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Plan Evaluation has Many  Component Nodes and Connections



Standardizations are key to improving 

plan evaluation through scripting

Example TG-263 : Nomenclature for structures, targets, DVH metrics

Reduce variability and inconsistencies



We often treat to multiple dose levels. 



Plan N Fractions PTV_High
(Prostate + SV)

PTV_Mid00
(Prostate + SV + LN)

PTV_Low
(Pelvis)

1.1 PLVS VMAT 25 45 45 45

1.2 PSV+LN VM 8 14.4 14.4 0

1.3 P+SV VMAT 11 19.8 0 0 

Total 79.4 59.4 45

Here’s what
we need to 
know to 
script checks

with matching
reference points

Commercial
systems may
not yet provide
it cleanly



There may be changes to plans during treatment



Plan N Fractions PTV_High
(PTV_High^50)

1.1 HN VMAT 25 50

Total 50

Plan N Fractions PTV_High
(PTV_High^50)

1.1 HN VMAT 19 47.5

1.1 HN VMAT :1 2 5

1.1 HN VMAT :2 2 5

Total 57.5

Here’s what
we need to 
know to 
script checks

with matching
reference points

Commercial
systems may
not yet provide
it cleanly
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BluePrint : University of Michigan Electronic Prescription and Plan QA System



Mayo et al, Practical Radiation Oncology 2016; 6(4): e117-e126 PM26825250
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Scripting to standardize calculations of physical and biological dose metrics 



• Statistical DVH 
• Visualization method quantifying comparison of plan DVH curve with historical 

values

• Weighted Experience Score (WES) 
• Ranking score (0-1)  quantifying comparison of DVH curves to historical values

• Generalized Evaluation Metric (GEM) 
• Ranking score (0-1) quantifying comparison of DVH metrics to constraints and 

historical values 

• Population Generalized Evaluation Metric (GEMPOP) 
• Ranking score (0-1) quantifying As Low As Reasonably Achievable (ALARA) using 

historical values for DVH metrics
Ranking score (0-1) quantifying historical difficulty in meeting DVH constraints

Scripting to Evaluate Plan in Context of Prior Plans

Mayo CS, Yao J Eisbruch A, et al. Incorporating big data into treatment plan evaluation: Development of statistical DVH metrics 
and visualization dashboards. Advances in Radiation Oncology 2017; 2(3):503-514



WES = 0.82

WES=
σi wbi∗ wpcai∗pi
σiwbi∗ wpcai

pi wpcai wbi

A  score ranking DVH curves in Historical Context?

Liver SBRT 5 fx
Heart DVH

Weighted Experience Score



𝐺𝐸𝑀 =
σ𝑖 2−(𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦𝑖 −1) ∙ 𝛾 𝑘𝑖 ,

𝑃𝑙𝑎𝑛𝑉𝑎𝑙𝑢𝑒𝑖
𝜃𝑖

σ𝑖 2
−(𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦𝑖−1)

A score  ranking ability to meet dose constraints, in historical context

Generalized Evaluation Metric

Yes

No

Maybe

Acceptable value compared to constraint?

G
EM

DVH Metric



GEMpop

GEM

Now we can quantify what we mean 
by ALARA from our history of what 
has been clinically acceptable

GEM - What we must do

Historically we meet the physician’s 
constraint

GEM << 1

- Could we do better ?
- Have we done better ?

• Set threshold to median of historic 
distribution

• Set priority to 4 

GEMpop

Mine data from 
prior treated plans

to parametrize
evaluation

metrics for current 
plans





Summary Report Card Dashboard



Statistical DVH Dashboard
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Scripting to Make Plan Checking Faster and More Effective
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Standardized approach to SRS planning and evaluation

Manual implementation now
Scripted automation with availability of writable scripting

Automation scripting developed in Research Mode



The answer begins with 
standardized contouring

and naming

• Targets and rings are sequentially numbered 
e.g. PTV01, zHDRing01, zMDRing02…. 

PTV15, zHDRing15, 
zMDRing15

• Rings are 5 mm thick

• Use zHDRings to control dose gradients and 
conformality in optimizer

• Use zMDRings to monitor midrange dose 
falloff

BrainPTV01

zHDRing01

zMDRing01

PTV02

zHDRing02

zMDRing02

Research mode script – automates creation of all structures for all targets in < 1 sec. 



The answer begins with contouring

• Track dose to parts of brain where dose 
should be low

• Boolean out PTVs and zHDRingxxs from 
Brain

• zBrain-PTV+05 = Brain-(PTVs+HDRings) 

• Use in optimizer to limit low and mid-range 
dose levels to brain not proximal to targets

zBrain-PTV+05Brain

Research mode script – automates creation of all structures for all targets in < 1 sec. 



The answer begins with contouringBrain

• What if the PTVs are close?

• Boolean PTVs out of Rings

• Create buffer structures from 
overlap of zHDRingxxs

• Use buffers to “pinch-off” dose in between 
targets in optimizer

zBuff0102

Research mode script – automates creation of all structures for all targets in < 1 sec. 



Structure Type Volume[%] Dose Priority Comment

PTVxx Lower 100 Rx[Gy] 120

Upper 0 Rx[Gy]+25% 50 -

GTVxx Lower 50 Rx[Gy]+8% 50 Push dose higher if 

needed to reduce horns 

in dose profile

zHDRingxx Upper 2 Rx[Gy] 80

Upper 70 0.5 * Rx[Gy] 100 Push Volume[%] to < 70% 

as optimization allows

zBrain-

PTV+05

Upper 0 0.5*Rx[Gy] 120 -

Upper 3 0.25*Rx[Gy] 50 Push dose to 

< 0.25*Rx[Gy] as 

optimization allows

zBufxxyy Upper 20 0.9* Rx[Gy] 50 Push volume[%] to < 20% 

as optimization allows

Algorithmic approach  for planning  that can be moved to script automated planning

Optimize starting with these parameters

Research mode script – automates optimization



Use scripting to calculate standard metrics 
for plan quality assessment

zHDRingxx and 
zMDRingxx

• V100%[cc]
• V50%[cc]
• V12Gy[cc]
• DC5%[cc]
• D5%[cc]

zBrain – PTV+05
• Volume[cc]
• V12Gy[cc]
• V10Gy[cc]
• V05Gy[cc]

PTVxx
• Rx[Gy]
• Volume[cc]
• V100%[cc]
• Min[Gy]
• Max[Gy]
• CI
• Greff

Mayo CS, Ding L, Addesa A, Kadish S, Fitzgerald 
TJ, Moser R: 
Initial experience with volumetric IMRT (RapidArc) 
for intracranial stereotactic radiosurgery 
Int. J. Radiat. Oncol. Biol. Phys. 78(5): 1457-1466



EasyBook of 
Policies

Approaches for actualizing standards to 
reduce variability and improve evaluation

Enforcement
Writeable scripting will enable

automating
creating policy compliant plans



Summary

• Advanced scripting is being used by many groups to address all components 
of plan evaluation

• Un-necessary variability and inconsistency undermine potential of scripting 
to automate

Start now with standardizing 
o process
o nomenclatures 
o plan policies


