Varian amenis

A Siemens Healthineers Company

Nove stupné volnosti
v planovani
a ozarovacich technikach

13. Konference radiologicke fyziky
Srni 8.-10.dubna 2025

Martin Steiner, Kamila Foltynova, Martin Sefl

1 © 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only.



Okolnosti
... a nezadrzitelny vyvoj

Na ASTRO 2024 (podzim) byl pfedstaven
novy produkt Varian RapidArc Dynamic
(kompatibilni s ARIA 18.1 a TrueBeam 4.1),
pfinasejici nové stupné do planovani a
ozarovani.

Je to tedy druhy produkt, po Enhanced
Leaf Model (zpresnény model MLC), ktery
v kratké dobé po sobé vyznamné posouva
problematiku planovani, tentokrat k vyssi
efektivité.

V tuto chvili je RapidArc Dynamic v obdobi
zkusebniho provozu na nekolika
zapojenych centrech, objevuji se prvni
abstrakty a Clanky. Vytvareji se urcité
startovni navody pro ruzné anatomie
ozareni. Mnozstvi podrobnych informaci je
zatim pomerné malé.

Snazime se to tohoto zajimavého procesu
nastoupit tim, Ze k produktu ziskame
(coby distributor) co nejdrive pfimy pristup
s moznosti provadét vlastni analyzu, a pres
ni navazovat spoluprace s mistnimi
klinickymi pracovisti. Nabrané fyzikalni /
klinické zkuSenosti potom predavat dal.
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Trocha historie -
2D radioterapie (2D RT)
Vyvoj oza‘fovacich teCh n | k Pouzivala jednoduché rentgenové snimky (RTG) k

ur€eni cilové oblasti.

Ozarovani probihalo vétSinou z jednoho nebo dvou
smérd.

Omezena presnost — zdravé tkané ¢asto dostavaly
vysoké davky.

3D konformni radioterapie (3D CRT)
Widespread Zavedeni CT skenovani umoznilo presnéji uréeni
a‘;‘;ﬁ;'g;%%? tvaru a polohy nadoru.
d Paprsky jsou tvarovany podle objemu nadoru
(konformita).

2007 ZlepSeni pomeru davky mezi nadorem a zdravymi
? | ? strukturami.
I n
2010 Present Future Intenzitou modulovana radioterapie (IMRT)
Umoznuje ménit intenzitu zafeni v ramci
RapidArc/VMAT jednotlivych poli.
. Dale zlepSuje koformitu, vice Setfi okolni zdravé

organy, pokud je sou¢asné zajisténo IGRT.
Vyzaduje slozitéjSi planovani a delSi ¢as ozafovani.

1980

(and before)

Volumetricky modulovana obloukova terapie
(VMAT)

Pokrocilejsi forma IMRT, kde se zafeni dodava
béhem otaceni hlavice kolem pacienta.
Efektivni vyuZziti davky a kratSi Casy ozafovani.

Uz to bylo zralé na néco nového©
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Kombinovani VMAT s IMRT

Co ukazaly drivejsi studie

Zlepsené pokryti cilového objemu a homogenita
* VVySSi pokryti PTV (D95 ~48,4 Gy vs. 47,6 Gy u VMAT)
* LepSi index konformity (CI 0,79 vs. 0,58 u 3DCRT)

Lepsi Setreni zdravych organu
* Plice: vyrazné snizeni V5Gy (51,45 % vs. 90,7 % u VMAT)
* Srdce: ~10% snizeni davky pro rakovinu levého prsu

 Kontralateralni prso: nizsi stfedni davka (2,34 % vs. 4,57 % u
VMAT)

Efektivnéjsi Iécba

» Méné monitorovacich jednotek (MU): ~675 MU (Hybrid) vs. ~2098
MU (IMRT)

« KratSi doba ozarovani: 32 s Hybrid vs. 75 s IMRT

Ale: ZvysSena slozitost a nejistota planovani

Vvigwviiwv s

* DelSi po¢ate¢ni doba planovani kvali upravam vazeni
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Dynamicky kolimator behem VMAT

Co ukazaly drivejsi studie
Zhang et al. 2010 — Trajectory-optimized dynamic collimator VMAT (Coll-
VMAT)
« Zarovnavat uhel kolimatoru s michou pro kazdy uhel gantry béhem VMAT kyvu
» LepSi pokryti PTV (D95: 22,5 Gy) a snizena davka na michu (D05: 9,8 Gy) ve

srovnani s klasickym VMAT a IMRT

I Dynamickou rotace kolimatoru urychlovaCe nepodporuji, mechanicka omezeni
(rychlost rotace) vyzaduji zpomaleni gantry

Lyu et al. 2018 — Fully dynamic collimator VMAT (DC-VMAT)

* Synchronizovana rotace kolimatoru v prabéhu kyvu v souladu s geometrii
cilového objemu

* Redukce davky mimo cilovy objem (Pokles R50 0 20.3%) a lepSi Setfeni OAR
(max/stfedni davka klesla o0 4,5%/2,5%)

* LepSi vysledky v davkach s jednim kyvem nez klasicky VMAT se tfemi kyvy

I Ne vSechny urychlovaCe umoznuji soustavnou rotaci kolimatoru, pfidana slozitost

planovani a QA

Kim et al. 2018 — Optimized angles per arc segment (quasi-dynamic)

