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Therapeutic effectiveness in radiotherapy is partly related to correct staging of the disease and then precise therapeutic targeting. Positon emission tomography (PET) allows the stage of many cancers to be determined and therefore is essential before deciding on radiation treatment. The definition of the therapeutic target is essential to obtain correct tumour control and limit side effects. The part of

Introduction

Latest technical and technological improvements in the field of radiotherapy allow to deliver higher doses to the tumour, and to improve protection of healthy tissues. Thus, an accurate delineation of the target volume is crucial, in order to improve local control, with limited toxicity.

To achieve this purpose, target volume delineation relies on multimodality imaging. CT, even with contrast media is often limited but remains mandatory to establish treatment planification. Magnetic resonance imaging (MRI) and positon emission tomography with computed tomography (PET/CT), with ( 18 F)-fluorodeoxyglucose (FDG) or other tracers, give further information about tumour boundaries and intrinsic characteristics, and has become essential to the radiotherapist's toolbox.

Moreover, both modalities could lead to a more personalized treatment with the concepts of dose escalation or de-escalation, dose painting, and adaptative radiotherapy.

In 2009, the International Atomic Energy Agency (IAEA) expert report already encouraged the routine use of FDG PET/CT in radiotherapy planning for non-small cell lung cancer and the potential interest for head and neck cancer, lymphoma and oesophageal cancer [START_REF] Macmanus | Use of PET and PET/CT for radiation therapy planning: IAEA expert report 2006-2007[END_REF]. However, it also alerted to the need of rigorous and consistently applied protocols, with a chain of quality control. The segmentation method of PET/CT images also needs to be chosen carefully, as to this date, no reference segmentation method exists [START_REF] Im | Current methods to define metabolic tumor volume in positron emission tomography: which one is better?[END_REF]. These items have already been discussed in a previous issue [START_REF] Thureau | Definition of target volume: When et how can the radiation oncologist use PET?[END_REF].

In this article we will present data supporting the use of PET/CT for radiotherapy planning in daily practice, in lung cancer, head and neck cancer, oesophagus cancer and lymphoma. Then we will discuss about other tumour location in which PET/CT could improve tumour delineation and the potential role of PET/CT for dose escalation, dose painting and adaptative radiotherapy, with the help of FDG or other tracers.

Data supporting the use of PET/CT for radiotherapy planning in daily practice

Non-small cell lung cancer

FDG PET/CT is currently recommended in the initial staging of non-small cell lung cancer for non-or oligometastatic patient in order to confirm that the patient is candidate to a local treatment [START_REF] Salaün | Good clinical practice recommendations for the use of PET/CT in oncology[END_REF]. It enables detection of unknown metastases in about 10 to 20 % patients with apparent stage III cancer [START_REF] Bradley | A phase II comparative study of gross tumor volume definition with or without PET/CT fusion in dosimetric planning for non-smallcell lung cancer (NSCLC): primary analysis of Radiation Therapy Oncology Group (RTOG) 0515[END_REF]. Several studies have shown an impact of FDG PET/CT on radiotherapy planning in more than 30% of patients, leading to a cancellation in case of distant metastases or to a modification of radiotherapy target volume [START_REF] Bradley | A phase II comparative study of gross tumor volume definition with or without PET/CT fusion in dosimetric planning for non-smallcell lung cancer (NSCLC): primary analysis of Radiation Therapy Oncology Group (RTOG) 0515[END_REF](6)[START_REF] Pommier | Impact of ( 18 F)-FDG PET on treatment strategy and 3D radiotherapy planning in non-small cell lung cancer: A prospective multicenter study[END_REF].

Concerning the primary tumour, FDG PET/CT allows to exclude atelectasis and thus to reduce target volume, and to improve inter-observer variability in tumour delineation [START_REF] Nestle | 18 F)-deoxyglucose positron emission tomography (FDG-PET) for the planning of radiotherapy in lung cancer: high impact in patients with atelectasis[END_REF][START_REF] Steenbakkers | Reduction of observer variation using matched CT-PET for lung cancer delineation: A three-dimensional analysis[END_REF].

