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Introduction

Acromegaly is a rare disease generally due to a growth hormone (GH)-secreting pituitary adenoma [1]. Because the diagnosis is usually delayed by 5-10 years, the occurrence, progression, and aggravation of comorbidities related to the excess of GH are likely to occur [START_REF] Gadelha | Systemic complications of acromegaly and the impact of the current treatment landscape: an update[END_REF].

Hypertension (HT) is a major contributor to cardiovascular mortality in acromegaly and is reported to affect approximately one-third of patients [START_REF] Giustina | A consensus on the diagnosis and treatment of acromegaly comorbidities: an update[END_REF]. In some series, it has even been reported to be found in up to 60% of acromegalic patients [START_REF] Gadelha | Systemic complications of acromegaly and the impact of the current treatment landscape: an update[END_REF]. HT probably results from concomitant factors leading to expansion of extracellular fluid volume: an antinatriuretic effect of the GH/IGF-1 axis [START_REF] Kamenický | Growth hormone, insulin-like growth Factor-1, and the kidney: pathophysiological and clinical implications[END_REF], an increase of the peripheral vascular resistance, and a development of sleep apnea syndrome [START_REF] Puglisi | Hypertension and acromegaly[END_REF]. Likewise, the prevalence of impaired glucose tolerance and diabetes mellitus (DM) in acromegaly have been reported to range from 19 to 56% depending on the study [START_REF] Gadelha | Systemic complications of acromegaly and the impact of the current treatment landscape: an update[END_REF][START_REF] Frara | Current and emerging aspects of diabetes mellitus in acromegaly[END_REF]. In that setting, DM is usually associated with insulin-resistance and hypertriglyceridemia [START_REF] Niculescu | Insulin-like growth factor-I correlates more closely than growth hormone with insulin resistance and glucose intolerance in patients with acromegaly[END_REF]. This metabolic profile, together with HT, induces an increased overall risk of cardiovascular morbidities and mortality in acromegalic patients [START_REF] Dekkers | Mortality in acromegaly: a metaanalysis[END_REF]. Both the screening and management of these complications are essential during the initial evaluation and the follow-up of acromegalic patients, as recommended by the current guidelines [START_REF] Giustina | A consensus on the diagnosis and treatment of acromegaly comorbidities: an update[END_REF][START_REF] Katznelson | Acromegaly: an endocrine society clinical practice guideline[END_REF]. Recent data provided by the analysis of the French acromegaly registry showed an improvement in the biochemical control of the disease over the past decades with a significant decrease in the incidence of acromegaly induced comorbidities [START_REF] Maione | Changes in the management and comorbidities of acromegaly over three decades: The French acromegaly registry[END_REF]. Currently, criteria used to define biochemical control remains a matter of debate. Certain expert consensus, based on the use of ultrasensitive GH assays, recommend defining biochemical remission of the disease, a normalization of IGF-1 for age and sex and a GH nadir below 0.4 µg/L after 75 g Oral Glucose Tolerance Test (OGTT) in patients with no glucose disorder [START_REF] Melmed | A consensus statement on acromegaly therapeutic outcomes[END_REF]. However, it remains uncertain if this low cutoff (as compared with a cutoff of 1 µg/L) really does improve metabolic outcomes [START_REF] Ku | No differences in metabolic outcomes between nadir GH 0.4 and 1.0 ng/mL during OGTT in surgically cured acromegalic patients (observational study)[END_REF], nor markedly influences the proportion of patients who achieve biochemical remission [START_REF] Melmed | A consensus statement on acromegaly therapeutic outcomes[END_REF]. The Endocrine Society suggests to achieve, as a therapeutic goal, a random GH < 1 µg/L together with a normalized IGF-1 [START_REF] Katznelson | Acromegaly: an endocrine society clinical practice guideline[END_REF]. Currently, there are several lines of evidence which support that control of both parameters, namely GH and IGF-1, is required to avoid the onset of metabolic complications [START_REF] Bolfi | Mortality in acromegaly decreased in the last decade: a systematic review and meta-analysis[END_REF][START_REF] Colao | Association between biochemical control and comorbidities in patients with acromegaly: an Italian longitudinal retrospective chart review study[END_REF]. In most cases, respective levels of GH and IGF-1 are congruent, indicating either remission or active disease, however, it has been reported that in up to 25% of surgically treated patients with acromegaly, naïve to somatostatin analogs (SSAs) or radiation, a discrepancy between GH and IGF-1 may occur [START_REF] Brzana | Discordant growth hormone and IGF-1 levels post pituitary surgery in patients with acromegaly na‹ve to medical therapy and radiation: what to follow, GH or IGF-1 values?[END_REF].