» Optimalizovany uhel kolimatoru pro ¢ast kyvu na zakladé obrysu cilového
objemu

* Snizena velikost pole 0 ~22% a MU o0 ~17% zlepSeni Setfeni okolnich tkani
pro viceCetné cilové objemy, lepSi modulace

| Zadna podpora pro pravou dynamicky pohyb kolimatoru, manualni nastaveni

zvysSuje praci pfi planovani

BEV Collimator = 0° BEV Collimator = 110

X1

Fig. 1. Beam's-cye view (BEV) of a multileaf-collimated ficld that
blocks the cord (blue curve) while treating a paraspinal lesion plan
ning target volume (PTV; red), at (2) 07 and (b) 1107 collimator an
gle. Optimal collimator rotation helps reduce excess blocking of
PTV in volumetric modulated arc therapy

DC-VMAT (5mm) SC-VMAT (5mm) SC-VMAT (2.5mm)

—
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Collimator angle 0 Collimator angie %0
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Vyzvy

Technické prekazky v planovani a doruceni davky

— —— -
————— - ——

Raduvon Oncalogy

Opers biions
v

Retrospective evaluation of a robust hybrid ==
planning technique established for irradiation
of breast cancer patients with included
mammary internal lymph nodes

“The complexity in treatment
planning is increased for a
hybrid planning technique...

To obtain high quality plans,
plans of both techniques
must be generated by
experienced planners.” 1

T — B

I tapgn e et oy

of hyterd aC thesapy. O
volummetrx -modudated arc theragy. and intesaty -modelated radiston
Deragy Sor left sided early breast cancer
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“... the mean treatment time
for hybrid-VMAT... was
longer than the mean
treatment time of pure-
VMAT, which was much
shorter than the mean
grzeatment time of F-IMRT.”

MEDICAL PHYSICS

PeTOROnal Joura of Medcal et Bemearch and Poctce
—

botor fe gy Py

P A hybrid volumetri lated arc
herapy (VMAT) and | y mod d therapy
(IMRT) planning strategy

[
R

Long Durver & WcShan Bamedich A Srasma

“...the optimal delivery
mode for

hybrid plans should be
determined... which allows
IMRT control points (with no
gantry change) within a
VMAT control point
sequence (with gantry
changes)." 12

Co z toho vyplynulo pro design nové ozarovaci techniky?

Kombinace VMAT / IMRT Dynamicky kolimator

Jednoduché a efektivni planovani

RychlejSi ozareni

© 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only.

Racdkation Oncology

Optimal collimator rotation based on the 2
outline of multiple brain targets in VMAT

“Current technology does
not allow collimator rotation
during VMAT delivery.”

“Optimal collimator angle
must be selected manually
based on user’s
experience.”

“... can increase planning
workload.” 14

Rotace kolimatoru bez snizené rychlosti gantry

Automatizace a nezavislost na uzivateli

HP']EDIS

MEDICAL PHYSICS

Mo remcional Jouma of Medcal Physc Beearch ond Mhoctce

Aevaarc® Atcw
VMAT lon with dy ic collimator rotation

Qs Lps Danet O Camvnar s Mson. Vinora "o

L

Dun Npayen o Parg @

Dynamic collimator plan
“required slower gantry
rotation to accommodate...”

“not all linear accelerators
support continuous
collimator rotation.”

“Additional complexity in
plan optimization and
delivery coordination.” 12

Il you need is .. Varlan
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RapidArc Dynamic

A turning point for arc therapy

Nova generace
optimaliza¢nich algoritmu

Statické modulované porty
behem kyvu (STAMP)

Dynamicka rotace kolimatoru

behem kyvu
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Optimalizacni algoritmus
Redesigned, GPU-Centric | TesaPio0 | L4

Vylep$eny optimalizaéni engine CUDA Cores 2kl 7424
" kompletné vyuil'vé GPU Memory Size 16 GB 24 GB
= princip Direct Aperture Optimization (DAO) TDP (Power 250W 79W
Consumption)
Multi-Resolution optimalizace FP32 Performance ~ 9.526 TFLOPS 30.29 TFLOPS
= 8-uroviAové zjemnovani v iterativnim procesu
Iterativni proces
= rozdéleni do sektort kontrolnimi body (zahrnuje STAMP) Metrics Within Thresholds
= vybér sektorl, vytvoreni cilové fluence, optimalizace pozic lamel e
MLC / MU v sektoru
Integrovana Intermediate Dose Correction o
= vypocet davky pomoci presného algoritmu (AAA / Acuros XB) » o
» aplikovani korekCni matice a reoptimalizace s jemnéjSimi sektory -
Vyhlazeni 0 4w 80 00 2000 20 gy
. r -4 L r o 4 v v . L v 4 r
mene nespojitych segmentl, coz vede k vyssi efektivité doruceni Courtesy of Xenia Ray, PhD, UCSD
davk
avky
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Prepracovany optimalizacni algoritmus
Presnéjsi davka v priubéhu optimalizace

