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Introduction

Soft-tissue sarcomas (STS) are a heterogeneous group of ubiquitous malignant mesenchymal tumors. When located in the soft-tissues of the trunk wall and extremities, clinical guidelines recommend to perform MRIs for local staging [START_REF] Casali | ESMO Guidelines Committee and EURACAN, Soft tissue and visceral sarcomas: ESMO-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. MRI analyses of STS should typically include the evaluation of the size, depth, location, tumor matrix, margins and surrounding tissues. However, the vascularization patterns of STS have been poorly investigated.

Tumor vascularization can be analyzed with MR-angiography or dynamic-contrast enhanced MRIs (DCE-MRI) but can also be captured on conventional MRIs as flow-voids, that is to say vessels with signal loss especially on spin echo imaging with long echo time [START_REF] Chien | High-speed black blood imaging of vessel stenosis in the presence of pulsatile flow[END_REF][START_REF] Axel | Blood flow effects in magnetic resonance imaging[END_REF]. Some STS histotypes are known to harbor abnormal vascular patterns on MRIs. Alveolar soft-part sarcomas (ASPS) and solitary fibrous tumors (SFT) can demonstrate large tortuous intra-and peri-tumoral flow-voids [START_REF] Crombé | Alveolar soft-part sarcoma: can MRI help discriminating from other soft-tissue tumors? A study of the French sarcoma group[END_REF][START_REF] Cui | Magnetic Resonance Features and Characteristic Vascular Pattern of Alveolar Soft-Part Sarcoma[END_REF][START_REF] Ginat | Imaging features of solitary fibrous tumors[END_REF][START_REF] Mccarville | Imaging features of alveolar soft-part sarcoma: a report from Children's Oncology Group Study ARST0332[END_REF][START_REF] Sood | Imaging features of primary and metastatic alveolar soft part sarcoma: single institute experience in 25 patients[END_REF][START_REF] Wignall | Solitary fibrous tumors of the soft tissues: review of the imaging and clinical features with histopathologic correlation[END_REF]. Interestingly, pro-angiogenic factors, such as vascular endothelial growth factors (VEGF) and their receptors, are strongly expressed in ASPS and SFT, which correlate with their rich vascular networks on microscopy. Therefore, the presence of flow-voids on MRIs may be an indicator of strong neo-angiogenesis in STS [START_REF] Azizi | Vascular-endothelial-growth-factor (VEGF) expression and possible response to angiogenesis inhibitor bevacizumab in metastatic alveolar soft part sarcoma[END_REF][START_REF] Park | Inhibiting the VEGF-VEGFR pathway in angiosarcoma, epithelioid hemangioendothelioma, and hemangiopericytoma/solitary fibrous tumor[END_REF][START_REF] Stockwin | Gene expression profiling of alveolar soft-part sarcoma (ASPS)[END_REF]. In keeping with this hypothesis, clear cell renal carcinoma and their metastases, which are known to display both high expression of pro-angiogenic factors and abundant vasculature, display flow-voids on MRIs [START_REF] Choi | Osseous metastasis from renal cell carcinoma: "flow-void" sign at MR imaging[END_REF].

Besides SFT and ASPS, previous studies have shown high VEGF expression in epitheloid sarcomas, undifferentiated pleomorphic sarcomas (UPS), dermatofibrosarcomas protuberans and leiomyosarcomas [START_REF] Kuhnen | Patterns of expression and secretion of vascular endothelial growth factor in malignant soft-tissue tumours[END_REF][START_REF] Potti | Determination of vascular endothelial growth factor (VEGF) overexpression in soft tissue sarcomas and the role of overexpression in leiomyosarcoma[END_REF]. Associations between pro-angiogenic factors, histological grade (the strongest prognostic factor for STS) and patients' outcomes have also been reported [START_REF] Potti | Determination of vascular endothelial growth factor (VEGF) overexpression in soft tissue sarcomas and the role of overexpression in leiomyosarcoma[END_REF][START_REF] Trojani | Soft-tissue sarcomas of adults; study of pathological prognostic variables and definition of a histopathological grading system[END_REF][START_REF] Coindre | Prognostic factors in adult patients with locally controlled soft tissue sarcoma. A study of 546 patients from the French Federation of Cancer Centers Sarcoma Group[END_REF][START_REF] Yoon | Circulating angiogenic factor levels correlate with extent of disease and risk of recurrence in patients with soft tissue sarcoma[END_REF]. If a correlation does exist between the expression of pro-angiogenic molecules, hypervascular patterns on MRIs and patients' outcomes, one could consider the MRI as a tool to identify STS with both an abnormal vasculature and a potentially greater sensitivity to anti-angiogenic regimens.