In this retrospective study, our aim was therefore to evaluate the outcome of acromegaly induced comorbidities (HT and DM) in patients with biochemical remission based on concordant biochemical parameters and in those with discordant GH and/or IGF-1 levels.

Material and methods

Study design and subjects

We retrospectively analyzed the data of 3173 patients with an established diagnosis of acromegaly from the Liege Acromegaly Survey (LAS) database [START_REF] Petrossians | The Liege Acromegaly Survey (LAS): a new software tool for the study of acromegaly[END_REF][START_REF] Petrossians | Acromegaly at diagnosis in 3173 patients from the Liège Acromegaly Survey (LAS) Database[END_REF]. Among them, a total of 190 patients were eligible for this study because they were only treated by surgery, without any other medical treatment (before and/or after surgery) and/or radiotherapy. Moreover, patients did not present with any conditions known to interfere with the GH/IGF-1 axis (see exclusion criteria below). Their data concerning DM and HT were available both at diagnosis and at last follow-up (LFU). Patients have been diagnosed and followed in eight and random GH) after surgery (thereafter mentioned as T1) and at LFU without confounding factors for GH and/or IGF-1 interpretation (see below). (4) A similar biochemical status between T1 and the LFU. Patients who changed their status (e.g., GH discordant to remission) exempted from the analysis. (5) Pituitary MRI evaluation at diagnosis and LFU (to confirm the absence of a residual pituitary adenoma).

Exclusion criteria included patients without a proper initial evaluation of their comorbidities, patients uncured by surgery (increased IGF-1 levels and random GH ≥ 1 µg/L) and/or under medical treatments (SSAs, cabergoline or pegvisomant) or radiation therapy, and eventually, patients with confounding factors for GH and/or IGF-1 interpretation (pregnancy, puberty, estrogen therapy, renal insufficiency, liver failure, and hypothyroidism).

Endocrine

Biochemical evaluation

Postsurgical criteria of remission were defined according to the current guidelines with normal IGF-1 levels for age and sex and random GH < 1 µg/L [START_REF] Katznelson | Acromegaly: an endocrine society clinical practice guideline[END_REF][START_REF] Melmed | A consensus statement on acromegaly therapeutic outcomes[END_REF]. GH discordance was defined as random GH ≥ 1 µg/L with normal IGF-1 levels for age and sex. IGF-1 discordance was defined by abnormal elevated IGF-1 levels with a random GH < 1 µg/L. According to the biochemical status of each patient, we compared the outcome of comorbidities in three different populations: patients in biochemical remission (REM), GH discordant patients (GH dis ), and IGF-1 discordant patients (IGF-1 dis ). Notably, we did not consider GH under OGTT (=nadir GH) to categorize these subgroups of patients as this data was inconstantly performed in the different aforementioned centers and because a previous study suggested a low rate of discordance by using 1 µg/L as a cutoff level for "safe" GH [START_REF] Machado | Prevalence of discordant GH and IGF-I levels in acromegalics at diagnosis, after surgical treatment and during treatment with octreotide LAR®[END_REF].

GH and IGF-1 were assessed using different kits in the different centers; however, a rigorous evaluation for each patient was completed, the same kit was used at T1 and during follow-up. Overall, two different kits were used for GH measurement amongst the different centers, namely the IDS-iSYS Human GH kit (immunodiagnostic system®, REF -3700) and the LIAISON® hGH assay (DiaSorin®). For IGF-1, a total of three different kits were used: IDS-iSYS IGF-1 (immunodiagnostic system® REF IS-3900/IS-3930), LIAI-SON® IGF-1 assay (DiaSorin®) and for some patients, IGF-1 have been determined by the Nichols Advantage IGF-I assay (Nichols Institute Diagnostics, San Juan Capistrano, CA).

Outcome of comorbidities

In every group of patients, we assessed the existence of DM and HT at diagnosis and LFU. DM was defined by two fasting plasma glucose level ≥ 126 mg/dl (7.0 mmol/L) or a 2-h plasma glucose ≥ 200 mg/dl (11.1 mmol/L) during OGTT or HbA1c ≥ 6.5% (48 mmol/mol) and arterial HT by systolic or diastolic blood pressure ≥ 130/80 mmHg. Prediabetes was defined by a fasting plasma glucose level between 100 and 125 mg/dl (5.6-6.9 mmol/L) or a 2-h plasma glucose between 140 and 199 mg/dl (7.8-11.0 mmol/L) or HbA1C between 5.7 and 6.4% (39-46 mmol/mol). In order to assess the severity of each comorbidity, we recorded the number of antihypertensive drugs (0, 1, 2, 3, 4, and > 4) and antidiabetic drugs used (0, 1, 2, 3, Insulin) at the first evaluation and at the LFU for each patient.

