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Normale tolleranza del SNC alla RT convenzionale

� Nervo ottico (55-60 Gy)

� Chiasma ottico (55 Gy)

� Tronco 63 Gy/ 54Gy

� Cristallino (8-10 Gy)

� Lobi temporali (30-40 Gy)

� ippocampo (?)



Tolerance of brain structures to SRS

� Nervo ottico (12 Gy)

� Chiasma ottico (10 Gy)

� Tronco 12 - 15

� Normal brain (?)



Reirradiation of malignant gliomas

• Conventional

radiotherapy

• Stereotactic 

conformal 

fractionated 

radiotherapy

• radiosurgery



Brain tumors reirradiation in GBMs

Author
Pts

(n)

Interval

months
Dose 

(Gy)

Cumulative

BED

OS 

(months)
Toxicity

Veninga (2001) 29* 33 46 197.5 10.9 9%

Bauman (1996) 34** 16.3 30-40 160 8.3 29%

•*10 GBM, 3 Grade III, 15 Grade II, 1 Grade I
•**10 Grade III gliomas

Conventional RT



Author
Pts

Number
Interval
(months)

Dose
(Gy)

Volume
(cc)

Cumulative
BED

OS
months

Toxicity

Combs
(2005)

42 Gr.III 34.5 36 Gy 56.2 190.8 16 Not
severe59 GBM 10 49 186 8

Grosu
(2005)

44 
(Grade
III/IV)

16 30 Gy 18 219-255 8 13%

Combs
(2008)

25 * 36 36 Gy ** 50 192 8
Not

severe

Cho
(1999)

25 
(Grade
III/IV)

19 37,5 Gy 25 198.4 12 4%

Brain tumors reirradiation in GBMs

FSRT

*8 GBM, 10 grade III, 7 low grade
**concomitant temozolomide chemotherapy



Survival after reirradiation of 172 patients treated with FSRT 

Combs et al, J Clin Oncol 2005

GBM 59



Kaplan-Meier survival
curve for 44 patients
with recurrent high-
grade glioma treated
with fractionated
stereotactic RT and 
TMZ

Grosu et al, IJROBP 2005

OS 8 months

p 0.040

(median, 6 months).

(median, 11 months)







Minniti et al, 2011



6 months post re-FSRT



Recurrent GBM

6 months3 months



30 pts

36 Gy in 18 fr







Author
Pts

GBM

Interval

months
Dose 

(Gy)

Volume

(cc)

Cumulativ
e 

BED

OS 

months
Toxicity

Shepherd

(1997)
36 * 29 20-50  24 226.8 11 12 %

Selch

(2000)

21 

(Grade

III/IV)
20 25 12 207.5 6 Not

severe

Lederman

(1998)
14 6.3 24 32.7 210 14.2 8%

Hudes

(1999)
20 3 24-35 13 210 max 10.5 Not

severe

Brain tumors reirradiation in GBMs

HSRT

*32 grade III/IV



147 pts

35 Gy in 10 fractions



Reirradiation for recurrent GBM

Good KPS ( > 70)

Six months from previous RT

Volume < 25 ml

FSRT
30 Gy in 5 fractions (37 pts)

37.5 Gy in 15 fractions

Radiosurgery
14-16 Gy (6 pts)



07/05/09
Recurrent glioma treated with FSRT

GTV (T1 after

contrast)

CTV= GTV + 3-5 mm

PTV = CTV + 2 mm



07/05/09
Recurrent glioma treated with FSRT



07/05/09

Recurrent glioma treated with FSRT

3 months
6 months



Radionecrosis after SRS in a GBM





Author
Pts
(n)

Interval
months

Dose
(Gy)

Volume
(cc)

Cumulative

BED

OS 
months

Toxicity

Kong

(2008)

49 (Gr. III) 11.0
16 Gy 10.6 266

26
24.4 %

65 (GBM) 4.3 13

Combs

(2005)
32 GBM 10 15 Gy 10 235.5 10 0%

Cho

(1999)

46
(Grade

III/IV)

10 17 Gy 30 274.4 11 17%

Radiosurgery

Brain tumors reirradiation in GBMs



Overall survival after SRS 

Combs et al, Cancer 2005

72% at 6 months

38% at 12 months





Correlation between the initial dose of the normalized total dose 

(NTDinitial) and the normalized total dose of reirradiation

(NTDreirradiation) in patients who underwent reirradiation

no brain necrosis

patient(s) with radionecrosis in the 
study

small symbols indicate <25 patients
medium symbols 26 to 50 patients
large symbols >50 patients

conventional RT FSRT SRS

Mayer R, IJROBP 2008



Brain tumors reirradiation in GBMs

Brachytherapy

Combs et al, J Neurooncol 2008



Summary

• Reirradiation is a 
feasible options for
patients with high 
grade gliomas;

• However results are 
modest;

• Toxicity remains of
concern for volumes > 
35 ml in previously
irradiated brain areas.



J Neurooncol. 2010 January; 96(1): 85–96. 

Reirradiation of brain metastases



Reirradiation of brain metastases
16 Gy in frazione singola lesioni < 4.3 cc

21 Gy in 3 frazioni lesioni < 14 cc

25 Gy in 5 frazioni lesioni > 14 cc

retreatment Post re-SRT

SRS



WB reirradiation of brain metastases

� 3 new/progressive lesions

� KPS > 60

� Median age 56 years

� 25 Gy in 10 frazioni in 
associazione a TMZ

� Median survival 5.5 months

� 6-month survival 42%

� 12-month survival 15%

16 patients presenting with intracranial progression after SRS and/or WBRT
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WB reirradiation of brain metastases

Pre re-WBRT

6 months post re-WBRT



SRT reirradiation of a 
prolactinoma

Optic chiasm

Right optic nerve

Left optic nerve



….Grazie per l’attenzione

Ospedale Sant’Andrea


