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& BT vs RTE

EDITORIAL

IJROBP 2014
Curative Radiation Therapy for Locally Advanced Cervical JRO 0

Cancer: Brachytherapy Is NOT Optional

Kari Tanderup, PhD,*' Patricia J. Eifel, MD,’ Catheryn M. Yashar, MD,
Richard Pdtter, MD," and Perry W. Grigsby, MD*

Is single fraction 15 Gy the preferred high dose-rate brachytherapy boost dose
for prostate cancer?

RO 2011

Gerard Morton™*, Andrew Loblaw®, Patrick Cheung®, Ewa Szumacher?®, Manraj Chahal®, Cyril Danj
Hans T. Chung®, Andrea Deabreu?, Alexandre Mamedov®, Liying Zhang®, Raxa Sankreacha?,
Eric Vigneault®, Colvin Springer®

Where Have You Gone, Brachytherapy?

JCO 2015

National Cancer Data Base Analysis of Radiation
Therapy Consolidation Modality for Cervical

Cancer: The Impact of New Technological 1JROBP 2014
Advancements

Beant S, Gill, MD,* Jeff F. Lin, MD, Thomas C. Krivak, MD,
Paniti Sukumvanich, MD, Robin A, Laskey, MD, Malcolm 5. Ross, MD,
Jamie L. Lesnock, MD, and Sushil Beriwal, MD*
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Comparison of dose distributions: advantage of brachytherapy
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ASTRO Sept 2016

|CORTESIA R. CHICAS |

Brachytherapy v. SBRT if

* Cervical cancer treatment
trends have mimicked trends
of prostate cancer treatment

* Many centers with lower
treatment volume may be
more inclined to pursue
alternative boost modalities
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BAJO RIESGO Y BT CON SEMILLAS O HDR VARIAS FX

PSA-Relapse Free Survival Favorable Risk
Patients( Zelefskyet al Urology 2011)
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Comparison of Combined Brachy and IMRT vs IMRT Alone
Distant Metastasis-Free Survival

ASTRO Sept 2016
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Spratt et al BJU 2014 CORTESIA R. CHICAS

Can Modemn External Beam Techniques

ASTRO Sept 2016 Replace Brachytherapy in Prostate Cancer?

Michael J Zelefsky M.D

Conclusions

* Brachytherapy represents an established
treatment with long track record providing
superior conformality and dose intensification.

Especially for unfavorable and high risk
disease incorporating BRT with EBRT has
been shown to provide superior disease
outcomes.

While it would be attractive to find a
replacement for brachytherapy using targeted
EBRT approaches, it may deny patients the
opportunity of achieving optimal disease
control.
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Stereotactic Body Radiation Therapy for Prostate Cancer:
An Alternative to Brachytherapy?

Sean P. Collins, M.D., Ph.D.

Prevalence of CTC graded GU and Gl Toxicities
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Meier R., Front. Oncol., 2015

SBRT: 7.25 Gy/fx 5 fx seguidas 36,25 Gy
CORTESIA R. CHICAS
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Pilot Study of the dose sparing capability and inter-fraction repeatability of a shape optimized endorectal
balloon for proton beam prostate cancer treatment

Xuanfeng Ding, Ph.D,* Colin Carpenter, PhD, * Hsinshun Wu, Ph.D.,* Lane Rosen, M.D.*
1. Boaumond Mealth System. Roval Oak, M1, 48304, 2. Siis Medical, Inc. 3. Willis-Knighton Cancer Center, Shrevopor!, LA 71103
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ASTRO'S SHTH ANNUAL MEETING
ENHANCING‘;‘ALUE
IMPROYING OUTCOMES

Phase /Il study of urethral and rectal sparing following extreme hypofractionated
(5x9Gy) SBRT in prostate cancer

Carlo Greco, Oriol Pares, Nuno Pimentel, Vasco Louro, Joep Stroom, Sandra Viera, Dalila Mateus, Zvi Fuks

Department of Radiation Oncology
Champalimaud Centre for the Unknown (CCU)

Lisbon, Portugal

Champalimaud
Foundation

ASTRO Sept 2016
(&= BT vs RTE

Locking the prostate:
optimal balloon filling to mitigate target motion

Foley catheter
with endo-
urethral
transponders

Greco et al ASTRO 2016
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—
7 1. Accurate
geometric
reproducibility.
2. Smearing of
rectal wall with
rectal mucosa
sparing due to
air-tissue
interface.

3. Rectal mucosa
with no blood flow
due to pressure:
transient profound

ischemia.

Champalimaud
Foundation

Greco et al ASTRO 2016 19
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The trigone &
intraprostatic
urethra are
identified by
means of a
Foley and
properly
constrained by
negative dose-
painting.
Transponder
tracking
assures 1 mm
geometrical
consistency.

Champalimaud
Foundation

Greco et al ASTRO 2016
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bNED (Phoenix)

s 99.2% (1/127)
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Greco et al ASTRO 2016

Similar a BT en caida PSA y toxicidad aguda
temprana

Falta suficiente tiempo evolucion para
toxicidad tardia

(&= BT vs RTE ASTRO Sept 2016

PROSINT
Phase || Randomized Study Comparing Ultra-High-Dose
Hypofractionated vs. Single-Dose Image-Guided Radiotherapy
(IGRT) with Urethral Sparing for Intermediate Risk Prostate Cancer

NCT02570919

Schema

Eligible Randomization MRI and CT IGRT Post-
patient simulation treatment treatment
Arm A: scans with with on-line DW-MRI
Registration 45Gyin 5 intra-prostatic tracking - following
fractions of 9 beacon _l Dose and first or only
Pre- Gy transponders fractionation trealment
treatment for tracking - according lo session
DCE-MRI Ve rectal balloon assigned Toxicity and
for target arm oulcome
Baseline Arm B: immobilization schema assessment
DW-MRI 24 Gy in1 and pelvic Biopsy at
session anatomy 24 months

Champalimaud
Foundation

11



Contenido

Fuentes en BT: LDR, PDR, HDR.

HDR Ir-192 = HDR Co-60

Andrassy, Niatsetsky, Perez-Calatayud RFM 2012
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Nuevas fuentes
Granero 2005, Currier 2013

Ballester 2010, Enger 2011

Enger 2012

Enger 2013 Menor energia> menor blindaje
Mayor T,
Distribucién dosis adecuada
Actividad especifica
Tasa dosis

Apantallamiento electrones
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Energia
27 keV

23 keV
29 keV

Tasa inicial
Precio
Efectividad

Dosis tipica Tiempo 90% dosis

145-160 Gy 197 d
125 Gy 56 d
100-125 Gy 32 d
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Energia

27 keV

23 keV
29 keV

Tasa inicial
Precio
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Migracion

CivaTechH CivaString® LDR Brachytherapy Device

Rivard 2014  wmw

Reduccién agujas

, Uso
P ' i intraoperatorio

27

@ Fuentes BT ELECTRONICA
50 kVp

s =
"Cortesia T W Rusch Xoft
Mama balén
(= Gyn vagina
Piel
: CERVIX 7?7?77

Radial dose function

alry
ra ;— E}‘

0e
—xoft 50 keV
05 —Ir-192 mHDR-v2
—I-1256711 A
04 \ Tamano
0.2 4
Energia
0.0 T T T —— . 28
5} 1 2 3 A 5 6 T B 8 1M 1 12 13 11 15

r{cm)

14



(& Fuentes

I-RSBT

i 210 20 Gy @ 0.548 U]
o Interstitial Rotating
Shield Brachytherapy

Rotaciéon fuente o blindaje

Lin 2008

Extreme BT Shielding: LDR 193Pd

) ’ CivaSheet

2.5 mm diam.