Receved 20 August 2024 Revised 18 November 2024 Accepted 20 Decermter 2024

MEDICAL PHYSICS

RESEARCH ARTICLE

Calculated do_se In Water'alr'wa_ter slab Improving VMAT dose calculation accuracy and planning
FTDC: Fourier Transform Dose Calculation quality via a GPU-accelerated Fourier transform dose
BN 150 FTDC N AAA calculation algorithm
1.0 BN OId FTDC W Acuros XB Kenny Guida® | ChaogiongMa | Joy Patel | Krishna Reddy | H.Harold Li
= I Vonte . ' _
© 08 ~. Carlo oc T3 oo
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Island Peripheral Central
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FIGURE 2 A box-and-whisker plot of PTV D95% and D99% DCEs by PTV location for plans wtilizing FTDC and MRDC as the dose
calculation algorithm during optimization. Cinical goals and constraints were attached 1o each plan 10 yleld DVH metnics at the end of
optimization and after final dose calculation. DCE, dose calculation error; DVH, dose volume histogram; FTDC, Fourier transform dose

calculation; MRDC, multi-resolution dose calculation
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Prepracovany optimalizacni algoritmus
Jedna optimalizace, flexibilni volba

RapidArc Dynamic field ma 3 Casti: ARCs
- Segmenty kyvu, ve kterych gantry rotuje behem
zareni a pfitom muze rotovat kolimator
 Static Angle Modulated Ports (STAMPs), béhem
nichz se zari a hybe se MLC ale gantry je statické
- Minimalné 1 STAMP na plan je povinny (max STAMPS
10 na pole)
* \olitelné Avoidance sektory, béhem kterych se
nezari a gantry rotuje

* Ve vSech techto Castech optimalizacni algoritmus AVOIDANCE
generuje machine control points SECTORS

amepls X0




Prepracovany optimalizacni algoritmus
Jedna optimalizace, flexibilni moznosti

Classic VMAT Classic IMRT

NUMBER OF CP PER STAMP
0: Balanced

576 MU 1098 MU
RapidArc Dynamic*

B B
SR S
L% 1/J o ‘4

b | )

-2 Arc Dominant -1 Arc 0 Balanced +1 Static +2 Static Dominant
790 MU 793 MU 821 MU 902 MU 909 MU
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Porovnani ,,segmentace MLC*
BEV Animation

RapidArc Dynamic RapidArc

N\ [N P

\"Je[glelp
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Prepracovany optimalizacni algoritmus
Dalsi stupen volnosti — ,,Dynamic Collimator Optimization

Pred optimalizace: Optimalizace rotace kolimatoru pred iterovanim

davky
Cost map:
« 2D matice: gantry (osa x) vs kolimator (osa y)

» Cost funkce = minimalizace Sirky cilového objemu (maximalizace

modulace)

Optimalni trajektorie:

NejkratsSi cesta cost mapou
Kolimator je kotven pomoci zakazanych bunek ve statickych

uhlech
Lokalné muze rotace gantry zpomalit béhem zareni

[Arc Span H Static Angles ” Arc Avoidance || Collimator | Aperture

Collimator Rotation

O Optimize

@® Optimize between static angles . :

O static Coll Rtn deg

_Gantry Rtn Coll Rtn

Start Angle 0.0 deg 0.0 deg

Stop Angle 179.0 deg 0.0 deg
2 P1 P2 2
Gantry Angle

Collimator Angle
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Prepracovany optimalizacni algoritmus
Automatic Skin Flash ASF Creation

Priprava:

« Vytvoreni virtualniho bolusu roztazenim cilové
struktury (v 6 rozmérech)

» Nastaveni optimalizaCnich podminek

Vytvoreni virtualniho bolusu:

« Dilatace kuze o pevnou hodnotu

« Odecteni kontury téla vytvofi virtualni bolus

Skalovani hustoty bolusu v zavislosti na uhlu:

« Uprednostni uhly, které ozaruji OAR s mensSi
pravdepodobnosti

Uzivatelské nastroje a vyjimky:

« Qvladani velikosti dilatace kuze a
elektronové/hmotnostni hustoty bolusu

amep|s Yarian




Prepracovany optimalizacni algoritmus

Automatic Skin Flash

Received: 17 October 2024 Revised: 22 December 2024 | Accepled: 26 December 2024

DOL 10.1002/acm2. 70036

RESEARCH ARTICLE MEDICAL PHYSICS

Automatic skin flash optimization in breast and chestwall
VMAT with static angle modulated ports: Effect of HU and
flash margin size on plan quality and robustness

Emily Hubley' Brandon Koger' Taoran Li'? | Michael Salerno’ |
Ryan M. Scheuermann’ | LeiDong' | Boon-Keng Kevin Teo'

Plan Uncentanty Pacameters x
Generate Photon Uncertainty Parameters Uncertainty Type
N Patient Setup Error: Estimates how 3 change in patent setup may
Isocenter shaft 0.50 | [om] @ patient Setup affect the dose distribution.
Calibr erron: (%) O Target Sht Target Shift: Estimates the effect on the dose datnbution f the
target moves in relation to other structures.
Generate
Plan Uncertainty Parameters

0 isocenter shift coordinates are expressed in the planning coordinate system selected in RT Administration.

