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Introduction

Gastrinomas are functional neuroendocrine tumors (NETs) whose incidence is 0.5-2/million population /year, preferentially located in the pancreas or duodenum [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF]. These NETs are characterized by a hormonal hypersecretion of gastrin, leading to a clinical syndrome known as the Zollinger-Ellison syndrome (ZES). Patients with ZES experience acid-related peptic complications (peptic ulcer disease, gastroesophageal reflux disease) and volumogenic diarrhea, related to gastric acid hypersecretion. ZES is part of the Multiple Endocrine Neoplasia type 1 (MEN1) autosomal-dominant syndrome in 20-30% of cases [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF]. MEN1/ZES patients usually have an unpredictable course and frequently present with multiple duodenal gastrinomas in up to 80% of cases, with other pancreatic NETs (functional or non-functional) and the prognosis is negatively affected by lymph node and liver metastases [START_REF] Ruszniewski | Clinical, anatomical, and evolutive features of patients with the Zollinger-Ellison syndrome combined with type I multiple endocrine neoplasia[END_REF].

Consequently, local resection or enucleation rarely leads to long-term cure in patients with MEN1-associated gastrinomas. Surgery other than pancreaticoduodenectomy is associated with a high recurrence rate (>90%) [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF][START_REF] Shao | Surgical management of Zollinger-Ellison syndrome: Classical considerations and current controversies[END_REF].

Medical treatment of gastric acid hypersecretion with proton pump inhibitors (PPIs) is the standard in ZES [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF] in order to prevent peptic complications [START_REF] Poitras | The Zollinger-Ellison syndrome: dangers and consequences of interrupting antisecretory treatment[END_REF]. All available PPIs are effective in this indication. Besides, oral or intravenous histamine H2-receptor antagonists (H2RA) are also effective [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF], but many ZES patients need high doses and frequent dosing with a non-homogeneous tolerance profile [START_REF] Mccarthy | H2-Histamine receptor blocking agents in the Zollinger-Ellison syndrome. Experience in seven cases and implications for long-term therapy[END_REF][START_REF] Osefo | Gastric acid hypersecretory states: recent insights and advances[END_REF][START_REF] Ito | Diagnosis of Zollinger-Ellison syndrome: increasingly difficult[END_REF]. Optimal and definitive control of acid hypersecretion using high-dose PPI therapy is required in cases of MEN1-associated multiple gastrinomas.

However, a growing literature suggests that life-long PPI use is not innocuous [START_REF] Lee | Insights into Effects/Risks of Chronic Hypergastrinemia and Lifelong PPI Treatment in Man Based on Studies of Patients with Zollinger-Ellison Syndrome[END_REF]. Long-term PPI intake has been associated with calcium and vitamin B12 malabsorption, risk of bone fractures, Clostridium difficile infection, community-acquired pneumonia, dementia or chronic kidney disease [START_REF] Lehault | Review of the Long-Term Effects of Proton Pump Inhibitors[END_REF][START_REF] Nehra | Proton Pump Inhibitors: Review of Emerging Concerns[END_REF]. Several recent studies have also reported PPI-induced hypomagnesemia [START_REF] Epstein | Proton-pump inhibitors and hypomagnesemic hypoparathyroidism[END_REF][START_REF] Cundy | Proton pump inhibitors and severe hypomagnesaemia[END_REF][START_REF] Park | The Association between the Use of Proton Pump Inhibitors and the Risk of Hypomagnesemia: A Systematic Review and Meta-Analysis[END_REF][START_REF] Kieboom | Proton pump inhibitors and hypomagnesemia in the general population: a population-based cohort study[END_REF][START_REF] Liao | Does the use of proton pump inhibitors increase the risk of hypomagnesemia: An updated systematic review and meta-analysis[END_REF] resulting in serious complications, such as paresthesia, seizures, muscle spasms, tremors, agitation, nausea or arrhythmia. In 2011, the U.S. Food and Drug Administration (FDA) alerted about risks of hypomagnesemia during prolonged PPI therapies (longer than one year) and communicated advice on the management of these situations [START_REF] Research | FDA Drug Safety Communication: Low magnesium levels can be associated with long-term use of Proton Pump Inhibitor drugs (PPIs)[END_REF].

