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Spine chordoma and chondrosarcoma

Most frequent sites is sacrum (50%), 
followed by mobile spine (about 20%)

Common characterisctics with skull
base:

Locally aggressive growth pattern

High local recurrence rate

Peculiar aspect is the proximity to 
structures deputed to relevant functions 
…spinal cord …bowel….kidney 



Spine chordoma and chondrosarcoma

Surgery is the main therapy

En bloc resection improve both local 
recurrence and disease free survival in 
spine chordoma and chondrosarcoma. 

The anatomical region and typical 
presentation with large mass makes 
difficult the surgery with wide margin

Radiotherapy gained a rule in a 
therapeutic strategy, when incomplete 
resection or an intralesional margin are 
expected 



Which kind of radiotherapy for tumor ….. 

Well konwn radioresistant tumors

High dose indicated

High dose required are limited by dose-
limiting structures (spinal cord, bowel)

Spine chordoma and chondrosarcoma



Radiotherapy 



Carbon ions:

Dosimetric and  radiobiological properties

1y after CIRT



Carbon Ion Radiotherapy (CIRT) 

CIRT: first treatments in 1994 in Japan for 

unresectable bone sarcoma

To date still limited number of reports on the clinical outcomes of C-ion 
RT for bone sarcoma:

Few center available for CIRT in clinical practice 

Rarity of histologies

Lack of homogeneity of data 



COUNTRY PARTICLE BEAM DIRECTIONS START

Japan, Chiba C-ion fixed beams, 1 gantry
1994

Japan, Hyogo C-ion fixed beams 2002

Germany HIT, Heidelberg C-ion fixed beams, 1 gantry
2009

Japan, Gumna C-ion fixed beams 2010

Italy, Pavia C-ion fixed beams 2012

Japan, Tosu C-ion fixed beams 2013

China, Shanghai C-ion fixed beams 2014

Germany, Marburg C-ion fixed beams
2015

Japan, Yokohama C-ion fixed beams 2015

Japan, Osaka C-ion fixed beams 2018

Austria, Wiener Neustadt C-ion fixed beams
2019

China, Gnasu C-ion fixed beams 2019

Japan, Yamagata C-ion fixed beams 1 gantry
2021

Taiwan, Taipei C-ion fixed beams 2022

C-ion facilities in clinical
operation 14

Versus  

Proton facilities in clinical 
operation >100



Patients (n) Histology Mean dose 
Gy(RBE)

LC rates OS rates Toxicity >G3
(n)

Matsumoto
2013

47:
35 unresect.
12 recurrence

OS (13),
CS (13 )
Chord (9)
Various(20)

64-70,4 79%  (5y) 52%  (5y) 6 pts:
5 skin ulceration
1 myelitis

Imai 2016 188 unresect Chordoma
Sacrum

67,2-70,4 77%  (5y) 81%  (5y) 15 pts:
Sciatic
neurophaty

Imai
2017

73 unresect. CS pelvis 64-73,6 53%  (5y) 34%  (5y) 8 pts: 
3 skin reaction
5 fractures

Shiba
2021

53:
39 Unresect
14   Surg R2

Chord (32), CS 
(8), 
OS (9), various

70,4 79,7%
(3y)

69.8%
(3y)

3 pts fractures

Aoki
2022

19 cervical
unresect. chordoma

60,8 75.2 
(5y)

68.4% (5y) 6 pts: 
5 fractures
1 myelitis

Carbon ion series



Common aspects

High LC and OS, low toxicity

Limiting dose : spinal cord/bowel

Most of the marginal recurrences develop adjacent to the spinal cord or 
bowel due to the lower radiation doses to this area 

Common significant prognostic factors: 

Larger volume associated with lower LC

Higher total dose were significantly associated with better LC and OS. 



