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Introduction

Surgery is the mainstay of the management for localized soft tissue sarcoma (STS). Pre-or post-operative radiotherapy (RT) is often recommended to maintain local control while avoiding radical surgery [START_REF] Rosenberg | The Treatment of Soft-tissue Sarcomas of the Extremities[END_REF][START_REF] Yang | Randomized prospective study of the benefit of adjuvant radiation therapy in the treatment of soft tissue sarcomas of the extremity[END_REF][START_REF] Beane | Efficacy of Adjuvant Radiation Therapy in the Treatment of Soft Tissue Sarcoma of the Extremity: 20-year Follow-Up of a Randomized Prospective Trial[END_REF]. Treatment sequence is under debate [START_REF] O'sullivan | Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial[END_REF][START_REF] Davis | Late radiation morbidity following randomization to preoperative versus postoperative radiotherapy in extremity soft tissue sarcoma[END_REF]. Decision elements are partly based on the individual risk of toxicity. Neoadjuvant radiotherapy (NART) induces fewer late fibrosis [START_REF] Davis | Late radiation morbidity following randomization to preoperative versus postoperative radiotherapy in extremity soft tissue sarcoma[END_REF] possibly due to the absence of hypoxic healthy tissue irradiation, but increases wound healing complications [START_REF] O'sullivan | Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial[END_REF]. Preoperative irradiated volumes are smaller and with higher intersubject reproducibility [START_REF] Sargos | Pre-and postoperative radiotherapy for extremity soft tissue sarcoma: Evaluation of interobserver target volume contouring variability among French sarcoma group radiation oncologists[END_REF]. Although tumor shrinkage is usually described in myxoid tumors, it seems to be less frequent in other STS subtypes [START_REF] Betgen | Volume changes in soft tissue sarcomas during preoperative radiotherapy of extremities evaluated using cone-beam CT[END_REF][START_REF] Wortman | Neoadjuvant radiation in primary extremity liposarcoma: correlation of MRI features with histopathology[END_REF]. O'Sullivan et al. did not find an increase of microscopically complete (R0) resection compared to adjuvant timing [START_REF] O'sullivan | Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial[END_REF]. Despite recent studies adapting irradiation dose in these radiosensitive myxoid liposarcomas [START_REF] Koseła ; Paterczyk | Efficacy of neoadjuvant hypofractionated radiotherapy in patients with locally advanced myxoid liposarcoma[END_REF][START_REF] Lansu | Dose Reduction of Preoperative Radiotherapy in Myxoid Liposarcoma: A Nonrandomized Controlled Trial[END_REF], RT dose and volume take no account of STS heterogeneity [START_REF] Wang | RTOG Sarcoma Radiation Oncologists Reach Consensus on Gross Tumor Volume and Clinical Target Volume on Computed Tomographic Images for Preoperative Radiotherapy of Primary Soft Tissue Sarcoma of Extremity in Radiation Therapy Oncology Group Studies[END_REF][START_REF] Haas | Radiotherapy for management of extremity soft tissue sarcomas: Why, when, and where?[END_REF].

In a similar way, examination of pathological response to NART is now standardized [START_REF] Wardelmann | Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; The European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group (EORTC-STBSG) recommendations for pathological examination and reporting[END_REF] but is not histotype based. While 10% viable cells is a proven prognostic criteria in Ewing sarcoma and osteosarcoma [START_REF] Picci | Chemotherapyinduced tumor necrosis as a prognostic factor in localized Ewing's sarcoma of the extremities[END_REF][START_REF] Bielack | Prognostic Factors in High-Grade Osteosarcoma of the Extremities or Trunk: An Analysis of 1,702 Patients Treated on Neoadjuvant Cooperative Osteosarcoma Study Group Protocols[END_REF], the interpretation of the current semi-quantitative system in STS is still debated [START_REF] Stacchiotti | High-grade soft-tissue sarcomas: Tumor response assessment -Pilot study to assess the correlation between radiologic and pathologic response by using RECIST and Choi criteria[END_REF][START_REF] Salah | Tumor necrosis and clinical outcomes following neoadjuvant therapy in soft tissue sarcoma: A systematic review and metaanalysis[END_REF][START_REF] Schaefer | Histologic Appearance After Preoperative Radiation Therapy for Soft Tissue Sarcoma: Assessment of the European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group Response Score[END_REF][START_REF] Bonvalot | Complete pathological response to neoadjuvant treatment is associated with better survival outcomes in patients with soft tissue sarcoma: Results of a retrospective multicenter study[END_REF]. Importance of potential particular patterns may not be taken into account by the current semi-quantitative grading system. Moreover, debate is ongoing whether using viable cells [START_REF] Wardelmann | Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; The European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group (EORTC-STBSG) recommendations for pathological examination and reporting[END_REF][START_REF] Stacchiotti | High-grade soft-tissue sarcomas: Tumor response assessment -Pilot study to assess the correlation between radiologic and pathologic response by using RECIST and Choi criteria[END_REF][START_REF] Bonvalot | Complete pathological response to neoadjuvant treatment is associated with better survival outcomes in patients with soft tissue sarcoma: Results of a retrospective multicenter study[END_REF], necrosis [START_REF] Salah | Tumor necrosis and clinical outcomes following neoadjuvant therapy in soft tissue sarcoma: A systematic review and metaanalysis[END_REF] or fibrosis [START_REF] Schaefer | Histologic Appearance After Preoperative Radiation Therapy for Soft Tissue Sarcoma: Assessment of the European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group Response Score[END_REF].

