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Plan Evaluation has Many Component Nodes and Connections

Special Medical Physics

Consult
Rad Bio evaluations

4

Physician defines
Rx and objectives

Special Medical Physics
‘ Approvals Consult

Documentation I Rad Bio evaluations
Dosimetrist Reference Points

creates Scheduling
Treatment Plan Deliverability

Physics
Plan Check

Therapist Plan Final Physics IMRT QA
Checks Plan Check
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Standardizations are key to improving
plan evaluation through scripting

Reduce variability and inconsistencies

Example TG-263 : Nomenclature for structures, targets, DVH metrics
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We often treat to multiple dose levels.

Patient Activities: (
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PTV_High PTV_Mid00 PTV_Low

(Prostate + SV) (Prostate + SV + LN) (Pelvis)

Here’s what
we need to 1.1 PLVS VMAT 25 45 45 45
know to 1.2 PSV4LN VM 8 14.4 14.4 0
script checks

1.3 P+SV VMAT 11 19.8 0 0
with matching
reference points Total 79.4 59.4 45

- T T

Volume Dose/Frac: Mumber Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Flans:

PROST+5V 1.800 Gy 11 19.800 Gy b FxfWeek 06X VMAT 1.3 P+5V VMAT

systems ma
y T .. PROST+SV + LN BOOST VMAT 6X : RO

not yet provide

Commercial

. | | Volume Dose/Frac: Number Of Fractions: Total Dose: Frequency: Energy: Technigque: Linked Flans:

It clean y P+SV+NODES 1.800 Gy 8 14.400 Gy b FxWeek 06X VMAT 1.2 PSVHLN VM
Volume DoselFrac; Number Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Plans:
PELVIS 1.800 Gy 25 45000 Gy 5 FxiWeek 06X VMAT 1.1 PLVS VMAT
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There may be changes to plans during treatment

Patient Activities: [
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Here’s what

we need to PTV_High
knc?w to (PTV_HighA50)

script checks

PTV_High
(PTV_High~50)

1.1 HN VMAT 47.5
1.1 HN VMAT :1 2 5

1.1 HN VMAT 50

with matching Total 50 1.1 HN VMAT :2 2 5
reference points Total 57.5

v View HN: R3 - - VApp(uvedD
Volume Dosel/Frac: Number Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Plans:
PTV_High*50 2.500 Gy 23 57.500 Gy 5 Fx/Week 06X VMAT 1.1 HN VMAT:1, 1.1 HN VMAT:2

-\ There are Plan(s) linked to a previous revision of this
3 Prescription. These ges will not automatically be ag
to the plans. Please ensure plans are valid before proceeding.

Vm HN : R2 1:28 PM Retired [7]

Volume Dose/Frac: Number Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Plans:
PTV_High*50 2.500 Gy 24 60.000 Gy 5 FxiWeek 06X VMAT
CommerCial There are Plan(s) linked to a previous revision of this
\. Prescription. These ges will not y be
? applied to the plans. Please ensure plans are valld before
systems may proceeding.
not yet provide | |~ BREEN wn:r 124 PM  Retired [
. Volume Dose/Frac: Number Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Plans:
It c I ean Iy PTV_High*50  2.500 Gy 23 57.500 Gy 5 Fx/Week 06X VMAT
\ ThemamPlan(s)hhadhoaprevbusmlslonofmls
A Prescription. These ges will not y be
2 applied to the plans. Please ensure plans are valid before
proceeding.
vm HN : RO W7 9:13 AM  Retired [T
Volume Dose/Frac: Number Of Fractions: Total Dose: Frequency: Energy: Technique: Linked Plans:
PTV_High"50 2500 Gy 20 50.000 Gy 5 Fx/iWeek 06X VMAT 1.1 HN VMAT
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BluePrint : University of Michigan Electronic Prescription and Plan QA System
-

