
UO#Protonterapia,#Dipar/mento#Oncologico,#APSS,#Trento#



INDICE#

•  Background#

•  Presentazione#studio#

•  Risulta/#

•  Discussione#



BACKGROUND#

2012#



BACKGROUND#

ObieHvo#

Dawson#Semin#Rad#Onc#2011#



BACKGROUND#

Elaborazione#di#un#
protocollo#clinico#
per#il#traKamento#
delle#lesioni#
epa/che#(primi/ve#
e#metasta/che)#
con#tecnica#
stereotassica#

Implementazione#del#
workflow#di#traKamento#
•  simulazione#
•  pianificazione#
•  traKamento#
•  verifica#

Elaborazione#di#un#
protocollo#di#studio#
fisico#dosimetrico#per#
l’irradiazione#di#volumi#
epa/ci#con#tecnica#
stereotassica#



L’obieHvo#che#un#traKamento#ipofrazionato#stereotassico#si#prefigge#(alto#gradiente#di#dose#
fra#il#volume#bersaglio#ed#i#tessu/#sani)#può#essere#raggiunto#con#diverse#tecniche#di#
irradiazione:#

#
• Tecnica#3D#sta/ca#con#fasci#mul/pli#coplanari#

• Tecnica#3D#sta/ca#con#fasci#mul/pli#non#coplanari#

• Tecnica#3D#dinamica#con#archi#conforma/#

• Tecnica#ad#intensità#modulata#(campi#sta/ci,volumetrica,Tomoterapia#)##
##################
• Protonterapia#

PREMESSA 

2012#
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Presentazione#studio#

OBIETTIVI 
Testare#la#capacità#delle#varie#tecniche#di#irradiazione#di#somministrare#un#regime#
altamente#ipofrazionato#a#volumi#bersaglio#epa/ci#differen/#per#sede#anatomica#e#
dimensioni,#nel#rispeKo#di#precisi#vincoli#di#dose#al#bersaglio#e#agli#organi#a#rischio#
circostan/##

IMPOSTAZIONE 
Creazione#su#un#set#di#immagini#TC#4D#di#target#epa/ci#ipote/ci#(3,4,5#cm)#in#
differen/#posizioni#anatomiche#seguendo#l’anatomia#segmentaria#epa/ca##
#
2#livelli#di#prescrizione:#
Liv#1:#60#Gy#in#3#frazioni#da#20#Gy#
#
Liv#2:#48#Gy#in#3#frazioni#da#16#Gy#
#
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Target#3#cm#

Target#5#cm#
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Vincoli#di#dose#
Parametri((target+OAR) Soglia 

PTV#D99% ≥#60Gy 
PTV#D1 ≤75#Gy 

D#media#FegatofGTV ≤#15Gy 
V#fegato#f#GTV#D<15Gy ≥#700#cc 
Fegato#fPTV#v#D#≥#60Gy <15%PTV 
Midollo#D(0,25#cc) ≤#18Gy 

Cuore#D(1cc) ≤#30Gy 
Cuore#D(15cc) ≤#24Gy 
Esofago#D(1cc) ≤#21Gy 
Esofago#D(5cc) ≤#17Gy 
Stomaco#D(1cc) ≤#21Gy 
Stomaco#D(10cc) ≤#16Gy 
Duodeno#D(1cc) ≤#21Gy 

Cute#(1cc) ≤#35Gy 
Cute#(10cc) ≤#30Gy 

Grosso#Intes/no#D(1cc) ≤#21Gy 
Grosso#Intes/no#D(20cc) ≤#24Gy 

Reni#V(15#Gy) ≤#50% 
Parete#Toracica#V(30#Gy) ≤#30cc 

Presentazione#studio#

Pan$Int$J$Radiat$Oncol$Biol$Phys$2010(76):S94>100$
Benedict$Med$Phys$2010(37):4078>101$
Hoyer$hEp://www.cirro.dk/research/intervenLon>
protocols/intervenLon>protocol>06$
Grimm$$Med$Phys$2011$(12):267>292$
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Volumi#di#pianificazione#