Radiological and pathological responses may be important arguments in deciding on adjuvant therapies and follow-up modalities. We focused on 4 major histotypes and aimed to highlight the limitations of semi-quantitative pathological grading and radiological assessment of size variation.

Material and methods

Study population

We performed a retrospective study including all STS patients who received NART in Centre Léon Bérard (Lyon, France) from June 2009 to October 2020. The inclusion criterias were 18 years of age or older with histologically proven STS located on trunk or limbs.

Exclusion criterias were retroperitoneal STS, bone, Ewing and Ewing-like sarcoma, desmoid tumors, experimental neoadjuvant or adjuvant treatment and metastatic disease. To highlight the differences between histological subtypes, we separately evaluated the four most frequent histotypes.

Imaging studies

Pre-RT imaging evaluation included thoracic computed tomography (CT) and gadolinium-enhanced magnetic resonance imaging (MRI) of the entire limb or trunk.

Preoperative imaging was performed 3 to 4 weeks after the end of the RT. Tumor size was recorded. Relative variation in tumor size (RVTS) was calculated and interpreted in a similar way as RECIST, by dividing the difference of post-and pre-RT maximal diameters by pre-RT maximal diameter.

Irradiation technique

A planning CT with 2-5mm thick images was performed in supine position. Customized devices were used to optimize position reproducibility if necessary. Gross tumor volume (GTV) is defined as the contrast-enhanced zone on T1-weighted MRI. Clinical target volume (CTV) is created using 1.5 cm axial and 4 cm longitudinal expansions except in case of major anatomical barrier. CTV encompasses the peritumoral edema identified on T2-weighted MRI.

A 5-7 mm isotropic margin was then added to generate the planning target volume (PTV). A new planning CT was performed if tumor size significantly increased during treatment.

Surgical technique

Surgery was performed 6 to 8 weeks after RT completion by dedicated sarcoma surgeons.

The objective was en-bloc limb-conserving surgery, resecting tumor bed and biopsy tracks with wide margins. In selected cases, microscopically positive margins (R1) were accepted in order to spare neurovascular structures.

Pathological analyses

Histological diagnosis was performed by a pathologist experienced in sarcoma.

Aggressiveness is graded according to Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) grading system. Tumors were macroscopically described and measured before their limits were inked. They were sampled with an average of one section per centimeter in the tumor's greatest dimension. All slides were stained with haematoxylin and eosine, completed by immunohistochemistry if necessary. Histological response was evaluated according to semi-quantitative grading system using three architectural patterns. Percentage of necrosis, viable cells and fibrosis were considered such that the sum was equal to 100%.

Pathological complete response (pCR) was defined as ≤ 5% viable cells.

Statistical analyses

Categorical variables were reported as counts and percentages and compared using Chi2 or Fisher exact test. Continuous variables were reported as median and quartiles and compared using non-parametric Mann-Whitney or Kruskal-Wallis tests. Logistic regression models were used to test explanatory variables. P-value were considered significant if <0.05 (two-sided).

Median follow-up was determined using the reverse Kaplan Meier method [START_REF] Shuster | Median follow-up in clinical trials[END_REF]. Survival rates were estimated using the Kaplan Meier method from the first day of RT. Local recurrence free survival (LRFS) was defined as any recurrence in the RT treated volumes, or death from any cause. Disease-free survival (DFS) was defined as any recurrence, or death from any cause. Statistical analyses were performed using R software version 1.2 (R Foundation for Statistical Computing, Vienna, Austria). The trial was approved by the institutional review board.

