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SOFT TISSUE SARCOMAS

Tumors of fibrous tissue: 
Fibromatoses (desmoid tumors) 
Adult and infantile fibrosarcoma 
Dermatofibrosarcoma 

Fibrohistiocytic tumors: 
Malignant fibrous histiocytoma 

Tumors of adipose tissue: 
Liposarcoma 

Tumors of bone and cartilage: 
Extraskeletal osteosarcoma 
Extraskeletal myxoid chondrosarcoma 
Extraskeletal mesenchymal chondrosarcoma 

Tumors of more than one tissue type: 
Malignant mesenchymoma 
Malignant Triton tumor 

Tumors of unknown histogenesis: 

NON-ROUND CELL STS

Tumors of smooth muscle: 
Leiomyosarcoma 

Tumors of blood and lymph vessels: 
Angiosarcoma 
Hemangiopericytoma 

Tumors of peripheral nervous system: 
Malignant schwannoma (MPNST) 

Tumors of unknown histogenesis: 
Alveolar soft part sarcoma 
Epithelioid sarcoma 
Clear cell sarcoma (nonrenal) 
Synovial sarcoma 
Desmoplastic small round cell tumor

ROUND CELL STS

Rhabdomyosarcoma
Extraskeletal Ewing’s Sarcoma
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RADIOSENSITIVITY OF SARCOMA CELLS

Ruka W et al, JCO 1996

Cumulative frequency of surviving fraction of clonogens at 2Gy 
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Author Amputation/ 
Rad. Resection 

(%) 
 

Wide Excision 
(%) 

Marginal 
Resection 

(%) 

Cantin et al 18 30 42 

LOCAL RECURRENCE RATES AFTER SURGERY

Gerner et al  8 60 93 

Abbas 8 36 65 

Liebel et al 13 28 70 

Enneking et al 4 25 50 
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“The value of adjuvant radiotherapy is in ‘extending the margin’ of

limb salvage surgery that otherwise has a high risk of recurrence”  

William F. Enneking, Surgical Oncologist

“The management of this condition (STS) should be radical surgery

& no help, as a curative measure, should be expected from 

radiotherapy either as pre-op or post-op procedure”

Ralston Patterson, Radiation Oncologist
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IS LIMB CONSERAVATION FEASIBLE ?
Amputation vs. Limb Conservation

High Grade Extremity STS (n=43)

Amputation (n=16) LSS + Radiotherapy (n=27)

RT:50Gy (WF) + 10-15Gy (Boost)

Both groups received: Doxo + Cyclo + High Dose MTX Chemo

Median Follow-up: 56 mths.

Local control: Amputation - 0% p=0.06

LSS + RT - 14%

Overall Survival: No Difference
Rosenberg et al. Ann Surg 1982
Level II Evidence

NIH Consensus development conference on Limb Conservation: 

Combined Conservative Surgery + Radiotherapy as standard of care 

(Cancer Treatment Symp. 1985)
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MSKCC Trial (Pisters PWT et al, JCO 1996)

Extremity / Superficial Trunk STS (n=164)
LSS Alone (n=86)
LSS + Interstitial Brachytherapy (n=78)

Brachytherapy: 42-45Gy in 4-6 days

IS BRACHYTHERAPY EFFECTIVE ?

Median FU: 76mths

Local Control
LSS Alone: 69%                      
LSS + Interstitial Brachytherapy: 82%

p=0.04

+ve impact in 119 pts. with high grade sts only
no improvement in 45 pts. with low grade sts 

Level I Evidence
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Interstitial Brachytherapy for STS of Thigh
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GUIDELINES

TARGET VOLUME

Radical brachytherapy : Gross tumour volume + 4cm margin

Brachytherapy as boost: Gross tumour volume + 2cm margin

SIMULATION done on 4-5th day after surgery

DOSIMETRY

LDR Manual afterloading technique: Paris system LDR Manual afterloading technique: Paris system 

HDR remote afterloading:
Stepping Source Dosimetric System
Dose point (0.5cm from implant plane) 
+ Geometric Optimization
Prescription at 85% of basal dose

DOSE

Radical  (LDR): 45-50Gy @ 45-50cGy/hr, (HDR): 36Gy/9# @ 4Gy/# x 2 #/ day

Boost     (LDR): 15-20Gy @ 45-50cGy/hr, (HDR): 15Gy/5# @3Gy/# x 2#/ day
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RESULTS WITH LDR BRACHY ALONE

Local Control: 65 – 90%

Adverse Effects: 1 – 50%
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RESULTS WITH HDR BRACHY ALONE

Local Control: 50 – 100%

Adverse Effects: 0 – 50%
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RESULTS WITH LDR BRACHY + EBRT

