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✓Outline

• SRS for brain metastases

• How many metastases can be treated with SRS?

• Optimal dose/fractionation

• New SRS techniques for multiple brain metastases



✓Whole Brain Radiation Therapy

Late toxicity

Radiation necrosis

Normal pressure 
hydrocephalus, causing 
cognitive, gait and bladder 
dysfunction

Neuroendocrine dysfunction

Cerebrovascular disease



Industrial robot arm

with 6MV X-band linac

Use 100-2000 non-

isocentric beams

Frameless SRS/FSRS

High conformality

Accuracy 0.5-1mm

X-ray 6D IGRT 

CyberKnife SRS

High-energy X-ray from 
LINAC

Use shaped beams or 
dynamic arcs

Frameless SRS/FSRS

High conformality

Accuracy 0.5-1mm

CBCT/ ExacTrac X-Ray

6D IGRT

LINAC-based SRS 

Gamma radiation from 
Cobalt-60 source

Use multiple beams

(4-18 mm) 

Fixed frame SRS

High conformality

Accuracy 0.5-1mm

Gamma Knife SRS



Authors Arms mOS P value

Patchell, 1998 Surgery

Surgery + WBRT

9.9

11.1

0.39

Kocher, 2011 SRS/Surgery

SRS/Surgery + WBRT

10.9

10.7

0.89

Aoyama, 2006 SRS

SRS + WBRT

8.0

7.5

0.42

Chang, 2009 SRS

SRS + WBRT

15.2

5.7

0.003

Brown, 2016 SRS

SRS + WBRT

10.4

7.4

0.92

✓ The addition of WBRT to SRS/Surgery has never been

shown to not improve OS



• Don’t routinely add adjuvant WBRT to SRS for
limited brain metastases

• Randomized studies have demonstrated no OS
benefit

• The addition of WBRT to SRS is associated with
diminished cognitive function and worse-patient
fatigue and QOL

• Surveillance and judicious salvage allows patients to
enjoy the highest QOL without a detriment in
functional status and OS

Recommendations
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Yamamoto et al, Lancet Oncol 2014; 15: 387–95



Yamamoto M et al.



Yamamoto M et al.



✓ Patients treated for BM at UPMC San 

Pietro FBF January 2015 - June 2018

1-5 mets

> 5 mets
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•263 patients with 1274 brain mets

•1 met (n= 61)

•2-5 mets (n= 117)

•6-10 mets (n= 60)

•> 10 mets (n= 25)



Treatment planning in a patient with 6 mets treated with SRS

24-month post- SRS MRI
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11 selected publications

RS data* mf-RS data*

*12 months

Wiggenraad 2011



15

Single-fraction vs multi-fraction SRS

Minniti et al., IJROBP 2016 



Pre-SRS Post-SRS 12 months later 24 months later
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SRS for multiple brain mets



Single-and multibeam geometries utilized for the single isocenter volumetric
modulated arc therapy radiosurgery technique. 

Clarke et al. 

✓ Single isocenter multiple targets technique



Brain Elements, version 1.5 

Single-isocenter DCA SRS for multiple brain metastases



Preliminary Experience 

with Brain Elements 

Treatment Planning at 

UPMC Hillman Cancer 

Center, San Pietro 

Hospital, Rome: 

Evaluation of patient‘s

repositioning accuracy

and clinical efficacy



Setup with 
X-RAY 

ExacTrac

Repeat
Exactrac

CBCT
Start 

treatment

X-RAY 
ExacTrac

n = 2-3

End of 
treatment

Preliminary Experience with Brain Elements 

Treatment Planning at UPMC Hillman Cancer 

Center, San Pietro Hospital, Rome: 

Evaluation of patient‘s repositioning accuracy and

clinical efficacy

AccuracyEfficacy

Local 
control

Toxicity



Pre-SRS

3 months after SRS

SIMT DCA SRS for multiple brain mets



Pre-SRS

6 months after SRS

SIMT DCA SRS for multiple brain mets (n=10)



Preliminary Experience 

with Brain Elements 

Treatment Planning at 

UPMC Hillman Cancer 

Center, San Pietro 

Hospital, Rome: 

Clinical outcomes



Setup with 
X-RAY 

ExacTrac

Repeat
Exactrac

CBCT
Start 

treatment

X-RAY 
ExacTrac

n = 2-3

End of 
treatment

Preliminary Experience with Brain Elements 

Treatment Planning at UPMC Hillman Cancer 

Center, San Pietro Hospital, Rome: 

Evaluation of patient‘s repositioning accuracy and

clinical efficacy

AccuracyEfficacy

Local 
control

Toxicity





Preliminary Experience with Brain Elements Treatment 

Planning at UPMC Hillman Cancer Center, San Pietro 

Hospital, Rome: 

➢ Impact of isocenter residual errors on target

geometry and dosimetry

Setup with 
X-RAY 

ExacTrac

Repeat
Exactrac

CBCT
Start 

treatment

X-RAY 
ExacTrac

n = 2-3

End of 
treatment
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Preliminary Experience 

with Brain Elements 

Treatment Planning at 

UPMC Hillman Cancer 

Center, San Pietro 

Hospital, Rome: 

✓Correlation with

distance from plan 

isocenter and target

volume

• V95 < 95% in 25 targets

• Target coverage maintained in

all targets with the addition of

GTV-to-PTV margin of 1 mm



large GTV geometric variations (blue 

area and orange area) as result of 

translational and rotational isocenter

residual errors. 