Concerning the nodal target volume, in a phase II comparative study, Bradley et al. have shown that disagreements between CT and FDG PET/CT occurred in about 50% of patients, confined mainly to one or two nodal stations [START_REF] Bradley | A phase II comparative study of gross tumor volume definition with or without PET/CT fusion in dosimetric planning for non-smallcell lung cancer (NSCLC): primary analysis of Radiation Therapy Oncology Group (RTOG) 0515[END_REF]. FDG PET/CT shows good performances for nodal staging in non-small cell lung cancer, better than CT, with a median sensitivity and a specificity of 85% and 90% respectively (61 % and 79% for CT), and a negative predictive value superior to 90% in case of T1-T2 tumour [START_REF] Gould | Test performance of positron emission tomography and computed tomography for mediastinal staging in patients with non-small-cell lung cancer: a meta-analysis[END_REF][START_REF] Wang | Negative predictive value of positron emission tomography and computed tomography for stage T1-2N0 non-small-cell lung cancer: a meta-analysis[END_REF]. Two prospective studies have demonstrated low rate of isolated nodal failure, less than 5 % with selective nodal irradiation principle, based on FDG PET/CT for non-small cell lung cancer [START_REF] Bradley | A phase II comparative study of gross tumor volume definition with or without PET/CT fusion in dosimetric planning for non-smallcell lung cancer (NSCLC): primary analysis of Radiation Therapy Oncology Group (RTOG) 0515[END_REF][START_REF] De Ruysscher | Selective mediastinal node irradiation based on FDG-PET scan data in patients with non-small-cell lung cancer: a prospective clinical study[END_REF]. In summary, as specified in the guidelines from the European Organization for Research and Treatment of Cancer (EORTC) published in 2010 (13):

•

it is reasonable to delineate the tumour on the basis of FDG PET/CT to reduce the irradiated volume in case of atelectasis;

• it is recommended to include FDG positive nodes in the gross tumour volume, even if they are not enlarged in CT, and if histologic examination is not feasible to exclude false positive;

• but it requires strict standardization of PET/CT acquisition, and to keep in mind that a rapid decrease of FDG uptake could occur soon after the onset of chemotherapy.

Squamous cell carcinoma of the head and neck

FDG PET/CT is currently recommended for initial staging of locally advanced squamous cell carcinoma of the head and neck (stage III/IV) in order to detect distant metastasis, but could also be proposed in any stage if synchronous localisations could impact later treatment (4).

FDG PET/CT helps primary tumour detection in squamous cell carcinoma of the head and neck and undifferentiated nasopharyngeal tumour with a reported overall sensitivity of 93 to 100%, specificity of 90 to 100% and an accuracy of 94 to 98% [START_REF] Troost | Clinical evidence on PET-CT for radiation therapy planning in head and neck tumours[END_REF]. And in case of cervical lymph node metastasis of an unknown primary tumour, FDG PET/CT is able to detect about 25% of occult primary tumours [START_REF] Daisne | Tumor volume in pharyngolaryngeal squamous cell carcinoma: comparison at CT, MR imaging, and FDG PET and validation with surgical specimen[END_REF]. Furthermore, it has been shown that the introduction of FDG PET/CT led to significantly smaller gross tumour volumes for pharyngolaryngeal squamous cell carcinoma than those delineated on CT or MRI [START_REF] Daisne | Tumor volume in pharyngolaryngeal squamous cell carcinoma: comparison at CT, MR imaging, and FDG PET and validation with surgical specimen[END_REF]. A comparison with the laryngeal specimens showed that FDG PET gross tumour volumes were the closest to the histologic ones.

Concerning nodal metastases detection, FDG PET/CT shows diagnostic performances comparable to CT and anatomical MRI, and seemed to be outperformed by diffusion-weighted MRI [START_REF] Grégoire | Molecular imaging-guided radiotherapy for the treatment of head-and-neck squamous cell carcinoma: does it fulfill the promises?[END_REF]. In addition, its sensitivity dropped off in case of no clinical evidence of metastatic nodes [START_REF] Kyzas | 18 F)-fluorodeoxyglucose positron emission tomography to evaluate cervical node metastases in patients with head and neck squamous cell carcinoma: a meta-analysis[END_REF]. Thus it is not routinely recommended for the nodal staging. International guidelines published in 2018 recommend the inclusion of FDG PET/CT data for the delineation of the gross tumour volume of the primary cancer, for locally advanced tumour, besides clinical examination, endoscopic, CT and MRI data [START_REF] Lee | International guideline for the delineation of the clinical target volumes (CTV) for nasopharyngeal carcinoma[END_REF].

