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INTRODUCTION

Hypoglycaemia secondary to extra-pancreatic tumours, identified in 1929 [START_REF] Nadler | Hepatogenic hypoglycemia associated with primary liver cell carcinoma[END_REF], was at that time thought to be related to an increase in glucose consumption by the tumour, a hypothesis that was not confirmed later [START_REF] Gogvadze | Mitochondriain cancer cells : what is so special about them?[END_REF]. In the 1970's, the observation of low blood insulin levels suggested that such tumours could secrete an "insulin-like" factor. Since the end of the 1990's, the role of a high molecular weight precursor of IGF-2, called Big-IGF-2 [START_REF] Kahn | The riddle of tumor hypoglycemia revisited[END_REF][START_REF] Daughaday | Insulin-like growth factor II synthesis and secretion by a leiomyosarcoma with associated hypoglycemia[END_REF], was confirmed in these cases of paraneoplastic hypoglycaemia unrelated to an insulinoma, usually referred to the acronym NICTH (non-islet-cell tumour hypoglycaemia). NICTH are invariably characterised by extremely low levels of insulin, C-peptide and GH, paradoxically associated to hypoglycaemia [START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF][START_REF] Miraki-Moud | A rapid method for analyzing serum pro-insulin-like growthfactor-II in patients with non-islet cell tumor hypoglycemia[END_REF][START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF][START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF]. This syndrome, sometimes called IGF-2-oma, may occur with a wide variety of tumours, both benign and malignant, in which the IGF-2 gene is overexpressed, thus explaining the increased production of IGF-2 precursors [START_REF] Belfiore | Insulin receptor and cancer[END_REF]. It is likely that most neoplasic cells are not able of adequate enzymatic processing. These precursors often present a glycosylation defect, which makes their cleavage incomplete and results in the formation of Big IGF-2 [START_REF] Widmer | Is extrapancreatic tumor hypoglycemia associated with elevated levels of insulinlike growth factor II?[END_REF].

In NICTH, there is a mix of unprocessed pro-IGF-2 (1-156), pro-IGF-2 (1-104), and heterogeneous O-glycosylated pro-IGF-II (1-87) or "big"-IGF-II [START_REF] Daughaday | Insulin-like growth factor II synthesis and secretion by a leiomyosarcoma with associated hypoglycemia[END_REF][START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF][START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF]. Different isoforms of IGF-2 family compete with mature IGFs for complex formation with IGFBP (Insulin-like growth factor-binding protein), resulting in an increase of free IGFs. The association of big-IGF-2 with IGFBP-3 (or 5) could prevent appropriate Acid-Labile Subunit binding, therefore hampering the formation of the ternary complex [START_REF] Zapf | Can "big" insulin-like growth factor II in serum of tumor patients account for the development of extrapancreatic tumor hypoglycemia?[END_REF]. The smaller complexes (binary complexes) and free unbound IGFs permeate the capillary easily, bind to insulin receptors, and activate different mechanisms that contribute to hypoglycaemia. These molecules increase the use of glucose by the skeletal muscles and adipocytes, and inhibit glycogenolysis and neoglucogenesis, thus favoring the occurrence of hypoglycaemia [START_REF] Alexandrides | Developmental expression of receptors for insulin, insulinlike growth factor I(IGF-I) and IGF-II in rat skeletal muscle[END_REF][START_REF] Froesch | Insulin-like growth factors and insulin: comparative aspects[END_REF][START_REF] Shapiro | Tumor hypoglycemia : relationship to high molecular weight insulin-like growth factor-II[END_REF]. This rare syndrome may be underdiagnosed.

The aim of this retrospective, single-centre study was to review the cases of NICTH over the past two decades in order to identify the characteristics and the main diagnostic pitfalls.

PATIENTS AND METHODS

This study, which was carried out in a university-affiliated endocrinology department, identified 6 cases of NICTH between 1996 and 2016; only one of the cases occurred before 2000, and the 5 others were in the last 10 years, including 2 cases in 2016. The diagnosis of NICTH was made through the association of hypoinsulinemic hypoglycaemia with low GH and IGF-1 in the presence of a tumour.

The data that were compiled included age, gender, comorbidities, body mass index, arterial blood pressure, tumour type, tumour size and location, blood glucose, C-peptide, blood insulin, GH, IGF-1, IGF-2 and the IGF-2:IGF-1 ratio. None of the patients had an assay of Big-IGF-2.

The IGF-2 assay was done by radioimmunoassay (normal range: 460 -1125 ng/mL).

RESULTS

The results are presented in Table 1.

Characteristics of the population and clinical manifestations

Five of the 6 patients analysed were women, with a median age of 69.5 years and a median body mass index of 23.4 kg/m². The presenting symptoms of the tumour were the hypoglycaemic manifestations in 3 patients (50%). The hypoglycaemia occurred while fasting, with neuroglucopenic manifestations including confusion, aphasia and coma. In the 3 other cases, the presenting symptoms were a tumoral syndrome, including weight loss, pain or a palpable mass. Two patients presented with non-inaugural acromegaloid syndrome and one patient with seborrheic keratosis.