Goals
$JP_H Nl, Ste Structure Drinrih Goa Priman Comments Data Sets
$IP_HN1L
. o Planning CT
Birthdate  7/31/19  a tive Goals fmz -0
Oncologist ZQA Do
Targets
Add Data Set
. PTV 1 3 D95%I[Gy] = 50.00 Comments
Contents COUTSE
@ PV 1 3 D0.1cc[%] = 130.00 o 127.18% Comments 1 Head/Neck -
OARs Plans
© Bowel_Small 23 D0.5ccGy] = 30.00 o 1.83 Gy Comments HN SBRT 2.1 HN SBRT
O Colon 203 DO.5cc[Gy] < 30.00 Q@ 12396y Comments Planning €1
Add Plan
. Duodenum 23 D0.5cclGy] = 30.00 o 9.44 Gy Comments
@ Esophagus 2 3 D0.5¢cc[Gy] = 52.50 ° 6.39 Gy Comments
O Esophagus 23 V27.5Gylcc] = 5.00 ° 0.00 cc Comments
O Heart 23 D0.5cc[Gy] = 52.50 o 878 Gy Comments
O Heart 23 V32Gylcc] = 15.00 ° 0.00 cc Comments
O Kidneys 23 V17.5Gy[cc] = 200.00 o 0.00 cc Comments
O Kidneys 2 3 V17.5Gy[%] = 35.00 ° 0.00% Comments
@ Liver-GTV 23 CV15Gy[cc] = 700.00 a 697.61 cc Acceptable variation | Comments Ma rtha Matusza k Ph D
@ SpinalCord 23 DO.5cc[Gy] < 25.00 @ ss36y Comments Carlos Anderson PhD
@ Stomach 2|3 DO.5cclGy] < 30.00 @ csocy Comments Unive rsity of Mich igan
. Chestwall 1 2 V35Gylcc] < 70.00 Comments

Add Goal Show Inactive Goals
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Prescription Constraints: IPmstate - ConvFX

j MNemal Tissue Constraints: | Prostate - ConvFX

& Single Site

™ Multiple Mets

Target Dose Volume Definitions

Relative Doze
ptv_high
ptv_intermediate
ptv_low

Mumber of Prescription Fractions

Group

Imitial Volume
1t Boost
2nd Boost
Total
Bolus: ©© Yes (¢ No
" Cales - only

Prescription DVH Constraints

Structure
¥ ptv7200

" OnlyHigh ¢ Hghandlow  High, Intermediste and Low Target DVH Objectives Priority Achieved
Alias Contains ptwE450 Max[Gy] Report 70.14 Gy
ptw 7500 prostate and seminal vesicles Man{%] Report 108.2 % (70.13Gy)
ptv5940 gross pelvic nodes Min[Gy] Report 581Gy
ptw4500 remaing pelvic nodes Min[3] Report 89.7 % (58.1Gy)
in Total Dose m Dose for fractions must be entered in “centi-Gray™ Mean[Gy] Report £7.18 Gy
Ay, PTV High e T PTV Low D2%[%] <= 107 % (69.34Gy) 3 106.2 % (68.84Gy)
% 5000 (200 <Gy per Fx) |4500 (180 cGy per Fx) [4500 (180 cGy per Fx) DSl Report 1058% (68.56Gy)
g 1600 (200 Gy per Fx) |1440 (180 cGy per Fx) [0 (0 cGy per Fx) DALl 7= 99 % (54.15Gy) : 100.9 % (85.41Gy)
g 1200 (200 <Gy per Fx) [0 (0 cGy per Fx) 0 (D cGy per Fx) Da8%[%] Report 99.6% (54.52Gy)
19 7800 cGy 5940 cGy 4500 cGy W1 10%][cc] ==05c¢cc 2 Occ
Instructions: [full bladder; rectal balloon; match with carbon markers for the entire course; CBCT — pre—RT daily for the first 2 ;I VoBkIk] =98 % ! 89.1%
weeks and then qMon and Thur for the rest of treatments LI W99%[%)] »=98 % 2 95.6 %
V100%[%] >=95% 2 9T 4%
Ll W107%[%] <=2% 1 0.2%
DVH Endpoint Constraint Value Planning Priority Wolume[ce] Report 2495 cc
Max[Gy] Report j CV98%[%] «=2% 1 09%
Man[%] Report j CVoE%[cc] Report 214 ce
Min[Gy] Report j ptwSE25 Max[Gy] Report 69.67 Gy
Min[%] Repart j Max[%] Report 123.9 % (69 67Gy)
Mean([Gy] Report j Min[Gy] Report 55.55 Gy
DZ%[%] =107 % 3 j Min[3] Report 98.8 % (55.55Gy)
D5%[%] Report j Mean[Gy] Repart 54.19 Gy
D95%[%] >=99 % 3 j .
D9B%[%] Report |
V110%[ec] <=05cc 2 |
Va3%[%] »>=93 % 1 j
VE9%[%] >=98 % 2 j
VI00%[%] >=95% 2 j
VI075%[%] =2% 1 |
Volume[cc] Report j
CVa8%[%] =2% 1 j
CW398%[cc] Report j

