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DESMOID-TYPE FIBROMATOSIS OF THE HEAD AND NECK IN CHILDREN: A CHANGING SITUATION
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Introduction: Desmoid-type fibromatosis (DF) is a rare benign lesion known for its local aggressiveness. The tumor management still remains under debate. Primary head and neck (HN), represents the second most prevalently affected sitein children with DF. This study aims to analyze the specificity of HN-DF in children, focusing on long-term effects of the tumor and therapies. Methods: This retrospective multicenter study analyzed children treated for a HN-DF between 1993 and 2013. All medical files were reviewed and their outcomes analyzed according to the initial therapies provided.

Results: Sixteen children were selected. Mandibular and submandibular areas were the main locations (11 cases). Eight children underwent chemotherapy as first-line therapy with tumor control in 3 cases and 5 cases needing additional treatment. Six children underwent primary surgery: isolated in 3 cases and with additional treatment after tumor progression in 3 cases. A wait-and-see attitude was adopted for 2 children without any additional treatment in 1 case, and followed by additional chemotherapy in the other case. Total burden of treatment to control the disease was a biopsy (1 case), surgery (3 unique cases, 1 multiple case), surgery with chemotherapy (6 cases), and exclusive medical therapies (5 cases). Surgical postoperative sequelae were facial palsy (cases of parotid gland affection), XI th cranial nerve sacrifice or sensory impairment.

Conclusion:

HN-DF is a local and extensive disease that is difficult to control with surgery alone. Sequelae are frequent due to the initial tumor location or therapies. Initial conservative strategies need to be discussed in a multidisciplinary way in order to try to control the disease with the minimal morbidity.

Introduction

Desmoid-type fibromatosis (DF) is a rare disease corresponding to a lesion derived from mesenchymal tissues, and composed of well-differentiated fibroblastic cells [START_REF] Fletcher | The evolving classification of soft tissue tumours -an update based on the new 2013 WHO classification[END_REF] [START_REF] Wu | Aggressive fibromatosis (desmoid tumor) is derived from mesenchymal progenitor cells[END_REF]. DF prevalence ranges from 2 to 4 cases per million per year. It is a benign lesion, without development of distant metastasis. It is often described as a slowly growing tumor. It is also known for its local aggressiveness, which may affect vital adjacent structures such as large vessels, or may lead to functional impairments such as dyspnea, swallowing or mastication troubles in some head and neck DF (HN-DF) [START_REF] Wu | Aggressive fibromatosis (desmoid tumor) is derived from mesenchymal progenitor cells[END_REF] [START_REF] Posner | The desmoid tumor. Not a benign disease[END_REF]. Children seem to be specifically more affected by HN-DF than the general population. HN sites represent 26-33% of children suffering from DF, corresponding the second most prevalent site affected in this population after primary trunk and limb tumors [START_REF] Salas | Prognostic factors influencing progression-free survival determined from a series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation[END_REF][5] (versus 7-9 % in the adult population). Recent studies tend to shift towards a conservative approach with a first "wait-and-see" attitude, as this is a benign tumor with potential spontaneous regression [START_REF] Orbach | The EpSSG NRSTS 2005 treatment protocol for desmoid-type fibromatosis in children: an international prospective case series[END_REF] [START_REF] Oudot | Erratum to 'desmoid fibromatosis in pediatric patients: management based on a retrospective analysis of 59 patients and a review of the literature[END_REF]. Therefore, chemotherapy became a referential second-line treatment, especially in children populations in order to avoid mutilating surgery that may also be responsible for tumor stimulation [START_REF] Orbach | The EpSSG NRSTS 2005 treatment protocol for desmoid-type fibromatosis in children: an international prospective case series[END_REF] [START_REF] Penel | Surgical versus non-surgical approach in primary desmoid-type fibromatosis patients: A nationwide prospective cohort from the French Sarcoma Group[END_REF].

The aim of this study is to analyze the specificity of HN-DF in order to determine the consequences of this primary tumor and if a conservative approach could be applied to this specific population. We specifically focused on the functional oropharyngeal consequences of the tumor and the therapies provided.

Materials and Methods

This retrospective analyzes all pediatric patients from birth to 18 years old treated for an HN-DF between 1993 and 2013 in 5 French SFCE centers referring pediatric oncohematology centers of the SFCE society (Société Française de lutte contre les Cancers et les leucémies de l'Enfant et l'adolescent). HN areas included the oral cavity, mandibular (and submandibular area), nose, ear, cheek, scalp, neck, skull base and salivary glands as well as the deeper areas of the face. All patients were treated in 5 centers specialized in the management of pediatric oncology and/or pediatric HN surgery in Paris, Villejuif and Lyon.

