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Abstract

Soft tissue sarcomas (STS) are among the tumors that occur both in children and 
young adults with major impact in terms of loss of life and function.  Recent 
advances in diagnosis include the introduction of powerful diagnostic tools 
including testing for known translocations.  Positron emission tomography 
complementing other radiologic modalities is enhancing our ability to study 
difficult lesions.  The management of STS requires close cooperation of different 
specialities to achieve local and systemic control.  This begins with proper planning 
for biopsy, triaging and processing the specimen, administration of preoperative and 
postoperative treatment when necessary, choosing the suitable surgical approach 
and finally providing care after therapy in terms of rehabilitation and surveillance. 
The success in treatment of rhabdomyosarcoma (RMS) in children is not paralleled 
with success in treating other forms of sarcomas, namely nonrhabdomyosarcoma 
soft tissue sarcomas (NRSTS).  This can be attributed in part to poor enrollment of 
young individuals in collaborative trials that tackle these rare tumors.  Nevertheless, 
improving the care of these patients depend on judicious use of already available 
modalities and improving surgical expertise.  The Arab world is in need for 
experts in this field who share their knowledge and hopefully collaborate to 
conduct research. 

Introduction

Soft tissue sarcomas (STS) refer to a heterogeneous group of malignant mesenchymal 
tumors that arise in soft tissues.  The nomenclature of STS is derived from their 
presumed cell of origin.  For example, tumors that are believed to originate from 
skeletal muscle are called rhabdomyosarcoma (RMS) while those histologically 
similar to smooth muscle are called leiomyosarcoma.  In fact, this terminology 
may not reflect the true nature of these tumors (e.g. synovial sarcoma). 
STS are among the few extracranial solid tumors that affect both children and adults.  
In some cases, a clear genetic difference explains totally different clinical behavior, 
e.g. infantile fibrosarcoma.  In others, similar genetic changes and clinical behavior are 
noted, as for example in synovial sarcoma.  For that reason, the arbitrary age cut-off 
used to separate children and young adults, usually set at the age of 18, is not optimal 
in grouping these patients.  The focus of this review will be children and young adults 
below the age of 30.  The impact of disease in terms of loss of life, loss of function 
and treatment related long-term morbidities are more dramatic in this age group. 

Epidemiology 

Age-adjusted incidence
STS account for less than 1% of all malignant tumors[1]. Invaluable epidemiologic 
data came from the Standard Surveillance, Epidemiology and End Results (SEER) 
program which collects population-based cancer incidence data from different 
areas in the United States [2]. It is estimated that 6000 cases of non-Kaposi STS 
occur in the United States every year. Figure 1 shows the age-adjusted rates of 
different STS over the most recent 10 year period (1995 to 2005).  As shown in 
the figure, the incidence of NRSTS peaks in the first year of life then starts rising 
again in adolescence and further into young adulthood.  

Histology-specific incidence
For all age groups, the most common STS are leiomyosarcoma, malignant fibrous 
histiocytoma (MFH or more recently, pleomorphic undifferentiated sarrcoma), 
liposarcoma, dermatofibrosarcoma and RMS.  The infantile peak is predominated 
with four histologic subtypes: RMS, infantile fibrosarcoma, hemangiopericytoma 
and malignant mesenchymoma [3]. 
Before 15 years of age, RMS accounts for approximately half of all STS.  The 
rest are grouped together under nonrhabdomyosarcoma STS (NRSTS) or adult-
type STS [4], due to their similar clinical behaviour, and markedly different 
chemosensitivity as compared to RMS. They also are individually rare tumors, 
none of them accounting for more than 1 per million in this age group, which is 
another reason for grouping them together since their management is somewhat 
similar.  In the 15-30 year-old patients, other varieties of NRSTS become more 
common (Table I). 

Risk factors
Genetic factors play an important role in susceptibility to STS in some cases.  
Increased risk of STS is noticed in several inherited syndromes including familial 
retinoblastoma [5] and Li-Fraumeni syndrome [6] .  In the latter syndrome, there 
is more than a 100 fold increased risk of sarcoma and other malignancies occur 
secondary to a heritable p53 mutation [1].  Also, a definite association exists 
between Neurofibromatosis type 1 and the development of STS, particularly 
malignant peripheral sheath nerve tumor [7].
The only environmental factors that have been directly linked to the development 
of STS are exposure to ionizing radiation, and infections with HIV and herpes virus 
type 8 [8].  To the knowledge of the authors, no other environmental factors and 
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exposures have been definitely linked to the development of soft tissue sarcomas, 
including exposure to chromium, chlorophenol, dioxin, vinyl chloride, smoking 
and/or increased body mass index [1].    
At the biologic level, there seems to be two broad groups of sarcomas; one with 
simple karyotype (translocation sarcomas, e.g. synovial sarcoma and Ewing 
sarcoma) and the other with complex karyotype (non-specific genetic alterations, 
e.g. MFH, leiomyosarcoma and Angiosarcoma) [9]. The former group results in 
fusion genes that are remarkably specific to the sarcoma type and encode chimeric 
transcription factors. Those transcription factors are thought to deregulate the 
expression of specific target genes, possibly orchestrating multiple oncogenic 
hits. The key role of these chimeric transcription factors in sarcoma pathogenesis 
is supported by their requirement for in vitro growth of corresponding sarcoma 
cell lines. The aberrant transcriptional protein is important for the maintenance 
of the malignant phenotype and may also determine the behavior of the sarcoma 
after initiation [10].  
Gene expression profiling and gene copy numbers using microarray-based 
studies are increasingly helpful in addressing sarcoma biology [11]. For example, 
translocation- associated sarcomas are robustly clustered by expression profiling, 
whereas complex-karyotype sarcomas tend to be less tightly clustered [12]. 
Although microarrays presently have no direct clinical application in sarcoma 
diagnosis, it is likely that in the coming decade they will make significant 
contribution to the diagnosis and classification of sarcomas.  

