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G1-G2 well differentiated NETs with high expression of SSTR. NETs with a low tumor burden and slow progression are probably the optimal indication. This treatment is now available in France. However, its precise position in the treatment algorithm remains to be explored. We provide an overview of receptor radionuclide utilization and mechanism in diagnostic and pre-therapeutic imaging and we focus on PRRT for endocrine tumors.

Résumé

Les tumeurs neuroendocrines (NET) sont un groupe hétérogène de tumeurs d'origine neuroendocrine exprimant les récepteurs à la somatostatine (SSTR), propriété valorisée pour l'imagerie radionuclidique diagnostique et préthérapeutique, permettant la sélection des patients pour une radiothérapie interne peptidique (PRRT).

L'étude de phase III, NETTER-1 a montré la capacité de 177 Lu-PRRT d'améliorer la survie sans progression pour les tumeurs neuroendocrines intestinales avancées. Les indications thérapeutiques actuelles sont limitées chez les patients avec TNE de grade 1 et 2 avec forte expression des SSTR. L'indication optimale reste une charge tumorale limitée et une progression lente. Ce traitement est actuellement en cours d'autorisation en France et doit être décidé en réunion de concertation pluridisciplinaire. Pourtant la position précise de ce traitement dans l'algorithme thérapeutique des NETs reste à explorer. Ce travail présente une synthèse des rôles des récepteurs radionuclidiques dans l'imagerie théranostique et du rôle de la PRRT pour les tumeurs neuroendocrines.

Radionuclide imaging for neuroendocrine tumors:

Neuroendocrine tumors (NET) represent a heterogenous group of tumors originating from cells of neuroendocrine origin with variable distribution and hormone and neurotransmitter secretion, frequently affecting the gastrointestinal tract (gastro-entero-pancreatic neuroendocrine tumors or GEP NET) (66%) but also the lungs (25%), thymus and rarely other organs with endocrine function such as the adrenal medulla and thyroid [START_REF] Gustafsson | Neuroendocrine tumors of the diffuse neuroendocrine system[END_REF].

Several classifications are used for well differentiated NET, but the World Health Organization 2010 is currently used for differential prognostic and therapeutic strategies.This classification scored NET as G1, G2, or G3 based on the Ki-67 index (G1: Ki-67 < 2%; G2: Ki-67 à 3%-20%; G3: Ki-67 > 20%) [START_REF] Rindi | Nomenclature and classification of neuroendocrine neoplasms of the digestive system[END_REF].

Most neuroendocrine tumors express somatostatin receptors (SSTR), a property that has been successfully used in radionuclide diagnostic and therapeutic imaging. Somatostatin (SST), a small neuropeptide identified in neurons and endocrine cells presents low stability, therefore synthetic compounds have been developed and used for molecular radionuclide imaging in planar scintigraphy, SPECT (single photon emission computed tomography) coupled with CT and PET/CT (positron emitting tomography coupled with CT). The rationale for SSTR imaging is the internalization of the complex somatostatin agonist-SSTR expressed on tumor cells and its retention in the cytoplasm.

In the last decade, radiolabeled SST analogs have been integrated in the current management of NET patients, facilitating the localization of primary tumor, staging and restaging [START_REF] Bozkurt | Guideline for PET/CT imaging of neuroendocrine neoplasms with 68 Ga-DOTAconjugated somatostatin receptor targeting peptides and 18 F-DOPA[END_REF]. They also can be used as theranostic agents to determine the burden of SSTR expression in tumoral tissues and to select patients that might benefit from unlabeled or radionuclide labeled SST analogs.

