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Multicenter Randomized Phase III 
study on brain metastases
susceptible to surgical resection (> 
21mm or < with edema 
unresponsive to medical therapy or 
with considerable mass effect).

-Diff. Leptomeningea and RN post SRS 
-Better target definition
-Cell spilled prevention
-Better oxygenation
-Resection of irradiated tissue

-Control arm: surgery + Fractional SRS 
-Experimental arm: fractional SRS + 
surgery





A multi-institutional prospective
observational study
-Single fraction 20-22 Gy
-Cumulative volume < o = 15mL
-Resume Several randomized
clinical Trials 
-1194 patients (455 1 mts, 531 2-
4 mts, 208 5-10 mts).
-OS non inferior between 1-4/5-
10 
BUT
-1-4 BMs fewer neurocognitive
sequelae and improved quality
of life with SRS



Compared SRS results for 2-4 vs 5-
15 BMs based on 1254 patients
with 2-4 tumors and 939 with 5-15 
BMs



Treatment results for patients 
with 5-10 BMs were not 
inferior to those for patients 
with 2-4 BMs, and, notably, 
found that there was no 
significant difference in long-
term neurocognitive function 
(NCF) maintenance between 
the two tumor number groups
(GPA prognostic index)



NHS Criteria for commissioning

Patients meeting all of the following criteria 
will be routinely funded for SRS/SRS:

• MDT discussion

• Systemic disease status 
controllable/new diagnosis/no extra 
cranial disease

• Prognosis > 6 months

• PS ECOG ≤ 2

• Total PTV ≤ 20cc

• SRS New BM (> 3 months after)

• RE-RT (> 6 months)

AIM

• The aim of this report is to evaluate the 
utility of the NHSE selection criteria by 
comparing outcomes with previously 
published data. 

• We have also sought to identify 
prognostic factors that may help to 
further define patient subgroups that 
may specifically or particularly benefit 
from radiosurgery for brain metastases.

Dott.ssa C. Reverberi



Treatment’s preparation

• CT scan with thermoplastic mask: Axial 
unenhanced images were acquired at 
1.5mm slice-thickness

• The MRI scan images were acquired 
without immobilisation in the mask, using 
1mm slices with intravenous gadolinium 
contrast. 

• All patients underwent SRS/SRT using 
CyberKnife robotic radiosurgery (Eclipse 
system) or gantry-based Linac
radiosurgery (on Elements System)

Planning procedu

• The dose was prescribed to each PTV 
volume separately, and the planning 
team would aim to covered at least 98% 
of the volume by the 50% isodose at 
least

• The prescribed doses vary between 16-
24Gy for a single fraction of treatment 
and between 21-25Gy for 3-5 fractions 



TABLE 1.  STANDARD VOLUME-BASED 
PRESCRIPTION DOSES (SHAW 2000)

PTV volume
Maximum Prescription 

dose
No. of fractions

≤ 4 cm3 24Gy 1#

≤ 8 cm3 20Gy 1#

> 8 cm3 and ≤ 14 
cm3

18Gy 1#

In conjunction with immediate (within 4-6 weeks) whole brain 
radiotherapy:

≤ 1 cm3 20Gy 1#

≤ 4 cm3 18Gy 1#

> 4 cm3 and ≤ 14cm3 16Gy 1#

Summary of dose constraints for organ at risk (Hanna 2018) (Susan 2016 (Apr)) (Mayo 2010)
(Lambrecht 128(2018))

Single fraction radiosurgery (1#)
OARs Dmax Constraint* Volume constraint

Optic Chiasm
Ideally < 10Gy

Acceptable < 12Gy
V8Gy ≤ 0.1cc

Optic Nerve
Ideally < 10Gy

Acceptable < 12Gy
V8Gy ≤ 0.1cc

Retina 5Gy
Lens 2Gy
Cochlea 9Gy 4Gy D mean for hearing preservation
Facial Nerve 16Gy
Trigeminal Nerve 20Gy
Cranial Nerve 3,4,6 26Gy
Cranial Nerve 9,10,11 12Gy

Brainstem**
Ideally < 10Gy

Acceptable < 12.5Gy V10 ≤ 0.5cc

Normal brain (no PTV included)
Aim V10Gy ≤ 10cc

Acceptable V12Gy ≤ 10cc V5Gy ≤ 50%

Three fractions radiosurgery (3#)
OARs Dmax Constraint Volume constraint

Optic Chiasm
Ideally  < 15Gy

Acceptable < 17.4Gy V15.3Gy ≤ 0.1cc

Optic Nerve
Ideally  < 15Gy

Acceptable < 17.4Gy V15.3Gy ≤ 0.1cc

Cochlea 17.1Gy 6Gy D mean for hearing preservation
Facial Nerve 26Gy
Trigeminal Nerve 26Gy

