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Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries
- CA hepatico ¢é a 32 principal causa de morte por cancer no mundo.
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- Carcinoma Hepatocelular (CHC)

- Fatores de risco:
- Cirrose alcodlica
- Hepatite viral
- Hepatite autoimone
- Hemocromatose

- Metastases

Normal Liver Liver with Cirrhosis

LA
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- Carcinoma Hepatocelular (CHC)

- Tratamento:
. Cirurgia Dméd > 28 Gy em 2 Gy/dla =

Risco aumentado de doenca no

figado induzida pela radiacéao.

- Transplante

i . onal

- Radioterapia focal com doses ablativas

RTOG 1112, Version Date Nov. 30, 2012



Gerenciamento
movimento
respiratorio

- Radioterapia focal com doses ablativas Doses ablativas
de radiacdo em
CHC néo
ressecaveis
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tecn
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Radioterapia
Guiada por
Imagem

Manju Sharma, et. al. A systematic review and meta-analysis of liver tumor position variability during
SBRT using various motion management and IGRT strategies. 2022.



- Controle local e sobrevida tem sido vistas em
pacientes tratados com doses mais altas.

Gerenciamento
movimento

- OBJETIVO rT0G 1112): determinar se respiratério

SBRT melhora a sobrevida total em

pacientes de CHC tratados com Doses ablativas

Sorafenib de radiacdo em

TPS: ?angos
tecnoldgicos

CHC nao
ressecaveis

Radioterapia
Guiada por
Imagem

RTOG 1112, Version Date Nov. 30, 2012



- Sugestao de leitura:

| ©2021 Greater Poland Cancer Centre. Reports of Practical Oncology and Radiotherapy
Published by Via Medica. 2021, Volume 26, Number 2, pages: 226-236
All rights reserved. DOI: 10.5603/RPOR.a2021.0035
e-ISSN 2083-4640 Submitted: 23.09.2020
ISSN 1507-1367 RESEARCH PAPER Accepted: 04.02.2021

Feasibility of SBRT for hepatocellular carcinoma in Brazil oESE CEUEE SIEETE
— a prospective pilot study que doses = 45 Gy

resultam em melhor controle
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- A dose por fracao € determinada baseada no volume efetivo de figado normal irradiado.
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Fig. 3. Observed and predicted NTCP, according to the LKB NTCP model vs. mean liver dose (in 1.5 Gy bad.).
Observed NTCP calculated from patients grouped in 4-Gy bins, with 80% confidence intervals displaved. Predicted
NTCP based on the LKB NTCP model, withn = 1.1. m = 0.18, and TDs,(1) = 43.3 Gy.

L. A. DAWSON et al. Analysis of radiation-induced liver disease using the Lyman NTCP model. 2002.
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Figure 1 Overall survival with or without possible criteria for
non-classic radiation-induced liver disease (RILD) (having at
least one of three criteria: grade >3 elevated transaminases,
worsening of Child-Pugh score to 28, and grade >3 decreased
platelet count). =, without RILD; -+-, with RILD. SBRT, ste-
reotactic body radiotherapy.

Naoko Sanuki, et. al. Influence of liver toxicities on prognosis after stereotactic body
radiation therapy for hepatocellular carcinoma. 2015.



- A dose por fracao € determinada baseada no volume efetivo de figado normal irradiado.
Prescricao:

50 Gy em 5 fracOes de 10 Gy
45 Gy em 5 fracoes de 9 Gy
40 Gy em 5 fracOes de 8 Gy
35 Gy em 5 fracOes de 7 Gy
30 Gy em 5 fracOes de 6 Gy
27,5 Gy em 5 fracoes de 5,5 Gy

Optional Priority Prescription Dose
Constraint Constraint
Liver Veff Allowed Mean Planned If the maximum allowed MLD is exceeded
Liver Dose Prescription at this planned dose

[MLD] (Gy) Dose (Gy)

Reduce to 45 Gy and re-evaluate

< 25% 13.0 50
25 - 29% 15.0 45 Reduce to 40 Gy and re-evaluate
30 - 34% 15.0 40 Reduce to 35 Gy and re-evaluate
35 - 44% 15.5 35 Reduce to 30 Gy and re-evaluate
45 - 54% 16.0 30 Reduce to 27.5 Gy and re-gvaluate
55 - 64% 17.0 275 Ineligible