Patsent Setup Eror
0 ' ~ - [ — Curve Ervor %] Calculation Statws Femove
X [em) ! Z [em)

o

n «0.%0 0.00 0.00 0.00 Not calculated Remcve
w 0% 0.00 0.00 0.00 Not cakcuated fRemnove
) 0.00 +0.50 0.00 0.00 Not cakcuiated femeve
M) 0.00 050 0.00 0.00 Not cakulated femove
us 0.00 0.00 050 0.00 Not cakulated Remove
s 0.00 0.00 0.5 0.00 Not cakcuated Remeve
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Change in CTV Coverage (%)

Plan Robustness vs Thickness of ASF

2
0 :‘;’ :‘,
—2 <
‘ ~$~ 0 HU A CTV D99% (%)
-4 ~&~ 0 HU A CTV D95% (%)
! b~ .350 HU A CTV D99% (%)
® -350 HU A CTV D95% (%)
...6 4
_8 4
(A}
-10 s

RA(OMM) RAD(Omm)

4

5 10 15 20
Thickness of ASF (mm)

amepls Yarian




Prepracovany optimalizacni algoritmus

Deterministické chovani

AENEIN E 1 I SSUSGHIGERSERS: WAl

AN
Hi A

v15.6 VMAT V17 VMAT \18.1 RapidArc Dynamic

= algoritmus vzdy konverguje ke stejnym vysledkim
» |inearnéjSi odezva na vstupu
» umoznuje spolehlivy pfenos znalosti mezi planujicim personalem
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Vice moznosti v planovani

Arc Span H Static Angles || Arc Avoidance ” Collimator ” Aperture |

Start Angle Reverse Arc Direction

Stop Angle

Arc span 202.0°

Arc Direction  CW

Values in IEC61217 scale

Real-time vizualizace v
BEV

17 © 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only.

|Arc Span || Static Angles || Arc Avoidance ” Collimator || Aperture ‘

Gantry Rtn [deg] Coll Rtn [deg]
310.0 10.0

|Arc Span H Static Angles ” Arc Avoidance || Collimator H Aperture |

Start [deg] End [deg] Span [deg]
15.0 85.0 70.0° X

325.0 10.0

JE|

1350 350.0

1520 3500

Values in [EC61217 scale

Céasteéné kyvy a
S TAMPY*

Values in IEC61217 scale

Avoidance sectors

|Arc Span ” Static Angles ” Arc Avoidance ” Collimator ” Aperture ‘
Collimator Rotation
® Optimize
(C Optimize between static angles
O static Coll Rtn I:I deg
Gantry Rtn Coll Rin
Start Angle 310.0 deg 10,0 deg

Stop Angle 152.0 deg deg

Values in [EC61217 scale

Optimalizace kolimatoru

Arc Span H Static Angles ” Arc Avoidance || Collimator ” Aperture

Values in IEC61217 scale

Limity pro kolimator,
nikoliv fixed jaws.

yoren)




Klicove vstupy uzivatele

Nastavena a snadno prenosna sablona

= vybér STAMP pomoci Arc Tools
* mod optimalizace kolimatoru
= optimalizace clon
» definovani, co optimalizator ,vidi“ v poli
= funkce Jaw tracking je vzdy zapnuta
= Auto Skin Flash

» nastaveni vyvazeni statického a Arc pole

© 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only.

[Arc Span X Static Angles H Arc Avoidance ” Collimator ” Aperture

Y2
150 |
B+
30‘0)
Y1

Close

Maximum
Optimization
Field Aperture

Values in IEC61217 scale
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File Edit View Insert Planning Tools Window

& S i b 4 MAAQAOY 4 0y | 2. + X OO % @ @ B K o« » » M [2460 | deg a4 4R o

Selection Contouring Image Registration Brachytherapy Planning Brachytherapy 2D Entry | Plan Evaluation
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Verifikacni plany

Separatni verifikacni plany pro statické casti a kyvy

Verification Plan - Select Field Parameters

Split Fields

[ split each arc field to

(M Split static angles to separate fields

1 arc field spiit into 5 smaller arcs.
Field 1: 1 arc (224.0 degrees), 4 Static angles «

<

Plan Generation

Number of Fractions |1

amepls Yarian




Priklady klinického planu

Hlava a krk

Dose Color Wash [Gy]
76.67

Z:0.40 cm
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Priklady klinického planu
SBRT Prostata (50/35 Gy v 5 frakcich)

yoren)
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Priklady klinického planu
Jatra/Slinivka SIB 50/40 Gy

Dose Color Wash [Gy]\

57.821
=

./
. Kl
50.000

B 45.000 |
=

La 381000

Z:27.70 cm
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Priklady klinického planu
Plice 60 Gy/30 fx

Dose Color Wash [Gy]
66.773
- Y

50.000
40.000

30.000

” m//"

20000 /‘/
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Efektivita a kvalita planu

Cas
200
.
190 "’/_’_'l’__
180 2
i ¥
160 A
@
S 150
z &
E 140 eee ° ® & Head & Neck (Max Score 240)
o " A Prostate iMax Score 200)
130 x"‘“’c @ Pancreas & Liver (Max Score 150)
120 B Lung (MaxScore 156)
//Iﬂ X Breast (Max Score 141)
110
o X —a w— MAT
100 "‘___.I-—__ W RAD
90
0 200 400 600 800 1000 1200 1400

Efficiency: High Quality Plan in < 30s, Full Quality < 2 min

*based on medical affairs internal testing,

varian
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Efektivita a kvalita planu

Kvalita
200
‘/‘ .
190 ‘//_’L_
180 A
160 A
§ w0
1
z &
a 5 A Prostate (Max score 200)
130 x @ Pancreas & Liver (Max Score 150)
120 % B Lung(Maxscore 156)
/ X Breast (Maxscore 141)
110
r 5 - O MAT
100 '/,J-—— W RAD
a0
0 200 400 600 BOO 1000 1200 1400