Results

Overall population

We included 121 patients with a median age of 63 years (IQR 51-74). Median followup was 35.0 months (IQR 19.8-64.3). The four most frequent histotypes were undifferentiated pleomorphic sarcoma (UPS, n=49), myxofibrosarcoma (MFS, n=19), myxoid liposarcoma (MLS, n=13) and synovial sarcoma (SS, n=11). Majority of tumors were deep-seated (n=109, 90.1%) and in a primary presentation (n=107, 88.4%). Locations were extremities and trunk in 91 (75.2%) and 30 (24.8%) cases, respectively. Total radiation dose was 50 Gy in 25 fractions in all patients. Two patients required amputation. The first one presented UPS progression during RT. The second one had MLS with persistent major neurovascular involvement. Surgery was always macroscopically complete. Negative margins were achieved in 99 (81.8%) cases while 22 (18.2%) were microscopically positive. Among patients with R1 surgery, one underwent further excision and 21 were kept on surveillance. Median RVTS was -1% (IQR -13-13%). RVTS was significantly correlated with histotypes (p=0.001) (Fig. 1). Larger tumors (p=0.07) showed a trend to greater decrease in size. RVTS was predictive of pathological fibrosis with a correlation coefficient of -0.26 (IC95 -0.43--0.072; p=0.007). Tumor size was not significantly different between pre-operative MRI and pathological specimen (p=0.54).

A pCR was achieved in 33 patients (27.7%). Median viable cells, necrosis and fibrosis were 30% (IQR 5-60%), 10% (IQR 0-30%) and 30% (IQR 10-80%), respectively (Fig. 2).

Histotype was significantly correlated with viable cellularity (p=0.007). There was a trend with necrosis (p=0.06) but no significant correlation with fibrosis (p=0.28) or pCR (p=0.18). Pathological response was not significantly related to addition or absence of neoadjuvant chemotherapy (necrosis: p=0.25; viable cell: p=0.11; fibrosis: p=1; pCR: p=0.18). We observed only 5 local recurrences, 3 of which occurred in UPS patients. Two-year LRFS, DFS and OS were 84%, 68% and 86%, respectively.

Undifferentiated pleomorphic sarcoma

Fourty nine patients presented UPS. Pre-RT and pre-surgical imaging were performed 42 days (IQR 20-77) before the first day of NART and 26 days (IQR 18-32) after completion. Size changes were highly disparate, with a median RVTS of 0% (IQR -18-+18%) (Fig. 1).

Among the 44 evaluable patients, 6 (13.6%) and 8 (18.2%) presented partial response and progressive disease. Increase in tumor size required to re-plan radiotherapy treatments in 5 (10.2%) patients.

A pCR was achieved in 18 (36.7%) patients. Median viable cells, necrosis and fibrosis were 10% (IQR 1-40%), 20% (IQR 0-50%) and 50% (IQR 10-89%) (Fig. 2). An infiltrative growth pattern (IGP) along vascular or fascial plane was observed in 14 (28.6%) cases. This was not significantly predictive of microscopically positive margin (p=0.61) nor prognostic of clinical outcomes (LRFS: p=0.26; DFS: p=0.32; OS: p=0.37). Another pattern was the presence in 19 (38.8%) patients of macroscopic cysts that emptied themselves during sampling process (Fig. 3). Grade was not a predictive factor (p=0.53). In contrast, patients with a pretreatment tumor size >10cm were 2.37 times more likely to present a cystic appearance (CI95 1.17-4.78 ; p=0.03). In univariate analysis cystic appearance has a significant prognostic impact (LRFS: p=0.03; DFS: p=0.03; OS: p=0.049), but its independent value was not demonstrated in multivariate analysis (Fig. 4). Two-year LRFS, DFS and OS were 77%, 64% and 80%, respectively.

Myxofibrosarcoma

Nineteen patients presented MFS. Pre-RT and pre-surgical imaging were performed 56 days (IQR 36-91) before the first day of NART and 28 days (IQR 20-36) after completion, respectively. Among the 16 evaluable patients, 5 (31.3%) presented progressive disease and 6 (40%) tended to increase in size. Median RVTS was +8% (IQR 0-+24%) (Fig. 1). One patient required a new planning CT due to increase in tumor size.

A pCR was achieved in 4 (21.1%) patients. Median viable cells, necrosis and fibrosis were 60% (IQR 30-80%), 10% (IQR 0-30%) and 20% (IQR 8-45%) (Fig. 2). Seven (38.9%) patients presented evidence of IGP along vascular or fascial plane. This was not significantly predictive of R1 resection nor prognostic of clinical outcomes. Two-year LRFS, DFS and OS were 86%, 64% and 86%, respectively.

Myxoid liposarcoma

Thirteen patients presented MLS. No round cell component was identified in initial biopsy samples nor in surgical specimen. Pre-RT and pre-surgical imaging were performed 53 days (IQR 20-76) before the first day of NART and 17 days (IQR 5-27) after completion, respectively. A decreasing trend in tumor size was observed in 11/13 (84.6%) patients, with a median RVTS of -12% (IQR -20--3%) (Fig. 1).

Usual tumor pathological aspect was few isolated stainable cells surrounded by an important hyalinized stroma. A pCR was achieved in 5 (38.5%) patients. Median viable cells, necrosis and fibrosis were 20% (IQR 5-70%), 0% (IQR 0-5%) and 80% (IQR 20-90%) (Fig. 2). Mature adipocytes were observed in 5 patients (38.5%). No significant correlation was found between the presence of these cells and grade (p=0.58), initial size (p=0.58), nor clinical outcomes (LRFS: p=1; DFS: p=0.73; OS: p=1). Two-year LRFS, DFS and OS of 86%, 81% and 86%, respectively.

