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Pediatric soft tissue sarcomas originate from 
mesenchyme and accounts for 7% of all 
childhood cancers.1 They are divided into two 
groups as rhabdomyosarcomas (RMS) and 
non-rhabdomyosarcoma soft tissue sarcomas 
(NRSTS) with an incidence of 40 and 60%, 
respectively.2,3 NRSTS shows a bimodal age 
distribution in childhood, with the incidence 
being high in infants and adolescents.4 

There are several genetic syndromes and 
molecular alterations that have been associated 
with the development of NRSTS. The risk 
of developing malignant peripheral nerve 
sheath tumor (MPNST) in children with 
neurofibromatosis 1 (NF-1) is three times 
higher than in the general population.5 The 
risk of NRSTS is also higher in Li-Fraumeni 
Syndrome, which is characterized by p53 gene 
mutation.6 In addition, ionizing radiation and 
chemotherapy (CHT) may also play a role in 
their etiology. However, in most patients the 
etiology is unclear.

NRSTS are quite complex and heterogeneous 
group of tumors including nearly 50 
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ABSTRACT

Background. For children with non-rhabdomyosarcoma soft tissue sarcomas, a risk-adapted treatment 
approach is generally used in order to minimize treatment-related morbidity and mortality in low-risk patients 
and maximize the benefit in high-risk patients. Our aim in this review is to discuss the prognostic factors, risk-
adapted treatment options and the details of radiotherapy.

Methods. The publications reached by searching the keywords ‘pediatric soft tissue sarcoma’, ‘non-
rhabdomyosarcoma soft tissue sarcoma (NRSTS)’, and ‘radiotherapy’ in Pubmed database were evaluated in 
detail.

Results. Today, based on prospective COG-ARST0332 and EpSSG studies, a risk-adapted multimodal 
treatment approach has become the standard in pediatric NRSTS. According to them, adjuvant chemotherapy/
radiotherapy can be safely omitted in low-risk patients, while adjuvant chemotherapy/radiotherapy or both 
are recommended in intermediate and high-risk groups. Recent prospective studies for pediatric patients have 
reported excellent treatment outcomes with smaller radiotherapy fields and lower doses than adult series. 
The primary goal of surgery is maximal tumor resection with negative margins. In cases that are initially 
unresectable, neoadjuvant chemotherapy and radiotherapy should be considered.

Conclusions. A risk-adapted multimodal treatment approach is the standard in pediatric NRSTS . Surgery alone 
is sufficient in low-risk patients, and adjuvant therapies may safely be omitted. On the contrary, in intermediate- 
and high-risk patients, adjuvant treatments should be applied to reduce recurrence rates. In unresectable 
patients, the chance of surgery increases with the neoadjuvant treatment approach and thus treatment results 
may improve. In the future, outcome might be improved with further clarification of molecular features and 
targeted therapies in such patients.
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histological subtypes. Pediatric NRSTS includes 
special histological subtypes such as infantile 
fibrosarcoma and the distribution of histological 
subtypes which are quite differed from 
adult cases. Synovial sarcomas, MPNST and 
fibrosarcomas are the most common histological 
subtypes in pediatric cases.4 These tumors are 
usually observed in the trunk or extremities. 
The most common initial symptom is a painless 
mass. As they are usually tumors with local 
infiltrative growth pattern, symptoms associated 
with infiltration of adjacent neurovascular 
structures or organs may accompany. Regional 
lymph node (LN) metastases are generally rare 
but can be observed in some subtypes such as 
synovial, clear cell or epithelioid sarcomas.7 
Distant metastases are present in 15% of newly 
diagnosed cases, and the most common site is 
the lungs.8 

A detailed anamnesis, including family history, 
is essential to detect underlying genetic 
disorders. A careful physical examination is 
required to determine the local characteristics 
of the tumor. Computed tomography (CT) 
or magnetic resonance imaging (MRI) is 
also recommended to evaluate the size and 
extension of the tumor, its relationship with 
adjacent structures, and treatment planning. 
Chest X-ray or thorax CT should be taken 
for evaluation of lung metastases. Fluorine-
18-fluorodeoxyglucose positron emission 
tomography (PET-CT), widely used today, may 
also help in the staging of the disease.

In the presence of a soft tissue mass suspected 
of malignancy, a histological diagnosis 
must be obtained by core needle biopsy 
or open surgical biopsy. Classification of 
NRSTS causes challenges for pathologists 
and there is wide interobserver variability. 
Therefore, pathological examination 
should be performed by a pathologist with 
expertise in sarcomas, according to the World 
Health Organization (WHO) Classification.9 
Immuno histochemical study and molecular 
profiling are useful for accurate classification. 
The two most commonly used systems for 
the histological grading are those developed 

by the Pediatric Oncology Group (POG) and 
the Federation Nationale des Centers de 
Lutte Contre le Cancer (FNCLCC).10 In the 
prospectively validated POG system, cases are 
graded as low, intermediate and high based 
on histological subtype, necrosis rate, and 
cellular pleomorphism.11 According to this 
system, mortality rates are 15% in grade 1 and 
2 tumors and 73% in grade 3 tumors.12 In the 
FNCLCC system, grading is based on tumor 
differentiation, presence of necrosis and the 
number of mitoses.13

Although there is no standard consensus for 
pediatric NRSTS staging, the most commonly 
used staging system is the American Joint 
Committee on Cancer (AJCC). In this system, 
tumor size (T1 ≤5 cm, T2 >5 cm), tumor depth 
(a=superficial, b=deep), nodal involvement (N), 
distant metastasis (M) and histological grade 
(G) are taken into account.14 Another staging 
system used after surgery is the ‘Intergroup 
RMS Study Group (IRSG)’ classification. It 
is determined based on the completeness of 
surgical resection: initial complete resection 
(R0) is classified as group 1, complete resection 
with microscopic residual disease (R1) and/or 
regional LN involvement (N1)refers to group 
2, macroscopic residual disease (R2) or biopsy 
alone (not resected) is classified as group 3 
and metastatic disease is classified as group 4. 
However, as a limitation, important factors such 
as tumor grade and width of surgical margins 
are not considered in this system.15 

The most significant poor prognostic factors in 
pediatric NRSTS are tumor grade (high), tumor 
size of >5 cm, positive or close surgical margins, 
and presence of metastatic disease.16,17 In a meta-
analysis including unresectable patients, age, 
delayed complete surgical resection, histological 
subtype, response to neoadjuvant CHT, tumor 
site and presence of radiotherapy (RT) were 
also defined as prognostic factors. Trunk, intra-
abdominal or intrathoracic localization, MPNST 
histology, age >10 years were poor prognostic 
factors for survival. NF-1-associated MPNSTs 
had the worst CHT response and survival rate 
in all NRSTS.18
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Researchers at St. Jude Children’s Research 
Hospital identified three risk groups with 
significantly different overall survival (OS) 
rates according to the prognostic features. 
Group 1 includes completely resected and 
non-metastatic patients, Group 2 includes 
unresectable and non-metastatic patients, 
and Group 3 includes metastatic patients, 
with 5-year OS rates of 89%, 56%, and 15%, 
respectively.8,16,17 In the Children’s Oncology 
Group (COG) risk classification used today, the 
cases are divided into low-, intermediate-, and 
high-risk groups according to resection width, 
POG tumor grade, tumor size, and presence of 
distant metastases. Five-year OS rates are 90%, 
50%, and 15% for the low-, intermediate-, and 
high-risk groups, respectively.16,17,19

Treatment

A multidisciplinary approach is mandatory 
in the treatment of this special disease. In the 
past, due to the rarity of prospective studies 
on NRSTS in the pediatric age group, cases 
were often treated similar to adult patients. 
Following the definition of prognostic factors 
in the two large single-center series in pediatric 
NRSTS, prospective studies including a 
multimodal risk-adapted treatment approach 
were designed by the COG and the European 
pediatric Soft Tissue Sarcoma Study Group 
(EpSSG).16,17,20 These comprehensive studies 
have led to the definition of a standard of care 
for pediatric NRSTS and both will be discussed 
in detail below.19,21 Again, the INternational 

Soft Tissue SaRcoma ConsorTium (INSTRuCT), 
formed by COG, EpSSG and Cooperative 
Weichteilsarkom Studiengruppe, aimed to 
provide treatment standardization and improve 
treatment outcomes in pediatric NRSTS, and 
has recently published its recommendations.22 
In general, patients are classified according 
to key prognostic factors such as presence of 
distant or LN metastases, histologic grade, 
primary tumor size (≤5 cm vs. >5 cm) and 
extent of surgical resection, and a risk-adapted 
treatment approach is applied (Table I).