Somatostatin receptor scintigraphy

111 In-pentetreotide, or OctreoScan® (Mallinckrodt Inc.,) was the first approved radiopharmaceutical for NET imaging. Over the past 15 years, this exam allowed patient selection for 90 Y or 177 Lu peptide receptor radionuclide therapy (PRRT). Patient eligibility for PRRT is established using a 5-point tumoral score developed and validated in planar scintigraphy (all tumoral uptake equal or greater than liver background uptake or scoring equal or more than 2 confers eligibility for PRRT) [START_REF] Kwekkeboom | Somatostatin-receptor-based imaging and therapy of gastroenteropancreatic neuroendocrine tumors[END_REF][START_REF] Strosberg | Phase 3 Trial of 177Lu-Dotatate for Midgut Neuroendocrine Tumors[END_REF].

Both planar and SPECT or SPECT/CT somatostatin receptor scintigraphy present a good detection rate varying between 50-100% [START_REF] Krenning | Somatostatin receptor scintigraphy with [111In-DTPA-D-Phe1]-and [123I-Tyr3]-octreotide: the Rotterdam experience with more than 1000 patients[END_REF][START_REF] Seregni | Radionuclide imaging of neuroendocrinetumours: biological basis and diagnostic results[END_REF][START_REF] Jamar | Somatostatin receptorimaging with indium-111pentetreotide in gastroenteropancreaticneuroendocrine tumors: safety, efficacy and impact on patient management[END_REF][START_REF] Lebtahi | Clinical impact of somatostatin receptor scintigraphy in the management of patients with neuroendocrine gastroenteropancreatictumors[END_REF][START_REF] Kowalski | Evaluation of positron emission tomography imagingusing [68Ga]-DOTA-D-Phe1 Tyr3-octreotide in comparison to[111In]-DTPAOC SPECT. First results in patients with neuroendocrinetumors[END_REF][START_REF] Reubi | Concomitant expression of several peptidereceptors in neuroendocrine tumors: molecular basis for in vivomultireceptor tumour targeting[END_REF].

However, somatostatin receptor scintigraphy, is hampered by some limitations due to high physiological liver uptake and the lack of detection of smaller lesions (due to suboptimal physical characteristics of both 111 In or 99 Tc used for scintigraphy and the low resolution of gamma cameras) [START_REF] Bozkurt | Guideline for PET/CT imaging of neuroendocrine neoplasms with 68 Ga-DOTAconjugated somatostatin receptor targeting peptides and 18 F-DOPA[END_REF][START_REF] Buchmann | Comparison of 68Ga-DOTATOC PET and 111In-DTPAOC (Octreoscan) SPECT in patients with neuroendocrinetumours[END_REF].

PET/CT imaging for NET

PET/CT with 68 Ga-labeled somatostatin analogs (Ga-DOTA PET/CT) has replaced the somatostatin receptor scintigraphy as the method of choice in an increasing number of centers because of greater diagnostic accuracy (higher scanner sensitivity, better spatial resolution and higher affinity for SSTR2) and lower radiation dose. Ga-DOTA-PET/CT offers as well increased patient comfort, with short image acquisition times. Several synthetic somatostatin analogues are used in Ga-DOTA-PET imaging with different affinities to SSTR. For example, 68 Ga-DOTATOC (at present the only 68 Ga-DOTA-PET radiopharmaceutical with authorized license for clinical use in France) presents high affinity for SSTR2 and also binds SSTR5, whereas 68 Ga-DOTANOC harbors higher affinity for SSTR2, SSTR5 and also binds to SSTR3, while 68 Ga-DOTATATE predominantly binds to SSTR2 [START_REF] Virgolini | Current knowledge on the sensitivity of the (68)Ga-somatostatin receptor positron emission tomography and the SUVmax reference range for management of pancreatic neuroendocrine tumours[END_REF]; however the clinical performance seems to be the same [START_REF] Kauhanen | The clinical value of [18F]fluorodihydroxyphenylalanine positron emission tomography in primary diagnosis, staging, and restaging of neuroendocrine tumors[END_REF]. Ga-DOTATOC-PET/CT imaging showed significant correlations with SST2 receptors on immunohistochemistry and it could be used for its capacity to predict individual prognosis [START_REF] Brunner | The prognostic and predictive value of ssrtr2 immunohistochemistry and sstr2-targeted imaging in neuroendocrine tumors[END_REF].