Synovial sarcoma

Among the 11 SS patients, one presented an epithelioid form whereas the other ten had a classical monophasic SS. Pre-RT and pre-surgical imaging were performed 36 days (IQR 21-42) before the first day of NART and 24 days (IQR 19-31) after completion. All tumors tended to decrease in size after RT, with a median RVTS of -11% (IQR -15--9%) (Fig. 1).

Usual tumor pathological aspect was an isolated dense nodule containing only viable tumor cells and surrounded by hyalinized stroma. Only one (9.1%) patient presented pCR.

Median viable cells, necrosis and fibrosis were 70% (IQR 20-80%), 5% (IQR 0-10%) and 20% (IQR 8-42%) (Fig. 2). Macroscopic cysts were observed in 4 (36%) patients. Pretreatment size was significantly correlated to the presence of cysts (OR=1.14 per additional centimeter; p=0.016). Two-year LRFS, DFS and OS were 91%, 53% and 91% respectively.

Discussion

Soft tissue sarcomas are rare diseases, with heterogeneous presentation, prognosis and sensitivity to cancer treatments. Chemotherapy efficacy varies between histological subtypes [START_REF] Grosso | Efficacy of trabectedin (ecteinascidin-743) in advanced pretreated myxoid liposarcomas: a retrospective study[END_REF][START_REF] Penel | Phase II trial of weekly paclitaxel for unresectable angiosarcoma: The ANGIOTAX study[END_REF][START_REF] Gronchi | Phase II clinical trial of neoadjuvant trabectedin in patients with advanced localized myxoid liposarcoma[END_REF][START_REF] Maki | Randomized Phase II Study of Gemcitabine and Docetaxel Compared With Gemcitabine Alone in Patients With Metastatic Soft Tissue Sarcomas: Results of Sarcoma Alliance for Research Through Collaboration Study 002[END_REF][START_REF] Canter | A synovial sarcomaspecific preoperative nomogram supports a survival benefit to ifosfamide-based chemotherapy and improves risk stratification for patients[END_REF] and effectiveness of targeted therapies is restricted to selected histotypes [START_REF] Butrynski | Crizotinib in ALK -Rearranged Inflammatory Myofibroblastic Tumor[END_REF][START_REF] Benson | A retrospective study of patients with malignant PEComa receiving treatment with sirolimus or temsirolimus: the Royal Marsden Hospital experience[END_REF][START_REF] Stacchiotti | Sirolimus in Advanced Epithelioid Hemangioendothelioma: A Retrospective Case-Series Analysis from the Italian Rare Cancer Network Database[END_REF]. In a molecular point of view, recent clinical data report promising response to NTRK inhibitors in various sarcoma harboring NTRK gene fusions [START_REF] Doebele | Entrectinib in patients with advanced or metastatic NTRK fusion-positive solid tumours: integrated analysis of three phase 1-2 trials[END_REF][START_REF] Hong | Larotrectinib in patients with TRK fusion-positive solid tumours: a pooled analysis of three phase 1/2 clinical trials[END_REF]. In contrast, in an international phase 3 trial histotype-tailored therapy did not show survival improvement compared to the standard neoadjuvant chemotherapy [START_REF] Gronchi | Histotypetailored neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue sarcomas (ISG-STS 1001): an international, open-label, randomised, controlled, phase 3, multicentre trial[END_REF]. Except in few studies that evaluate lower or hypofractionated dose in MLS [START_REF] Koseła ; Paterczyk | Efficacy of neoadjuvant hypofractionated radiotherapy in patients with locally advanced myxoid liposarcoma[END_REF][START_REF] Lansu | Dose Reduction of Preoperative Radiotherapy in Myxoid Liposarcoma: A Nonrandomized Controlled Trial[END_REF], sarcoma heterogeneity is not taken into account in RT procedure [START_REF] Wang | RTOG Sarcoma Radiation Oncologists Reach Consensus on Gross Tumor Volume and Clinical Target Volume on Computed Tomographic Images for Preoperative Radiotherapy of Primary Soft Tissue Sarcoma of Extremity in Radiation Therapy Oncology Group Studies[END_REF][START_REF] Haas | Radiotherapy for management of extremity soft tissue sarcomas: Why, when, and where?[END_REF] nor in pathological response interpretation [START_REF] Wardelmann | Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; The European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group (EORTC-STBSG) recommendations for pathological examination and reporting[END_REF].

