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69 y/o woman with recurrent multiple chordoma sites after prior endonasal 

resection, proton RT and further a second resection after progression



69 y/o woman with recurrent multiple chordoma sites after prior endonasal 

resection, proton RT and further a second resection after progression



2 and 10 months after gamma knife radiosurgery 

with tumor regression





Photon radiotherapy (10 studies)

# patients =191

Median dose = 52.7Gy

5-year OAS=53.5%

5-year PFS=36%

Adverse radiation effect (ARE) rate=0-5%

Proton radiation therapy (5 studies)

# patients =416

Mean dose: 66-83 cGE

5-year OAS=79.8% (range, 66.7-80.5%)

5-year PFS=69.2% (range, 46-73%)

ARE rate=5-17%

Amichetti et al. Proton therapy in chordoma of the base of the skull:

a systemic review. Neurosurg Rev. 2009

Fractionated Radiation Therapy: background



Objective

To assess patient survival, tumor control, the risk 

of complications, and variables that predict 

outcomes in chordoma patients who underwent 

Gamma knife stereotactic radiosurgery as  

primary or adjuvant management.



Participating Institutions

Institution

No. 

of 

pts

Median 

tumor 

volume 

(cc)

Median  

margin

dose 

(Gy)

University of Pittsburgh 19 3.7 16

University of Sherbrooke 4 14.2 16

Mayo Clinic 23 17.4 15

University of Virginia 15 6.0 15.5

CINN 2 27.5 13.4

UCSF 8 6.2 14

Total (follow-up patients) 71 6.6 15.5



Patient characteristics (N=71)

characteristics valuable

male 43

female 28

No. Operations          = 0 (biopsy) 13

= 1 36

= 2 12

= 3 4

= 4 3

= 5 1

= 6 1

= 7 1

Prior fractionated radiation therapy 20

SRS for tumor progression 16

SRS for residual tumor 51

SRS as initial treatment 4



Characteristics median range

Age 45.9 7.0-80.8

Symptom duration (months) 6.5 0-297

Interval Dx prior to GK (months) 14.6 0.5-297

Follow-up after Dx (months) 99.1 7.9-317

Follow-up after GK (months) 62.3 3.9-168.9

Median Tumor volume (cc) 7.1 0.9-108.6

Median Margin dose (Gy) 15.0 9-25

Median Max dose (Gy) 32.0 18-50

Number of Isocenters 7 1-30

Patient and GK SRS Characteristics



GK SRS for Chordomas

Treated Tumor response

CR PR SD PD (Total)

No.Patients 2 22 24 23 (71)

% 2.8% 31.0% 33.8% 32.4% (100%)

CR=complete response; PR=partial response (> 25% decrease); 

SD=stable disease (+ 25 % change); PD=progressive disease (> 25% increase)

PD with adjacent tumor recurrence: N=10/23

PD with remote tumor recurrence: N=3/23

Adjacent tumor recurrence (AR) alone: N=4

Remote tumor recurrence (RR) alone: N=4



9 years after SRSSRS

Chordoma Radiosurgery

A 37-year-old man with a chordoma of the clivus

and right cavernous sinus underwent an endoscopic

endonasal removal of the tumor 2 months before SRS.



Overall survival after SRS

Died: 23/71(32%)

Median Survival=104 mo

(95% CI:89-120mo)

1yr-OAS=98.6%

3yr-OAS=93.4%

5yr-OAS=76.4%

7yr-OAS=66.8%

10-yr-OAS=42.1%

Protons: 5 year =80%



Progression free survival after SRS

1yr-PFS=95.5%

3yr-PFS=78.6%

5yr-PFS=66.1%

7yr-PFS=60.0%

10-yr-PFS=50.7%

Protons 5 year =69%



Factors that Affect Patient Survival 

Parameter Better outcome Significance

Age < 45-year-old 0.010*

Dx-GK interval < 3Y 0.014*

No. of operations 0-1 0.006*

Prior RT No <0.0001*

CN deficit 0-1 0.034*

Sex, symptom interval, timing of SRS (residual vs. recurrence), tumor volume, 

and margin dose were not associated with patient survival (p>.05).