Thus, the aims of this exploratory retrospective study were to investigate the prevalence of abnormal intra-and peritumoral flow-voids on conventional MRIs of STS, and to evaluate their associations with histological grading, particular histotypes and patients' outcomes.

Material and methods

Study Design

Our institutional review board approved this single-center study and the need for informed consent was waived by its retrospective nature. All consecutive adult patients addressed to our sarcoma reference center between January 2008 and June 2016 were included when they presented with: histologically-proven STS, tumors located in the trunk wall or extremities, no metastasis at baseline on chest CT-scans at least, available pre-treatment contrast-enhanced MRIs, and available histopathological samples of the surgical specimen. The patients with well-differentiated liposarcoma, angiosarcoma or extra-osseous bone sarcoma were excluded.

The following clinical and pathological data were retrieved from medical reports: gender, age, World Health Organization performance status, histotype, histological grading (according to the French Federation National des Centres de Lutte contre le Cancer [FNCLCC] grading system on initial microbiopsy in case of neo-adjuvant treatments or surgical specimen otherwise [START_REF] Trojani | Soft-tissue sarcomas of adults; study of pathological prognostic variables and definition of a histopathological grading system[END_REF]), tumor location, chemotherapy and/or radiotherapy (neo-adjuvant or adjuvant), local relapse, metastatic relapse and death from any cause. At our institution, routine follow-ups consist in clinical examinations and chest radiographs every 3 months for 2 years, every 6 months for 5 years and then annually up until 10 years after surgery. These examinations were complemented by chest-computed tomography (with 1mm-thick reconstruction) and MRIs for local evaluation in case of abnormal or doubtful findings, in agreement with last recommendations of the European Society of Medical Oncology [START_REF] Casali | ESMO Guidelines Committee and EURACAN, Soft tissue and visceral sarcomas: ESMO-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF]. All relapses were histologically proven.

MRI acquisition

Examinations were carried out on 1.5-Tesla magnets from different radiological centers. Indeed, some patients underwent an initial MRI in external radiological centers before they had been addressed to our regional sarcoma reference center. Spin echo T2-weighted imaging (-WI), T1-WI, fat-suppressed contrast enhanced (CE) T1-WI (gradient echo or spin echo sequence) and at least two orthogonal acquisition plans were available for all patients. Section thickness ranged from 3 to 5 mm. Coils, field-of-views and matrices were adapted to tumor sizes and locations. Ranges of repetition time/echo time were: 500-700/10-15msec for T1-WI and 2400-4500/100-130msec for T2-WI.

MRI analysis

All MRIs were anonymized and independently reviewed on a picture archiving and communication system (Enterprise Imaging, AGFA, the Netherland) by two radiologists: a senior radiologist from a sarcoma reference center and a fellow with 3 years of experience in MRIs including 6 months in a sarcoma reference center in order to assess inter-observer agreement. A final consensual reading was made 2 months after the first readings and used for the statistical analysis.