RADIATION ONCOLOGY

Mayo et al, Practical Radiation Oncology 2016, 6(4): el17-e126 PM26825250
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Brain Site Example-BNOO1 Plan Evaluation

Eclipse Scripts Plan Evaluation Results for BNOO1

— Name (ID)

, (NRG-BNOO1)

Plan or PlanSum ID: EXPORTMHTest
Printed :2016-11-08 10:49:35

RADIATION ONCOLOGY

Structure ID ,  [Structure Code|Patient Structure |DVH Objective|Evaluator|Variation|Priority|Met chieved
PTV 4600 13 PTV_4600 D95%[Gy] >=46 43.7 2 51.541 Gy
PTV_6000 PTV_6000 D95%[Gy]  [<=60.75 |63 2
PTV_6000 PTV_6000 D95%[Gy] »>=59.75 |57 2 76.307 Gy
PTV_6000 PTV_6000 D10%[Gy] <=63 16512 |2
PTV_6000 PTV_6000 D0.03cc[Gy] [<=64 |66 2
PTV_5000 PTV_5000 D95%[Gy] ==50 475 2 Goal 51.205 Gy
PTV_7500 PTV_7500 D95%][Gy] <=/575 [78.75 |2 Goal 71.603 Gy
PTV_7500 PTV_7500 D95%[Gy] »>=7425 [71.256 |2 Variation|71.603 Gy
PTV_7500 PTV_7500 D10%[Gy] «=78.7 [81.4 2 Variation|79.524 Gy
PTV 7500 PTV_7500 D0.03ccGy] |<=80 82.5 2 Variation|81.210 Gy
SpinalCord SpinalCord D0.03cc|Gy] |<=50 50 1 Goal 8.137 Gy
BrainStemCore BrainStemCore  |D0.03cc[Gy] |«=55 |60 2 Variation|59.867 Gy
BrainStemSurf BrainStemSurf D0.03cc|Gy] |<=55 |64 2 Variation|63.579 Gy
OpticChiasm_PRV OpticChiasm_PRV|D0.03cc[Gy] [«<=55 |E[! 2 Variation|58.335 Gy
OptNrv_L PRV OptNrv_ L PRV |D0.03cc[Gy] |«=55 |60 2 Goal 41.774 Gy
Retina_L Retina_L D0.03cc|Gy] |<=45 50 2 Goal 13.454 Gy
Retina_R Retina_R D0.03cc[Gy] [«<=45 50 2 Goal 31.863 Gy
Brain Brain D5%[Gy] <=78.7 |81.4 1 Goal 64.170 Gy
Lens L Lens L D0.03cc[Gy] |=<=7 10 2 Goal 5.425 Gy
Lens R Lens R D0.03cc[Gy] |== 10 2 Variation' 723" ““R O
Center for Innovation

in Radiation Oncology

MG Oncology

Ying Xiao, Ph.D.
UPENN, NRG
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Scripting to standardize calculations of physical and biological dose metrics

