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Abstract
Pediatric soft tissue sarcomas are a group of malignant neoplasms arising within embryonic mesenchymal tissues during the process of differentiation into muscle, fascia and fat. The tumors have a biphasic peak for age of incidence. Rhabdomyosarcoma is diagnosed more frequently in younger children, whereas adult-type non-rhabdomyosarcoma soft tissue sarcoma is predominately observed in adolescents. The latter group comprises a variety of rare tumors for which diagnosis can be difficult and typically requires special studies, including immunohistochemistry and molecular genetic analysis. Current management for the majority of pediatric sarcomas is based on the data from large multi-institutional trials, which has led to great improvements in outcomes over recent decades. Although surgery remains the mainstay of treatment, the curative aim cannot be achieved without adjuvant treatment. Pre-treatment staging and risk classification are of prime importance in selecting an effective treatment protocol. Tumor resectability, the response to induction chemotherapy, and radiation generally determine the risk-group, and these factors are functions of tumor site, size and biology. Surgery provides the best choice of local control of small resectable tumors in a favorable site. Radiation therapy is added when surgery leaves residual disease or there is evidence of regional spread. Chemotherapy aims to reduce the risk of relapse and improve overall survival. In addition, upfront chemotherapy reduces the aggressiveness of the required surgery and helps preserve organ function in a number of cases. Long-term survival in low-risk sarcomas is feasible, and the intensity of treatment can be reduced. In high-risk sarcoma, current research is allowing more effective disease control.
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Core tip: The manuscript describes current management of pediatric soft tissue sarcomas, a large group of rare tumors in pediatric age group. The group has two main categories; rhabdomyosarcoma and non-rhabdomyosarcoma pediatric soft tissue tumors. Treatment of these tumors is in multidisciplinary fashion comprising of surgery, chemotherapy and radiation therapy. Decision making in management protocol for each patient is based on the risk determined by various clinical and pathological parameters. For cases with low-risk, surgical removal is usually adequate when adjuvant chemoradiation are proven helpful in cases with significant risk of recurrence. The overall survival in these tumors has become brighter in the recent decades.
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INTRODUCTION
Pediatric soft tissue sarcomas are part of a heterogeneous group of tumors originating from embryonic mesodermal tissues during the process of differentiation into various mesenchymal tissue components of the human body. These tumors constitute 6 to 8% of all cancers in children less than 15 years of age[1-5]. Age-standardized incidence rates in Western countries are slightly increased compared with Asian countries[5]. Of all soft tissue sarcomas in this age group, approximately 50 to 60% are rhabdomyosarcoma (RMS), whereas the remainder are non-rhabdomyosarcoma soft tissue sarcomas (NRSTS), a designation that includes a variety of rarer soft tissue tumors including fibrosarcomas, synovial sarcomas, the extraosseous Ewing’s family of tumors, malignant peripheral nerve sheath tumors and inflammatory myofibroblastic tumors[6,7]. According to the International Classification of Childhood Cancers, version 3 (ICCC-3), Kaposi sarcoma is also categorized as a NRSTS tumors[8]. Approximately two-thirds of RMSs are diagnosed before 6 years of age, and the incidence decreases with age[7,9]. In contrast, NRSTSs occur in older children, increasing in incidence throughout adolescent years[6]. In African countries wherein the human immunodeficiency virus is endemic, an exceptionally increased incidence of Kaposi sarcoma has been reported[2].
Although most soft tissue sarcomas occur sporadically, these lesions are associated with cancer predisposition syndrome in some patients, (e.g., Li-Fraumeni syndrome, which is linked to p53 germline mutations). Neurofibrosarcomas typically develop in individuals affected with neurofibromatosis type 1, an autosomal dominant disorder caused by mutations in the neurofibromatosis 1 gene (NF1). Individuals harboring germline mutations of NF1 are also prone to the development of embryonal RMS[10]. At the somatic level, specific chromosomal translocations and an expression of chimeric transcription factors are molecular signatures in a number of pediatric sarcomas. In RMS, PAX-FOXO1 fusion is a characteristic of the unfavorable histology or alveolar RMS. Such specific molecular patterns help differentiate sarcoma subtypes in which accurate pathological diagnosis may be difficult at a histopathological level.
The outcomes of pediatric soft tissue sarcomas have improved significantly during the past 3 decades[11]. The prognosis of pediatric soft tissue sarcoma, particularly RMS in younger children, is far better than that for sarcomas in adults. With modern evidence-based medicine, a multidisciplinary therapeutic approach not only increases survival rates but also provides a better chance to preserve the affected organ, particularly in the extremities and genitourinary organs. This article reviews current management practices for pediatric soft tissue sarcomas, with an emphasis on RMS and some soft tissue tumors that are more commonly found in the pediatric age group.