Recently, 64 Cu-DOTA-TATE has been used in NET patients and was found superior to SPECT-based somatostatin receptor imaging; however, it has not yet been assessed in comparison with 68 Ga-DOTA PET [START_REF] Pfeifer | 64Cu-DOTATATE PET for Neuroendocrine Tumors: A Prospective head to head comparison with 111In-DTPA-Octreotide in112 patients[END_REF][START_REF] Pfeifer | Clinical PET of neuroendocrine tumors using 64Cu-DOTATATE: first in-humans study[END_REF].

FDG-PET/CT (fluorodeoxyglucose) contributes to prognostic assessment especially for G3

NET as an indirect marker of tumoral proliferative activity, with higher sensitivity than somatostatin receptor scintigraphy (92 vs 69%), showing high correlations with progression free survival (93%) [START_REF] Garin | Predictive value of 18F-FDG PET and somatostatin receptor scintigraphy in patients with metastatic endocrine tumors[END_REF]. We remind that FDG uptake is also present in a considerable percentage of slow-proliferating low grade (G1 and G2) tumors, confounding the notion that FDG is only useful in the identification of rapidly progressing or poorly differentiated tumors [START_REF] Severi | Role of 18FDG PET/CT in patients treated with 177Lu-DOTATATE for advanced differentiated neuroendocrine tumours[END_REF] 

Modern imaging, modern problems

New radiopharmaceuticals have recently been tested using somatostatin receptor (SSTR) antagonists.

A preliminary clinical total body and SPECT study of the SSTR antagonist 111 In-DOTA-BASS in endocrine cancer patients, showed higher tumor uptake and lesion detection rates than with 111 In-pentetreotide [START_REF] Wild | First clinical evidence that imaging with somatostatin receptor antagonists is feasible[END_REF]. Several receptor antagonists were developed for PET/CT imaging; of these, OPS202 (NODAGA-JR11) was selected because of its high affinity for SSTR2 when labeled with 68 Ga [START_REF] Cescato | Design and in vitro characterization of highly sst2selective somatostatin antagonists suitable for radiotargeting[END_REF][START_REF] Fani | Unexpected sensitivity of sst2 antagonists to N-terminal radiometal modifications[END_REF]. A prospective study with 68 Ga-DOTA-JR11 for PET imaging of NETs on twenty patients showed that in contrast with somatostatin receptor agonists, little or no uptake was seen in the pituitary gland, spleen, adrenals, and uninvolved liver; with high absorbed dose in the bladder wall. The low liver background may facilitate detection of liver metastases making antagonist receptor imaging in PET/CT an interesting approach as dosimetric estimates for 68 Ga-DOTA-JR11 and 68Ga-OPS202 compare favorably with 68 Ga-DOTATATE and 68 Ga-DOTATOC [START_REF] Cescato | Design and in vitro characterization of highly sst2selective somatostatin antagonists suitable for radiotargeting[END_REF][START_REF] Fani | Unexpected sensitivity of sst2 antagonists to N-terminal radiometal modifications[END_REF][START_REF] Krebs | Biodistribution and radiation dose estimates for 68Ga-DOTA-JR11 in patients with metastatic neuroendocrine tumors[END_REF].

The results of an in vivo biodistribution study comparing 68 Ga-DOTATATE (agonist) with 68 Ga-OPS202 and 68 Ga-DOTA-JR11 (antagonists) have shown that 68 Ga-OPS202 is the radiopharmaceutical of choice for clinical translation, based on its higher tumor-tobackground ratio, its very high tumor uptake and the favorable biodistribution profile [START_REF] Nicolas | Sensitivity Comparison of 68Ga-OPS202 and 68Ga-DOTATOC PET/CT in Patients with Gastroenteropancreatic Neuroendocrine Tumors: A Prospective Phase II Imaging Study[END_REF][START_REF] Nicolas | Safety, Biodistribution, and Radiation Dosimetry of 68 Ga-OPS202 in Patients with Gastroenteropancreatic Neuroendocrine Tumors: A Prospective Phase I Imaging Study[END_REF].