Medical files were reviewed including clinical data, pathological reports and biological analyses. Data regarding medical histories, clinical exams, imaging, treatments and outcomes were also recorded.

The response criteria were those from the revised "Response Evaluation Criteria in Solid Tumors" (RECIST) guidelines: complete remission (CR) was defined as a complete clinical and radiological disappearance of the lesion, progressive disease (PD) in the case of a growing lesion, more than 20% in diameter, partial response (PR) when the lesion decreased at above or below 2/3 of its initial size, stable disease (SD) was defined as not having sufficiently shrunk enough to qualify for PR or sufficiently increased enough to qualify for PD [START_REF] Eisenhauer | New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1)[END_REF]. Post-surgical staging was defined according to the Intergroup Rhabdomyosarcoma Staging (IRS) [START_REF] Lawrence | Pretreatment TNM staging of childhood rhabdomyosarcoma: a report of the Intergroup Rhabdomyosarcoma Study Group. Children's Cancer Study Group[END_REF] at diagnosis and/or UICC (Union for International Cancer Control)grouping systems after delayed surgery: UICC-R: R0 or IRS group I corresponds to complete tumor resection with histologically free margins, UICC-R R1 or IRS-II corresponds to macroscopic resection, but with histologically infiltrated margins, UICC-R R2 or IRS-III corresponds to a macroscopic residual tumor after biopsy or surgery.

Overall, a wait-and-see strategy could have been initially proposed as first-line treatment for children with small tumors located away from vital structures, with few symptoms. Immediate treatment was set up in cases of large-size tumor, located close to important structures (nerves, vessels, airways), or in case of rapid progressive tumors during the initial follow-up period. Chemotherapy was the first treatment to be considered as much as possible, and the usual first-line treatment was a weekly low-dose combination of methotrexate (30mg/m 2 ) and vinblastine (6mg/m 2 ) (MTX-VBL) for several months. Surgery was carried in cases of rapid progressive tumors when a complete resection with free margins was considered possible, without significant mutilation, or when a reconstruction was possible.

Radiotherapy was discouraged in children with this benign lesion.

Adverse events (AE) evaluation was analyzed through the "common terminology criteria for adverse events" (CTCAE) v. [START_REF] Salas | Prognostic factors influencing progression-free survival determined from a series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation[END_REF] 

Results

Cohort Characteristics

Overall, 16 patients were selected. Main characteristics of this population are described in Table I. Males were predominant with a sex ratio of 3. The median age at diagnosis was 3.1 years (7 months -15 years). One case developed in child affected by Gardner's syndrome who harbored a germline mutation of the APC gene. This mutation was inherited from his father who was not affected by DF. One adolescent aged 14 at diagnosis had a history of a previous local trauma nearby the mandibular DF. Isolated swelling was the main revealing sign. Main primary tumors were in the mandibular or submandibular areas (10 cases; Table I). The median delay between the onset of symptoms and diagnosis was 4 months (0 -14).

Tumors were mainly large and > 5 cm in 8/15 cases. In most cases, nearby structures wereaffected, such as bones, nerves or large neck vessels (11 cases). Β-catenin immunostaining was present in 14/16 tumors. The somatic CTNNB1 (β-catenin) mutation was searched in 11 cases (Sanger Sequencing); in 7 of them a mutation was present (p.THR41-ILE 4 cases, p.SER45-PHE 1 case, unspecified 2 cases). The child bearing the germline mutation of the APC gene had no CTNNB1 mutation in the tumor.

Treatments and Outcome

Various strategies were adopted: Initial wait-and-see strategy (2 cases), immediate chemotherapy after biopsy (8 cases) or initial surgery (6 cases). Overall IRS staging was: IRSgroup-II (3 cases), IRS-group-III (12 cases) or unspecified (1 case). In 2 cases a wait-and-see attitude was initially realized after the biopsy. In 1 case with a mandibular DF, a spontaneous >2/3 regression in the tumor was observed whereas in the other patient, the tumor kept on growing despite two subsequent chemotherapy treatments.

-First-line chemotherapy was prescribed in 8 children immediately after the biopsy: those affected by mandibular DF (7/8) suffered from progressive trismus with feeding difficulties, one child affected by an infratemporal fossa presented with fever and a lesion invading the VII th nerve. All of them received the first-line MTX/VBL regimen.