Clinical features
Most STS present as a painless mass.  Symptoms are usually caused by local 
invasion of adjacent structures.  In most cases, the patient or the family notices 
a lump that grows over time.  STS may arise in deep locations, including the 
orbit, bladder, nasopharynx and retroperitoneum.  In these locations, effects on 
surrounding structures, resulting in symptoms such as proptosis, urinary obstruction 
and nasal obstruction may bring patients to medical attention. For sarcomas that 
arise in the extremities, the painless nature of the tumor may allow it to grow 
insidiously with minimal symptomatology.  Metastatic spread seldom causes 
symptoms at time of diagnosis.  For example, most patients with pulmonary 
spread have no respiratory symptoms at presentation.  STS are different in terms 
of preferred location and propensity for lymphatic and hematogenous metastasis 
(Table II).

Diagnostic Tools

Biopsy
The first priority is to achieve accurate diagnosis and histological grading of STS.  
When the malignant nature of a lesion is suspected, it is always best to refer the 
patient to a specialized center where biopsies are coordinated with the surgeon 
who will perform the definite resection.  Extra care should be practiced in infants 
and young children, due to the effects of both surgery and radiation on growth 
and function.  In Arab countries, many cases are referred after improper biopsies 
or operations that lead to major consequences. An improper biopsy or attempted 
resection may lead to a need for amputation, or to disease spread with risk for 
both local and distant recurrence.  Resection of a soft tissue mass therefore should 
never be attempted without proper evaluation for a malignant potential, both by 
appropriate complete radiologic imaging studies, and evaluation by a surgical 
oncologist for a proper biopsy.  In one study conducted by the Musculoskeletal 
Tumor Society, data on 597 patients with musculoskeletal sarcomas who had 
biopsies done before referral to specialized centers showed errors in diagnoses by 
referring institutions in 17.8% of cases.  In addition, 10.1% of patients had changes 

in outcome based on the revised pathologic diagnosis, such as the need for more 
complex resections that resulted in disability, loss of function, local recurrence, 
or death, mostly attributable to problems related to the biopsy.  Eighteen patients 
had an unnecessary amputation as a result of an improper biopsy [13]. 
For a long time, open biopsy was the standard procedure to obtain tissue for 
diagnosis.  The potential complications of this approach have made it less favorable 
in recent years.  Core needle biopsy (CNB) is currently considered the preferred 
option in many centers. CNB provides adequate tissue to make accurate diagnosis in 
the majority of cases with low rates of complications [14].  Image-guided CNB is a 
practical way to obtain adequate tissue even in difficult anatomical places [15].   
Fine needle aspiration biopsy (FNAB) is associated with least cost and complications 
including biopsy site relapse [16]. The accuracy of FNAB depends on the accuracy 
of clinical data, narrow differential diagnosis on imaging studies and the cytologist’s 
experience.  FNAB is used in most centers to document recurrence or metastasis 
in suspicious lesions where the primary diagnosis has been already confirmed.  In 
some centers, where a wide battery of ancillary molecular tests is available, FNAB 
is considered an acceptable alternative with superb diagnostic yield [17]. 

Pathology
It is clear nowadays that the pathologist should be an integral member of a 
multidisciplinary team taking care of young individuals with STS, in order to 
deliver the best care. Direct communication with other team members helps the 
pathologist in correlating clinicoradiologic findings with pathologic findings.  
This correlation is extremely important, as the pathologist needs to be aware of 
the differential diagnosis even before the biopsy is done, so that the specimen 
can be properly triaged.  As interest in subspecialization is growing in all fields 
of medicine, including pathology, the need for reference pathologists in STS 
is growing in the Arab world as an urgent priority.  A second expert opinion is 
particularly helpful in STS and sending specimen to reference pathologists should 
help in optimizing the care for this rare entity [18].  
Similar to other fields of histopathology, immunohistochemistry revolutionized the 
way pathologists look at STS.  Histological appearance is no more accepted as a 
sole way to diagnose most of these tumors.  Stains help in narrowing the differential 
diagnosis, classification of subtypes and predicting behavior of STS.  However, 
reliance on stains should only follow careful examination of the H&E (hematoxylin 
and eosin) slides under different powers to determine the general architecture of 
the cells and plan the best battery of tests to yield the correct diagnosis.   
A general guide to the use of immunohistochemical stains to diagnose STS is 
presented in Table III.  The initial battery of tests is done to rule out or rule 
in STS. Then, more specific tests are ordered.  Even with the most specific 
immunohistochemical stains, experience is necessary for correct interpretation.  
One example is myogenin, a myogenic transcriptional regulatory protein expressed 
early in skeletal muscle differentiation.  Although myogenin is considered a 
highly sensitive and specific marker for RMS, nuclear staining for myogenin has 
been documented in skeletal muscle differentiation which can be seen in other 
mesenchymal tumors and some regenerated skeletal muscle cells that can be 
trapped in other tumor types is possible and can result in errors if not taken in the 
context of other stains [19].

