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Curative potential of radiotherapy (neoadjuvant, adjuvantordefinitive radiotherapy

as in the case of inoperable Ewings or the use of total lung irradiation) and indications and

techniques for palliative radiotherapy
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Chef de service de Radiothérapie, Institut Jules Bordet, Université Libre de Bruxelles (U.LB.)

Chair of the Belgian SocieTy for Radiation Oncology (BeSTRO)
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Agenda:

• Bone sarcoma

• Soft tissue sarcoma

• Conservative surgery requires adjuvant RT

• Pre-op vs post-op WF

• 3D RT vs IMRT

• RT in function of the performed surgery

• Indications for RT

• Classical palliative RT VS Stereotactic RT for oligo-frl+ disease

• Conciusions
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Bone sarcoma

Diagnosis Radiotherapy?

• Osteosarcoma No (?)

• Chondrosarcoma No (?)

• Giant ceil tumor No

• Ewing Sarcoma Yes

• Fibrosarcoma Yes

• Chordoma Yes
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Bone Sarcoma

Osteosarcoma

• Treatment

> Chemotherapy and surgery
OS 50-85%

• Osteosarcoma = very radioresistant

> 60 Gy: Limited Tu control (]enkin,1972)

> 80 Gy: Living Tu celis in amputation specimen

80-100 Gy; Tu sterilisation (Gaitan, 1981)

• Reason of radio-resistance is unknown

> 1-lypoxic Tu

> Increased capacity to repair sub-lethal damage (Martinez 1985)
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Bone sarcoma

Osteosarcoma - Chondrosarcoma

• Indications for rad iotherapy

• Non-resectable lesions

- Base of skull

- Vertebrae - Sacrum

• Refusal of surgery

Role of preoperative CRT?

Role of protons/Carbon Tons?

•
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Bone sarcoma

Ewing Sarcoma

• Treatment

> Combination of chemotherapy, surgery and RT: MTD! !!!HH!!IH!
FURO-EWING protocol (1999 & 2012)

r Postop RT to start within 6w; avoid CCRT with adria, Actino-D, (Melphalan)
OS 60-80%

• Postoperative RT (or 50,4 Gy pre-op when Ri expected)

0 Gy when wide resection
. 45 Gy when wide resection with <90% necrosis after CT

54 Gy when Ri

• Definitive RT after induction chemo
r When surgery impossible (RT as only local R/)
w 54 Gy, plus a boost to 59.4 Gy (64 Gy 1f possible)

• Total lung RT = in case of lung M+: l8Gy/12 fractions after consolidation CT



Bone sarcoma

Fibrosarcoma

• Strongly looks like an osteolytic bone M+

• Age 30-60

• Prognosis strongly depends on the grade

Treament

Radical sur

rdereradjuvantRT: soft tissue sarcoma infra

r Considerer adjuvant CT
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Thus (almost) always on the central axis:

— Sacrum (50%)

.- SkuII base (33%)

Treatment:

r In principle radical surgery
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Chordoma

• l-4% of bone sarcomas

• ‘Benign’ Tu of the notochord,

r

> Non-radical resection is frequeriotherapy

> Radio-sensitivityon1onTheray?

.44.
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Agenda:

• Bone sarcoma

• Soft tissue sarcoma

• Conservative surgery requires adjuvant RT

• Pre-op vs post-op RT

• 3DRTvsIMRT

• RT in function of the performed surgery

• Indications for RT

• Classical palliative RT VS Stereotactic RT for oligo-M+ disease

• Conciusions

-j

• JULES ORDET
Erasmo F ZHiNS1T1!OT Dirk Jan Gestel PGMO Sarcoma 12-12-2020 t

fl5

Soft tissue sarcomas

Indications for rad iotherapy

• An old sub-optimal trial of the NCI suggests

‘Limb-saVing’ surgery + RT = amputation.