Statistical analysis

For statistical analysis, GraphPad Prism® version 6.04 (Graph-Pad Software, San Diego, CA, USA) was used. Continuous data is presented as mean ± SD, while categorical variables are presented as absolute/relative frequencies. We performed statistical comparisons of quantitative data with the nonparametric Mann-Whitney-Wilcoxon test or ANOVA (Kruskal Wallis test). For statistical comparisons of dichotomous data, we used the χ 2 test. All statistical tests were two sided with p values of < 0.05 considered significant.

Results

Patient characteristics

One hundred and ninety patients were included in this multicenter, retrospective study. Ninety-nine patients belonged to the REM group, 65 were GH dis , and 26 were IGF-1 dis . Mean age at diagnosis was comparable between the three groups (Table 1). The mean durations of follow-up (i.e., time between surgery and the LFU) were 6.2 ± 3.5, 8.2 ± 5.4 and 9.3 ± 5.1 years in the REM, GH dis , and IGF-1 dis group, respectively. First biochemical evaluation after surgery was performed at 3.6 ± 1.2, 4.1 ± 1, and 3.8 ± 1.2 months, respectively. According to inclusion criteria, mean values of GH and random IGF-1 did not differ significantly between T1 and the LFU in every specific subgroups (Fig. 1a,b). In the whole cohort of patients, the mean maximum tumor diameter at diagnosis was 15.7 ± 6.6 mm and it did not differ significantly between the different groups. Importantly, there was not a higher proportion of invasive tumors on the MRI in the GH dis group, as compared with the two other groups of patients. Data regarding Body Mass Index (BMI) at diagnosis and LFU were available in 84 patients from the REM group, 56 patients from the GH dis group and 19 patients in the IGF-1 dis group. In the REM group, the mean value of random GH was 0.41 ± 0.26 µg/L at the LFU. Mean value of IGF-1 in this group was 0.61 ± 0.1 upper limit of normal (ULN). Finally, the mean BMI in the REM group was 26.9 ± 3.9 kg/ m 2 at diagnosis and 28.2 ± 4.8 kg/m 2 at the LFU, respectively (n = 84, p < 0.01).

In the GH dis group, mean IGF-1 was 0.7 ± 0.2 ULN with a mean random GH of 2.77 ± 1.83 µg/L at LFU. Mean BMI were 25.4 ± 4.3 kg/m 2 at diagnosis and 26.3 ± 4.7 kg/m 2 at the LFU, respectively (p = 0.03).

In the IGF-1 dis group, the mean value of IGF-1 was 1.3 ± 0.3 ULN, and the mean value of random GH was 0.39 ± 0.21 µg/L at the LFU. Mean BMI was 30.3 ± 5.6 kg/m 2 at diagnosis and 30.7 ± 6 kg/m 2 at LFU (n = 19, NS). An overview of patient characteristics is represented in Table 1 and the difference in mean BMI between diagnosis and last follow for every subgroup of patients is presented in Fig. 2.

The mean random GH at the LFU was significantly higher in the GH dis group as compared with the REM group (2.77 ± 1.83 µg/L vs. 0.41 ± 0.26 µg/L, respectively, Endocrine p < 0.001). Accordingly, mean value of IGF-1 was higher in the IGF-1 dis group as compared with the REM group (1.3 ± 0.3 ULN vs 0.74 ± 0.23 ULN, respectively, p < 0.001).

Impact of GH/IGF-1 discordance on the evolution of hypertension and diabetes mellitus

According to our definition criteria, a total of 72 patients (37.8%) had HT Only ten patients (5.2% of the whole cohort) had a prediabetic state at T1 and the LFU. They belonged to the groups as follows: REM (n = 5), GH dis (n = 2), and IGF-1 dis (n = 3). Among these ten prediabetic patients, five had HT at T1 (mean number of anti-HT drugs, 0.4 ± 0.5), and six at the LFU (mean number of anti-HT drugs, 0.2 ± 0.3).

HbA1C was available in diabetic patients only (n = 54), and its mean value was 7.4 ± 1.8% at T1 versus 6.4 ± 0.8% at the LFU, irrespective of the GH/IGF-1 subgroup (p = 0.06). Mean value of HbA1c did not differ significantly between T1 and the LFU in the REM, GH dis and IGF-1 dis group, respectively (data not shown). Likewise, the mean HbA1c at LFU between diabetic patients of the REM (6.6 ± 0.8%) the GH dis (6.5 ± 0.9%) or the IGF-1 dis (6.1 ± 0.6) group, did not differ significantly (data not shown).