We observed 27.7% pCR, which is consistent with the literature. Previous publications reported 10% to 44% pCR [START_REF] Bonvalot | Complete pathological response to neoadjuvant treatment is associated with better survival outcomes in patients with soft tissue sarcoma: Results of a retrospective multicenter study[END_REF][START_REF] Mullen | Prognostic significance of treatment-induced pathologic necrosis in extremity and truncal soft tissue sarcoma after neoadjuvant chemoradiotherapy[END_REF][START_REF] Donahue | Evaluation of neoadjuvant therapy and histopathologic response in primary, high-grade retroperitoneal sarcomas using the sarcoma nomogram[END_REF][START_REF] Menendez | Tumor Necrosis Has no Prognostic Value in Neoadjuvant Chemotherapy for Soft Tissue Sarcoma[END_REF][START_REF] Shah | Complete pathologic response to neoadjuvant radiotherapy is predictive of oncological outcome in patients with soft tissue sarcoma[END_REF]. Macdermed et al. [START_REF] Macdermed | Primary Tumor Necrosis Predicts Distant Control in Locally Advanced Soft-Tissue Sarcomas After Preoperative Concurrent Chemoradiotherapy[END_REF] reported that 50% and 11.8% specimens presented ≥ 90% necrosis and complete absence of viable cell, respectively.

In Ewing sarcoma and osteosarcoma, histological evaluation after neoadjuvant chemotherapy can modify post-operative strategy. Indeed, <10% viable cells is associated with higher DFS and OS in those homogeneous populations [START_REF] Picci | Chemotherapyinduced tumor necrosis as a prognostic factor in localized Ewing's sarcoma of the extremities[END_REF][START_REF] Bielack | Prognostic Factors in High-Grade Osteosarcoma of the Extremities or Trunk: An Analysis of 1,702 Patients Treated on Neoadjuvant Cooperative Osteosarcoma Study Group Protocols[END_REF].This early prognostic factor generated a great interest in STS but criteria and cut-off are strongly discussed. After publication of conflicting results [START_REF] Mullen | Prognostic significance of treatment-induced pathologic necrosis in extremity and truncal soft tissue sarcoma after neoadjuvant chemoradiotherapy[END_REF][START_REF] Macdermed | Primary Tumor Necrosis Predicts Distant Control in Locally Advanced Soft-Tissue Sarcomas After Preoperative Concurrent Chemoradiotherapy[END_REF][START_REF] Gannon | Pathologic necrosis following neoadjuvant radiotherapy or chemoradiotherapy is prognostic of poor survival in soft tissue sarcoma[END_REF], a meta-analysis reported that necrosis >90% was a favorable predictor of RFS and OS after NART [START_REF] Salah | Tumor necrosis and clinical outcomes following neoadjuvant therapy in soft tissue sarcoma: A systematic review and metaanalysis[END_REF]. On the other hand, EORTC-STBSG recommends a response score based on percentage of stainable cells [START_REF] Wardelmann | Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; The European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group (EORTC-STBSG) recommendations for pathological examination and reporting[END_REF], but cut-off considered in the literature fluctuates between 5% and 50% [START_REF] Stacchiotti | High-grade soft-tissue sarcomas: Tumor response assessment -Pilot study to assess the correlation between radiologic and pathologic response by using RECIST and Choi criteria[END_REF][START_REF] Bonvalot | Complete pathological response to neoadjuvant treatment is associated with better survival outcomes in patients with soft tissue sarcoma: Results of a retrospective multicenter study[END_REF][START_REF] Canter | Radiographic and histologic response to neoadjuvant radiotherapy in patients with soft tissue sarcoma[END_REF]. In a recent international cohort, Bonvalot et al. [START_REF] Bonvalot | Complete pathological response to neoadjuvant treatment is associated with better survival outcomes in patients with soft tissue sarcoma: Results of a retrospective multicenter study[END_REF] reported significant correlations between pCR, defined as ≤5% viable cells or ≥95% necrosis/fibrosis, and distant recurrence-free survival, LRFS, DFS and OS. In contrast, Schaefer et al. [START_REF] Schaefer | Histologic Appearance After Preoperative Radiation Therapy for Soft Tissue Sarcoma: Assessment of the European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma Group Response Score[END_REF] reported higher RFS and OS in presence of fibrosis/hyalinization, but did not find significant correlation with viable cells. The use of common criteria for such heterogenous diseases may have led to that discordant results.

Other surrogate markers of response are under investigation such as expression of DNA damage response regulators or hypoxia-related markers. Ernst et al. [START_REF] Ernst | HSP90 inhibition as a means of radiosensitizing resistant, aggressive soft tissue sarcomas[END_REF] irradiated sarcoma cell lines and showed a positive correlation between radioresistance scores and HSP90AB1, ATR, ATM and NBS1 expressions. In a phase I/II study evaluating NART with or without Sunitinib, hypoxic sarcomas in [18F]FAZA PET-TDM presented worse radiological response but no significant correlation was found with tumor necrosis [START_REF] Lewin | A phase Ib/II translational study of sunitinib with neoadjuvant radiotherapy in soft-tissue sarcoma[END_REF]. After NART alone, patients with hypoxic tumors had worse local control, DFS and OS [START_REF] Lewin | A phase Ib/II translational study of sunitinib with neoadjuvant radiotherapy in soft-tissue sarcoma[END_REF].

