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Foie et Radiothérapie
Une association difficile
mais reussie

Organe mobile,

Pts fragiles, parenchyme radiosensible,

Le « foie sain » n’est pas sain : non tumoral
Organes creux environnants, radiosensibles
Repérage difficile (isodensité)

Autres traitements peu compatibles + RT




Traitement du CHC :

Place de la Radiothérapie.
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» CHC et Radiothérapie : Etude francaise RTF1

| Purpose: Hepatocellular carcinoma (HCC) is a poor prognosis tumor, and only 20% of patients will benefit from
3 curative therapies (surgery, liver transplantation, percutaneous ablation). Although conventional radiotherapy
has been traditionally regarded as inefficient and toxic for cirrhotic patients, three-dimensional conformal
radiotherapy (3DCRT) has provided promising preliminary data for the treatment of HCC,
Methods and Materials: Prospective phase II trial including Child-Pugh A/B cirrhotic patients with small-size
HCC (1 nodule <5 cm, or 2 nodules <3 ¢m) nonsuitable for curative treatments, to assess tolerance and efficacy
of high-dose (66 Gy, 2 Gy/ffraction) 3DCRT.
Results: Twenty-seven patients were enrolled. Among the 25 assessable patients, tumor response was observed for 23
patients (92% ), with complete response for 20 patients (80% ), and partial response for 3 patients (12% ). Stable disease
was obser\ edin2 panentq (8%). (,rade 4 m\mnes ocmrred in2of 11(22% ) (hikl Pugh B panentv. only. Child-Pugh

(oncluslon ngh-doae 31)( RT is a noninvasive, well (olera(ed modality lhal is hlghh sultable for the treatment

of small HCCs in cirrhotic patients, with promising results, However, additional trials are needed to optimize this
technique and formally compare it with the usual curative approaches. © 2006 Elsevier Inc.

Hepatocellular carcinoma, Conformal radiotherapy, Cirrhosis.
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92% controle local




» Conformal Radiation for HCC. Phase Il trials

Infield Multifocal Disease-
_ failure failure free
rate rate survival

Robertson BF 72%
1993 L 48-72 Gy 100 % sl (2-year)

Dawson BF 0/ 11 months
2000 27| 30906y | 7" ' ' ' - [madian)
Park MF 0/ . 42% (1-year)
2000 138 | 4060 Gy BT 7% 4% 20% 3 2-year

15 months
Liu MF 0/ . ] (median)
2004 44 40-60 Gy L 0% 0% 8% 61% (1-year)
40% (2-year)

Mornex MF 0 11% 26 %* 34 months

2005 2 66 Gy an Late 1% >2yrs 8% (median)

Le CHC est une tumeur tres radiosensible
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Chimio-embolisation-RT:
Conclusions

L’association chimio-embolisation-RT
est efficace et bien toleree.

Elle permet d’améliorer le controle local
et la survie chez des patients présentant
des facteurs de mauvais pronostic.
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Overview: Where Does Radiation Therapy Fit in the
Spectrum of Liver Cancer Local-Regional Therapies?

Laura A. Dawson, MD*!

Experience with radiation therapy for the treatment of hepatocellular carcinoma (HCC) and
liver metastases has increased rapidly in the past decade. This is principally because of
advances in imaging and radiation techniques that can conform high doses to focal cancers
and to a better understanding of how to avoid radiation-induced liver toxicity. Guidelines on
how to use radiation therapy safely are becoming more clearly established, and reports of
tumor control at 2 to 5 years show the potential for cure after radiation therapy for
early-stage HCC and liver metastases. For both HCC and liver metastases, the best
outcomes after radiation therapy are found in patients with fewer than 3 lesions that are <6
cm in size, with intact liver function and no extrahepatic metastases. There is a strong
rationale for using radiation therapy in patients unsuitable for or with expected poor
outcomes after standard local-regional therapies. These patients tend to have advanced
tumors (large, multifocal, or invading vessels) and/or impaired liver function, reducing the
chance of cure and increasing the chance of toxicity. In these patients, the benefits of
radiation therapy over systemic therapy or best supportive therapy should be established
in randomized trials.

Semin Radiat Oncol 21:241-246 © 2011 Elsevier Inc. All rights reserved.




