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Attributes of modern local RT delivery
refinements of conformal radiotherapy

precision
conformality

time factor (4D RT)

quality assurance
(IGRT)

Radiotherapy technologies



immobilisation

target delineation

dose fractionation

plan evaluation

Preparation for high precision cranial RT
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relocation accuracy

fixed frame

relocatable frame

.
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precision mask

\
conventional mask&

Methods of immobilisation



Frame system
GTC relocatable frame

Methods of immobilisation




Relocatable frame system
with suction

(B)

(A)

Methods of immobilisation

Wroe et al 2015, Technol in Cancer Treatment, 14(1): 71-79




Mask systems

orm head cushion

pimhead & neck cushion

d) Immob. 4; same as 3 + Precise Bite mouthplece

Methods of immobilisation

Tryggestd et al 2010, Int J Radiat Oncol Biol Phys, 80 (1): 281-290




Mask systems

mask translational shift
system (mm) £ 3D
interfraction intrafraction
2.3 (+1.4) 1.1 (+1.2)
2.2 (+1.1) 1.1 (+1.1)
2.7 (£1.5) 0.7 (x0.9)
2.1 (+1.0) 0.7 (x0.8)

Methods of immobilisation

Tryggestd et al 2010, Int J Radiat Oncol Biol Phys, 80 (1): 281-290

d) Immob. 4; same as 3 + Precise Bite mouthpi



Mask system
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Methods of immobilisation




Mask system
with on line correction
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Specialized mouthbite (dentist)
Expensive

4 visits for planning (incl. CT verification)
Relocation accuracy <2 mm

No specialist equipment
Less expensive

2-3 visits for planning
Relocation accuracy 3-5 mm

CTV-PTV margins 4mm

Comparison of immobilisation techniques




ExacTrac kV stereoscopic image verification system
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Comparison of immobilisation techniques



ExacTrac kV stereoscopic image verification system
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Comparison of immobilisation techniques

Rosenfelder et al 2013, Clin Oncol 25 (1); 66-73



Randomised trial of two systems

Patients undergoing SRT

randomise

2.00%1.04 mm 3.17£1.95 mm

Comparison of immobilisation techniques

Bednarz et al 2009, Med Phys 36 (1): 12-17
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Defining the target on MRI























































































Tumour control (optic nerve sheath meningioma)
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Years since therapy

Optic nerve sheath meningioma

Solda, Wharram, Gunapala, Brada 2012, Clin Oncol. 24 (8):e106-12



cavernous meningioma




cavernous meningioma




cavernous meningioma
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Fractionated radiotherapy

VLUV T VL LT L

45 - 60 Gy in 25 - 33 fractions

Hypofractionated radiotherapy
R

30-40Gy in 6 - 8 fraction
Single fraction radiotherapy (radiosurgery)

!

10 - 25 Gy in 1 fraction

Dose fractionation



Fractionated radiotherapy for benign intracranial tumours

pituitary adenoma 45Gy in 25f
meningioma 50 - 60Gy on 25-30f
acoustic neuroma 45 - 50Gy in 25-30f
craniopharyngioma 50Gy in 30f
pilocytic astrocytoma 50Gy in 30f
optic pathway glioma 50Gy in 30f

Dose fractionation
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target delineation
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Metric

conformity index (RTOG)
conformity index (Paddick)
homogeneity index

gradient index

rCl

HI
Gl

Metrics for high precision RT



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

ry - 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




Metric calculation

conformity index (RTOG) rCl Vi /Vory

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

| Dg,

homogeneity index H D

max

gradient index Gl Vo / Vigoo,

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




conformal treatment delivery

2.5 mm

5mm

multi-leaf collimator leaf size

Collimation



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




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
critical OARs

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




Metric calculation

conformity index (RTOG) rCl Vi /Vory
conformity index (Paddick) PCl V2 oy rd Vv X Viy
homogeneity index H D,./Dg,
gradient index Gl Vo / Vigoo,

normal tissue volume (brain/ROlIs) irradiated to Dx (DVH)

- volume covered by prescription isodose
- PTV volume

- overlapping volume

- maximum dose at the PTV

- prescription dose in the PTV

Metrics for high precision RT



Metric calculation

conformity index (RTOG) rCl Vi /Vory
conformity index (Paddick) PCl V2 oy rd Vv X Viy
homogeneity index H D,./Dg,
gradient index Gl Vo / Vigoo,

normal tissue volume (brain/ROlIs) irradiated to Dx (DVH)

planning time, treatment time etc.

- volume covered by prescription isodose
- PTV volume

- overlapping volume

- maximum dose at the PTV

- prescription dose in the PTV

Metrics for high precision RT



Metric calculation worse  ideal
value

conformity index (RTOG) rCl Vg /Vpry low 1.0
conformity index (Paddick)  pCl V2 PTV,Rxl Vory X Vg, low 1.0
max | DRy high 1.0

gradient index Gl Ve ! Vigoe high 1.0

homogeneity index H D

rx - volume covered by prescription isodose

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

ry - prescription dose in the PTV




example of acoustic neuroma

linac DMLC-IMRT robotic linac (CK)'