Tumour characteristics

Three of the 6 patients presented with a pleural solitary fibrous tumour (SFT), with hypoglycaemia as the revealing symptom. The 3 other tumours, became complicated by hypoglycaemia 3 to 8 years after the initial diagnosis. These tumours included a neuroendocrine carcinoma of the soft palate, a meningeal hemangiopericytoma and a retroperitoneal myxofibrosarcoma. Hemangiopericytoma is a term given for meningeal localisation of SFT. This series includes 5 sarcomas and one neuroendocrine tumor. The median tumour size was 17.6 cm, with 5 of the tumours over 15 cm. The median SUV on [ 18 F]-fluoro-2-deoxyglucose PET/CT scan of the 6 patients was low at 3.3 mg/mL (2-7.5).

Laboratory results

The median (IQR) blood glucose during the episodes of hypoglycaemia in the 6 patients was 0.4 g/L, with low plasma concentrations of insulin, GH and IGF-1. IGF-2 was normal, with a high IGF-2 / ,IGF-1 ratio and a low IGF-BP3 (Table1). In the cases of hypoinsulinemic hypoglycaemia, the serum glucagon was normal in 3 patients and high in the patient who was most resistant to treatments. Patient #3 with solitary fibrous tumour had a continuous glucose monitoring (CGM) before tumor resection, showing an asymptomatic low mean glucose, especially during the night (Figure 1A), which completely resolved after tumor resection (Figure 1B).

Complications

Electrolytic profile associated to severe hypoglycaemia was mild hypokalemia with normal urine potassium and hypomagnesemia. Iron-deficiency anemia and low prealbumin levels were also evidenced. Three of the 6 patients presented with euthyroid goiter.

The two patients with hemangiopericytoma and myxofibrosarcoma died, respectively 1 year 2 months and 8 months after the occurence of hypoglycaemia.

DISCUSSION

The prevalence of NICTH is low, but such condition may be under-diagnosed. Indeed, this retrospective study reporting only 6 cases from a university department in an area of 4 million inhabitants might reflect a lack of identification, with only one diagnosis made before 2000, and five since then, including two during the last year. It is therefore important to be aware of the circumstances and early signs associated to this curable disorder when hypoglycaemia is the presenting symptom.

The diagnosis of NICTH in our patients was made either with hypoglycaemia as the presenting symptom of a tumour, or following a tumoral syndrome, in which the hypoglycaemia was identified several years after the initial diagnosis, often with tumor recurrence. The cases of NICTH in which a tumoral syndrome was the presenting symptom had a poor prognosis (2 out of the 3 patients died in the 14 months following the occurence of hypoglycaemia). They also had more severe hypoglycaemia, resisting to all treatments other than glucose infusion.

As described by Bodnar et al. [START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF], hypoglycaemia occurred in our patients while fasting and hypoglycaemia unawareness may be frequent as illustrated by the CGMS performed systematically before surgery of a recurrent tumour in a clinically symptomless 73-year-old woman. Hypoglycemia can be discovered during nocturnal confusion or a fall in elderly individuals without a known tumour. Neuroglycopenic symptoms prevailed at diagnosis. The earliest sign is the loss of judgement ability, before the confusion and amnesia. Severe hypoglycaemia may result in seizures, coma and sometimes death [START_REF] Deary | Symptoms of hypoglycaemia and effects on mental performance and emotions[END_REF]. The patient may present with focalised neurological signs, such as aphasia in one of our patients, mimicking a stroke or a brain metastasis [START_REF] Malouf | Hypoglycemia: causes, neurological manifestations, and outcome[END_REF]. As a result, any behavioural or mental status changes in a patient should prompt a blood glucose measurement, whether or not there is a known tumour. In addition, besides its role in carbohydrate metabolism, IGF-2 can lead to tissue overgrowth and skin changes, resulting in acromegaloid features, as seen in two of our patients [START_REF] Trivedi | Non-islet cell tumour induced hypoglycemia with acromegaloid facial and acral swelling[END_REF] and goiter in 3 of them. Seborrheic keratosis, which was present in two of our patients, has also been described in literature [START_REF] Mayou | Paraneoplastic rhinophyma and the Leser-Tre´lat sign[END_REF].

The diagnostic procedure and the differential diagnoses can be achieved using the algorithm defined in the consensus of the French Society of Endocrinology [START_REF]Consensus of the French Endocrine Society : « Hypoglycaemia in non-diabetic adult patients[END_REF] and the Endocrine Society [START_REF] Cryer | Evaluation and management of adult hypoglycemic disorders : an Endocrine Society Clinical Practice Guideline[END_REF]. In the presence of seemingly organic hypoglycaemia, laboratory explorations can rule out iatrogenic causes, cortico-somatotropic insufficiencies and metabolic causes.