SBRT hépatique

2 situations cliniques tres différentes :
- CHC : RT a visée curative, pts fragiles

- MTS : Statut oligoMTS, visée « curative »

Dans les 2 situations, haute dose SBRT,
mais prendre en compte I’'état hépatique,
I'espérance de vie longue et le cumul des traitements




Stereotaxie: SBRT/SABR
Reéeduire le volume a irradier
Augmenter la dose de RT

2012 SBRT
Stéréotaxie

2005 RT 3D
Conformation




SBRT hépatique
-

« Dose tres “conformée”, moulée sur la formedelaT

« Dose totale trés élevée, dose par fraction élevée

o Peu de fractions

o Prise en compte du mouvement

« Radiothérapie guidée par I'image

o Traitement non invasif et ambulatoire, rapide,
“entre 2 chimios”, pas d’anestheésie

e Taux de controle local éleve, > 90%, bonne tolérance.



SBRT hépatique pour CHC
Seconde cause de mort par cancer
dans le monde

Lésion < 5 cm, 1-3 lésions, pas de MTS ? OMS < 2
Attention a I'etat du parenchyme :

volume foie “sain” > 700 cc
BH, CHILD P < B7 si cirrhose. siiirub, Abum, Prothromb, ascite, encéphalopathie
Attention aux traitements precedents
Penser aux traitements futurs

Attention aux organes creux environnants,Rxsensibles
Validation de la SBRT en RCP
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Radiotherapy for Hepatocellular Carcinoma: New . e s " tats
Indications and Directions for Future Study '

Nitin Ohri, Laura A. Dawson, Sunil Krishnan, Jinsil Seong, Jason C. Cheng,
Shiv K. Sarin, Milan Kinkhabwala, Mansoor M. Ahmed, Bhadrasain Vikram,
C. Norman Coleman, Chandan Guha

16, Vol. 108, No. S

Table 1. Results from selected series of stereotactic radiotherapy for hepatocellular carcinoma reporting local control rates at two to three
years

Prescription Median follow-up

First author (country) Sample size SBRT schedule point/volume (range) Local control
Andolino (United States) 60 patients 24-48 Gy, 3-5fx PTV (80% IDL) 27 mo 90%at2y
Dewas (France) 42 patients®, 48 lesions] Median 45Gy, 3 fx PTV (80% IDL) 15 mo 91%at2y
Honda (Japan) 30 patients® Median 48 Gy, 4 fx Isocenter 12 mo (6-38) 94%at2y
Jang (Korea) 82 patients, 95 lesions <45Gy, 3 fx (n=11) 45-54 Gy, | PTV (70%-80%IDL) 30 mo (4-81) 87%at2y

3 fx (n=47) =54 Gy,

3 fx (n=57)
Kang (Korea) 47 patients Risk-adapted, 3 fx PTV (70%-80%IDL) 17 mo (6-38) 95%at2y
Kwon (Korea) 47 patients Median 33Gy, 3 fx PTV (70%-85%IDL) 29 mo (8-49) 68% at3y
Sanuki (Japan) 185 patients 35Gy, 5 fx (n=48) 40 Gy, PTV (70%-80% IDL) 25 mot (3-80) 91% at3y

5 fx (n=137)
Wahl (United States) 63 patients, 83 lesions 27-60 Gy, 3-5 fx PTV (75%-85%IDL) 13 mo 84%at2y

*Subset of larger cohort with hepatocellular carcinoma. fx = fractions; IDL = isodose line; PTV = planning target volume; SBRT = stereotactic body radiotherapy.
tEstimate.
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Clinical Practice Guidelines )

Consensus Guidelines

EASL Clinical Practice Guidelines: Management

of hepatocellular carcinoma” . .
Consensus for Radiotherapy in

Hepatocellular Carcinoma from

- The 5th Asia-Pacific Primary Liver
-:;::j;::,',w NCCN Guldelines Version 32018 wonenne. | Cancer Expert Meeting (APPLE 2014):
NCCN

European Association for the Study of the Liver *

N Table of Contents
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=== | Current Practice and Future Clinical

PRINCIPLES OF LOCOREGIONAL THERAPY

atstion Trssey - Trials

- EBRT is a treatment option for patients with unresectable disease, or for those who are medi inop dueto
- All tumors irrespective of the location may be amenable to radiation therapy (3D conformal radiation therapy, intensity-modulated radiation
therapy [IMRT], or stereotactic body radiation therapy [SBRTI). Image-guided y is strongly when using EBRT,