The mean number of anti-HT drugs used at diagnosis was similar between the different groups (0.43 ± 0.7, 0.64 ± 1 and 0.42 ± 0.8 in the REM, the GH dis and the IGF-1 dis group, respectively, p = 0.27, Table 2). Furthermore, the mean number of anti-HT drugs used remained the same in the three different groups at diagnosis and at the LFU (Table 2). We only observed in the IGF-1 dis group that the number of patients treated with 1 anti-HT drug increased from 1 to 5 between diagnosis and LFU, and those treated with 2 anti-HT drugs decreased from 5 to 1. However, the difference was not statistically significant.

Concerning DM, the mean number of antidiabetic drugs recorded in the REM, the GH dis and the IGF-1 dis groups, respectively, did not differ significantly at diagnosis (p = 0.68, Table 3) as well as at the LFU (p = 0.18, Table 3).

Discussion

Disease control represents the main goal in acromegalic patients, as it is strongly correlated with a better outcome in terms of both overall survival and prevention of comorbidities [START_REF] Gatto | Current perspectives on the impact of clinical disease and biochemical control on comorbidities and quality of life in acromegaly[END_REF][START_REF] Holdaway | Factors influencing mortality in acromegaly[END_REF]. Discrepancy between GH and IGF-1, the two biochemical parameters used in the follow-up of acromegaly, is not a rare event, as it occurs in up to 25% of patients. This situation can easily be the source of misunderstanding for the clinician and anxiety for the patient, and eventually, can wrongly question the efficacy of the therapeutic regimen [START_REF] Kanakis | The ongoing challenge of discrepant growth hormone and insulin-like growth factor I results in the evaluation of treated acromegalic patients: a systematic review and meta-analysis[END_REF].

In this study, we assessed the impact of GH/IGF-1 discrepancy on the occurrence and severity of two metabolic comorbidities of acromegaly, namely arterial HT and DM. We made sure to include patients who were surgically 

in remission

Endocrine treated and naive of any medical therapies, given the fact that SSAs are known to increase the proportion of IGF-1 and GH discordant patients, depending on the study considered [START_REF] Kanakis | The ongoing challenge of discrepant growth hormone and insulin-like growth factor I results in the evaluation of treated acromegalic patients: a systematic review and meta-analysis[END_REF][START_REF] Carmichael | The utility of oral glucose tolerance testing for diagnosis and assessment of treatment outcomes in 166 patients with acromegaly[END_REF]. Pegvisomant, a GH receptor antagonist, interferes with many conventional GH assays and may result in biased estimation of GH levels [START_REF] Paisley | Pegvisomant interference in GH assays results in underestimation of GH levels[END_REF]. Finally, none of our patients underwent any modalities of radiotherapy. Together, these stringent criteria's of inclusion explain why we only identified 190 patients within a database of over 3000 patients. With a significant long-term follow-up on the one hand and with the exclusion of the main factors known to interfere or influence GH and/or IGF-1 value on the other, we found around 15% of real discordant (i.e., at least demonstrated on two samples during the follow-up) acromegalic patients in the LAS population. Roughly similar to the proportion observed by Machado and colleagues [START_REF] Machado | Prevalence of discordant GH and IGF-I levels in acromegalics at diagnosis, after surgical treatment and during treatment with octreotide LAR®[END_REF]. Moreover, we show that, when present, the discrepancy is usually mild, either for GH or IGF-1 and its real impact on the patient can consequently be questioned. Accordingly, our results do not show any adverse outcome for diabetes or HT in discordant acromegalic patients and further suggest that no matter what kind of biochemical parameter is discordant for the patient to predict and prevent the occurrence and aggravation of HT and/or diabetes. This latter point needs to be discussed in the light of the previous results observed in the LAS population, where data showed that in nondiabetic patients, glucose values (basal or at OGTT) did not correlate with GH levels, while a significant correlation with IGF-1 values (in absolute term or as %ULN) was observed [START_REF] Petrossians | Acromegaly at diagnosis in 3173 patients from the Liège Acromegaly Survey (LAS) Database[END_REF]. In this study however, a majority of patients had an IGF-1 ≥ 2 ULN while in our group of IGF-1 dis patients, the mean of IGF-1 was 1.3 ULN, which makes the comparison difficult to establish. Among our three groups (i.e., REM, GH dis , and IGF-1 dis ), a trend for a higher BMI was observed at the last follow-up as compared with the mean value of BMI at the diagnosis, however without impacting the onset of metabolic comorbidities. This mild increase of BMI can result from two conditions to our opinion: firstly, BMI progressively increased with the age of the patients (mean follow-up of 6-9 years in our study) and, secondarily, biochemical control of acromegaly is a condition associated with an increase in fat mass and total body weight [START_REF] Reid | IGF-1 levels across the spectrum of normal to elevated in acromegaly: relationship to insulin sensitivity, markers of cardiovascular risk and body composition[END_REF][START_REF] Reyes-Vidal | Prospective study of surgical treatment of acromegaly: effects on ghrelin, weight, adiposity, and markers of CV risk[END_REF]. The repartition of the female population in our study deserves to be discussed as well. Overall, 55.5%, 64.6%, and 34.6% women were found in the REM, the GH dis , and the IGF-1 dis group, respectively, with a trend for a significant difference between the REM and the IGF-1 dis group. Those results are pretty similar to the one observed in study by Alexoupoulou et al. [START_REF] Alexopoulou | Divergence between growth hormone and insulin-like growth factor-I concentrations in the follow-up of acromegaly[END_REF], where the authors reported a lower proportion of female in the high IGF-1 group as compared with the GH dis group (36% vs. 72%, respectively, p < 0.01). A plausible assumption would be that circulating estrogen in women may cause a certain 