Although there is currently no standard segmentation defined, they recommend the use of userindependent segmentation algorithms.

Oesophageal cancer

FDG PET/CT is currently recommended in the initial staging of oesophageal cancer as it allows for improved detection of distant metastasis, with a sensitivity and specificity of 71% and 93%, better than CT (52% and 91 % respectively), especially coeliac and supraclavicular metastatic nodes [START_REF] Salaün | Good clinical practice recommendations for the use of PET/CT in oncology[END_REF][START_REF] Van Vliet | Staging investigations for oesophageal cancer: a meta-analysis[END_REF].

Some studies reported a significant positive correlation between FDG PET/CT-based tumour lengths and pathological findings, often with a visual segmentation method or with the use of a predefined threshold [START_REF] Van Vliet | Staging investigations for oesophageal cancer: a meta-analysis[END_REF][START_REF] Foley | Impact of positron emission tomography and endoscopic ultrasound length of disease difference on treatment planning in patients with oesophageal cancer[END_REF][START_REF] Moureau-Zabotto | Impact of computed tomography (CT) and 18F-deoxyglucose positron emission tomography (FDG-PET) image fusion for conformal radiotherapy in esophageal carcinoma[END_REF]. However a more recent study has shown significant differences in tumour lengths estimated by PET or endoscopic ultrasound [START_REF] Foley | Impact of positron emission tomography and endoscopic ultrasound length of disease difference on treatment planning in patients with oesophageal cancer[END_REF]. The endoscopic ultrasound length was more than 2 cm longer than the PET length in 38% of cases, and the PET length was greater than 2cm longer than the endoscopic ultrasound length in 5% of cases, suggesting the complementarity of both modalities to define the gross tumour volume of the primary cancer.

Thus, the potential impact of FDG PET/CT on the planning target volume relies on its ability to detect distant node metastasis, and to help to better define craniocaudal limits, as confirmed in few studies [START_REF] Moureau-Zabotto | Impact of computed tomography (CT) and 18F-deoxyglucose positron emission tomography (FDG-PET) image fusion for conformal radiotherapy in esophageal carcinoma[END_REF][START_REF] Schreurs | Impact of 18-fluorodeoxyglucose positron emission tomography on computed tomography defined target volumes in radiation treatment planning of esophageal cancer: reduction in geographic misses with equal inter-observer variability: PET/CT improves esophageal target definition[END_REF][START_REF] Grange | Defining the target in cancer of the oesophagus: direct radiotherapy planning with fluorodeoxyglucose positron emission tomography-computed tomography[END_REF][START_REF] Muijs | Clinical validation of FDG-PET/CT in the radiation treatment planning for patients with oesophageal cancer[END_REF]. More recently, Metzger et al. have reported that the use of FDG PET/CT for staging and planning of primary or neoadjuvant chemoradiotherapy for oesophageal cancer has a favourable impact on patient survival (25).

High grade lymphoma

FDG PET/CT is well known as the most accurate imaging method for determining disease extent, nodal and extranodal, in high grade lymphoma, Hodgkin and non-Hodgkin diseases [START_REF] Gallamini | Role of PET in lymphoma[END_REF]. Moreover, FDG PET/CT performed after treatment is an effective tool for discriminating residual active disease from fibrotic masses, with a higher sensitivity for Hodgkin lymphoma and higher specificity for non-Hodgkin lymphoma [START_REF] Zijlstra | 18 F)fluorodeoxyglucose positron emission tomography for post-treatment evaluation of malignant lymphoma: a systematic review[END_REF][START_REF] Terasawa | 18 F)-FDG PET for posttherapy assessment of Hodgkin's disease and aggressive Non-Hodgkin's lymphoma: a systematic review[END_REF].

