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~ 30 irradiations of lung phantom

Evaluate dose/DTA from TLD and film data

5% at center / 5 mm at all sides of target

Analysis neglects variation across target

Plan to include evaluation of dose across target

Credentialing for 
SBRT Lung 
Protocols
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Analysis

Ten irradiations at institutions using 
Convolution/Superposition systems

4

4



Convolution - 44
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Convolution - 53
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Convolution - 67
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Convolution - 14
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Convolution - 30
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Convolution - 177
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Convolution - 28
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Convolution - 10104
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Convolution - 123
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Convolution - 354
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Pencil-Beam Systems
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Ten systems using variations of 
effective path-length corrections
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PB - 123
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PB - 41
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PB - 34
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PB - 10877
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PB - 120
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PB - 251
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PB - 89
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PB - 104
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Clarkson – 103/295

24



Clarkson – 3 (exception)
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TPS Dose Calc. Algor 
correction on

Number of 
irradiations Dhetero/Dhomo

Precise v 2.01 Scatter Integ. 
Clarkson Type 2 1.19 ± 2.6%

BrainLab Clarkson & Pencil 
Beam 5 1.21 ± 0%

Eclipse Pencil Beam 2 1.19 ± 4.6%

Ergo 3D Convolution Pencil 
Beam 1 1.19 ± 0.1%

Pinnacle v 6.2, 
6.4, 7.0g, 7.4f Adaptative Convolve 8 1.13 ± 2.1%

XiO Superposition/
Convolution 3 1.12 ± 2.4%

Render plan Change in primary 
attenuation 1 1.20

Total 21 1.18

TPS Dose Calc. Algor 
correction on

Number of 
irradiations Dhetero/Dhomo

Precise v 2.01 Scatter Integ. 
Clarkson Type 2 1.19 ± 2.6%

BrainLab Clarkson & Pencil 
Beam 5 1.20 ± 2.2%

Eclipse Pencil Beam 5 1.18 ± 4.3%

Ergo 3D Convolution Pencil 
Beam 2 1.19 ± 0.1%

Pinnacle v 6.2, 
6.4, 7.0g, 7.4f Adaptative Convolve 10 1.13 ± 2.1%

XiO Superposition/
Convolution 5 1.11 ± 2.3%

Render plan Change in primary 
attenuation 1 1.20

Total 30

Lung Phantom Irradiations
Calculations at Target Center

26

26



TPS Dose Calc. Algor 
correction on

Number of 
irradiations DTLD/Dhetero

Precise v 2.01 Scatter Integ. 
Clarkson Type 2 0.99 ± 3.1%

BrainLab Clarkson & Pencil 
Beam 5 0.96 ± 2.4%

Eclipse Pencil Beam 5 0.96 ± 1.8%

Ergo 3D Convolution Pencil 
Beam 2 0.98 ± 3.2%

Pinnacle v 6.2, 
6.4, 7.0g, 7.4f Adaptative Convolve 10 0.99 ± 2.1%

XiO Superposition/
Convolution 5 0.96 ± 2%

Render plan Change in primary 
attenuation 1 0.92

Total 30 0.97

TPS Dose Calc. Algor 
correction on

Number of 
irradiations DTLD/Dhetero

Precise v 2.01 Scatter Integ. 
Clarkson Type 2 0.99 ± 3.1%

BrainLab Clarkson & Pencil 
Beam 5 0.96 ± 2.4%

Eclipse Pencil Beam 5 0.96 ± 1.8%

Ergo 3D Convolution Pencil 
Beam 1 0.98 ± 3.2%

Pinnacle v 6.2, 
6.4, 7.0g, 7.4f Adaptative Convolve 8 0.99 ± 2.3%

XiO Superposition/
Convolution 3 0.96*

Render plan Change in primary 
attenuation 1 0.92

Total 21 0.97

TLD Dose vs. Hetero Corrected Plan
at Target Center
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TPS Dose Calc. Algorithm # irradiation
TPS