CLINICAL PRESENTATION AND DIAGNOSIS OF PEDIATRIC SOFT TISSUE SARCOMA
As soft tissue sarcomas are derived from primitive mesenchymal cells during their development into various mature mesenchymal tissue types (including muscle, fascia and fat), these tumors can be located in any part of the human body. The most common sites of primary RMSs are the head and neck, the genitourinary system and the limbs. The classic presentation is a growing lump that may or may not affect the function of nearby organs. RMS in some organ systems may cause specific symptoms. For example, frequent urination can be an initial presentation of an RMS that arises within the urinary bladder. Obstructive jaundice is one manifestation of bile duct RMS. Multiple plexiform neurofibrosarcomas can be benign tumors that follow neurofibrosarcoma in an individual with neurofibromatosis. Localization of the tumor site and its relation to the surrounding organs is typically accomplished by an imaging study, preferably magnetic resonance imaging (MRI) and/or computerized tomography (CT)[12]. From a surgical standpoint, the location, proximity to vascular structures, and potential morbidity caused by surgical resection determine the ‘resectability’ of a sarcoma. To date, no serum markers are available for the diagnosis of soft tissue sarcomas. Image-guided core needle biopsy typically, but not always, provides a definitive diagnosis[13]. During a biopsy, extra tissue can be collected for further studies, i.e., electron microscopy and molecular diagnosis. Repeat biopsy using an open technique is performed when a histopathological diagnosis cannot be made upon examining a small strip of tissue obtained from a needle coring-out. Suspected lymph node metastasis should be confirmed by histopathology, particularly in sarcoma of the limbs and the paratesticular area.
Pre-treatment clinical staging aims to categorize the disease according to the tumor site, size, local invasion, regional lymph node involvement and distant metastasis. The metastatic work-up includes bone marrow aspiration/biopsy, bone scintigraphy, and axial imaging studies of the brain, lung and liver (CT or MRI). A spinal tap for cerebrospinal fluid is indicated in cases of suspected parameningeal tumor. A recent systematic review suggested the potential benefit of a functional imaging study, such as positron emission tomography (PET-CT), for increasing the accuracy of pretreatment staging, particularly in the evaluation of nodal status and distant metastasis[14,15]. Sentinel lymph node biopsy using radio-tracer exhibits feasibility and good concordance with PET-CT results in pediatric soft tissue sarcomas[16,17].

MULTIDISCIPLINARY MANAGEMENT OF PEDIATRIC SOFT TISSUE SARCOMA
Rhabdomyosarcoma
RMS is a malignant mesenchymal tumor originating from immature striated muscle. Approximately 40% of RMSs occur in the head and neck region, 20% occur at genitourinary sites, 20% in the extremities, and 20% in other locations[9,12] (Figure 1). On hematoxylin and eosin histology, the tumor is characterized by the presence of spindle-shaped or small round-cell rhabdomyofibroblasts with eosinophilic cytoplasm. Cross-striations can be observed in some cases with relatively high tumor differentiation. Immunohistochemical studies that support the diagnosis of RMS include actin, desmin, myoglobin, myogenin and Myo-D. Pediatric RMS cases are generally categorized into 2 types: embryonal RMS (80%) and alveolar RMS (15-20%)[12]. The botryoid subtype is a variant of embryonal RMS commonly located in the genitourinary tract, vagina, and biliary and nasopharyngeal sites. The spindle cell subtype is another subtype of embryonal RMS found in paratesticular locations. Alveolar RMS is observed in older children and generally has a more unfavorable histology.
After the diagnosis is made, pre-treatment staging is performed according to a standard classification, such as the InterGroup Rhabdomyosarcoma Pretreatment Staging Classification (Table 1). The value of pretreatment staging involves determining disease prognosis. In addition to the stage, completeness of tumor removal defines the ‘clinical group’ of RMS. Management plans for RMS can be divided into local control and systemic therapy and generally rely on risk categorization as determined by the Intergroup Rhabdomyosarcoma Studies (IRS) stage with the clinical group (Table 2). Surgery therefore has an integral role in the initial stages of decision-making on multimodality treatment in pediatric RMS.

