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‘Create structures from template

Tempiate: HN_Template @
winalzation

Agn image centers.
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a1 a 512512195 0417 017

First automation step
mages loading e contouring

# Update extsting structure i It 5 not already defined
©) Creste new structure
ExtemalROL -
Loeslization point:

ROIs POl

& Name Type  Materisl [——— Representat..
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@ g R Organ Empty geometry Ematy
4 tng L Organ Empty geometry Empty
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Deep learning segmentation wil be used o afl appicable ROIs.
7 Update derived ROIs

Dicom e [t
Patient and case
tast name - Fastrame patient D Physicisn Last seved (DD MMM YYYY, hemin:sec)
° e wict GRBLGUATB0.  PARISE ReTTO 02 56p 2025, 103431
] ° GEUNA GEMMA GNEGMMSSR..  BADELLINO POLMONEDX 04 56p 2025, 135239
® +  GucovEw ISABELLA GOVSLISISSIE.. - % 02 5ep 2024, 11:32:14 A =
(l-] 0 ln 009 l-l\ ® am POCEARE B HRTPSRSOADS.  CAVLLN PRETETORAC.. 20 Aug 2025, 151010 Deep learning segmentation
| \. - 0 ] -] v J - I‘ [ ] GA DANIELA JGIDNL73T63Z..  LEIS ENCEFALO 04 Sep 2025, 18:5023 .
° LAMARCA MICHELE IMRMMLE2P0..  CERRATO FEGATO 04 5ep 2025, 14:5333 ’
° Unama Lonerzo IMNUZSSAL.  GASTINO EMIBACINOSX 151l 2025, 09:17:00
Lol ° UBERTONE Do LBROLD6ZEXN..  CERRATO MEDIASTINO 03 Sep 2025, 14:09:46 Pri " t
[® 10 PUMO FRANCESCO  LPMENCS3D0..  PARISE U PROSAIA 04 50p 2025, 132207 | rimary image se
) i ’ o e wo SHAOMIAD  LUOSHMG3CS..  CASALE FRONTALEDX 03 Sep 2025, 102859
8,10 ' STEREQ enc 1 cr
0,V J 18 on —— : TC 26/08/2025 [26 Aug 2025, 12:43:43 (hr:min:sec)]
5 Gender: Male
Name Last saved (00 MMM YV hrminses) | Sender: Mile
= 11 04569 2025, 132207 ] : a1
E] Bench 11 045ep 2025, 12:31:48 i st

®m >
Empty plan 045ep 2025, 12:31:48 s

11 Clinkak Coispsed Cone v5.10

Select model ROI(s) (0 of 123 selected)

~ [ &> RSLDLS CT
» [] Abdomen
» [] Breast
» [] Head and neck
» [ Pelvic male
» [] Thorax
[[] Vessels




Second automa

RayStation

MCO
Cursent mavigution: Nav 2 LBK 130
Targets:
W _TVandisophes, MuxDose B8 5 ¢ [ —_—
PV, Min Dese [ | ‘ -
T PTV, Max Dose: LS —
Organs t ok
W _EsophaneTves, MaxOose B ) = ] 3
gt Mme B O | —
W _spnaicorded, MaxDose B = ] 25
W Externl, Dose F O L0 ] <

RayStation Plan Explorer

0w o o w Q% Q™ @
020 9% O o= @

(lallt Bl Bonll Yl Vo)
O M O 0= o™ 0

t on
Planmng«

Elekta ONE®
Planning

VARVAN

medical systems

MACHINE LEARNING ‘&
IN RAYSTATION

N 7 . o
/ ’ //‘ “\ \\ \ 4

(&) E& ﬁ‘ GU|dedPlann|ngSolut|on

-“"—

ﬁé’n"

RapidPlan’