IMRT, and SBRT to improve treatment accuracy and reduce treatment-related toxicity. ab a . . c
- Hypofractionation with Photons2 of protonsto.! is an aceentable option for intrahepatic tumors, though reatment at centers with Hee Chul Park Jeong I Yu?  Jason Chia-Hsien Cheng
experience is recommended. d . e . . b
+ SBRTis an hnique of i EBRT with photons that delivers large ablative doses of radiation. Zhao Chong Zeng Ji Hong Hong Michael Lian Chek Wa ng
« Dosing for SBRT is generally is 30-50 Gy in 3-5 fractions, depending on the ability to meet normal organ constraints and underlying liver . . h . . i
Runcton.Other hypofactionated schedes >3 fractions may 350 be used f clicaly indiated, Mi Sook Kim8  Kwan Hwa Chi®  Po-Ching Liang' Rheun-Chuan Leel
* There is growing evidence for the usefulness of SBRT in the management of patients with HCC.'%1 SBRT can be considered as an K k | T _ m
live to the i above or when these therapies have failed or are contraindicated. Wan Yee Lau Kwang HyUb Han PIe' ce Kah Hoe Chow
« SBRT (1-5 fractions) is often used for patients with 1 to 3 tumors. SBRT could be considered for larger lesions or more extensive disease, J | S n
if there is sufficient uninvolved liver and IIVer radiation tolerance can be respected. There should be no extrahepatic disease or it should be Insi €0 ng
minimal and ina plan. The majority of data on radiation for HCC liver tumors arises from patients
with Child-Pugh A liver disease; safety data are limited for patients with Child-Pugh B or poorer liver functon. Those with Child-Pugh B
cirrhosis can be safely treated, but they may require dose modi and strict dose int adherence.2’ The safety of liver radiation
for HCC |ngallems with Child-Pugh C cirrhosis has not been established, as there are not likely to be clinical trials available for Child-Pugh
C patients.
- Proton beam therapy (PBT) may be appropriate in specific situations.” 23.24
- Palliative EBRT is appropriate for symptom control andfor of ications from ic HCC lesions, such as bone or brain.

Joumnal of the Formosan Medical Association (2018) 117, 381—-403
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Attention au tube digestif et aux ATCD

Table 7 Dose constraints for stomach and duodenum in liver SBRT

Baeetal. [5] Kavanaghetal.  Rusthoven etal.
[36] 63]
Number of fx 3 3 3
Gy/fx 15(11-20) 12-20 20
Prescribed 70-87% covering PTV (CyberKnife) ~ PTV 80-90% covering
isodose 92-98% covering PTV (Rapid Arc) PTV
Stomach Dinax <30 Gy Dinax <30 Gy
Duodenum Dinax <30 Gy
>3 gastroduo-  Dpa35Gy: 5% No No
denal toxicity  Dpax 38 Gy: 10%

Sterzing F et al. Strahlenther Oncol 2014. 190; 872




Thrombose porte néoplasique (PVTT)



Thrombose porte néoplasique (PVTT)
Situation clinique rare en oncologie

Pronostic sombre (BcLc ¢), hétérogénéité pts
risque d'essaimage, pronostic vital engagé

Place pour un traitement local aggressif ?

RT : Forme tumorale spécifique : vaisseaux
Quel volume irradier ? Dose ?
Associations thérapeutiques ?
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BCLC strategy for prognosis prediction and treatment recommendation Barcelona

Clinic Liver Cancer (BCLC) staging system. The 2022 update
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Quel traitement local ?
Associations ?

Table 1. Locoregional therapies for HCC with PVTT.

Study

Type Size

PVTT

Treatment

Outcomes

Luo 2011 [17]
Zhu 2014 [18]
Yoon 2018 [19]

Venerito 2020 [15]

Garin 2015 [20]
Yang 2012 [21]
Giorgio 2016 [22

Ding 2020 [23]
Long 2016 [24]