Similar or Better Quality, with 60-90% Time Saving

*based on medical affairs internal testing.

varian

© 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only. H | I E D I g A Siemens Mealthineers Company




Efektivita léby

Celkové MU a ozarovaci cas

MU Celkem:
« RapidArc Dynamic typicky vystacCi s méné MU ve
srovnani s dozimetricky ekvivalentnim VMAT

Ozarovaci Cas:

« Pro viceCetna loziska v jatrech a slinivce (SBRT)
RapidArc Dynamic je o ~ 20% pomalejSi

* Pro oboustranny prs je RapidArc Dynamic o 60%
rychlejsi

Plan MU

3500t

3000

2500

2000}

1500

1000 ¢

x - X VMAT
i 28 x RAD

Pancreas & Liver

' Prostate SBRT
x
— e ' Bilateral Breast

*-._ Head and Neck

X Left Breast =
«
_“lung , A ‘ |
50 100 150 200 250 300 350

Plan Delivery Time

*based on medical affairs internal testing.
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RapidArc Dynamic — malé vicecetné léze - vyzkum

Dynamicky kolimator efektivné zvysuje ,,rozliSeni MLC*

Metric = RTOG ClI 4 Metric = Paddick CI - Metric = GI
2.75 o g ——
J ‘ l !
2.50 l ] 10 ‘ 16 .
2.25 0.9
2.00 l i 18 [ 0.8
v
>
8175 0.7
1.50 0.6 .
1.25 0.5 ?
1.00 0.4 8
RAD VMAT VMAT HA RAD VMAT VMAT HA RAD VMAT VMAT HA
5mm S5mm 2.5mm 2.5mm Smm Smm 2.5mm 2.5mm S5mm S5mm 2.5mm 2.5mm
RAD 5mm VMAT 5mm VMAT 2.5mm HA 2.5mm
Brain - GTV V12Gy (cc) 12.86 18.29 14.12 8.10
Brain - GTV Dprear (GY) 14.0 14.6 13.0 1.2
Total MU 12077 9834 10162 11901

3 ]
ABased on Varian Medical Affairs internal

testing.
All you need is ... va rlan
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Klinické postrehy pro planovani
Klicové body

RychlejSi optimalizace: priumérné 1:23 min vs. 2:13 min for VMAT (convergence
mode off)

Dynamic Collimator: Pomaha redukovat pocet kyvu nutnych pro objemy s
velkymi longitudinalnimi rozmeéry
STAMPs: Pro prs, prostatu a hlavu a krk Ize pouzivat tridy feSeni
MensSi zavislost na zkuSenosti planujiciho personalu
» Deterministicka optimalizace znamena vysSi reprodukovatelnost
* Umoziuje agresivnéjSi optimalizaCni parametry
Templates and RapidPlan Models: funguiji jako vyborné vychodisko pro

pocCatecCni optimalizaCni parametry

AMEDIS

varian

A Siemens Mealt hineers Company



RapidArc Dynamic

Plan comparisons — Advanced Breast

RapidArc Dynamic RapidArc

1] D Dose ! Do slor Wash [Gy 1] D Dose MAX: 43.478 Gy

12.010 J D MAX 1347 D MAX §

@ 43910 ‘ oo 020 Gy | BB 43478 O MEAN ¢ >
Transport in Transport in
medium medium
Dose to medium Dose to medium

— "H::“‘ ‘\D

[]] TS ——— 1] ——
1 arc (5 modulated ports) 2 arcs
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A Siemens Healthineers Company
QR700017466 CE Marked. 510(k) cleared. The products/features mentioned here are not commercially available in all countries. Their future availability cannot be guaranteed.



RapidArc Dynamic

Plan comparisons — Advanced Breast

Clinical Goals:
Contralateral Breast / Heart / Ipsilateral Lung

Clinical goals: all Plans ~ | [JEvaluate Goals for All Plans

& YVMAT

@ PTV_AXILL

PTV_BREAST g

@ PTV 5C
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RapidArc Dynamic

Plan comparisons — Breast SIB

RapidArc Dynamic IMRT RapidArc

Transport in Transport in Transport in
medium , medium medium
Dose to medium ) Dose to medium Dose to mediun

. i B
- / —— / = /
1 arc (4 modulated ports) 5 static fields 2 arcs
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RapidArc Dynamic

Plan comparisons — Breast SIB

RapidArc Dynamic IMRT RapidArc

3D MEAN for PTVBreastEvald0G: 42.005 Gy | T 3D MEAN for PTV Lump: 48.194 Gy 3D MEAN for PTV Lump: 48.223 G
000 ' 45.0( : 45.000 :
3 Transportin Transportin 5 Transport in
000 ! . 40.00( ! - 0.00( L .
medium medium medium
15.000 Dose to medium 35.000 Dose to medium 35.000 Dose to medium

1 arc (4 modulated ports) 5 flds

\"Je[glelp
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RapidArc Dynamic

Plan comparisons — Breast SIB

Clinical Goals — Contralateral Breast and
Lung, Heart and Ipsilateral Lung

Clinical goals: All Plans | [JEvaluate Goals for All Plans

{7y IPSILATERAL _...
O PTV Breast - P.. 1 arc (4 static ports) w/

"y PTVBreastEval... avoid sectors

\"o[glelp
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Every Gray Matters — Breast
Minimizing dose to reduce heart toxicity

