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The Sarcomas

• Osteosarcoma

• Ewing’s family of tumors
Ewing’s sarcoma of bone and soft tissue
Peripheral Primitive neuroectodermal tumor

• Soft tissue sarcomas
Non-rhabdomyosarcoma STS
Rhabdomyosarcoma
 Embryonal rhabdomyosarcoma
 Alveolar rhabdomyosarcoma
 Other variants



Natural History

50% in extremities, 30% intraabdominal

Intra compartmental extension

Centrifugal growth

Pseudocapsule formation

Hematogenous metastases (Lung, bone, liver)

Lymphatic Spread

(14%-20% risk in Synovial, Epithelioid, Angiosarcoma, ERMS)



Treatment 

Surgical Oncologist

Radiation Oncologist

Medical Oncologist

Rehabilitation



Surgery 

Organ Preservation

Negative margins



Surgery 

Intralesional

Marginal

Wide Excision

Radical Excision



Radiation Therapy

Indications

Pre-op vs Post-op

RT Planning/Dose

Toxicity



91 pts, high grade lesions

RT – 47 pts

No RT – 44 pts

Median f/u 9.6 yrs

• Significant decrease in local rec, p=0.028

• No OS difference

50 pts, low grade lesions

RT – 26 pts

No RT – 24 pts

Median f/u 9.6 yrs

• Sig lower probability of local rec

JCO 1998

Prospective QOL assessment

Significantly lower functional parameters in RT arm (ms edema, strength, joint motion) 

No local rec in pts with 

negative margins



164 pts, extremity or superficial trunk sarcoma

Localised, completely resected

No major bone or neurovascular resection

No violation of tumor during surgery

Adjuvant Brachytherapy OR no treatment

Technique

2cm isotropic margin

Afterloading catheters

42Gy-45Gy, 4-6 days

JCO 1996

Median f/u 6yrs:

• Significant local control in BRT arm,  p=0.04

• Significant local control in high grade lesions, 

p=0.0025

• No difference in low grade lesions

• No OS difference



RT Indications

High Grade

Stage II/III tumors

Margins close (<1cm)

Histology (Myxofibrosarcomas, Myxoid LPS)

When NOT to give?

• Low grade, T size< 5cm, superficial tumor with wide margins

• Unplanned excisions or non-oncologic resections

C Le Pechoux et al, Cancer Radiother 2022

RT improves local control 

without affecting OS 



What is adequate margin?

• Lack of consensus

• Variability of site, feasibility of wide negative margins

• Close margin at periosteum, fascia vs muscle, adipose tissue, skin

R1/R2 resection – always discuss with the surgeon for re-resection and negative margins

Close or positive margins near critical structure (major nerve, vessel, bone) warrants RT



RT Timing

Preoperative

Advantages:

Decreased risk of i/o seeding

Smaller target volume

Reduced risk of late tox

Tumor shrinkage

Disadvantages:

Delay of Sx

Major wound complications

Post operative

Advantages:

Accurate HPE

Immediate surgery

No wound healing complications

Disadvantages:

Large treatment volumes

Irreversible S/E –

lymphedema, fibrosis, decreased range 

of motion, fracture



• 190 pts, b/w 1994-97

• Non-metastatic extremity sarcoma

• Primary end point – Major wound complication

• Sx & RT 3-6 weeks apart

• RT – 50Gy+/- 16-20Gy

• Median f/u 3.3yrs

Lancet 2002

More wound complications in pre-op group, 

p=0.01

Most complications in thigh pts

No difference in local rec or PFS rates



129 pts evaluated for late toxicities

Jt. Stiffness, edema, fibrosis at 2 yrs

EORTC/RTOG Criteria

Musculoskeletal Tumor Rating Scale (MSTS)

Toronto Extremity Salvage Score (TESS)

≥ Grade 2 

Toxicity

Joint 

Stiffness

Edema Subcut. Fibrosis

Pre-op RT 17.8% 15.1% 31.5%

Post-op RT 23.2% 23.1% 48.2%, p=0.07

• Significantly lower function scores on MSTS/TESS in > Grade 2 toxicities

• Field size sig. predictor for fibrosis and joint stiffness 



Cancer 2013

• Phase II prospective study, 2005-09

• 70 pts, lower extremity STS

• Pre-op IG-IMRT

• Pri. End Point – Acute wound complication (WC) 

✓Dose: 50Gy/25 frs

✓RT Avoidance – skin & s/c tissue required to close future resection site (virtual skin flap)

Results –
30.5% developed WCs vs 42% in Canada SR2 trial

93% primary closure vs 71%

33% secondary Sx for WC vs 43%



• Phase II prospective study

• 79 pts, extremity STS

• Pre-op IG-IMRT

• Pri. End Point – RT morbidity at 2yrs (s/c fibrosis, edema, joint stiffness)

• Margins:

• Int/High Grade Tm or T≥ 8cm: Longitudinal – GTV+3cm, radial – 1.5 cm

• Low Grade or T < 8cm - GTV+2cm, radial – 1 cm

• Median fu 3.6 yrs 

Results –
• 5 local failures, all in-field

• 10.5% at least one ≥ Grade 2 toxicity vs  37% in Canada SR2 trial

• 26/71 (36%) pts at least one major WC, all in lower extremity and common in proximal 



Preoperative vs Postoperative RT

Localised extremity/truncal STS, pre-op RT is recommended over post-op RT

Unresectable or difficult to resect, foreseeable risk of narrow margins - pre-op RT 

In conservative surgery requiring placement of vascular stent, flap or vasculo-nervous graft - pre-op RT 

Following an unplanned excision, pre-op RT recommended before oncologic resection, where RT indicated

Radiosensitive histological subtype, like myxoid liposarcoma - pre-op RT 

Need to deliver limited dose, like upper limb, proximity to a nerve structure (brachial plexus)- pre-op RT 

Initial surgery in special situations like uncontrolled pain, bleeding, fungation followed by post-op RT

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021;

C Le Pechoux et al, Cancer Radiother 2022



When to start post-operative RT

•Between 3 to 8 weeks post Sx, without exceeding 12 weeks

•Assess the state of healing



RT Techniques

Key points 

Compartmental Anatomy

Extent of tumor and Scar

Tumor behavior

Centrifugal spread, pathway of least resistance

Delineate scar, drain sites

Clip Placement

Study CT/MRI closely, involve the surgeon/radiologist, intra-op findings



Natural Barriers –
Synovium, articular cartilage, periosteum, tendinous origin & insertion of muscles

Poor Barriers – Fat, muscles

Cont..



Comfortable, Reproducible

Assess multiple limb positions

Rotate the extremity to minimise dose to surrounding tissue

Contralateral leg away from anticipated beam angle range

Mind the diameter of CT SIM bore

Positioning 



Separates ant. thigh from post. & medial  

compartments

FROG-LEG position

Anterior compartment tumors treated in 

antero-lateral position



ARM

‘THROWING’ position

Shoulder 90. abduction & max ext rotation

Adequately separates Biceps compartment from Triceps

Arm akimbo position



POST-MEDIAL Compartment



2D Simulator Planning





Patient Mold Fabrication

Scar Marking



Cont..





CT Acquisition

Scar 

Mould Edge

Skin Marks for

Rotational error



Planning CT 

•Slice thickness 3 to 5mm

•Contrast use highly desirable in pre-op RT

•Entire limb segment with the joints above and below to be acquired



MRI in Target Delineation

Perilesional edema – hyperintense on T2, non nodular, subcutaneous

Soft tissue/Bony extensions  - better in T2

Intramedullary invasion – T1 seq

Extracompartmental , vascular, nervous or cutaneous extension – T1 contrast

Scars – hyperintense on T1/T2, sometimes nodular

Collections – heterogenous hyposignal in T1/T2 with non-nodular peripheral enhancement

• T1, T2w, contrast, fat suppression

• In planning position wherever possible for better fusion



✓Keep uninvolved compartment out of radiation portal

✓Spare at least 1.5 - 2.0cm of limb circumference 

✓Avoid joints as far as possible

✓Spare half circumference of uninvolved bone

✓Margins not extend beyond natural barriers (bone, fascial planes)

✓Cover surgical scar & drain sites

✓Bolus (not to be used in routine), in case of recurrence along the scar or unresectable disease

Field Placements





Defining The Target...
10-20% local recurrences after wide excision

‘Reactive Zone’ or ‘Risk Zone’

• region surrounding the lesion, situated between the tumor margin/pseudocapsule and more    

remote normal tissues

• Radiologically, T2 weighted changes -> peritumoral edema

T2 w & T1 contrast MR scans

Section of high grade sarcoma with skip mets

and intervening normal tissue



Prospective study

15 pts, extremity/truncal STS, post Sx

Pre-op MRI: maximal extent of peritumoral edema measured

Soft tissue beyond the tumor sampled for path. assessment

Results:
• Peritumoral edema/Reactive changes seen in MRI of all pts

• Extent: 0-7cm (mean 2.5 cm), mostly in sup-inf plane

• 10/15 pts tumor cells beyond margin/pseudocapsule with intervening normal tissue in between

• 6/10 such pts, tumor cells < 1cm from tumor margin and 4/10 pts > 1cm (max 4 cm)

Satellite tumor cells seen in the region of edema as per MRI

Explains the reason for local relapse after Sx alone

Influences surgical/radiation margins

Cautious use of high precision techniques



Cancers 2023

• Molecular profiling of pseudocapsule

• To identify biomarkers to predict recurrence post surgery

• Prospective study, 20 pts of STS

Findings:

Peritumoral tissue infiltrated with M2 macrophages & low in healthy tissue 

expression -> greater risk of relapse



Postop CTV

• Must include tumor bed, scar and the drainage orifices

✓Longitudinal is craniocaudal margin (3 to 4 cm)

✓Reduce manually if bone, fascia, joints etc.