AAPM REPORT NO. 263

&

Standardizing Nomenclatures
in Radiation Oncology

The Report of AAPM
Task Group 263

January 2018

Standardization is key to improve script-
based plan evaluation
Reduce variability and inconsistencies
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Genetic Planning Solution - GPS
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DVH  Biological response  Clinical goals ~ Dose statistics  Plan fraction schedule  Biological progress 2D | Image
100
BO
where:
- B0
N = number of1 z
£
d; = dose in voxel 1 H
a = tissue-specific parameter
* MNegative o — makes the calculation tumor-control-oriented (focuses on underdosed regions) ”
s Positive a — m: the calculation normal-tissue—criented (focuses on hotspe e
00 1000 1500 2000 2500 3000 3500 4000 4500 5000 00 6000 6500 7000
a — — EUD apj he maximum dose Pendome SR T
Dose axis:  Absolute Volume axis: Relative max
a — 1 = EUD becomes the mean dose
Objectivesfconstraints  Beams  Control points ~ Protect  Treat  Beam optimization settings ~ Beam weighting  Beam dose specification points  Prescription|
Add physical... | | Add biological... Load template... | | Save as template... Compute values
Function Constraint = Dose ROl Description Robust = Weight Value EUL
W Physical composite objective 6.9735
 Min dose Plan PTV 66 Min dose 6600 cGy 500.00 0.0957
Max dose ZED] PTV 66 Max dose 6600 cGy 500.00 0.7177
Max dose ZED] ringl.1 Max dose 5940 cGy 25.00 0.0561
Min dose ZED] PTV 54 Min dose 5400 cGy 500.00 0.1079
Max EUD Plan [ ] Femur_Head_R Max EUD 685 cGy, Parameter A1 Max dose Plan M newringbis1.2 Max dose 4860 cGy 500.00 0.9409
Max EUD Plan M Femur_Head L Max EUD 765 cGy, Parameter A 1 Uniform dose Flan FIVee Uniform dose 6600 cGy 500.00 08135
- Max dose Plan RealPTV 54 Max dose 5400 cGy 0.7347
Max EUD Plan Bladderl Max EUD 1611 CGY, ParameterA 1 Uniform dose ZED] RealPTV 54 Uniform dose 5400 cGy 0.8467
Max EUD Plan Rectuml Max EUD 1464 cGy, Parameter A1
Max dose Plan [l Bowel_Small Max dose 5000 cGy
»+ Max EUD Plan [ Bowel Small Max EUD 4000 cGy, Parameter A 10
» Max EUD Plan Bowel Smalll  Max EUD 477 cGy, Parameter A 1
Max EUD Plan PenileBulbl Max EUD 1946 cGy, Parameter A 20
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Genetic Planning Solution 2.2
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VMAT Prostate radiotherapy treatment planning

| 10 participating Italian centers

10 prostate patients
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GPS in clinical practice - prostate

Clinical blind
comparison

ey (CBS) il ) A
Ve - -
Manual Vs Auto
\ o -

PSQA comparison ¥'| I
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Radiotherapy and Oncology 148 (2020) 126=132

Contents lists available at ScienceDirect
Radiotherapy and Oncology

ELSEVIER journal homepage: www.thegreenjournal.com

Original Article

Automatic genetic planning for volumetric modulated arc therapy:
A large multi-centre validation for prostate cancer ez

Christian Fiandra *"*, Linda Rossi, Alessandro Alparone ¢, Stefania Zara ¢, Claudio Vecchi, Anna Sardo*,
Sara Bartoncini ', Gianfranco Loi#, Carla Pisani”, Eva Gino ', Maria Grazia Ruo Redda’, Gian Marco Deotto ¥,
Paolo Tini', Stefania Comi™, Dario Zerini", Gianluca Ametrano °, Valentina Borzillo °, Lidia Strigari Pl
Silvia Strolin ', Alessandro Savini 9, Antonino Romeo ', Sonia Reccanello®, Imad Abu Rumeileh ,