Predictive Factors Dose Management Impact of Gy

1.56 X

7.4 %

bl

1.56 x greater risk of cardiac Most frequently reported Major coronary events increase
disease death in left-sided mean heart dosel-4 linearly by 7.4% per Gy?
breast patients? 3

1. Konstantinou E et al. Radiation Dose to critical structures from 3D CRT, IMRT & VMAT techniques for left sides Breast cancer. J Pers Med. 2024 Jan, 14(1): 63

2. DarbyS.C., Ewertz M., McGale P., Bennet A.M., Blom-Goldman U., Breannum D., Correa C., Cutter D., Gagliardi G., Gigante B., et al. Risk of Ischemic Heart Disease in
Women after Radiotherapy for Breast Cancer. N. Engl. J. Med. 2013;368:987-998. doi: 10.1056/NEJM0a1209825.

3. Bouillon K, Haddy N, Delaloge S, Garbay JR, et al. Long-term cardiovascular mortality after radiotherapy for breast cancer. J Am Coll Cardiol 2011 Jan 25,57(4) :445-52.

4. Chirillia et al Organ-sparing techniques and dose-volume constrains used in breast cancer radiation therapy — Results from European and Latin American surveys; Clin

Trans| Radiat Oncol. 2024 May; 46: 100752.
| ’ varian
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RapidArc Dynamic

Plan comparisons - Lung

RapidArc Dynamic coorsoo . RapidArc o

ma 60,500 oy A oty ML T T

Transport in Transport in

medium medium

Dose to medium Dose to medium
Lo Lol

| |
= / -l =
{

o’ o 0000000 — «eifie I N
1 arc (4 modulated ports) 2 arcs
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RapidArc Dynamic

Plan comparisons — Advanced Lung

Clinical Goals — Contralateral Lung V5,

Esophagus
Clinical goals: All Plans v | []Evaluate Goals for All Plans
Flan W RAD & VMAT
Total Dose 55.000 Gy 55.000 Gy
Clinical Goal Summary 0 | 0 | o | 0 | "
P D2.0% < 107.0 % 104.35 % 104.68 %
P1 D50 % < 1000 % 103.68 % 102.38 %
& PTV-Plan
P D 95.0 % = 95.0 % 095.24 % 96.20 %
P D 99.0 % = 90.0 % 090.07 % 91.85 %
& CORD P1  |Dmax < 44.00 Gy 42.15 Gy 42,53 Gy
i:} HEART P3 V 30.00 Gy < 36.0 % 19.64 % 20,04 %
¢ LUNG_LT P2 V 5.00 Gy = 80.0 % 1.87 % 17.58 %
p2 Y 20,00 Gy = 35.0 % 23.64 % 21.82 %
) Lungs-PTV
P2 |Dmean < 18.00 Gy 11,84 Gy 13.02 Gy
i OESOPHAGUS P3 D 1.00 cm® < 55.00 Gy 38.23 Gy 50.94 Gy
4 RT BRACH PLEXUS P1 Drnax < 55.00 Gy 49.43 Gy 51.62 Gy

CE Marked. 510(k) cleared. The products/features mentioned here are not com

\"o[glelp

A Sieménd Healthineers Company

ercially available in all countries. Their future availability cannot be guaranteed.



Every Gray Matters — Lung

Directional dose modulation for superior low-dose control, minimizing pneumonitis

Effective Dose Management Risk of Pneumonitis Prioritizing the Patient

V5 < 60% 1.34X < 5%

Reduces the incidence 1 Gy increase in ipsilateral Mean Grade 2+ pneumonitis is
of grade 2+ pneumonitis Lung Dose (MLD) raises the risk of less than 5% when the total
from 60% to 25%? radiation pneumonitis (RP) by 1.34x2 lung V5 is < 36%3

1. Tsukita Y, Yamamoto T, Mayahara H, et al. Intensity-modulated radiation therapy with concurrent chemotherapy followed by durvalumab for stage Il non-small cell lung cancer: A multi-center

retrospective study. Radiother Oncol. 2021;160:266-272. doi:10.1016/j.radonc.2021.05.016

2. Kirakli Turkey. Journal of Cancer Research and Therapeutics 19(5):p 1153-1159, Jul-Sep 2023. | DOI: 10.4103/jcrt.jcrt_618 21.:

3. Shepherd A, et al. Clinical and dosimetric predictors of radiation pneumonitis in patients with Non-Small Cell Lung cancer undergoing post-operative Radiaion Therapy. Pract Radiat Oncol.
2021 ; 11(1): e52—e62. d0i:10.1016/j.prro.2020.09.014
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Every Gray Matters — Lung

Better dose modulation to minimize dose-related toxicity

Safeguarding Against Esophagitis Proactive Cardiac Protection

4

® Prioritize MED (Mean Esophageal Dose)
and D2cc due to strong link to grade 2+

and 3+ esophagitis? ¢ By maintaining LAD coronary artery dose

V15 Gy below 10%, you can significantly

¢ To keep the risk of grade 2 or higher lower the risk of major cardiac events within
esophagitis below 30%, MED should be kept the first year3
under 27 Gy?