3
-3 -
[7* Dose B
-7 miG0-170 o
—55 150-160 “

» 140-150
130-140 -
—44 ={Z0-130 2
-5 10-120 _
4 {00110 -
ma0-100 =
o =30.00 =
35 w7080 g
B 60-70 T
S0-60 '
24 050 2
= 3040 o
15 3030 -
. 1020 5
0-10 o
05 w
5

I 1 [
S35 03025 2 15 1 D5 D DS 1 15 2 25 2 25 4 45
0.5 cm from front surface lateral view

Rivard et al, work-in-progress FORTESIA M. RIVARD




Extreme BT Shielding: HDR 19?Ir

Number of Channels

Webster et al, Med Phys 40, 011718 (2013) Webster et al, Med Phys 40, 091704 (2013)

CORTESIA M. RIVARD|

Extreme BT Shielding: HDR 19?Ir

(¥102) £29-999 ‘68 dFOX(I ‘| 32 ueH

CORTESIA M. RIVARD
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(&= Fuentes

I-125, Pd-103 en prostata
LDR I-125 Placas Oculares (COMS)
I-125 mama, pulmédn

PDR Ir-192 Uso minoritario y en descenso

Ir-192 y Co-60

Contenido

BT en Prodstata.
BT en Cervix.
BT en Piel.
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(&= Registro deformado

HDR prostata

R T
-

Lesiones Intraprostaticas

Dominantes (DIL) de MR a US BT

In progress Varian

Hybrid Imaging: Example of mP-MR und 3D-

U/S (Biology + Morphology)

B

® Sana Klinikum Offenbac llls

Sana Klinikum
= Offenbach

na

CORTESIA D. BALTAS

-.#d Interventional Radiation Oncology Systems (CEIGIROS)

Mar 2010
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Change in Strategy ...

Treat the gland +/- Margin

Focal: Treat only the
Significant (ID)/
Measurable Disease

+/- Margin
® Sana ch | Prof. Dr. D. Baltas | 30 October 2016

(& Equipos: Investigacion

ROBOT prostata

AAPM and ESTRO Guidelines for Image-Guided Robotic
Brachytherapy: Report of Task Group 192 AAPM-ESTRO TG-192

In progress

Table 1: Summary of the currently available robotic brachytherapy systems................. 12

(i) Elekta-Nucletron FIRST (Oncentra - Integrated Prostate Solution) system ........ 14
(i) EUCLIDIAN (TJU) an ultrasound image-guided prostate brachytherapy system

.14
(m) MIRAB ( TJU) ap ultrasound i :mage gu:ded prostate brachyiherapy sys:‘em 15
(iv) UMCU robot — guided prostate brachytherapy system ... e 16
(v) UW robot — an ultrasound image-guided brachytherapy system.... weeeeneaneen 10
(vi) JHU robot1 — an ultrasound image-guided prostate brachﬁherapy system ...... 17
(vii) JHU MrBot — anjMRHguided prostate brachytherapy system ... - e 17
(viii) JHU robot3 — anlMRl}quided prostate brachytherapy system ... ceeereenennen 18
(ix) JHU & BWH — ar{ MRIjguided prostate brachytherapy system ... wereeneennees 18

(x) UBC robot — an ultrasound image-guided prostate brachﬂherapy system ........ 19
(xi) RRI robot — an ultrasound image-guided prostate brachytherapy system......... 19
(xii) CHUG robot — an ultrasound image-guided prostate brachytherapy system ... 20
xiii) MIRA robot — an ultrasound image-guided lung brachytherapy system........... 20




(& Equipos: Investigacion

Module

L] "‘\JL? boF
® s \ Surgical

BDOF Supporting
Platform

3 DOF Cant &
Electronics
Housing

R. Moerland (UMGCESN
Comprehensived Jytherapy Book 2014

ech)

Extreme BT Shielding: 1°3Gd

PROSTATA

(b)

Nitinol Needle

Ti Encapsulation 75 pm thickness

75 pm thickness

Air
50 ym
Al
Window Nitinol

Catheter
50 ym
thickness

> Platinum
Shield

-

1,651 pm

Adams et al, Med Phys 41, 051703 (2014)

(c)

Aluminum window

Platinum shicld

| "G source

CORTESIA M. RIVARD
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(&= BT Prostata

REFERENCE PLANE
e

O

+ o R

/
i

]
3

Permanente I-125 HDR Ir-192 o Co-60

145 Gy
0
160 Gy

&

13,5 Gy /app

2 app separadas 1
semana

Disminucion semillas vs HDR

Dosimetria (optimizacién)
Migracidn, local y a distancia
Variacion dosis por edema
Incertidumbres (siembra, ...)
Proteccién Radioldgica tras implante
Manejo fuentes pre-implante

Carga Radiofisica

$$5$$555555%9
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Radiotherapy and Cncology 119 (2016) 411-416

Contents lists available at ScienceDirect
Radiotherapy and Oncology T
journal homepage: www.thegreenjournal.com %
Prostate cancer brachytherapy

High-dose-rate interstitial brachytherapy as monotherapy in one @c,mm,k
fraction for the treatment of favorable stage prostate cancer: Toxicity
and long-term biochemical results

Pedro J. Prada™, Juan Cardenal *, Ana Garcia Blanco”, Javier Anchuelo”, Maria Ferri?, Gema Ferndndez *,
Elisabeth Arrojo*, Andrés Vazquez ", Maite Pacheco”, José Fernindez *

*Department of Radiation Oncology; ¥ Department of Radiation Physics, Hospital Universitario Marqués de Valdedlla, Santander; © Department of Radiation Oncology; and
A Department of Radiation Physics, Hespital Universitario Central de Asturias, Ovieda, Spain

HDR monotherapy in one fraction of esulted in a low
genitourinary morbidity and no gastrointe toxicity but bio-

chemical control rates is lower compared to LDR ];ﬂghifm(.

We believe that higher doses might provide even more biochemi-
cal benefit without more toxicity.

FORTESIA P. PRADA ‘ )))

_ | = (¥ Valdecilla (@ Valdecilla @Valdecilla
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AVANCES FORTESIA P. PRADA )))

AISLAMOS EL HAZ NEUROVASCULAR DEL TRATAMIENTO

E @Valdecilla (¥ Valdecilla @Valdecilla

E (¥ Valdecilla (@ Valdecilla @Vatdecilla

==SC
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(&~ Recomendaciones GEC-ESTRO 2005-2006

ROI administration

;ible| M ame | Series

B rectum kA 01
’l MR 01
MR 01

MR 01

MR 01

B  bladder MR 01
B cmviR MR 01

HR-CTV = GTV pre BT + cervix

(&= Recomendaciones GEC-ESTRO

ROI margin X
ROl HRCTV ROT administration
Margins [mm]
¥ 5 B 15 B
0o P o rectum
zigrnid
10 5 [
4 *
Less <- Grow -» Mare:
Fleset
Avoidance RO
ROl Thickness [mm]
[7] Blacder 20
[¥] Rectum 20
[¥] Sigmoid 20
] Cervis 00
[ GTvD 0.0
] GTve 00
EIRCTY 00

IR-CTV = HR-CTV con margen 0.5-1-1.5 cm + GTV pre RT



(&~ Recomendaciones

Recto, Vejiga, Sigma

M1: 508 cGy 2.03 cm~3

Volume [era’3)]
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: 0.1 cm?  poger RO 2006

1 cm?

- 2 cm?3

0 200

AOOUOO 800 1000 1200 5 Cl‘l‘13

Dose [cGy]

DVH_1 : Cumulative DVH on VEJIGA. State : Consistent.