Local control
Surgery has been the most effective method to eliminate pathology. Surgery should be conducted in a manner that maintains function and cosmesis. In primary surgery, the extent of the initial surgery is generally subject to the judgment of the surgical team. In principle, resectability means that a tumor and its tumor-free surrounding tissue can be removed without operative risk or unacceptable post-operative morbidity. In the cases in which an excisional biopsy is performed without awareness of an adequate surgical margin, re-excision of the tumor bed should be considered[18,19]. In general, factors determining resectability include anatomical characters, such as site, size and vital structure involvement. However, in cases in which primary definitive surgery is not likely to provide complete resection without significant morbidity, delayed primary resection after upfront chemotherapy should be considered with an aim for organ salvage without compromising the long-term survival outcome. When delayed primary resection after neoadjuvant treatment is planned, compliance should also be considered. Intractable symptoms from the tumor and psychosocial factors may impact therapeutic compliance. Symptom control surgery during induction therapy (i.e., temporary urinary diversion in urinary bladder RMS) might be indicated[20]. Radical surgery is indicated in patients who are unable to tolerate intensive chemoradiation.
	A recent multi-institutional data review demonstrated that approximately 90% of clinical group III embryonal RMS patients experienced a volume reduction of 33% or greater after induction chemotherapy[21]. Although the effect of the chemotherapeutic response on event-free survival (EFS) remains unclear, the study found that cases with at least a partial response experienced significantly enhanced overall survival (OS), particularly in head and neck RMS[21]. These results were consistent with a recent report using functional imaging tool 2-fluoro-2-deoxy-d-glucose-positron emission topography (FDP-PET) from the Memorial Sloan Kettering Cancer Center suggesting that the response after induction chemotherapy significantly predicted both EFS and OS[22]. An earlier report from the Intergroup Rhabdomyosarcoma Study IV (IRS-IV) revealed an 81% response to chemotherapy in group III RMS cases with no significant difference in the response rate between embryonal and alveolar RMS, and the size of the initial tumor had no influence on the response[23]. According to both studies, parameningeal RMS appeared to have a poorer response rate even when chemotherapy was administered with radiation[24]. Although the number of cases was lower, genitourinary tract sites (except bladder and prostate) exhibited better response rates[21]. The delayed primary resection strategy has reduced the extent of surgery in pelvic RMS. Pelvic exenteration, a historical standard in bladder and vaginal RMS, is rarely practiced today.
Second-look exploration aims to confirm the clinical/radiological response and to achieve oncologic resection when possible. Imaging evaluation may underestimate the degree of the response. According to IRS-III data, 46% of patients who achieved partial remission were found to be in complete remission at surgical exploration, and an additional 28% could be converted to complete remission. In addition, 30% of patients who had clinically stable disease after induction chemotherapy exhibited pathological complete remission, and an additional 43% could be converted to complete remission[23]. To achieve oncologic resection, radical organ removal must be performed in some situations. In urinary bladder RMS that arises at the base of the bladder or prostate, a partial cystectomy is not sufficient given the high risk of local failure. Total cystectomy and urologic conduit is a surgical option that potentially leads to long-term, disease-free survival with an acceptable quality of life. Bladder-preserving surgery is reserved for cases with a good response to induction chemoradiation therapy. In addition, the tumor location must allow a 2- to 3-cm tumor-free margin, and at least two-thirds of the bladder must be retained[20,25]. In vaginal RMS, residual tumor after chemotherapy is an indication for total hysterectomy with gonadal preservation[26]. Pancreaticoduodenectomy is the operation of choice in cases in which the RMS involves the distal common bile duct[27].
Lymph node management is of prime importance in pre-treatment staging and clinical grouping of RMS, both of which determine the risk category. Radical lymph node dissection does not impact outcome. Enlarged nodes detected clinically or by radiologic evidence should be excised for histopathological examination (Figure 2). Regardless of radiologic evidence, lymph node sampling is indicated in extremity RMS and for children older than 10 years with paratesticular tumor[9,11,28]. When an adjacent node is positive, more distant nodes should be searched for and biopsied. To reduce the morbidity caused by extensive lymph node sampling, the concept of sentinel lymph node sampling, which is the current standard in melanoma and breast cancer, has also been adapted for pediatric soft tissue sarcoma. Trials in pediatric sarcomas had relatively small numbers in each series[16,17,29]. Most studies used the lymphoscintigraphy technique and reported that the technique was feasible in pediatric sarcomas; however, specific data regarding identification rates and false negative rates in RMS remain inconclusive.
Radiation therapy is unnecessary for embryonal RMS in clinical group I (completely resected) when it provides better failure-free survival in alveolar RMS. Radiation enhances local control in cases with residual disease after definitive surgery, positive locoregional lymph nodes and unresectable RMS after tumor biopsy. Radiation doses to microscopic residual tumors (total 36 Gy) are typically less than those for gross residual or primary unresectable tumors (50.4 Gy)[11]. Orbital tumors are an exception as their clinical group III requires 45 Gy. Data from the German trial CWS91 indicated that hyperfractionated accelerated radiotherapy may reduce the total radiation dose in RMS (32 Gy in low-risk and 48 Gy in high-risk patients) without compromising treatment outcomes[30]. Alternative radiation therapy techniques, such as intensity modulated radiation therapy (IMRT), brachytherapy, and proton beam therapy, are used in some centers with the aim of reducing locoregional side effects[31].