Only two case reports relating PPI-induced hypomagnesemia in ZES patients have been described in the literature [START_REF] Eyal | From hypomagnesaemia to Zollinger-Ellison syndrome: an adverse effect of a proton pump inhibitor[END_REF][START_REF] Ströker | Severe symptomatic hypomagnesaemia induced by the chronic use of proton pump inhibitors: a case report of a patient with Zollinger-Ellison syndrome[END_REF]. We report here the first case of life-threatening PPI-induced hypomagnesemia in a MEN1/ZES patient, and discuss about acid hypersecretion control and complex surgical management in MEN1/ZES patients.

Case report

A 56-year-old man was referred to our institution in August 2015 for a suspicion of ZES, as he presented with typical reflux symptoms, fluid diarrhea and vomiting over a period of ten years, regressing quickly when taking esomeprazole (80 mg per day). The upper gastrointestinal endoscopy showed a 12-mm well-differentiated G1 NET in the posterior wall of the duodenal bulb (Ki67 1%). The former results, associated with high serum gastrin level (1317 pg/ml ; normal <125 pg/ml), enabled the diagnosis of ZES to be made [START_REF] Metz | Diagnosis of Zollinger-Ellison syndrome in the era of PPIs, faulty gastrin assays, sensitive imaging and limited access to acid secretory testing[END_REF]. No other lesions were seen during endoscopic ultrasound (EUS). Meanwhile, MEN1 syndrome was suspected because of the elevation of plasma calcium level (2.70 mmol/L ; normal 2.15 -2.50 mmol/L) associated with high plasma level of parathyroid hormone (188 pg/ml ; normal 14 -87 pg/ml). The complete endocrine assessment confirmed the primary hyperparathyroidism and showed a prolactin-secreting pituitary macroadenoma, a left adrenal adenoma and a 7-cm thymic tumor. Genetic screening of MEN1 gene identified a mosaicism at exon 5 (c.784-9G>A). Prolactin hypersecretion was treated by cabergoline. Primary hyperparathyroidism with serum hypercalcemia was treated by cinacalcet because parathyroid surgery was delayed as a thymic tumor was diagnosed. A thymectomy was performed in 2017: the histological analysis revealed a G2 NET (Ki67 15%). The patient was closely monitored by endocrinologists and gastroenterologists in our institution and continued long-term PPI therapy in order to control symptoms of the ZES (esomeprazole 120 mg per day).

On June 1, 2018, the patient presented with recurrent episodes of vomiting approximately 10 times per 24 hours over the previous 3 days, and a 6-kg weight loss over 1 month. The patient was hospitalized in the intensive care unit (ICU) for metabolic alkalosis and severe ionic disorders. Clinical examination showed multidirectional nystagmus, vertigo and gait instability. No otological or neurological causes were found. A severe hypomagnesemia was diagnosed (undetectable serum magnesium level <0.10 mmol/L ; normal 0.7 -1.1 mmol/L). Intravenous rehydration and correction of electrolyte disturbances were successfully performed. Esomeprazole had to be continued (120 mg per day) in order to control symptoms of the ZES. On June 19, 2018, uncontrollable vomiting recurred and the upper gastrointestinal endoscopy showed an ulcerated esophagitis leading to an increase in PPI doses (esomeprazole 240 mg per day). In July 2018, the patient was readmitted to the ICU for severe vomiting, convulsive seizures and loss of consciousness. The Glasgow Coma Scale score was 6 on ICU admission. Clinical examination showed extracellular dehydration and a cerebellar syndrome (severe truncal ataxia, multidirectional nystagmus and dysarthria). Blood tests showed impaired renal function, hypokalemia, undetectable serum magnesium level (<0.21 mmol/L ; normal 0.7 -11 mmol/L), normal blood glucose level and normal serum calcium level. This severe symptomatic hypomagnesemia was proved to be due to gastrointestinal loss, as urinary fractional excretion of magnesium was low (<0.56 mmol/L). First, intravenous magnesium supplementation and rehydration, with temporary discontinuation of PPIs were initiated. A substitution with ranitidine, a H2RA, was done (600 mg per day). After 36 hours stopping PPIs, the patient reported acute abdominal pain associated with abundant melena.