Complete remission was observed in 1 case with mandibular DF. A partial response was observed in 2 children, with stable residual tumors during follow-up. Progressive diseases were observed in 5 children: 2 of them underwent a delayed tumorectomy, with one complete surgical remission (R0) without relapse, and one R2 resection (mandibular lesion with extension up to the parotid gland and the external auditory canal which was partially removed) with a postoperative stable residual tumor. Two other children underwent a second-line medical treatment. Details are available in Table II.Among the 6 patients with first-line surgery, the post-resection margin status was IRS II in 3 cases, IRS III in 2 cases and unspecified in 1 case. This surgery was the only treatment in 3 cases: complete tumorectomy (2 cases), and partial resection (1 case). This third child had an incomplete macroscopic infratemporal fossa tumor resection (IRS III) leading to a postoperative stable residual tumor. Outcomes of these children are detailed in Table II.

The median follow-up time after diagnosis was 48 months (13 months-13years), while the median follow-up time after beginning the last line of treatment was 2 years (9 months -5.7 years). All patients were still alive at the end of follow-up. Total treatment burden to control the disease was a biopsy (1 case), surgery (3 unique cases, 1 multiple case), surgery with chemotherapy (6 cases), and exclusive medical therapies (5 cases). No radiotherapy was necessary.

Adverse Effects, Sequelae

Overall, surgery was necessary in 10 children. The tumor resection led to facial palsy in 2 children whose parotid gland was affected (CTC NCI grade 3). In one of them, the resection affected the infraorbital cranial nerve leading to sensory impairment in the corresponding area (grade 3). In one case, it was necessary to remove the external auditory canal wall. In one child (grade 2), the XI th cranial nerve was sacrificed in order to remove the lesion, leading to difficulties in raising their shoulders (grade 2). The child undergoing a fibula free flap reconstruction had post-operative facial asymmetry due to skin excess, associated with a slight mandibular deviation. However, the occlusion was satisfactory with efficient refeeding.

Medical treatment was performed in 11 children and an MTX/VBL regimen in 8 children. Side effects noted were hepatic cytolysis that was reversible after a temporary interruption of the treatment (grade 2). Transient neuropathic pain in the lower limbs (grade 2) was also observed, which required the interruption of the treatment for 3 months. The child who received Sorafenib treatment for 14 months suffered from pain when chewing (grade 2), and peeling skin on their feet (grade 2). These side effects were resolved with painkillers and local steroid treatment; respectively. Imatinib treatment was prescribed in 2 children for 2 months and 6 years, respectively, without specific adverse effects; these children had normal development in terms of stature and weight.

Discussion

This study showed that HN-DFs in young children are frequently invasive, and difficult to cure with frequent relapses or disease progression. When looking at the different outcomes between each first-line therapy strategy, no obvious difference was observed.

Moreover, the subsequent lines of treatment were heterogeneous and difficult to compare. In our experience, it was remarkable that, while previous studies highlighted surgery as the firstline treatment for a complete remission, no free margin of resection could be achieved among all children that were first operated on. Due to the initial local spread of this lesion, the resection is never quite complete in pediatric DF: 6-25% microscopically complete resections [START_REF] Oudot | Erratum to 'desmoid fibromatosis in pediatric patients: management based on a retrospective analysis of 59 patients and a review of the literature[END_REF][11] [START_REF] Woltsche | Is wide resection obsolete for desmoid tumors in children and adolescents? Evaluation of histological margins, immunohistochemical markers, and review of literature[END_REF]. Moreover, it seems that the correlation between the resection margins and the prognosis is hard to establish, as the margins' positivity depends on the number of tissue sections and thus on the exhaustiveness of the pathology report [START_REF] Woltsche | Is wide resection obsolete for desmoid tumors in children and adolescents? Evaluation of histological margins, immunohistochemical markers, and review of literature[END_REF]. In addition, aggressive local treatments such as surgery or radiotherapy, are known to be followed by high rates of recurrence (20-70%). Indeed, trauma like surgery could be responsible for tumor stimulation [START_REF] Salas | Prognostic factors influencing progression-free survival determined from a series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation[END_REF][6] [START_REF] Soto-Miranda | Surgical treatment of pediatric desmoid tumors. A 12-year, single-center experience[END_REF] [START_REF] Bonvalot | Extra-abdominal primary fibromatosis: Aggressive management could be avoided in a subgroup of patients[END_REF]. In some cases, this tumor may also be hardly resectable due to its location, as observed in the child affected by a lesion located in the infratemporal fossa, extending to the skull base and making the boundaries difficult to reach. Apart from the risk of relapse, surgery may also be mutilating, leading to definitive heavy functional impairment, due to the nearby upper aero-digestive tracts, or cranial nerves. In our experience, 19% (3/16) of children had an adverse long-term effect, occurring after surgery. Large resections such as segmental mandibulectomy as carried out in our study, need reconstruction. They lead to heavy post-surgical care with a long hospitalization in addition to the anesthesiology risks.