_# DVH Analysis

M | DVH ANALYSIS SCRIPT Patient:

UNIVERSITY OF MICHIGAN HEALTH SYSTEM

Templates

Choose a template to load:

[ M

Structures

@ BODY

@ Bronchus_Main
© Esophagus

& GreatVes

@ GTV

© Heart

emv

@ Lung_L

© Lung R

© Lungs

@ PTVO1

@ SpinalCord

@ SpinalCord_PRY

Add All Remove All

RADIATION ONCOLOGY

Metrics | Volumes

User:
Version: 2.7.3.0 @

Bronchus_Main
© |D0.03cclGyl ﬂ 20.78 Gy

Metric 2.1tL_LNG
SpinalCord

@ [D0.03cclGy] B 7osqy

© [D0.03ccl Q. a/B=25)[FQD2Gy] [Changed] |adl 610 Gy (1Q2)
Esophagus

@ [D0.03cclGy] Bl sy
@ [D003cc(LQ. o/B=2.5)[EQD2Gy] [Changed] adl 28.74 Gy (LQ2)
@ [MeanlGy] | ~ EIYN

& [Mean(LQ, a/B=2.5)[EQD2Gy] [Changed] |l 627 Gy (1Q2)
GreatVes

@ [D0.03cciGy] Bl o0
@ [D0.03cc(LQ. a/B=2.5)[EQD2Gy] [Changed] [Rdl 33.60 Gy (LQ2)
Heart

© |D0.03cclGyl ﬂ 21.70 Gy

© [D003cc(LQ, a/B=2.5)[EQD2GY] [Changed] [l 32.89 Gy (LQ2)

© |D0.03cc(LQ, a/B=2.5)[EQD2Gy] [Changed) ﬂ 30.68 Gy (LQ2)

0.5*C1+C2

9.37 Gy
838 Gy (LQ2)

30,23 Gy
43.96 Gy (LQ2)
9.24 Gy
9.14 Gy (LQ2)

33.00 Gy
50.50 Gy (LQ2)

3238 Gy
48,90 Gy (LQ2)

3116 Gy
46,04 Gy (LQ2)

Metric Properties
Metric type: e
DVH Model Properties

DVH model type: | LQBioDaose -

Dose type: Velume type:
® Absolute O Absolute
O Relative ® Relative

an

Martha Matuszak, Ph.D.,
Carlos Anderson Ph.D
University of Michigan

AN MEDICINE

MICHIG

( OF MICHIGAN



Scripting to Evaluate Plan in Context of Prior Plans

e Statistical DVH
e Visualization method quantifying comparison of plan DVH curve with historical
values

* Weighted Experience Score (WES)
e 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 (GEM,;)
* Ranking score (0-1) quantifying As Low As Reasonably Achievable (ALARA) using
historical values for DVH metrics

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
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Weighted Experience Score

A score ranking DVH curves in Historical Context? &
N 4%
S
AN i\ 0\0
0'27 \QQ'\'
[N &0 “«
'g &0 \o .(,)O
Y. Wbh; * WpCa: *p: & & &S .
| I | ™ &N 55 & 8
WES= & S o
% Wh; * wpca; S & o
| F & 5
N T &
O
Q—\-
o o o o
Rl S - g | € 8 {oy
| WES = 0.82 : : I
| = R . lo] (o] . fo)
s, o] P | g 2 whca o | wb, ©
| © o o
(o] o o
I o o] o
< S 8 o g o 8 o
I | Liver SBRT 5 fx g 2 o
o
% | Heart DVH o o °
> g 4 1 g - o] 3 - O Sr - o
\ o o o
o] o (o]
\ o o o
S \ < - o Q-4 o S - o
\ (o] 0‘ o
\ o o o
) ~ /
N\ —
o 4 I o - %%O o - Q}30 Oo-o o 4 Cﬁ °
T T T T T T T T 17 11 U I B I T T 1T T 11
0 10 20 30 40 50 0.0 0.4 0.8 0.0 0.2 0.4