Herr DJ, Yin H, Bergsma D, et al. Factors associated with acute esophagitis during radiation therapy for lung cancer. Radiother Oncol. 2024;197:110349. doi:10.1016/j.radonc.2024.110349
2. Huang EX, Bradley JD, El Naga I, et al. Modeling the risk of radiation-induced acute esophagitis for combined Washington University and RTOG trial 93-11 lung cancer patients. Int J Radiat

Oncol Biol Phys. 2012;82(5):1674-1679. doi:10.1016/j.ijrobp.2011.02.052
3. Dose to LAD: Atkins KM et al. Association of Left Anterior Descending Coronary Artery Radiation Dose With Major Adverse Cardiac Events and Mortality in Patients With Non—-Small Cell Lung

Cancer”. JAMA Oncol. 2021;7(2):206-219. doi:10.1001/jamaoncol.2020.6332 Vq rlq n

=
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RapidArc Dynamic

Plan comparisons — Head & Neck

RapidArc Dynamic RapidArc
n Transport in n T asispm tin
=0 = = o i
[ _ [ »
v > ] v ]
1 arc (5 modulated ports) 4 arcs \Vie[dleln
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RapidArc Dynamic

Plan comparisons — Head & Neck

Clinical Goals — Lips / Oral Cavity / Parotids / Larynx

Aandible

Cavity-PTV
{_ OpticMNerve_L
@ OpticNerve R

OralCavit

{7 ParotidContra

{J Parotidlpsi

{"y PharynxConst
& Pituitary

() SpinalCord

SpinalCord_05

Plan W RAD-1 Arc A VMAT
Total Dose

< 0,00 G 14,18 Gl,l' 20, 73!3‘{

76.03 Gﬁ’

31.82 Gj,r 36.45 Gy

61.39 Gy 63.11 Gy

3645 Gy 36.61 Gy

4735 Gy 48.59 Gy

D0.03 crn’ £ 50.00 Gy .77 Gy 41.71 Gy

\"o[glelp
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RapidArc Dynamic

Clinical Goals — Lips / Oral Cavity / Parotids / Larynx

Plan W RAD-1 Arc A VMAT
Total Dose 70.000 Gy 70.000 Gy
Clinical Geal Summary 1 | 258 H o | 26
i CTV36 P1 V 52.90 Gy = 99.0 % 99.96 % 100.00 %
& CTve3 P1 ¥ 58.80 Gy = 99.0 % 100.00 % 100.00 %
& CTvVT0 P1 V 68.60 Gy = 99.0 % 99.97 % 99.96 %
@ PTV56 P1 V 56.00 Gy 2 95.0 % 97.41 %
& FTVE3 P1 VE3.00Gy2930% 97.13 % 96,90 %
{ PTVTO0 P1 V70.00 Gy 2 93.0 % 95,00 % 95,00 %
i BrachialPlexus_L P4 D 0.03 cr® £ 66.00 Gy 5847 Gy 58.51 Gy
iy BrachialPlexus_R P4 D 0.03 cr’ £ 66.00 Gy 5843 Gy 57.81 Gy
© Brain P3 D 0.03 cm?’ < 60.00 Gy 55.43 Gy
" Brainstem P2 D 0.03 cm® £ 54.00 Gy 34.78 Gy 3245 Gy
i Chiasm P3 D 0.03 cm® < 55.00 Gy 2.95 Gy 297 Gy
7y Cochlea_L P4 Drmean = 35.00 Gy 14.64 Gy 10.83 Gy
@ Cochlea R P4 Drmean = 35.00 Gy 19.71 Gy 15.75 Gy
P4 D 0.03 cm® = 45.00 Gy 481 Gy 3.11 Gy
@ Eye L :
P4 D003 e’ = 25.00 Gy 481 Gy 311 Gy

42 © 2025 VARIAN MEDICAL SYSTEMS, INC. For immediate recipient’s use only.

QR700017466

P4 D 0.03 em® = 45.00 Gy 4,50 Gy 4,50 Gy
@ Eye R :
P4 D 0.03 cm™ = 25.00 Gy 4,50 Gy 450 Gy
LacrimalGlands P4 D003 em’ < 30.00G 216G 202G

0 Lanynx P3 Dmean = 40.00 Gy 14,18 Gy 20.23 Gy
i Lens L Hd D003 em™ = TO.00 Gy 205 Gy 1.96 Gy 1
Lens R DDD3cm < 10.00 G 3Gy | 213Gy

i OCavity-PTV Dmean < 30.00 Gy

i Uptichlerve_L F3 D003 cm™ = 33,00 Gy 3.04 Gy L84 4y
) Opticherve_R P3 D 0.03 cm® £ 55.00 Gy 3.25 Gy 3.28 Gy

OralCavity P4 [mean = 3000 Gy 61.39 Gv .
ﬁ ParotidContra P3 Drmean = 20,00 Gy

0 Parotidlpsi P3 Dmean = 20,00 Gy 3645 Gy 36,61 Gy
"y PharynxConst P3 Drnean = 45.00 Gy 47.35 Gy 43.59 Gy
i Pituitary P3 D0.03 cm® < 45.00 Gy 6.01 Gy 6,04 Gy
"y SpinalCord p2 D 0.03 cm® £ 45.00 Gy 30.05 Gy 24.57 Gy
@ SpinalCord_03 p2 D 0.03 cm’ = 50.00 Gy 43,77 Gy 41.71 Gy