Nunzia Ciscognetti ", Flavia Guerrisi ’, Gabriella Balestra", Umberto Ricardi*, Ben Heijmen
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Validation
Which is the better plan?
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Multi-centre prostate

Clinical blind
comparison
(CBS)
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GPS in clinical practice — Prostate

Clinical Blind Score Dosimetric OAR parameters

Automatic genetic planning for prostate cancer

CBS
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GPS in clinical practice

1

. Goal: Validate a single-configuration genetic autoplannl g ? St
"'!’ ’

- Key results:
. 91% of autoGPS plans were clinically acceptable.
. 69% of acceptable plans were preferred over manual one N
. Better rectum/bladder sparing with similar PTV coveragaf (
r’ ~\

- Variability:
. Inter-centre differences linked to protocol mismatch and manq
. GPS could help standardize plan quality across centres. B

- Centre H issue: Solved by minor configuration adjustment to match u= |1 oo
- Strengths & implications: ,. |

7 3 c.'
“l 'D

. Largest multi-centre autoplanning validation to date. : "*'2}
. Shows potential to reduce workload, improve quality, and avoid centre- speClﬁ
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Body Site Selection
Guided Planning Solution - GPS 4.2
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Dose Grid Resolution [cm]: _
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Benchmark dose

Description

Dose ROl

Constraint

Min DVH 4005 cGy to 100% volume

2
Q;‘ - HGD:; . - t‘r‘ " 7@1(2—/72”1‘”?”@%‘7 T B
F HGL\:;&LLls . > - 3 - y Min DVH o pTV_ i
. o n / '} Max DVH Plan PTV_Breast Max DVH 4285 cGy to 2% volume /
o '» ,: Max dose Plan PTV_Breast Max dose 4406 cGy
3 Max EUD Plan ringl.PTV somma Max EUD 2804 CGy, Parameter A 20 “‘
W - Dose fall-off Plan ringl.PTV somma Dose fall-off [H]4005 cGy [L]1602 cGy |
Uniform dose Plan PTV_Breast Uniform dose 4005 cGy |
Dose fall-off Plan Ext1 Dose fall-off [i H]4005 cGy [L]801 cGy, | ;“‘
Dose fall-off Plan Ext2 Dose fall-off [H]401 CGy [L]80 cGy, Lo, g“
Max EUD Plan N Gind_ Thyroid Max EUD 4830 CGy, Parameter A 20 ‘
Max EUD Plan Liver Max EUD 463 CGy, Parameter A 20
Max EUD Plan B Breast | Max EUD 168 cGy, Parameter a 20 |
Max EUD Plan N Lung 1 Max EUD 1 ’ |
= s Fhe — = Med,.;, — - 00 cGy, Parameter A 1 ‘
Frspe = Dummy; egi M;XEEJI;) 1602 CGy, Parameter A20 |
P P Ty 1602 cGy, Parameter A 29
& Max EUD 296 CGy, Parameter Al
Heart Max EUD 50 CGy, Parameter A 1 y f

Max Eup
; Plan

A method for a priori estimation of best fe_alsible DVH for organs-at-risk
Validation for head and neck VMAT planning

Saeed Ahmed ) S .
Department of Physics, University of South Florida, Tampa, FL 33612,
R NI T o R — A — 4|

Benjamin Nelms _

Canis Lupus LLC, Merrimac, WI 535 54 I ,

n

Dawn Gintz, Jimmy Caudell, Geoffrey Zhang, Eduardo G. M?ros a‘nd Vladimir Feygelmal
y, Moffitt Cancer Center, Tampa, FL 33612, A

Department of Radiation Oncolog

d 24 July 2017; accepted for publication 24 July 2017



Benchmark dose

Dose statistics Plan fraction sc... Biological prog 2D | Image 2D | Image ~

(® ROI statistics () POI statistics Plan dose: Bench_1 (TC 9/06/2022) a U 2
- = Approximate: Undefined | % of 42.70