Local Control: 70 – 90%

Adverse Effects: 1 – 60%
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BRACHY vs. EBRT



Treated Volumes: 
External RT vs. Brachytherapy

Local Control

Adverse Effects
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INTERSTITIAL BRACHYTHERAPY AT TMH

1981 - Introduced Ir 192 Interstitial Brachytherapy

1981 - Low Dose Rate, Iridium 192 Manual Afterloading System

1987 - Low Dose Rate, Iridium 192 Remote Afterloading System

1994 - High Dose Rate, Iridium 192 Remote Afterloading System

PLATO, Brachytherapy Treatment Planning System
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Strahlenther Onkol 1998
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TATA MEMORIAL HOSPITAL EXPERIENCE

1983-1992 (n=151)
Age:17–79 Yrs (Median: 41Yrs)

LSS + Brachy alone (n=33)
Brachy Dose: 29-50Gy (median:30Gy)

Median FU: 30 months
Local Control: 76%

LSS + Brachy. + Ext. RT (n=118)
Ext. RT Dose: 40-60Gy
Brachy. Dose: 15-20Gy

Median FU: 40 months
Local Control: 71%Local Control: 76% Local Control: 71%
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What did we learn ?

Prognostic Factors for Local Control (Brachytherapy Alone):

Tumor Grade:
Gr I – 86%, Gr II – 67%, Gr III – 67%

Tumor Length:
< 5cm: 65%, 5 – 10cm: 90%, > 10cm: 80%

Site:
Extremity: 76%, Others: 75%

Disease Status:
Primary: 67%, Recurrent: 81%

Surgical Margins:
+ve: 50% failed locally, -ve: 19% failed locally 
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Prognostic Factors for Local Control (Brachytherapy + External RT):

Tumor Grade:
Gr I – 91%, Gr II – 79%, Gr III – 71%

Tumor Length:
< 5cm: 94%, 5 – 10cm: 80%, > 10cm: 80%

What did we learn ?

Site:
Extremity: 72%, Others: 65%

Disease Status:
Primary: 73%, Recurrent: 71%

Surgical Margins:
+ve: 77% failed locally, -ve: 21% failed locally 
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INFERENCES

BRT Alone or BRT + Ext. RT: Similar Outcome

BRT affective also for low grade tumors

Tumor size not a contraindication for BRT if coverage achievableTumor size not a contraindication for BRT if coverage achievable

Extremities had better outcome

Surgical margins very crucial for local control  
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Laskar et al, Ann Surg Oncology 2007S Laskar STS Brachy ICRO TMH Sept 2011



Results
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Patterns of Failure
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Toxicities
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CENTER PTS BRACHY LC(%)

MSKCC (Pister et al.) 164 LDR/HDR 89

Tata Memorial Hosp. (1983-92) 151 LDR 71

Fox Chase 130 LDR/HDR 82

MSKCC (Harrison et al.) 126 LDR 82

Literature Review

MSKCC (Harrison et al.) 126 LDR 82

Inst. Claudius Regaud 112 LDR/HDR 89

MSKCC (Alekhteyar et al.) 105 LDR 86

Institute Gustave Roussy 50 LDR 62

Tata Memorial Hospital (1990-2003) 155 LDR/HDR 71
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2004

2008
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Measurement done using Lithium Fluoride TLD chips 

Site of disease: Right ankle

Dose per fraction     : 400cGy HDR (Iridium 192)

TLD Measurements of Dose To Normal Tissues

Dose per fraction     : 400cGy HDR (Iridium 192)

Total Planned Dose : 400cGY x 9# = 36Gy

Dose to right side of scrotum: 2.35cGy / fraction

Dose to left side of scrotum  : 1.57cGy / fraction

Dose to thyroid gland            : almost nil / fraction

Total Dose (max) received by gonads: 2.35 x 9 = 21.15cGy

Average skin dose: 20%







STS LEFT GROIN AND FEMORAL REGION
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RECC STS Lt MALAR REGION
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CHEST WALL & PARASPINAL
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Laskar et al, Pediatric Blood & Cancer 2007S Laskar STS Brachy ICRO TMH Sept 2011



Results
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Multivariate Analysis of Prognostic Factors
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Literature Review

CENTRE PTS. BRACHY LCR(%) TOX

Institute Gustave Roussy 127 LDR 81 22

Tata Memorial Hospital* 50 LDR/HDR 82 -

St. Jude Childrens Research 
Hospital

46 LDR 86 26

University of California 8 LDR 63 38

JCRT 7 LDR 100 14

Austrian Data 12 # HDR 75 0

Ohio State University 12 # HDR 91 17

Ohio State University 13 IO-HDR 95 23

MSKCC 10 IO-HDR 80 20

Subir Nag et al.IJROBP,Vol.51,No.3,p 729-735,2001
Laskar et al. Pediatric Blood and Cancer 2007
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BRACHYTHERAPY WITH PLASTIC RECONSTRUCTIONBRACHYTHERAPY WITH PLASTIC RECONSTRUCTION
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Interstitial Brachytherapy 

With

Plastic Reconstruction
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CHEST WALL TUMOR BED IRRADIATION WITH BRACHYTHERAPY
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Brachytherapy Tubes and Free Tissue Transfer Brachytherapy Tubes and Free Tissue Transfer 
After Soft Tissue Sarcoma Resection. After Soft Tissue Sarcoma Resection. 