Surgery 

While determining the local treatment method, 
tumor grade, tumor size, tumor localization, 
surgical margins and patient age should be 
considered. The main treatment component of 
the multimodal treatment strategy is complete 
surgical resection with negative margins 
prior to or after CHT and/or RT. One of the 
most important goals should be to avoid any 
microscopic or macroscopic disease left behind. 
Although negative surgical margins after 
resection are essential, surgical procedures with 
high morbidity or mutilation should be avoided 
since similar local control rates can be achieved 
with modern RT techniques. A cornerstone 
randomized trial including both adult and 
pediatric patients with soft tissue sarcoma 
showed that limb-sparing surgery and adjuvant 
RT had similar survival rates when compared 
to amputation.23 

Table I. INSTRuCT risk-adapted treatment recommendations for NRSTS.22

IRS Group Grade Tumor Size Surgical Status Treatment
I-II Low - R0-R1 Surgery alone
I High ≤5 cm R0 Surgery alone
II High >5 cm* R1 Adjuvant RT
I-II High >5 cm** R0-R1 Adjuvant CHT (4-6 cycles of I&D) ± RT
III High >5 cm Unresectable or delayed 

resection planned
Neoadjuvant CHT (6 cycles of I&D) and RT

Metastatic - - - Neoadjuvant CHT (6 cycles of I&D) and RT
CHT: chemotherapy, D: doxorubicin, I: ifosfamide, INSTRuCT: INternational Soft Tissue SaRcoma ConsorTium,  
IRS: Intergroup Rhabdomyosarcoma Study, NRSTS: non-rhadbomyosarcoma soft tissue sarcomas,  
R0: negative resection margins, R1: microscopic tumor infiltration, RT: radiotherapy. 
*Eventually size ≤5 cm.
**Eventually synovial sarcoma IRS group II with ≤5 cm tumor and/or axial location.
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Since lymphatic metastasis is rare, routine 
LN dissection is not recommended. However, 
clinically suspicious LNs should be sampled, 
especially in tumors of specific histological types 
at risk of regional LN metastasis. Although this 
is an evolving area, the utility of sentinel LN 
biopsy has been reported in pediatric NRSTS 
at high risk for nodal involvement and can 
be considered in some cases.24 The optimal 
management of pathologically confirmed 
metastatic LNs is unknown due to the rarity 
of these cases, but overall, LN dissection with 
adjuvant RT is generally the preferred approach.

Systemic Treatment

NRSTSs are generally accepted chemoresistant 
tumors except synovial sarcoma. Although they 
are defined as chemoresistant, CHT plays a 
vital role in selected patients. It has been shown 
that the regimen with the highest response 
rates among the different chemotherapeutic 
agents was a combination of ifosfamide and 
doxorubicin.20 CHT is generally used with 
an aim to increase the resectability rates of 
unresectable tumors and is always used with 
RT since the highest resectability rates are 
achieved with combined approaches rather 
than CHT alone.17 Also, CHT can provide 
systemic disease control in metastatic patients. 
Again, it can be applied as adjuvant therapy to 
provide systemic control in tumors with high 
metastatic potential in the postoperative period. 
In a retrospective analysis of 36 patients it was 
shown that patients with high-grade or tumors 
larger than 5 cm had better 5-year metastasis-
free survival and OS rates with adjuvant CHT 
than those who had not.25 However, a large trial 
in pediatric patients failed to demonstrate any 
survival benefit with adjuvant CHT compared 
to observation alone.26 

With a better definition of molecular features 
and the integration of genetic data in NRSTS, 
molecular targeted therapies such as specific 
tyrosine kinase inhibitors, such as imatinib, 
sunitinib, pazopanib etc., can be used as new 
agents in pediatric NRSTS. The prospective 

ARST1321 study showed that pathological 
near complete response rates increased with 
the addition of pazopanib to neoadjuvant 
chemoradiotherapy (CRT).27 However, 
comprehensive prospective studies are needed 
to clarify whether survival rates are improved 
with targeted therapies.

Radiotherapy

RT plays an essential role in the treatment 
of NRSTS. It can often be applied to patients 
with a high risk of local recurrence, either 
preoperatively or postoperatively. Indications 
for adjuvant RT in current clinical practice 
are determined by surgical margin status, 
tumor grade, tumor size, invasion of adjacent 
structures, histological subtype, age, and 
underlying genetic syndromes (e.g., Li Fraumeni 
Syndrome). Surgery alone is a sufficient therapy 
for patients with localized, low-grade tumors 
with negative surgical margins. If the surgical 
margin is close or positive, re-excision should 
be the first choice and RT in these patients 
is generally reserved for recurrence. With 
this approach, excellent survival rates can be 
achieved with re-excision and adjuvant RT, even 
if there is recurrence.16 Exceptionally, if limb-
sparing surgery cannot be performed in case of 
recurrence or the morbidity of the surgery to be 
performed is unacceptable, adjuvant RT may 
be considered without delay. In the presence 
of high-grade tumors >5 cm or marginally-
resected high grade tumors, adjuvant RT is 
recommended to increase local control.28 

The treatment approach used in pediatric 
NRSTS in recent years is based on the risk 
grouping, in which more intensive treatments 
are applied to increase survival in high-risk 
cases and de-escalated treatment approach in 
low-risk patients in order to avoid treatment 
related morbidity. In summary, treatment 
plans vary from surgery alone to more 
aggressive neoadjuvant or adjuvant CHT and 
RT regimens. This approach was tested in the 
recently published prospective ‘ARST0332’ 
trial designed by COG.19 In this study patients 
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were categorized into low-, intermediate-, and 
high-risk groups according to the POG tumor 
grade, tumor size, distant metastasis status, 
initial extent of surgery and surgical margins, 
and four different treatment arms (A-D) were 
defined (Table II). Five hundred twenty-nine 
patients under 30 years of age with more than 
30 histological subtypes were included in this 
study. The absence of microscopic tumor cells 
in the surgical margins was accepted as R0 
resection, while the adequate surgical margin 
was determined as ≥5 mm. According to this 
protocol, surgery alone was performed in low-
risk patients, except those with high-grade 
tumors and R1 resection. Adjuvant RT with a 
total dose of 55.8 Gy was applied to patients with 
high-grade tumors and positive microscopic 
margins. Adjuvant CHT containing ifosfamide 
and doxorubicin plus adjuvant RT (55.8 Gy) 
starting after the second cycle of CHT was 
applied to resected patients in the intermediate 
and high-risk groups. Initially unresectable 
patients underwent surgery after neoadjuvant 
CRT. After surgery, adjuvant CHT and RT boost 
were applied according to the surgical margin 
status. The total dose of neoadjuvant RT was 45 
Gy. After surgery, 10.8 Gy boost was applied 