Dhetero/Dhomo
Average 
Values

Precise Scatter Int. Clarkson 2 1.21 ± 3.7%

BrainLab Clarkson & Pencil beam 2 1.26 ± 3.0%
1.20 ± 4%

Eclipse Pencil Beam 5 1.18 ± 4.2%

Ergo 3D Convol. Pencil Beam 2 1.19 ± 1.8%

Pinnacle Adaptive convolve 10 1.04 ± 6.1%
1.05 ± 6%

XiO Superposition/Convol. 3 1.08 ± 6.7%

Phantom Results (PTV Periphery)
Calculations

28

Two separate  
groupings again
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TPS Dose Calc. Algorithm # irradiation

PTV Periphery
measured 

DTLD/film/Dhetero
Average 
Values

Precise Scatter Int. Clarkson 2 0.88

BrainLab Clarkson & Pencil beam 2 0.84
0.86 ± 18%

Eclipse Pencil Beam 5 0.87

Ergo 3D Convol. Pencil Beam 2 0.84

Pinnacle Adaptive convolve 10 0.97
0.97 ± 16%

XiO Superposition/Convol. 3 0.95

Phantom Results (PTV Periphery) 
Measurements

Two separate  
groupings again
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TPS Dose Calc. Algorithm # irradiation

PTV Periphery
measured 

DTLD/film/Dhomo

Average 
Values 

(homog.)

Precise Scatter Int. Clarkson 2 1.06

BrainLab Clarkson & Pencil beam 2 1.06
1.03±18%

Eclipse Pencil Beam 5 1.03

Ergo 3D Convol. Pencil Beam 2 1.00

Pinnacle Adaptive convolve 10 1.01
1.00±16%

XiO Superposition/Convol. 3 0.97

Phantom Results (PTV Periphery) 
Measurements

Same groupings 
again
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TPS Dose Calc. Algorithm # irradiation

TPS
Dhetero/Dhomo

Axial plane
Average 
Values

Precise Scatter Int. Clarkson 2 1.19 ± 4.2%

BrainLab Clarkson & Pencil beam 2 1.22 ± 5.5%
1.20±6%

Eclipse Pencil Beam 5 1.19 ± 8.3%

Ergo 3D Convol. Pencil Beam 2 1.20 ± 5.3%

Pinnacle Adaptive convolve 10 1.12 ± 5.8%
1.12±6%

XiO Superposition/Convol. 3 1.12 ± 6.4%

Phantom Results (Normal Lung)
Calculations

Two separate  
groupings again
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TPS Dose Calc. Algorithm # irradiation

Normal Lung
measured 

DTLD/film/Dhetero
Average 
Values

Precise Scatter Int. Clarkson 2 1.00

BrainLab Clarkson & Pencil beam 2 1.00
0.98±15%

Eclipse Pencil Beam 5 0.92

Ergo 3D Convol. Pencil Beam 2 1.09

Pinnacle Adaptive convolve 10 0.99
0.98±14%

XiO Superposition/Convol. 3 0.95

Phantom Results (Normal Lung) 
Measurements

Two separate  
groupings again
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Recent Analysis by RPC of 
Several Planning Systems

33



Measured Calculated

GTV

Pinnacle
Pinnacle Calculation and Delivery 

Medial-Left Lateral Profile
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Measured Calculated

GTV

Corvus
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Measured Calculated

GTV

Pinnacle Recalc
Corvus MLC & MU

36



Measured Calculated

GTV
GTV

Eclipse AAA
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Measured Calculated

GTV
GTV

Eclipse PB
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Measured Calculated

GTV
GTV

TomoTherapy
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Binary Agreement Maps
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Percentage of pixels passing criteria
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Convolution is sufficiently 
accurate for clinical trials.

Pencil beam/clarkson type 
algorithms are not accurate 
enough for clinical trials.

Conclusions
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