RTOG 1112, Version Date Nov. 30, 2012
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Constraint Constraint
Liver Veff Allowed Mean Planned If the maximum allowed MLD is exceeded
Lwer Dose F’rescrl fion tthls lanned dose
MLD] (Gy Dose (Gy
' < 25% 13.0

25 - 29% Reduce to 40 Gy and re-evaluate
30 - 34% Reduce to 35 Gy and re-evaluate
35 - 44% Reduce to 30 Gy and re-evaluate
45 - 54% Reduce to 27.5 Gy and re-evaluate
55 - 64% Ineligible




Introducao — controle local e complicacoes

Optional Priority Prescription Dose
Constraint Constraint
Liver Veff Allowed Mean Planned If the maximum allowed MLD is exceeded
Liver Dose Prescription at this planned dose
[MLD] (Gy) Dose (Gy)
Reduce to 45 Gy and re-evaluate
< 25% 13.0 50
25 -29% 15.0 45 Reduce to 40 Gy and re-evaluate
30 - 34% 15.0 40 Reduce to 35 Gy and re-evaluate
35 -44% 15.5 35 Reduce to 30 Gy and re-evaluate
45 - 54% 16.0 30 Reduce to 27.5 Gy and re-evaluate
55 - 64% 17.0 275 Ineligible

Desafio = reduzir volume do figado normal
irradiado (para reduzir risco de RILD).

Delineamento preciso do GTV.

Reducéo de margens (PTV e ITV).

Restricdo de movimento (ITV).

Aumento do gradiente de dose e conformacao
(técnicas avancadas e planejamento).




Introducao — controle local e complicacoes

Optional Priority Prescription Dose
Constraint Constraint
Liver Veff Allowed Mean Planned If the maximum allowed MLD is exceeded
Liver Dose Prescription at this planned dose
[MLD] (Gy) Dose (Gy)
Reduce to 45 Gy and re-evaluate
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Desafio = reduzir volume do figado normal
irradiado (para reduzir risco de RILD).

Delineamento preciso do GTV.

Reducéo de margens (PTV e ITV).

Restricdo de movimento (ITV).

Aumento do gradiente de dose e conformacao
(técnicas avancadas e planejamento).




- Imobilizac&o customizada é recomendada.
- Body fix e bracos para cima (sempre que possivel).




- Mdltiplas séries de imagens sao necessarias.
- Espessura de 2,5 ou 3,0 mm.
- Obtidas em breath hold — preferencialmente expiracao profunda.

RTOG 1112, Version Date Nov. 30, 2012



1) Multi-phasic IV contrast
- Objetivo: definicao do GTV

TC sem contraste

TC com contraste na fase arterial

TC com contraste na fase portal

Q TC com contraste na fase equilibrio

Rui Li et. al. Dynamic enhancement patterns of intrahepatic cholangiocarcinoma in cirrhosis on contrast-
enhanced computed tomography: risk of misdiagnosis as hepatocellular carcinoma, Nature Research, 2016

Figure 1. tif CT images of a 32-year-old man with a 4.2-cm -diameter ICC displaying stable contrast
enhancement pattern. (a) unenhanced, (b) Arterial, (¢) portal, and (d) delayed phases. After intravenous
contrast administration, the nodule shows stable peripheral rim-like enhancement (arrow).




1) Multi-phasic IV contrast
- Objetivo: definicao do GTV

TC sem contraste

TC com contraste na fase arterial

TC com contraste na fase portal

Q TC com contraste na fase equilibrio

Rui Li et. al. Dynamic enhancement patterns of intrahepatic cholangiocarcinoma in cirrhosis on contrast-
enhanced computed tomography: risk of misdiagnosis as hepatocellular carcinoma, Nature Research, 2016

(b) Arterial phase

,//

Demonstra
hipervascularidade
do CHC

Exemplo: paraum CT de 64 canais, a
fase arterial ocorre em 20 segundos

Figure 1. tif CT images of a 32-year-old man with a 4.2-cm -diameter ICC displaying stable contrast
enhancement pattern. (a) unenhanced, (b) Arterial, (¢) portal, and (d) delayed phases. After intravenous
contrast administration, the nodule shows stable peripheral rim-like enhancement (arrow).