(&= SP: Reconstruccion cateteres

Dummies para algunos tipos de aplicadores
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o
N
©
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i
©
N
N
o
0]
o
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&= Valores referencia (2007)
GYN MR: Protocolo Viena

45 Gy RTE BT 2fx 7Gy/fx BT 2fx 7Gy/fx

Potter, Lindegaard, Kirisits, Haie-Meder

A European study on MRI-guided brachytherapy
in locally advanced gervical cancer i A < 7“-75 (}V

e Sigmoid cglon Dy <75 Gy

EMBRACE e Bladder Dahg 90 Gy

For the HR-CTV D90 doses/6t 75-96 GyN\are reported depending on tradition, technique,

tumour volume and responsef(Leuven, Aarhus, Vienna, Paris IGR).

For the IR CTV D90 doses\of 60-75 Gy fre reported dependent on tradition, technique,

tumour volume and response (P #ANancy, Aarhus, Vienna).

Valores en EQD,

26



@& EMBRACE II v1

Tanderup, Potter, Lindegaard, Kirisits, et al

1\
D98 CTVg Point A
EQD2,, EQD2,,
Planning Aims > 90 Gy
<95 Gy
A

o \
Limits for 85 Gy -
Prescribed Dose

Bladder Doy Rectum Dady: Recto-vaginal | Bigmoid Daoy: | Bowel Dagm:
EQD2, EQD2; point EQD2, EQD2, EQD2;

Planning Aims <80 Gy <65 Gy <65 Gy <70 Gy* <70 Gy*

Limits for < 90 Gy < 75 Gy <75 Gy 75 Gy* <75 Gy*
Prescribed Dose

&~ Evolucién BT cervix Planificacidn con MR

Necesidad complemento con intersticial

App Vienna

*Kirisits et al IJROBP 2006; Dimopoulos et al. IIROBP 2006




Necesidad complemento con intersticial

App Utrech

&~ Evolucién BT cervix Planificacidn con MR

Necesidad complemento con intersticial
App Utrech

28



&~ Evolucién BT cervix  Planificacién con MR

App Varian

= EQDZ Radiobiologia no incorporada en SPs

Proceso iterativo basado en la experiencia

ey
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dglca para

@ E Q D 2 Riadisfisica - Rafioterapia - Hosaital La Fe

\denlifcacisr HOR 10048 Extarn;
Pacanty

Histona AT 6648

Médico:

MNimero de aplicaciénes: 2

Hojas calculo externas § HOR 1 Aplicas

Fracciones Fal
2
Calzulo. Trataminsin | Calzulo Trataminsin
weion|  TOOGy  TI0Gy | TOOGy  BOSGy
15,40 Gy 1610 Gy
dslExt + HDRE 1= 604D Gy |Ant + HORZ + T80 Gy

5 1 fraccidn De { fraccion Dasis / fraceion
wp =10 Cilculo Tratamiente Tratamiento  Cilculo

EOD; Total

GTVg 407Gy 448Gy | 378Gy 4360y
i B84 Gy TH2Cy| 614Gy 691Gy
p HR-CTY 404Gy 444Gy | 383Gy 440Gy
B.93 Gy 585 Gy c-;
8.91 Gy 836Gy 981Gy
19.81 cc 2141 ec

231 Gy 4 Gy 253 Gy 291 Gy
400 Gy ; 399Gy 459 Gy
B.66 Gy 3oy | BNy  TI2Gy
4.55 Gy Gy| 579Gy 859Gy

467 Gy Moy | 4m8ey,  S3mny
508 Gy socy | so3cy  sTEGy
590 Gy sy | 583Gy BTGy
342 Gy JTGy | 915Gy 382Gy
378 Gy AB Gy | 938Gy 38T Gy
451 Gy 860Gy | aBicy  dddcy
4 Sigmoide |2 ¢ 244 Gy sacy | 1miey  1se oy
271 Gy 880Gy | 187Gy 248Gy
335 G; G 2.25 G 2.58 G:

&= Tratamiento intersticial MUPIT

w Lesiones no abordables con Viena & Utrech

Sy MUPIT, uso en CT

Rodriguez 2007
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Diapositiva cortesia Silvia Rodriguez ITIC Benidorm

Total lenght of vagina

Distal parametrium
Rectum/Bladder

Diapositiva cortesia Silvia Rodriguez ITIC Benidorm

OTHER INTERSTICIAL APPROACHES

Courtesy JA. Dimopoulus. Interstitial techniques.
Cervical Cancer. ESTRO teaching Course
November 2015

31



Diapositiva cortesia Silvia Rodriguez ITIC Benidorm

Adaptive BT applicators

3D Printing

Petric P and Lindegaard (Ljubljana/Aaarhus).
Interstitial  techniques. Cervical Cancer.
ESTRO teaching Course November 2015

&= Tratamiento intersticial/endocavitario T. Benidorm

Compatibles con MR
Componente uterina

Vectores Titanio

32



& Tratamiento intersticial/endocavitario
Venezia (ELEKTA)

Vectores plasticos

Free-Hand-Loaded Needle (FN)

Standard Tandem (T)

j Attached-To-Ring Needle (AN) Ring (R)

Direction Modulated Brachytherapy (DMBT) for Treatment of
Cervical Cancer. I1: Comparative Planning Study with
Intracavitary and Intracavitary-Interstitial Techniques

PhD."* Abraam Soliman, PhD."* A
WD, Zhaowei Liu, PhD." Amir Owrar

‘up Han, PRI, Hail
g MDD, Daniel 1. Sca
PR

Conclusions: Integrating the novel DMBT tandem onto both

Ravi, PhD."* Ene
D, and William

intracavitary and intracavitary-

mnterstitial applicator assembly enabled consistent inprovement in the sparing of the OARs, over a
standard “single-channel” tandem. though individual variations in benefit were considerable. While at
early stage of development, the DMBT concept design 15 demonstrated to be useful and pragmatic for

potential clinical translation.
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(&= Applicadores HDR Ir-192 (Leipzig)

% Alta proteccion tejido sano alrededor

% Planificacion y tratamiento muy sencillo

(&~ Prescripcion tipica 3 mm

Limitado to superficies planas 3-4,5 cm &
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(&~ Leipzig vs Valencia (Elekta)
N :
@) Mejora flatness,

penumbra y haz util

significativo tiempo
tratamiento

&‘f:{r‘i\l:j_ |i||||i||||
05 1 1.5 2 2.5

Perez-Calatayud et al 2005, Granero et al 2008

& En progreso: Nuevos Valencia (hasta 5 @ cm)

( Central dwell position
Changeable collimator . o
. +* Peripheral dwell position

Tungsten alloy
applicator

Patient 4cm diameter  5cm diameter ~ 3cmxScm
collimator collimator _elliptical collimator

(c)

Candela, Niatsetski, van der Laarse, Granero, Ballester, Perez-Calatayud,
Vijande Med Phys 2016 70
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(&~ Heterogeneidad

% “In lesions in close proximity to underlying bone

such as shin or scalp the dose might be lower
than expected because the bone backscatter
reduction” Chow JACMP 2012, Butson PMB 2008

w “In lesions in close proximity to underlying bone
eBT gives excessive bone dose comparing HDR

Ir-192 or electrons 4-6 Me\/” Safigholi JACMP 2015
Discusion abierta TG-253
Estudios paralelos

Relevancia clinica?