--- degree of GH resistance [START_REF] Leung | Estrogen regulation of growth hormone action[END_REF], which ultimately led to a biochemical pattern of "high" GH and "low" IGF-1.

Insulin ± antidiab drugs, n (%) 4 (2.1) 6 (3.1) 3 (3) 3 (3) 2 (3.1) 2 (3.1) 0 (0) 1 (3.8) 
As compared with the study published by Alexopoulou et al, in which the IGF-1 discordant group had higher fasting glucose (91 vs. 99 mg/dl; p < 0.05), and glycated hemoglobin levels (5.7 vs. 6.1%; p < 0.01) [START_REF] Alexopoulou | Divergence between growth hormone and insulin-like growth factor-I concentrations in the follow-up of acromegaly[END_REF], we did not observe a higher number of antidiabetic drugs in the IGF-1 dis group as compared with the REM and GH dis groups. However, in this study the criteria used for discrepancy were different than the ones we used, with a cutoff for GH of 2 ng/mL to distinguish the controlled patients from the "high GH" group [START_REF] Alexopoulou | Divergence between growth hormone and insulin-like growth factor-I concentrations in the follow-up of acromegaly[END_REF]. Another difference lies in the fact that we assessed the number of antidiabetic drugs for each patient and not the differences in terms of HbA1c, such that mild variations of glycaemia and or HbA1c, did not automatically lead to an adjustment of the antidiabetic treatment. Matta et al. showed that discordant patients (defined in their study by patients with high IGF-1 and normal GH) had higher fasting blood glucose (0.94 g/L (interquartile range: 0.83-1.17)) and systolic blood pressure (130 mmHg (120-140) compared with the control group (0.84 g/l (0.80-0.92); p = 0.017) and 120 mmHg (interquartile range: 110-130; p = 0.029), respectively [START_REF] Matta | Clinical and metabolic characteristics of acromegalic patients with high IGF1/normal GH levels during somatostatin analog treatment[END_REF]. Although a trend for higher blood glucose was observed, it did not result in a higher proportion of diabetic patients, which is line with our results. In our study, the proportion of prediabetic patients was roughly the same in the REM, GH dis and IGF-1 dis group, however comparisons are hard to establish because of the small number of patients (n = 10). Therefore, several lines of evidence support the fact that biochemical discrepancy does not seem to significantly impact the occurrence of acromegalic metabolic comorbidities. Finally, in our study we did not include GH under OGTT to categorize the biochemical status of our patients. Clinicians can question the purpose of this decision. However, it relies on the fact that our population of patients had no visible evidence of pituitary residue on the MRI and because the validity of GH under OGTT as compared with random GH in the follow-up of acromegalic patients, in terms of metabolic outcomes, remains to be established properly [START_REF] Melmed | A consensus statement on acromegaly therapeutic outcomes[END_REF]. In addition, our study shows that the prevalence of metabolic complications was the same in the GH dis and in the remission group, which naturally questioned the real benefit of GH under OGTT in this group of patients. Another line of evidence comes from the recent metanalysis conducted by Kanakis et al, where, by comparing random GH and GH under OGTT (=nadir GH), they found a roughly similar proportion of IGF-1 discordant patients (13.4% and 8.3%, respectively) [START_REF] Kanakis | The ongoing challenge of discrepant growth hormone and insulin-like growth factor I results in the evaluation of treated acromegalic patients: a systematic review and meta-analysis[END_REF]. More importantly, the proportion of GH discordant patients when considering random GH was similar to the one observed when using nadir GH (10.3% and 13.6%, respectively, NS) [START_REF] Kanakis | The ongoing challenge of discrepant growth hormone and insulin-like growth factor I results in the evaluation of treated acromegalic patients: a systematic review and meta-analysis[END_REF], whereas this specific subgroup of patients should be the one for who nadir GH should theoretically help to distinguish real discordance from active acromegaly. A total of 25 patients of our GH dis population (n = 65) also had GH under OGTT. GH was suppressed in 12 patients and unsuppressed in the remaining 13 patients. Looking specifically at the metabolic outcomes of these two subgroups of patients (GH suppressed vs. GH unsuppressed), the prevalence of DM, HT or even the number of medications prescribed were comparable (data not shown). Overall, the positioning of nadir GH under HGPO in the follow-up of acrmegalic patients needs to be better delineated, and its results should be taken with caution given the numerous conditions that are known to influence its variability [START_REF] Hage | Growth hormone response to oral glucose load: from normal to pathological conditions[END_REF]. Because GH discrepancy can be the consequence of an analytical issue with the GH assay, it appears thus reasonable to assess GH level with another assay before considering GH under OGTT, especially if the increase of GH random remains mild.