The gastrointestinal endoscopy showed an erosive duodenitis. High-dose PPIs were urgently resumed. Cerebellar syndrome partially regressed after intravenous magnesium supplementation, but ataxia persisted. Oral magnesium supplementation was tried, but hypomagnesemia and diarrhea recurred, requiring daily intravenous infusions (13.5 g of magnesium sulfate per day). Somatostatin receptor scintigraphy showed a lesion near the 2nd duodenum, with no other abnormality. However, EUS showed two infracentimetric hypervascular tumors in the pancreatic head.

Finally, further to repeated hospital admissions to the ICU, as the patient was presenting with sequella cerebellar syndrome, severe hypomagnesemia requiring daily intravenous infusions, and early gastrointestinal bleeding secondary to discontinuation of PPIs, a surgical management of the MEN1 gastrinomas was considered in order to definitely stop PPIs. Different surgical possibilities were discussed at expert multidisciplinary meetings: local resection plus lymphadenectomy, pancreaticoduodenectomy (PD) and total gastrectomy (TG). The patient's personal history was marked by non-insulin-dependent diabetes, active smoking, dyslipidemia, ischemic heart disease with active stents, recent pulmonary embolism and restrictive ventilatory disorder. Due to the MEN1 syndrome, the curative resection of all NETs would have required a PD. Risks and rewards were assessed for each of the 3 surgical options as presented in Table 1. According to the comorbidities (ECOG performance status 3), the MEN1 syndrome, the poor prognosis of the resected thymic NET [START_REF] Gibril | Prospective study of thymic carcinoids in patients with multiple endocrine neoplasia type 1[END_REF][START_REF] Ito | Causes of death and prognostic factors in multiple endocrine neoplasia type 1: a prospective study: comparison of 106 MEN1/Zollinger-Ellison syndrome patients with 1613 literature MEN1 patients with or without pancreatic endocrine tumors[END_REF], and the imperative need to definitely preclude the use of PPIs, it was decided to perform a TG. TG was associated with lower postoperative morbimortality than PD and allowed the permanent cessation of PPIs by suppressing acid hypersecretion. A TG done through roux-en-y esophago-jejunostomy and jejunojejunostomy, and implementation of a feeding jejunostomy were performed in January 2019. Histopathological examination of the resected stomach showed hypertrophic gastropathy of the body and fundus secondary to ZES (Figure 1). The postoperative course was affected by a fistula at the esophago-jejunal anastomosis, requiring surgical reintervention. In April 2019, the patient complained of dysphagia due to a severe anastomotic stenosis, which required regular balloon dilations. In August 2019, the feeding jejunostomy was removed and the patient resumed sufficient oral nutrition. After one year of postoperative follow-up, PPIS were never resumed, gait instability partially regressed, serum magnesium levels were normal, and no recurrent or metastatic disease was identified.