Risulta/#
48(Gy(

3#cm## IMRT#o#VMAT#

4#cm## IMRT#o#VMAT#o#TOMO##

5#cm## fotoni#work#in#progress##f#Protoni#SI##

60(Gy(

3#cm## TomotherapyfProtoni#Si#

4#cm## Fotoni#work#in#progress#–#Protoni#Si#

5#cm## PROTONI#



Risulta/#
ORGANI A RICHIO RIF. 3D

ARCHI 
CONFORM

ATI
IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,22 48,64 60,38 60,00

PTV dose max ≤ 75Gy 75,82 71,79 75,24 67,50

D media Fegato-GTV ≤ 15Gy 16,21 19,86 15,91 14,30

Fegato-GTV ( 700cc) ≤ 15Gy 7,76 13,36 10,42 9,20

Fegato-GTV ( 15 Gy ) ≥ 700cc 920,19 769,31 936,05 1020,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 41,05 32,12 6,13 5,00

Midollo D(0,25 cc) ≤ 18Gy 30,26 2,14 9,06 13,70

Cuore D(1cc) ≤ 30Gy 30,04 43,26 26,60 21,00

Cuore D(15cc) ≤ 24Gy 18,16 19,44 16,56 12,50

Esofago D(1cc) ≤ 21Gy 21,26 25,86 13,62 19,30

Esofago D(5cc) ≤ 17Gy 1,52 1,98 1,68 1,60

Stomaco D(1cc) ≤ 21Gy 38,10 35,84 34,74 19,50

Stomaco D(10cc) ≤ 16Gy 32,00 24,34 18,98 13,80

Duodeno D(1cc) ≤ 21Gy 13,02 26,76 12,78 18,00

Cute (1cc) ≤ 35Gy 38,06 44,10 34,22 35,00

Cute (10cc) ≤ 30Gy 26,82 39,62 24,88 25,00

Grosso Intestino D(20cc) ≤ 24Gy 3,06 2,50 7,50 6,00

Rene D(50%) ≤ 15Gy 0,54 10,00 0,62 0,60

Reni D(35%) ≤ 15Gy 0,75 1,16 0,84 1,00

Parete Toracica V(30 Gy) ≤ 30cc 22,04 35,83 2,07 2,60

Parete Toracica D(30 cc) ≤ 30 Gy 7,97 3426,00 15,06

!!!""LAT"SIN"!!!"PTV"3cm"!!!"60"Gy"!!!



Target( Volume(PTV((cc)( Copertura(PTV:(
V100((%)(

Dose(principali(OAR((Gy)(
Fegato+GTV(((((((((((((((((((((Parete(Toracica(((((Cute(((((((((((((((((Duodeno/IC*((((Rene(dx(