Our study has obvious inherent limitations due to both its retrospective and multicentre nature. Firstly, we did not have the possibility to obtain similar kits for GH/IGF-1 measurement in the different centers. Variability of results obtained with different kits for GH has been underlined in many studies [START_REF] Pokrajac | Variation in GH and IGF-I assays limits the applicability of international consensus criteria to local practice[END_REF][START_REF] Arafat | Growth hormone response during oral glucose tolerance test: the impact of assay method on the estimation of reference values in patients with acromegaly and in healthy controls, and the role of gender, age, and body mass index[END_REF][START_REF] Bidlingmaier | Measurement of human growth hormone by immunoassays: Current status, unsolved problems and clinical consequences[END_REF], however we assume in our study that each respective center used the same kit, and that each patient has been assessed with the same kit at diagnosis and LFU, a corner stone in the follow-up of patients with acromegaly. Moreover, patients enrolled in this study did not present any factors known to increase or decrease the value of IGF-1 like pregnancy, puberty, liver failure, kidney failure, estrogen treatment, or hypothyroidism. Another limitation relies in the fact that our inclusion criteria (patients who did not undergo medical therapy, second surgery or radiotherapy) probably led to a biased selection of only mild discordant patients. Therefore, our results have to be interpretated in this specific population of patients and have to be carefully extrapolated to acromegalic patients under medical therapies.

Our study focused on the number of administered drugs to the patient to treat HT and/or DM. Therefore, it gives an imperfect appreciation of the real metabolic status of the patient as far as he can still be diabetic without antidiabetic drugs if he is controlled with diet and exercise. However, patients were followed in expert centers where assessment and treatment of those two metabolic comorbidities are scrupulously screened and treated according to the guidelines. Moreover, our study shows that a trend for a significant decrease of mean HbA1C values occurred before T1 and LFU, which supports the idea that the number of antidiabetic drugs could reflect the degree of severity of DM in a given population. Finally, we postulated that no dramatic changes in the therapeutic regimen would signify that no significant changes occurred in the metabolic state of the patient over the period of follow-up.

The problematic of discrepancy in daily life also questions the reliability of following one parameter (i.e., GH or IGF-1) in acromegaly. As discussed earlier, data originated from the LAS showed that glucose levels were correlated to the level of IGF-1 but not GH [START_REF] Petrossians | Acromegaly at diagnosis in 3173 patients from the Liège Acromegaly Survey (LAS) Database[END_REF]. While GH has well known hyperglycemic properties [START_REF] Jørgensen | Growth Hormone and Glucose Homeostasis[END_REF], these results gave an interesting perspective for the interpretation of each of these parameters in the follow-up of acromegalic patients. Although it needs to be clearly demonstrated, it seems that GH reflect the secretory activity of the pituitary tumor (primitive or residue) while IGF-1 is mainly reflective of the disease activity. Based on this postulate, GH and IGF-1 appear to be indissociable parameters to manage the followup of patients with acromegaly. In that sense, a recent published meta-analysis, Bolfi et al. showed that in acromegalic patients with both normal IGF-1 and GH < 2.5 ng/ mL, observed deaths were not significantly different from the expected deaths in general population with a standardized mortality ratio (SMR) of 0.71 (CI: 0.41-1.22, I2 62%) [START_REF] Bolfi | Mortality in acromegaly decreased in the last decade: a systematic review and meta-analysis[END_REF]. On the contrary, uncontrolled GH or IGF-1 resulted in a significant increase of the SMR of 1.96 (CI: 1.25-3.05, I2: 78%) as compared with the general population, according to this meta-analysis. Once medically treated, it remains unknown if targeting GH or IGF-1 instead of both parameters in patients with acromegaly could be a suitable strategy, however this question has been recently raised by the group of Dal et al. [START_REF] Dal | Targeting either GH or IGF-I during somatostatin analogue treatment in patients with acromegaly: a randomized multicentre study[END_REF]. While somatostatin analogs have been associated either with a higher risk of GH discordance (i.e., IGF-1 normal with unsuppressed GH under OGTT) [START_REF] Carmichael | The utility of oral glucose tolerance testing for diagnosis and assessment of treatment outcomes in 166 patients with acromegaly[END_REF][START_REF] Dal | Targeting either GH or IGF-I during somatostatin analogue treatment in patients with acromegaly: a randomized multicentre study[END_REF][START_REF] Christiansen Arlien-Søborg | Biochemical assessment of disease control in acromegaly: reappraisal of the glucose suppression test in somatostatin analogue (SA) treated patients[END_REF] or a higher proportion of IGF-1 discordance [START_REF] Kanakis | The ongoing challenge of discrepant growth hormone and insulin-like growth factor I results in the evaluation of treated acromegalic patients: a systematic review and meta-analysis[END_REF], this study shows that increasing the dose of somatostatin analogs based on either GH or IGF-1, significantly increased the proportion of controlled patients after a follow-up of 12 months. No data are currently available regarding the impact of this strategy on the longterm outcome of acromegaly related comorbidities.