Systemic therapy
Chemotherapy is an essential component of the multimodality treatment of RMS. The standard regimen in non-metastatic RMS is a combination of vincristine, actinomycin-D and cyclophosphamide (VAC)[32]. Omitting cyclophosphamide from the regimen has been attempted in low-risk RMS cases to reduce the cumulative dose of cyclophosphamide (IRS-D9602 protocol). Although VA produced an excellent outcome in a subset of low-risk RMS cases, including group I-II, stage 1-2 and group III orbital tumor (subset 1, Table 2), the data suggested that cyclophosphamide should be retained with vincristine and actinomycin-D in the other subset of low-risk RMS cases (subset 2: group I-II, stage 3 and group III, stage I except orbital tumor) because the failure-free survival was poorer than that of comparable patients in the IRS-IV study who received a triple drug regimen[33]. IRS-IV data also demonstrated that substitution of cyclophosphamide with ifosfamide (VAI) or substitution of actinomycin-D/cyclophosphamide with ifosfamide and etoposide did not improve the failure-free survival in non-metastatic RMS[34]. A subsequent study from the Children's Oncology Group (COG), directed toward a shorter duration of VA and dose reduction of cyclophosphamide (ARST0331) in low-risk RMS patients, was recently published. Although the study reported an increased incidence of local failure with use of the shorter therapy, the study recommended its use in low-risk RMS cases given the reduced toxicity[35]. For intermediate- and high-risk patients, successive COG trials have attempted to improve the survival outcome by incorporating novel agents, such as doxorubicin, ifosfamide and etoposide (VDC/IE), and irenotecan (VAC/VI), with the aim of reducing the cumulative cyclophosphamide dose[36]. Various molecular targeting drugs are being explored in high-risk RMS cases, including vascular endothelial growth factors (bevacizumab), mTOR (temsirolimus) and IGF-1R (temozolomide). A phase II trial of temozolomide has demonstrated its safety and feasibility; however, the preliminary response rate was not impressive[37]. For metastatic RMS, another study found that the incorporation of VDC-IE or VI with VAC therapy resulted in improved outcomes in embryonal RMS[38].