�� N = 36  N = 36  

�� W/E  + Free flap  W/E  + Free flap  �� Brachytherapy after 5 days  Brachytherapy after 5 days  

�� Avg FAvg F--up = 54 months  up = 54 months  

�� Major complications 3 casesMajor complications 3 cases

–– Revision of anastomosis before radiation therapyRevision of anastomosis before radiation therapy–– Revision of anastomosis before radiation therapyRevision of anastomosis before radiation therapy

–– Delayed Deep wound infection  (2 months) and required a Delayed Deep wound infection  (2 months) and required a 

second flapsecond flap

�� Minor complicationsMinor complications

–– Hematoma, Hematoma, 

–– Partial skin graft loss Partial skin graft loss 

–– Superficial infections  Superficial infections  

Aflatoon Et Al Clin Orthop Rel Res 2003
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�� N = 17, Recurr. STSN = 17, Recurr. STS

�� SxSx�� 55--7 days post7 days post--op op ��brachytherapy 1600brachytherapy 1600--4500 Gy 4500 Gy �� Flap Flap 

reconstructionreconstruction

�� 100% flap retention.100% flap retention.

Reconstruction After Soft Tissue Sarcoma Resection In 
The Setting Of Brachytherapy: A 10-year Experience.

�� 100% flap retention.100% flap retention.

�� Two patients developed postradiation partialTwo patients developed postradiation partial--thickness skin thickness skin 

necrosis with delayed secondary wound healing necrosis with delayed secondary wound healing 

�� One patient developed venous thrombosis requiring reOne patient developed venous thrombosis requiring re--surgery surgery 

for flap salvagefor flap salvage

Ann Plast Surg 2004
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• N =43 adult patients  Primary high-grade soft tissue extremity 
sarcomas 

• Limb-sparing surgery and reconstruction  ���� adjuvant RT

MSKCC IJROBP 2004

• N = 16 recd. Brachytherapy (Alone 45 Gy  or  EBRT 45 Gy + 
Boost 20 Gy)

• 5-year overall wound reoperation rate was 6% (95% CI: 0–
14%).

• Wound complications: BRT vs. EBRT (actuarial 17% vs. 0%, p 

0.06);
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COMPLICATIONSCOMPLICATIONS
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BRACHYTHERAPY FOR SHOULDER
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Wound Complications In the Multimodality Treatment of Wound Complications In the Multimodality Treatment of 
Extremity and Superficial Truncal Sarcomas.Extremity and Superficial Truncal Sarcomas.

�� N =  105   extremity and superficial truncal sarcomas  N =  105   extremity and superficial truncal sarcomas  

�� Wide local excision with or without adjuvant perioperative brachytherapy Wide local excision with or without adjuvant perioperative brachytherapy 
(BRT) and/or chemotherapy.    (BRT) and/or chemotherapy.    

BRT                        NonBRT                        Non-- BRTBRT
Major wound complications:    9 / 41 (22%)           2 / 64 (3%)       p  = .002 Major wound complications:    9 / 41 (22%)           2 / 64 (3%)       p  = .002 Major wound complications:    9 / 41 (22%)           2 / 64 (3%)       p  = .002 Major wound complications:    9 / 41 (22%)           2 / 64 (3%)       p  = .002 

Major + Minor complications:   18 / 41(44%)          9 / 64 (14%)     p  = .0006Major + Minor complications:   18 / 41(44%)          9 / 64 (14%)     p  = .0006

Median duration to complete:   189 days                49  days           p  = .0005Median duration to complete:   189 days                49  days           p  = .0005

resolution  resolution  

�� A subset of 54 cases were studied in a randomized manner and yielded A subset of 54 cases were studied in a randomized manner and yielded 
similar results similar results 

�� Mean time to loading of radioactive sources: 4.1 days Mean time to loading of radioactive sources: 4.1 days 

Arbeit et al, JCO 1987

S Laskar STS Brachy ICRO TMH Sept 2011



•• N= 7 STS involving the neurovascular bundleN= 7 STS involving the neurovascular bundle

•• LimbLimb--preserving surgery, followed by fractionated radical HDR preserving surgery, followed by fractionated radical HDR 
brachytherapy      brachytherapy      (50 Gy @ 5 Gy/#)(50 Gy @ 5 Gy/#)

•• HG = 6 ( one c/m +)   LG = 1HG = 6 ( one c/m +)   LG = 1

•• Median fMedian f--up  4 years up  4 years 

•• 55--year actuarial OAS =  83.3%year actuarial OAS =  83.3%

•• No HDR brachytherapyNo HDR brachytherapy--induced peripheral neuropathy. induced peripheral neuropathy. 