Significance

Parameter Better outcome P value HR

Age Younger age 0.003* 1.057

Prior RT No <0.0005* 8.086

No. of CN deficits Smaller number 0.008* 1.515

Univariate Analysis

Multivariate Analysis

Dx-GK interval and No. of operations were not associated with 

patient survival (p>.05). HR= Hazard Ratio



Patient survival after SRS

Prior RT

No RT RT

MST 112.7M 57.9M

3yr OAS 97.6% 81.2%

5yr OAS 87.1% 43.1%

10yr OAS 48.2% 21.5%

p=0.006

No prior RT

Prior RT

MST: Median Survival Time

OAS: Overall Survival Time



Patient survival after SRS

Multiple CN deficit

0-1 >2

MST NR 64.3M

3yr OAS 97.2% 85.6%

5yr OAS 84.5% 60.4%

10yr OAS 50.9% 21.2%

p=0.034

No or Single CN deficit

Multiple CN deficits



Factors that Affect Treated Tumor Control

Factor Better outcome Significance

Age < 45-years 0.015*

Tumor volume < 7cc 0.029*

Margin dose > 16 Gy 0.028*

Sex, duration of symptoms, timing of SRS (early vs. late), Dx-GK interval, 

No. of operations, prior RT, and No. of CN deficits were not associated 

with patient survival (p>.05)

Significance

parameter Better outcome P value HR

Age Younger age 0.006* 1.044

Prior RT No 0.032* 2.470

Margin dose Larger dose 0.025* 0.796

No. of operations, No. of CN deficits, and tumor volume

were not associated with patient survival (p>.05); HR= Hazard Ratio

Univariate Analysis

Multivariate Analysis



Progression free survival after GK

p=0.029

Tumor volume < 7 cc

Tumor volume > 7 cc

<7cc >7cc

MPFST 167.1M 49.3M

3yr PFS 93.5% 62.9%

5yr PFS 80.5% 49.7%

10yr PFS 67.6% 37.3%

Tumor volume

MPFST: Median Progression 

Free Survival Time

OAS: Overall Survival Time



Functional Outcomes

Functional outcomes after GK SRS (N=65)

Improved: N=17 (26%)

Unchanged: N=31 (48%)

Worse: N=17 (26%)

Causes of delayed neurological deterioration (N=17)

treated tumor progression -8

adjacent tumor progression -3

adverse radiation effects (ARE) -4

ARE + treated tumor progression -2

Improvement of diplopia (most common  presenting deficit)  

CN 3: 2/9 (22%), CN IV: 3/6 (50%), CN VI: 13/40 (33%) 



ARE occurred in six patients (8.5%).

Abducens neuropathy: N=2

Facial palsy: N=1 

Trigeminal and abducens neuropathies: N=1 

Anterior pituitary dysfunction: N=1

All patients with ARE had also undergone prior RT.

Adverse Radiation Effects



Additional Management after SRS

Treatment after SRS

Treated tumor

progression

Adjacent or remote

tumor progression

Resection 13 1

SRS 2 9

RT 2 3

Resection + RT 2 0

Resection + SRS 0 3

RT + chemotherapy 2 0



Summary

In this IRRF report, the predictors of better overall survival included 

age (< 45 years), shorter interval between diagnosis and GK SRS 

(<3 years), <2 prior operations, no prior RT, and no or only one 

cranial nerve deficit.

The predictors of better progression free survival after GK

SRS included younger age, smaller tumor volume (< 7cc), and 

higher tumor margin dose (> 15Gy).

The improvement rate of pre GK cranial nerve deficits after SRS 

varied between 20% and 50% (preexisitng CN II, and VII 

neuropathies did not improve).





Comparable to proton beam RT





Conclusions

Multimodality management, including surgery and early 

SRS, provide the greatest opportunity for tumor control 

and cranial nerve preservation. 

Repeat SRS is feasible for new adjacent or distant 

intracranial disease. For smaller tumors fractionated 

radiation therapy is not necessary in addition to SRS. 

Radiosurgery appears to be as effective, more 

convenient, and has less morbidity than proton 

irradiation.



Radiosurgery for chondrosarcoma – 2013

2017- no recurrence