Outcome of current multimodality management in RMS
Since the establishment of the International Rhabdomyosarcoma Study Group in 1972 (currently the Cooperative Soft Tissue Sarcoma Study Group), survival of pediatric RMS patients has been steadily improving. Before the era of multimodality treatment, surgery alone resulted in survival rates less than 20% (11). With the new available treatments, the five-year OS increased from 55% in IRS-I to 63% in IRS-II and to 71% in IRS-III and IRS-IV. Data from IRS-II to IRS-IV revealed an 88% 3-year failure-free survival in low risk embryonal RMS. Intermediate-risk embryonal RMS had a 4-year failure-free survival rate of approximately 68 to 78%; however, survival in high-risk patients remains poor at less than 25%[39].

NON-RHABDOMYOSARCOMA SOFT TISSUE SARCOMAS
NRSTSs are a heterogeneous group of rare mesenchymal tumors that exhibit a wide variety of histopathologies and biologies. The majority of NRSTSs occur more frequently in adult patients, and the prognosis is generally poorer than for pediatric sarcomas. Given their heterogeneity, ambiguity in pathological diagnosis is common, and care should be taken when obtaining tissue samples[40]. A multidisciplinary conference before the initiation of treatment for any individual case allows the team to arrive at a consensus and understand the role of each discipline in the treatment process. Surgery has a primary role in the treatment of resectable NRSTSs, whereas adjuvant treatment relies on a Children’s Oncology Group risk stratification guideline[41] (Table 3). Basically, radiation therapy is administered to patients whose resection margins are close to the tumor (except for very low-risk tumors). Chemotherapy provides a poorer response than pediatric RMS and is advocated in select types of NRSTS. Ifosfamide and doxorubicin are backbones recommended as post-operative adjuvant therapy for localized resectable STSs[42,43]. A recent systematic review found that autologous hematopoietic stem cell transplantation following high-dose chemotherapy in locally advanced or metastatic NRSTS did not result in better overall survival than standard-dose chemotherapy[44].

Extraosseous Ewing’s sarcoma family of tumors 
Extraosseous primitive neuroectodermal tumors, namely, Ewing’s sarcoma and Adkin tumor of the chest wall, are grouped together as the Ewing’s family of tumors because they share a chromosomal translocation, t(11;22)(q24;q12), leading to a chimeric fusion, EWSR1-FLI1[45]. Extraosseous Ewing’s sarcoma presents predominately in the second decade of life. The tumor is comprises 15 to 20% of all Ewing’s sarcomas[46,47]. The tumor can occur anywhere in the body but commonly presents on the extremities, chest and pelvis. Histologically, the tumor belongs to the small round blue cell group and demonstrates positive immunoreactivity to the surface glycoprotein CD99. Poor prognostic indicators include axial site tumors, particularly in the pelvic region; large tumor size; late stage; poor response to induction chemotherapy; advanced age; and high serum lactate dehydrogenase levels[46-49]. The definitive treatment for extraosseous EFSTs is surgical removal. Complete resection is the best option for cure, and the likelihood of achieving negative surgical margins is increased when induction chemotherapy is administered[50]. Although these tumors are relatively sensitive to radiation, radiation is reserved for cases with positive surgical margins or incompletely resected tumor because late effects of radiation, such as a second malignancy, are of concern. Post-operative chemotherapy aims to improve overall survival and reduce the likelihood of local recurrence. The therapeutic regimen in extraosseous EFST follows that used in either NRSTS or Ewing’s sarcoma of the bone and typically comprises ifosfamide/etoposide with or without carboplatin (ICE) alternated with a combination of vincristine, doxorubicin and cyclophosphamide (VDC)[47]. The results from the EICESS-92 study and the successive trial Euro-Ewing-99-R1 from the European InterGroup Cooperative Ewing’s Sarcoma Study concluded that ifosfamide can be substituted with cyclophosphamide in the consolidation phase in standard risk EFST (localized tumor with either good histological response after induction chemotherapy, small tumor resected at diagnosis, or receiving radiotherapy alone as a local treatment)[48,51]. A report from the French Society of Pediatric Oncology (SFOP-EW93) suggested that induction with cyclophosphamide and doxorubicin followed by histopathological response-based chemotherapy (VAC or VAC/VIE or IE + high dose busulfan/melphalan) provided superior outcomes to those of an ifosfamide-based regimen (VAI) for all cases[52]. Other studies reported a five-year OS of between 60 and 70% in non-metastatic extraosseous EFSTs[46,52,53], whereas another study reported that metastatic EFST exhibited a 5-year OS of approximately 25%[53].