1) Multi-phasic IV contrast
- Objetivo: definicao do GTV

TC sem contraste

TC com contraste na fase arterial

TC com contraste na fase portal

Q TC com contraste na fase equilibrio

Rui Li et. al. Dynamic enhancement patterns of intrahepatic cholangiocarcinoma in cirrhosis on contrast-
enhanced computed tomography: risk of misdiagnosis as hepatocellular carcinoma, Nature Research, 2016

Exemplo: paraum CT de 64 canais, a
fase portal ocorre em 60 segundos

Visualizacao do

trombo vascular

(c) Portal phasc

Figure 1. tif CT images of a 32-year-old man with a 4.2-cm -diameter ICC displaying stable contrast
enhancement pattern. (a) unenhanced, (b) Arterial, (¢) portal, and (d) delayed phases. After intravenous
contrast administration, the nodule shows stable peripheral rim-like enhancement (arrow).



1) Multi-phasic IV contrast
- Objetivo: definicao do GTV

TC sem contraste

TC com contraste na fase arterial

TC com contraste na fase portal

Q TC com contraste na fase equilibrio

Rui Li et. al. Dynamic enhancement patterns of intrahepatic cholangiocarcinoma in cirrhosis on contrast-
enhanced computed tomography: risk of misdiagnosis as hepatocellular carcinoma, Nature Research, 2016

Exemplo: paraum CT de 64 canais, a
fase delayed ocorre em 180 segundos

Demonstra
washout do CHC

(d) Delayed phase

Figure 1. tif CT images of a 32-year-old man with a 4.2-cm -diameter ICC displaying stable contrast
enhancement pattern. (a) unenhanced, (b) Arterial, (¢) portal, and (d) delayed phases. After intravenous
contrast administration, the nodule shows stable peripheral rim-like enhancement (arrow).



1) Multi-phasic IV contrast
- Objetivo: definicao do GTV

@ TC com contraste via oral

RTOG 1112, Version Date Nov. 30, 2012



- Se a aquisicao multifasica com contraste nao puder ser obtida na simulacao:
As imagens multi fasicas diagnosticas podem ser fundidas com a TC sem contraste de simulacéo; ou

2) Ressonancia Magnetica
- T1 com contraste (gadolinio) com corte maximo de 7 mm.

RTOG 1112, Version
Date Nov. 30, 2012




- Amplitude do movimento hepatico.

Estudo de avaliacdo do movimento hepatico em imagens de CT4D: 99 pacientes,
53 em respiracéo livre e 46 com compressor abdominal.

Direcio Movimento médio | Movimento médio
¢ sem compressor | com compressor

LR 3,1+1,3mm 29+1,2

Maximo de CC 9,9+ 2,6 mm 55+2,2
16,8 mm! AP 2,9+ 1,4 mm 23+1,1
Vetor 3D 11,0 £ 2,4 mm 6,7 £2,1

Yong Hu, el. al. Magnitude and influencing factors of respiration-induced liver motion during abdominal compression
in patients with intrahepatic tumors. 2017.




ITV — movimento

Geréncia do movimento respiratorio:
Respiracao profunda (breath hold): DIBH ou ABC.
Compressor abdominal.

Gating. -

Tracking. Mandatorio (rRToG 1112): IGRT +
Gerenclamento do movimento
respiratorio se movimento > 5 mm.

SSSSSSSSS

Corte sagital TC'fIan‘eja ento

(destaque a0 compreéssor abgominal)



- ITV: movimento hepatico previsivel conforme movimento respiratorio.
- CT4D discretiza o0 movimento respiratorio em fases.

amplitude

tempo

Sinal Respiratodrio é considerado na aquisi¢ao das imagens




- ITV: movimento hepatico previsivel conforme movimento respiratorio.
- CT4D discretiza o0 movimento respiratorio em fases.

< periodo
amplitude fase 0% 100% (=0%)

amplitude

: : : [expiracao nir«’no

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% /0%

tempo

Sinal Respiratodrio é considerado na aquisicao das imagens
Geralmente, o periodo é dividido em 10 fases




- Cuidado com artefatos!

Stack1

Stack2
Stackl1

Stack?2

Stackl1

Without artifacts | Stack?2

Stack1

/ G ap Stack?2

Dongfeng Han, et. al. Characterization and identification of spatial artifacts during 4D-CT imaging. 2011.




- Cuidado com artefatos!
Duplicate

Incomplete

!

Fig. 2. Example four-dimensional CT images with schematic diagrams for the four types of artifacts: blurring, duplicate
structure, overlapping structure, and incomplete structure. Corresponding artifacts are indicated by arrows in respective
images. Note that other artifacts can also be observed in these images.