First, the radiologists reported: (1) the presence of abnormal flow-voids (defined as abnormal, non-anatomical, serpiginous or linear structures with low SI on T1-WI and T2-WI possibly in communication with feeder vessels). When present, they analyzed: (2) their distribution (categorized as intra-tumoral or peri-tumoral or both); (3) their count (categorized as 0 or 1-5 or 6-10 or >10), (4) the tumor circumference covered by peri-tumoral flow-voids (categorized as 0% or 1-25% or >25%) and ( 5) their maximal diameter. In addition, the following radiological variables were reported: the longest diameter of the STS and the MRI growth pattern on the whole tumor circumference on T2-WI and CE-T1-WI (categorized as: 'pushing-type' when the tumor was entirely well-defined, 'focal-type' and 'diffuse type' when irregular borders and infiltration of surrounding tissues represented <25% and ≥ 25% of tumor circumference, respectively) [START_REF] Nakamura | Infiltrative tumor growth patterns on magnetic resonance imaging associated with systemic inflammation and oncological outcome in patients with high-grade soft-tissue sarcoma[END_REF].

Histopathological and molecular analyses

The hematoxyline and eosin stained (HES) slices of the surgical specimen of STS patients with abnormal vasculature on MRIs were collected and retrospectively analyzed by a senior pathologist with expertise in STS, blinded to the radiological results. The pathologist reported on the tumors that showed: (i) an usual vasculature regarding its histotype, or (ii) an increased number of vessels without abnormal morphology, or (iii) an increased number of vessels with unusual architecture. These latter cases were analyzed by tumor RNA sequencing from formol-fixed paraffin-embedded tumor samples to evaluate the enrichment in genes involved in angiogenesis. Total RNA was extracted from formalin-fixed paraffin-embedded tissue section using the Formapure RNA kit (Beckman Coulter, Brea, California) following the manufacturer's recommendations. Quantity and quality of total RNA were evaluated using NanoDrop (Thermo Fisher Scientific) and Tape Station with Hs RNA Screen Tape (Agilent) using a cut off of DV200 (defined as the percentage of RNA fragments above 200 nucleotides) above 13%. Libraries were prepared with 100 ng of total RNA using TruSeq RNA Access Library Prep Kit (Illumina, San Diego, USA). Libraries were pooled by groups of 12 samples. Paired-end sequencing was performed using the NextSeq 500/550 High Output V2 kit (150 cycles) on Illumina NextSeq 500 platform (Illumina, San Diego, CA).

Sequencing data (65 million reads per sample on average) were aligned with STAR on GRCh 38 reference genome as previously reported (ref PMID: 30407212) [START_REF] Loarer | Clinicopathologic Features of CIC-NUTM1 Sarcomas, a New Molecular Variant of the Family of CIC-Fused Sarcomas[END_REF]. A single sample gene set enrichment analysis (ssGSEA) was performed in order to identify whether the tumor sample was enriched in angiogenic genes signature from the "hallmark_angiogenesis gene sets collection" from the Molecular Signatures DataBase [START_REF] Barbie | Systematic RNA interference reveals that oncogenic KRAS-driven cancers require TBK1[END_REF][START_REF] Subramanian | Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide expression profiles[END_REF][START_REF] Liberzon | Molecular signatures database (MSigDB) 3.0[END_REF].

Statistical analysis

Associations between categorical and/or ordinal variables were tested with Chi-2 or Fisher exact tests when appropriate. Continuous variables were compared using the Wilcoxon or Student test depending on the Shapiro-Wilk normality test.

Inter-observer agreements were assessed using the interclass correlation coefficient with the two-way mixed model (ICC), Cohen's Kappa (k) and weighted Kappa (wk) for continuous, dichotomized and ordinal variables, respectively. The agreement for ICC was defined as good (>0.75), moderate (0.5-0.75) or poor (<0.5). The agreement for k and w-k was defined as slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) and almost perfect (0.81-0.99) [START_REF] Landis | The measurement of observer agreement for categorical data[END_REF].

Overall survival (OS), local relapse-free survival (LRFS) and metastasis-free survival (MFS) were defined as the time lapse between curative surgery and death (from any cause), local relapse or metastatic relapse, respectively. MFS, LRFS and OS were estimated using the Kaplan-Meier method. Comparisons of survival curves depending on radiological variables were performed with the Log-rank test. Multivariate Cox models were built to determine the associations between the radiological features and the different survival indicators adjusted by age, gender, performance status, FNCLCC grade, longest diameter (categorized as <5cm or ≥5cm), MRI growth-patterns, tumor depth, surgical margins, chemotherapy and radiotherapy.