Chondrosarcoma pelvis

poor prognosis than others site 

Delay in diagnosis

Advanced stage with a large tumor size 

Difficulty in achieving adequate surgical 
margins

More aggressive sub-type (e.g.de-
differentiated)



Anticancer Research 2017

OS-LC 5y, 53%

DFS 5y, 34%



G3/Dediff

Dediff: 24 months

G3: 30months



OS >470

LC >470 



Anticancer Research (2020)

LC 2-yrs: 70.6%

OS 2 yrs: 72.2%

CNAO experience



Median TTR 26.4 months (12.4- 84.2)

40 patients: 
• 34 (85%) CIRT after R2 surgery
• 6 (15%) unresectable:  definitive CIRT
• Total dose range was 66-70.4 GyRBE
• Follow-up: median 35 months (12 – 85)

Late toxicity
G1-G2 neuropathy 20 (50%) pts
G2 dysphagia 2 (4%)
No G3

Spine chordoma preliminary outcome @CNAO
Unpublished data



Sacral chordoma

Still a challenging treatment for surgeons and 
radiation oncologist

Typical presentation with large mass strictly close 
to the OaR (rectum, nerve roots, cauda….) 

Radioresistant tumor: poorly responds to 
traditional radiotherapy



Sacral chordoma

Surgery with wide margins still remains the main therapy

What about when wide margins are not achievable….?



03/07/2023 19



03/07/2023 20

LR 42.6%

349 pts specific recurrence data available

Median FUP 59 months



03/07/2023 21

2018



03/07/2023 22

72% (5y)

84%(5y)

48%(5y)

4 CIRT centres in Japan

Toxicity >G3: 13 pts

Radiotherapy and Oncology 2021



From 2018
CNAO: ARM B 
definitive CIRT



Sacral chordoma preliminary outcome @CNAO

From March 2013:  136 pts treated with definitive CIRT 

43 pts enrolled in international 
protocol from March 2018, were 
excluded

28 pts with FUP < 12 months 
were excluded

65 pts analised



Median follow-up months (range)  48 (12-115) 

Median GTV ml  (range)
401,6 (10,6-2002,7)

Anatomical Disease extension n 
(%)

S1-S2        36 (55%)
S3-S4-S5  29 (44%)

Distant / loco-regional metastasis 0

Spacer n (%)
18 (28%)

Dose GyRBE (range) 70,4  (70,4-73,6) 16 Fractions

Tumors , treatments characteristics of 65 patients



Cobianchi et al World J Surg Oncol. 2016

Bowel displacement

With spacer surgical implant

spacer



Outcome: 65 patients

Local control 41 pts 63% 

Local progression 24 pts 36%

Distant metastasis  8 pts 12%

In Field 18 pts

Out Field 6 pts
Median Time to Relapse 

30 months [12 – 115] 2 pts lung metastasis

2 pt lumbar tract metastasis

2 pts Simultaneously lung metastasis

1 pt liver, lung, lumbar tract metastasis

Sacral chordoma preliminary outcome @CNAO



Baseline 03.2018 FUP 11 m, 04.2019 FUP 2 years 05.2020

In Field relapse: pararectal site, concomitant L4, liver, lung metastasis

Dose
< 80% 



FUP 29 m, 08.2019 
baseline 03.2017 FUP 5 years, 06.2022

In Field relapse : pararectal site



F, 67y
FUP  25m →LR in high dose volume → LET Distribution?....



Sacral chordoma preliminary outcome @CNAO

Late toxicity > G3  7pts  (11%) 

events

1 bone fractures 

2 skin ulceration 

3 M-S neuropathy 

1 urinary retention



CONCLUSIONS and considerations

Well dose coverage  is important for LC improvement

To overcome the limits of constraints spacer placement should be planned for all pts 
….not always possible for technical problem or patient refusing

Unexpected relapse in high dose/well covered area…......Work in progress the 
optimization of LET distribution → radiobiological model  LEM vs MKM 

Definitive high dose CIRT could be a favorable strategy with acceptable toxicity for 
chordoma and chondrosarcoma where surgery is expected to be disabling.

More prospective studies are required to investigate the potentiality of CIRT



Thank you !