to patients who underwent R1 resection, and 
19.8 Gy boost to patients who underwent R2 
resection or were unresectable. No adjuvant 
therapy was applied for low-grade tumors 
that were initially metastatic if all lesions 
were grossly resected. However, metastasis-
directed RT at a dose of 50 Gy in 25 fractions 
was applied to all residual metastatic lesions 
at the end of the therapy. Whole lung or whole 
abdomen or pelvis RT was not recommended. 
At the end of a median follow-up period of 
6.5 years, risk groups were shown to have a 
significant predictive effect on survival rates. 
The 5-year OS and event-free survival (EFS) 
rates were 96.2% and 88.9%, 79.2% and 65%, 
and 35.5% and 21.2% for low-, intermediate-, 
and high-risk patients, respectively. According 
to the ARST0332 study results, the oncological 
outcomes were excellent with surgery alone in 
low-risk patients, and late toxicities of adjuvant 
treatments could be avoided safely in these 
patients. In addition, it was underlined that a 
lower adjuvant RT dose (55.8 Gy at adjuvant 
setting and 45 Gy at neoadjuvant setting) rather 
than conventional doses provided satisfyingly 
high local control rates. 

Table II. COG’s ARST0332 Study: A risk-adapted treatment approach in NRSTS.19

Risk Group
Prognostic Factors

Treatment 
(Treatment Arm)Grade Tumor Size Metastasis* Resection Status of 

Primary Tumor
Low Low ≤5 cm/>5 cm (-) Grossly resected (R0/R1) Observation (A)

High ≤5 cm (-) Microscopic margins (-) Observation (A)
High ≤5 cm (-) Microscopic margins (+) Adjuvant RT (B)

Intermediate High >5 cm (-) Grossly resected (R0/R1) Adjuvant CHT and RT (C)
High >5 cm (-) Unresected/R2** Neoadjuvant CRT, surgery,  

adjuvant CHT ± RT (D)
High Low ≤5 cm/>5 cm (+) Grossly resected (R0/R1) Observation (A) or Adjuvant 

CHT and RT (C)***
High ≤5 cm/>5 cm (+) Grossly resected (R0/R1) Adjuvant CHT and RT (C)
High ≤5 cm/>5 cm (+) Unresected/R2** Neoadjuvant CRT, surgery, 

adjuvant CHT ± RT (D)
CHT: chemotherapy, COG: Children’s Oncology Group, CRT: chemoradiotherapy, NRSTS: non-rhabdomyosarcoma soft 
tissue sarcomas, RT: radiotherapy.
*Lymph node and/or distant metastasis.
**Unresectable or high-grade tumor >5 cm where delayed resection planned.
***If all disease resected (A) or not (C).
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Venkatramani et al.29 also separately reported 
the characteristics and treatment outcomes of 
patients diagnosed with synovial sarcoma, the 
most common NRSTS, in the ARST0332 study. 
When 138 available patients were examined, 
risk-adapted treatment was found to be 
effective and safe. All parameters used in risk 
classification had a significant predictive effect 
on the outcomes. Adjuvant CHT and RT could 
be avoided in almost one third of patients. 
The 5-year OS rate was reported as 100% in 
patients who underwent surgery alone for low-
risk disease. Sixty-nine (50%) of the synovial 
sarcoma patients were initially considered 
unresectable and treated with neoadjuvant 
CRT. The dose of RT in these patients was 45 
Gy which is lower than the doses used in the 
postoperative adjuvant RT approach and 
gross total resection was performed in 87% of 

them. Since less than 20% had a microscopic 
residual disease, a boost of 10.8 Gy was applied 
postoperatively in the study. Although synovial 
sarcoma is considered as a chemosensitive 
tumor, it is interesting that high (>90%) necrosis 
rate was detected in only 28% of patients after 
neoadjuvant CRT. In the following ARST1321 
Phase 2 study, it was shown that the addition 
of pazopanib to neoadjuvant CRT increased 
rates of pathological near complete response 
in children and adults with advanced NRSTS.27 
The long-term results of these trials will reveal 
the effect of pathological response rates on 
survival outcome.

Similar to the COG, the NRSTS 2005 study 
of EpSSG also examined the risk-adapted 
treatment in pediatric patients with NRSTS 
(Table III).21 The EpSSG study included two 

Table III. EpSSG’s NRSTS 2005 Study: A risk-adapted treatment approach in NRSTS.21

Surgery Alone
Synovial Sarcoma IRSG I, ≤5 cm

IRSG I, ≤5 cm, any grade Upfront surgery, no adjuvant 
treatment.

Adult type NRSTS IRSG I, >5 cm, grade 1
IRSG II, any size, grade 1

Adjuvant RT*
IRSG I, >5 cm, grade 2

Adult type NRSTS IRSG II, ≤5 cm, grade 2−3 Adjuvant RT (54.0 Gy)
IRSG II, >5 cm, grade 2

Adjuvant CHT (with or without RT)
IRSG I, >5 cm 4 cycles I&D

Synovial Sarcoma IRSG II, ≤5 cm 3 cycles I&D + RT (50.4 Gy)
IRSG II, >5 cm
Axial site or resected N1 3 cycles I&D + RT (54 Gy) with 2 

cycles I + 1 cycle I&D
Adult type NRSTS IRSG I−II, >5 cm, grade 3 or 

resected N1
Neoadjuvant CHT (with or without RT)
Synovial Sarcoma IRS Group III (unresected) or 

unresected N1
3 cycles I&D + Surgery + RT** 
(50.4-59.4 Gy) with 2 cycles I + 1 
cycle I&D ± 1 cycle I&D

Adult type NRSTS
CHT: chemotherapy, D: doxorubicin, EpSSG: European pediatric Soft Tissue Sarcoma Study Group, I: ifosfamide,  
IRSG: Intergroup Rhabdomyosarcoma Study Group, N: nodal stage, NRSTS: non-rhabdomyosarcoma soft tissue sarcomas, 
RT: radiotherapy
* Following upfront surgery.
**50.4 Gy after R0, 54.0 Gy after R1, and 59.4 Gy after R2 resection.
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different treatment protocols under the headings 
of synovial sarcomas and adult type NRSTS to 
create subgroups as homogeneous as possible. 
Unlike the COG study, metastatic patients 
were not included in this study. Patients with 
synovial sarcoma were stratified according to 
surgical stage, tumor size, nodal involvement, 
and tumor localization. The risk classification 
in the EpSSG study also included the IRSG 
classification system based on surgical resection 
status, which was previously mentioned, and 
grading was based on the FNCLCC grading 
system. In this study patients were divided into 
four treatment groups: surgery alone, adjuvant 
RT, adjuvant CHT (± RT), or neoadjuvant CHT 
(± RT). The main CHT regimen was ifosfamide 
plus doxorubicin. With a median follow up of 
80 months, 5-year OS and EFS rates were 98.1% 
and 91.4 % in the surgery alone group, 88.2% 
and 75.5% in the adjuvant RT group, 75.8% and 
65.6% in the adjuvant CHT group and 70.4% 
and 56.4% in the neoadjuvant CHT group, 
respectively. As a conclusion, the authors 
stated that risk-adapted treatment was safe and 
feasible.