For patients who were event free at the time of the analysis, survivals were censored at the date of final contact for living patients. Patients with missing value(s) and/or with a postsurgery follow-up of less than 2 years without event were removed from the survival analyses.

All tests were two-tailed. Statistical analyses were done using the SPSS statistical package (version 21.0, IBM). A p-value <0.05 was deemed significant.

Results

Patients

Table 1 summarizes the epidemiological characteristics of the study population. Of the 157 included patients, 69 (43.9%) were women. Median age was 61 years old (range: 15-92, mean: 59.1 ± 17.7). Mean size was 89 ± 56 mm. The most common histotype was undifferentiated pleomorphic sarcoma (UPS) (39/157 (24.8%)), followed by myxofibrosarcoma (24/157 (15.3%)) and leiomyosarcoma (16/157 (10.2%)), respectively.

Associations between STS vascularization on conventional MRIs, grade and histotypes

In total, 29/157 (18.5%) tumors demonstrated abnormal flow-voids on MRIs, which were peri-tumoral in 9 cases, intra-tumoral in 5 cases and both intra-and peri-tumoral in 15 cases. There were 21/157 (13.4%) grade I, 48/157 (30.6%) grade II and 88/157 (56.1%) grade III STS. Table 2 shows the assessment of associations between MRI evaluation of STS vascularization and histological grade. There was no significant association between the flowvoids' presence, number, distribution, diameter or covered surface. None of the grade I STS showed peri-tumoral flow-voids. However, the tumors with more than 5 flow-voids (n=10), were all grade II or III. These tumors were: SFT (n=2), ASPS (n=1), pleomorphic liposarcoma (n=1), leimyosarcoma (n=2), undifferentiated sarcoma (n=4).

The inter-observer agreements of the MRI features are given in table 3. All showed at least moderate reproducibility.

Radiological-histopathological correlations

Retrospective reviews of HES slices of STS with abnormal vasculature on MRIs showed a prominent vascular pattern with large confluent abnormal vessels in 4 cases: 2 SFT (Fig. 1A), 1 ASPS (Fig. 1B) and 1 undifferentiated sarcoma with an epithelioid phenotype (previously reported as a UPS) (Fig. 2). Vascular invasions by tumor cells were seen in the samples of ASPS and undifferentiated sarcomas. The latter sample also included large vessels circumscribing tumor sheets at their periphery. In this case, ssGSEA showed strong upregulation of genes involved in neo-angiogenesis with a normalized enrichment score of 4.18

(with a false discovery rate q-value of 0.0001) (Fig. 2C). In the other cases, vessels did not demonstrate abnormal morphologies but were slightly more numerous than expected and seemed either recruited by or trapped in the borders of the tumor (Fig. 3).

Prognostic value of STS vascularization on conventional MRIs

Three patients were removed from the survival analyses because of early loss of follow-up. (Fig. 4). In the multivariate analysis, APTFV did not remain an independent prognostic factor for PFS and OS after adjustments with potential cofounders (hazard ratio (HR)=2.0, CI95%=[0.8-5.6], p=0.116, and HR=2.2, CI95%=[0.9-7.6], p=0.096, respectively). A significant association was found between the MRI infiltrative growth pattern co-variable and the presence of APTFV (p=0.040).

Discussion

The vascularization pattern of STS on imaging has been poorly investigated. In this study, we reported the prevalence of abnormal intra-and peri-tumoral flow-voids on (turbo) spin echo MRI sequences in a large cohort of STS located on the trunk wall and extremities, as a result of 8 years of activity of one sarcoma reference center. We found that flow-voids were rather infrequent and prevailed in FNCLCC grade II and III STS. Radio-pathological correlations demonstrated atypical, enlarged, confluent tumor vessels in 4 cases, including one atypical undifferentiated clear cell sarcoma with an unusual pro-angiogenic transcriptomics profile. In the univariate analysis, APTFV were associated with lower OS and MFS, even they if they did not remain statistically associated with these outcomes in the multivariate analysis.