Histologic Grading
Histologic classification is not enough to predict biologic behavior.  Grading adds 
another dimension that can communicate additional features to help predict the 
clinical course.  For that reason, no pathology report is complete without histologic 
grading.  Two of the most commonly employed grading systems are the U.S. 
National Cancer Institute (NCI) system and the Federation Nationale des Centres 
de Lutte Contre le Cancer (FNCLCC) system.  The NCI system is based on the 
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tumor’s histologic subtype and amount of tumor necrosis, but cellularity, nuclear 
pleomorphism, and mitotic index are considered for certain subtypes [20]. 
The FNCLCC system, on the other hand, employs a score generated by evaluation 
of three parameters: tumor differentiation, mitotic rate, and amount of tumor 
necrosis. The FNCLCC system appears to be more accurate in predicting prognosis 
when compared to NCI system [20, 21]. 
The Pediatric Oncology Group (POG) developed and validated a histologic 
grading system (Table IV) that is based on the NCI system.  This grading system 
takes into account the known behavior of some tumors, especially those that 
occur during infancy, and classifies them as low grade despite their histologic 
aggressiveness.  This avoids grading a tumor such as infantile fibrosarcoma as 
high grade, because despite its aggressive histologic appearance, it is known to 
follow a favorable course.  

Molecular Diagnosis
Characteristic genetic abnormalities, particularly specific chromosome translocations 
and associated fusion genes, have diagnostic and prognostic value, and are rapidly 
becoming the cornerstone for proper diagnosis of STS. Fusion genes are most 
readily detected by fluorescence in situ hybridization and reverse transcription-
PCR technologies [22, 23].  
Currently, many molecular tests can be done on formalin fixed, paraffin embedded 
tissue, although fresh tissue is preferred.  As molecular diagnosis is now considered 
essential for making the appropriate pathologic diagnosis, it should always be 
attempted in any patient with suspected STS when such testing is available.  As 
our knowledge expands, molecular diagnosis becomes essential in predicting 
prognosis and soon in planning therapy.   
One example of the importance of molecular diagnosis in STS is synovial 
sarcoma. Misdiagnosis of this tumor as Ewing sarcoma/PNET or malignant 
fibrous histiocytoma is possible even in experienced hands, particularly in the 
presence of inadequate tissue.  The expression of the specific fusion transcript 
SYT-SSX can be evaluated using a tiny sample or FNAB so the correct diagnosis 
can be achieved with confidence [22].  In addition, the type of translocation is 
prognostically useful, as tumors with SYT-SSX2 carry a significantly better 
outcome than those with SYT-SSX1 translocation [24, 25].  More STS-associated 
translocations are listed in table V.

Imaging

Evaluation
Magnetic resonance imaging (MRI) is currently the preferred modality to image 
soft tissue tumors in most anatomical locations.   Needless to say, MRI provides 
the best way to localize the mass, study its relation to nearby structures including 
vessels and neurovascular bundles, and evaluate nearby lymph nodes.  The study 
may help in reaching a definite diagnosis (e.g. hematoma) or narrow differential 
diagnosis (lipoma vs. well differentiated liposarcoma) precluding the need for a 
biopsy.  Also, MRI detects bone invasion by sarcoma, which is rare but indicates 
poorer prognosis [26].  MRA (angiography) can be added and provide invaluable 
information in certain circumstances.  Further comparison of subsequent images 
may help in monitoring response to therapy.  Changes that predict good response 
include a decrease in tumor size, intratumoral necrosis and changes in signal-
intensity characteristics [26].  
CT may be preferred if MRI is contraindicated and for masses in certain anatomic 
regions such as the periscapular area or chest and abdominal wall, where motion 
artifact can be problematic. In addition, CT is the best imaging modality to detect 
and characterize calcification (chondroid or osteoid) in soft tissue tumors if 

radiographs are inadequate (given their subtle nature or obscuration by complex 
anatomy, particularly overlying osseous structures, i.e., the pelvis) [27].  
The radiologic differential diagnosis of any lesion can be narrowed by the 
location of the tumor.  For example, subcutaneous lesions include angiomatous 
tumors, dermatofibrosarcoma protuberance, leiomyosarcoma, lipoma, and MFH.  
Intermuscular lesions include liposarcoma, fibromatosis, leiomyosarcoma and 
synovial sarcoma.  
Intramuscular lesions include angiomatous lesions, lipoma, MFH, myxoma, 
well differentiated liposarcoma and leiomyosarcoma/RMS.  Intraarticular or 
juxtaarticular lesions include lipoma arborescens, giant cell tumor of tendon 
sheath, synovial hemangioma and synovial sarcoma [27]. 
Once a diagnosis of STS is made, further evaluation should include chest imaging 
in the form of computed tomography, to look for metastatic disease.  Draining 
lymph nodes should be imaged particularly in tumors that are known to spread via 
lymphatics such as epithelioid sarcoma, RMS and clear cell sarcoma.  Radionucleide 
bone scan is frequently performed but its value in screening for bone metastasis 
in the absence of symptoms is questionable [28]. Bilateral bone marrow biopsies 
are needed in subtypes that tend to spread to the bone marrow, such as Ewing 
Sarcoma family of tumors and RMS.  

Positron Emission Tomography (PET)
The use of PET scanning was a major breakthrough in imaging of solid tumors 
and lymphomas.  PET is very sensitive in detecting high grade STS but specificity 
is only 60- 70% [29]. Better specificity is experienced with certain histologic 
subtypes like pleomorphic and mixed liposarcoma [30]. Interestingly, low grade 
STS show increased uptake in 50% of the cases and some benign soft tissue masses 
may show uptake as well, including giant cell tumors, chondroblastomas, some 
cases of fibrous dysplasia and nonossifying fibromas. In evaluating patients for 
possible metastasis, CT chest and bone scan remain better tests to detect pulmonary 
and bone lesions [31, 32].  One potential use of PET is to predict response to 
chemotherapy [31, 33].  It is important to emphasize the fact that PET scan can 
be useful only if it answers a question that may add something to the therapeutic 
plan.  Otherwise, its use should be limited to research trials.  The cost and high 
radiation exposure should direct oncologists to review evidence-based guidelines 
for judicious use of this modality.   

