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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, Epithelliod, Angiosarcoma, ERMS)



Work -Up

Family History

Prior therapeutic irradiation

Size

Location

Distal Neurovascular deficits

Biopsy 

• Incisional (preferred) or Tru-cut

• Site and Technique



Work -Up
Imaging 

MRI

CT Chest

FDG PET

• Sarcoma vs Benign tumor

• Low grade vs High grade

• To plan biopsy

• Response to chemotherapy

• Detection of recurrence



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

EBRT/Brachytherapy/IORT

RT Planning/Dose



Retrospective Analysis (1975-96)

133 pts – 52% PORT, 48% no RT

mR < 10mm, oR >10mm



Local Control 

Better in RT arm, p=0.01

Trend for superficial STS, p=0.06

RT beneficial in mR

No benefit in oR

Survival

Tumor Grade

No influence of RT 

Khanfir et al, Eur J Cancer 2003 



MSKCC Group, Cancer 2008



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

Lower probability of local rec



Prospective QOL assessment

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

Yang JC, JCO 1998



164 pts, extremity or superficial trunk sarcoma

Localised, completely resected

No major bone or neurovascular resection

No violation of tumor during surgery

BRT OR no BRT

Technique

2cm isotropic margin

Afterloading catheters

42Gy-45Gy, 4-6 days



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

Peter WT et al, JCO 1996



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



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

O’Sullivan et al, Lancet 2002

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

O’Sullivan et al, Lancet 2002



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 pts at least one major WC, all in lower extremity and common in distal 



Preoperative vs Postoperative RT

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

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

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

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021



RT Techniques

Key points 

Compartmental Anatomy

Extent of tumor

Tumor behavior

Centrifugal spread, pathway of least resistance

Delineate scar, drain sites

Clip Placement



Natural Barriers –
Synovium, articular cartilage, periosteum,

tendinous origin & insertion of muscles

Poor Barriers –
Fat, muscles



Comfortable 

Reproducible

Assess multiple limb positions

Rotate the extremity to minimise dose to
surrounding tissue

Mind the diameter of CT SIM bore

Positioning 



Separates ant. Thigh from post. & medial 
compartments

FROG-LEG position



ARM

‘ THROWING ’ position
Shoulder 90 abduction & max ext rotation

Adequately separates Biceps compartment 
from Triceps



POST-MEDIAL Compartment



2D Simulator Planning





Keep uninvolved compartment out of radiation portal

Avoid joints as far as possible

Spare half circumference of uninvolved bone

Spare at least 1.5 - 2.0cm of limb circumference 

Margins not extend beyond natural barriers 
(Bone,fascial planes)

Cover surgical scar & drain sites

Field Placements







Target Volumes

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021



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
Peritumoral tissue infiltrated with M2 macrophages & low in 
healthy tissue expression -> greater risk of relapse



Elective Nodal Radiation?

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021

NO



Dose 

ASTRO Clinical Practice Guidelines, Pract Radiat Oncol 2021

Pre-op RT –
50-50.4 Gy
R1 resection – 14-20 Gy boost

Post –op RT –
Phase 1 : 50-50.4 Gy
Phase 2 : Tumor bed 10-20Gy

Unresectable Disease – 50 Gy + Boost till 63 Gy
(higher doses 70-80 Gy can be considered)



RT Complications

Fibrosis 

Atrophy  

Fracture

Decreased range of movements

Peripheral nerve injury

Dependent edema 











Significantly lower V45 femur, V55 normal tissue