Our results concur with the few available data regarding STS vascularization on MRIs. Indeed, all the SFT and ASPS in our series showed unusual vasculature on MRIs as already observed [START_REF] Crombé | Alveolar soft-part sarcoma: can MRI help discriminating from other soft-tissue tumors? A study of the French sarcoma group[END_REF][START_REF] Cui | Magnetic Resonance Features and Characteristic Vascular Pattern of Alveolar Soft-Part Sarcoma[END_REF][START_REF] Ginat | Imaging features of solitary fibrous tumors[END_REF][START_REF] Mccarville | Imaging features of alveolar soft-part sarcoma: a report from Children's Oncology Group Study ARST0332[END_REF][START_REF] Sood | Imaging features of primary and metastatic alveolar soft part sarcoma: single institute experience in 25 patients[END_REF][START_REF] Wignall | Solitary fibrous tumors of the soft tissues: review of the imaging and clinical features with histopathologic correlation[END_REF]. Herein, we also showed that other tumor histotypes could demonstrate flowvoids, notably leiomyosarcoma, pleomorphic liposarcoma and undifferentiated sarcomas. This suggests that the presence of flow-voids inside and around a soft-tissue tumor alone cannot help diagnose SFT or ASPS. In addition, it should be noted that flow-voids have already been described in benign soft-tissue tumors or pseudo-tumors, such as schwannomas, desmoid tumors, hemangiomas, or arteriovenous malformations [START_REF] Kato | Flow-void" sign at MR imaging: a rare finding of extracranial head and neck schwannomas[END_REF][START_REF] Kim | Value of tumor vessel sign in isolated circumscribed hypervascular abdominopelvic mesenchymal tumors on multidetector computed tomography[END_REF][START_REF] Robbin | Imaging of musculoskeletal fibromatosis[END_REF][START_REF] Griffin | The radiological manifestations of intramuscular haemangiomas in adults: magnetic resonance imaging, computed tomography and ultrasound appearances[END_REF]. However, except for the patient with the atypical undifferentiated clear cell sarcoma, it should be noted that flow-voids were less numerous or dystrophic in these other STS histotypes compared to SFT and ASPS.

The histopathological analysis confirmed this impression because the flow-voids corresponded to normal vessels that were recruited by the tumor rather than tumoral neovessels. Conversely, endovascular thrombi of tumor cells were only seen in ASPS and the atypical undifferentiated clear cell sarcoma, suggesting an abnormal permeability of tumoral neo-vessels in these cases.

Though rarely observed, APTFV were associated with worse MFS and OS in the univariate analysis. The results were not significant in the multivariate analysis most likely because of the lack of statistical power and confusion bias with other variables, notably MRI growth patterns and FNCLCC grade, which is the strongest STS prognostic factor [START_REF] Coindre | Prognostic factors in adult patients with locally controlled soft tissue sarcoma. A study of 546 patients from the French Federation of Cancer Centers Sarcoma Group[END_REF][START_REF] Nakamura | Infiltrative tumor growth patterns on magnetic resonance imaging associated with systemic inflammation and oncological outcome in patients with high-grade soft-tissue sarcoma[END_REF]. Indeed, all patients with APTFV had grade II or III STS. Furthermore, we found a significant association between the infiltrative growth pattern and the presence of APTFV. Nakamura et al. found that the MRI growth pattern was an independent prognostic factor of disease-free survival and metastasis-free survival [START_REF] Nakamura | Infiltrative tumor growth patterns on magnetic resonance imaging associated with systemic inflammation and oncological outcome in patients with high-grade soft-tissue sarcoma[END_REF].