• 2 randomised series of surgery + postop RT vs. Surgery alone:

LC , OS idem

(Pisters & al, JCO 1996; Vang et al, JCO 1998)
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Brachytherapy
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Smaller treatment volurnes

LC 83% (Alektiar et al)
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Conservative surgery requires adjuvant RT

Conservative stirgery +1- postop BT
I.0•

0.9

0.8

0.7
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82%

0.4
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67%

0.2

Tick mark (1) indicates last tollow-up

0.1
p 0.04

o Arachytherapy (78 Pis. 65 Censored)
• No Brachytherapy (86 Pia 61 Censored)
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Conservative surgery requires adjuvant RT

Conservative surgery +1- postop BT

t, 0.6

66%
0.5

4,
0.4

lick mark (1) lndlcatos last follow-up
0.3

• Braclwtharapy (56 Pia. 51 Censored)

& 0.2 • No Brachytherapy (63 fls. 44 Censorod)
2 p:O.0025

0.1

0.0
0 12 24 36 48 60 72 84

Months After Surgery
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High grade tumours
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Conservative surgery requires adjuvant RT

Conservative surgery +1- postop BT

0.6

0.5

2 0.4
0.

0.3

0.2

0.1

0.0

71cR mark (1) indiceis is,! loliow-up

o Braatyftierapy (74 Pl,. 62 Cenamed)
• No Brachytherapy (85 Pia. 69 Censored)

p = 0.66

No impact on OS

O 12 24 36 46 50 72 84 96 108 120 132
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Conservative surgery requires adjuvant RT

2 -3 Dimensional EBRT
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Conservative surgery requires adjuvant RT

Conservative surgery +1- postop EBRT

., ,.

S;’
JULES BORDET

Follow-Up (Years)

Erosine

Wis

w
t)
c
1-

t,

0
1

z
0
-t
ei

Radialion

II 11111111 1

60- -

50- -

40- -

30

No Radiation

RT improves LC for low and high grade STS
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Preop vs postop RT

Preoperative versus Postoperative RT (see Table 3)

Table 3

Advantaees and disadvantages of pre- and postoperative radiotherapy

Advantages Disadvantages

Preoperative Smaller RT volume Wbund complications

Radiotherapv Easier resection Postponin surgen

• Better oxvgenations and vascularization of the Fibrosis that could hamper surgerv

area => laroer effect

• Keduction of late cornplications

Postoperalive Betler stamg Large fiT Volunies

Radiotherapy • Lesa scar complications • More late complications (fibrosis joint

stiffless. oedema)

Need for demarcation of the operation

field (clips)

JULES BOPDET Hoefkens Van Geste!; Radiation Oncology, December 2016 Eraima ZH
iris

preop vs postop RT

Author N Conciusion
Cheng et al 112 No difference in LC
(JSO, 1996)

0’ Sullivan et al 190 No difference in CSS
•Si2nif> vound healing problems: 35% vs 17%(Lancet 2002) •Tr;nd for lesser late effects

Zagars et al 517 No difference in CSS
(IJRDBP 2003) RT sequence not a significant Pl

factoron MVA

Kuklo et al 117 No difference in LC
(AJO 2005)

Guadagnolo et al 150 No difference in LF or OS
synovial sarc. Pre-op RT: increased risk DE (50%

Ç (IJROBP 2007) vs. 40%), not significant

ru



Preop vs postop RT

Pre-op requires Iess dose (50 vs 60-66 Gy) but might need post-op boost

Local Control

Pre-op RT:

Post-op RT:

73-93%

72-92%

Wound healing problems

Pre-op RT:

Post-op RT:

25% to 46%

6% to 29%
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3D RT VS IMRT
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3D RT vs IMRT

NCIC RCT, 2004
O’SuIIivan

BWHIDFCI, 2013
Baldini

MSKCC, 2014
Folkert

MGH, 2010
Kim

PMH, 2013
O’Sullivan

MSKCC, 2014
Folkert

RTOG 0630, 2015
Wang

IMRT (flap sparing,
100%)

IMRT (100%)

., ,.
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‘3D conventional and IMRT: Similarly excellent’
Era5me Z !1
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IMRT:

6%, 7% 30 (100%)

