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Extent of irradiation

whole brain radiotherapy (WBRT)
partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options
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Whole brain radiotherapy for multiple brain metastases

higher dose achieves
better tumour control

30Gy in 10 fractions is
the best regimen

more protracted
fractionation is less toxic

causes somnolence and
fatigue

all of these
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conformal RT
IMRT
tomotherapy
VMAT/RapidArc

partial brain radiotherapy (PBRT)

Radiotherapy options
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patients with brain metastases
whole brain radiotherapy

Whole brain Partial brain

Comparison of whole brain and partial brain RT
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Extent of irradiation

whole brain radiotherapy (WBRT)

partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

single lesion
multiple lesions

Radiotherapy options



Preparation for treatment

* initial imaging
 staging

* immobilisation
 imaging for planning
* outlining
 delivery options

SRS & SRT for brain metastases
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relocation accuracy

fixed frame

relocatable frame

.
O,

precision mask

\
conventional mask&

Methods of immobilisation
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critical normal structures (OAR)

<10-100 >







Preparation for treatment

* Initial imaging
 staging

* Immobilisation
 imaging for planning
 outlining

* delivery options

SRS & SRT for brain metastases




Delivery equipment

Extent of irrad linac - conventional/adapted

small linac on robotic arm (Cyberknife)
helical rotating linac (Tomotherapy)
multiheaded Cobalt unit (Gamma Knife)

.

focal radiotherapy (SRT) & radiosurgery (SRS)

single lesion
multiple lesions

Radiotherapy options



survival - by treatment unit
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Radiosurgery for solitary brain metastases

Andrews et al 2004, Lancet 363: 1665-72



Delivery techniques

multiple conformal fixed fields
Extent of irri single or multiple/dynamic arcs +/- IMRT
single or multiple isocentres

multiple sources & isocentres (GK)
multiple small beams & isocentres (CK)

focal radiotherapy (SRT) & radiosurgery (SRS)

single lesion
multiple lesions
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whole brain RT focal RT

Delivery techniques for multiple lesions




Techniques of RT for multiple lesions - focal vs whole brain

—

single isocentre dynamic conformal arc (SIDCA)
multiple isocentre dynamic conformal arc (MIDCA)
VMAT

el

whole brain radiotherapy

N W T T

Comparison of delivery techniques for multiple lesions

Huang et al 2014, Radiother Oncol 112, 128-132



Techniques of RT for multiple lesions
comparison of focal techniques

single isocentre dynamic conformal arc (SIDCA)
multiple isocentre dynamic conformal arc (MIDCA)
VMAT

Comparison of delivery techniques for multiple lesions

Huang et al 2014, Radiother Oncol 112, 128-132



Metric calculation

conformity index (RTOG) rCl Vi /Vory

conformity index (Paddick) - target delivery v X Vg,

| Dg,

homogeneity index H D

max

gradient index normal tissue avoidance

noncritical adjacent normal tissue

rx - volume covered by prescription isodose

Vv
Vv
D, -maximum dose at the PTV Metrics for high precision RT
D

ry - prescription dose in the PTV




Techniques of RT for multiple lesions
comparison of focal techniques
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RCI - RTOG conformity index
PClI - Paddick conformity index

HI - homogeneity index . . : :
Gl - gradibRuhuE delivery techniques for multiple lesions

DT  -delivery time Huang et al 2014, Radiother Oncol 112, 128-132




Preparation for treatment

* initial imaging

 staging

* Immobilisation
 imaging for planning

 outlining

« delivery options - dose fractionation

SRS & SRT for brain metastases




parameters
prescription isodose 50% 80-90% 100%

SRS dose fractionation for brain metastases




parameters
prescription isodose 50% 80-90% 100%
volume/dose limit ~ PTV volume V,,;, diameter

SRS dose fractionation for brain metastases




parameters

prescription isodose 50% 80-90% 100%
volume/dose limit PTV volume V diameter
dose 18Gy 20Gy 22Gy

SRS dose fractionation for brain metastases




Suggested doses in a study

PTV of the largest Doses in each PTV BM in brainstem
brain metastasis (GTV = PTV)
<lcm’ 1 x 24 Gy 1% 16Gy
1-10cm? 1 %21 Gy 1 x 16Gy
10-20 cm?® 1 x 18 Gy 1 x 16Gy

1 x 15 Gy No SRS

SRS dose fractionation for brain metastases

Zindler et al 2017, BMC Cancer,17:500



Potential calculated isotoxic doses
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SRS dose fractionation for brain metastases

Bohoudi et al 2016, Radiother Oncol 120: 253-257



OAR dose constraints for single fraction SRS

OAR
brainstem <16 Gy ?
optic apparatus <6-8Gy

SRS dose fractionation for brain metastases

Bohoudi et al 2016, Radiother Oncol 120: 253-257



OAR dose constraints for single fraction SRS

OAR
brainstem <16 Gy ?
optic apparatus <6-8Gy

if dose constraint not met (or lesion too large)
personal policy: fSRT 30 - 35 Gy in 5 fractions

SRS dose fractionation for brain metastases

Bohoudi et al 2016, Radiother Oncol 120: 253-257
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Prognosis in patients with brain metastases

overall median survival is 6 months

age is an independent prognostic
factor for survival

performance status is an
independent factor for survival

the prognosis of patients with breast
cancer and lung cancer with the
worst GPA score (0-1) is very similar

the prognosis of patients with breast
cancer and lung cancer with the best
GPA score (3.5-4) is very similar
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Graded prognostic assessment (GPA)
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Prognosis in patients with brain metastases

Sperduto et al Int J Radiat Oncol Biol Phys 2008; 70: 510-514
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Graded prognostic assessment (GPA)

Breast

Overall Survival (proportion)

Sperduto et al 2012 J Clin Oncol, 30: 419 - 425
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Prognosis in patients with brain metastases




Context

prognosis
primary tumour type
timing in the course of disease

Oncological management options




Course of malignant disease

Brain
metastases

Diaﬁnosis

Local recurrence or Progression
drssemlnatlon

primary disease recurrent disease

Primary therapy

Salvage therapy

Brain metastases in malignancy
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