Off therapy Surveillance 
Careful monitoring of patients after finishing therapy is important for early detection 
of recurrence.  Local recurrence is usually detected by physical examination even 
when close imaging surveillance is used [34].  For that reason, it is essential to 
educate patients to report any unusual growth at site of the primary tumor as soon 
as it appears.  Chest imaging is even more important as patients who present 
with symptomatic lung spread are usually beyond salvage in most cases.  The 
outcome for patients with extremity NRSTS with lung metastasis detected via 
plain radiographs versus chest CT does not appear to be different [35].
Although metastatic disease in RMS and Ewing sarcoma family of tumors can 
grow rapidly, in NRSTS lung lesions can grow very slowly, and lung disease may 
appear many years after diagnosis and therapy [36].

Treatment

Surgery
Limb Salvage Surgery
Currently, there is no doubt that, when feasible with adequate resection margins, 
limb salvage surgery is the standard of care for bone and soft tissue sarcoma.  In 
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high-grade STS of the extremity, amputation can still be the procedure of choice, 
if adequate margins cannot be otherwise achieved, or if resection is expected 
to render the limb nonfunctional. An important study conducted by the NCI 
between 1975 and 1981 randomized 43 adult patients with high-grade STS of the 
extremity to receive either amputation at or above the joint proximal to the tumor, 
including all involved muscle groups, or to receive a limb-sparing resection plus 
adjuvant radiation therapy. The limb-sparing resection group received wide local 
excision followed by 5000 rads to the entire anatomic area at risk for local spread 
and 6000 to 7000 rads to the tumor bed.  There were four local recurrences in 
the limb-sparing group and none in the amputation group (p = 0.06). However, 
there were no differences in disease-free survival rates or overall survival rates. 
Multivariate analysis indicated that the only correlate of local recurrence was the 
final margin of resection [37]. 

Oncologic Resection
Complete resection of STS with adequate margins that are confirmed macroscopically 
and microscopically remains the most important aspect in the management of STS. 
In older literature, the adequacy of resection often was specified by way of the 
surgical procedure executed, with terms such as intralesional, marginal, wide, 
radical, compartmental, and so on.  
Currently, it is recognized that, although such terms are useful in the planning of a 
surgical procedure, the crucial determinant of adequacy of resection is the actual 
microscopic resection margin.  It is important to point out that sometimes it can 
be difficult to determine how wide the surgical margin should be for an adequate 
resection   All attempts should be made to get wide negative margins but in critical 
locations, like adjacent to the neurovascular bundle, margins as close as 1 mm may 
be the best that can be achieved and may result in good outcome [38].  Knowing 
that complete surgical resection is one of the most important determinant of long-
term survival [39], and that radiation therapy may be useful in certain cases (see 
discussion below), the decision to proceed with aggressive or mutilating surgery 
versus accepting positive margins with use of radiotherapy depends on the grade 
of the tumor, known radiosensitivity pattern, age of the patient, location of the 
tumor and in many cases, the parents’/patient’s preference.  There is no single 
formula that can put these factors together but the algorithm of the ongoing COG 
trial (see below) provides a general theme of commonly used concepts.

Tumor Bed Re-Excision
Many patients undergo an attempted gross resection of STS before referral to 
specialized centers.  In many cases the surgeon confirms complete resection 
which is intended in most cases to resect a benign lesion.  Pathology reports 
done outside specialized centers are usually deficient and in many cases gross 
examination and inking of the sample are not well documented.  For all of these 
reasons, the practice of musculoskeletal oncologists is always to perform tumor 
bed re-excision.  This approach confirms the presence of residual tumor in up 
to 46% of referred patients who were reported to have complete macroscopic 
resection before referral [40].  The same applies to children as similar findings 
were reported from St. Jude Children’s Research Hospital [41].

Sentinel Lymph Nodes
Commonly used in melanoma and breast cancer, sentinel lymph node biopsy provides 
the best available technique to sample draining lymph nodes.  Lymphatic mapping using 
both technetium-labeled sulfur colloid and Lymphazurin blue can be performed safely 
in pediatric skin and soft tissue malignancies [42, 43]. Special subtypes may benefit and 
are candidates for this technique: RMS of the extremities, epithelioid sarcoma, clear 
cell sarcoma, synovial sarcoma (recurrent), and vascular sarcomas, are such examples 
[44].  Sentinel lymph node biopsy for certain types of tumors seems to preserve its 

benefits in the face of novel imaging studies, as recent data from studies in melanoma 
and in breast cancer shows that PET/CT scan does not replace this technique [45].
Metastectomy
The outcome of metastatic NRSTS is disappointing despite multimodality therapy [46].  
Although overall survival rate is low, complete resection of all disease including 
metastatic lesions is essential for any chance of cure. The possibility of 
metastectomy may be entertained only if primary tumor is controllable and there 
is no extrapulmonary spread. The patient has to be a medical candidate for resection 
and complete resection of all disease appears possible.  If these conditions are met 
then cure is possible in approximately one fourth of patients [47, 48].   
In patients with RMS, isolated lung metastasis is associated with a 50% chance 
of cure [49].  
Because of the exquisite chemo- and radiosensitivity of this tumor, primary 
resection of pulmonary nodules is not recommended unless the true nature of 
some lesions is doubtful. The same is true for Ewing sarcoma. Persistent metastatic 
disease following radiation and chemotherapy should be resected, when possible, 
if adequate function/cosmesis can be preserved and there is no other evidence 
of tumor.    
On the other hand, alveolar soft part sarcoma metastasizes in 70% of the cases.  
Unlike RMS, metastatic pulmonary nodules run an indolent course and the patient 
may survive for up to 30 years with these nodules [50].  Metastectomy is unlikely 
to result in cure but if complete remission is achievable then pursuing these lesions 
aggressively may be justified.  More often, persistent nodules are more bothersome 
to the radiologists, oncologists and definitely the parents than to the patient.