Discussion

PPI-induced hypomagnesemia has been described since 2006 in the literature [START_REF] Epstein | Proton-pump inhibitors and hypomagnesemic hypoparathyroidism[END_REF]. Considering all the adverse effects reported to the FDA while taking PPIs, 1% of them were related to hypomagnesemia [START_REF] Luk | Proton pump inhibitor-associated hypomagnesemia: what do FDA data tell us?[END_REF]; this risk being increased by concomitant use of loop diuretics and prolonged PPI therapy [START_REF] Kieboom | Proton pump inhibitors and hypomagnesemia in the general population: a population-based cohort study[END_REF]. Recent studies have clarified potential mechanisms, but the pathophysiology is imperfectly known [START_REF] William | Proton-pump inhibitor-induced hypomagnesemia: Current research and proposed mechanisms[END_REF]. PPI-induced hypomagnesemia is due to an alteration of active intestinal absorption, the passive pathway not being impaired. The main mechanism appears to be a pH-dependent regulation of the TRPM6 transporter in the colonic enterocyte [START_REF] William | Proton-pump inhibitor-induced hypomagnesemia: Current research and proposed mechanisms[END_REF], but individual epigenetic polymorphisms could explain why hypomagnesemia is not uniformly seen among PPI users [START_REF] Hess | Common single nucleotide polymorphisms in transient receptor potential melastatin type 6 increase the risk for proton pump inhibitor-induced hypomagnesemia: a case-control study[END_REF]. Besides, no dosedependent effect [START_REF] Chowdhry | Proton pump inhibitors not associated with hypomagnesemia, regardless of dose or concomitant diuretic use[END_REF] of PPIs has been described in the general population. Therefore, there are currently no guidelines regarding prevention and monitoring of drug-induced hypomagnesemia [START_REF] Atsmon | Drug-induced hypomagnesaemia : scope and management[END_REF]. We could recommend vigilance when prescribing prolonged PPI therapy (longer than one year) or when combining with predisposing factors known to increase the risk of hypomagnesemia (i.e. medications such as loop diuretics, malabsorption, extensive bowel resections, chronic alcoholism, or hereditary tubulopathies). Moreover, the case of this patient emphasizes the need for systematic screening and careful monitoring of serum magnesium level in all ZES patients receiving life-long PPI therapy. No preventive treatment is necessary, but low serum magnesium levels require therapeutic measures ranging from high-dose magnesium supplementation to surgical management of the ZES.

The place of surgery in MEN1-associated gastrinomas remains controversial [START_REF] Norton | Resolved and Unresolved Controversies in the Surgical Management of Patients With Zollinger-Ellison Syndrome[END_REF][START_REF] Norton | Gastrinomas: Medical or Surgical Treatment[END_REF]. MEN1/ZES patients usually have multiple duodenal gastrinomas, other pancreatic NETs and lymph node metastases. Consequently, complete cure is very difficult to achieve in this situation (<10% when PD is not performed), and it is often recommended that surgery should be restricted to patients with tumors > 2 cm to prevent metastatic dissemination [START_REF] Jensen | ENETS Consensus Guidelines for the management of patients with digestive neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes[END_REF]. Hence, surgical management of MEN1-associated gastrinomas was deferred in the initial patient's course according to the prognostic impact of the MEN1 syndrome. However, recent publications support aggressive surgery for both long-term biochemical cure and prolongation of survival by preventing liver metastases [START_REF] Shao | Surgical management of Zollinger-Ellison syndrome: Classical considerations and current controversies[END_REF][START_REF] Bartsch | Outcome of duodenopancreatic resections in patients with multiple endocrine neoplasia type 1[END_REF][START_REF] Lopez | Long-term results of surgery for pancreatic neuroendocrine neoplasms in patients with MEN1[END_REF][START_REF] Imamura | Biochemically curative surgery for gastrinoma in multiple endocrine neoplasia type 1 patients[END_REF].

Tonelli et al reported 77% of curability after pancreatic surgery for MEN1-associated gastrinomas [START_REF] Tonelli | Pancreatectomy in multiple endocrine neoplasia type 1-related gastrinomas and pancreatic endocrine neoplasias[END_REF]. However, the overall in-hospital mortality after PD for pancreatic NETs has been reported at 6%, while morbidity is mainly affected by pancreatic fistula occurrence in up to 14% [START_REF] Jilesen | Postoperative Complications, In-Hospital Mortality and 5-Year Survival After Surgical Resection for Patients with a Pancreatic Neuroendocrine Tumor: A Systematic Review[END_REF]. PD with tumor-free margins and lymphadenectomy appears to be the best choice for lesions of the pancreatic head, in an attempt to completely remove all NETs.