Name ROI ROl vol. [cm?®] = Dose [Gy]
D39S D98 DS5 Average

[ Plan dose: Bench 1(T.. M Bladder 31426 000 021 051 779
Plan dose: Bench_1(T.. [ Bowel Small 453.95 0.00 0.00 0.00 0.70
Plan dose: Crvii 77.76 4270 42.70 42.70
Plan dose: Femur_Head L 205.30 0.00 0.00 J 0.35

Plan dose: Femur_Head R 206.46 0.00 0.00 J 0.43
Plan dose: Genitals 321.13 0.00 0.00 J 2.54
Plan dose: .. [ PenileBulb 4.03 16.64 38.44
Plan dose: a PTV11 180.24 42.70 42.68
Plan dose: Rectum 66.71 1.31 16.92




Generation of a D, dose grid of the required resolution, the values are given by the
dose prescribed to the target(s) within the target(s) and zero outside.

Generation of a D1 dose grid, the DO dose is evolved applying to each axial plane a
series of convolutions through symmetrical kernels that take into account the Low-
Gradient Dose Spread component both at mid-range and far-range.

Dilyllx,z] = (D lylix,z] * LGDS-MidIx,z]) * LGDS-Farglx,z]

Generation of a D2 dose grid, the DO dose is evolved outside the target(s) assigning
to each voxel external to the target(s) the value given by the maximum diffuse value
searched among all the nearby target voxels:

D2[x,y,x] = max(x;,y,z;) { DOIX+,y1,z;] Xx HGDS¢Ir,r, 4]}

Where HGDSr r,,4l is the High-Gradient Dose Spread function for a given beam energy E, r is the physical distance
between the voxel to be filled [x,y,zl and the target voxel [x.yz7, and 1,44 IS the corresponding radiological distance
calculated as the line integral of the density extracted from the CT associated with the study.

Combination of doses Do, D1 e D2 into a dose D defined as:
DIx,y,zl = max (D1 [x,y,z], D2 [x,y,zl, D3 [x,y,z])




Benchmark dose

Standard parameters Optimized parameters
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Physica Medica 123 (2024) 103394

Contents lists available at ScienceDirect

Physica Medica

ELSEVIER journal homepage: www .elsevier.com/locate/ejmp

Original paper
Multi-centre real-world validation of automated treatment planning for (e
breast radiotherapy

C. Fiandra™", S. Zara®, V. Richetto®, L. Rossi‘, M.C. Leonardi ¢, P. Ferrari’, M. Marrocco®,

E. Gino", S. Cora', G. Loi/, F. Rosica”, S. Ren Kaiser', E. Verdolino™, L. Strigari”, N. Romeo°,
L. Placidi®, S. Comi 9, G. De Otto’, A. Roggio®, A. Di Dio“, L. Reversi', E. Pierpaoli ",

E. Infusino ¥, E. Coeli ™, T. Licciardello*, A. Ciarmatori”, R. Gaivano®, A. Poggiu™,

N. Ciscognetti °°, U. Ricardi®, B. Heijmen

* 24 centres
* 10 patients / centre
* 240 patients

Side Boost
2% 19%

33%

65%

81%
B eft ®Right Bilateral mYES ®NO

Supraclavicular LNF

34%

66%

mYES = NO



TPS

. 24 centres
10 patients / centre
* 240 patients

m RayStation
® Pinnacle

m Eclipse Techniques
® \Volo (Tomotherapy)

® Monaco

B vmat

® tomo-helical
m [IMRT-DMLC
m [IMRT-SMLC




Study design

GPS
Parity
Manual

Clinical o
blind
omparison
Parity

(CBS)
Manual-High

Manual Vs Auto Manual-Medium
Manual-Low

GPS-High
GPS-Medium
GPS-Low

—> DVH comparison

PSQA comparison




Clinical preferences

All plans were
clinically acceptable

No centre specific
configuration

® Auto ® Manual = Parity



Global percentage difference (%)