(& Aplicadores BT electronica

Axxent Electronic
Brachyterapy System (Xoft)
50 kVp
App 1-5cm &
SSD = 2.06 - 3.03 cm

Carl Zeiss INTRABEAM System
50 kVp
App 1-6 cm
SSD = 0.96 - 2.56 cm

72
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(& Aplicadores BT electrénica
Esteya (Elekta)
69.5 kVp

App 1-3cm

SSD = 6 cm
Mejoras vs Valencia:

Penumbra 1.1 mm vs. 1.9 mm

Treatment time

Gradient on PTV

Leakage

Tiempo tto 7 Gy Esteya @ 3 Valencia H3
App3cm @ 3 mm 153 s 373-898 s

(&= PDDs Aplicadores

PDD _
+ Leipzig - H3 Garcia et al 2014

—=-Leipzig - V3 Xoft data provided

by S. Pai
o11 -—Valencia - H3
£10 4 -=Xoft
g .
30 9 1 —~Esteya 3 cm applicator
208
[
o
807
Q

Depth (mm)

Leipzig & Valencia & Xoft 12% / mm
Esteya 8% / mm
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Review :\ru;c

Aspects of dosimetry and clinical practice of skin brachytherapy:
The American Brachytherapy Society working group report
Zoubir Ouhib"*, Michael Kasper', Jose Perez Calatayud™, Silvia Rodriguez’, Ajay Bhatnagar”,
Sujatha Pai’, John Strasswimmer”

Maxima sobredosis piel: Moldes Flaps

Prescripcion max Moldes & Flaps
Prescripcion max App blindados

Experiencia Clinica

& Comparacion PDD App y 5x5 cm? Moldes & Flaps

Granero 2016 Trabajo en progreso, resultados provisionales

—Valencia H3
Leipzig H3

——5 x 5 cm” mesh (displaced 0.5 cm)

0.z) (%) (100% ar z

Div

zfem)
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HFUS

- High resolution B-scan with 18 MHz hand-
§l held transducer (Siemens Acuson S2000).
Gel pad 2 cm x 9 cm (Aquaflex)

Superficial Nodular

(& Implementacion clinica Determinacién PROF
US vs. 3 mm punch biopsy

ratlent number
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(&~ US para determinacion PROF y seguimiento

Hair

idermis «\
Hair Fo c:\ -
Uerms\

]
Sebacecus gland ———-

Erector musele of hair —1—18

Cortesia Dr E. Allen
Christie Hospital

Projecto en evaluacion La Fe: US vs OCT vs MRI vs
Biopsia

N . PTV & Marcado
(& Implementacion clinica

| applicator border

Useful beam
contour

Templates La Fe - ITIC

Tipico margen CTV-PTV: 2 mm
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Novel simple templates for reproducible positioning
of skin applicators in brachytherapy ICB 2016

Valencia

Disponibles gratuitos en perez jos@gva.es patrocinados
por Elekta

(&= Implementacién clinica PTV & Marcado

Valencia app

Disponibles gratuitos en perez jos@gva.es patrocinados
por Elekta
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(& Applicators Fractionation

Lynn Cancer Center (Florida) La Fe Valencia ITIC (Alicante)

7 Gy/fx 2 fx/week 6 fx 42 Gy | VALENCIA

Baja energia mm) Mayor efecto radiobiolégico
70 kV

6.1 Gy/fx 2 fviwEek ctx._ 36.6 Gy | ESTEYA

(&= Recomendaciones Sociedades

v (2015 m
Review Article
Aspects of dosimetry and clinical practice of skin brachytherapy:
The American Brachytherapy Society working group report
Zoubir Ouhib'*, Michael Kasper', Jose Perez Calatayud™, Silvia Rodriguez’, Ajay Bhatnagar®
Sujatha Pai’, John Strasswimmer”

TG-253 (AAPM-ESTRO) Surface Brachytherapy

R. Fulkerson, J. Perez-Calatayud, F. Ballester, 1. Buzurovic, D.
Harrington, Y. Kim, Y. Niatsetski, Z. Ouhib, S. Pai, M. Rivard, Y.
Romg, T. Rusch, FA Siebert, B. Thomadsen, F. Weigand

Recommendations Commissioning and QM
program for surface brachytherapy

Methods, detectors, traceability, periodic test:

frequency & tolerance, and QM under the TG-100
(FMEA) perspective
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(& Controversia definicion BRAQUITERAPIA

AAPM, ABS, ASTRO, ACR, ...
$$$5$555$59

Dénde acaba BT y comienza RTE?

Propuesta TG-253, WGBCA, BTSC:

"Brachytherapy: radiotherapy using one or more
radiation sources with the radiation
source/sources inside or close to the target
volume. Typically brachytherapy is within 10 cm
and thus “close” is interpreted to include distances
of <10 cm." g5

Contenido

Planificacién: Nuevos Algoritmos.
QA Sistemas de Planificacion

Planificacién: Reconstruccién de Aplicadores.
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(&= SP: Reconstruccion cateteres

Kirisits GEC-ESTRO & AAPM Report 2014 ~ 1 mm

Espesor y espaciado cortes

“Fine” cortes reconstruidos

T o

(&= SP: Reconstruccion cateteres

Implante casi transversales

é) Planos perpendiculares
reconstruidos
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(&= SP: Reconstruccion cateteres
Libreria Aplicadores rigidos

| SaBd RAT . Unappraved - Medel View 1.1

icci oot

(o] g CHERYEIEN Cortesia Nucletron

&~ Librerias aplicadores

A
¥

Radiotherapy and Oncology

.
Caetonts s avsiabie a1 ScencaDrvc H

Iournal homepage: www.thegreenjournal.com

GEC-ESTRO Recommendations

Recommendations from Gynaecological (GYN) GEC-ESTRO Working Group:
Considerations and pitfalls in commissior applicator reconstruction
in 3D image-based treatment planning @ ancer brachytherapy
Taran Paulsen Hellebust **, Christian Kirisits®, Daniel Be: & Pérez-Calatayud®,

Marisol De Brabandere?, Astrid De Leeuw®, Isabelle Dumas”, Robert Hudej®, Cerry Lowe™, Rachel Wills ™,
Kari Tanderup*

89
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(&= SP: Reconstruccion cateteres

Libreria Aplicadores rigidos
& ; :

Cortesia D. Baltas

SP: Reconstruccion cateteres
No existencia de dummies para algunos tipos de App

Carmona et al 2011

91
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(&= SP: Reconstruccion cateteres
No existencia de dummies para algunos tipos de App

Carmona et al 2011

(&= SP: Reconstruccion cateteres
No existencia de dummies para algunos tipos de App

Carmona et al 2011
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(&= SP: Reconstruccion cateteres
No existencia de dummies para algunos tipos de App

(&= SP: Reconstruccion cateteres
Libreria rigida + intersticial especifico

Otal et al 2015, 2016
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&= Uso de pellets. A Otal et al 2016

& 3D printer: Part prototipes with embebed MR
markers.

COLABORACION CON BEBIG
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&= Uso de pellets. A Otal et al 2016

Proposal of App reconstruction using 3 embebed MR
markers.

COLABORACION CON BEBIG

& Uso de pellets. A Otal et al 2016

Proposal of App reconstruction using 3 embebed MR
markers.