Simultaneously, new radiotherapeutic strategies for lymphoma has been developed, more targeted, with more accurate and reduced field, in order to limit long-term adverse events. In particular, the involved site and the involved node radiotherapy principles have emerged for definitive radiotherapy of early stage Hodgkin lymphoma.

Thus, FDG PET/CT is mandatory first for selecting patients candidate to definitive radiotherapy, by confirming an early stage for Hodgkin lymphoma, and characterizing a residual mass at the end of treatment of non-Hodgkin lymphoma, and second for helping to define treatment field. In particular, pretreatment FDG PET/CT is required for the application of the involved site and involved node radiotherapy principles in both early stage of Hodgkin and non Hodgkin lymphomas [START_REF] Specht | Modern radiation therapy for Hodgkin lymphoma: field and dose guidelines from the international lymphoma radiation oncology group (ILROG)[END_REF][START_REF] Zelenetz | Non-Hodgkin's Lymphomas, version 3.2012[END_REF][START_REF] Girinsky | Is FDG-PET scan in patients with early stage Hodgkin lymphoma of any value in the implementation of the involved-node radiotherapy concept and dose painting?[END_REF][START_REF] Girinsky | The conundrum of Hodgkin lymphoma nodes: to be or not to be included in the involved node radiation fields. The EORTC-GELA lymphoma group guidelines[END_REF]. This pretreatment FDG PET/CT needs to be performed in treatment position in case of involved node radiotherapy [START_REF] Édeline | Multimodality imaging using PET/CT ( 18 F)-fluorodeoxyglucose for radiotherapy field delineation of localized Hodgkin lymphoma[END_REF]. But as it is often logistically difficult to obtain this first PET/CT in treatment position, involved site radiotherapy allows for larger margins around the initially involved nodes.

Furthermore, close collaboration between radiation oncologists and nuclear medicine physicians is highly encouraged, and the latter should use a common atlas of nodal station in their reports [START_REF] Édeline | Multimodality imaging using PET/CT ( 18 F)-fluorodeoxyglucose for radiotherapy field delineation of localized Hodgkin lymphoma[END_REF][START_REF] Terezakis | A prospective study of 18 FDG-PET with CT coregistration for radiation treatment planning of lymphomas and other hematologic malignancies[END_REF][START_REF] Girinsky | Role of FDG-PET in the implementation of involved-node radiation therapy for Hodgkin lymphoma patients[END_REF].

Other tumour locations

There is growing interest for the use of PET/CT in other tumour locations with FDG or other PET tracers.

Prostate-specific PET tracers are of interest for patients with a biochemical recurrence of prostate cancer, especially when salvage radiotherapy could be performed. Salvage radiotherapy should be performed as early as possible, optimally when serum prostate-specific antigen levels are below 0.5 ng/ml. Prostate-specific membrane antigen (PSMA) PET tracers show better performances than choline tracers and fuciclovine, with compared median detection rate of 51.5% , 19.5% and 38% respectively for PSA levels below 1 ng/ml [START_REF] Evans | Prostate cancer-specific PET radiotracers: A review on the clinical utility in recurrent disease[END_REF]. In a recent meta-analysis, Perera et al. reported PSMA PET detection rates of 33 % for PSA levels below 0.2 ng/ml and 46% for PSA levels 0.2 to less than 0.5 ng/ml, in patients with biochemical recurrence after radical prostatectomy [START_REF] Perera | Sensitivity, specificity, and predictors of positive ( 68 Ga)-prostate-specific membrane antigen positron emission tomography in advanced prostate cancer: a systematic review and meta-analysis[END_REF]. In addition, another meta-analysis reported that PSMA PET increased the proportion of patients assigned to radiotherapy from 56% to 62%, and that 24 % of patients received increased dose to the sites of suspected recurrence and/or an enlarged target volume including the sites of recurrence, while 20% received stereotactic body radiotherapy to single metastases or oligometastasis [START_REF] Han | Impact of ( 68 Ga)-PSMA PET on the management of patients with prostate cancer: a systematic review and meta-analysis[END_REF].