10% 3D (84%)

15.1% 3D (100%)

11.5% 30 (88%)

11.8%

7.6%

11.4% IMRT (75%)
(2-yr)

Dr< Van Ges:e 2GMD Sarcoma 1212-2û2e
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3D RT vs IMRT

,-P’lOO% IMRT
(sparing Hap) (79% post-op)

NS 5.3%

14.5% 3.5%

La’ Iii1

a30

315%

17.8% 1
15.1%

‘Use of JMRT may be the main reason for reduced toxicity’

Folkert, JCO 2014
Wang, JCQ 2015

1
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Treatment
Modality

- ,--

100% IMRT 75% IMRT

>Grade2:
Subcutaneous
Fibros is

[Joint Stiffness

9.3%

5.6%

Edema 11.1%
1 1

* B O’SuI/ivan, Cancer 2013
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Agenda:

• Bone sarcoma

• Soft tissue sarcoma

• Conservative surgery requires adjuvant RT

• Pre-op vs post-op RT

• 3D RT Vs IMRT

• RT in function of the performed surgery

• Indications for RT

• Classical palliative RT VS Stereotactic RT for oligo-M+ disease

• Conciusions
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Soft Tissue Sarcoma: RT in function of surgery

RT in function of the performed

• Surgery (+ pathology) = corner stone

• RT can not correct for bad surgery

surgery

• Multidisciplinary discussion as soon as possible, even before

invasive diagnostics

-)Referral to specialised centres!!!

RT in function of the performed surgery

Satellite Tu ceils can be found up to 4cm from GTV
(White et al, IJROBP 2005)

Soft tissue sarcoma n the ciog — Part 2: surgical margins, controversies ano
JULES BORDET a comparative review
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Journal of Small Animal Practice, 2017:
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RT in function of the surgery

__

Local recur. after surgery
• Intra-lesional (R2)

(through pseudo-capsule)

• Marginal resection (Ri)
(Intracapsular or <1-2 cm around tumor)

• Wide resection
(margins >1-2cm in ni tissue)

• (Radical resection)
(compartment)

100%
Consider a 2nd operation

60-90%
Consider a 2nd operation

25-35 %

WF to be discussed
5-20 %

NO RT 1f tumor is confined to
cornpartrnent

Indications for RT

In combination with wide resection,

Adjuvant RT is recommended:
High-grade (G2-3) STS

Deep SIS

>5 cm SIS

Recurrent STS

Adjuvant RT is optional:
Low grade, deep. <5 cm STS

CLIN[CAL PRA(T[CE GUIDELNFS

Soft tssue and visceral sarcomas: ESMO—EURACAN
Clinical Practice Guidelines for diagnosis, treatment
and foIIowupt

Adjuvant RT is not recommended for:
Low grade, superficial, <5 cm STS

JULES BOROET
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Indications for RT

J Surg Oncol. 2014 Jan 24. dol: 10.lOO2Ijso.23569. [Epub ahead of print)

Compliance with National Comprehensive Cancer Network
guidelines in the use of radiation therapy for extremity and
superficial trunk soft tissue sarcoma in the United States.
Baciaria SP, Ashman JB, Daugherty LC, Gray RJ, Wasif N.

Of 5075 patients, 50% received RT. Although routine RT is not recomniended for Stage 1 patients,
25% stili underwent RT. Even though routine RT is recomniended for Stage II and III turnors, only 60%
underwent RT.

CONCLUSIONS:

Underuse of RT is seen for a significant proportion of patients undergoing treatment for STS in the
United States. More effort needs to he directed towards cornpliance with appropriate treatment
recommendations, perhaps by regionalizing sarcoma care or remote muItidiscipinary tumor boards. J.
Surg. Oncol. © 2014 Wiley Periodicals, nc.