COLABORACION
CON BEBIG
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(@& TPS basados en TG-43

FR = FRcos@

Simetria cilindrica
w Medio agua infinito
No interfuentes

(& Limitaciones TG-43

I:> Interfuentes
|:> Defecto scatter

Blindajes

Dm,m # Dw,w

2
|=> Heterogeneidad tejido
2
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& Model Based Dosimetric Calculation Algorithms

Interfuentes + Dispersién+ Blindajes + Heterogeneidad (Dm,m)

&

I:> Acuros (Brachyvision Varian)
HDR Ir-192 Varian. Solucién determinista ecuacion transporte
Boltzmann

D) ACE (Oncentra Brachy Elekta)

HDR Ir-192 Elekta . “"Collapse Cone”

I:> MC “subminute” (no comerciales)

MC simplificados. Semillas I-125, Pd-103 en prostata

& TG-186: Dm,m vs Dw,w

........ e e e
trabecular bone

20.8 keV

B~ spongiosa
s

muscle

l, \

!
/
.

cartilage

o

photon energy / keV

1G. 1. Mass energy absorption coefficients for the materials indicated rel-
tive to those for water for energies from 5 to 200 keV, calculated with the

28.5 keV
30.4 keV
50-70 kV,

350 keV
613 keV

1253 keV

104
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Radiation
Tissue D__ -
n_ Source m,m 43

prostate
(ICRP 23 & 89)

homogenized eye
(ICRP 23)

glandular
(ICRU 44)

lung — blood filled
(Woodard & White 1986)

prostate

eye

breast

lung

., MSc thesis, Carleton University, Ottawa, 2006
M et al, Med Phys 35:5530-43, 2008
H et al, Med Phys 39:4365-77, 2012

@) Dy {B) Dy

125| 103pd
’

125| 103pd
7

eBT

125)

-10%*

-13%?

-15%*

+36% 3

dium ledium

a8 w3 +° R
4 f Water )

Scoring volume

Scoring volume

Scoring volume

Tissue

Radiation
Source

Experiencia clinica actual: D, ,,

Futuro: implementacion D, ,

Mejor correlacién D vs Outcome

RM et al, Med Phys 35:5530-43, 2008
H et al, Med Phys 39:4365-77, 2012

@ Dm,m

Scoring volume

Scoring volume




& TG-186 AAPM-ESTRO

Report of the Task Group 186 on model-based dose calculation methods
in brachytherapy beyond the TG-43 formalism: Current status
and recommendations for clinical implementation

Luc Beaulieu®

Département de Radio-Oncologie et Centre de Recherche en Cancérologie de I'Université Laval, Centre
fraspitalicr universitaire de Québec, Québec, Québec GIR 206, Canada and Département de Physigue,
de Génie Physiq d'Optique, Université Laval, Québec, Québec GIR 206, Canada

Med Phys 2012

“Maintains TG43 dose prescriptions. Unless societal
recommendation otherwise”

“Model-based dose calculations should be performed
in parallel with TG43. Radiation transport using the
most accurate tissue medium compositions
available”

& Interfuentes

- Cs-137 tubos
Cs-137 Selectron 15-20 %) = ]

Perez-Calatayud 2004

Perez-Calatayud 2005

Ny

.Iplilvj--.-q o,
; B Reduccion Dg, 2-5%
Chibani 2005
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& Interfuentes
Cs-137 Selectron

LDR Cs-137

¥+ Perez-Calatayud 2004

-125 Pd-103 préstata

] G
e ‘|” d

. ‘“|P“ L |
i l“u IT

|i"r,§.’“i"

I !
i
I

Chibani 2005

&~ Blindajes

Cilindros vaginales & recto Ir-192

® A N o N~ 0 »

B e

Lymperopoulou 2004
Shureka 2006
Poon 2008

Cs-137 tubos

Zourari 2010

0
ais fem)
i
so w0
ose demernnre()

Perez-Calatayud 2005
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&~ Blindajes

Blindajes DESUSO

Dosimetria 3D basada HDV
CTo _
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&= Gyn cervix

Dosimetria bien resuelta

MR supuesta agua

TG-43

= Vartsource - Unapproved - Transversal - CT_1

SH

2.214 Gy
N

Cortesia Frank-André Siebert
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s H UKSH, Campus Kiel
Clinic of Radiotherapy

Head and neck '?Ir HDR-brachytherapy dosimetry

using a grid-based Boltzmann solver

Differences of 3% in Dy, Vg9 Of CTV

Prescription dose remain unchanged

DHI 042 039 046 041 039 048 024

Siebert et al. JCBT (2013) Cortesia Frank-André Siebert

ACE vs TG-43 (@ H. La Fe

New joint research project
La Fe — UV — Elekta!!!

TG43+ACE
TG43+ACE

Small differences outside the CTV

Some differences inside and
Tongue outside the CTV
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& Defecto scatter Piel

Brachytherapy 2012

Dosimetry comparison between TG-43 and Monte Carlo calculations
using the Freiburg flap for skin high-dose-rate brachytherapy
Javier Vijande'**, Facundo Ballester'. Zoubir Ouhib®, Domingo Granero®,

M. Carmen Pujades-Claumarchirant’, Jose Perez-Calatayud”

Evaluar el defecto de scatter y
air gaps

Tipico mesh 5x5 cm?2

Silicon

& Defecto scatter Piel

Monte Carlo (MCFF) [ TG-43

Vijande et al 2012

5 -1 05 0 05

X (cm)

superficie 5 mm prof
+5to -7% -4 to -7%

é) Compensacién entre esferas
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&= Superficial & Intersticial: Se requiere Bolus ?7?

Granero, Perez-Calatayud, Vijande, Ballester, Rivard Med Phys 2014

Subdosificacion debido al

Uso MC para E> defecto de scatter

evaluar: _
Compensation con bolus

Full scatter

Fuente en superficie Fuente a 5 mm prof

&= Superficial & Intersticial: Se requiere Bolus ?7?
Granero et al 2014

Ir-192 Co-60

NO se requiere bolus

Impacto minimo en el gradiente

Prof prescripcion 5 mm

Cateter a 5 mm prof
CTV 10 mm prof

0.94

0.83 || Co-60 bolus > 1-2 mm

05 04 03 02 01 00

4F Catheter and Source

z(cm )-

F1G. 8. Ratio between the dose rate distributions for an HDR source inside
the 4F catheter below the phantom surface.
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&= App blindados

-

. Leipzig
Perez-Calatayud 2005, Granero 2008

Rivard, Melhus, Granero
Perez-Calatayud, Ballester,
Rivard Med Phys 2009

Acuros algorithm Tuffs technique

&= App blindados

Valencia

Clinica practica:

Planificacion por atlas (flathess & PDD)
No CT

Acuros algorithm Tuffs technique
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& eBT 50-70 kV

& eBT 50-70 kV

Clinica practica:

Prescripcién 3-4 mm prof.
Tejido supuesto AGUA
Correlacionado con resultados clinicos
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&= eBT 50 kV

—

Cortesia T W Rusch Xoft

Mama & vagina

& BT ocular (melanoma) placas COMS

omparacién dosis total en punto de prescripcion COMS vs USC (University of Suot]

Plague Simulator 5.3.6
elanomas

Distancia desde la placa (mm) 6,5

6,0

Dosis total (Gy) 84,98
68,87

84,98
71,49

TT T T T T T T T T T T ST T T T T 1T TTT1=

63



(&= Probstata 1-125 Pd-103 Cs-131 Medio = agua

No interfuentes

ENIDORH 31-05-2010 BESE/T
16:10:28 &.SHH=

Calcificaciones 1%-5% del
volume prostata (Pd-103)

Chibani et al MP 2005

@ Prostata I-125 Pd-103 Cs-131 Medio = agua
MBDCA basados MC No interfuentes

Williamson-Chibani 2005

LDR 1:125 Sefds Baltas 2006

P

Yegin-Taylor-Roger 2006
Le-Todor-Williamson 2006
Carrier-Amours-Verhaegen 2007
Poon 2009
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(& Prostata Raystretch

Hueso PMB 2015 vy trabajo en progreso

Guater (req) if outside calcification

Puaier 1

Oyaer (1) dr’ if inside calcification
Peate Leate caic

Case BIlI

TR e— TGH43

D (% ref)

(& Prdstata Raystretch

Hueso PMB 2015 vy trabajo en progreso

Clinica practica:

% calcificaciones pequenfa...
Buena correlacién dosimetria agua con resultados
clinicos

Paso gradual a HDR Ir-192 Co-60 en bajo riesgo...