•• 3 of 5 survivors 3 of 5 survivors �� Normal motor nerve conduction velocity of the Normal motor nerve conduction velocity of the 
preservedperipheral nerve  preservedperipheral nerve  
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LATE TOXICITIES

Laskar et al, Annals of Surgical Oncology 2006
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BRACHYTHERAPY FOR RE-IRRADIATIONBRACHYTHERAPY FOR RE-IRRADIATION
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�� N = 25 Post Sx+ RT recurrenceN = 25 Post Sx+ RT recurrence

�� 10 cases treated with W/E + Re10 cases treated with W/E + Re--IrradiationIrradiation

BRT = 6                BRT + EBRT = 1     EBRT = 3BRT = 6                BRT + EBRT = 1     EBRT = 3

�� Median retreatment dose  49.5 Gy   Median retreatment dose  49.5 Gy   

�� Median cumulative soft tissue dose   100 GyMedian cumulative soft tissue dose   100 Gy

�� At 24 mths Median F up,At 24 mths Median F up,

Local Control    W/E alone    36%Local Control    W/E alone    36%

W/E + BRT  100%W/E + BRT  100%

�� However, Major Complications 60%However, Major Complications 60%

�� Also Superior Functional Scores over Sx aloneAlso Superior Functional Scores over Sx alone

Radioth Oncol 1996 Princess Margaret hospital
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•• N = 26  Recurrent STS               Median FN = 26  Recurrent STS               Median F--up16 months up16 months 

•• 50% with flaps.50% with flaps.

•• All InAll In--field Recurrencesfield Recurrences

•• PostPost--op Interstitial op Interstitial BrachytherapyBrachytherapy given only after 5given only after 5--7      days.7      days.

ReRe--Resection Resection with with BrachytherapyBrachytherapy For Locally Recurrent For Locally Recurrent 

Soft Tissue Sarcoma Arising in a Previously Radiated Soft Tissue Sarcoma Arising in a Previously Radiated 

FieldField..

•• PostPost--op Interstitial op Interstitial BrachytherapyBrachytherapy given only after 5given only after 5--7      days.7      days.

•• Mean dose 47.2 Mean dose 47.2 GyGy +/+/-- 1.6 1.6 GyGy

•• ComplicationsComplications: 5 / 26 cases. : 5 / 26 cases. �� 3 Wound breakdown3 Wound breakdown

�� 1 1 OsteonecrosisOsteonecrosis

�� 1 Neuralgia1 Neuralgia

�� 55--yr local  RFS & OAS both  52%  yr local  RFS & OAS both  52%  

Pearlstone et al 1999 Cancer J Sci Am MDACC
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POST OP RE-IRRADIATION WITH BRACHYTHERAPY 
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CONCLUSIONS

Questions Answered:

Interstitial Brachytherapy useful tool in management of STS

Similar results of Brachy alone vs. Brachy. + Ext. RT

Can be used along with flaps used for plastic reconstructionCan be used along with flaps used for plastic reconstruction

Useful tool for salvage of recurrence at primary site

Complications are not significant
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Questions Unanswered:

Target volume: needs further definition

Ideal number of planes

HDR vs. LDR Brachytherapy
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BRACHYTHERAPY

Results:
Optimal disease control
Reduced toxicity

Advantages over Ext. Radiotherapy:
Shorter overall treatment time (4-6 days vs. 5-6 wks)
Post-op RT can be started sooner
Smaller irradiated volume --- functional advantageSmaller irradiated volume --- functional advantage

Disadvantages:
Restricted target coverage
Difficult for lesions close to neurovascular bundle
? Efficacy in Low Grade Tumours 

Issues:
Brachy. vs. Extetrnal RT – No Randomized Comparision
? Need for Multi-Planar Implant (Volume)
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INTERSTITIAL BRACHYTHERAPY IN THE ERA
of 

IMRT / IGRT / DOSE PAINTING WITH NUMBERS

Hong et al., IJROBP 2004
Lancet Oncology 2006
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IMAGE GUIDED BRACHYTHERAPY

S Laskar STS Brachy ICRO TMH Sept 2011



S Laskar STS Brachy ICRO TMH Sept 2011



S Laskar STS Brachy ICRO TMH Sept 2011



Thank YouThank YouThank YouThank You
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