0.00 0.02 0.04 0.06
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Generalized Evaluation Metric

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

Planning Goals: . >
Structures Drawn Priority Parameter Planning Limit Acce pta b I e va l ue com pa red tO con St ral nt :
bv [=]
L] rectum MD 1or Max Dose to 0.1 cc (including PTV . |
overlap) < Rx dose

1lor <15% 2 75 Gy

lor_____ | <25%=70Gy @ Yes

1lor <35% 2 65 Gy

1lor <50% = 50 Gy

3or <5% 275 Gy

3or <15% 2 70 Gy = !

3or <17% = 65 Gy ALARA 1

4 or E ________________ !
[T siadder MD | 3or <25% > 75 Gy ° L] o |

3or <35% > 70 Gy e ® | J

3or <50% 2 65 Gy ALARA N :

4or OO 1 |
] Femurr/L Dosim | 3or Max < 45 Gy pag S il I|

4 or ALARA OOO : :
I Penile Bulb MD 3or Mean <50 Gy e | |

4 or ALARA . & [ !
] Bowel MD 1or Max to 1cc < 54 Gy s 7 1 1 No

4or ALARA ' ' ‘ '
] sigmoid MD Max to 1cc < 60 Gy 0 20 0 100
LT other DVH Metric

PlanValue;
0;

Zi [2—(Pri0rityi -1) , % ki:

GEM = Z . 2—(Priority;—1)
i

RADIATION ONCOLOGY M MICHIGAN MEDICINE
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Mine data from
prior treated plans
to parametrize
evaluation
metrics for current
plans

GEM Brainstem [338]
g B e
- |
5> o ENIN
e v | k = 5400
S o _ | theta=001
o | P(CV)=0502
i —‘ .' P(q95) = NA
e | I | - I |
0 20 40 ‘3{1 80
DO.1¢c[GY]
GEM Brainstem [338]
pop
q I S S
_— - 14 I CV = 28.864
g - LTE K=10.197
g o | | theta = 2.9258
E : P(CV) =05
w J ‘ :—‘ P(q95) = 0.95
|
_| - o
e [ [ * [ [ |
0 20’ 40 60 80
Dxcc Gy0.1

GEM - What we must do

Historically we meet the physician’s
constraint

GEM<<1

GEM,,, - Couldwe do better?
- Have we done better ?

 Set threshold to median of historic
distribution

* Set priorityto 4

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

MICHIGAN MEDICINE

RADIATION ONCOLOGY

UNIVERSITY OF MICHIGAN



A quckdins - Z$_HeadAndNeck_01, Z§_HeadAndN... (Z8 HeadAndNec . #Dev_ChuckMayo ~ @ ~
File Edit View Insert Planning Tools Window

E@ ¢ i v AMQQE@E JHl0]e WY 4 S BRo]e S|t OORFrE & BOHE LDk L LELL

[ Selection] Contouring)( Image Registration|( External Beam Planning) [ Brachytherapy Planning|( Brachytherapy 2D Entry] [ Plan Evaluation)

3 25 _HeadAndMeck 01 : [®l][ 1.1 HN VMAT - 3rd Party Approval - Dose Volume Histogram
=] c1 -
£ 1.1 HN VMAT

W] Larynx
M[E] Lips
I[B] Musc_Constrict I
@ Musc_Constrict_5
I[B] Oral_Cavity
Ii‘ Parotid_L

[#I[B] Parotid_R

W3] pTvss

(3 Statistical DVH Curve with Metrics

Historical DVH set: |HMN_ROAR_ Fraction_All j

Current Plan -- PatientlD: Z$HeadAndNeck 01 CourselD: C1 PlanID: 1.1 HNVMAT Fraction:

o]
n

Structure Level Info:

Structure Selected: I Musc_Constrict S 'l GEM (this structure): 0.78

 —

Plan Level Info:

GEM (this Plan): 0.25

Musc_Constric_S Statistical DVH ¢| I

0 0.2 0.4 0.6 0.8 1
MUPerGy (this Plan): 310.21

800

=
58
T
Structures (click name for details) E 304 Constraints:
Stu_rcture_ !'\Iame Historical GEM distribution GEM £ ] '-A_b Mean[Gy] <50 Prio[3] Achieved: 56.32 Sampling Cover.[%] Max Dose [Gy] Mean Dose [Gy] =]
Counts| Priorty % 1003 9.083 37.711 22909 ~ |
d g 5 - wom_:[j A—— 1000 4841 75.247 33.240| ~|
Musc_Constrict 5 07 '-._ 100.0 26638 75727 55.460 | = |
[522] [3] ’ 1 kY T T T T T T 1000 10511 74997 37226 = |
5 [i] 50 100.0 5.604 69175 247 | =]
J " 1000 46650 74867 65.906
sc_Constric 1001 12463 71062 33807
‘\-'1u_.__\_.,n__tr|ht_] e 05 04 b
[435] [1] T T [ T T T [ T T T [ T T T 100.5 11956 72334 PRI
20 40 60 i e ———————

Dose[Gy]

Glnd_Submand_R

[414] [3] ‘ 03
Larynx
[440] [1] 04 _I

-

522 [Musc_Constrict_S] DVH curves from 553 plans
1 constraint applies

RADIATION ONCOLOGY M MICHIGAN MEDICINE
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Summary Report Card Dashboard

W Plan Summary - Statistical DVH — I O | x

Patient: MName: Z$ HeadAndNeck 02 Z$ HeadAndNeck 02 MR: Z35 HeadAndMNeck 02 Birth Date: [T open in new window

Plan: CourseID: C1 Plans/PlanSums ID: |1.1 HN VMAT = Fraction: 35 Rx Dose: 70.00

Historical Experience Context:

Plan GEM |-‘—| [—#—tmmemo o
HN_General_UM _since_2015 j Countlary T 1I| 0.28

Structure-wise Evaluation: (click each row for Statistical DVH details)

Sturcture | Count | Constraint(s) | Priority ‘CaI_Prio| DRS | Historical GEM [0,1] | GEM'| Historical Metric | Metric ‘

! Mean[Gyl<20 } 1 ! 13 ! @ ! » 1 098 | Om—t > d80Gy | 728

Musc Constrict] | 415 | MeanlGyl<20 | 1 | 15 | @ | 1 - > | 095 | O vemwoo |80 Gy | 649
Mean[Gy]<30 | T T R e T ST SR TS e m— S R

Larynx V370

Glnd_Submand_ R | 368

[

611

Gind_Submand L | 357 | Mean[Gy]<30 3 18 I e s S— Y IR S a——— i - FCPE - R1
Musc_Constrict 5 | 442 ! Mean[Gy] <50 T AT I O L T } ©ogs Ofpmmoms T 0 —e—ee |30Gy i o501
Parotid_L D413 ) MeanGye2s | 03 0 17 ¢ () le— 4w} = ! g | 0 e a0 we | 80 Gy Y234
Esophagus ©oa0 Mean[Gy] <20 T [ ] e T o= 45 Vp—— B =com o cme | 80 Gy ' o1a3
Oral_Cavity TN Y P R R T B O I e — m— R . [soGy | 20
Parotid R | 414 WMeanlGyl<24 | 3 1 17 ¢ () e Car o em | 45 | OB wems ® [socy | 220
Bone Mandible | 462 | TN B e — e a3 SO 1 J A7 X
Brain TS b (O L0 0 —emows [socy | 15
Brainstem 460 D0.1cc]Gy]<54 : : @ 0 | O —efe [80Gy | 304