Brainstem**
Ideally < 18Gy

Acceptable < 23.1Gy
Normal brain (no PTV included) V19.5Gy ≤ 10cc V5Gy ≤ 50%

*Dmax to poit dose impies dose to volume < 0.035cc** Where PTV is not inside the brainstem



Table 1. Patient characteristics 
No of patients 

May 2016-Sept 2018

386

Gender Male 166 (43%) Female 220 (57%)

Age Median: 63 
years

M 67 ys 
(range 21-

89)

F 60 ys (28-
86)

Karnowski
Performance Status 
(KPS)

348 pts analysed

100 48 pts (13.8%)

90 155 pts (44.6%)

80 92 pts (26.4%)

70 53 pts (15.2%)

Status extra-cranial 
disease

Controllable 296 pts (76.7%)

No extracranial disease 66 pts (17.1%)

New diagnoses 24 pts (6.2%)

Treatment characteristics

Number of 
fractions

Single (293 pts – 75.9%) Three (93 –
24.1%)

Total Dose

16Gy – 19 Gy (24 pts-8.2%)

20Gy – 24 Gy (269pts –
91.8%)

20-23 Gy (7 pts-
7.5%)

24 Gy (84 pts-
90.3%)

27 Gy (2 pts –
2.1%)

Extra-cranial disease (ECD)

Controllable 296 12.62 (9.54-15.7)

0.012

2.24 0.003

New diagnosis 24 12.82 (8.31-17.33) 2.01 0.086

No ECD 66 NR - 0.013

Volume category

0-4cc 207 19.86

<0.0001

- 0.284

4-8cc 100 10.26 (5.93-14.58) 1.33 0.155

>8cc 79 10.88 (7.67-14.09) 1.38 0.22

Number of met

1 141 NR

0.008

- 0.003

2-4 165 11.74 (9.48-13.99) 1.75 0.002

>5 80 17.95 (9.86-26.05) 1.1 0.69

Number of fraction

1# 293 16.011 (11.88-20.14)
0.055 0.99

3# 93 10.88 (7.82-13.94)



OS & Primary tumour histology
Table 4. Univariate and Multivariate analysis of OS according 
to the primary tumour.

No 
pts

No events 
(death)

Median 
OS 

(95%CI)

Univar 
anal. 

(P value)

Mult
ivar 
anal

. 
(P 

valu
e)

HR (95% 
CI)

All 386 196
15.19 
(12.0-
18.38)

0.012

Breast 90 37

19.43 

(12.86-

26.0)

0.00

2

0.51 

(0.34-

0.78)

Lung 162 82 

14.56 

(8.1-

21.02)

0.02

6

0.68 

(0.48-

0.95)

Melano

ma
49 23

15.09 

(3.57-

26.6)

0.08

1

0.65 

(0.40-

1.05)

Others 85 54

9.5 

(6.48-

12.52)

0.01

3
-















TKI Alone                             RT Alone (WBRT/SRS)                         Vs TKI + SRS

OS               23,3                                                      32,2                                            28,3 

PFS              ++                                                           +                                              ++

30 Studies (2649 pz)









• Different radiation schedules used
to treat large metastasis (3x7Gy 
n=11)

• V12 e V18 Gy most significant
predictors of RN

• BED: 108           9Gyx3
EQD2: 64,8

• BED:70                7Gyx3 a/b 3       
EQD2:42
BED: 153
EQD2: 92

• WBRT 30Gy:BED 60 EQD2 36







Local Control Neurological controlOverall Survival



Overview of the research
proposed at national and 
internationale level

-SRS Vs WBRT
-SRS Vs MF-SRS
-IT/TT: LC 22 al 93%

Objectives and 
methodology

Inclusion criteria
-age =/> 18 anni
-KPS =/> 70
-BMs (V=/< 15 mL)
-No pre-SRS o Ch

-MF-SRS 9Gy x 3/ 8Gy x3
- GTV T1 volumetric
-PTV 2mm
-q21, q15
-7d (ALK)

-IRANO
-PET/TC

Research Project: MF-SRS concomitant with Immunotherapy or Target therapy

Anzellini D., Reverberi C., Bozzao A., Botticelli A., Pellegrini P., De Sanctis V., Osti M.F.

% PD ( Manteinance of 
the treatment line ) 

Symptomatic



MF-SRS Plus Drug

EGFR
Osimertinib?

ALK

?



Radiotherapy
techiques



Grazie per l’attenzione
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