D (% ref)
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(&= AAPM-ESTRO Consensus Datasets:

AAPM-IROC rpc.mdanderson.org/rpc
ESTRO www.estro.org/about/governance-organisation/committees

activities/gec-estro-braphyqgs
& Excel

Valencia www.uv.es/braphyqgs

TG-43 CONSENSUS | -

Isodose Control HOR "I Flexisource

e
A= 1113 cGylhU) :
Interpolated / extrapolated data are bolkdface / underined. Values nside the sowce ae in falics.
scdos Conbrod DR ir model Flasisource
aur) Fir,5) QA Along-away
L

EEEREEREERERERERRERER

&= MBDCA Commissioning

= B\/-ACUROS & ACE HDR Ir-192
= TG-186 y WGMBDCA

A generic high-dose rate '*?Ir brachytherapy source for evaluation

of model-based dose calculations beyond the TG-43 formalism Med Phys 2015
Facundo Ballester®
Deparment of Asomic. Molecular and Nuclear Plivsics, University of Valencia, Burjassor 46100, Spain

Asa Carlsson Tedgren
; Me nd

L=035cm

Generic HDR !*?Ir source AtV N :.
MBDCA model Yo WA e

- 065 _, : — < - =990

6. 2. Radial dose function (left axis) caleulated with smewe6 and the ratios

right axig) from the pther MO codeg (o srups
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WG-MBDCA Test cases

DICOM (512 mm)?
(1 mm)? voxel

Generic HDR
192]r source

Bswe cabie [ot6Lseetcapsute [ ™ Y4

20 N

HDR "™ir model MBDCA-WG source

Shielded GYN applicator

Material Elemental composition Mass Density (g/cm?)
Body PMMA C:0,Hg 1.19
Shield Densimet D176 Fe (2.5%), Ni (5%), W (92.5%) 17.6

VNIVERSITAT (> Cortesia J. Vijande
NIVERSITAT [ 7 ] 133
® VALENCIA LY —

WG-MBDCA Test cases

e Test case 1 * Test case 2

Cuber MU=
201020 K200

(source not to scale)

Cortesia J. Vijande

VINIVERSITAT [ 7 ]
D VALENCIA LY =
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WG-MBDCA Test cases

e Test case 3

* Test case 4

Cube: HU=0 b HL
F01X301 X301 200 at k2ol

(source not to scale)

VNIVERSITAT

. Cortesia J. Vijande
b Varencin(0)

(& http://rpc.mdanderson.org/rpc/BrachySeeds/
Source_Registry.htm

Joint AAPM/IROC Houston Registry of Brachytherapy Sources Meeting

the AAPM Dosimetric Preraquisites

En progreso
Application for Reglstry
Prerequisites

Registry Policy
Dosimetry Datasets Model-Based Dose Calcs
AAPM Publications 3~ Party Checks

Reference dataset (DICOM archive) generated with MC sinsilation. Users may inspoet these
archives into TPS for benchnarking.

el DICOM arebiive. 1
mages, P and RS files

Lart T9% calculation
.

winaply by immparting these

cfEEEEEE |-

Google web forum for sharing ser ieas and experience,




Contenido

Calibracion en BT.
Dosimetria “in vivo”
Nuevas tendencias QM
Incertidumbres

Grovex II

(&= Calibracion
NIST, PTB, NPL, LNHB, NMi

Trazabilidad desde
Labs a Hospitales
todas fuentes en

150 N B 1125 Pd-103

Water Calorimeter

Incertidumbre

a lcm
¥

&) OBJETIVO
Calibracion en agua siebert 2012

Cortesy H.-J. Selbach PTB
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Dependence with air density of the response of the PTW SourceCheck ionization

chamber for low energy brachytherapy sources

Ana M. Temnero-Lopez, Damian Guirado, Jose Perez-Calatayud, Samuel Ruiz-Arrebola, Fernando Simancas,

Maja Gazdic-Santic, and Antonio M. Lallena

Kpr = (T/To) X (Po/P) = (p/po)?

1
gi(p) =—= [A (
yip)

Ll

A dependiente de cada ejemplar

Torres del Rio et al ESTRO 2015

A = -0.49+0,02

Med Phys 2013

SelectSeed

é) Nueva SourceCheck independiente de cada ejemplar
139

(&= Verificacion posicion

Implant Verification by Electro-Magnetic Tracking

Aferloader | -

Al |

J©

(3)_ |

Caontrol
unit

Patient's body

_‘_

I Field generator |

Qutput. 3D reconstruction
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(&~ Verificacion posicion

Pre-treatment verification

(&= Verificacion posicion
Conclusions

= Brachytherapy is very beneficial for many patients

= Highly conformal therapy

« Changes may occur during treatment delivery

» Further steps in improving treatment certainty needed

« Image guidance and implant verification can provide certainty

» Benefits of Implant Tracking
V Integrated solution
raightforward workflow
V No need for in-room imaging
vV Reduces many uncertainties
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FORTESIA P. PRADA|

MICRO MOSFET

E @Valdecilla (¥ Valdecilla @Valdecilla

£=SC

AVANCES FORTESIA P. PRADA ‘

MICRO MOSFET

URET.RA
4 f 4’ ,

HAZ‘NEUR VASCULA\

= @Valdecilla (¥ Valdecilla @Valdecilla
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(& 1In Vivo

In vivo dosimetry in brachytherapy

Kari Tanderup®
Department of Oncology, Aarhus University Hospital, Aarhus 8000, Denmark and Depar
Medicine, Aarhus University, Aarhus 8000, Denmark

Sam Beddar
Department of Radiation Oncology, The University of Texas MD Anderson Cancer Centei

Lambert 2007

lonisation Chamber

In-Vivo Diode

Diamond Detector

Texas 77030 e W”og?’{"
Claus E. Andersen and Gustavo Kertzscher MOSFET
Center of Nuclear Technologies, Technical University of Denmark, Roskilde 4000, Denme
TeleFOD
Joanna E. Cygler S m——— |
Department of Physics, The Ottawa Hospital Cancer Centre, Ottawa, Ontario KIH 8L6, 1 Imm BrachyFOD
e e
(Receiy Sdemremse()] 3; revised 12 April 2013; accepted for publication 16 2
publi w 0.5mm BrachyFOD
—

&80 s0 (70 720 730 140 750 760 770 730 150§ (0810 se0 530

In vive dosimetry (IVD) has been used in brachytherapy (BT) for decades with a

detectors and measurement technologies. However, IVD in BT has been subject to certain difficulties
and complexities, in particular due to challenges of the high-gradient BT dose distribution and the
large range of dose and dose rate. Due to these challenges, the sepsitivity and specificity toward error
detection has been limited. and IVD has mainly been restricted to detection of gross errors. Given
these factors, routine use of IVD is currently limited in many departments. Although the impact of
potential errors may be dctumenta] since lre'llmu.ms are typically administered in large fractions and

with high-gradient-dose-di

treatment delivery. ThiVision 20!"'0 paper g

opments of IVD into an efIeC
Association of Physicists in Medicine. [http://dx.doi.org/10.1118/1.4810943]

usually delivered without independent verification of the
courages improvements within BT safety by devel-
B0 of independent treatment verification. © 2013 American

& In Vivo

070902-6

Tanderup et al.: In vivo desimetry in brachytherapy

070902-6

TABLE III. Characteristics of detectors and dosimetry systems of importance for precise routine IVD in brachytherapy. The items are rated according to:

advantageous (++), good (+), and inconvenient (—).