In summary, our study shows, with a long-term followup and a "real-life" approach, based on the intake of antidiabetic or antihypertensive drugs in closely monitored patients, that GH/IGF-1 discrepancy does not seem to expose the acromegalic patient to a higher risk of metabolic comorbidities. These results appear all the more relevant as discrepancy arose progressively as an issue over the past years, secondary to the systematic assessment of GH biomarkers (i.e., nadir GH and/or fasting GH) and IGF-1 with even more stringent criteria, while it was not necessarily the case in the past [START_REF] Katznelson | American Association of Clinical Endocrinologists, American Association of Clinical Endocrinologists medical guidelines for clinical practice for the diagnosis and treatment of acromegaly-2011 update[END_REF]. Moreover, in the same period, data from several acromegaly national registries showed a significant improvement of the management of the disease with a SMR similar than the one of the general population [START_REF] Maione | Changes in the management and comorbidities of acromegaly over three decades: The French acromegaly registry[END_REF][START_REF] Maione | National acromegaly registries[END_REF]. Lastly, our study shows that biochemical discrepancy, when occurring, is mild in a majority of cases and should not warrant specific care for the patient, apart from the one recommended by the current guidelines in patients with concordant remission criteria.

  , A. Colao, B. Delemer, L. Maione, et al.. Discordant biological parameters of remission in acromegaly do not increase the risk of hypertension or diabetes: a study with the Liege Acromegaly Survey database. Endocrine, 2020, 70 (1), pp.134-142. 10.1007/s12020-020-02387-1. hal-03223227

  European tertiary referral centers, in France (Hôpital de la Conception, Marseille [n = 31 patients]; Paris Sud University, Le Kremlin-Bicêtre [n = 50]; Centre Hospitalier Universitaire de Reims [n = 23]), Belgium (Centre Hospitalier Universitaire de Liège [n = 27]), Italy (Federico II University, Naples [n = 31]), Portugal (Centro Hospitalar Universitário S. João, Porto [n = 17]), Spain (Hospital Universitario de la Ribera, Valencia [n = 3]), the Netherlands (Erasmus University Medical Center, Rotterdam [n = 5]) and eventually Czech Republic (Charles University, Prague [n = 3]). Patients were only eligible for this study if they fulfilled the following criteria: (1) Pituitary adenoma operated by TSS only, with positivity for GH immunostaining on the histopathological analysis. (2) Considered in biochemical remission or presenting with mild discordant GH or IGF-1 levels as defined in the next paragraph. (3) Biochemical evaluation of somatotroph axis (IGF-1

Fig. 1

 1 Fig. 1 Mean values of random GH (a) and IGF-1, as expressed by % of ULN (b), in the three different subgroups of patients (REM: open circles, GH dis : open squares and IGF-1 dis : triangles) at T1 and Last Follow-Up (LFU). Results are represented as means with 95% confidence interval. NS no significant

  IGF-1 discord vs. in remission b GH discord vs. in remission c IGF-1 discord vs.