For anal cancer, FDG PET/CT could provide additional information that could lead to major changes in treatment strategy in almost one in five patients, but induces changes in irradiated field in only 4% FDG PET/CT could also be useful in other tumour location, once the lesions show a significant uptake, as for example in liver metastasis and cholangiocarinomas, in primary cardiac tumour, or in case of reirradiation, particularly when conventionnal imaging is of limited performance, when iodine contrast media is contra-indicated or when the patient is wearing a pacemaker or any metallic devices preventing MRI [START_REF] Bundschuh | Respiratory gated ( 18 F)FDG PET/CT for target volume delineation in stereotactic radiation treatment of liver metastases[END_REF][START_REF] Onal | Comparison of computed tomography-and positron emission tomography-based radiotherapy planning in cholangiocarcinoma[END_REF][START_REF] Elsayad | Advances in image-guided radiation therapy for primary cardiac angiosarcoma: the role of PET-CT and MRI[END_REF]. But one should keep in mind the intrinsic PET limitations such as a rather low spatial resolution and a high level of noise [START_REF] Grégoire | Molecular imaging-guided radiotherapy for the treatment of head-and-neck squamous cell carcinoma: does it fulfill the promises?[END_REF].

Potential role of PET/CT for dose escalation, dose painting and adaptative radiotherapy

Current radiotherapy techniques allow us to consider delivering heterogeneous doses within the target volume. With the routine use of intensity-modulated radiation for the treatment of many cancer (head and neck, brain tumour, lung cancer, etc.) allowing to deliver a very precise dose to the gross tumour volume, but there is still a risk of local recurrences confirming the presence of radioresistant areas.

Functional imaging allows considering the selection of these areas (biological target volume) in order to deliver a variable dose depending on the risk of recurrence [START_REF] Roberts | Painting Dose: The ART of radiation[END_REF]. This imaging can be used before the start of radiotherapy as a complement to the planning scanner or during treatment to adapt to the early response. Several tracers can be used to target areas and the choice of tracer will depend on the location treated; the most commonly used tracers are those used to target hypoxia, proliferation or tumour metabolism. In this context, the method of definition and segmentation of target volumes is important and it has been demonstrated that the delineation method has an impact on the defined volume. Many methods exist and have been reworked in a previous article (3).

Non small cell lung cancer

As mentioned in the previous chapter, PET/CT is recommended in the staging and the planning for non small cell lung cancer treated by radiation. While the level of evidence is lower and currently does not allow consideration of dose painting radiotherapy from PET, many studies confirm its value in defining patients at risk of recurrence and radioresistant areas. For example, several studies have shown the prognostic implications of changes in standardized uptake value and suggested that FDG PET/CT could predict the response to chemoradiation or induction chemotherapy [START_REF] Abramyuk | Is pretherapeutical FDG-PET/CT capable to detect high risk tumor subvolumes responsible for local failure in non-small cell lung cancer?[END_REF][START_REF] Ganem | Prognostic value of postinduction chemotherapy ( 18 F)-FDG PET-CT in stage II/III non-small cell lung cancer before (chemo-) radiation[END_REF]. FDG is the tracer that has been most used to propose a dose adapted to pretherapeutic PET. Three studies have shown that the most hypermetabolic area before radiotherapy was an area at risk of local recurrence [START_REF] Aerts | Identification of residual metabolic-active areas within individual NSCLC tumours using a pre-radiotherapy ( 18 F)fluorodeoxyglucose-PET-CT scan[END_REF][START_REF] Calais | Areas of high ( 18 F)-FDG uptake on preradiotherapy PET/CT identify preferential sites of local relapse after chemoradiotherapy for non-small cell lung cancer[END_REF][START_REF] Jouglar | Patterns of locoregional failure in locally advanced non-small cell lung cancer treated with definitive conformal radiotherapy: Results from the Gating 2006 trial[END_REF]. The same results were found for stereotactic radiotherapy for lung cancer [START_REF] Park | Maximum standardized uptake value at pretreatment PET in estimating lung cancer progression after stereotactic body radiotherapy[END_REF]. A randomized phase II study (NCT01024829) has now been completed and has focused on increasing the dose with an integrated boost to the area of the primary tumor with 50% of the maximum standardized uptake value (72Gy) according to the normal tissue tolerance. Initial toxicity results demonstrate the feasibility of this dose increase [START_REF] Van Diessen | The acute and late toxicity results of a randomized phase II dose-escalation trial in non-small cell lung cancer (PETboost trial)[END_REF]. The first alternative to this adapted radiotherapy to FDG PET is the use of other tracers in pretherapeutic examinations. For the proliferation with 3'-( 18 F)-fluoro-3'deoxythymidine (FLT), there is only preclinical data or studies showing the feasibility of using this tracer for lung cancer [START_REF] Li | Spatial concordance of tumor proliferation and accelerated repopulation from pathologic images to 3'-( 18 F)-fluoro-3'-deoxythymidine PET images: a basic study guided for PET-based radiotherapy dose painting[END_REF][START_REF] Vera | Simultaneous positron emission tomography (PET) assessment of metabolism with (¹⁸F)-fluoro-2-deoxy-d-glucose (FDG), proliferation with (¹⁸F)-fluoro-thymidine (FLT), and hypoxia with (¹⁸F)-fluoro-misonidazole (F-miso) before and during radiotherapy in patients with non-small-cell lung cancer (NSCLC): a pilot study[END_REF][START_REF] Lelandais | Fusion of multi-tracer PET images for dose painting[END_REF]. The tracer for which we have the most data is the ( 18 F)-labelled misonidazole that allows to define hypoxic zones with PET/CT. In particular, there is a French phase II trial that confirms the possibility of boosting the hypoxic zone without increasing toxicity. In addition, a boost to the hypoxic volumes appears to improve the survival of hypoxic patients compared to those receiving a standard dose (55, 56) (figure 1). This strategy based on hypoxia is different from a boost on hypermetabolic volume with a specific therapeutic impact [START_REF] Thureau | FDG and FMISO PET-guided dose escalation with intensity-modulated radiotherapy in lung cancer[END_REF][START_REF] Thureau | Comparison of hypermetabolic and hypoxic volumes delineated on ( 18 F)-FDG and ( 18 F)-fluoromisonidazole PET/CT in non-small-cell lung cancer patients[END_REF]. However, Di Perri et al.