3#cm#lat#sx# 70,1# 99# D#media=#10,8#
Vd<15#Gy#=#904#cc#

V30=#22#cc# D1cc=#33,5#
D10cc=#29,2#

D1cc=#11#
##

V15=#0#

3cm##med#sx# 75,3# 99,4# D#media=#9,5#
Vd<15#Gy#=#903#cc#

V30=#11#cc# D1cc=#32,3#
D10cc=#26,4#

D1cc=#5,1# V15=#0#

3cm#inf#post# 78,4# 99,6# D#media=##9,8#
Vd<15#Gy#=#904#cc#

V30=#17#cc# D1cc=#30,7#
D10cc=#26,4#

D1cc=#0# V15=#25%#

3#cm#sup#post# 80,4# 99,1# D#media=#9,8#
Vd<15#Gy#=#903#cc#

V30=#13,5#cc# D1cc=#30,6#
D10cc=#25,7#

D1cc=#0# V15=#4%#

3cm#sup#ant# 81# 99,4# D#media=#9,6#
Vd<15#Gy#=#912#cc#

V30=#8,9#cc# D1cc=#28,2#
D10cc=#24,9#

D1cc=#0# V15=#0#

3cm#inf#ant# 75# 99,2# D#media=#9,2#
Vd<15#Gy#=#916#cc#

V30=#22#cc# D1cc=#30,7#
D10cc=#25,4#

D1cc=#0# V15=#0#

4#cm#med#sx# 142,1# 99,1# D#media=#13,4#
Vd<15#Gy#=#807#cc#

V30=#20#cc# D1cc=#34,2#
D10cc=#28,9#

D1cc=#10,5# V15=#0#

4#cm#inf#post# 139,6# 99,4# D#media=#13,3#
Vd<15#Gy#=#819#cc#

V30=#22,8#cc# D1cc=#32#
D10cc=#26,5#

D1cc=#0# V15=#27,6%#

4#cm#sup#post# 139,9# 99,2# D#media=#13#
Vd<15#Gy#=#824#cc#

V30=#20#cc# D1cc=#30,5#
D10cc=#26,3#

D1cc=#0#
*D20#cc=#12#

V15=#6,9%#

4#cm#sup#ant# 142# 99,3# D#media=#12,8#
Vd<15#Gy#=#830#cc#

V30=#17,1#cc# D1cc=#31,6#
D10cc=#27,3#

D1cc=#0# V15=#0#

4#cm#inf#ant# 135,3# 99# D#media=#13,1#
Vd<15#Gy#=#807#

V30=#28,5#cc# D1cc=#34,6#
D10cc=#28,8#

D1cc=#0# V15=#0#

5#cm#med#sx# 216,7# 99# D#media=#13#
Vd<15#Gy#=#805#cc#

V30=#22,5#cc# D1cc=#34,2#
D10cc=#28,9#

D1cc=#14# V15=#0#

5#cm#inf#post# 214,4# 99# D#media=#15#
Vd<15#Gy#=#759#cc#

V30=#28#cc# D1cc=#30,4#
D10cc=#26,3#

D1cc=#0# V15=#29,7%#

5#cm#sup#post# 196,5# 99,3# D#media=#14,4#
Vd<15#Gy#=#780#cc#

V30=#25,1#cc# D1cc=#32,3#
D10cc=#26,9#

D1cc=#0# V15=#9,9%#

5#cm#sup#ant# 203# 99,2# D#media=#14,9#
Vd<15#Gy#=#758#cc#

V30=#27,3#cc# D1cc=#34,5#
D10cc=#29,8#

D1cc=#0# V15=#0%#

5#cm#inf#ant# 197# 99# D#media=#14,9#
Vd<15#Gy#=#750#cc#

V30=#29,8#cc# D1cc=#34,7#
D10cc=#28,7#

D1cc=#0# V15=#0#
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CRITICITA’(
#
UNICO#SET#DI#IMMAGINI#
VOLUME#EPATICO#
TARGET#EPATICI#
MOVING#TARGET#CON#PROTONI#
Ac/ve#scanning#
#

SPUNTI(
#
Lo#studio#è#stato#il#via/co#per#
l’introduzione#della#SBRT#presso#gli#
Spedali#Civili#di#Brescia#
#
Nella#realtà#clinica#tuH#i#nostri#pazien/#
hanno#avuto#caraKeris/che#che#ne#
hanno#permesso#il#traKamento#con#il#
previsto#protocollo#(20#Gy#per#3#frazioni)##
mediante#tecnica#VMATf#IGRT#
#
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Lo#studio#è#stato#il#via/co#per#l’introduzione#della#SBRT#presso#gli#Spedali#Civili#di#
Brescia#
#
Nella#realtà#clinica#tuH#i#nostri#pazien/#hanno#avuto#caraKeris/che#che#ne#hanno#
permesso#il#traKamento#con#il#previso#protocollo#(20#Gy#per#3#frazioni)##mediante#
tecnica#VMATf#IGRT#
#
L’u/lizzo#di#un##sistema#di#compressione#addominale#ha#consen/to#di#ridurre#
l’espansione#GTV#–#ITV#permeKendo#di#avere#sempre,#fino#a#oggi,#situazioni#molto#
più#favorevoli#del#volume#minimo#previsto#
#
#
#
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Per#quanto#riguarda#l’uso#dei#fotoni#la#tecnica#di#irraggiamento#che#si#è#mostrata#
più#flessibile#da#permeKere#di#erogare#le#dosi#più#alte#compa/bilmente#con#il#
rispeKo#dei#constraints,#è#stata#la#Tomotherapy.#
#
Il#collimatore#u/lizzato#è#1cm#con#pitch#0,1#.#I#tempi#di#irraggiamento#per#i#volumi#
3#cm#a#60#Gy#sono#varia/#tra#53#e#59#minu/.#
Questa#durata#di#traKamento,#seppure#non#dissimile#da#quella#/pica#di#alcune#
tecniche#stereotassiche#può#essere#incompa/bile#con#il#mantenimento#del#set#up#
da#parte#del#paziente.#
L’eventuale#u/lizzo#della#tecnica##moving#jaws#disponibile#per#i#nuovi#modelli#di#
Tomotherapy#può#potenzialmente#permeKe#di#ridurre#in#modo#significa/vo#
questo#tempo.#
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ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT
VMAT 
54GY Tomo