In our study, UPS presented highly variable radiological and pathological responses. This reflects the remaining heterogeneity of this histotype. The better subclassification of the historic malignant fibrous histiocytoma [START_REF] Fletcher | Soft Tissue and Bone Tumours[END_REF] showed its prognostic value [START_REF] Fletcher | Clinicopathologic Re-Evaluation of 100 Malignant Fibrous Histiocytomas: Prognostic Relevance of Subclassification[END_REF]. Although recent advances in molecular biology resulted in refinement of histotypes in the 2020 WHO classification [START_REF] Fletcher | Soft Tissue and Bone Tumours[END_REF], knowledge in this area is still improving. Cystic appearance was macroscopically observed in 38.8% UPS and 36% SS patients. This particular feature was significantly related to the initial tumor size. Previous publications suggested that those cysts were related to intratumoral necrosis and hemorrhage [START_REF] Mahajan | Synovial sarcoma: MR imaging[END_REF][START_REF] Morton | MR imaging of synovial sarcoma[END_REF]. In the same way as the size, they could reflect disease aggressiveness. Cyst volume cannot be taken into account in the usual semi-quantitative system because they empty themselves during pathological sampling process. Moreover, as this appearance can be non-treatment related, it is a major limitation of size and volume variation interpretation. The prognostic value of this feature should be further evaluated. The variability of responses in UPS is a factor that should be taken into account in the decision to proceed with preoperative radiotherapy.

Myxofibrosarcoma did not appear to respond well to NART, with median RVTS of +8% and median viable cells of 50%. Haglund et al. [START_REF] Haglund | Recurrence patterns and survival for patients with intermediate-and high-grade myxofibrosarcoma[END_REF] reported that perioperative RT did not decrease local recurrence nor improve OS of MFS patients. This could be explained by local recurrence rate out of RT field as high as 47% [START_REF] Mutter | The enigma of myxofibrosarcoma of the extremity[END_REF]. The IGP was reported in 24% MFS or UPS patients and correlated with positive surgical margins and worse metastasis-free and diseasespecific survivals [START_REF] Iwata | Impact of infiltrative growth on the outcome of patients with undifferentiated pleomorphic sarcoma and myxofibrosarcoma[END_REF]. An even higher rate of IGP (72%, n=13/18) was reported in the same histotypes, of which 62% remained viable [START_REF] Imanishi | Tail of superficial myxofibrosarcoma and undifferentiated pleomorphic sarcoma after preoperative radiotherapy[END_REF]. This feature could be responsible for the 25% [START_REF] Haglund | Recurrence patterns and survival for patients with intermediate-and high-grade myxofibrosarcoma[END_REF] to 42% [START_REF] Mutter | The enigma of myxofibrosarcoma of the extremity[END_REF] R1 resections reported in MFS. CTV and surgical margins should therefore not be decreased in UPS and MFS.

We observed adipocytes in 38.5% MLS patients after NART. After chemotherapy and RT, fat maturating cells were reported to occupy a median surface of 10% (range 5-90%) [START_REF] Wang | Extensive adipocytic maturation can be seen in myxoid liposarcomas treated with neoadjuvant doxorubicin and ifosfamide and pre-operative radiation therapy[END_REF].

Crombé et al. [START_REF] Crombe | Magnetic resonance imaging assessment of chemotherapy-related adipocytic maturation in myxoid/round cell liposarcomas: specificity and prognostic value[END_REF] reported MRI adipocytic maturation in 50% MLS patients, significantly correlated with pathological findings. However, this was not related with metastatic relapse-free survival [START_REF] Crombe | Magnetic resonance imaging assessment of chemotherapy-related adipocytic maturation in myxoid/round cell liposarcomas: specificity and prognostic value[END_REF]. This adipocyte presence could be evidence of treatment sensitivity through radiation-induced differentiation. Another hypothesis is radioresistant cell selection after the death of proliferating cells. In the latter it would suggest being a sign of tumor persistance.

In the present work, 84.6% MLS tumors tended to decrease in size. After NART, tumor shrinkage was reported in 69% to 92% MLS patients [START_REF] Wortman | Neoadjuvant radiation in primary extremity liposarcoma: correlation of MRI features with histopathology[END_REF][START_REF] Engström | Irradiation of myxoid/round cell liposarcoma induces volume reduction and lipoma-like morphology[END_REF], with 52% to 82% median decrease in volume [START_REF] Pitson | Radiation response: An additional unique signature of myxoid liposarcoma[END_REF][START_REF] Roberge | Radiological and pathological response following pre-operative radiotherapy for soft-tissue sarcoma[END_REF]. Comparable results were published after preoperative chemotherapy, with 65% median decrease in size [START_REF] Wang | Extensive adipocytic maturation can be seen in myxoid liposarcomas treated with neoadjuvant doxorubicin and ifosfamide and pre-operative radiation therapy[END_REF].