Timing of Radiotherapy

RT can be used as preoperative, intraoperative, 
postoperative or as definitive therapy but it is 
usually recommended in the postoperative 
setting for NRSTS.23,30 Preoperative RT, on the 
other hand, is increasingly popular because of 
its various advantages. A randomized trial in 
adult patients failed to show any local control or 
survival benefit with preoperative RT, but there 
are no studies confirming this for the pediatric 
population.31 Advantages of preoperative RT 
include performing less morbid surgeries 
in large (>5 cm) tumors and tumors that are 
difficult to operate at the beginning, reducing 
the risk of tumor seeding during surgery, 
increasing the biological effect of radiation 
in tumors with intact vascularization and 
better oxygenation, better determination of 
target volumes during RT planning, smaller 
irradiated volumes with exclusion of surgically 
manipulated tissues, incision scars, and drain 

sites with lower RT doses and improved long-
term functional outcomes.31,32 However, there 
are possible disadvantages like increased 
wound complications, rare but possible 
progression during RT, and the inability 
to perform definitive surgery in cases with 
progressive tumors.31 There are conflicting 
reports on whether acute wound complications 
are more common with preoperative RT. 
It has been reported in the literature that 
preoperative RT causes wound complications in 
approximately 11-29% of adult series.33,34 In the 
ARST0332 study, which included the pediatric 
population, 11% of the patients who underwent 
delayed surgery following neoadjuvant CRT 
had wound complications requiring surgical 
intervention.19 The slightly lower incidence 
of wound complications compared to adult 
series may be due to lower doses and smaller 
fields of RT, but more detailed prospective 
studies regarding predictive factors for wound 
complications are needed. 

In the ARST0332 study, postoperative RT was 
administered within six weeks after surgery 
with completion of post-surgical wound 
healing in the adjuvant RT arm and patients 
in the adjuvant CRT arm received RT four 
weeks after the 2nd course of ifosfamide plus 
doxorubicin CHT.19 Patients in the preoperative 
CRT arm received two cycles of ifosfamide plus 
doxorubicin and two cycles of only ifosfamide 
concurrently with RT starting at the 4th week 
after the second cycle of CHT. If feasible, 
definitive resection was done at week 13, and 
a postoperative boost was applied to patients 
with residual tumors after the first cycle of 
adjuvant CHT.

In the EpSSG study protocol, as the value of 
CHT is unclear, it’s recommended to start RT 
without delay. In patients with initial gross 
resection, RT is started after the third cycle of 
CHT which corresponds to the postoperative 
9th week.21 If second-look surgery will not be 
performed in patients with macroscopically 
residual disease (IRSG III), RT is started 8 
weeks after surgery. In patients who underwent 
second-look surgery, RT starts in the 3rd week 
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unless there are postoperative complications. 
If preoperative RT is to be performed before 
second-look surgery, RT begins at week 9 after 
the first surgery, and the second surgery is 
performed at week 5 after RT.

Radiotherapy Technique

In the first and subsequent National Cancer 
Institute of Canada (NCIC) studies examining 
the organ preservation approach, only 
conventional two-dimensional (2D)-RT 
technique was used, including a large RT field 
and a sequential boost volume determined by 
surgical clips to reduce adjacent critical organ 
doses.23 Although the standard RT technique 
today is three-dimensional (3D)-conformal 
RT (3D-CRT), several studies in adult patients 
have reported higher local control rates and 
lower toxicity rates with intensity modulated 
radiotherapy (IMRT) compared to 3D-CRT.35,36 

The EpSSG protocol recommends 3D-CRT for 
all patients and includes megavoltage (MV) 
equipment, electrons, and brachytherapy 
(BRT).21 Low energy (4 to 6 MV) photons 
are recommended for limb tumors and 6 
to 20 MV photons for trunk tumors. While 
electrons can be used for superficial or slightly 
infiltrative tumors, BRT is generally reserved 
for incompletely resected tumors located in the 
vagina, perineum, prostate, bladder, and orbit. In 
a separate analysis of 56 patients with high-grade 
extremity tumors who underwent preoperative 
RT in the COG ARST0332 study, it was reported 
that target coverage increased with IMRT 
compared to 3D-CRT, at the same time, skin 
and adjacent joint doses decreased.37 Reducing 
the skin dose is an essential advantage of IMRT, 
as clinicians’ primary concern for preoperative 
RT is postoperative wound complications. 
However, it is especially important in pediatric 
cases that the low-dose areas with IMRT are 
higher than with 3D-CRT, which may increase 
the risk of secondary malignancies.38,39 When 
deciding on the RT technique, evaluation 
should be made on a patient by patient basis. 
Insufficient immobilization, rapidly growing 

tumor or a large field size may be other reasons 
for preferring 3D-CRT over IMRT.

Image-guided RT (IGRT) improves the accuracy 
of RT delivery. With this technique, the safety 
margins given to the target volumes can be 
reduced and thus less toxicity is observed.40 
Therefore, it is recommended to perform IGRT 
regardless of the RT technique. Kilovoltage 
(KV) imaging is preferred over MV imaging for 
reducing the ionizing radiation exposure. 

There are also promising results for proton 
beam therapy in Ewing sarcoma and RMS.41,42 
Proton beam therapy reduces normal tissue 
and organ doses with its Bragg peak feature. 
However, in a systematic review of 15 pediatric 
cancers, including sarcomas, it was concluded 
that clinical data supporting or rejecting proton 
beam therapy is insufficient, and high-quality 
clinical studies should be conducted on this 
subject.43

High doses of RT are often required for local 
control in NRSTS, resulting in increased normal 
tissue toxicity when external beam RT (EBRT) is 
administered. In many centers, single-fraction 
BRT or intraoperative RT (IORT) combined 
with lower-dose EBRT is applied to increase 
local control.44,45 Local control rates are highest 
with BRT combined with EBRT, especially in 
positive surgical margins. However, it has been 
shown in the literature that the contribution of 
BRT is limited to high-grade tumors only.46 

Simulation and Target Volumes of 
Radiotherapy

The use of appropriate immobilization devices 
during simulation is essential. Various devices 
such as limb masks, air or vacuum bags can 
be used for this purpose. Placing radiopaque 
markers on surgical scars before simulation 
facilitates target volume contouring. While 
contouring the target volumes, physical 
examination findings and radiological 
examinations should be used. When contouring 
the target volume in postoperative cases, 
performing fusion with the most appropriate 
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preoperative imaging technique is essential. 
MRI is superior to CT in terms of better soft 
tissue contrast. Contrast-enhanced T1 MRI 
images are frequently used in target volume 
delineation. The definitions of gross tumor 
volume (GTV) and clinical target volume (CTV) 
are summarized in (Table IV). The planning 
target volume (PTV) margin is usually 3-5 mm 
and differs from center to center depending on 
the treatment modality. 

Although a craniocaudal safety margin of 4-5 
cm is traditionally given when determining 
RT volumes in patients diagnosed with adult 
STS, narrower margins have been given in 
recent studies.31 However, the optimal margin 
in pediatric cases is unknown. In a prospective 
study by Krasin et al., local RT fields were 
created by giving a 2 cm safety margin to the 
initial tumor volume. In the follow-up of 32 
patients, local failure was observed in 4 patients. 
The mean dose at the site of local recurrence 

in all four patients was 97% of the prescribed 
radiation dose. The authors concluded that 
limited field RT is effective, but since failure 
occurs in the high-dose region, new treatment 
strategies are required to increase local control.47 

In the COG ARST0332 study, CTV margins 
were created by giving 1.5 cm to the GTV, and 
PTV margins were created by giving 0.5 cm to 
the CTV.19 In the EpSSG study, a 1 cm safety 
margin is given to GTV for CTV contouring21. 
A longitudinal safety margin of 2 cm is given 
for lesions located in the extremities. Biopsy 
or surgical scars and drain sites should also 
be included in the CTV. For PTV, a safety 
margin of 1 cm is given to the CTV, but a 
safety margin of 2 cm should be given for the 
chest wall localization. If high RT doses are to 
be administered, a new CT simulation should 
be performed after 50.4 Gy, and a PTVboost 
volume should be created by giving the residual 
tumor a 1-2 cm safety margin.