Theragnostics: from diagnostic to therapeutic targeting

From diagnostic targeting to therapeutic targeting

The theragnostic or theranostic approach in nuclear medicine concerns both the functional and phenotypic characterization of NETs as well as therapeutic targeting.

The emblematic example of the use of peptide vectors in nuclear medicine is the targeting of somatostatin receptors (SSTR) with a somatostatin analogue (octreotide) radiolabeled with 111 indium ( 111 In-DTPA-Phe1-octreotide: Octreoscan®).

NETs are heterogeneous tumors and more than half are diagnosed at an advanced stage and incurable. The treatment of advanced forms of NET intractable to surgery may involve a wide variety of therapeutic modalities such as cytotoxic chemotherapy, targeted therapies, hepatic arterial embolization, and therapeutic approaches targeting SSTR. Somatostatin analogues have longtime played a major role in the treatment of symptoms of hormonal hypersecretion of functional NETs with a proven anti-tumoral capacity for slowly progressive forms

What is peptide receptor radionuclide therapy?

Molecular RadioTherapy (MRT) is a technique allowing pathological tissues irradiation with radioactive isotopes emitting short range particles (beta-or alpha). These radioactive isotopes are vectorized by molecules such as monoclonal antibodies and peptides that target a given cell type, frequently identified by a membrane structure of the pathological tissue (antigens, receptors) to ensure tumor targeting and tissue-radioactivity-contact long enough (exposure time) to allow energy deposition (dose).

In contrast with brachytherapy, the patient is injected with a solution of a radio pharmaceutical which is an unsealed radioactive source, different from sealed sources such as 125 iodine grains used for prostate cancer brachytherapy.

The first form of MRT is the per os administration of a radioactive isotope of iodine ( 131 I) for the treatment of benign (goiter, hyperthyroidism) or malignant (well differentiated thyroid cancers) thyroid diseases. Since the effectiveness of this treatment is based on the use of an iodine metabolic analogue (which does not require a vector or chelator, see later), this therapeutic approach was called "metabolic radiotherapy". However, the notion of metabolism does not seem relevant when using carrier molecules such as monoclonal antibodies or peptides; therefore, the MRT of neuroendocrine tumors, is usually mentioned as Peptide Radiolabeled Radionuclide Therapy, either PRRT or PRRNT, in reference to peptide vectors.

MRT: the basic principles:

a. The target: in the case of neuroendocrine tumors, one or more subtypes of SSTR are targeted. Several other targets are currently being researched, such as cholecystokinin and bombesin receptors. For other endocrine tumors such as pheochromocytomas and paragangliomas, norepinephrine transporters can be targeted with mIBG. b. The vector, which is responsible for transporting the radioisotope and recognizing the target. It can therefore be divided into two subunits: the vector molecule that recognizes the tumor cell target and the chelator, which is a kind of cage that traps the radioisotope.

b.1 Depending on the vector's chemical composition, the affinity and selectivity for the target can differ. For NETs, the vector molecule is currently a somatostatin agonist. We recall that analogues may have a variable affinity for receptor subtypes (typically subtypes 1 to 5 with subtype 2 as the priority target). The use of agonists allows the internalization of the radiolabeled vector after binding to the receptor. As an agonist, the molecule binds to receptors and is then "internalized", allowing the radioisotope to be transported into lysosomes by the intracellular route. This in contrast with the somatostatin antagonist which is not internalized b. [START_REF] Rindi | Nomenclature and classification of neuroendocrine neoplasms of the digestive system[END_REF] The chelator attached to the carrier molecule stabilizes the radioisotopevector complex in vivo. In the context of MRT for NETs, it is used a chelator with a cyclical form such as DTPA and DOTA. Radio tagging is an essential step in the development of radiopharmaceuticals as it must be done without altering the vector's capacity for recognition. b. [START_REF] Bozkurt | Guideline for PET/CT imaging of neuroendocrine neoplasms with 68 Ga-DOTAconjugated somatostatin receptor targeting peptides and 18 F-DOPA[END_REF] The radionuclide transported: This is an artificially produced radioisotope.