\"o[glelp

A Sieménd H
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Dynamic Collimator
BEV Animation — Head & Neck

Transport in
medium
Dose to medium

S g
Fe [
varian
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RapidArc Dynamic

Plan comparisons — Head & Neck

RapidArc Dynamic RapidArc Dynamic RapidArc
an Transport in n Transport in L Traslspnrt in

i M

g - — g
1 arc (5 modulated ports) 2 arc (6 modulated ports) 4 arcs varidan
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RapidArc Dynamic T o
Plan comparisons — Head & Neck AN

=

Clinical Goals — Lips / Oral Cavity / Parotids / Larynx

Plan B RAD-1 Arc A RAD-2 Arcs » VMAT

Total Dose

Clinical Goal Summary

Ratio of Total Structure Volume [
o
4’/

CT
CT\

PTV56 0 Gy = 95.0 7.41 % . ’ \ \
smw | sow | soow |

PTVTO

BrachialPlexus_L

BrachialPlexus_R

Brain

Brainstem
Chiasm
ochlea_L

Cochlea_R

Mandible

UpticMerve_| \. \-\
OpticNerve R 3.28 Gy \ \\
OralCavi \ \'\
34.38 G:,r 36.61 Gy Contralateral N Tl \\\\
47.35 Gy 47.80 Gy 48.59 Gy 3 Parotid T T T T L |

Pituitary
SpinalCord

SpinalCord_05

14.64 3

Ratio of Total Structure Volume [%]

\ \ Oral Cavity
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P

0
Relative dose [%]
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Every Gray Matters — Head & Neck — Oral Cavity

Acute toxicity considerations - mucositis

Mucositis Onset

® Symptoms begin at 15 Gy, reaching full severity at 30
Gyl

Predictive Factors

® V30 > 53% is a key predictor of grade = 3 acute oral
mucositis.? h

Low-dose Importance

® |ow-dose regions are key indicators for predicting acute

toxicity34
1. Sankar V, Xu, Y. Oral Complications from Oropharyngeal Cancer Therapy. Cancers 2023, 15, 4548. https://doi.org/10.3390/cancers15184548
2. Bansal A et al. Correlation of oral mucosa dose and volume parameters with Grade 3 mucositis, in patients treated with volumetric modulated arc radiotherapy for oropharyngeal
cancer? Jpn J Clin Oncol. 2023 Mar 30;53(4):313-320. https://doi.org/10.1093/jjco/hyac194
3. Musha A et al. Tongue surface model can predict radiation tongue mucositis due to intensity-modulated radiation therapy for head and neck cancer. Int. J. Maxillofac. Surg.
2020;49:44-50. https://doi.org/10.1016/j.ijom.2019.06.012
4. Li, Kaixin, Yang, L et al. Oral Mucosa Dose Parameters Predicting Grade =3 Acute Toxicity in Locally Advanced Nasopharyngeal Carcinoma Patients treated with Concurrent
Intensity-Modulated Radiation Therapy and Chemotherapy: An Independent Validation Study Comparing Oral Cavity versus Mucosal Surface Contouring Techniques.
Translational Oncology (2017) 10, 752—759 Vq rl G n
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Every Gray Matters — Head & Neck

Acute toxicity considerations - xerostomia

Targeted Treatment Prioritizing the Patient

Each 1 Gy above 26Gy mean dose delivered to Reduction of mean parotid dose by
the parotid, increases risk of xerostomia by 1.2x3, 3.3 Gy; leads to ~12% lower risk
overserved at 6 and 12 months of grade 2+ xerostomia 12

1. Castelli J, et al. Impact of head and neck cancer adaptive radiotherapy to spare the parotid glands and decrease the risk of xerostomia. Radiat Oncol 2015;10:6.
2. Zhang P, Simon A, Rigaud B, et al. Optimal adaptive IMRT strategy to spare the parotid glands in oropharyngeal cancer. Radiother Oncol. 2016;120(1):41-47.
doi:10.1016/j.radonc.2016.05.028

3. Mazzola R, Ricchetti F, Fiorentino A, et al. Dose-volume-related dysphagia after constrictor muscles definition in head and neck cancer intensity-modulated radiation treatment. Br J Radiol.
2014;87(1044):20140543. doi:10.1259/bjr.20140543 Vq rl G n
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RapidArc Dynamic
Zaver
Pro¢ RapidArc Dynamic

rychlé planovani: algoritmus dalSi generace, optimalizace beéhem nékolika sekund

dalSi moznost modulace: hladce kombinuje dynamicky kolimator a staticke uhly

zlepSena ucinnost a flexibilita: jeden arc, rychlejSi doruCeni davky

zjednoduSené workflow: snizuje slozitost a variabilitu planovani

Technické zaklady

» novy GPU-centricky algoritmus: zvySuje ucinnost

= dynamicky kolimator: dalSi stupen volnosti, zlepSena modulace davky 3

» nastroje zamérené na planovani: arc tools, vazeni static/ arc, auto skin-flash, zname
funkce Eclipsu (RapidPlan, MCO)

Klinické postiehy

» zlepSeni dozimetrie: rychlejSi planovani a vyssi kvalita planu

= v zacatku je mozné vyuziti knihovnu Varian Medical Affairs
J y varian
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