Prospective 164
Retrospective 91
RCT 90

Meta-analysis 1243

RCT 41
RCT
RCT

Prospective
Prosp ective

Vpl-Vp4
Vp2, Vp3
Vp 2-Vp4

Vp 2-Vpd

Vp 2-Vp4
Vp 1-Vp4
Vp4

Vpl-Vp3
Vp2-Vp4

TACE
TACE + sorafenib
TACE + ERBT

TARE

Personalized Dosimetry
TARE
Cryotherapy + sorafenib

REFA + sorafenib

RFEA + TACE + sorafenib
MWA after TACE

12- and 24-mos. OS of 30.9% and
9.2%, downstaging in 10.7%
0S 14 mos
05 13.8 mos, downstaging in
11.1%
Non-inferiority of TACE to
sorafenib
0S 22.9 mos, downstaging in
12.2%
0S5 12.5 mos
1-, 3-, and 5-year OS: 63%, 30%,
and 20%
0S5 15.3 mos
0S5 13.5 mos

PVTT = portal vein tumor thrombus; RCT = randomized, controlled trial; TACE = transarterial chemoembolization; ERBT = external beam
radiotherapy; TARE = transarterial radioembolization; RFA = radiofrequency embolization; MWA = microwave ablation; downstaging

refers to the percentage of patients who were able to undergo resection or ablation following treatment.




SBRT pour thrombose porte tumorale

Advanced radiotherapy technique in
hepatocellular carcinoma with portal vein
thrombosis: Feasibility and clinical outcomes

0.75

Chonlakiet Khorprasert', Kanokphorn Thonglert?, Petch Alisanant?, 0.50

Napapat Amornwichet ' *

Probability of survival

1 Faculty of Medicine, Division of Radiation Oncology, Department of Radiology, Chulalongkorn University,
Bangkok, Thailand, 2 Division of Radiation Oncology, Department of Radiology, King Chulalongkorn 0.25
Memorial Hospital, Bangkok, Thailand

Table 4 Tumor, PVTT and overall response after the completion of the RT.

Response Tumor Response (n = 81) PVTT Response (n=117) RR 84%

CR 16 (19.8%) 26/(22.2%) Number of Time (months)
patients at risk 19

SPE ?:Ei;:: 72615 Tox G > 3 Fig 1. Kaplan-Meif™nalysis of overall survival.
PD 9 (11.1%) 19(16.2%)

Responder (CR + PR) 60 (74.1%) 98 (83.8%) 14%

Non-responder (SD + PD) 21 (25.9%) 19 (16.2%)

Table 2. Univariate and multivariate analyses of potential prognostic factors for overall survival.

Variables Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value ®

Age (< 60 yr vs > 60 yr) 1.35 0.96-1.91 0.09 103 0.66-1.60 0.90 Tallle tu me“r
ECOG-PS (2vs 0-1) 2.08 1.39-3.09 < 0.001 141 0.79-2.52 0.24
Child-Pugh score (B or Cvs A) 1.85 1.28-2.67 0.001 L.07 0.64-1.79 0.79
Hepatitis B/C infection (yes vs no) 1.02 0.69-1.49 0.94 Do se RT
Tumor size (> 10 cmvs < 10cm) 2.62 1.82-3.77 < 0.001 2.00 1.27-3.14 0.003
PVTT location (main/bilateral first branch vs others) 1.22 0.86-1.73 0.26 y 4 d
BEDI0 (< 56 Gy vs > 56 Gy) 2.64 1.81-3.83 < 0.001 1.83 1.15-2.90 0.01 Repon e“ r
Overall response (SD/PD vs CR/PR) 2.04 1.31-3.19 0.002 2.00 1.26-3.17 0.003
RT technique (non-SBRT vs SBRT) 1.18 0.71-1.96 0.53




La SBRT peut permettre
une restauration du flux portal :
Aspect dynamique de I'efficacité

Stereotactic body radiotherapy based L Un traitement

treatment for hepatocellular carcinoma
with extensive portal vein tumor local devient

thrombosis possible apres
o e s ok o Y L o a2 0 o SBRT

Taux de réponse Taux de réponse complete SBRT puis TACE

Hoon Sik Choi,

Asia PacificJ ]
79% a 3 mois 10% 3 mois ofSCIaini::I ;n::ITgay,

84% a 6 mois 32% 6 mois 50% 9 mois Aug 2020




Radio-embolisation / SIRT / TARE

.. Original Article I SB R I
Radiation g
o) | pISSN 2234-1900 - eISSN 2234-3156
ncology Radiat Oncol J 2021:39(2):113-121
Journal https://doi.org/10.3857/r0j.2021.00213

Combination of yttrium-90 radioembolization with stereotactic
body radiation therapy in the treatment of portal vein tumor
thrombosis

Jason Liu', Colton Ladbury', Arya Amini', Scott Glaser', Jonathan Kessler’, Aram Lee’, Yi-Jen Chen'

'Department of Radiation Oncology, City of Hope National Medical Center, Duarte, CA, USA
2Department of Interventional Radiology; City of Hope National Medical Center, Duarte, CA, USA

Y90: 104 Gy, 846 ml
pour le parenchyme

SBRT:30 Gy en 5 Fx, 91 m| JE
pour thrombus, PVTT S 5

1 mois d’intervalle — S
12 pts Fig. 2. Local control for all patients.