The choice of radioisotope for MRT) is complex because it involves radiotoxicity, chemical properties that may or may not allow labeling and emission characteristics such as the physical period, type and energy of the emitted radiation. In the case of NETs, the membrane structure targeted by MRT is the somatostatin receptor (SSTR). The isotope is historically 111 In, and more recently 90 Y and 177 Lu. Currently, the carrier molecule is a peptide derived from a somatostatin analogue.

3.3.What are the differences between External Radiotherapy and MRT using PRRT?

Unlike external radiotherapy (ER) which uses photonic or electronic radiation produced by accelerators, the radiobiological action of MRT is based on particulate radiation emitted during the radioactive transformation processes of radioisotopes administered to patients (per os or iv) as a radiopharmaceutical drug.

In ER, the dose is delivered by irradiation at a high dose rate (about Gy/minute) in several fractions (total doses/number of sessions) and according to a predefined protocol. In MRT, there is no fractionation because the irradiation is "permanent" (decreasing according to the effective period of the radiopharmaceutical). Treatment protocols are usually based on repeated injections, the interval depending on toxicity (for PRRT, the interval is about one injection every 8 weeks for a total of about 4 injections). The dose rate is very low because the flow of emitted particles is nothing like that of a particle accelerator. Each injection therefore causes prolonged irradiation at very low dose rates, which has consequences on the mechanisms of death and cell repair [START_REF] Oyen | Targeted therapy in nuclear medicine-current status and future prospects[END_REF].

In ER, the dose depends on the geometry and ballistics of the beam and the therapeutic index depends on fractionation and spreading.

For PRRT for NETs, the absorbed dose depends on several parameters [START_REF] Oyen | Targeted therapy in nuclear medicine-current status and future prospects[END_REF]: a. The extent of the initial uptake that can be derived from pretherapeutic imaging with a diagnostic compound; as mentioned previously tumoral uptake equal or greater than that of the liver is required. b. By analogy with pharmacokinetic concepts, the absorbed dose depends on the area under the curve (AUC), which describes the variation in time in radionuclide concentration in the target.

Mechanisms of therapeutic effectiveness of PRRT

The therapeutic effectiveness of PRRT is based on the following theoretical mechanisms and properties: a. The possibility of locally delivering several hundred Grays without significantly irradiating the surrounding tissues due to the very short pathway of the emitted particles through the material.

b. Cell cycle blockage as an effect of radiation-induced DNA damage, with higher cell mortality at low dose rates. f. The role of apoptosis, which is a post-irradiation cell death mechanism that is particularly important in the case of irradiation at low dose rates.

General practical concepts

-PRRT effectiveness depends on the expression of the target, which must be evaluated beforehand. This phenotype appears to be related to the differentiation grade. High tumoral uptake on 111 In DTPA octreotide (Octreoscan®) or 68 Ga DOTA-PET/CT is therefore an essential prerequisite for treatment.

-It is a nuclear medical activity that is subject to the jurisdiction of the French national agencies for medicine (ANSM) and nuclear (ASN) safety, which ensures compliance with the rules on radiation protection for patients, the environment and personnel. The director of the establishment and the authorized nuclear medicine physician are responsible according to the ASN for compliance with the regulations.

-A good venous approach must be ensured in order to avoid any risk of extravasation, but the use of implanted venous devices is not recommended.

-A genotoxic drug is administered. It is therefore necessary to respect the usual precautions regarding pregnancy and breastfeeding as well as the evaluation of the risk-benefit ratio.