PTV D99% ≥ 60Gy 55,36 60,60 60,28 54,00 60,00

PTV dose max ≤ 75Gy 78,12 72,45 77,15 65,89 72,20

D media Fegato-GTV ≤ 15Gy 17,98 22,70 17,54 15,74 15,00

Fegato-GTV ( 700cc) ≤ 15Gy 13,24 18,86 12,42 11,19 9,50

Fegato-GTV ( 15 Gy ) ≥ 700cc 786,05 549,99 847,54 930,86 970,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 62,96 129,89 52,32 6,17 2,30

Midollo D(0,25 cc) ≤ 18Gy 0,58 10,88 5,32 5,26 8,00

Cuore D(1cc) ≤ 30Gy 11,18 5,70 3,80 3,50 21,20

Cuore D(15cc) ≤ 24Gy 8,86 4,16 2,70 2,51 13,20

Esofago D(1cc) ≤ 21Gy 8,36 5,20 7,68 7,26 7,80

Esofago D(5cc) ≤ 17Gy 0,72 2,00 1,30 1,20 1,60

Stomaco D(1cc) ≤ 21Gy 12,68 11,20 9,48 8,62 25,00

Stomaco D(10cc) ≤ 16Gy 10,76 10,20 8,42 7,84 14,00

Duodeno D(1cc) ≤ 21Gy 13,66 7,76 6,36 6,10 11,60

Cute (1cc) ≤ 35Gy 37,44 33,52 31,70 30,32 29,00

Cute (10cc) ≤ 30Gy 25,38 26,12 24,96 22,76 24,00

Grosso Intestino D(20cc) ≤ 24Gy 2,56 3,60 3,52

Rene D(50%) ≤ 15Gy 0,58 1,94 1,14 1,03 0,50

Reni D(35%) ≤ 15Gy 0,40 2,12 1,70 1,59 0,90

Parete Toracica V(30 Gy) ≤ 30cc 24,57 23,65 21,94 14,16 14,50

Parete Toracica D(30 cc) ≤ 30 Gy 27,06 27,48 27,50 24,80

!!!""SUP"ANT"!!!"PTV"3cm"!!!"60Gy"!!!
Risulta/#



ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,10 60,30 60,08 60,00

PTV dose max ≤ 75Gy 70,12 76,94 77,87 63,00

D media Fegato-GTV ≤ 15Gy 16,90 20,22 16,60 15,00

Fegato-GTV ( 700cc) ≤ 15Gy 9,50 16,00 10,30 10,50

Fegato-GTV ( 15 Gy ) ≥ 700cc 813,65 656,85 1143,88 1000,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 80,27 42,76 1,03 6,40

Midollo D(0,25 cc) ≤ 18Gy 19,58 29,22 7,64 8,60

Cuore D(1cc) ≤ 30Gy 7,26 22,06 6,82 6,50

Cuore D(15cc) ≤ 24Gy 6,12 13,28 4,47 5,30

Esofago D(1cc) ≤ 21Gy 8,70 12,86 9,92 6,90

Esofago D(5cc) ≤ 17Gy 1,10 2,50 1,08 1,10

Stomaco D(1cc) ≤ 21Gy 8,52 24,04 12,62 7,50

Stomaco D(10cc) ≤ 16Gy 6,56 20,48 10,28 6,80

Duodeno D(1cc) ≤ 21Gy 7,48 12,88 19,98 6,20

Cute (1cc) ≤ 35Gy 45,38 51,91 34,80 4,70

Cute (10cc) ≤ 30Gy 32,52 38,35 22,06 27,00

Grosso Intestino D(20cc) ≤ 24Gy 6,06 3,60 23,60

Rene D(50%) ≤ 15Gy 1,38 2,28 0,40 0,70

Reni D(35%) ≤ 15Gy 1,10 2,34 2,66 1,50

Parete Toracica V(30 Gy) ≤ 30cc 30,64 33,18 22,82 27,00

Parete Toracica D(30 cc) ≤ 30 Gy 30,38 33,17 13,81 27,50

!!!""SUP"POST"!!!"PTV"3cm"!!!"60"Gy"!!!
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Risulta/#

ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,50 57,40 60,08 60,00

PTV dose max ≤ 75Gy 77,16 76,95 77,87 63,50

D media Fegato-GTV ≤ 15Gy 20,03 21,24 16,60 15,00

Fegato-GTV ( 700cc) ≤ 15Gy 14,68 15,09 10,32 11,30

Fegato-GTV ( 15 Gy ) ≥ 700cc 708,49 700,57 881,89 870,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 29,33 38,36 7,37 5,00