To explain this association with patients' outcomes in the univariate analysis, it could be hypothesized that APTFV may favor the occurrence of distant hematogenous metastases through the formation of endovascular thrombi of tumor cells, as it was observed on the HES slices of ASPS and the atypical undifferentiated clear cells sarcoma. Regarding ASPS, Setsu et al. identified a specific underlying phenomenon called "invasion-independent" mechanism [START_REF] Setsu | Histological analysis suggests an invasion-independent metastatic mechanism in alveolar soft part sarcoma[END_REF]. It consists in the wrapping of clusters of tumor cells by endothelial cells that spread in the tumor's vascular channels. This could explain the high rate of metastasis in ASPS patients, ranging from 50 to 79% [START_REF] Crombé | Alveolar soft-part sarcoma: can MRI help discriminating from other soft-tissue tumors? A study of the French sarcoma group[END_REF][START_REF] Lazar | Angiogenesispromoting gene patterns in alveolar soft part sarcoma[END_REF]. However, this mechanism has never been shown in other STS.

Besides vascularization patterns on MRIs, a common point between ASPS and SFT in general, and the atypical undifferentiated clear cell sarcomas from our series is the high expression rate of pro-angiogenesis-related genes. Previous studies showed recurrent overexpressed angiogenesis-promoting genes [START_REF] Stockwin | Gene expression profiling of alveolar soft-part sarcoma (ASPS)[END_REF][START_REF] Lazar | Angiogenesispromoting gene patterns in alveolar soft part sarcoma[END_REF] explaining the efficacy of tyrosinekinase inhibitors for ASPS and SFT [START_REF] Stockwin | Gene expression profiling of alveolar soft-part sarcoma (ASPS)[END_REF][START_REF] Lazar | Angiogenesispromoting gene patterns in alveolar soft part sarcoma[END_REF][START_REF] Stacchiotti | Preclinical and clinical evidence of activity of pazopanib in solitary fibrous tumour[END_REF][START_REF] Kummar | Cediranib for metastatic alveolar soft part sarcoma[END_REF]. Though progression-free survival improved, the OS in the sole phase 3 of placebo-controlled clinical trials (which evaluated an antiangiogenic molecule (i.e. pazopanib) in metastatic STS patients) did not. It should be noted that the inclusion of patients was not based on the expression of pro-angiogenic molecules such as VEGF-receptors of platelet-derived growth factors receptors [START_REF] Van Der Graaf | EORTC Soft Tissue and Bone Sarcoma Group, PALETTE study group, Pazopanib for metastatic soft-tissue sarcoma (PALETTE): a randomised, double-blind, placebo-controlled phase 3 trial[END_REF]. Further trials which therapeutic strategy would be based on the expression of pro-angiogenic factors could validate the suspected association between abnormal vascularization on the MRI and the expression of pro-angiogenic factors. Thus, MRIs could help better select STS patients eligible for anti-angiogenic treatments.

Our study has several limits. First, this is a retrospective single-center study. Few tumors showed abnormal vasculature on MRIs leading to a lack of statistical power in the survival analysis. The retrospective nature of the study was responsible for heterogeneous MRI acquisition protocols. Most patients were referred to our sarcoma reference center with a basic conventional MRI performed in non-specialized radiological centers. Consequently, we limited our analysis to qualitative or semi-quantitative radiological features. Advanced imaging techniques could have brought quantitative information about tumor vascularization, notably DCE-MRI.

Second, we limited the pathological analysis to a retrospective review of HES slices with a qualitative assessment. RNA sequencing was restricted to atypical cases of tumoral neovessels regarding the reported histotype. This was only found in one patient with high-grade undifferentiated clear cell sarcoma. We did not perform the GSEA on all the tumors of the series, and neither did we compare the expression of pro-angiogenic genes between tumors with flow-voids and tumors without any because it was beyond the scope of our pilot study.