Single-isocenter multi-target DCA SRS



Pre-SRS Post- 12 m Post- 18 m

Estimated risk of RN

12-month 9% (3%)

24-month 14% (5%)

Risk of radiation-induced brain necrosis



• Margins add a significant amount of

normal tissue to the treatment volume.

PTV 1mm = 1.9 cc  ( V12 Gy 4.7 cc)

PTV 2mm = 2.8 cc  ( V12 Gy 8.4 cc)

GTV = 1.3 cc

Ø 1-year risk of

radionecrosis was

24% for V12 Gy of

6.0-10.9 cm3 and

51% for V12 Gy
>10.9 cm3,

respectively.

Minniti et al., Rad Oncol 2011



Accuracy of treatment: loss target coverage

(V95<95%)

Preliminary Experience with Brain Elements 

Treatment Planning at UPMC Hillman Cancer 

Center, San Pietro Hospital, Rome: 

Table 3. Target loss coverage (v95 < 95%) according to the size and the distance from isocenter

Parameter

Size of GTV < 0.29 mm ≥ 0.29mm < 0.29 mm ≥ 0.29 mm

  1 mm GTV-to-PTV margins 0 0 0 0

  0.5 mm GTV-to-PTV margins 2 0 4 1

  No GTV-to-PTV margins 6 1 16 2

Distance from isocenter < 3.9 cm Distance from isocenter ≥ 3.9 cm



Single-isocenter multiple-targets SRS technique

GTV-to-PTV 1 mm

GTV-to-PTV 0.5 mm

GTV-to-PTV 0 mm



SIMT DCA SRS for multiple brain mets (n=21)



Preliminary

Experience with

Elements at 

UPMC Hillman 

Cancer Center, 

San Pietro 

Hospital, Rome

Factors

correlated with

the risk of

neurotoxicity

Sex
lesions 

(n) Dp (Gy)
Volume 

GTV
Vol Tot PTV 

(cm3) V12 Brain V10 Brain V8 Brain V5 Brain

M 6 20 1,3 2,1 7,10 9,60 13,80 32,62

F 9 20 3,9 6,8 21,70 29,80 45,10 88,70

M 9 22 2,6 4,2 15,80 21,58 33,28 78,00

M 5 22 1,4 2,3 10,40 14,30 20,40 45,20

F 8 20 8,9 13,1 46,80 64,80 94,80 204,00

M 10 22 2,6 4,1 15,60 20,80 31,90 72,80

M 9 22 1,7 2,7 10,10 13,20 19,90 49.4

M 5 20 1,4 2,1 5,70 7,90 11,70 25,40

F 6 22 3,9 6,4 17,50 22,30 33,70 68,70

F 5 22 1,3 2,1 7,10 9,70 14,60 38,60

M 3 20 0,6 1,3 3,20 4,60 7,10 22,10

M 4 20 0,7 1,5 2,78 3,64 4,94 10,60

M 4 22 5,7 8,26 22,30 28,70 48,50 100,40

M 7 22 2,7 4,22 14,60 19,37 27,30 60,70

F 6 20 1,56 3,12 14,80 20,80 33,60 92,70

F 7 22 3,9 6,2 15,60 20,40 30,40 87,90

F 10 20 2,95 5,5 16,70 22,60 33,60 95,80

M 9 20 3,7 6,6 23,4 32,4 47,9 120,8

M 6 20 1,33 2,28 6,5 9,1 12,8 35,6

F 9 20 6,1 10,4 36 51,6 84,1 208

F 5 20 1,17 2 3,6 6,1 8,9 29,6

F 4 20 1,65 2,8 8,1 11,1 16,2 39,5

F 10 20 1,7 2,6 7,7 10,6 15,7 41,8

F 10 20 2,5 4,7 17 15,8 45,1 132

F 6 20 1,6 2,4 8,40 12,00 18,20 42,10

M 9 20 4,1 7,7 19,50 27,80 16,10 66,30



✓ SIMT DCA SRS is a fast and effective approach for patients

with up to ten brain metastases.

✓ Using the ExacTrac X-Ray 6D imaging system, the impact of

residual translational and rotational errors on target coverage

is modest.

✓ A GTV-to-PTV margin of 1 mm permits to avoid loss target

coverage, although smaller margins may be used for treating

lesions within a few centimeters (< 4 cm) to the plan

isocenter without decreasing the accuracy and precision of

the treatment.

✓ The neurocognitive outcome of treatments with regard to the

number and total volume of lesions needs to be evaluated in

future clinical studies.

Summary



Thank you for your attention