Midollo D(0,25 cc) ≤ 18Gy 1,00 4,22 7,66 10,10

Cuore D(1cc) ≤ 30Gy 6,88 18,02 6,82 8,00

Cuore D(15cc) ≤ 24Gy 3,42 12,92 4,74 6,00

Esofago D(1cc) ≤ 21Gy 11,74 14,28 9,92 7,70

Esofago D(5cc) ≤ 17Gy 0,92 1,90 1,08 0,50

Stomaco D(1cc) ≤ 21Gy 26,60 24,88 12,62 14,80

Stomaco D(10cc) ≤ 16Gy 24,24 20,76 10,28 12,90

Duodeno D(1cc) ≤ 21Gy 29,68 22,82 20,08 18,50

Cute (1cc) ≤ 35Gy 29,10 44,48 34,80 26,50

Cute (10cc) ≤ 30Gy 26,34 28,00 22,06 20,00

Grosso Intestino D(20cc) ≤ 24Gy 3,98 17,02 3,68 0,70

Rene D(50%) ≤ 15Gy 0,62 1,50 0,98 0,90

Reni D(35%) ≤ 15Gy 1,36 7,48 2,74 2,10

Parete Toracica V(30 Gy) ≤ 30cc 4,00 30,18 22,73 4,50

Parete Toracica D(30 cc) ≤ 30 Gy 21,28 30,62 13,58

!!!""MED"SIN"!!!"PTV"3cm"!!!"60"Gy"!!!
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Risulta/#

ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,22 48,64 60,38 60,00

PTV dose max ≤ 75Gy 75,82 71,79 75,24 67,50

D media Fegato-GTV ≤ 15Gy 16,21 19,86 15,91 14,30

Fegato-GTV ( 700cc) ≤ 15Gy 7,76 13,36 10,42 9,20

Fegato-GTV ( 15 Gy ) ≥ 700cc 920,19 769,31 936,05 1020,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 41,05 32,12 6,13 5,00

Midollo D(0,25 cc) ≤ 18Gy 30,26 2,14 9,06 13,70

Cuore D(1cc) ≤ 30Gy 30,04 43,26 26,60 21,00

Cuore D(15cc) ≤ 24Gy 18,16 19,44 16,56 12,50

Esofago D(1cc) ≤ 21Gy 21,26 25,86 13,62 19,30

Esofago D(5cc) ≤ 17Gy 1,52 1,98 1,68 1,60

Stomaco D(1cc) ≤ 21Gy 38,10 35,84 34,74 19,50

Stomaco D(10cc) ≤ 16Gy 32,00 24,34 18,98 13,80

Duodeno D(1cc) ≤ 21Gy 13,02 26,76 12,78 18,00

Cute (1cc) ≤ 35Gy 38,06 44,10 34,22 35,00

Cute (10cc) ≤ 30Gy 26,82 39,62 24,88 25,00

Grosso Intestino D(20cc) ≤ 24Gy 3,06 2,50 7,50 6,00

Rene D(50%) ≤ 15Gy 0,54 10,00 0,62 0,60

Reni D(35%) ≤ 15Gy 0,75 1,16 0,84 1,00

Parete Toracica V(30 Gy) ≤ 30cc 22,04 35,83 2,07 2,60

Parete Toracica D(30 cc) ≤ 30 Gy 7,97 3426,00 15,06

!!!""LAT"SIN"!!!"PTV"3cm"!!!"60"Gy"!!!
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ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,54 60,19 60,10 60,30

PTV dose max ≤ 75Gy 76,90 80,44 80,68 63,80

D media Fegato-GTV ≤ 15Gy 15,27 13,70 13,51 14,10

Fegato-GTV ( 700cc) ≤ 15Gy 2,22 6,60 6,40 7,00

Fegato-GTV ( 15 Gy ) ≥ 700cc 957,60 1020,57 1058,18 955,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 25,43 11,72 10,11 10,00