Table IV. Target volume definitions by ARST0332 study.19

Target 
Volumes Definitions

GTV1 Defined as the visible and/or palpable disease defined by physical examination, CT, MRI or PET-
CT, operative notes, and pathology reports. 
For patients with initial tumors that extend into body cavities (i.e., thorax, abdomen) the GTV1 
may require modification. If the tumor has been resected or responded to CHT and the normal 
tissues have returned to their normal positions, the GTV1 excludes the volume which extends into 
the cavity. Examples include tumors which compress but not invade the lung, intestine or bladder 
that radiographically return to normal anatomic position following surgery or CHT. 
Include all infiltrative disease detected at initial presentation.

GTV2 For resected tumors, the GTV2 (volume reduction) is defined as the region of positive surgical 
margins, microscopic or gross residual disease determined by operative note, pathology report 
and imaging studies. 
For unresected tumors, the GTV2 is defined as the pre-treatment residual soft tissue disease 
following induction CHT. 
For partially resected tumors, the GTV2 is defined as the residual soft tissue disease following 
induction CHT and surgical debulking.

CTV1 Defined as GTV1 + 1.5 cm (but not extending outside of the patient). 
Also includes regional LN chains that are known to harbor pathologically involved nodes. 
For some sites, CTV1 is modified to account for specific anatomic barriers to tumor spread.

CTV2 Defined as the GTV2 + 1.0 cm (but not extending outside the patient). 
For some sites, CTV2 is modified to account for specific anatomic barriers to tumor spread.

CHT: chemotherapy, CT: computed tomography, CTV: clinically target volume, GTV: gross tumor volume, LN: lymph 
node, MRI: magnetic resonance imaging, PET: positron emission tomography.
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In BRT, the target volume contains the surgical 
bed alone. Scar or drain sites are not included. 
Catheters should be placed 1-1.5 cm apart, 
parallel, or perpendicular to the incision scar. 
Although there is no clear consensus for the 
safety margin, a minimum of 2 cm craniocaudal 
and 1-2 cm radial are recommended by 
American Brachytherapy Society (ABS).48 There 
is a relationship between catheter loading in the 
early postoperative period and postoperative 
wound complications. For this reason, loading 
is not recommended in the first five days 
postoperatively.46 Removal of critical structures 
such as intestines, nerves, ureters, and main 
vessels from the RT field is important in terms 
of side effects. Target volumes and the RT plan 
of a patient with synovial sarcoma is shown in 
Figure 1 and Figure 2.

Radiotherapy Dose

RT approach in pediatric RMS, which is clearly 
a distinct entity, RT dose, fraction scheme and 
target volumes were clearly defined based on 
the results of randomized trials. However, 
there is no standard recommendation for 
details of RT in pediatric NRSTS. RT target 
volume definitions and administered doses 
differ in COG and EpSSG studies (Table V). 
Conventional RT is applied in daily fraction 
doses of 1.8 Gy, five days a week. In the presence 
of large treatment fields or cases <3 years of age, 

smaller fraction doses such as 1.2-1.5 Gy should 
be preferred. The total dose in high dose rate 
BRT is 34 Gy, twice a day at a fractional dose of 
3.4 Gy. Due to toxicity, doses of <12 Gy should 
be administered in cases <6 years of age.49 

For pediatric NRSTS, postoperative boost is still 
controversial. Although many centers apply 
postoperative boost to patients who cannot 
achieve R0 resection after neoadjuvant CRT, no 
study clearly shows the benefit of a postoperative 
boost in the pediatric population. There are 
also controversial results in adult series in the 
literature. A study of 216 adult patients with 
positive surgical margins showed that post-
operative 16 Gy boost after neoadjuvant 50 Gy 
RT did not contribute to the prevention of local 
recurrence.50 

It is very important to protect normal tissues 
during RT, especially in pediatric cases. The skin 
and subcutaneous tissues should be protected 
medially as a longitudinal strip, and at least 50% 
should receive a dose of <20 Gy to minimize the 
lymphedema risk. It is also recommended that 
<50% of normal weight-bearing bones receive 50 
Gy to reduce fracture risk.40 Epiphyseal growth 
plates should be preserved as much as possible 
because of the risk of asymmetrical growth and 
deformity in growing children.

Today, based on prospective COG ARST0332 
and EpSSG studies, a risk-adapted multimodal 

Fig. 1. Target volumes of radiotherapy in a patient with synovial sarcoma after surgery.
Fused images of simulation CT (a) and preoperative MRI (b). Blue contour is GTV-virtual (preoperative GTV). 
Red contour is CTV with 5 mm safety margin. Brown contour is bowel. Green contour is body.
CT: computed tomography; MRI: magnetic resonance imaging; GTV: gross tumor volume; CTV: clinically target volume

a b
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treatment approach has become the standard 
in pediatric NRSTS. Surgery alone is sufficient 
in low-risk patients, and RT or CHT may safely 
be omitted. On the contrary, in intermediate- 

and high-risk patients, adjuvant treatment 
including RT, CHT, or both should be applied 
to reduce recurrence rates. In unresectable 
patients, the chance of surgery increases with 

Fig. 2. Radiotherapy plan of a patient with synovial sarcoma.
Axial (a), coronal (b) and sagittal (c) simulation CT images of the RT plan and DVH (d). Blue dose-color wash 
is 95% isodose. At DVH, orange line is PTV, green line is CTV, dashed brown line is bowel, yellow line is spinal 
cord.
CT: computed tomography; RT: radiotherapy; DVH: dose-volume histogram; CTV: clinically target volume; PTV: planning 
target volume

Table V. Radiotherapy dose recommendations of the ARST0332 and EpSSG trials.19,21

COG ARST 0332
High grade, ≤5 cm, R1 resection Adjuvant RT (55.8 Gy)
High grade, >5 cm, R0/R1 resection Adjuvant RT (55.8 Gy)
Initially unresectable Neoadjuvant RT (45 Gy) ± postoperative boost (10.8 Gy 

for R1, 19.8 Gy for R2 resection or no surgery)
EpSSG – Synovial sarcoma
R1 resection, ≤5 cm Adjuvant RT (50.4 Gy)
R1 resection, >5 cm, axial site or resected N1 Adjuvant RT (54 Gy)
Unresected tumor or N1 Neoadjuvant RT (50.4 – 59.4 Gy)
EpSSG – Other NRSTS
Grade 2, R0 resection, >5 cm Adjuvant RT (50.4 Gy)
Grade 2-3, R1 resection, ≤5 cm Adjuvant RT (54 Gy)
Grade 3, R0 or R1 resection, >5 cm or resected N1 Adjuvant RT (54 Gy)
Unresected tumor or N1 Neoadjuvant RT (50.4 – 59.4 Gy)
EpSSG: European pediatric Soft Tissue Sarcoma Study Group, NRSTS: non-rhabdomyosarcoma soft tissue sarcomas,  
R0: negative resection margins, R1: microscopic tumor infiltration, RT: radiotherapy, N1: nodal metastasis



Non-Rhabdomyosarcoma Soft Tissue Sarcomas

The Turkish Journal of Pediatrics ▪ May-June 2023 373

Turk J Pediatr 2023; 65(3): 362-376

the neoadjuvant treatment approach and thus 
treatment results may improve. However, 
distant metastases are an important problem 
even in low-risk patients. In the risk-based 
treatment approach, limited numbers of studies 
have shown that the application of smaller 
target volumes and lower doses compared to 
the conventional RT approach may be effective 
and promising in order to reduce treatment-
related morbidities in pediatric cases. In the 
future, better results can be obtained with a 
clearer clarification of molecular features and 
targeted therapies in such patients.