Fig. 4. Example of a SBRT plan to the PVTT and near CR after treatment. Patient #12 was an 83-year-old Asian male with hepatocellular carci-
noma who received surgery, transarterial chemoembolization, and sorafenib, but progressed with worsening PVTT. Patient was treated with oy
radioembolization 107.3 Gy followed by SBRT 27.5 Gy in 5 fractions. Patient had near CR 3 months after SBRT. SBRT, stereotactic body radiation
therapy; PVTT, portal vein tumor thrombosis; CR, complete response.




MRI-Guided Radiotherapy D

* Maeilleure visualisation de la tumeur
(important pour CHC)

Contourage plus précis

Intégration des mouvements tumoraux,

Suivi de la cible en temps réel,
Faibles marges (épargne parenchyme)

Joumal of Cancer Rese=arch and Clinical Onaooliogy
hitpsdoLoeg/10.1 0070043 2-021-03785-2

ORIGINAL ARTICLE - CLINICAL ONCOLOGY

MRI-guided radiotherapy for PVTT in HCC patients: evaluation
of the efficacy and safety

Fig.1 Example of plan of stereotactic body radiation therapy for por- less than 15 Gy was more than 700 cm®. *Orange line—95% isodose
tal vein tumor thrombi. The patient received stereotactic body radia- line, yellow line—90% isodose line, green line—80% isodose line,
1 1 1 1 tion therapy of 50 Gy in 5 fractions for portal vein tumor thrombus. cyan line—42% isodose line (21 Gy). blue line—30% isodose line
5o Ju“g Lee’ - M?”Wm Kirm '?W'HEW Kwrak' - Hj'e Jin H.ang Prescription dose was planned to cover more than 95% of the PTV (15 Gy)

volume (D95%=100%). The volume of normal liver that irradiated

Received: 12 Juby 2071 § Aoospted: 28 August 2021
& The Authors), under mvcushe licence to Springer-Yerzg GmbH Germaryg, part of Springer Mature 2071

12 Pts, 83% controle local

8 TACE post RT

Conclusion MRI-guided tumor tracking HFRT and SBRT was a feasible, effective, and safe treatment option in HCC patie
with tumor thrombi in the main trunk or first branch of the portal vein.




CHC chez un patient de 63 ans
Mr FE DE A envahissant la veine cave inférieure
et la branche portale droite

avec contraste d 212 ST- 4 mm
ST:25 P ¥ WL-150 - V < P

Radiothérapie 60Gy/20fr puis ATEZOLIZUMAB et BEVACIZUMAB
Excellente tolérance du traitement




Couverture dosimétrique

Coupe supérieure Coupe moyenne Coupe inferieure

Isodose 95%



Récidive de CHC chez un patient de 54 ans au niveau
Mr C P du dome hépatique avec thrombose cave inférieure
‘ tumorale remontant jusqu’a I'oreillette droite

Avant Apres (délai 3 mois)

Résultat apres RT ( 68 Gy/17 fr) puis ATEZOLIZUMAB BEVACIZUMAB
Toxicité: GEsophagite grade 2




DOSIMETRIE

-y : Dose 3D MAX.: 106.0 %
106.0 JrHH 2 v, O P e MAX. 3D pour Z_PTV 1: 106.0 %
B 106.0 ; &\ L MIN. 3D pour Z_PTY 1:81.8 %
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Couverture dosimétrique
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Au total

PVTT fréquente (50%), pronostic sombre (C)
Chirurgie, TACE difficiles

Sélection des patients nécessaire, RCP

Approche multidisciplinaire

SBRT: efficacité, tolérance
Role majeur a jouer, en association ATzBev...

Permet traitements locaux (Xie, TACE, TARE)