TLD Diode MOSFET Alanine RL PSD
Size + +i— +H++ - ++ ++
Sensitivity + ++ + - ++ A+
Energy dependence  + - - + — ++
Angular dependence  ++ - + + ++ 1
Dynamic range ++ ++ + — ++ +4+
Calibration + ++ ++ - I+ 4+
procedures, QA,
stability, robustness,
size of system, ease
of operation
Commercial ++ ++ ++ ++ - +
availability
Online dosimetry - ++ + - ++ ++
Main advantages No cables, well Commercial Small size, Limited energy Small size, high Small size, no

studied system systems at commercial system  dependence, no sensitivity angular and energy
reasonable price, at reasonable price cables dependence,

Main disadvantages ~ Tedious procedures  Angular and energy  Limited life of

well studied system

Not sensitive to low  Needs frequent

for calibration and dependence detectors, energy doses, tedious recalibration, stem
readout, not online dependence procedures for effect, not
dosimetry calibration and commercially

readout, not online  available
dosimetry,

expensive readout

equipment not

available in clinics

sensitivity
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Time-resolved dose

Cortesia Kari Tanderup

verification
1 1 1 1 1
Patient measurements
= TPS +/- 1mm
— 6 — Invivo meas. [
Q (pulse no. 20)
>
®
£
O 4 ~
©
(0]
(%]
o
Q , ]
0 - o

T T T T T T
0 100 200 300 400 500
Agreement on the level of:

T
pulse / applicator / dwell position ime [s]

Simulated errors Cortesia Kari Tanderup

(part of the protocol evaluation)

Guide tube 4 «— Guide tube 5
10 7 TPS =1.00Gy [
- Simul. =1.04 Gy
S ERROR!| Diff. =4.1% i
E 6 - s
g ERROR!
o 4] B
(7]
a
5 - B
ot—— |r 1 1l L |
| I 1 | | [
0 100 200 300 400 500
Time [s]

No significant implication on the integrated dose, but
the error clearly shows up in the time-resolved dose verification.
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(&= FMEA Valencia H La Fe (TG-253 TG-100)

# Process mode | Failure mode Cause Effect o] S D

11 Patient Inadequate selection Not sufficient training | Wrong indication 1 9
selection

1.2 Inattention Wrong indication 1 4 9

21 General No patient agreement | Not sufficient training | Legal issues 1 2 9
preparation document

2.2 Inattention Legal issues 3 2 9

2.3 Treatment explanation | Not sufficient training | Legal issues and 1 2 4

to the patient patient discomfort
2.4 Inattention Legal issues and 1 2 4
patient discomfort

3.1 Imaging Wrong depth Not sufficient training | Over or under dose 1 7 9

3.2 Inattention Over or under dose 2 7 9

3.3 US uncertainty Over or under dose 3 7 9

4.1 Volumes Wrong  GTV  with | Not sufficient training | Over or under dose 1 7 9
definition dermoscopy.

4.2 Inattention Over or under dose 2 7 9

4.3 Wrong CTV (margin) Not sufficient training | Over or under dose 1 7 9

4.4 Inattention Over or under dose 2 7 9

4.5 Wrong PTV {margin) Not sufficient training | Over or under dose. 1 7 9

4.6 Inattention Over or under dose. 2 7 9

a7 Wrong Template used | Over or under dose. 1 7 9

5.1 Applicator Wrong applicator | Not sufficient training | Over or under dose 1 7 5
selection selection

RESULTS PM

AAPM 2016 -

GB™ ANNUAL MEETING 2 EXHIBITION | WASHINGTON, DC

| COMMUNICATING OLR \
OUR FUTURE

DIAGNOSIS AND
TREATMENT
PRESCRIPTION

v

TREATMENT
PLANNING

v

TREATMENT
PREPARATION

TREATMENT

Patient selection

f
I

General preparation

Imaging

!

Patient data entry Equipment swich on Load trea;mlenl session
ata

Aplicator selection

\l/ Source dition status

Applicator placement

Prescription data entry ¢/
(dose, depth and applicator)

Depth definition

GTV definition

CTV definition

PTV definition

Prescription report =

it

A 2

Treatment time calculation —

Quality check status

Patient positioning

Lesion state assessment
Trasparent film placement
X-ray tube positioning

v

Treatment delivery

il

Treatment record

Treatment report

il
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RESULTS FMEA

AAPM2016 1o

COMMUNICATING

SB™ ANNUAL MEETING 2 EXHIBITION | WASHINGTON, DC
# Step Failure Mode Cause Effect o S| D RPN
137 | X-ray tube positioning Insufficient pressure Heavy patient workload Wrong dose distribution |[( 4) 4|6 |(5)5|(126 ) 126
121 Patient positioning Patient movement Uncomfortable patient position Wrong dose distribution |( 4) 4|6 |(5)4]|(141) 101
122 Patient positioning Patient movement No sufficient attachment elements | Wrong dose distribution |( 4) 4|6 |(5)4|( 144 ) 101
136 | X-ray tube positioning Insufficient pressure Inattention Wrong dose distribution |( 4) 3|6 |(5)5|(106) 94
I Wrong lesion in a pat with . .
56 Prescription report multiple lesions Heavy patient workload Wrong treatment delivery |( 4) 4|7 [(6)3|(178 ) 79
125 | Lesion state assessment \Wrong Ies.lon ma.pat with Heavy patient workload Wrong treatment delivery |( 4) 4|6 [(6)3((147 ) 75
multiple lesions
138 | X-ray tube positioning Insufficient pressure  |Equipment or software malfunction| Wrong dose distribution |( 3) 3|6 ((4)4|( 84 ) 75
13 Imaging Inadequate image Heavy patient workload Wrong dose distribution |( 4) 4|6 |(6)3|(145) 72
17 Depth definition Wrong depth definition Heavy patient workload Wrong dose distribution |( 4) 4|6 |(7)3|(160) 72
74 | Prescription data entry Wrong depth Heavy patient workload Wrong dose distribution |( 3) 3|7 |(6)3|(145) 62
5 Patient selection Inadequate selection Heavy patient workload Suboptimal treatment [( 4) 4|5|(7)3|(147 ) 60
6 Patient selection Inadequate selection Heavy patient workload Suboptimal treatment  |( 4) 4|5((7)3|(142) 60
. Assignment of lesion . S
20 Depth definition depth to another lesion Heavy patient workload Wrong dose distribution |( 3) 3|6 |(6)3|(137) 58
53 Prescription report Wrong pat data Heavy patient workload Wrong treatment delivery | ( 4) 4|7 [(4)2|( 98 ) 54
71 | Prescription data entry | Wrong doses per fraction Heavy patient workload Wrong treatment delivery |( 4) 4|7 [(4)2|( 91 ) 54
77 | Prescription data entry Wrong applicator Heavy patient workload Wrong dose distribution |( 4) 4|7 |(4)2|( 92 ) 54
38 Prescription report Wrong total dose Heavy patient workload Wrong absolutedose  |( 4) 4|7 |(4)2|( 89 ) 53
41 Prescription report | Wrong dose per fraction Heavy patient workload Wrong absolutedose  |( 4) 4|6 ((4)2|( 97 ) 51
134 | X-ray tube positioning Offset X-ray tube Heavy patient workload Wrong dose distribution |( 4) 4|6 |(4)2|(114) 51
44 Prescription report Wrong fraction Heavy patient workload Wrong absolutedose  |( 4) 4|6 ((4)2|( 96 ) 50
68 | Prescription data entry | Wrong fraction number Heavy patient workload Wrong treatment delivery |( 4) 4|6 [(4)2|( 85 ) 50
AAPM2016 1o
RESULTS FMEA comamcmoc -
I RSR 0 ok FUTLRE
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— RPN average —
1 200 126
- —+— Before current QM tool
12 °
1 & 140 S —*— After current QM tool 101
L = A 1"‘,,\_ |
15 2L — 9
— = 100 —
1€ = B 79
=
oz 50 ...\MJ \."'""*-._,_\“m ]
| iy 40 = e ——— 75
— B 20 ——
b =] 0 — 75
— A BT T T T N T e S o N T e I P~ R Ta e SO O o ST S T O o BT B B B S TRT N N B S BT —
15 ACRCABRGIVIRRCBBERRETSREBEREEE3RKEREES 4
| 7} . —
I~ Failure mode (FM) 72
p 62
| 146 FM were identified: (50 |
60
4+ Initially, 43 of which had RPN > 100 and 30 had S > 7. 58
E 54
| 1+ After introduction of the tools of quality management, only 3 FM had RPN > 100 and |54
7 54
] 21 FM had RPN 2 50. |
4 51
| 4 These 21 FM were thoroughly analyzed and new tools for quality management were |5t
4 50
d proposed. <0
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CURRENT QUALITY AAPM 2016 uz-me .
RESULTS  [\\acevent rooLs ) 38 i IROVING OUR FUTLRE