Consequently, it is possible that patients with high levels of expression of pro-angiogenic genes may not exhibit abnormal vascularization on conventional MRIs. A next step would be to correlate the MRI vascular phenotype with its genotype in a prospective study. Other techniques for analyzing STS vascularization could be evaluated in further studies, such as 2D or 3D quantitative intra-tumoral micro-vessel density (and, by analogy, peri-tumoral) with the help of various immunohistochemistry targeting endothelial antigens [START_REF] Hasan | Intra-tumoural microvessel density in human solid tumours[END_REF]. Furthermore, our series did not include some STS histotypes, notably dermatofibrosarcoma protuberans or angiosarcomas, which are known for possibly harboring deregulated proangiogenic pathways involving VEGF and platelet-derived growth factors receptors, respectively [START_REF] Shimizu | The dermatofibrosarcoma protuberans-associated collagen type Ialpha1/platelet-derived growth factor (PDGF) B-chain fusion gene generates a transforming protein that is processed to functional PDGF-BB[END_REF][START_REF] Yonemori | Contrasting prognostic implications of platelet-derived growth factor receptor-β and vascular endothelial growth factor receptor-2 in patients with angiosarcoma[END_REF]. Indeed, both histotypes are rarely explored with MRIs because of their usual anatomical locations (in superficial tissues for dermatofibrosarcoma, and visceral or superficial for angiosarcoma). Moreover, we did not include well-differentiated liposarcomas because their main diagnostic challenge is the distinction with benign lipomas. We also excluded extra-osseous bone sarcomas because their grading system and prognostic factors are those of bone sarcomas.

To conclude, this retrospective exploratory study illustrates the rarity of abnormal vascularization of STS on conventional MRIs despite the fact that abnormal enlarged flowvoids, especially at the borders of a sarcoma, could indicate a tumor with a poorer prognosis that possibly expresses targetable pro-angiogenic factors. 

FIGURES AND TABLES

  Mean LRFS, MFS and OS of the series were: 89 months (CI95%=[82-96]), 80 months (CI95%=[73-88]) and 87 months (CI95%=[80-93]), respectively. There were 35 local relapses, 49 metastatic relapses and 43 deaths. Table 4 summarized the univariate survival analyses. None of the flow-voids-related features were associated with local relapses. However, the distribution of flow-voids was significantly associated with MFS and OS in the univariate analysis (log-rank p-value=0.014 and 0.039, respectively). STS with abnormal peritumoral flow-voids (APTFV) had poorer MFS (35 months, CI95%=[11-59] versus 89 months, CI95%=[75-90]) and OS (43 months, CI95%=[18-68] versus 89 months, CI95%=[82-95])

Figure 1 .

 1 Figure 1. Radio-pathological correlations of solitary fibrous tumors and alveolar soft part sarcoma with abnormal vasculature on both imaging and histological samples. (A.1) A 50year-old woman presented with a deep-seated alveolar soft-part sarcoma of the left thigh that showed abnormal intra-and peri-tumoral flow-voids on spin echo MRI sequences (white arrows). (A.2) The corresponding hematoxyline and eosin stained slices demonstrated abundant vascularity associating enlarged abnormal vascular channels and numerous capillaries (black arrows), in which cluster of tumor cells were seen (black arrow head in the magnification at the right upper corner). (B.1) A 60-year-old woman presented with a deep solitary fibrous tumor of the popliteal region. The MRI showed tortuous and serpiginous vessels (ie, flow-voids) that predominated around the tumor (white arrows), which correlated with the histological findings (B.2). Abbreviations: Ax: axial, Coro: coronal, Fat Sat: fat saturation, Sag: sagittal, STIR: short inversion time recovery, WI: weighted-imaging.

Figure 2 .Figure 3 .

 23 Figure 2. A 60-year-old man presented with a deep-seated, high-grade, undifferentiated clear cell sarcomas of the left thigh (A) with a striking abundant intra-and peri-tumoral vascularization (white arrows). Histological analysis (B) of the surgical specimen (after neoadjuvant cytotoxic chemotherapy) showed a poor response to anthracycline (70% residual viable cells) and confirmed an atypical dystrophic vascularization (black arrows) with endovascular tumoral spreading (* and black arrow head on the magnification at the left upper corner). (C) Single sample Gene Set Enrichment Analysis (ssGSEA) showed a strong overrepresentation at the top of a ranked list (or ordered) list of genes involved in angiogenesis from the collection of the Molecular Signatures DataBase. Abbreviations: Ax:

Figure 4 .