Malignant peripheral nerve sheath tumor
Malignant peripheral nerve sheath tumor (MPNSTs, malignant schwannomas, neurofibrosarcomas and neurogenic sarcomas) account for approximately 6% of all NRSTSs[54], and approximately half of these cases are associated with neurofibromatosis type 1 syndrome[55]. An individual with the NF1 mutation has a cumulative 8 to 13% lifetime risk of developing MPNST[56]. MPNST develops within benign neurofibromas in NF1 patients[57]. In the pediatric age group, the incidence increases with age, with more than 80% of cases diagnosed at the age 10 years or older[58]. Among pediatric NRSTSs, the tumor has the worst prognosis, with a 5-year OS of 43 to 59%[59]. Complete surgical removal is the only chance for cure. Unfortunately, a number of MPNSTs involve the nerve root, preventing complete removal (Figure 3). Radiation therapy is recommended in cases with residual tumor after surgery; however, no evidence indicates that this improves survival[60]. Studies have reported that adjuvant chemotherapy exhibits only minimal benefit[58,61,62].

Synovial sarcoma
Synovial sarcoma (SS) is an aggressive spindle cell tumor that accounts for approximately 10% of all STSs[63]. Although the tumor is principally located in the lower extremities, primary SS at other sites (including the head and neck, hands, retroperitoneum, digestive system and mediastinum) have been reported[64-66]. Histologically, SS contains spindle cells with a varying degree of epithelial differentiation[67]. On immunohistochemical study, SS is marked with both mesenchymal and epithelial markers. The cytogenetic signature of SS is a reciprocal translocation t(X;18) (p11.2;q11.2) that leads to a chimeric fusion between SS18 from chromosome 18 and one of the SSXs (SSX1, SSX2 or SSX4) from chromosome X. The SS18-SSX2 fusion protein activates canonical Wnt/beta-catenin signaling, which suggests a future therapeutic target in a subset of SS[68,69]. The current management of SS is based on risk categorization, and risk determinants include the clinical group (as in RMS), size (5 cm) and sites[70]. Low-risk tumors include group I SS and are less than 5 cm in size. Axial site tumors (head and neck, trunk, lungs and pleura) are considered high risk[71]. According to the European Pediatric Soft Tissue Sarcoma Study Group Trial (EpSSG NRSTS2005), low-risk SSs are best treated with surgery alone, with 91.7% experiencing 3-year event-free survival and 100% overall survival[71]. In that study, the surgical strategy recommended in most low-risk cases was conservative surgery. Survival in intermediate-risk SSs (group I, size > 5 cm and group II) after surgery followed by chemotherapy (ifosfamide and doxorubicin) with or without radiation is comparable with that of the low-risk group. Chemotherapy is the mainstay treatment in high-risk (group III or axial SS) patients. The chemotherapy response rate in group III SS was 55%, and OS was 74%[71].

Congenital infantile fibrosarcoma (CIF)
Unlike tumors in the adult-type NRSTS group that are typically found in teenagers and adolescents, congenital infantile fibrosarcoma (CIF) can be noted during the first month of life and is often misdiagnosed as a hemangioma or vascular malformation. A rapid growth rate and ulceration are clinical clues necessitating a biopsy[72]. Histologically, CIF is densely packed with spindle cells arranged in bundles and fascicles. Tumor cells typically exhibit positive immunoreactivity with the mesenchymal marker vimentin but are negative for desmin and S100 protein. A chromosomal translocation t(12;15)(p13;q25), which leads to a fusion ETV6-NTRK3, has been reported. The tumor is locally aggressive, and distant metastasis is rarely reported. Destruction of adjacent bony structures can be observed (Figure 4). Surgical removal of the lesion is the recommended primary treatment. Adjuvant treatment is generally unnecessary except when the mass is very large and involves vital structures. In such instances, neoadjuvant chemotherapy may help down-size the tumor[73,74]. Prognostic factors include the site and extent of the lesion at the diagnosis. Extremity IF has a more favorable outcome than do axial tumors. In addition, pediatric CIF has a better outcome than adult fibrosarcoma. The five-year OS is approximately 90%[75,76].