Ethical approval

Ethics committee approval was not sought 
because the manuscript did not contain any 
patient data.

Author contribution

The authors confirm contribution to the paper 
as follows: study conception and design: 
MG, FY; data collection: AK, MG; analysis 
and interpretation of results: AK, MG; draft 
manuscript preparation: AK, MG, FY. All 
authors reviewed the results and approved the 
final version of the manuscript.

Source of funding

The authors declare the study received no 
funding.

Conflict of interest

The authors declare that there is no conflict of 
interest.

REFERENCES

1. Milgrom SA, Million L, Mandeville H, Safwat A, 
Ermoian RP, Terezakis S. Non-rhabdomyosarcoma 
soft-tissue sarcoma. Pediatr Blood Cancer 2021; 68 
Suppl 2: e28279. https://doi.org/10.1002/pbc.28279

2. Sultan I, Qaddoumi I, Yaser S, Rodriguez-
Galindo C, Ferrari A. Comparing adult and 
pediatric rhabdomyosarcoma in the surveillance, 
epidemiology and end results program, 1973 to 2005: 
an analysis of 2,600 patients. J Clin Oncol 2009; 27: 
3391-3397. https://doi.org/10.1200/JCO.2008.19.7483

3. Miller RW, Young JL Jr, Novakovic B. Childhood 
cancer. Cancer 1995; 75: 395-405. https://doi.
org/10.1002/1097-0142(19950101)75:1+<395::aid-
cncr2820751321>3.0.co;2-w

4. Spunt SL, Skapek SX, Coffin CM. Pediatric 
nonrhabdomyosarcoma soft tissue sarcomas. 
Oncologist 2008; 13: 668-678. https://doi.org/10.1634/
theoncologist.2007-0182

5. deCou JM, Rao BN, Parham DM, et al. Malignant 
peripheral nerve sheath tumors: the St. Jude 
Children’s Research Hospital experience. Ann Surg 
Oncol 1995; 2: 524-529. https://doi.org/10.1007/
BF02307086

6. Chang F, Syrjänen S, Syrjänen K. Implications of 
the p53 tumor-suppressor gene in clinical oncology. 
J Clin Oncol 1995; 13: 1009-1022. https://doi.
org/10.1200/JCO.1995.13.4.1009

7. Fong Y, Coit DG, Woodruff JM, Brennan MF. Lymph 
node metastasis from soft tissue sarcoma in adults. 
Analysis of data from a prospective database of 1772 
sarcoma patients. Ann Surg 1993; 217: 72-77. https://
doi.org/10.1097/00000658-199301000-00012

8. Pappo AS, Rao BN, Jenkins JJ, et al. Metastatic 
nonrhabdomyosarcomatous soft-tissue sarcomas in 
children and adolescents: The St. Jude Children’s 
Research Hospital experience. Med Pediatr Oncol 
1999; 33: 76-82. https://doi.org/10.1002/(sici)1096-
911x(199908)33:2<76::aid-mpo3>3.0.co;2-b

9. Sbaraglia M, Bellan E, Dei Tos AP. The 2020 WHO 
Classification of Soft Tissue Tumours: news and 
perspectives. Pathologica 2021; 113: 70-84. https://
doi.org/10.32074/1591-951X-213

https://doi.org/10.1002/pbc.28279
https://doi.org/10.1200/JCO.2008.19.7483
https://doi.org/10.1002/1097-0142(19950101)75
https://doi.org/10.1002/1097-0142(19950101)75
https://doi.org/10.1634/theoncologist.2007-0182
https://doi.org/10.1634/theoncologist.2007-0182
https://doi.org/10.1007/BF02307086
https://doi.org/10.1007/BF02307086
https://doi.org/10.1200/JCO.1995.13.4.1009
https://doi.org/10.1200/JCO.1995.13.4.1009
https://doi.org/10.1097/00000658-199301000-00012
https://doi.org/10.1097/00000658-199301000-00012
https://doi.org/10.1002/(sici)1096-911x(199908)33
https://doi.org/10.1002/(sici)1096-911x(199908)33
https://doi.org/10.32074/1591-951X-213
https://doi.org/10.32074/1591-951X-213


Kahvecioğlu A, et al Turk J Pediatr 2023; 65(3): 362-376

The Turkish Journal of Pediatrics ▪ May-June 2023374

10. Khoury JD, Coffin CM, Spunt SL, Anderson 
JR, Meyer WH, Parham DM. Grading of 
nonrhabdomyosarcoma soft tissue sarcoma 
in children and adolescents: a comparison of 
parameters used for the Fédération Nationale des 
Centers de Lutte Contre le Cancer and Pediatric 
Oncology Group Systems. Cancer 2010; 116: 2266-
2274. https://doi.org/10.1002/cncr.24929

11. Parham DM, Webber BL, Jenkins JJ 3rd, Cantor AB, 
Maurer HM. Nonrhabdomyosarcomatous soft tissue 
sarcomas of childhood: formulation of a simplified 
system for grading. Mod Pathol 1995; 8: 705-710.

12. Rao BN. Nonrhabdomyosarcoma in children: 
prognostic factors influencing survival. Semin Surg 
Oncol 1993; 9: 524-531. https://doi.org/10.1002/
ssu.2980090611

13. Guillou L, Coindre JM, Bonichon F, et al. 
Comparative study of the National Cancer Institute 
and French Federation of Cancer Centers Sarcoma 
Group grading systems in a population of 410 
adult patients with soft tissue sarcoma. J Clin 
Oncol 1997; 15: 350-362. https://doi.org/10.1200/
JCO.1997.15.1.350

14. Edge SB, Compton CC. The American Joint 
Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. 
Ann Surg Oncol 2010; 17: 1471-1474. https://doi.
org/10.1245/s10434-010-0985-4

15. Maurer HM, Beltangady M, Gehan EA, et al. 
The Intergroup Rhabdomyosarcoma Study-I. A 
final report. Cancer 1988; 61: 209-220. https://doi.
org/10.1002/1097-0142(19880115)61:2<209::aid-
cncr2820610202>3.0.co;2-l

16. Spunt SL, Poquette CA, Hurt YS, et al. Prognostic 
factors for children and adolescents with surgically 
resected nonrhabdomyosarcoma soft tissue 
sarcoma: an analysis of 121 patients treated at St 
Jude Children’s Research Hospital. J Clin Oncol 
1999; 17: 3697-3705. https://doi.org/10.1200/
JCO.1999.17.12.3697

17. Spunt SL, Hill DA, Motosue AM, et al. Clinical 
features and outcome of initially unresected 
nonmetastatic pediatric nonrhabdomyosarcoma 
soft tissue sarcoma. J Clin Oncol 2002; 20: 3225-3235. 
https://doi.org/10.1200/JCO.2002.06.066