Synovial sarcoma response to neoadjuvant treatment was tumor shrinkage rather than decrease in viable cell density. This pattern of response highlights a limitation of the standard 3-component categorization. Indeed, in absence of evidence of pretreatment tumor limits, percent of viable cells reflects the decrease in cell density rather than its absolute number. This nodular aspect of SS may therefore lead to an overestimation in the percent of residual viable cells, thus underestimating neoadjuvant treatment efficacy. Stacchiotti et al [START_REF] Stacchiotti | High-grade soft-tissue sarcomas: Tumor response assessment -Pilot study to assess the correlation between radiologic and pathologic response by using RECIST and Choi criteria[END_REF] also reported partial response in 5/9 (55,6%) SS patients. Despite a low number of SS in our series, none of these patients experienced size growth during RT. Tumor downstaging could thus be an aim of neoadjuvant treatment in MLS and in SS but further predictive factors are needed.

Previous publications evaluated radiological response to NART for STS, but time points varied from 2 to 6 weeks after RT completion [START_REF] Stacchiotti | High-grade soft-tissue sarcomas: Tumor response assessment -Pilot study to assess the correlation between radiologic and pathologic response by using RECIST and Choi criteria[END_REF][START_REF] Roberge | Radiological and pathological response following pre-operative radiotherapy for soft-tissue sarcoma[END_REF][START_REF] Miki | The significance of size change of soft tissue sarcoma during preoperative radiotherapy[END_REF][START_REF] Grange | Tumour volume changes following preoperative radiotherapy in borderline resectable limb and trunk soft tissue sarcoma[END_REF]. Roberge et al. [START_REF] Roberge | Radiological and pathological response following pre-operative radiotherapy for soft-tissue sarcoma[END_REF] reported that median volume reduction was 4% if restaging MRI was performed less than 30 days after RT completion, versus 6% with longer interval. Although the delay in the present work could be considered short, radiological and pathological sizes were not significantly different (p=0.54).

The change in maximal diameter criteria remains rudimentary. LeGrange et al. [START_REF] Grange | Tumour volume changes following preoperative radiotherapy in borderline resectable limb and trunk soft tissue sarcoma[END_REF] reported volume reduction in 80% of 68 borderline resectable STS after RT. The median volume decrease of 33.3% was underestimated by change in maximal diameter [START_REF] Grange | Tumour volume changes following preoperative radiotherapy in borderline resectable limb and trunk soft tissue sarcoma[END_REF]. Roberge et al. [START_REF] Roberge | Radiological and pathological response following pre-operative radiotherapy for soft-tissue sarcoma[END_REF] reported that a ≥50% decrease in tumor volume was highly correlated to pathological response.

In contrast, they did not find significant correlation between radiological progression and poor pathological response (p=0.8) [START_REF] Roberge | Radiological and pathological response following pre-operative radiotherapy for soft-tissue sarcoma[END_REF].

The current study has some limitations. Despite a significant sample size of sarcoma patients included in a single center, histotype stratification generated small subgroups. Second, even if the pathological analysis was done prospectively, this study has the common biases of a retrospective design. We excluded retroperitoneal sarcoma because of different fractionation and critical organs proximity leading to target underdosage. A lower pathological response could thus be expected irrespective of histotype. Moreover, the recently published STRASS trial showed no benefit of adding NART for retroperitoneal STS. Lastly, we did not exclude patients who received neoadjuvant chemotherapy to better reflect daily practice. Except for SS, these patients had worse initial presentation. Their radiosensitivity could therefore differ.

Although this additional treatment could be an important confounding factor, it was not related to histological response.

Despite the limitations described earlier, this work provides useful information to help the decision-making of pre-operative RT in the most common STS histotypes. The UPS group present disparate pathological response, with interesting partial response rate but also tumor progressions. The indication of neoadjuvant rather than adjuvant RT must be carefully considered in borderline resectable MFS since a third progressed before surgery. We confirm that MLS respond well to NART and we also highlight the tendancy of SS to respond to that treatment.

Conclusion

After NART of localized STS, pre-operative imaging and pathological findings must be interpreted according to the histotype. The evaluation of response should not be restricted to size and three-architectural semi-quantitave grading system, but include specific response features. Their prognostic value remains to be proven in prospective trials. Our work highlights the heterogeneity of response of UPS, the frequent progression of MFS during treatment, and confirm the good response of MLS and SS. Further knowledge of the response of STS to RT will allow better selection between neoadjuvant and adjuvant treatment. 