Midollo D(0,25 cc) ≤ 18Gy 0,40 15,22 11,14 9,90

Cuore D(1cc) ≤ 30Gy 0,70 1,80 1,48 0,90

Cuore D(15cc) ≤ 24Gy 0,54 0,64 0,87 0,70

Esofago D(1cc) ≤ 21Gy 0,58 0,72 1,02 0,90

Esofago D(5cc) ≤ 17Gy 0,30 0,54 0,58 0,70

Stomaco D(1cc) ≤ 21Gy 13,58 12,50 13,84 10,80

Stomaco D(10cc) ≤ 16Gy 11,20 8,34 10,48 8,80

Duodeno D(1cc) ≤ 21Gy 18,20 19,34 26,22 18,20

Cute (1cc) ≤ 35Gy 39,43 44,04 42,02 35,00

Cute (10cc) ≤ 30Gy 30,53 30,44 31,44 23,50

Grosso Intestino D(20cc) ≤ 24Gy 13,60 8,80 12,30

Rene D(50%) ≤ 15Gy 1,26 5,12 8,97 7,30

Reni D(35%) ≤ 15Gy 0,94 3,30 7,75 9,00

Parete Toracica V(30 Gy) ≤ 30cc 57,07 34,47 37,54 23,50

Parete Toracica D(30 cc) ≤ 30 Gy 39,00 36,16 37,86 27,60

!!!""INF"ANT"!!!"PTV"3cm"!!!"60"Gy"!!!
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ORGANI A RICHIO RIF. 3D
ARCHI 

CONFORM
ATI

IMRT VMAT TOMO

PTV D99% ≥ 60Gy 60,60 60,70 61,84 60,20

PTV dose max ≤ 75Gy 77,78 74,67 75,65 64,00

D media Fegato-GTV ≤ 15Gy 16,75 17,26 14,58 14,86

Fegato-GTV ( 700cc) ≤ 15Gy 5,36 8,60 6,72 10,00

Fegato-GTV ( 15 Gy ) ≥ 700cc 959,54 874,69 958,25 910,00

Fegato-PTV ( 60 Gy ) ≤ 15% VPTV 78,40 39,20 10,52 11,00

Midollo D(0,25 cc) ≤ 18Gy 8,28 17,28 11,20 11,30

Cuore D(1cc) ≤ 30Gy 0,78 1,00 0,90 0,80

Cuore D(15cc) ≤ 24Gy 0,57 0,82 0,62 0,80

Esofago D(1cc) ≤ 21Gy 0,82 1,18 0,92 0,50

Esofago D(5cc) ≤ 17Gy 0,42 0,84 0,58 0,50

Stomaco D(1cc) ≤ 21Gy 11,90 10,28 7,52 10,00

Stomaco D(10cc) ≤ 16Gy 8,22 9,08 6,20 8,70

Duodeno D(1cc) ≤ 21Gy 15,16 9,01 12,86 14,60

Cute (1cc) ≤ 35Gy 40,88 45,02 39,92 31,00

Cute (10cc) ≤ 30Gy 33,78 40,26 27,84 26,00

Grosso Intestino D(20cc) ≤ 24Gy 10,80 9,04 7,10 7,30

Rene D(50%) ≤ 15Gy 10,94 11,60 14,16 1,10

Reni D(35%) ≤ 15Gy 5,14 20,96 6,66 2,40

Parete Toracica V(30 Gy) ≤ 30cc 41,46 44,30 29,67 26,00

Parete Toracica D(30 cc) ≤ 30 Gy 83,50 57,90 29,84

INF$POST$$$$PTV$3cm$60$Gy
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Step 1:  

Esecuzione di una TC 4D 
di simulazione (5 fasi, no 
mdc) 



Step 3: scelta della fase CT di pianificazione 

Coincidente con la fase di acquisizione diagnostica (espirazione) 

NB: valutazione accurata qualità TC 4D (esclusione artefatti) 

Opzione. Acquisire una TC in breath hold (espirazione) per la pianificazione 



Step 4: definizione del target   

GTV? 

Problema: impossibile definire il target in assenza di mdc 



Step 4 Opzione: registrazione TC simulazione- TC 
diagnostica 



Step 4: registrazione rigida 

Stessa posizione, stessa fase respiratoria 

Migliore risultato della registrazione 



Step 5: registrazione deformabile 

(clipbox su fegato) 

Software. VELOCITY™ 



Step 6: Contornamento GTV 

GTV!!! 

OK su fasi coregistrate, ma… come tener conto della respirazione? 
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Step 7: Margine 
per movimento 

d’organo 



Step 7: creazione automatica di ITV da immagini TC 4D 



Step 8: TARGET 

Creazione CTV e PTV 



Step 9: Pianificazione 

Prescrizione: 35 Gy in 5 frazioni al 95% PTV, trattamento a gg alterni, 

Tecnica: VMAT, d media fegato: 6.5 Gy 
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