18. Ferrari A, Miceli R, Rey A, et al. Non-metastatic 
unresected paediatric non-rhabdomyosarcoma 
soft tissue sarcomas: results of a pooled analysis 
from United States and European groups. Eur J 
Cancer 2011; 47: 724-731. https://doi.org/10.1016/j.
ejca.2010.11.013

19. Spunt SL, Million L, Chi Y-Y, et al. A risk-based 
treatment strategy for non-rhabdomyosarcoma 
soft-tissue sarcomas in patients younger than 30 
years (ARST0332): a Children’s Oncology Group 
prospective study. Lancet Oncol 2020; 21: 145-161. 
https://doi.org/10.1016/S1470-2045(19)30672-2

20. Ferrari A, Casanova M, Collini P, et al. Adult-
type soft tissue sarcomas in pediatric-age patients: 
experience at the Istituto Nazionale Tumori in 
Milan. J Clin Oncol 2005; 23: 4021-4030. https://doi.
org/10.1200/JCO.2005.02.053

21. Ferrari A, van Noesel MM, Brennan B, et al. Paediatric 
non-rhabdomyosarcoma soft tissue sarcomas: the 
prospective NRSTS 2005 study by the European 
Pediatric Soft Tissue Sarcoma Study Group (EpSSG). 
Lancet Child Adolesc Health 2021; 5: 546-558. https://
doi.org/10.1016/S2352-4642(21)00159-0

22. Ferrari A, Orbach D, Sparber-Sauer M, et al. 
The treatment approach to pediatric non-
rhabdomyosarcoma soft tissue sarcomas: a critical 
review from the INternational Soft Tissue SaRcoma 
ConsorTium. Eur J Cancer 2022; 169: 10-19. https://
doi.org/10.1016/j.ejca.2022.03.028

23. Rosenberg SA, Tepper J, Glatstein E, et al. The 
treatment of soft-tissue sarcomas of the extremities: 
prospective randomized evaluations of (1) limb-
sparing surgery plus radiation therapy compared 
with amputation and (2) the role of adjuvant 
chemotherapy. Ann Surg 1982; 196: 305-315. https://
doi.org/10.1097/00000658-198209000-00009

24. De Corti F, Dall’Igna P, Bisogno G, et al. Sentinel 
node biopsy in pediatric soft tissue sarcomas of 
extremities. Pediatr Blood Cancer 2009; 52: 51-54. 
https://doi.org/10.1002/pbc.21777

25. Ferrari A, Brecht IB, Koscielniak E, et al. The role of 
adjuvant chemotherapy in children and adolescents 
with surgically resected, high-risk adult-type soft 
tissue sarcomas. Pediatr Blood Cancer 2005; 45: 128-
134. https://doi.org/10.1002/pbc.20376

26. Pratt CB, Pappo AS, Gieser P, et al. Role of adjuvant 
chemotherapy in the treatment of surgically resected 
pediatric nonrhabdomyosarcomatous soft tissue 
sarcomas: A Pediatric Oncology Group Study. J 
Clin Oncol 1999; 17: 1219. https://doi.org/10.1200/
JCO.1999.17.4.1219

27. Weiss AR, Chen Y-L, Scharschmidt TJ, et al. 
Pathological response in children and adults with 
large unresected intermediate-grade or high-
grade soft tissue sarcoma receiving preoperative 
chemoradiotherapy with or without pazopanib 
(ARST1321): a multicentre, randomised, open-label, 
phase 2 trial. Lancet Oncol 2020; 21: 1110-1122. 
https://doi.org/10.1016/S1470-2045(20)30325-9

https://doi.org/10.1002/cncr.24929
https://doi.org/10.1002/ssu.2980090611
https://doi.org/10.1002/ssu.2980090611
https://doi.org/10.1200/JCO.1997.15.1.350
https://doi.org/10.1200/JCO.1997.15.1.350
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1002/1097-0142(19880115)61
https://doi.org/10.1002/1097-0142(19880115)61
https://doi.org/10.1200/JCO.1999.17.12.3697
https://doi.org/10.1200/JCO.1999.17.12.3697
https://doi.org/10.1200/JCO.2002.06.066
https://doi.org/10.1016/j.ejca.2010.11.013
https://doi.org/10.1016/j.ejca.2010.11.013
https://doi.org/10.1016/S1470-2045(19)30672-2
https://doi.org/10.1200/JCO.2005.02.053
https://doi.org/10.1200/JCO.2005.02.053
https://doi.org/10.1016/S2352-4642(21)00159-0
https://doi.org/10.1016/S2352-4642(21)00159-0
https://doi.org/10.1016/j.ejca.2022.03.028
https://doi.org/10.1016/j.ejca.2022.03.028
https://doi.org/10.1097/00000658-198209000-00009
https://doi.org/10.1097/00000658-198209000-00009
https://doi.org/10.1002/pbc.21777
https://doi.org/10.1002/pbc.20376
https://doi.org/10.1200/JCO.1999.17.4.1219
https://doi.org/10.1200/JCO.1999.17.4.1219
https://doi.org/10.1016/S1470-2045(20)30325-9


Non-Rhabdomyosarcoma Soft Tissue Sarcomas

The Turkish Journal of Pediatrics ▪ May-June 2023 375

Turk J Pediatr 2023; 65(3): 362-376

28. Marcus RB Jr. Current controversies in pediatric 
radiation oncology. Orthop Clin North Am 1996; 27: 
551-557.

29. Venkatramani R, Xue W, Randall RL, et al. Synovial 
sarcoma in children, adolescents, and young adults: 
a report from the Children’s Oncology Group 
ARST0332 study. J Clin Oncol 2021; 39: 3927-3937. 
https://doi.org/10.1200/JCO.21.01628

30. Yang JC, Chang AE, Baker AR, et al. Randomized 
prospective study of the benefit of adjuvant radiation 
therapy in the treatment of soft tissue sarcomas of 
the extremity. J Clin Oncol 1998; 16: 197-203. https://
doi.org/10.1200/JCO.1998.16.1.197

31. O’Sullivan B, Davis AM, Turcotte R, et al. 
Preoperative versus postoperative radiotherapy in 
soft-tissue sarcoma of the limbs: a randomised trial. 
Lancet 2002; 359: 2235-2241. https://doi.org/10.1016/
S0140-6736(02)09292-9

32. Davis AM, O’Sullivan B, Turcotte R, et al. Late 
radiation morbidity following randomization to 
preoperative versus postoperative radiotherapy 
in extremity soft tissue sarcoma. Radiother 
Oncol 2005; 75: 48-53. https://doi.org/10.1016/j.
radonc.2004.12.020

33. Kraybill WG, Harris J, Spiro IJ, et al. Phase II study 
of neoadjuvant chemotherapy and radiation therapy 
in the management of high-risk, high-grade, soft 
tissue sarcomas of the extremities and body wall: 
Radiation Therapy Oncology Group Trial 9514. J 
Clin Oncol 2006; 24: 619-625. https://doi.org/10.1200/
JCO.2005.02.5577

34. Rivard JD, Puloski SS, Temple WJ, et al. Quality of 
life, functional outcomes, and wound complications 
in patients with soft tissue sarcomas treated with 
preoperative chemoradiation: a prospective study. 
Ann Surg Oncol 2015; 22: 2869-2875. https://doi.
org/10.1245/s10434-015-4490-7

35. Alektiar KM, Brennan MF, Healey JH, Singer S. 
Impact of intensity-modulated radiation therapy on 
local control in primary soft-tissue sarcoma of the 
extremity. J Clin Oncol 2008; 26: 3440-3444. https://
doi.org/10.1200/JCO.2008.16.6249