Chemotherapy

The use of chemotherapy in STS is attractive.  STS usually present with localized 
disease and the use of chemotherapy to eradicate micrometastasis is expected to 
prolong metastasis free survival and improve outcome.  Although the concept is 
logical, and the importance of multiagent chemotherapy for long-term survival 
has now been well-established for RMS and Ewing sarcoma family of tumors 
[51], its usefulness in adult-type, or non- rhadbomyosarcoma STS (NRSTS) 
remains to be clarified. 
Both RMS and the Ewing sarcoma family of tumors are chemosensitive, and 
chemotherapy plays a central role in curative therapy [52] . Very active research 
involving pediatric RMS led by the Intergroup RMS Study (IRS) group in North 
America and the International Society of Pediatric Oncology (SIOP) in Europe 
resulted in unprecedented good results in this particular subtype that became a 
model to be followed by other STS. 
The role of chemotherapy is less clear in management of NRSTS. Historically, 
some effectiveness has been demonstrated using doxorubicin [53] and ifosfamide 
[54], and most current regimens are based on one or a combination of these two 
agents.  Dose intensification of doxorubicin is limited by cardiotoxicity but the 
introduction of cardioprotective agents and liposomal formulation may hamper 
this effect.  On the other hand, dose intensification of ifosfamide may be helpful 
with doses up to 7.5 gm/m2/cycle in palliative settings [55] and 14 gm/m2/cycle 
for curative intent [54].  The toxicity of ifosfamide in terms of gonadotoxicity 
[56] and nephrotoxicity [57] should be kept in mind.  Sperm cryopereservation 
is indicated before starting ifosfamide containing regimens as doses used may 
result in male infertility.  
The best evidence for a positive impact of adjuvant chemotherapy in NRSTS 
comes from a meta-analysis that was published in the Lancet more than a decade 
ago [58].  In this study, 1568 patients from 14 randomized trials were pooled 
together.  The study showed a hazard ratio for local relapse free interval of 
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0.72 (CI: 0.57 to 0.92), distant relapse free interval of 0.68 (CI: 0.57 to 0.81) 
and overall recurrence free interval of 0.75 (CI: 0.65 to 0.85).  The group that 
benefited the most seemed to be patients with extremity NRSTS.  This study was 
criticized for including only one study with ifosfamide and for diluting the benefit 
of chemotherapy by including patients with intermediate grade (28%) and low 
grade (5%) tumors.  Also, the study did not have enough number of patients to 
check histology-specific outcome.
A landmark study was conducted by the Italian Cooperative Group [59].  This 
trial randomized 104 patients with high grade pleomorphic spindle cell sarcoma 
to receive no chemotherapy or a combination of Epirubicin and Ifosfamide.  The 
early distant relapse incidence was significantly higher in the observation arm (2 
year: 28% versus 45%, P = 0.08) so the study was terminated early.  However, 
later analysis showed no difference in distant relapses (4 year: 44% versus 45%, 
P = 0.94 for chemotherapy versus control groups).  The study concluded that with 
acceptable toxicity, this combination can prolong survival. 
The European Organization for Research and Treatment of Cancer (EORTC) 
approach was to try chemotherapy in neoadjuvant settings.  One trial randomized 
49 patients to receive 3 cycles of preoperative chemotherapy (Ifosfamide + 
doxorubicin) vs. immediate surgery.  
Limb salvage was achieved in 88% of the cases and there was no increase in surgical 
complications among patients who received chemotherapy.  More importantly, 4 
patients had surgeries converted from wide excision to compartmental resection, 
thanks to chemotherapy- induced responses [60].  A subsequent phase II single 
arm study used chemoradiotherapy to facilitate surgery and improve local control 
of high grade tumors larger than 8 cm in diameter.  Patients received 3 cycles of 
MAID (mesna, adriamycin, ifosfamide, and dacarbazine ) with 44 Gy of radiation 
followed by surgery.  Postoperatively, 3 extra cycles of MAID were planned and 
16 Gy were delivered for patients with positive surgical margins.  
Wound healing complications occurred in 29% but the 5-year overall survival was 
significantly better than historical controls (87% vs. 58%; P=0.0003) [61].  The 
frequent local complications were attributed to concomitant use of radiotherapy 
with doxorubicin. 
The Pediatric Oncology Group conducted 3 trials [62-64] of chemotherapy in 
pediatric patients with NRSTS.  Unfortunately, these trials did not add much to our 
knowledge of NRSTS in young individuals, mainly because of small numbers.  The 
current use of chemotherapy in pediatric NRSTS uses the principles drawn from 
adult trials like those mentioned above.  These principles were melted together 
to formulate the ongoing COG trial, which hopefully will answer the question 
regarding the optimal use of chemotherapy in this patient population.   