Desmoplastic small round cell tumors
Desmoplastic small round cell tumors (DSRCT) is a rare, highly aggressive mesenchymal tumor originating on the peritoneal surface typically in an adolescent[77]. The tumor can also be found at other sites, such as the head and neck, pleura, kidneys, ovaries and testes[78-81] and was first described in 1989 in a pathological case report by Gerald and Rosai[82]. Histologically, DSRCT exhibits small round cells arranged in nests within abundant desmoplastic stroma[77]. Central necrosis and trabecular or indian fire arrangements are also observed[83]. The tumor expresses polyphenotypic differentiation with co-expression of epithelial, mesenchymal and neuronal markers[77]. In addition, nuclear staining of the WT1 protein has been reported[83]. The tumor is highly aggressive, and approximately 60% of patients die of the disease within 2 years[84]. Complete resection is not possible in the majority of cases. Surgical debulking of the primary tumor followed by radiation therapy is recommended[85,86]. The tumor appears to respond to multi-agent chemotherapy consisting of cyclophosphamide, doxorubicin, vincristine, ifosfamide and etoposide; however, recurrent disease is common[85,87]. The use of alternative therapies, including molecular targeting therapy and intraperitoneal infusion of chemotherapy, is reported infrequently[88-90]. In one study, the 3-year OS was reported at 44%, with a 5-year OS of 15%[85].

Inflammatory myofibroblastic tumor 
Inflammatory myofibroblastic tumor (IMT, also known as inflammatory pseudotumor or plasma cell granuloma) is a rare benign tumor with recurrence potential that most often occurs in children and young adults. The lung is the most common site of IMT. Other reported sites include the urinary bladder, intestine and mesentery, spleen, liver and kidney[91-94]. The etiology of IMT may include certain infections, such as Epstein Barr virus. Whether the tumor is a true neoplasm or an inflammatory response remains controversial. However, recurrence after surgery is common and malignant transformation has been reported[95,96]. Studies have demonstrated that a number of IMT involve fusion between the AKT gene in chromosome 2 (2q23) and various fusion partners, including IMT, TPM3, TPM4, CLTC, CARS, RANBP2, ATIC, SEC 31L1 and PPFBP1[97-103]. CT typically reveals a coin lesion that is difficult to differentiate from other causes of similar lesions. The diagnosis is typically made by tissue biopsy that often exhibit spindle-shaped myofibroblast-like cells and chronic inflammation comprising plasma cells, lymphocytes and histiocytes[104]. Surgical resection is the only treatment option. Radiation and chemotherapy have no role in IMT (Figure 5).
STSs in the pediatric age group are a heterogeneous group of rare mesenchymal tumors. Survival outcome in pediatric STS has improved since cooperative studies were initiated by various international organizations, particularly the International Rhabdomyosarcoma Study Group. Treatment of these tumors relies on knowledge of their natural history and tumor biology as this information is used to categorize STSs according to their risk. Although surgery has been the main treatment in localized low-risk tumors, good outcomes are not achieved without adjuvant radiation and chemotherapy. Future studies in the treatment of STS are directed toward the use of molecular diagnosis as an integral part of tumor classification. While novel modalities for the treatment of advanced stage tumors are under investigation, trials should be conducted on the reduction of treatment intensity in low-risk patients.
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Figure 1 Radiographic images of common rhabdomyosarcoma. A: Extremity; B: Head and neck; C: Genitourinary (paratesticular); D: Axial (intraabdominal).
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Figure 2 Inguinal lymph node enlargement in a case of extremity rhabdomyosarcoma.
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Figure 3 Magnetic resonance imaging T2: Providing a comparison between growth patterns. A: Pelvic rhabdomyosarcoma (RMS); B: Malignant peripheral nerve sheath tumor (MPNST). Although RMS is a locally advanced tumor, a thin surgical plane typically exists between the tumor and the adjacent bone when the MPNST involves the dural space and nerve root.
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Figure 4 Plain radiographic and magnetic resonance images demonstrating deformity of the left chest wall caused by a congenital infantile sarcoma.
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Figure 5 Computerized tomography image of a case of splenic inflammatory myofibroblastic tumor. 