36. Folkert MR, Singer S, Brennan MF, et al. Comparison 
of local recurrence with conventional and intensity-
modulated radiation therapy for primary soft-tissue 
sarcomas of the extremity. J Clin Oncol 2014; 32: 
3236-3241. https://doi.org/10.1200/JCO.2013.53.9452

37. Rao AD, Chen Q, Million L, et al. Preoperative 
intensity modulated radiation therapy compared to 
three-dimensional conformal radiation therapy for 
high-grade extremity sarcomas in children: analysis 
of the Children’s Oncology Group Study ARST0332. 
Int J Radiat Oncol Biol Phys 2019; 103: 38-44.  
https://doi.org/10.1016/j.ijrobp.2018.09.005

38. Lin C, Donaldson SS, Meza JL, et al. Effect of 
radiotherapy techniques (IMRT vs. 3D-CRT) 
on outcome in patients with intermediate-risk 
rhabdomyosarcoma enrolled in COG D9803-a 
report from the Children’s Oncology Group. 
Int J Radiat Oncol Biol Phys 2012; 82: 1764-1770.  
https://doi.org/10.1016/j.ijrobp.2011.01.036

39. Sterzing F, Stoiber EM, Nill S, et al. Intensity 
modulated radiotherapy (IMRT) in the treatment 
of children and adolescents-a single institution’s 
experience and a review of the literature. Radiat 
Oncol 2009; 4: 37. https://doi.org/10.1186/1748-
717X-4-37

40. Wang D, Zhang Q, Eisenberg BL, et al. Significant 
reduction of late toxicities in patients with extremity 
sarcoma treated with image-guided radiation 
therapy to a reduced target volume: results of 
Radiation Therapy Oncology Group RTOG-0630 
Trial. J Clin Oncol 2015; 33: 2231-2238. https://doi.
org/10.1200/JCO.2014.58.5828

41. Childs SK, Kozak KR, Friedmann AM, et 
al. Proton radiotherapy for parameningeal 
rhabdomyosarcoma: clinical outcomes and late 
effects. Int J Radiat Oncol Biol Phys 2012; 82: 635-642. 
https://doi.org/10.1016/j.ijrobp.2010.11.048

42. Rombi B, DeLaney TF, MacDonald SM, et al. 
Proton radiotherapy for pediatric Ewing’s sarcoma: 
initial clinical outcomes. Int J Radiat Oncol Biol 
Phys 2012; 82: 1142-1148. https://doi.org/10.1016/j.
ijrobp.2011.03.038

43. Leroy R, Benahmed N, Hulstaert F, Van Damme 
N, De Ruysscher D. Proton therapy in children: 
a systematic review of clinical effectiveness 
in 15 pediatric cancers. Int J Radiat Oncol Biol 
Phys 2016; 95: 267-278. https://doi.org/10.1016/j.
ijrobp.2015.10.025

44. Oertel S, Niethammer AG, Krempien R, et al. 
Combination of external-beam radiotherapy with 
intraoperative electron-beam therapy is effective in 
incompletely resected pediatric malignancies. Int J 
Radiat Oncol Biol Phys 2006; 64: 235-241. https://doi.
org/10.1016/j.ijrobp.2005.06.038

45. Stauder MC, Laack NNI, Moir CR, Schomberg 
PJ. Excellent local control and survival after 
intraoperative and external beam radiotherapy 
for pediatric solid tumors: long-term follow-up 
of the Mayo Clinic experience. J Pediatr Hematol 
Oncol 2011; 33: 350-355. https://doi.org/10.1097/
MPH.0b013e3182148dad

46. Pisters PW, Harrison LB, Leung DH, Woodruff 
JM, Casper ES, Brennan MF. Long-term results 
of a prospective randomized trial of adjuvant 
brachytherapy in soft tissue sarcoma. J Clin 
Oncol 1996; 14: 859-868. https://doi.org/10.1200/
JCO.1996.14.3.859

https://doi.org/10.1200/JCO.21.01628
https://doi.org/10.1200/JCO.1998.16.1.197
https://doi.org/10.1200/JCO.1998.16.1.197
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1016/S0140-6736(02)09292-9
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1016/j.radonc.2004.12.020
https://doi.org/10.1200/JCO.2005.02.5577
https://doi.org/10.1200/JCO.2005.02.5577
https://doi.org/10.1245/s10434-015-4490-7
https://doi.org/10.1245/s10434-015-4490-7
https://doi.org/10.1200/JCO.2008.16.6249
https://doi.org/10.1200/JCO.2008.16.6249
https://doi.org/10.1200/JCO.2013.53.9452
https://doi.org/10.1016/j.ijrobp.2018.09.005
https://doi.org/10.1016/j.ijrobp.2011.01.036
https://doi.org/10.1186/1748-717X-4-37
https://doi.org/10.1186/1748-717X-4-37
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1200/JCO.2014.58.5828
https://doi.org/10.1016/j.ijrobp.2010.11.048
https://doi.org/10.1016/j.ijrobp.2011.03.038
https://doi.org/10.1016/j.ijrobp.2011.03.038
https://doi.org/10.1016/j.ijrobp.2015.10.025
https://doi.org/10.1016/j.ijrobp.2015.10.025
https://doi.org/10.1016/j.ijrobp.2005.06.038
https://doi.org/10.1016/j.ijrobp.2005.06.038
https://doi.org/10.1097/MPH.0b013e3182148dad
https://doi.org/10.1097/MPH.0b013e3182148dad
https://doi.org/10.1200/JCO.1996.14.3.859
https://doi.org/10.1200/JCO.1996.14.3.859


Kahvecioğlu A, et al Turk J Pediatr 2023; 65(3): 362-376

The Turkish Journal of Pediatrics ▪ May-June 2023376

47. Krasin MJ, Davidoff AM, Xiong X, et al. Preliminary 
results from a prospective study using limited margin 
radiotherapy in pediatric and young adult patients 
with high-grade nonrhabdomyosarcoma soft-tissue 
sarcoma. Int J Radiat Oncol Biol Phys 2010; 76: 874-
878. https://doi.org/10.1016/j.ijrobp.2009.02.074

48. Holloway CL, Delaney TF, Alektiar KM, Devlin PM, 
O’Farrell DA, Demanes DJ. American Brachytherapy 
Society (ABS) consensus statement for sarcoma 
brachytherapy. Brachytherapy 2013; 12: 179-190. 
https://doi.org/10.1016/j.brachy.2012.12.002

49. Folkert MR, Tong WY, LaQuaglia MP, et al. 20-
year experience with intraoperative high-dose-rate 
brachytherapy for pediatric sarcoma: outcomes, 
toxicity, and practice recommendations. Int J Radiat 
Oncol Biol Phys 2014; 90: 362-368. https://doi.
org/10.1016/j.ijrobp.2014.06.016

50. Al Yami A, Griffin AM, Ferguson PC, et al. Positive 
surgical margins in soft tissue sarcoma treated with 
preoperative radiation: is a postoperative boost 
necessary? Int J Radiat Oncol Biol Phys 2010; 77: 1191-
1197. https://doi.org/10.1016/j.ijrobp.2009.06.074

https://doi.org/10.1016/j.ijrobp.2009.02.074
https://doi.org/10.1016/j.brachy.2012.12.002
https://doi.org/10.1016/j.ijrobp.2014.06.016
https://doi.org/10.1016/j.ijrobp.2014.06.016
https://doi.org/10.1016/j.ijrobp.2009.06.074