Radiotherapy

The use of radiotherapy in STS is well established.  Currently, 3 indications for 
radiotherapy exist: Postoperative radiation to high-grade tumors after marginal 
resection, radiation of unresectable tumors to facilitate surgery, and palliative 
radiation to symptomatic primary tumor and metastatic lesions.   
The dose of radiotherapy is critical to achieve local control, with doses higher 
than 64 Gy reported for adults with NRSTS [65].  This dose is associated with 
significant short and long term complications and it may be more than needed for 
certain subtypes.  Actually, long experience with Ewing sarcoma control using 
chemotherapy showed that a dose of 55.8 Gy is adequate to achieve local control 
in most irradiated patients [51], and doses ranging between 37 Gy and 55 Gy are 
currently standard in multimodality therapy for RMS. These 2 histologic types 
are considered both chemo- and radiosensitive, unlike the NRSTS, which occur 
more commonly in older adolescents and adults.  For these latter tumors, higher 

doses may be required for incompletely resected tumors, and these “lower” doses 
are being tried only in resected tumors with microscopic residual.   
Understandably, the breadth and severity of radiation-related long-term complications 
are more substantial in younger patients. These include: secondary malignancy 
(especially if dose exceeds 48 Gy [66]), fractures, vascular complications, 
lymphedema, contractures and bone growth arrest [67]. For these reasons, this 
modality is avoided in young infants, particularly for large tumors.  The use in 
older children involves balancing risks and benefits but attempts should be made 
to avoid radiation in young children when possible. The best way to achieve this 
is by carefully planning the very first surgery in order to achieve the best possible 
resection to either spare the use of radiation, or minimize the field of radiation 
when it is unavoidable. In embryonal RMS for example, complete resection with 
negative margins (IRS clinical group I) spares the patient the need for radiation 
[68].  As many patients continue to be referred after surgery, the Children’s 
Oncology Group advocates immediate re-operation to try to convert microscopic 
residual and gross residual disease (clinical groups II and III, respectively) to 
clinical group I tumors, if possible. On the other hand, completely resected 
alveolar RMS cannot be controlled locally without radiation, a concept that was 
proven in a previous IRS study [69].  Dose reduction is currently practiced by the 
Children’s Oncology Group for different groups depending on histology, location 
and extent of resection.  Another example is Ewing sarcoma family of tumors.  
The best approach to unresectable tumors is to deliver multiagent chemotherapy 
in an attempt to facilitate resection.  If resection is achieved with safe margins, 
then radiotherapy can be avoided with good outcome [70].   
The use of radiotherapy for incompletely resected NRSTS, with or without gross 
residual disease, gives the best chance for local control.  When it comes to low 
grade tumors, e.g. dermatofibrosarcoma protuberans, radiation has to be carefully 
discussed in multidisciplinary settings.  The possibility of local recurrence without 
radiation should be made clear to the patient / family.  The success of salvage 
therapy with a second surgery for recurrent disease, in this rarely metastasizing 
tumor, provides a rationale for careful observation in an attempt to delay or avoid 
radiation.  There is limited experience with adults that indicates that this approach 
is safe [71] and the ongoing COG trial advocates this conservative approach 
for low grade tumors.  In intermediate grade tumors, the issue becomes more 
complicated as avoiding radiotherapy may result in serious consequences.  In 
this group, avoiding radiotherapy after incomplete resection should be attempted 
only in clinical trial settings.
Preoperative radiation has advantages that make it an option in adults. Planning 
radiation is easier before tumor resection with a smaller target volume and less 
dose delivered to surrounding normal tissues.  Theoretically, less viable cells will 
be “washed out” to the circulation during surgery and that may decrease the chance 
of metastasis.  On the other hand, wound complications can be a major drawback 
following preoperative radiotherapy [72].  There is evidence in the literature that 
preoperative radiation may result in better outcome when compared to postoperative 
radiation [73]. However, in young children where effects on growth and long-term 
serious sequelae are a major concern, preoperative radiation is only used if upfront 
surgery is impossible and chemotherapy is of no perceived benefit.   
Intraoperative radiotherapy is a well established modality for retroperitoneal 
sarcomas with multiple studies showing promising benefit [74].  The technique 
was tried successfully in children with tumors not accessible to external beam 
radiation[75, 76]. A potential problem in young children is securing the intraoperative 
field, which can be compensated by administering external radiation [77].
Brachytherapy is another radiation technique used in STS, to deliver therapeutic 
doses of radiation with minimal toxicity to surrounding normal tissues.  Temporarily 
implanted plastic catheters are sutured in the tumor bed first.  Then, 192 Iridium or 
125 Iodine is “after loaded” following wound closure.  The technique delivers high 

review  <



www.amaac.info	 	 	 	 								 	 	 																														Pan	Arab	Journal	of	Oncology		|		vol	2;	issue	1		|		January	09 <  ��

doses of radiation to tumor bed sparing normal tissues 2-3 cm away and it requires 
shorter treatment time.  Obviously, the main concern is wound complications 
which occur in up to 40% of cases but can be significantly reduced by delaying 
after-loading until the 6th postoperative day [78, 79].  
Recently, investigators at Tata Memorial Hospital in India reported a 10-year 
experience with Brachytherapy in 50 children, 30 of them were treated with no 
external beam radiation at all [78]. Local control was achieved in 82% of the 
patients after more than 4 years of follow up.

New Modalities

Isolated limp perfusion
While not really new, as this modality was first introduced in 1958, interest in this 
technique sparked recently. The technique entails completely isolating the limb 
from circulation and then the use of cardiopulmonary bypass to circulate high 
doses of chemotherapy.  The chemotherapy cocktail commonly used contains 
melphalan, and tumor necrosis factor (TNF) linked to a radioactive isotope.  
The patient is monitored for leakage of isotope in systemic circulation using a 
Geiger counter, which in turn alarms for leak of the toxic TNF.  The technique 
is associated with local serious side effects including vascular complications 
and need for amputation (1%).  Worldwide experience with the technique in 
unresectable tumors shows very promising results with limb salvage achieved in 
85% of these tumors [80-83].