  IGF-1 discord vs. in remission b GH discord vs. in remission c IGF-1 discord vs. in remission

  at diagnosis (REM group [n = 39], GH dis group [n = 25] and IGF-1 dis group [n = 8], Table 1) and 63 patients (33.1%) at the LFU (REM group [n = 35], GH dis

Table 1

 1 Clinical and paraclinical features of the studied population

		Total	REM	GH dis	IGF-1 dis			
		(n = 190)	(n = 99)	(n = 65)	(n = 26)	p value a	p value b	p value c
	General features							
	Female, n (%)	106 (55.7)	55 (55.5)	42 (64.6)	9 (34.6)	0.90	0.22	0.06
	Age at diagnosis, mean ± SD	47.0 ± 9.6	47.1 ± 8.9	46.9 ± 9.4	46.9 ± 8.7	0.78	0.91	0.96
	Follow-up (years), mean ± SD	7.3 ± 4.5	6.2 ± 3.5	8.2 ± 5.4	9.3 ± 5.1	0.44	0.19	0.35
	Clinical features at diagnosis							
	Hypertension, n (%)	72 (37.8)	39 (39.3)	25 (38.5)	8 (30.7)	0.61	0.90	0.41
	Diabetes mellitus, n (%)	54 (28.4)	27 (27.3)	19 (29.2)	8 (30.7)	0.74	0.78	0.72
	Glucose intolerance, n (%)	16 (8.4)	7 (7.1)	4 (6.1)	5 (19.2)	0.48	1	0.12
	Imaging features at diagnosis							
	Macroadenoma, n (%)	129 (67.8)	66 (66.6)	43 (66.1)	20 (76.9)	0.70	0.94	0.31
	Size (mm), mean ± SD	15.7 ± 6.6	14.8 ± 7.3	14.9 ± 7.1	15.8 ± 3.5	0.21	0.31	0.39
	Invasion, n (%)	39 (20.5)	17 (17.2)	14 (21.5)	8 (30.7)	0.23	0.48	0.12
	Biological features at last follow-up							
	Random GH (µg/L), mean ± SD	1.24 ± 1.12	0.41 ± 0.26	2.77 ± 1.83	0.39 ± 0.21	1.5 × 10 -9	2 × 10 -8	0.37
	IGF-1 (%ULN), mean ± SD	0.74 ± 0.23	0.61 ± 0.16	0.69 ± 0.16	1.29 ± 0.29	2 × 10 -7	0.82	4 × 10 -9

a GH and IGF-1 discord vs. in remission b GH discord vs. in remission c IGF-1 discord vs. in

remission REM GH dis IGF-1 dis 0 10 20 30 40 50 Mean (and Min to Max values) of BMI (kg/m 2 )

  Values of BMI in the REM, GH dis and IGF-1 dis groups at diagnosis and LFU (LFU). Results are expressed as mean ± min/max values of BMI. 1: p < 0.05 vs. REM diagnosis and p < 0.005 vs. GH dis diagnosis 2: p < 0.01 vs. GH dis LFU Endocrine group [n = 21] and IGF-1 dis group [n = 7]). The same number of patients (n = 54, 28.4%) were diagnosed with DM at diagnosis (REM group [n = 27], GH dis group [n = 19], and IGF-1 dis [n = 8]) and at the LFU (REM group [n = 29], GH dis group [n = 18], and IGF-1 dis [n = 7]).

	Diagnosis	LFU
		1	2
	Fig. 2	

Table 2

 2 Hypertension parameters in the studied population

		p value c	-	-	
		p value b	-	-	
		p value a	-	-	
	REM (n = 99) GH dis (n = 65) IGF-1 dis (n = 26)	Before surgery Last follow-up Before surgery Last follow-up Before surgery Last follow-up	66 (66.6) 65 (65.6) 41 (63.1) 41 (63.1) 20 (76.9) 20 (76.9)	25 (25.2) 20 (20.2) 12 (18.4) 9 (13.8) 1 (3.8) 5 (19.2)	6 (6.1) 8 (8.1) 6 (9.2) 7 (10.7) 5 (19.2) 1 (3.
		Last follow-up	126 (66.3)	35 (18.4)	16 (8.4)
	Total (n = 190)	Before surgery	127 (66.8)	38 (20)	17 (8.9)
		Number of patients	0 anti-HT drug, n (%)	1 anti-HT drug, n (%)	2 anti-HT drugs, n (%)

Table 3

 3 Diabetes mellitus parameters in the studied population

		p value c	-
		p value b	-
		p value a	-
	REM (n = 99) GH dis (n = 65) IGF-1 dis (n = 26)	Before surgery Last follow-up Before surgery Last follow-up Before surgery Last follow-up	62 (32.6) 54 (28.4) 36 (55.3) 37 (56.9) 17 (65.3) 17 (65.3)
		Last follow-up	108 (56.8)
	Total (n = 190)	Before surgery	115 (60.5)
		Number of patients	0 antidiab drug, n(%)	1 antidiab drug, n
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