DCA - dynamic conformal arcs
DMLC - dynamic MLC Comparison of techniques

GK - gamma knife
CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197




GK DCA IMRT CK

Paddick conformity index Mean 077 066 0.68 0.77
SD 004 004 0.04 0.06
Min 068 059 0.52 0.67
Max 084 074 0.89 0.85
Mean acoustic neuromas 076 067 0.66 0.75
SD 0.04 005 0.06 0.06
Mean arteriovenous malformation 080 065 0.70 0.80
SD 004 003 0.06 0.04
Dose heterogeneity index Mean 0.84 030 0.18 0.22
SD 005 003 0.05 0.02
Min 071 025 0.09 0.21
Max 092 035 0.28 0.26
Mean acoustic neuromas 083 029 0.18 0.22
SD 0.05 003 0.06 0.02
Mean arteriovenous malformation 086 032 0.18 0.21
SD 003 003 0.04 0.01
Gradient index Mean 259 3.16 3.94 3.48
SD 0.10 055 0.92 0.47
Min 247 248 274 2.81
Max 281 445 6.00 454
Mean acoustic neuromas 255 3.00 3.52 3.41
SD 007 036 0.64 0.46

Mean arteriovenous malformation 268 377 478 3.62

DCA - dynamic conformal arcs

DMLC - dynamic MLC (IMRT) Comparison of techniques
GK - gamma knife

CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197




Paddick conformity index Mean 077 066 0.68 0.77
C I SD 0.04 004 0.04 0.06
Min
p Max GK DCA IMRT CK
Mean acoustic neuromas 0.76 067 0.66 0.75
SD 0.04 0.05 0.06 0.06
o o) vus uus u.uo (AT 2
Dose heterogeneity index Mean 0.84 030 0.18 0.22
SD 0.05 003 0.05 0.02
Min 071 025 0.09 0.21
Max 092 035 0.28 0.26
Mean acoustic neuromas 083 029 0.18 0.22
SD 0.05 003 0.06 0.02
Mean arteriovenous malformation 086 032 0.18 0.21
SD 003 003 0.04 0.01
Gradient index Mean 259 3.16 3.94 3.48
SD 0.10 055 0.92 0.47
Min 247 248 274 2.81
Max 281 445 6.00 454
Mean acoustic neuromas 255 3.00 3.52 3.41
SD 007 036 0.64 0.46

Mean arteriovenous malformation 268 377 478 3.62

DCA - dynamic conformal arcs
DMLC - dynamic MLC Comparison of techniques
GK

- gamma knife
CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197



Paddick conformity index Mean 077 066 0.68 0.77

SD 0.04 004 0.04 0.06
Min 068 059 0.52 0.67
Max 084 074 0.89 0.85
Mean acoustic neuromas 076 067 0.66 0.75
SD 0.04 005 0.06 0.06
Mean arteriovenous malformation 080 065 0.70 0.80
SD 004 003 0.06 0.04
Dose heterogeneity index Mean 0.84 030 0.18 0.22
SD 0.05 003 0.05 0.02
Min 071 025 0.09 0.21
Max 092 035 0.28 0.26
Mean acoustic neuromas 083 029 0.18 0.22
SD 0.05 003 0.06 0.02
Mean arteriovenous malformation 086 032 0.18 0.21
SD 003 003 0.04 0.01
Gradient index Mean 259 3.16 3.94 3.48
G I SD 0.10 055 0.92 0.47
Min
Max GK DCA IMRT CK
Mean acoustic neuromas 255 300 3.52 341
SD 007 036 0.64 0.46

DCA - dynamic conformal arcs
DMLC - dynamic MLC Comparison of techniques
GK

- gamma knife
CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197



Paddick conformity index Mean 077 066 0.68 0.77

SD 0.04 004 0.04 0.06

Min 068 059 0.52 0.67

Max 084 074 0.89 0.85

Mean acoustic neuromas 076 067 0.66 0.75

SD 0.04 005 0.06 0.06

Mean arteriovenous malformation 080 065 0.70 0.80

SD 004 003 0.06 0.04

Dose heterogeneity index Mean 0.84 030 0.18 0.22

SD 0.05 003 0.05 0.02

Min 071 025 0.09 0.21

Max 092 035 0.28 0.26

Mean acoustic neuromas 083 029 0.18 0.22

SD 0.05 003 0.06 0.02

Mean arteriovenous malformation 086 032 0.18 0.21

SD 003 003 0.04 0.01

Gradient index Mean 259 3.16 3.94 3.48

SD 0.10 055 0.92 0.47

Min 247 248 274 2.81

. 281 445 6.00 454
treatment time (mins) ™ gk DCA IMRT CK
Mean 68.1 168 21.7 284
SD 215 22 34 8.1

DCA - dynamic conformal arcs
DMLC - dynamic MLC Comparison of techniques
GK

- gamma knife
CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197



example of acoustic neuroma

DCA - dynamic conformal arcs
DMLC - dynamic MLC Comparison of techniques

GK - gamma knife
CK  -cyberknife Gevaert et al 2013 Radiother Oncol 106,192—-197




Metric calculation

normal tissue volume (brain/ROlIs) irradiated to Dx (DVH)

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




Avoidance in the treatment of skull base tumours

reduce normal tissue volume & dose

\ \ / hypothalamus

optic nerves | 1
& chiasm ’7, \

central nervous system
critical structures (OARs)

pituitary

Evaluation of local radiotherapy techniques
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Attributes of modern local RT delivery
refinements of conformal radiotherapy

precision
conformality

time factor (4D RT)

technical and C'Inlcal SkI"

quality assurance
(IGRT)

Classification of radiotherapy technologies




Metric

conformity index (RTOG) rCl
conformity index (Paddick) pCl
homogeneity index HI
gradient index Gl

normal tissue volume (brain/ROlIs) irradiated to Dx (DVH)

planning time, treatment time etc.

. application to daily practice

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

ry - prescription dose in the PTV
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