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WHAT IS PARTICLE THERAPY?

Conventional radiotherapy

 X-rays, -rays

 Waves of light

 Electric charge (-)

 Mass (-)

Particle therapy

 Protons, carbon ions

 Particles of ion

 Electric charge (+)

 Mass (+)

2Credit: Dr Yusuke Demizu



ESSENCE
Distal sparing

Allowing for dose escalation

Credit: Torunn Yock 

Cancer 2014
A: Pediatric rhabdo B: pediatric pelvic sarcoma



MOH indications for adults

@DrRuxinWong



Pediatric and young adults

@DrRuxinWong



BONE AND SOFT TISSUE SARCOMAS (BSTSS)

Indications for particle therapy

 Malignant histology >> definitive or adjuvant

 Unresectable: skull base (SB), spine, pelvis, face etc.

 No metastasis ( but allowed if oligomets in ewing/RMS)

One of the best indications for particle therapy

 treated with particle therapy since its early history.
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OUTLINE

- spinal chordoma/CS

- unresectable truncal/soft tissue sarcomas

- pediatric sarcomas



EVIDENCE

Chordoma/CS



SPINE AND SACRAL 
CHORDOMA 
CHONDROSARCOMA

2017

Global chordoma consensus 
Lancet 2017 Stacchiotti et 

al

2021

Meta-analysis Pennington 
et al Neurosurg Focus 2021

@DRRUXINWONG

Japanese experience: past to present



ESMO-LED, SPONSORSHIP FROM PATIENT ADVOCACY GROUP

@DRRUXINWONG



SACRAL SPINE

complete en-bloc resection (level of evidence IV, 

recommendation A). 

Intralesional surgery followed by RT not an equivalent (level of 

evidence V, recommendation A). 

Tumour rupture must be avoided : seeding (level of evidence 

IV, recommendation E).

@DrRuxinWong

Chordoma global consensus



SACRAL SPINE

@DRRUXINWONG

adequate margins are only achieved in 
roughly 50% of cases 

anterior resection plane should not fall just 
beyond the sacral fascia (level of evidence V, 
recommendation B

Resection should include the mesosigmoid or 
mesorectum 

colostomy to avoid bone infection from 
colorectal fistula (level of evidence V, 
recommendation C

Chordoma global consensus



SACRAL SPINE

@DRRUXINWONG

Extension to gluteal 
muscles or along the 
sacro-tuberous ligaments

Soft tissue cover includes

• Omentoplasty 

• rectus muscle myocutaneous

Chordoma global consensus



SACRAL SPINE

For tumours arising from S4 and below, surgery should definitely be offered  
(level of evidence IV, recommendation A). 

from S3, surgery is the standard treatment, if preservation of S2 roots is 
possible 

above S3, surgery always results in neurological sequelae

risks and benefits of surgery versus radiation alone should be discussed with 
the patient (level of evidence IV, recommendation B)

S1, surgery has substantial morbidity. Definitive radiotherapy should be 
regarded as a valid alternative (level of evidence V, recommendation C) 

@DRRUXINWONG

Chordoma global consensus



SACRAL SPINE 

Carbon ion or proton-beam radiotherapy should be used for defi 
nitive treatment after biopsy only in patients who do not want surgery 
(level of evidence V*, recommendation A)

@DRRUXINWONG

Chordoma global consensus



THORACOLUMBAR
Surgical principles similar to sacral tumours

Thoracic  most suitable to resection with acceptable morbidities. (level of evidence IV, recommendation 
B).

Lumbar vertebral bodies is inevitably followed by major functional sequelae. If feasible, R0 resection 
remains the primary approach (level of evidence IV, recommendation B), but alternatives should be 
discussed

When tumour extension into the neck, the thorax or mediastinum, or the retroperitoneum, a 
combination of radiotherapy and surgery can be considered (level of evidence V, recommendation B).

Definitive radiotherapy has to be considered when the disease is not resectable or neurological 
impairment is not acceptable (level of evidence V, recommendation A).

@DRRUXINWONG



THORACOLUMBAR 
The potential effect of spine-stabilising metal implants should be discussed by the surgeon 
and the radiation oncologist before surgery

→Streak artefacts

→Implants can interact with particle therapy

@DRRUXINWONG

Chordoma global consensus



IMPLANTS

@DRRUXINWONG



IS GTR NECESSARY? WHAT ABOUT 
STABILISING INSTRUMENTS?