Regional Hyperthermia
Regional Hyperthermia kills tumor cells at temperatures of 40 to 43 degrees in a 
time / temperature dose relationship and shows synergy with chemotherapy. The 
application of regional hyperthermia with an electromagnetic deep heating device 
can be nowadays routinely applied under clinical conditions with low toxicity. The 
preliminary results of a completed EORTC-European Society of Hyperthermic 
Oncology Intergroup randomized phase III trial for the most common types of 
adult high-risk soft tissue sarcomas demonstrate a significant benefit in the clinical 
outcome of patients receiving regional hyperthermia therapy [84].

Maintenance Chemotherapy
The great success of maintenance chemotherapy in the management of pediatric 
acute lymphoblastic leukemia encouraged investigators to study this approach in 
STS. A pilot study conducted in Europe tested vinorelbine, a new semi-synthetic 
vinca alkaloid,  and low- dose cyclophosphamide in maintenance settings [85].  
This regimen will be incorporated in the upcoming European RMS Protocol.  
Another trial was published recently where 96 children with STS were randomized 
after receiving multiagent chemotherapy to receive tandem high dose therapy 
consisting of thiotepa plus cyclophosphamide and melphalan plus etoposide vs. 
oral maintenance therapy consisting of four cycles trofosfamide (10 days 2 x 75 
mg/m(2)/day) plus etoposide (10 days 2 x 25 mg/m(2)/day), and 4 cycles 
trofosfamide (10 days 2 x 75 mg/m(2)/day) plus idarubicin (10 days 4 x 5 mg/
m(2)).  After a median follow- up of approximately 5 years, 11/45 (24.4%) patients 
in the High dose-arm and 26/51 (57.8%) patients in oral maintenance-arm were 
alive indicating superiority of oral maintenance [86].

Newer Chemotherapeutic Agents
The pressing need for new agents to treat advanced and metastatic STS has not been 
satisfied so far.   In RMS and Ewing sarcoma family of tumors, the combination 
of Vincristine/Irinotecan, as well as Cyclophosphamide/Topotecan, have shown 
impressive efficacy as second-line therapy in relapsed disease [87], although 

long-term remissions remain difficult to achieve in such cases.    
In NRSTS, it has been more challenging to identify agents with anti-tumor 
activity, since these tumors are largely chemoresistant. Two agents, gemcitabine 
and docetaxel, have shown some promising results.  Both agents have limited 
activity when used as monotherapy with few exceptions (docetaxel shows some 
activity in treatment of angiosarcoma, and gemcitabine has activity against uterine 
leiomyosarcoma).  When combined,  this new regimen has significantly improved 
activity in treating uterine leiomyosarcoma.  In the first phase II study, 53% 
response rate was observed in women heavily pretreated with doxorubicin-
based regimens [88].  When tried in other types of NRSTS, less exciting results 
were observed [89].   This regimen is expensive and is not without significant 
toxicities, including pulmonary toxicity and refractory peripheral edema.  Its may 
induce transient responses in patients with refractory NRSTS but its best use is 
in clinical trials [90]. 
A new addition to the NRSTS drug armamentarium is trabectedin (ET-743) which 
is derived from a marine turnicate.  This novel drug is a DNA guanine-specific 
minor groove binding agent that affects transcriptional regulation in a promoter-
dependent manner.  It inhibits nucleotide excision repair and blocks the cell cycle 
in late S and G2 phases [91]. Trabectedin showed excellent results in treating 
myxoid liposarcoma where 51% response rate and 88% progression free survival 
at 6 months were reported [92].

Molecularly-Targeted Therapy
The identification of specific recurrent chromosomal translocations in several types 
of soft tissue sarcoma has identified biologically relevant mutations and signaling 
pathways that may explain, or at least contribute to, the malignant biology. These 
recurrent genetic changes have now established their usefulness in the accurate 
diagnosis of the specific sarcoma subtypes and hold promise in serving as targets for 
directed therapies. Many efforts are directed at better understanding the signaling 
pathways linking these genetic changes to cellular oncologic mechanisms. The 
hope is that with identification of critical messaging components, directed therapy 
will be developed to intercept and revert those signals and arrest tumorigenesis. A 
successful example of this process is seen with GastroIntestinal Stromal Tumors 
(GIST), where activating KIT mutations and increased KIT pathway signaling 
have been identified. Treatment of these tumors with Imatinib, a tyrosine kinase 
inhibitor with activity against KIT, effectively stabilizes the disease and prolongs 
time to progression[93].  
Another promising development is the recent entry of mTOR pathway inhibitors 
into clinical trials for STS[94].  Inhibition of the mTOR signaling pathway has 
shown promising clinical benefit in treatment of resistant STS, and interesting 
activity against RMS [95] and EWS [96].  
Trials utilizing these agents in children and young adults with high-risk sarcomas 
are eagerly awaited, to establish the most beneficial role for these molecularly 
targeted therapies, especially with respect to timing and optimal combination with 
conventional cytotoxic and multimodality therapies.

Histology-Specific Therapies
Slowly but steadily, we are moving to an era of tailored therapy.  Histology specific 
treatment is entering the picture, although development of such therapies require 
wide collaborative trials, since for NRSTS individual subtypes are rare.  At the 
same time, immunohistochemistry and geetic testing may be used to stratify some 
tumors for targeted therapy(Figure1). 