The occurrence of hypoinsulinemic hypoglycaemia with low GH and IGF-1 should prompt consideration of the secretion of a hypoglycaemic substance impeding the secretion of insulin and GH, such as IGF-2 or one of its related substances. The confirmation of the diagnosis is not often given by a high level of IGF-2 (only one out of the 6 patients) but by a high IGF-2:IGF-1 ratio (26.9 in our study). The normal ratio is around 3:1; a ratio greater than 10:1 is highly suggestive of IGF-2 precursor secretion [START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF][START_REF] Miraki-Moud | A rapid method for analyzing serum pro-insulin-like growthfactor-II in patients with non-islet cell tumor hypoglycemia[END_REF][START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF][START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF]. In their series, Fukuda et al. [START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF] showed a mean ratio of 64:1. Therefore, a normal IGF-2 level in the presence of hypoinsulinemic hypoglycaemia should not rule out this diagnosis. Currently, the assay for Big IGF-2 and high molecular weight precursors of IGF-2 is only performed in some research laboratories. These assays are radioimmunoassays, using antibodies against the E-domain (105-108). A more rapid technique for separating pro-IGF-II from mature IGF that employs thin layer chromatography (Tricine-SDS-PAGE followed by IGF-II immunoblot analysis) was recently developed, which could enable NICTH to be diagnosed more easily [START_REF] Miraki-Moud | A rapid method for analyzing serum pro-insulin-like growthfactor-II in patients with non-islet cell tumor hypoglycemia[END_REF]. The decrease in IGF-BP3, as in our patients, is an indirect evidence supporting the diagnosis of NICTH.

Unexpectedly, the serum glucagon was normal or high in our patients, while it should be decreased by the excess of related IGF-2 substances [START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF]. This is probably related to the stimulating effect of hypoglycemia on the secretion of this hyperglycemic hormone. IGF-2 and its related substances can be secreted by a broad spectrum of benign and malignant tumours [START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF][START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF][START_REF] Baker | Role of insulin-like growth factors in embryonic and postnatal growth[END_REF][START_REF] Teale | Glucocorticoid therapy suppresses abnormal secretion of big IGF-II by nonislet cell tumours inducing hypoglycaemia (NICTH)[END_REF]. In our study, SFT was the most frequent.

Mesenchymatous and hepatic tumours are more common in the literature [START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF]. Hypoglycaemia occurs with bulky tumours, easily reaching 20 cm for pleural SFT [START_REF] Kalebi | Surgically cured hypoglycemia secondary to pleural solitary fibrous tumour: case report and up date review on the Doege-Potter syndrome[END_REF]. In our series, hypoglycemia was less severe with SFT and in the patient with neuroendocrine carcinoma, and it was more sensitive to corticosteroid therapy (median prednisone-equivalent dose of 40 mg/day) than hypoglycaemia secondary to hemangiopericytoma and myxofibrosarcoma, which only responded to glucose solution. The most effective treatment for NICTH is surgical resection of the tumour [START_REF] Teale | The effectiveness of different treatment options for non-islet cell tumour hypoglycemia[END_REF]. New episodes of hypoglycemia following the tumour resection mark the recurrence.

Several of our cases of hypoglycaemia were accompanied by hypokalemia and normal urine potassium, as described in the literature [START_REF] Fukuda | Clinical features of insulin-like growth factor-II producing non-islet-cell tumor hypoglycemia[END_REF][START_REF] Bodnar | Management of non-islet-cell tumor hypoglycemia: a clinical review[END_REF][START_REF] Dynkevich | Tumors, IGF-2 and hypoglycemia: insights from the clinic, the laboratory and the historical archive[END_REF]. They were probably induced by the insulin-like effects of IGF-2, since insulin has the property to facilitate the intracellular transfer of glucose, potassium and magnesium, thus also explaining the hypomagnesemia. All of our patients also presented with iron deficiency anemia and low prealbumin, possibly due to the tumour or malnutrition.

Despite our small sample size, the results of our study therefore match those in the literature.

CONCLUSION

NICTH due to the paraneoplastic secretion of IGF-2-related substances is a rare syndrome, which may be overlooked. NICTH should be considered in the context of organic hypoglycemia associated with very low levels of insulin, peptide C and IGF-1. Hypoglycemia can be the presenting symptom particularly in pleural fibrous tumour. Focused diagnostic workup is needed from the outset in individuals, often the youngest, with a tumoral syndrome and organic hypoglycaemia. The diagnosis is confirmed with an IGF-2:IGF-1 ratio greater than 10, much more useful than the measurement of Big-IGF-2, which is not marketed. In our experience, the prognosis varies according to age and etiology. Corticosteroid therapy was effective, particularly in fibrous tumours, which were generally operable. Resection of the responsible tumour resolves the hypoglycemia. Hemangiopericytoma and myxofibrosarcoma had a poor prognosis in younger patients. New anti-IGF-2 therapies are undergoing evaluation and could be a therapeutic option in these patients [START_REF] Belfiore | Insulin receptor and cancer[END_REF]. 
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 11111 Figure 1. Continuous glucose monitoring night profiles before (A) and after (B) tumor
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