Local Control After Proton Therapy for Pediatric 
Chordoma

Red journal 2021, Indelicato et al

5-yr LC 85%, no diff btw GTR/STR/no sx

Implants a/w complications
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IMPLANTS

Confounders

- larger tumours

- complex locations

Possible reasons

- scattering of protons, streak artefacts



META-ANALYSIS

@DRRUXINWONG



PRISMA FLOW 
DIAGRAM

@DRRUXINWONG



@DRRUXINWONG



CONCLUSIONS FROM META-A: 

Of those studies including only nonsurgical patients, LC is similar for patients treated 
with protons (82% at 3 years) and CIRT (72%– 100% at 5 years)

LC and OS appear similar between patients treated with definitive charged-particle 
(proton or hadron-based) radiotherapy and historical multicenter surgical cohorts of 
chordoma (LC approximately 75%–80% and OS approximately 70%–85% at 5 
years following R0 resection)

@DRRUXINWONG



BSTSS TREATED WITH PARTICLE THERAPY IN JAPAN
Histology n = 877

Chordoma 374

Chondrosarcoma 123

Osteosarcoma 96

MFH/UPS 54

Liposarcoma 26

Ewing sarcoma 21

MPNST 21

Others 162
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Tumor location n = 877

Pelvis 466

Skull base 140

Spine/paraspine 115

Head and neck 57

Retroperitoneum 30

Thorax 21

Others 162

MFH, malignant fibrous histiocytoma;
UPS, undifferentiated pleomorphic sarcoma;
MPNST, malignant peripheral nerve sheath tumor

(2004-2012)
Reported by JASTRO Particle Therapy Committee, 2015  



BONE SARCOMAS OF SB AND SPINE: PBT

96 pts (Japanese multi-institution)

Chordoma: 72 pts, chondrosarcoma: 20 pts, osteosarcoma: 4 pts

Skull base: 68 pts, sacrum: 13 pts, cervical spine: 8 pts, etc.

Median total dose: 70 Gy (RBE)…median BED10: 86 Gy (RBE)

Median FU: 53 mo

5-yr OS: 75%, PFS: 50%, LC: 71%

Acute toxicities of G3: 9 pts (9%)

Late toxicities of ≥G3: 9 pts (9%) 
 G4: tissue necrosis, brainstem infarction
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Japanese experience Demizu et al



PELVIC SARCOMAS: PBT OR CIRT

91 pts (single institution)

Chordoma: 53 pts, chondrosarcoma: 14 pts, 

osteosarcoma: 10 pts, UPS: 5 pts, etc.

PBT: 52 pts, CIRT: 39 pts

3-yr OS: 83%, PFS: 72%, LC: 92%

No significant difference between PBT and CIRT

16# worse toxicities than 32#

27Demizu et al, Kobe Proton Center



CASE: 20S MALE, SACRAL CHORDOMA

28

6Y 8M later
No relapse
No severe
toxicity

7M later
Tumor shrank

Spacer
disappeared

PBT
70.4 Gy (RBE)

/16 fr

After SSPBefore
surgical spacer

placement
(SSP) Credits Dr Demizu



UNRESECTABLE BONE SARCOMAS

Axial skeleton: Pelvic, Facial bones,

@DRRUXINWONG

Unresectable truncal soft tissue sarcomas

• Solitary fibrous tumour

• Desmoid (progressive)

• UPS

• MPNST



@DRRUXINWONG

MGH data

All osteosarcoma

Protons +/- photons

3 yr 82%



@DRRUXINWONG



@DRRUXINWONG

Chondrosarc proton series from MGH

- Protons only



@DRRUXINWONG

QST Chiba



@DRRUXINWONG

German trial

~ 35-73% 3-5year PFS



@DRRUXINWONG

1 patient gave birth to 

healthy child years later

Testament to distal-

sparing



@DRRUXINWONG



OLIGOMETS: NOT THE END OF THE ROAD

CREDITS TO MATTHIAS GUCKERBERGER TWITTER @MATTGUC



RADIOSURGERY

Ablative

>90% local control probability

If done correctly, grade 3 toxicities <5%



CARBON

- heavier particle than protons

- efficacy theoretical, hard to have h2h comparisons

- limited to a few centers

@DRRUXINWONG



CARBON VS PROTONS

@DRRUXINWONG

Pennington et al 2021

Compensate for lack of carbon by 

dose escalation with protons?



PEDIATRIC BONE SOFT TISSUE SARCOMA

Indication for particle therapy

 Ewing sarcoma family of tumors, rhabdomyosarcoma, etc.

 Definitive RT if surgery is too morbid, 

 adjuvant RT is almost always needed unless small and good response to chemo

 One of the best indications for PBT

41



SPINAL EWING MODERN SERIES
Indelicato et al 2022

32 patients, 14 definitive, 18 after biopsy/STR decompression

5 year LC 92%



PELVIC RHABDOMYOSARCOMA

Outcomes Following Proton Therapy for Group III Pelvic 
Rhabdomyosarcoma

Indelicato et al, red journal 2020

- n=31 ( 14 had resection)

- 5 year LC 83%

- no diff btw sx/definitive proton



LOCALLY RECURRENT BONE SARCOMAS

Re-irradiation is possible

- X-ray using special techniques

- Particles to spare normal tissue



TAKE HOME

- surgery is important for bone and soft tissue sarcoma

- particle therapy also has an important role

- issues to consider
 Implants

 Morbidities

 Age

 Histology

WONGRUXIN@GMAIL.COM
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