 4 Figure 4. Kaplan-Meier survival curves for metastasis free survival (A) and overall survival (B) depending on the presence of abnormal peritumoral flow-voids (APTPFV).

Table 1 .

 1 Epidemiological characteristics of the study population

Table 2 .

 2 Association between abnormal vascularization on conventional MRIs and histological grading

Table 3 .

 3 Inter-observer agreement of the features that evaluate the vascularization of STS on conventional MRIs.

Table 4 .

 4 Univariate survival analysis

Table 3 .

 3 Inter-observer agreement of the features evaluating the vascularization of STS on conventional MRIs. NOTE. Data are inter-observer agreements with 95% confidence interval in parentheses. Interobserver agreements were evaluated with: (1) weighted Kappa for ordinal variables, and (2) inter-class correlation coefficient for numeric variables. §: corresponds to the tumor circumference covered by abnormal peri-tumoral flow-voids.

	Characteristics	Inter-observer agreement
	Flow-voids -count (1)	0.76 (0.67-0.85)
	Flow-voids -surface § (1)	0.51 (0.50-0.52)
	Flow-voids -distribution (1)	0.53 (0.12-0.95)
	Flow-voids -maximal diameter (2)	0.82 (0.76-0.87)

Table 4 .

 4 Univariate survival analysis NOTE. Abbreviations : APTFV : abnormal perit-tumoral flow-voids, no.: number, HR: hazard ratio, CI95%: 95% confidence interval. Events correspond to: (i) a metastatic relapse for metastasis-free survival, (ii) a local relapse for local relapse-free survival, and (iii) death for overall survival. Survivals correspond to mean survival in months and are given with 95% confidence interval. § : corresponds to the tumor circumference covered by flow-voids. * : p<0.05, ** : p<0.005, *** : p<0.001

			Metastasis-Free Survival		Local-Relapse-Free Survival			Overall Survival	
	Characteristics	No. of patients	No. of events	Survival	p-value	No. of patients	No. of events	Survival	p-value	No. of patients	No. of events	Survival	p-value
	Flow Voids												
	Absent	125	38	81 (72-89)		125	30	88 (80-96)	0.430	125	31	89 (82-96)	0,225
	Present	29	11	74 (56-92)	0.478	29	5	87 (75-99)		29	12	74 (59-92)	
	Flow Voids -distribution												
	None	125	38	-	0.014*	125	30	-	0.059	125	31	89 (82-96)	0.039*
	Peri-tumoral	9	6	-		9	2	-		9	5	43 (18-68)	
	Intra-tumoral	5	0	-		5	3	-		5	1	93 (59-127)	
	Intra-and peritumoral	15	5	-		15	0	-		15	6	76 (62-91)	
	APTFV												
	No	145	43	83 (75-90)	0.003**	145	33	89 (82-96)	0.665	145	38	89 (82-95)	0.006*
	Yes	9	6	35 (11-59)		9	2	67 (45-89)		9	5	43 (18-68)	
	Flow Voids -count												
	0	125	38	-	0.610	125	30	-	0.687	125	31	-	0.106
	0-5	19	8	-		19	4	-		19	9	-	
	6-10	9	3	-		9	1	-		9	3	-	
	>10	1	0	-		1	0	-		1	0	-	
	Flow Voids -surface §												
	0%	130	38	-	0.164	130	33	-	0.231	130	32	-	0.071
	1-25%	23	11	-		23	2	-		23	11	-	
	>25%	1	0	-		1	0	-		1	0	-	

ssGSEA: single sample gene set enrichment analysis SFT: Solitary fibrous tumor STS: Soft-tissue sarcoma VEGF: Vascular endothelial growth factor WI: Weighted imaging wk: weighted kappa