JULES RORDET
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Indications for RT: Radical radiotherapy

Mr PV, 82 years old presents with a high grade myxofibrosarcoma

of the left calf

IV
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Indications for RT: RetroPeritoneal STS

Before STRASS
Only small studies, better LC, no evidence on OS, highly debated

• TV poorly identifiable
• OARs within the PTV
• Higher dose (54-60 Cy)

• TV well identifiable
• OARs outside PTV
• Lower dose (50 Gy)

HADRONTHERAPY + BOOST
• Excellent OARs sparing
• Boost to high risk regions

POSTOPERATIVE RT PREOPERATIVE RT

Acute/late toxidties ‘T’ Acute/late toxicities Courtesy X Geets
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Indications for RT: RetroPeritoneal STS

Journal of Clinical Oncolog/
M Miericen Sociely oFCInicI Oncoloqy otnnaI

STRASS (EORTC 62092): A phase III randomized study of
preoperative radiotherapy plus surgery versus surgery
alone for patients with retroperitoneal sarcoma.

5ve Sonvatot. Af signifwance leveL Resuits: 266 patients from Europe, USA and Canada were
P.rre Meen,;

randornized between january 2012 and April 2017:198 patients (74.5 %) had
liposarcorna (LPS), Eiqhteen patients were designated inelicjible. Overall rate of re
operation for any complication was 10.1%: 13(10.9%) and 12(9.4%) patients in
RuS versus S groups. 19 pts (14%) progressed durinçj RT, 4 of whorn did not
undergo surgery. 3-year ARFS was 60.4% (95% Confidence interval (CI) 51.4-68.2%)
and 58.7% (49.5- 66.7%) (HR = 1.01, 95%CI 0.71-1.44, p=O.954) in RT/S versus S
groups. In the sensit ty analysis, 3-year ARES was 66.0% (57.1-73.5%) and 58.7%
(49.5-66.7%) in RT/S versus S groups (HR 0.84, 95% CI 0.58-1.21 =0.340 In the
[P5 subgroup, 3-year MES (sensitivity analysis) wa 1.6% (61.3-79.6%) and 60.4
(49.8-69.5%) in RT/S versus S groups (HR = 0.64, 95%C1 0.40-1.0 =0.049
Condusion: STRASS failed to denionstrate a benefit of pre-operative RT for RPS. InJULES BORDET

the exploratory analysis, preoperauve WF may beneft the LPS subgroup Funding

Agenda:

• Bone sarcoma

• Soft tissuc sarcoma

• Conservative surgery requires adjuvant RT

• Pre-op vs post-op RT

• 3DRTvsIMRT

• RT in function of the performed surgery

• Indications for RT

• Classical palliative RT vs Stereotactic RT for oligo-M+ disease

• Conciusions
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Classical palliative RT

Control/prevention of symptoms due to a tumor

Pain = most often

BUT ALSO

Neurological troubles,

Bleeding,

• Obstruction (pulmonary, intestinal, ...),

• Hygienically or psychological problems,

1-5 fractions , can be repeated!

Symptom Control quite fast + often persistent

Oligo-metastatic disease

MO

Oligometostases:
Role of local therapy?
• Surgery
• Ablation

•

1 35Gy/l5fr

Radiotherapy



Oligo-metastatic disease

Not so new:

• Heilman and Weïchselbaum first proposed the concept of

oligometastases in 1995

• Resection of lung M+ of sarcoma

• Resection/ablation of liver M+ of GI

• Surgery/GammaKnife for bram M+

• Bojko et al. SBRT prospective on oligomets in breastCa in 2004

SBRT for oligo-metastatic disease

SABR-COMET trial (Palma; Lancet 2019, JCO 2020 )
Randomized phase II screening design: SOC +1- SBRT

(± pafl. RT in SOC alone)

• 99 patients randomized (n=92:1-3 metastases);

• FU: median follow-up 51 months



SBRT for oligo-metastatic disease

SABR-COMET trial (Palma; Lancet 2019, JCO 2020 )

• LC: 46% VS 63%, p=O.039 (adrena;, 100%; bone, 720/c; Iung, 51%; liver, 50%; P = 04)