consider that there is a good correlation between hypoxic volumes and FDG hotspots, but not from our group [START_REF] Thureau | Comparison of hypermetabolic and hypoxic volumes delineated on ( 18 F)-FDG and ( 18 F)-fluoromisonidazole PET/CT in non-small-cell lung cancer patients[END_REF][START_REF] Perri | Correlation analysis of ( 18 F)fluorodeoxyglucose and ( 18 F)-fluoroazomycin arabinoside uptake distributions in lung tumours during radiation therapy[END_REF].

The third alternative is to adapt the dose to changes in PET during radiotherapy. In a previous study, we had shown that it was possible to define a pertreatment segmentation method for both primary tumour and lymph nodes [START_REF] Ganem | Delineation of lung cancer with FDG PET/CT during radiation therapy[END_REF]. In this context, a French phase II/III study is ongoing to demonstrate the interest of increasing the dose at 74Gy on the hypermetabolic volume during radiotherapy (at 42Gy) (RTEP7 -NCT02473133). A similar phase II trial has just completed including 138 patients to study the use of FDG PET/CT between the 18th and 19th fraction with a dose determined by contraints at organs at risk (RTOG 1106 -NCT01507428).

Squamous cell carcinoma of the head and neck

With lung cancers, head and neck cancers are the ones for which there are the most published and ongoing studies. It's for this location that the Brussels teams proposed a dose adapted to PET fixation using two methods. The first strategy is a boost at a subvolume. It is the simplest technique and close to the usual techniques in case of several dose levels, the name generally used for this strategy is "dose painting by volume". The second strategy "dose painting by numbers" is very interesting because it proposes to assign a dose to each voxel according to its level of PET fixation [START_REF] Grégoire | Radiotherapy for head and neck tumours in 2012 and beyond: conformal, tailored, and adaptive?[END_REF].