Conversely, partial duodenectomy or pancreas-preserving total duodenectomy have been associated with risk of recurrence and persistent postoperative hypergastrinemia [START_REF] Imamura | Biochemically curative surgery for gastrinoma in multiple endocrine neoplasia type 1 patients[END_REF][START_REF] Lopez | Partial pancreaticoduodenectomy can provide cure for duodenal gastrinoma associated with multiple endocrine neoplasia type 1[END_REF]. In this patient, considering the preoperative assessment, the MEN1 syndrome and the imperative need for a definitive withdrawal of PPIs, the probability that biochemical cure could not be obtained by surgery alone was high. Moreover, gastric acid hypersecretion can persist long-term even after a curative resection in up to 60% of patients (despite normogastrinemia), requiring antisecretory drugs [START_REF] Pisegna | Effects of curative gastrinoma resection on gastric secretory function and antisecretory drug requirement in the Zollinger-Ellison syndrome[END_REF][START_REF] Ojeaburu | Mechanism of acid hypersecretion post curative gastrinoma resection[END_REF]. Somatostatin analogues could also have been considered as their antigastrin properties have been described since 1988 in ZES patients [START_REF] Ruszniewski | Long-acting somatostatin (SMS 201-995) in the management of Zollinger-Ellison syndrome: evidence for sustained efficacy[END_REF][START_REF] Gomes-Porras | Somatostatin Analogs in Clinical Practice: A Review[END_REF], but the risk of long-term recurrence of hypergastrinemia and, therefore, the need for PPIs cannot be completely removed. Hence, considering the associated comorbidities that would have increased the morbi-mortality of PD, the multidisciplinary staff decided to perform a TG, the only way to definitely preclude the use of PPIs by suppressing gastric acid hypersecretion [START_REF] Franz | Is total gastrectomy still a viable option in the management of patients with the Zollinger-Ellison syndrome?[END_REF] with an acceptable morbimortality [START_REF] Rattner | Insulinomas and other tumours[END_REF] (Table 1).

In conclusion, this is the first case reporting a life-threatening PPI-induced hypomagnesemia in a MEN1/ZES patient. In the rare cases of persistent and life-threatening PPI-induced hypomagnesemia in patients with ZES, surgery should be considered early in order to obtain definitive and tight control of gastric acid secretion.

Complete tumor removal is recommended in sporadic gastrinomas, whereas aggressive curative surgery (i.e. PD when possible) is necessary in MEN1/ZES patients. TG could be proposed in frailty patients who are not eligible for curative pancreatoduodenal resection.

1 Table 1 : Surgical management of duodeno-pancreatic gastrinomas in MEN1/ZES patients [START_REF] Norton | Resolved and Unresolved Controversies in the Surgical Management of Patients With Zollinger-Ellison Syndrome[END_REF][START_REF] Ojeaburu | Mechanism of acid hypersecretion post curative gastrinoma resection[END_REF][START_REF] Ruszniewski | Long-acting somatostatin (SMS 201-995) in the management of Zollinger-Ellison syndrome: evidence for sustained efficacy[END_REF][START_REF] Gomes-Porras | Somatostatin Analogs in Clinical Practice: A Review[END_REF][START_REF] Franz | Is total gastrectomy still a viable option in the management of patients with the Zollinger-Ellison syndrome?[END_REF]. a Gastric acid hypersecretion can persist long term even after a curative resection in up to 60% of patients (despite normogastrinemia), requiring antisecretory drugs. b The 90-day mortality after pancreaticoduodenectomy for cancer is double the 30-day mortality
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