BGB™ ANNUAL MEETING 2 EXHIBITION | WASHINGTON, DG

Quality Management tools applicator barder
Adequate training -
Recheck treatment indication

Previous first treatment fraction to check patient's agreement

Adequate protocols and supervision to claim for the required attention
Checklist of each procedure

Standard communication paper between doctor and medical physicist

Check the plan with an independent evaluation.

Periodic quality audits

Periodic training refresh

Templates clearly labeled and with rulers in main axis

11 Independent treatment time calculation with spreadsheet

12 Second revision of the calculated treatment time by another medical physicist
13 Threshold prescription depth (3 mm selected for depth smaller than 3 mm)

14 Zoom TV of treatment area

15 Second TV controlling the patient position

16 Patient face picture

17 Lesion identification picture

18 Set-up picture

19 Identification by voice of patient: First and Family Name

20 QA graphic: The number of fractions, planning of treatment and accumulated dose are reviewed for each patient
21 Flatness and symmetry of the applicator of 30 cm

22 Periodic output and Percentage depth dose curves

23 Automatic detection of the applicator placed on the head software
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Guidelines

Review of clinical brachytherapy uncertainties: Analysis guidelines @r_,m,,k
of GEC-ESTRO and the AAPM *

Christian Kirisit Mark J. Rivard ¥, Dimos Baltas®, Facundo Ballester “, Marisol De Brabandere ©,
Rob van der Laarse’, Yury Niatsetski #, Panagiotis Papagiannis ", Taran Paulsen Hellebust "/,
Jose Perez-Calatayud ¥, Kari Tanderup ', Jack LM. Venselaar ™, Frank-André Siebert " 20 14

Table 5
Example 5 - HDR "™Ir source for temporary prostate BT,

Category Typical Assumplions
Jevel (%)
Source strength 2 PSDL traceable calibrations
Treatment planning 3 Reference data with the appropriate bin width
Medium dosimetric corrections i Full scatter conditions in the pelvic region and for the prostate location are
assumed
US-based Treatment planning and delivery: Catheter reconstruction and 2 Assuming usage of dedicated catheter reconstruction tools (catheter free-
spurce positioning accuracy length measurement based methods) for an accurate (0.7 mm)

reconstruction of catheter tip and 1.0 mm source positioning accuracy by the
afterloader for straight catheters and transfer wbes

Us-based 2D and 3D-imaging overall effect 2 US QA performed according to AAPM TG-128 report
Changes of catheter geometry relative to anatomy between intraoperative 2 Assuming that new image acquisition and trearment plan caloulation is done
reatment planning and intraoperative trearment defivery always before each fraction. It is also required that no manipulation of the

implant and anatomy occurs, as it is the case when removing/manipalating
the US-probe or moving the patient from the operation table before
treatment delivery

Target contouring uncertainty 2 Using CT or CT+ T2 imaging

Total dosimetric uncertainty (k=1) 5 For treatment delivery without patient movement and changes in the
lithotomic set-up and with the US probe at the position of the acquisition
(transversal plane at the prostate base)




Guidelines

Review of clinical brachytherapy uncertainties: Analysis guidelines ®[:m\,m
of GEC-ESTRO and the AAPM

Christian Kirisits *, Mark J. Rivard ", Dimos Baltas®, Facundo Ballester , Marisol De Brabandere ,

Rob van der Laarse’, Yury Niatsetski #, Panagiotis Papagiannis", Taran Paulsen Hellebust ™,
Jose Perez-Calatayud ®, Kari Tanderup', Jack LM, Venselaar ™, Frank-André Siebert 20 14

HDR- Ir-192 for intracavitary, image-guided cervical cancer

Source strength Dgg HR-CTV

Treatment Planning
Medium dosimetric corrections
Dose delivery

Interfraction/intrafraction changes

Guidelines

Review of clinical brachytherapy uncertainties: Analysis guidelines ®[:m\,m
of GEC-ESTRO and the AAPM "

Christian Kirisits *, Mark J. Rivard ", Dimos Baltas®, Facundo Ballester , Marisol De Brabandere ,
Rob van der Laarse', Yury Niatsetski ®, Panagiotis Papagiannis ", Taran Paulsen Hellebust
Jose Perez-Calatayud ¥, Kari Tanderup', Jack LM, Venselaar ™, Frank-André Siebert 20 14

HDR- Ir-192 for intracavitary, image-guided cervical cancer

Source strength Dgg HR-CTV

Treatment Planning
Medium dosimetric corrections
Dose delivery

Interfraction/intrafraction changes

Assuming 4 fx with non-systematic organ
changes in-between
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Guidelines

Review of clinical brachytherapy uncertainties: Analysis guidelines @m-.\..,-ﬁ
of GEC-ESTRO and the AAPM ™

Christian Kirisits *, Mark J. Rivard ", Dimos Baltas®, Facundo Ballester , Marisol De Brabandere ,
Rob van der Laarse’, Yury Niatsetski ®, Panagiotis Papagiannis ", Taran Paulsen Hellebust ",
Jose Perez-Calatayud ”, Kari Tanderup ! Jack LM. Venselaar™, Frank-André Siebert 20 14

HDR- Ir-192 for intracavitary, image-guided cervical cancer

Source strength Dgg HR-CTV

Treatment Planning
Medium dosimetric corrections
Dose delivery

Interfraction/intrafraction changes

Additional 3D imaging prior each fx

(&~ Prostata LDR
w Postplan 1 mes Recomendado CT-MR
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prostate CT

prostate T2
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w Interobservador

Mean 3 patients

— 23% 2% - 18% 7% 6% 17% 2% 16%

mean

Contouring
seeds
fusion —

Cortesia de Marisol De Brabandere (BRAPHYQS)

‘ Protocolos y consenso
Revisitar el CT

w Interobservador

Petric 2012
Hellebust 2012

HR CTV all observers

SD 10% HR-CTV
+5,5 Gy tto tipico

ExpertConsensus

B STAPLE Case L3

E) Pprotocolos y consenso NECESARIOS

Cortesia de Taran Paulsen Hellenbust 2012

81



Conclusiones

& Ultimas decadas
en BT, siendo una herramienta terapéutica
. Existen importantes estudios
en marcha de evaluacion de en
algunas de sus modalidades.

& Tras un gran avance en los ultimos afios, los
aspectos de estan

&= Existen aspectos gue necesitan
incorporacién MR, reglstro multimodalidad, b|olog|a
calculo en bajas energias,

& La fuente de incertidumbre principal en BT, al igual
que RTE es el

‘Gracias
sl

ﬂhcb

perez_jos@gva.
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