Many studies confirm the feasibility of a boost based on FDG fixation without increasing the dose to the organs at risk [START_REF] Thorwarth | Dose painting with IMPT, helical tomotherapy and IMXT: a dosimetric comparison[END_REF][START_REF] Differding | Methodology for adaptive and robust FDG-PET escalated dose painting by numbers in head and neck tumors[END_REF]. Two studies are in progress on ClinicalTrial.gov focusing on dose painting using FDG PET with adaptive dose escalation compared to standard treatment. The dose usually proposed is about 80Gy over the radioresistance area; it has been shown that a higher dose can be harmful with a risk of late mucosal ulcers [START_REF] Madani | Maximum tolerated dose in a phase I trial on adaptive dose painting by numbers for head and neck cancer[END_REF].

As confirmed very recently, hypoxia makes it possible to select patients with a good or poor prognosis, with a hazard ratio at 9 for local control in a study involving 37 patients [START_REF] Thorwarth | Prospective evaluation of a tumor control probability model based on dynamic ( 18 F)-FMISO PET for head-andneck cancer radiotherapy[END_REF]. As FDG, it has been shown that it is possible to increase the dose to more than 80Gy without increasing the dose to at-risk organs. For head and neck, several tracers were tested, such as ( 18 F)-labelled misonidazole azomycin arabinoside, flortanidazole (HX4), or erythronitroimidazole, or ( 64 Cu)-labelled diacetylbis(N4-methylthiosemicarbazone (ATSM). Studies based on an equivalent probability of tumor control between normoxic and hypoxic tumors show that an increase of 15 to 20% in hypoxic volumes is possible without increasing the dose to organs at risk [START_REF] De Figueiredo | Hypoxia imaging with ( 18 F)-FMISO-PET for guided dose escalation with intensitymodulated radiotherapy in head-and-neck cancers[END_REF].

A new strategy could be considered with a dose reduction for Human papilloma virus positive cancers with hypoxia. If this hypoxia is resolved within 1 week of treatment, a selectively de-escalate dose to the nodes (60Gy) is possible with a good local control [START_REF] Lee | Strategy of using intratreatment hypoxia imaging to selectively and safely guide radiation dose de-escalation concurrent with chemotherapy for locoregionally advanced human papillomavirus-related oropharyngeal carcinoma[END_REF].

The problem remains linked to the anatomical modification of lesions during radiotherapy and therefore to the difficulty of targeting radioresistant voxels (68).

Oesophageal cancer

For oesophageal cancer, there are far fewer studies for adaptive radiotherapy. However, it is a cancer for which the optimal dose of radiotherapy remains to be defined and for which the level of toxicity remains high.

As with lung cancers, it appears that the most hypermetabolic area before treatment is an area at risk of recurrence [START_REF] Calais | High FDG uptake areas on pre-radiotherapy PET/CT identify preferential sites of local relapse after chemoradiotherapy for locally advanced oesophageal cancer[END_REF]. Another French study proposes to define the target volume based on an automatic segmentation of the FDG PET to allow a decrease in dose to organs at risk or an increase in dose up to 66Gy [START_REF] Encaoua | Radiotherapy volume delineation based on ( 18 F)-fluorodeoxyglucose positron emission tomography for locally advanced or inoperable oesophageal cancer[END_REF].

FLT PET, which represents proliferation, appears to be an interesting tracer both in initial planning and in the early response. [START_REF] Yue | Measuring tumor cell proliferation with 18F-FLT PET during radiotherapy of esophageal squamous cell carcinoma: a pilot clinical study[END_REF][START_REF] Zhang | Gradient-based delineation of the primary GTV on FLT PET in squamous cell cancer of the thoracic esophagus and impact on radiotherapy planning[END_REF][START_REF] Gerbaudo | Pilot study of serial FLT and FDG-PET/CT imaging to monitor response to neoadjuvant chemoradiotherapy of esophageal adenocarcinoma: correlation with histopathologic response[END_REF]. Data on hypoxia in oesophageal cancers are very limited. While it is confirmed that there is significant binding of hypoxia tracers in esophageal cancers, there is no adaptive radiotherapy study based on these tracers (74).