Prognosis
Despite improvements in outcome of patients with RMS due to advances in 
multimodality herapy, the survival of young individuals with NRSTS remains 
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lower, especially in patients with nonresectable disease (Fig 3).  Prognosis of 
STS depends on many factors including the size, stage, site, histology, resection 
margins, age at diagnosis and histologic grade. Different studies evaluated these 
factors in different cohorts of patients and highlighted their significance even in 
young individuals [39, 97, 98].  A nomogram was developed by investigators 
in Memorial Sloan-Kattering Cancer Center and proved its value in predicting 
the 12-year sarcoma-specific death (SSD) [99].  The nomogram is designed for 
patients older than 16 years and it assigns points to each prognostic factor but 
gives different weights to different variables with histology and tumor size having 
more impact than other factors.  
When these points are added together, SSD can be easily plotted for low grade or 
high grade STS.  For example, a 20 year old patient with synovial sarcoma having 
a primary tumor that is 5-10 cm in diameter, deep in location and arising in the 
lower extremity gets 3, 72, 43, 30 and 6 points for age, histology, size, depth and 
site, respectively.  The total is 154 which places the patient approximately at 0.40 
± 0.08 probability of 12-year SSD.  Ferrari et al tested the nomogram in children 
[100].  They concluded that age-related mortality pattern can be extrapolated below 
the age of 16 years which makes the nomogram usable in younger patients.  Also, 
they found that observed mortality in their patients was higher than predicted by the 
nomogram mainly due to greater impact of tumor size.  This later observation can 
be explained by the higher tumor-to-patient ratio in young patients in comparison 
to adults who have more body mass.  For example, a 5 cm mass in a 20 kg child 
is associated with more local effects and is more difficult to resect than a mass of 
the same size in a 70 kg adult.

Children’s Oncology Group Current Trial for NRSTS 
ARST0332 trial was activated in February 2007.    Its primary objective is to define 
a risk- based treatment strategy for young patients and to assess event-free and 
overall survival and the pattern of treatment failure in enrolled subjects.  Individuals 
< 30 years old with NRSTS are eligible. The trial design divides tumors into low, 
intermediate, and high-risk depending on histologic grade, tumor size, stage, and 
resection margins (Table VI). Treatment varies depending on risk group, and 
includes observation (for grossly resected low grade sarcomas), radiation alone, 
or chemoradiation.  For high grade tumors, radiation can be avoided only in 
completely resected, nonmetastatic tumors ≤ 5 cm in diameter (Table VI).   

Who Should Care For Young Adults with STS?
Traditionally, patients younger than 18 years of age are cared for by pediatric 
oncologists, while those older than 18 are cared for by medical oncologists.  Some 
institutions in the Arab world lower the age cut-off to 13 or 15 years.  As adolescents 
and young adults with sarcoma span the gap between the two fields, they continue 
to be out of focus.  First of all, enrollment in clinical trials is particularly poor in 
this age group which may partially explain the slow improvement in STS outcome 
[101].  Also different treatment approaches may contribute to the poorer outcome 
in adolescents and young adults with STS [102].     
How can the gap be bridged?  Can pediatric and medical oncologists work together 
in caring for young adults with STS?  Pediatric oncologists are usually eager to 
take more patients.  
The skills that the pediatric oncologist develops in communicating with adolescents 
are not very different from those needed to communicate with young adults.  
The pediatric oncology culture encourages collaborative research as all pediatric 
malignancies are rare which should eventually increase the number of patients 
with STS enrolled on clinical trials.  On the other hand, pediatric oncology units 
are already busy and older patients are generally not accepted to the pediatric 
inpatient units.  Young adults do not feel comfortable in pediatric clinics and may 
feel awkward when they have to sit in the waiting area with screaming toddlers.  

Finally, the expertise of medical oncologists in general care of the young adult is 
needed in taking care of this population.
At the Children’s Cancer Center of Lebanon, all pediatric and adolescent patients 
with sarcomas are discussed in a multidisciplinary setting, to individualize therapy 
and plan the most appropriate therapeutic approach for each patient.  At King 
Hussein Cancer Center, a sarcoma multidisciplinary clinic was established in 2006.  
The clinic is held every week with representatives of all involved specialties: 
pediatric and medical oncology, musculoskeletal surgery, radiation oncology, 
radiology, pathology and nursing.   Such settings help specialists treating patients 
of all ages in communicating their concerns:  Try to avoid radiation in young 
patients, be more aggressive with multiagent chemotherapy in fit individuals and 
judiciously use palliative measures to add quality-years to the patient’s life.  Such 
models may be the best affordable to bridge the gap with no logistic barriers.  
Finally, it is important to emphasize that for such rare tumors, and especially 
in this young adult population, cooperation among the different disciplines, 
as well as between clinicians and scientists involved in cancer treatments and 
therapeutics, is essential. Only through cooperative efforts will we be able to 
elucidate the differences and similarities in the biology and behavior of these 
diverse tumors gathered under the broad nomenclature of STS. This will hopefully 
lead to development of new, more effective, targeted therapies, which are sorely 
needed.
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Table 4. Pediatric Oncology Group Histologic Grading System

Table 5. Recurrent chromosomal translocations in soft tissue tumors*
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Table 1. The most common types of STS in individuals < 30 years old
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Figures

Fig 1. Age adjusted rates per 100,000 and age-adjusted to the 2000 US Std 
Population (19 age groups - Census P251130-).  NRSTS,nonrhabdomyosarcom
a soft tissue sarcoma; RMS, rhabdomyosarcoma 

Fig 2. A proposed algorithm for stratification of patients with STS based on 
evolving histology directed therapies.  ILP; isolated limb perfusion, RHT; 
regional hyperthermia, XRT; radiotherapy, VAC; vincristine, actinomycin and 
cyclophosphamide  

Fig 3. Comparison of survival of RMS (-) and NRSTS ( ---) for 4254 
patients < 30 years of age registered on SEER 17 from 19952005-. P<0.0001 
(log rank test). NRSTS, nonrhabdomyosarcoma soft tissue sarcoma; RMS, 
rhabdomyosarcoma 