TOKIHIRO YAMAMOTO, et. al. RETROSPECTIVE ANALYSIS OF ARTIFACTS IN FOUR-DIMENSIONAL CT IMAGES OF 50 ABDOMINAL AND
THORACIC RADIOTHERAPY PATIENTS. 2008.




3) CT 4D
- Para definicao do ITV.

- Reconstrucdes com objetivo de resumir informacoes.
+ MIP — para delineamento de tumores de pulmao.
- MinIP — para delineamento de tumores de figado (densidade menor no tumor).
- AVG — para calculo da dose.



2% AT A ldeal para casos de
3)CT 4D figado, quando o tumor e

- Para definicdo do ITV. menos denso que o meio
CT MinlIP (Minimum Intensity Projection)
- Imagem onde o valor de cada pixel € igual ao valor minimo assumido pelo pixel
correspondente, considerando todas as fases obtidas numa aquisi¢ao 4D.

0% 25% 50'0/0 75% 100% MinIP100

TN TSN AV YN TRV AN




| |deal para casos de
-{) == 7 Vd
3) CT 4D figado, quando o tumor e

CT MinlIP (Minimum Intensity Projection)



Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

- No CT simulador: Confeccao de body-fix
- Definicao clinica:
( ) bracos para cima
( ) bracos para baixo
- Testar posicdo do compressor abdominal
- Confeccionar body-fix

- Marcar no body-fix indexacao
do compressor

- Nao fazer plastico




Protocolo ICESP

Checkilist simulacaerde SBRIF delfigado = CHC e NMetastases




Protocolo ICESP

Checkilist simulacaerde SBRIF delfigado = CHC e NMetastases

FLUXO
NASO
BUCAL

MOVIMENTO
TORACO
ABDOMINAL




Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

- No CT simulador: Aquisicao das imagens

- Contraste trifasico em expiracao forcada
 Realizar scout anterior.

« Exame sem contraste:
» cortes 5 cm acima do diafragma até crista iliaca.
» espessura de corte de 3 mm.

» Checar se tempo para aquisicdo é compativel com apneia
tolerada pelo paciente (no ICESP =7 s).

» Realizar CT sem contraste em apneia expiratoria.
Checar se todo figado foi incluido no exame.




Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

No CT simulador: Aquisicao das imagens

- Contraste trifasico em expiracdo forcada
« Posicionar bolus tracking na aorta abdominal.
Fase arterial: programar aparelho para iniciar a
aquisicao 15 s apos atingir 100 H.U.
Checar velocidade e volume de infuséo:
» Contraste iodado EV 2 cc/kg. Maximo 200 cc.

e Acesso 18G — Velocidade de infusao 5 cc/s.
» Aceitavel 20G — Velocidade de infusao 3-4 cc/s.

Realizar aquisicdo em apneia expiratoria.
Alternativamente, realizar fase arterial apds 25 s
do inicio da injecao, com apneia expiratoria.




Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

Time since injection=23 sec

10 20 30
Thresh.=99 ,Diff.=-3.0




Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

- No CT simulador: Aquisicao das imagens

- Contraste trifasico em expiracao forcada

« Fase portal venosa: programar aparelho para iniciar a
aquisicao 60 s apos atingir 100 H.U.
- Realizar aquisicdo em apneia expiratoria.

arterial




Protocolo ICESP

Checkilisit simulacae de SBRIF delfigade — CHC e Metastases

« No CT simulador:

« Realizar CT 4D logo em seguida
(respiracao livre).




Protocolo ICESP
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Protocolo ICESP

Checkilist simulacaocrde SBRiFderfigado

=




Protocolo ICESP

Checkilisit simulacaerderS BRI de figade

- Parametros de movimentacao diafragma
- RESPIRACAO LIVRE

- 1.Movimentacao diafragma = mm [> se>5mMm
- 2.Tempo de apneia expiratoria = S
- COMPRESSOR ABDOMINAL
- 3.Movimentagao diafragma = mm [> ideal < 10 mm

- 4.Parafuso ( )50-80 ( )90-120

( )130-160 ( )170-200
« 5.Placa de compresséao

(  )pequena ( )grande
- 6.Taxa de compressao = mm

- METODO ESCOLHIDO
( ) Compressor abdominal
( )ABC
( ) Respiracéo livre
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