-After the injection, the patient becomes a potentially contaminating radioactive source for the surrounding environment. Therefore the hospitalization duration varies according to the radioisotope used: generally, from less than 24 hours ( 177 Lu) to 48 hours ( 111 In), but from 7 to 10 days for 131I mIBG. In practice, the patient's level of radioactivity must be controlled before discharge with radioprotection measures adapted to the personal and professional environment.

Specific considerations for PRRT and NET

111

In 111 In -DTPA-octreotide is used for treatment since 1994 [START_REF] Krenning | Radiotherapy with a radio-labeled somatostatin analogue,[111In-DTPA-D-Phe1]-octreotide. A case history[END_REF] with following doses: 6.6 to 7.4GBq (180 to 200 mCi) / therapeutic injection for a total of 4 injections, while the diagnostic dose is 148 MBq (4mCi). The protocol is based on the emission of an Auger electron (and not a ß-) which, despite a very short path through the material (10 µm), has a genotoxic action because the ligand-receptor assembly is internalized and then degraded in the cytoplasm. Indium 111 is then stored in the lysosomes, which allows prolonged irradiation of the tumor cell [START_REF] Carthy | In situ radiotherapy with 111In-pentetreotide. State of the art and perspectives[END_REF][START_REF] Janson | Treatment with high dose [111In-DTPA-D-Phe1]-octreotide in patients with neuroendocrine tumors: evaluation of therapeutic and toxic effects[END_REF].

The few and limited clinical studies showed very little objective response (5-8%) and generally of short duration. However, a symptomatic and/or hormonal response was observed in 60 to 80% of patients [START_REF] Dejong | Somatostatin receptor-targeted radionuclide therapy of tumors: preclinical and clinical findings[END_REF][START_REF] Anthony | Indium-111In-Pentetreotide prolongs survival in gastroenteropancreatic malignancies[END_REF][START_REF] Buscombe | Long term efficacy of high-activity 111In-Pentreteotide therapy in patients with disseminated neuroendocrine tumors[END_REF][START_REF] Nguyen | Long-term efficacy of radionuclide therapy in patients with disseminated neuroendocrine tumors uncontrolled by conventional therapy[END_REF].

90 Y

90Y-DOTA-D-Phe1-Tyr3-octreotide or 90Y-SMT487 or 90Y DOTATOCwas the first 90 Y based PRRT [START_REF] Nguyen | Long-term efficacy of radionuclide therapy in patients with disseminated neuroendocrine tumors uncontrolled by conventional therapy[END_REF][START_REF] Smith | OctreoTher: ongoing early clinical development of a somatostatin receptor-targeted radionuclide antineoplastic therapy[END_REF][START_REF] Bushnell | Evaluating the clinical effectiveness of 90Y-SMT 487 in patients with neuroendocrine tumors[END_REF][START_REF] De Jong | Yttrium-90 and indium-111 labeling, receptor binding and biodistribution of[DOTA0,d-Phe1,Tyr3]octreotide, a promising somatostatin analogue for radionuclide therapy[END_REF]. With a fixed protocol of 4 injections at 6 weeks interval of 7.4GBq/m2 and with renal protection, Waldherr et al reported 61% lymphocytopenia including 8% G4, 51% anemia including 3% G3 and 15% thrombocytopenia (G1-G3) and only one grade renal toxicity 2 at 5 months [START_REF] Waldherr | Tumor response and clinical benefit in neuroendocrine tumors after 7.4 GBq 90Y-DOTATOC[END_REF].

Out of 39 patients, there was 5% complete response, 18% partial response and 69% stabilization for an overall response rate of 23%, and 38% for the 13 patients with pancreatic NET. The risk of renal toxicity is due to the proximal tubular reabsorption of peptides or small proteins (<60kDa) and the accumulation of yttrium DTPA in the lysosomes within the proximal tubular cells. This results in irradiation of the glomeruli and carries a risk of thromboticmicroangiopathy. Nevertheless, the concomitant infusion of amino acid solution reduces this risk of toxicity. Indeed, it has been shown that co-administration (IV for 4 hours) of positively charged amino acids reduces renal reabsorption by 20% without altering tumor uptake.