Brainstem PRVO3 | 453 ° D0.1cc[Gy] <54 muy —
Coblenl 1 477 § DO | Structure-wise Evaluation: (click each row for Statistical DVH details)
Cochlea_R . 405 | DOlccGy]=40 | ) L. ) ) .
. . Sturcture | Count | Constraint(s) | Pricrity | Cal_Prio | DRS | Histonical GEM [0,1] | GEM ~ |
Lips D450 ! V3SGyll<s
SpnalCord | 476 | DOcclGyleds | Musc_Constrict S | 442 | Mean[Gy]<50 | 3 | 15 ! () 'd I == | 051 | e
SpinalCord_PRV05 l 465 l D0 1ec[Gyl<50 l ] ] ] ] ] — ] ] ]
D e T T s Parotid_L v 413 ) Mean[Gyl<24 | 3 v Ly e/ F—== ' (043 | 0 fln—
BODY (0.91) AUTOREG IGRT (0.86) BrachialPlex L (0.78) CTV High (0.72) PTV56 (0.65) CTV Low (0.6) . . . . . . ' '
PTV56_EVAL (0.19) Esophagus ! 406 | Mean[Gy]<20 | 1 | 12 | @ | e———71 cem | 045 U+_
* The following structures cannot be found in the selected context [HN_General_UM_since_2015] : AUTOREG_BST) B B B B B B B B
Oral_Cavity v 432 | Mean[Gy]<30 | 3 M B O N | f———== ' (045 , 0 f‘-—
Parotid_R ! 414 ! Mean[Gyl<24 | 3 ! 17\ () ) e— I e | 046 | O
Display level: & Constraint  Structure € Both . . . . , . . . .
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Statistical DVH Dashboard

Bl statistical DVH Curve with Metrics and Scores

PatientlD: F$HeadAndMeck 02 Coursell: C1 Plan/PlanSum ID: 1.1 HN VMAT  Fraction: 35 Rx Dose: 70.00

Plan Level Info: Structure Level Info:
j GEM (this structure); 0,46

GEM (this Plan): 0.28 Structure Selected: |Esophagus

Esophagus Statistical DVH

04 06
MUPerGy (this Plan): 286.36

'S 0
gEUD: 33.14 [Gy]

T T T T I T T

Larynx )‘ . ] a 50
[3701[1] - Wolume [cc] (this structure): 18.45

Structures (click name for details)
Sturcture Name Historical GEM distribution GEM

Courts] |Priority]

Yolume[ %]

[415] [1]

40 0 20 40 60
Dose[Gy]
Gind_Submand_R Constraints:

[366] [3]
406 [ESOPHAGUS] DVH curves from 477 plans Mean[Gy] <20 Prin[1] Achieved: 19.34
1 constraint applies
E'ﬂd_SUbI‘T'EIFld_L [ —§ ©Oo000 O ODOD
[3571[3] '

Musc_Constrict ] F '—D]__mw e e
——

20 40 G0

Muse Constrict S

RADIATION ONCOLOGY M M!Eﬂ!%FNMMHERLmNE




Scripting to Make Plan Checking Faster and More Effective

Plan Checker Tool

Graphical depiction of results / checker status Jean Moran, Ph.D.
Kelly Younge, Ph.D.
Elizabeth Covington, PhD
Report patient orientation from CT dataset o | Image orientation : HeadFirstSupine Xiaoping Chen

N : : : :
Treatment orientation : HeadFirstSupine

Automatic Checks passed

Report number of CT slices in planning dataset == | Number of CT slices in planning dataset '20141120LTARM' is "144",

Verify number of CT slices against move sheet =

Verify 3D vs IMRT Carepath P | This is a VMAT plan but may be on a 3D carepath. Please confirm carepath is
i correct

E. L. Covington et al. Improving Plan Quality with Automation of Treatment Plan
Checks. Journal of Applied Clinical Medical Physics 17(6):16-31, 2016.
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Scripting to Make Plan Checking Faster and More Effective

XCHECK (W% = 1oty
[» Plan Quality Checks Inspector View
(-] o Target Metrics

Rex Cardan, Ph.D.
Richard Popple, Ph.D
University of Alabama

o Number of CT slices <= 2507

——
=00 e
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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
RADIATION ONCOLOGY M | MICHIGAN MEDICINE