Besides, aesthetic sequelae must also be considered.

On the contrary, it is nowadays noteworthy that a spontaneous regression could be observed. Fiore et al. noticed a stabilization of the disease in about two thirds of cases, and when comparing 5-year progression-free survival between a wait-and-see strategy and initial medical treatment, no difference was observed [START_REF] Fiore | Desmoid-type fibromatosis: a front-line conservative approach to select patients for surgical treatment[END_REF]. [START_REF] Orbach | The EpSSG NRSTS 2005 treatment protocol for desmoid-type fibromatosis in children: an international prospective case series[END_REF] did not find any difference in pediatric outcomes for first-line surgery, chemotherapy and a wait-and-see approach [START_REF] Orbach | The EpSSG NRSTS 2005 treatment protocol for desmoid-type fibromatosis in children: an international prospective case series[END_REF]. This conservative strategy does not prevent subsequent treatments in case of progression, but allows for spontaneous regression or stabilization [START_REF] Penel | Surgical versus non-surgical approach in primary desmoid-type fibromatosis patients: A nationwide prospective cohort from the French Sarcoma Group[END_REF]. The wait-and-see attitude can be considered in the absence of severe impairing symptoms or potential vital afflictions (airway, digestive tracts) if the patient is closely monitored. Surgery may only be considered in cases of symptomatic tumors (pain, difficulty in breathing or eating) and the absence of spontaneous regression or after several ineffective medical lines of therapy.

In our study, some cases responded to chemotherapy regimens at diagnosis or after tumor evolution. The adverse effects of the medical treatments administered in this study were transient and reversible after the treatment was interrupted. Therefore, medical treatments could be considered as a first-line therapy. A low-dose MTX/VBL treatment is becoming the referential conservative medical treatment for DF due to its efficiency as well as the very low rate of late adverse effects [START_REF] Salas | Prognostic factors influencing progression-free survival determined from a series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation[END_REF] [START_REF] Martin-Liberal | Pazopanib is an active treatment in desmoid tumour/aggressive fibromatosis[END_REF]. Nevertheless, prospective studies are needed in order to clarify their efficiency and role for DF in children [START_REF] Martin-Liberal | Pazopanib is an active treatment in desmoid tumour/aggressive fibromatosis[END_REF]- [START_REF] Jo | A prospective multicenter phase II study of sunitinib in patients with advanced aggressive fibromatosis[END_REF] .

Authors recognized that the main limitation of this study is the overall low number of pediatric patients with a HN-DF presented due to the rarity of this tumor in this population. In addition, the retrospective analyze makes difficult to obtain a large comprehensive and systematic data collection. However, several interesting information about the outcome of each therapeutic attitude are highlighted.

Conclusion

In summary, our study tends to shift towards a conservative approach in first-line treatment of DF as much as possible. Several teams agree with initial non-surgical care, underlining an attitude of observation in the case of stable and asymptomatic lesions, or medical treatment in other cases. In adults, HN-DF is an unfavorable primary compared to other sites. On the contrary, in children, primary HN-DF distinguishes itself from the other sites in terms of a better prognosis when comparing the instances of post-therapeutic progression-free survival (PFS) or event-free survival (EFS). The EpSSG (European pediatric Soft tissue Sarcoma Study Group) has proposed a treatment algorithm in accordance with recent results, considering surgery only in the case of "rapidly growing, symptomatic tumors in the threatened site" and "resectable lesions without damage" after medical treatment has failed. According to the results of our study, this attitude should be applied even more to delicate HN-DFs. Such a decision should be made in accordance with the wishes of the parents and child. 

  .03, established by the US Department of Health and Human Services (http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14). The CNIL's national ethics committee approved this study (Commission Nationale de l'Informatique et des Libertés, 05/27/2016). All children and parents were informed about the study, and patients were included in it if a written consent was obtained or if no objections were expressed.