Fig 1 .

 1 Fig 1. Relative variation of tumor size after neoadjuvant RT according to histotype

Fig 2 .

 2 Fig 2. Pathological response according to histotype. The line within the boxplot represents the median, the box represents the interquartile range (IQR), the whiskers are 1.5 times the IQR, and isolated points are outliers.

Fig 3 .

 3 Fig 3. Macroscopic appearance of an UPS with multiple emptied cysts

Fig 4 .

 4 Fig 4. Local-recurrence free survival (a), disease-free survival (b) and overall survival (c) curves of UPS patients according to their pre-RT size and the presence of macroscopic cyst

Table 1 .

 1 Characteristics of included patients -50) 50 50 (50-50) 50 (50-50) 50 (50-50) 50 (50-50) -39) 37 (35-39) 36 (35-36) 36 (35-39) 38 (36-40) 37 (36-40) Continuous variables : median (IQR) Categorial variables : n (%) DFS, disease-free survival; LRFS, local-recurrence free survival; MFS, myxofibrosarcoma; MLS, myxoid liposarcoma; NAC, neoadjuvant chemotherapy; OS, overall survival; RT, radiotherapy; UPS, undifferentiated pleomorphic sarcoma; SS, synovial sarcoma; VMAT, volumetric modulated arc-therapy

	Characteristics	Overall	UPS	MFS	MLS	SS	Others
	Patients	121	49	19	13	11	29
	Median follow-up	35	35	34	28.4	34.3	36.5
	(months)						
	Age	63 (51-74) 64 (56-74) 69 (59-75) 50 (40-51) 47 (26-51) 69 (54-77)
	Sexe						
	Male	58 (47.9)	25 (51)	7 (36.8)	8 (61.5)	3 (27.3)	15 (51.7)
	Female	63 (52.1)	24 (49)	12 (63.2) 5 (38.5)	8 (72.7)	14 (48.3)
	Deep-seated	109 (90.1) 42 (85.7) 14 (73.7) 13 (100)	11 (100)	29 (100)
	Presentation						
	Primary	107 (88.4) 46 (93.9) 15 (78.9) 12 (92.3) 11 (100)	23 (79.3)
	Recurrence	14 (11.6)	3 (6.1)	4 (21.1)	1 (7.7)	0 (0)	6 (20.7)
	Location						
	Extremities	91 (75.2)	36 (73.5) 15 (78.9) 11 (84.6) 10 (90.9) 19 (65.5)
	Upper limb	20 (16.5)	9 (18.4)	7 (36.8)	0 (0)	1 (9.1)	3 (10.3)
	Lower limb	71 (58.7)	27 (55.1) 8 (42.1)	11 (84.6) 9 (81.8)	16 (55.2)
	Trunk	30 (24.8)	13 (26.5) 4 (21.1)	2 (15.4)	1 (9.1)	10 (34.5)
	FNCLCC grade						
	Grade 1	19 (17.1)	1 (2.1)	2 (11.1)	10 (83.3) 0 (0)	6 (26.1)
	Grade 2	49 (44.1)	15 (31.9) 13 (72.2) 1 (8.3)	11 (100)	9 (39.1)
	Grade 3	43 (38.7)	31 (66)	3 (16.7)	1 (8.3)	0 (0)	8 (34.8)
	Neoadjuvant	36 (29.8)	21 (42.9) 2 (10.5)	1 (7.7)	6 (54.5)	6 (20.7)
	chemotherapy						
	Number of cycles of	4 (3-5)	3 (3-4)	4 (3-4)	6 (6-6)	5 (4-5)	5 (3-6)
	NAC, if any						
	Size (mm)						
	Pre-treatment	90 (55-121) 95 (60-121) 60 (41-99) 145 (90-	59 (48-72) 90 (66-117)
	size				156)		
	Post-NAC size	102 (85-130)	106 (85-128)	224 (224-224)	205 (205-205)	90 (73-118) 100 (74-108)
	Post-RT size	150) 83 (58-124) 89 (58-130) 69 (56-86) 109 (80-	53 (43-82) 92 (65-115)
	Biopathological	85 (60-120) 102 (60-	65 (48-102) 110 (80-	50 (40-74) 90 (65-106)
	size		144)		140)		
	RT technique						
	Tomotherapy® 60 (50.8)	27 (56.2) 8 (61.5)	3 (15.8)	6 (54.5)	16 (59.3)
	VMAT	19 (16.1)	5 (10.4)	1 (7.7)	5 (26.3)	2 (18.2)	6 (22.2)
	3D-CRT	39 (33.1)	16 (33.3) 4 (30.8)	11 (57.9) 3 (27.3)	5 (18.5)
	Total radiation dose	50 (50					
	(Gy)						
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