177 Lu

177 Lu-DOTA,Tyr3 octreotate, otherwise called 177 Lu-DOTATATE has an immunohistochemistry-evaluated affinity for the SST2 receptor 9-fold greater than that of the [DOTA, Tyr3] octreotide [START_REF] De Jong | Somatostatin receptor-targeted radionuclide therapy of tumors: preclinical and clinical findings[END_REF][START_REF] Kwekkeboom | Treatment of patients with gastroenteropancreatic (GEP) tumours with the novel radiolabeled somatostatin analogue [177Lu-DOTA0,Tyr3] octreotate[END_REF][START_REF] Reubi | Affinity profiles for human somatostatin receptor subtypes SST1-SST5 of somatostatin radiotracers selected for scintigraphic and radiotherapeutic use[END_REF].

177 Lu has physical characteristics that make it a convenient therapeutic agent: a) average beta energy of 0.13 MeV (and maximum of 0.5 MeV) conferring an average electron path of about 2 mm, less penetrating than those of yttrium 90 and therefore less nephrotoxic and more suitable for small tumors; b) a gamma emission of 208keV that is sufficient for scintigraphic control but under less restrictive radiation protection conditions (less than 24 hours in a specially protected nuclear medicine department).

A preliminary study by the Rotterdam group used a treatment regimen of 7.4 GBq every 6 to 8 weeks. Among this small series of 35 patients, there was a complete anecdotal response rate of 3%, but 35% partial responses and 41% stabilization. The toxicity profile was favorable [START_REF] Kwekkeboom | 177Lu-DOTAOTyr3] octreotate: comparison with[111In-DTPAo] octreotide in patients[END_REF].

Efficacy and toxicity:

Efficacy data were provided in 2008 by the Rotterdam team in a series of 504 patients, 310 of whom were evaluable [START_REF] Kwekkeboom | Treatment With the Radiolabeled Somatostatin Analog [ 177Lu-DOTA0,Tyr3 ]Octreotate: Toxicity, Efficiency, and Survival[END_REF]. They confirmed the initial data, with few complete responses (2%), 28% partial responses and 16% minor responses (decrease in size between 25 and 50%). The main finding was an increase in overall survival of 128 months with a survival benefit compared to the historical series of 40 to 72 months. The comparator arm was obviously the major bias in this study. The toxicity profile performed on the 504 patients confirmed only 10% grade 3-4 hematological toxicity, 4 cases of myelodysplastic syndromes (0.8%) and 2 cases of renal failure (0.4%), attributed to patients' co-morbidities and not to PRRT treatment. The main acute toxicity was digestive in relation to the amino acid infusions (25g L-lysine and 25g arginine).

This led to the multicenter phase III trial (NETTER-1 Trial) for inoperable or metastatic advanced stage endocrine tumors of intestinal origin (midgut), well differentiated, grade 2, with grade 2 (equal or higher than liver) uptake on Octreoscan® and progressing over the previous three years despite treatment with cold analogues of somatostatin [START_REF] Strosberg | Phase 3 Trial of 177Lu-Dotatate for Midgut Neuroendocrine Tumors[END_REF]. A randomized study (vs sunitinib) is ongoing in France for pancreatic NETs (Occlurandom).

Ga-DOTA PET/CT perspectives for theragnostic setting for PRRT in NETs

Ga-DOTA-PET provides several advantages for patient comfort and better-quality imaging and is about to become a standard of diagnostic in clinical trials.