  VBL with tumor stabilization or partial response at 6 months, between 50 and 58%[START_REF] Sparber-Sauer | Systemic therapy of aggressive fibromatosis in children and adolescents: Report of the Cooperative Weichteilsarkom Studiengruppe (CWS)[END_REF]-[START_REF] Oudot | Erratum to 'desmoid fibromatosis in pediatric patients: management based on a retrospective analysis of 59 patients and a review of the literature[END_REF][START_REF] Meazza | Aggressive fibromatosis in children and adolescents: the Italian experience[END_REF]. Since then, this treatment has become the main alternative option after biopsy or incomplete surgery in case of a tumor in a life threatening situation or one that is rapidly progressive[START_REF] Sparber-Sauer | Systemic therapy of aggressive fibromatosis in children and adolescents: Report of the Cooperative Weichteilsarkom Studiengruppe (CWS)[END_REF][START_REF] Palassini | Long-term Efficacy of Methotrexate Plus Vinblastine/Vinorelbine in a Large Series of Patients Affected by Desmoid-Type Fibromatosis[END_REF]. On the other hand, this weekly outpatient chemotherapy for months leads to long-term repetitive school absences interfering with children's education. At diagnosis, systematic somatic genetic analysis, i.e. CTNNB1 pathogen variant, nowadays helps to confirm the pathologic diagnosis in children affected by DF as most of the this population has a sporadic tumor[START_REF] Orbach | The EpSSG NRSTS 2005 treatment protocol for desmoid-type fibromatosis in children: an international prospective case series[END_REF]. CTNNB1 mutations are described in nearly 85% of cases of sporadic DF/AF, indicating the importance of the Wnt/β-catenin pathway. Transforming growth factorβ is an important promoter of tissue growth and plays a key role in angiogenesis and in fibroblastic proliferations like DT/AF. Targeted therapies such as tyrosine kinase inhibitors of vascular endothelial growth factor receptors 1, 2 and 3, platelet-derived growth factor receptors α and β and cKit (Imatinib, Sorafenib, Sunitinib, Pazopanib) seem to be potential candidates in future treatments in light of the satisfactory outcomes in recent adult phase II trials
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[START_REF] Skapek | Combination chemotherapy using vinblastine and methotrexate for the treatment of progressive desmoid tumor in children[END_REF]

. Results showed a response rate to MTX/

Table I .

 I Clinical and tumoral characteristics upon the diagnosis of patients with head and neck desmoid-type fibromatosisAbbreviations: M: male, F: female, M/F: Sex ratio, CT: computed tomography; MRI: magnetic resonance imaging; APC: Adenomatous polyposis coli gene. *: more than one possible

	Patient (number)	Age (months)	Primary site	Extension	Initial (cm) size	First-line treatment → outcome	Subsequent treatments → outcome	Follow-up
	1	9	Mandibular	Masseter muscle	< 5	Wait and see → Progressive disease	1. MTX/VLB (11m) → Progressive disease 2. MTX/VLB (16m) → Progressive disease	23 m
	2	37	Mandibular	-	< 5	Wait and see → Regression (>2/3) Stable disease	-		17 m
				Neck					
	3	7	Mandibular	Parotid gland	< 5	1. MTX/VLB (3m) → Progressive disease	2. Surgery (R2) →Stable residual tumor	27 m
				(N.VII)					
	4	25	Mandibular	-	<5	1. MTX/VLB (2m) → Progressive disease	2. Surgery (R0) -Complete remission	5.7 y
							2. Hydroxyurea (2m)	→ Progressive disease	
	5	38	Mandibular	Parotid gland	< 5	1. MTX/VLB + NAIDs (3.5m) → Progressive disease	3. Surgery (R1) 4. Imatinib (2m)	→ Relapse → Progressive disease	13 m
							5. Surgery (R1)+IVA (6m) → Complete remission	
	6	43	Mandibular	-	5-10 MTX/VLB (15m) → Complete remission	-		9 m
	7	43	Mandibular	Infratemporal fossa	5-10 1. MTX/VLB (1.5m) → Progressive disease	2. Vincristine / Dactinomycin (1d) → Progressive disease 3. Surgery (R2) → Stable residual tumor	29 m
	8	52	Mandibular	-	<5	MTX/VLB (17m) →PR (>2/3) → Stable residual tumor	-		22 m
	9	171	Mandibular	-	5-10	MTX/VLB (27m) → PR (>2/3) → Stable residual tumor	-		3.3y
	10	183	Clavicular fossa	-	5-10	MTX/VLB → PR (<2/3) → Progressive disease	2. MTX/VLB (ongoing)		

Abbreviations: PR: partial response (±2/3 of initial volume reduction); MTX/VLB: methotrexate/vinblastine; IVA: Ifosfamide / Vincristine / Dactinomycin, NAIDs: non-steroid anti-inflammatory drug; NA: not available; d: day; m: months, y: years; R?: margins unknown; IRS I/R0, complete resection; IRS II/R1, microscopic residue; IRS III/R2, macroscopic residue. Follow-up: amount of time between the beginning of the last treatment and the last follow-up exam.