Table 1 Intergroup rhabdomyosarcoma study pretreatment staging and clinical grouping classification
	Stage
	Sites
	T1
	Size2
	N3
	M4

	1
	Orbit, Head and Neck (excluding parameningeal), Genitourinary tract (non-bladder, non-prostate), biliary tract
	T1 or T2
	a or b
	N0 or N1 or Nx
	M0

	2
	Bladder.Prostate, Extremity, Parameningeal, others (trunk, retroperitoneum, etc.)
	T1 or T2
	a
	N0 or Nx
	M0

	3
	Bladder.Prostate, Extremity, Parameningeal, others (trunk, retroperitoneum, etc.)
	T1 or T2
	a
	N1
	M0

	
	
	
	b
	N0 or N1 or Nx
	M0

	4
	Any sites
	T1 or T2
	a or b
	N0 or N1
	M1

	Clinical
 group 
	Description

	I
	Localized disease, completely resected

	II
	Grossly resected tumor with evidence of regional spread

	
	IIA: Grossly resected tumor with microscopic residual disease

	
	IIB: Involved regional nodes completely resected with no microscopic residual disease

	
	IIC: Involved regional nodes grossly resected with evidence of microscopic residual disease

	III
	Incomplete resection with gross residual disease after biopsy or after gross or major resection of the primary tumor

	IV
	Distant metastatic disease present at diagnosis


1T: Tumor; T1: Confined to the anatomic origin; T2: Extension and/or fixation to surrounding tissue; 2Size, a: ≤ 5 cm; b: > 5 cm; 3N: Regional nodes; N0: Regional nodes not clinically involved; Nx: Clinical status of regional nodes unknown; N1: Regional nodes clinically involved; 4M: Metastasis; M0: No distant metastasis; M1: Distant metastasis present (includes positive cytology in pleural, peritoneal or cerebrospinal fluid).


Table 2 Risk group stratification for rhabdomyosarcoma according to the International Rhabdomyosarcoma Study
	Risk group
	Histology
	Pretreatment stage
	Clinical group

	Low (subset 1)
	embryonal
	1
	I,II

	
	
	1
	III (orbit)

	
	
	2
	I,II

	Low (subset 2)
	
	1
	III (non-orbit)

	
	
	3
	I,II

	Intermediate
	embryonal
	2,3
	III

	
	alveolar
	1,2,3
	I, II, III

	High
	any
	4
	IV





Table 3 Risk stratification in nonrhabdomyosarcoma soft tissue sarcoma and treatment proposal according to the Children's Oncology Group (NCT00346164)
	Risk group
	Factors
	 
	 
	 
	Proposed treatment

	
	Grade
	Size
	Stage
	Initial resectability
	 

	Low
	Low 
	Any
	Nonmetastatic
	Gross resection
	Observation

	
	High
	< 5 cm
	Nonmetastatic
	Without microscopic margins
	Observation

	
	High
	< 5 cm
	Nonmetastatic
	With microscopic margin
	Adjuvant radiation therapy

	Intermediate
	High
	> 5 cm
	Nonmetastatic
	Gross resection
	Adjuvant chemotherapy and radiation therapy

	
	High
	> 5 cm
	Nonmetastatic
	Unresected
	Neoadjuvant chemoradiotherapy, surgery, adjuvant chemotherapy with or without radiation therapy

	High
	Low 
	Any
	Metastatic
	Gross resection
	Observation

	
	High
	Any
	Metastatic
	Gross resection
	Adjuvant chemotherapy and radiation therapy

	
	High
	Any
	Metastatic
	Unresected
	Neoadjuvant chemoradiotherapy, surgery, adjuvant chemotherapy with or without radiation therapy
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