The answer begins with
standardized contouring
and naming

zMDRing01

* Targets and rings are sequentially numbered
e.g. PTVO01, zHDRing01, zMDRing02....
PTV15, zHDRing15,
zMDRing15

* Rings are 5 mm thick

PTVO02 ) )
* Use zHDRings to control dose gradients and

conformality in optimizer

* Use zMDRings to monitor midrange dose
falloff

Research mode script — automates creation of all structures for all targets in < 1 sec.
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The answer begins with contouring

zBrain-PTV+05Brain

* 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

Research mode script — automates creation of all structures for all targets in < 1 sec.
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m The answer begins with contouring

zBuff0102

* What if the PTVs are close?
* Boolean PTVs out of Rings

e Create buffer structures from
overlap of zHDRingxxs

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

Research mode script — automates creation of all structures for all targets in < 1 sec.
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Algorithmic approach for planning that can be moved to script automated planning

Optimize starting with these parameters

_ Lower Rx[Gy] '
O upper 0 Rx[Gy]+25% 50 . "
Lower 50 Rx[Gy]+8% 50 Push dose higher if .
needed to reduce horns ©
in dose profile o
_ Upper 2 Rx[Gy] 80 B ,
Upper 70 0.5*Rx[Gy] 100  Push Volume[%] to < 70% R
as optimization allows s shows dose e
R
Upper 0 0.5*Rx[Gy] 120 - Stat dose (%] EZ
End dose [%] Izo:o
Upper 3 0.25*Rx[Gy] 50 Push dose to oot o0
< 0.25*Rx[Gy] as I asoratic sparngof rrmal e (o] o

optimization allows
Upper 20 0.9* Rx[Gy] 50 Push volume[%] to < 20%
as optimization allows

Research mode script — automates optimization
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Use scripting to calculate standard metrics
for plan quality assessment

PTVxx zHDRingxx and zBrain — PTV+05

* Rx[GyY] zMDRingxx * Volumelcc]
* Volume[cc] * V12Gy[cc]
* V100%]|cc] * V100%][cc] * V10Gy[cc]
* Min[Gy] e V50%][cc] * V05Gy[cc]
* Max[Gy] * V12Gy[cc]

LA B * DC5%]cc]

B e, Bt Py St 59576 * Greff * D5%]cc]

3 SRSMetricCheck. _ ol x|

1 BRAIN SRS ATPS 2200

zBrain-PTV-05
Volume[ce] [V12Gy[cc] | V10Gy[ce] | V05Gylcc]

1537 |00 02 679 - l l l

Targets, HDRings and MDRings

Target Name | Rx[Gy] | Volumel[cc] [V100%[cc] | Min[Gy] | Max[Gy] |HDRing:V100%[cc] |HDRing:V30%[cc] |HDRing:V12Gy[cc] | HDRing:DC5%[Gy] | HDRing:D5%[cc] | MDRing:V100%:[cc] | MDRing:V50%[cc] | MDRing:DC5%[Gy] | MDRing:D5%([cc] |CI | GrEff

PTVO1 20 042 042 20.8 244 032 2.70 203 7.2 210 0.00 0.20 2.30 9.1 1.77(137.7

PTVO2 18 2.28 228 17.8 239 039 6,14 3.60 73 18.0 0.18 201 3.64 11.2 1.17(105.2

PTVO3 20 193 193 200 262 0.25 548 3.55 8.8 19.6 0.00 0.34 4.65 9.4 113[1181

PTVO4 20 131 131 19.6 264 0.24 4.70 314 8.8 19.7 0.02 0.92 447 115 1.18(108.1

PTVOS 20 073 073 201 26.2 016 335 2.07 7.8 19.6 0.00 0.18 3.50 93 1.22(1226
Wirite To File
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Approaches for actualizing standards to
reduce variability and improve evaluation

Book of

Policies

Writeable scripting will enable
Enforcement automating

creating policy compliant plans
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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 nhomenclatures
o plan policies
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