✓Include hematomas, fluid collections

✓Radial margin is anteroposterior and lateral, i.e. 1.5 cm

Boost volume –
•2cm longitudinal and 1.5 cm radial around the tumor bed

Volume Delineation

C Le Pechoux et al, Cancer Radiother 2022



Target Volumes

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021



Defining the PTV

•5mm to 10mm concentric margin

•Adaptive planning if volume changes in preoperative RT



Elective Nodal Radiation?

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021

NO



Dose Fractionation
Preoperative RT 

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021

50-50.4 Gy

R1 resection –

✓ No definite evidence of improved local control with boost dose

✓ Decision to be individualized, consider potential toxicities

✓ If needed, 14-20 Gy boost

Unresectable Disease 

50 Gy + Boost till 63 Gy (higher doses 

70-80 Gy can be considered)



• Phase 1 : 50-50.4 Gy

• Phase 2 : Tumor bed 10-20Gy (depending upon surgical margins)

Postoperative RT
R0 resection

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021

Boost –

10 Gy to a reduced volume, if higher risk of local rec, like 

recurrence, unfavorable histology like myxofibrosarcoma



Postoperative RT

R1 Resection –
•50 Gy -> 10-16Gy to reduced volume

R2 Resection –
•50 Gy -> 10-20 Gy boost to reduced volume

C Le Pechoux et al, Cancer Radiother 2022



RT Complications

• Fibrosis 

• Atrophy  

• Fracture

• Decreased range of movements

• Peripheral nerve injury

• Dependent edema 



Defining OAR

Avoid circumferential irradiation of limb

Spare bone and joint, whenever possible

Higher risk of fracture after periosteal stripping

Avoid gonads/external genitilia in pelvic region



OAR Constraints

C Le Pechoux et al, Cancer Radiother 2022



Fracture risk reduced –

• Dmean <  37Gy

• V40Gy < 64%

• Dmax < 59Gy



RT Technique

3DCRT:
• lateral beams, AP-PA

• Well lateralised lesions

IMRT, Rotational techniques:
• Cover large volume with uniform dose

• Limit excess dose to skin

• Concave isodoses at interface with bone

• Reduction in late toxicities



Minimum Skin Corridor:
• 30% of skin circumference at 180. from PTV



BJR 2019

•3 pts developed ORN, all treated with 3DCRT

•Better conformity and maximal sparing of 

•normal tissues with VMAT

DVH for bone for all pts



Lack of evidence based guidelines on normal tissues

and dose volume parameters



Case Vignette



Pre-op CT scan



Volume Delineation 



Scar Delineation



CTV in Proximity of Knee Joint



OAR Delineation



VMAT Plan 95% Isodose



3DCRT Plan



IMRT

3DCRT



Lower Isodose Region



DVH

IMRT 3DCRT

Better coverage WITH IMRT

Higher dose to Femur 

with 3DCRT

Higher dose to Knee Joint 

with 3DCRT



Retroperitoneal Sarcoma

10-15% of adult STS

WD Liposarcoma or Atypical Lipomatous Tumor, Dedifferentiated LPS, Leiomyosarcoma

‘Monobloc’ surgery is the standard treatment

Large size, anatomic constraints, proximity to critical structures/vasculature

RT – Preop/Intraop/Postoperative

Pre-op RT advantages:
• GTV defined accurately

• Lower OAR doses, as organs displaced by mass

• Lower RT doses



Lancet Oncol 2020

Multinational phase III RCT

Operable, localised RPS

Pri End Point – Abdominal RFS

266 pts, median fu 43 mths

R

A

N

D

O

M

I

Z

E

Surgery alone

Preop RT (50.4 Gy) -> Surgery

95% IMRT

Results –
• No diff in ARFS or OS

• Local rec higher in Sx alone 37% vs 19% in preop RT arm

• Unplanned analysis – LPS pts, 10% abs benefit with RT

Preoperative RT not routinely recommended in RPS

Cancer 2022

• 28.8% pts non RT compliant group

• Sig. 3yr ARFS benefit with preop RT in RT 

compliant group

• 266 STRASS pts, 871 STREXIT pts

• 1:1 PS matching

• Better ARFS in LPS, esp Grade 1 or 2

• No benefit in LMS or G3DDLPS



• Postoperative RT not recommended in RPS

• IORT with PreopRT is being evaluated, better local control, but with toxicities

• PreopRT NOT recommended in routine, in addition to oncologic resection

• can be considered in lower grade RPS,  LPS histology 

• IMRT is preferable

IJROBP 2015

RPS cont..



Myxoid LPS

• Unique subtype of Liposarcomas

• Presence of fusion gene, FUS-DDIT3

• Younger age, thigh region, metastasize to bone, soft tissue

• Higher RT responsiveness

• Phase II single arm study

• 79 myxoid LPS pts extremity/trunk

• 36Gy/18 # preop RT ->Sx

• 100% local control at median fu 25 mths

Dose reduction to 36 Gy in PreopRT to be considered



Soft Tissue Sarcomas can be challenging to treat

Multidisciplinary discussion essential

Radiation Therapy, if indicated, maximizes local 

control

Treatment Planning individualized

Take Home Message