Other tumour locations

Gynaecological cancer

In most other cancers, pretreatment PET is used to consider targeted boosts. This is case for pelvic cancers, particularly cervical and prostate cancer. PET is often associated with MRI. For cervical cancer, it has been shown that it is possible to consider boosting pathological pelvic lymph nodes to about 60Gy [START_REF] Arnesen | Short-course PET based simultaneous integrated boost for locally advanced cervical cancer[END_REF][START_REF] Wujanto | Does external beam radiation boost to pelvic lymph nodes improve outcomes in patients with locally advanced cervical cancer?[END_REF]. However, this strategy remains controversial and if it does not increase toxicity, it is difficult to demonstrate the value in terms of tumour control. Indeed, the most important study on the interest of a boost on pathological lymph nodes was retrospective and did not use PET (77).

Prostatic cancer

As we have seen previously, there are specific tracers for prostatic cancer with choline or PSMA. FDG PET/CT has no place in radiotherapy planning. During definitive primary radiotherapy, dose escalation to the prostate should improve the local control, but the local toxicity remains high. More accurate determination of the dominant intraprostatic lesion, which is the more aggressive and less responding lesion, should lead to diminish local toxicity while preserving local tumour control [START_REF] Monninkhof | Standard whole prostate gland radiotherapy with and without lesion boost in prostate cancer: Toxicity in the FLAME randomized controlled trial[END_REF][START_REF] Pinkawa | Dose-escalation using intensity-modulated radiotherapy for prostate cancer -evaluation of quality of life with and without ( 18 F)-choline PET-CT detected simultaneous integrated boost[END_REF].

There is growing of interest for PSMA PET/CT to this purpose. As PSMA uptake is known to be correlated to the aggressiveness of the lesions, a miss of low grade intraprostatic lesions seems to be acceptable for radiotherapy purposes (80), and a PSMA PET gross tumour volume contouring finally appears to be feasible in 95 % of patients [START_REF] Zamboglou | 68 Ga)-HBED-CC-PSMA PET/CT versus histopathology in primary localized prostate cancer: a voxel-wise comparison[END_REF]. Some studies suggested that ( 68 Ga)-labelled PSMA PET gives complementary data to the multiparametric MRI for the delineation of the dominant intraprostatic lesion [START_REF] Zschaeck | PSMA-PET based radiotherapy: a review of initial experiences, survey on current practice and future perspectives[END_REF]. It has been demonstrated that it is possible to increase the dose up to 95Gy from combining multiparametric MRI and PET data using tumour control probability calculations (83).

Conclusion

PET/CT has become essential in the planning of many cancers including lung, head and neck, Hodgkin's disease and prostate cancer (table 1). However, it sometimes has to be combined with MRI imaging and segmentation methods have yet to be defined. The interest of PET/MRI must be demonstrated in prospective studies. The development of targeted treatments for recurrent areas requires imaging with very good sensitivity and specificity, as is the case for prostate cancers. Current techniques allow us to consider treatments by dose painting or even adaptive dose painting, and in this context, it seems that functional imaging is essential. However, it is now impossible to say that the best functional imaging is still that of metabolism, hypoxia or proliferation. 

  39). Nevertheless, Bassi et al. observed a change in gross tumour volume, with a mean increase of 25 % (40).

Figure 1 .

 1 Figure 1. Impact of positon emission tomography with computed tomography for image-guided radiotherapy. (a,b) PET imaging before treatment; (a) FDG PET; (b) Fmiso PET; (c) FDG PET during radiation with good response but an oesophagitis. FDG: fluorodeoxyglucose; Fmiso: fluoromisonidazole; PET: positon emission tomography.

Table 1 .

 1 Synthesis of current recommendations for the use of positon emission tomography for radiotherapy planification.

	Primary tumour	Staging	Targeting
	Lung	Recommended for non or	Exclusion of atelectasis
		oligometastatic non small cell	Inclusion of PET positive nodes (if
		lung cancer	histologic examination is not feasible to
			exclude false positive)
	Head and neck	Recommended for locally	Help in delineation of the primary gross
		advanced head and neck	tumour volume for locally advanced cancer
		squamous cell carcinoma	User-independent segmentation algorithms
	Oesophagus	Recommended before	Detection of distant nodes
		chemoradiotherapy	Help in defining craniocaudal limits
	Lymphoma	Recommended for high grade	Detection of involved nodes or involved
		lymphoma (Hodgkin and non	sites, especially in case of involved node or
		Hodgkin diseases)	involved site radiotherapy
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