Results: DVH comparison

OARs

Heart

Manual favorable

*see -

- Sees

* 8 & @

Auto Eqvorclble

B vacy (%) B v20Gy(®] [ averags [cGy)

- —
—

P <0,0001

Global Percentage difference (%)

Left anterior descending
coronary artery

Manual favorable

Auto favora

B Average (cGy) B D1%(cGy)



Global Percentage difference (%)

Results: DVH comparison
OARs

Contralateral breast

Lungs
80
40 Manual favorable Manual favorable
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Results: PSQA comparison |E=EP

i
L

F

N
—_—

Monitor Units GPR (3% 2mm global)
2500
100
2000 P<00001
e 95
1500 &\’
9
1000 T %0
(oT4]
£
500 + v 85
©
Q.
0 g 80
® MU auto ® MU manual g
® 75

P =0,0081 |
70

B QA Auto ® QA Manual



¢ F s "' oy
GPS in clinical practice - breast o o
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Purpose: Evaluate a multicentre protocol for breast cancer r o"w

Nt ™

quality across institutions. - \_--_.;,.:J
Main Findings: Good consistency in plan quality among centreé (
constraints for target coverage and OAR sparing were largely met. \
parameters, but all within clinically acceptable ranges. Inter- ce tr )
planner experience, contouring variability, and TPS opt|m|zat|on -9‘ '- it
harmonizing breast cancer RT planning across centres. i

Strengths: Multicentre design provides strong evidence for protocol re rod ;.
shared guidelines and centralized review for quality assurance.

Limitations: limited number of patients per centre may not capture all soUrc--- f
standardization of contouring and plan optimization may further reduce variabilit

w ) Pl “s |18 “_‘ — m— ___,-__._3»- T i —
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Priority

B WM N N e e e

Id biological...

: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...
: GPS5_Auto...

ROI/POI
PTV1.1
PTV1.1
PTV1.1
Breasts
Heart

B Lungs-PTV
B Lungs-PTV

Heart

Load template... | | Creat

Clinical goal

At least 2850 cGy dose at 95.00 % volume

At least a conformity index of 0.25 at 1500 cGy isodose
At most 2.00 % volume at 3210 cGy dose

At most 400 cGy average dose

At most 500 cGy average dose

At most 2000 cGy dose at 20.00 % volume

At most 500 cGy dose at 50.00 % volume

At most 300 cGy average dose
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in clinical practi
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Manual Planning Ry
20 lung SBRT cases (10 peripheral: 60 Gy/5 fx, h
VMAT (2-4 coplanar arcs, 6 MV FFF), Eclipse vl

D2% < 72 Gy, D98% = 54 Gy, ITV Dmean = 65 G'
AAA algorithm, 1.25 mm grid.

Select dose for plan ~  Plan dose: Pan_1{CT 1)

Genesc (1

Automatic Planning (AP)

Guided Planning System (GPS) in RayStation v12 |
Same machine, arcs, isocenter as MP; CCC algorlth

y.-a e
™ 3 _!.Q.. =
o U
'i ““_:
BN 4
R e L

Quality Assurance " 4,
SRS MapCHECK + StereoPHAN phantom, 2%/2 mm gamm (=90

Plan Com arlson
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Fig. 3. Clinician’s blind comparison results for (a) 5 and (b) 8 fractions scheme.




Conclusion GP

: }icfv ‘ f?
« Automatic planning (AP) matched or outpérfg n
plan quality and consistency for lung SBRT i

* Clinician review confirmed AP plans were cli c:
(equal or better in 65%). b

* AP reduces inter-planner variability and saves tl

starting point for planning.AP plans still " equ:r e re
refinement before delivery.
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* GPS may be considered as an advanced s ar

,
* reduces inter-planner variability, savest m

strategy serving as a strong starting pomt
possible refinement before delivery
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GPS autoplanning routinely used in 30 centres across Italian cc
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