significant ~ excision,
Visual disturbance response radiotherapy
Subasinghe  20/F N 8,930 45 - i3 c.A786T> C;  Cabergoline (3.5 Tumor shrinkage  No PNET
etal. (19) Galactorrhoea p.Leus79Pro (MS);mg/week) PHPT
Secondaryamenorrhoea exon 10
Presentcase  21/M 4 10,800 75 FSH, LH 0654+ 1G> T Cabergoline (3 Tumor shrinkage ~ No PHPT
Headache (SSyinton3  mg/week)

Visual disturbance
Decreased libido

A, adenine; C, cytosine; F, female; FSH, folicle-stimulating hormone; G, guanine; GH, growth hormone; VS, intervening sequence; LH, luteinizing hormone; M, male; MEN1, multiple endocrine neoplasia type 1; MENT, MENT gene; mm,
millmeter; MS, missense; N, no; NS, nonsense; PHPT, primary hyperparathyroidism; PNET, non-funcional pancreatic neuroendocrine tumor; PRL prolactin; SS, splce site mutetion; T, thymine; TSH, thyroid-stimulating hormone; Y, yes.
“Age at the MENT dlgnosis.

‘Screened patient since the age of 14, but he lost the follow-up.

“MENT reference sequence chosen was NM 130799.2.






OPS/images/fendo-10-00582-g001.gif





OPS/images/fendo-10-00582-g002.gif
Forward sequence






OPS/images/cover.jpg
’ frontiers
in Endocrinology

Giant Prolactinoma Causing
Hydrocephalus and Intracranial
Hypertension as First Manifestations
of Multiple Endocrine Neoplasia
Type 1









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Endocrinology