Although more convenient for the patient, we do not dispose at present of a tumoral score on Ga-DOTA-PET, such as for somatostatin receptor scintigraphy (SRS), allowing patient selection for LuPRRT. Several functional parameters have been explored in retrospective studies such as tumor SUVmax, tumor SUVmax/Spleen SUVmax and even volume assessments or visual tumoral scores, but none of these parameters are validated in clinical routine or found reproducible [START_REF] Kroiss | 68Ga-DOTA-TOC uptake in neuroendocrine tumour and healthy tissue: differentiation of physiological uptake and pathological processes in PET/CT[END_REF][START_REF] Gabriel | 68Ga-DOTA-Tyr3-octreotide PET for assessing response to somatostatin-receptormediated radionuclide therapy[END_REF][START_REF] Öksüz | Peptide receptor radionuclide therapy of neuroendocrine tumors with (90)Y-DOTATOC: is treatment response predictable by pre-therapeutic uptake of (68)Ga-DOTATOC?[END_REF][START_REF] Soydal | The role of baseline Ga-68 DOTATATE positron emission tomography/computed tomography in the prediction of response to fixed-dose peptide receptor radionuclide therapy with Lu-177 DOTATATE[END_REF][START_REF] Tirosh | Prognostic Utility of Total 68 Ga-DOTATATE-Avid Tumor Volume in Patients With Neuroendocrine Tumors[END_REF].

Recently, encouraging results have been presented by a prospective study of 184 patients with metastatic NET for whom the total 68 Ga-DOTATATE tumoral avid volume was divided in 4 quartiles and correlated with progression free survival. A high tumoral volume (> 35.8 mL) was found to be correlated with disease specific mortality [START_REF] Tirosh | Prognostic Utility of Total 68 Ga-DOTATATE-Avid Tumor Volume in Patients With Neuroendocrine Tumors[END_REF].

Conclusion

Based on the solid data from the large European series and the NETTER-01 study and its lower renal toxicity compared to 90 Y -DOTATOC, 177 Lu -DOTATATE is at present authorized in France as a treatment for adults with well differentiated (Grades 1 and 2) advanced progressive, non-operable intestinal NETs with high expression of SSTR. For pancreatic NETs, pathology not included in the NETTER-1 trial, this treatment can be considered after failure of the other recognized treatments, such as somatostatin analogues, chemotherapy and targeted therapies. In France at present, for pancreatic NETs it is preferable to include these patients in the Occlurandom trial, or if not possible, request an ATU for each case.

Despite its favorable efficacy when compared with actual systemic therapeutic options, radionuclide peptide receptor therapy responses are heterogeneous, and we do not dispose at present of scientific tools to predict individual efficacy or side effects, such as hematological toxicity, which may be delayed and persistent.

Different clinical parameters such as tumor grading, biomarkers (such as CgA or 5HIAA) or imaging criteria (RECIST criteria for CT and MRI) have been investigated and found to offer some relative disease prognostic value, but none is able to predict the outcome of 177 Lu therapy.

In the last 6 years, a single team has developed a test based on peripheral blood transcript analysis [START_REF] Bodei | PRRT genomic signature in blood for prediction of 177 Lu-octreotate efficacy[END_REF][START_REF] Bodei | Measurement of circulating transcripts and gene cluster analysis predicts and defines therapeutic efficacy of peptide receptor radionuclide therapy (PRRT) in neuroendocrine tumors[END_REF][START_REF] Bodei | Gene transcript analysis blood values correlate with 68 Ga-DOTA-somatostatin analog (SSA) PET/CT imaging in neuroendocrine tumors and can define disease status[END_REF] (NETest) having shown promising results for prediction of PRRT efficacy and even correlations with some Ga-DOTA PET parameters, such as tumor SUVmax.

However, the test is not available in clinical routine, does not provide correlations with specific radio sensitivity and does not predict Lu PRRT toxicities limiting treatment continuation.

We believe that in the future a multidisciplinary approach, combining biology markers, morphological and functional imaging, may be a suitable method to select patients for PRRT and to predict patient outcome in terms of benefit and long-time side-effects related to radionuclide therapy.

  c. The impairment of micro-vascularization d. Local over-irradiation in the tumor by the crossfire effect e. Activation of antibody-dependent cellular cytotoxicity immunity, an oxidative stress leading to increased remote cell mortality (bystander effect) in the case of irradiation at low dose rates.