• 4y PFS: 3,2% Vs. 21,6%, p=O.001

cEl8DS.42%,EOO6

A B 30% of patients in Arm 2 who
survived beyond 5-years received

90 salvage SABR at some point
80 >80

- 70 10
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Ongoing randomized trials for
genuine oligometastases

Various primaries:
• SABR-COMET-3 (phase III, 1-3 mets)
• SABR-COMET-10 (phase II, 4-10 mets)
• CORE (phase III, prostate, breast, non-smali-cefl long cancer)
• Oligokare (phase III, excludng prostate, breast, NSCIC and colorectal)

• Prostate:
• PEACE V: STORM (phase II, oligo-recurrent prostate cancer, SBRT vs. profylactic RT)
• PCS IX (phase 11/111, castration-resistent oligornetastatic recurrence)
• STAMPEDE

NSCLC:
• NRG-LUOO2 (phase 1/111, after induction therapy)
• SARON (phase III, after induction therapy)
• SINDAS (phase Ii, TKI +/- SBRT)

• Breast:
• NRG-BROO2 (phase 11/111, new DM0)
• STEREO-SEIN (phase III, before start of systemic therapy)
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Agenda:

• Bone sarcoma

• Soft tissue sarcoma

• Conservative surgery requires adjuvant RT

• Pre-op vs post-op RT

• 3DRTvsIMRT

• RI in function of the performed surgery

• Indications for RT

• Classical palliative RT vs Stereotactic RT for oligo-M+ disease

• Conciusions
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Conciusions: Bone sarcoma

When to considerer RT?

• Non-radical surgery

• Radio-sensitiVe Tu in combination with surg +/- chemo

> Ewing Sarcoma

Fibrosarcoma

• Carbon lons (protons): Chordoma/Chondrosarcoma; Osteosarc??

www.bonetumor.org
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Conciusions: Soft tissue sarcoma

• Few randomised trials

• Conservative Surgery (often) needs RT: LC: 72-93%, OS idem

• RT indicated when margins <1cm or >G1

• Pre-op = post-op: post-op Iess wound healing probems

• IMRT> 2D/3D for toxicity, not for outcome

• Toxicity very acceptable, so do not underuse RT!!!

• Quid retroperitoneal sarcoma? Strass: Indication for LPS?

.
JULES BORDET
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Conciusions: Palliative RT

• Classical RT

• Few fractions, excellent tolerance

• Symptom Contro’ quite fast and often persistent

• Stereotactic RT for oligo-[v1+ disease

• Ablative RT

• Phase Ii study: 5y OS: 18% Vs. 42%

• Phase III studies ongoing

., ,.
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Radiation.-Oncology for sarcomas

T thank you for your attention

dirk.vangestel@bordet.be
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Protons versus Photons

iii

Protons
-T

0

Courtesy H Langeridijk, UF4C Groningen

Particle Therapy: Protons vs Carbon lons

Energy: heavy lons (Carbon lons, ...)

200

180

160

- Photons
140

Avantage
de protons

120

100

00

.4

40

Peau Profondeur 4

Low LET High LET



Particle Therapy: Protons vs Carbon lons

/ - .:—.
Protuns

Tumor
•1

Thariatetal, 2011

Particle Therapy: Protons VS Carbon lons

Indications for Proton Therapy in aduits:

1) Ocular melanoma, where brachytherapy is not possible

2) Paraspinal or sacral, skull base chordoma

3) Paraspinal or sacral , skull base chondrosarcoma/sarcoma
4) Meningioma, for which no other medical treatment is possible

5) Cerebral arterio-venous malformations (AVM), for which no other treatment

6) Medulloblastoma

CAVE! NO level 1 evidence

, 9.
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Particle Therapy: Protons vs Carbon lons

Indications for Carbon Ton Therapy in aduits:

1) malignant mucosal melanoma

2) non-resectable or insufficiently resected adenoid cystic carcinoma

3) non-resectable or insufficiently resected salivary gland carcinoma

4) Paraspinal or sacral, skull base chordoma

5) Paraspinal or sacral, skull base chondrosarcoma/sarcoma

CAVE! NO level 1 evidence

;4sreNit
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