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How it started... How it's going...

1994. 2023:

- keine online Bildgebung - online 3D Bildgebung, prazise Applikation

- nur 2D Verifikation - hohe Einzeldosen mit steilen Dosisgradienten

- 3D Felder - Atemgating /Tracking

- keine Bewegungskompensation - optimale pratherapeutische Bildgebung (MRT, PET..)

- suboptimale pra-RT Bildgebung - exakte Kenntnisse, internationale Guidelines fur SBRT

- Normalgewebstoleranz?
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Tumor Thrombus
Based on tumor burden, liver Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage (D)
function and + Single s2 cm « Single, or <3 nodules each s3 cm + Multinodular + Portal invasion and/or extrahepatic spread = Any tumor burden Yu et al. Sem
physical status « Preserved liver function®, PS 0 « Preserved liver function®, PS 0 * Preserved liver function®, PS 0 *» Preserved liver function, PS 1-2 = End stage liver function, PS 3-4 .
Radiat Oncol 2018

Refined by AFP, ALBI score,
Child-Pugh, MELD
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( ) Potential candidate Single =3 nodules, Extended Well defined Diffuse, infiltrative,
for liver each €3 cm| | liver transplant | | nodules, preserved extensive
transplantation criteria portal flow, bilobar liver
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bilirubin
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1. Palliativ - Symptomkontrolle

CCTG HE.1: RT fur symptomatische HCC/mets

CCTG HE.1 Schema

HCC or liver mets with
stable pain > 4/10

Largest cancer pain burden in liver |
Advanced liver cancer (> 50% of liver,

ARM 1 patients

may receive RT
(8Gy/1%)

. if desired after 1

ARM 1: month assessment

Best ;

Supportive

> 10 mets, >10cm, vascular invasion) :

Unsuitable for or refractory to standard —> —) I —

local-regional or systemic therapy \

Platelets > 25k; AST or ALT < 10x ULN
PS 0-3 i BSC

Child Pugh < C11 + RT 8 Gy/1

No cholangitis
No prior RT or TARE

* Patients also receive anti-emetic pre-RT (dexamethasone 4 mg, granisetron 1 mg or equivalent)

Planned sample size: 45 evaluable patients (= 60 accrued), 2 sided alpha <0.05, power 80% to show
improvement in 5% (BSC arm) to 40% (RT arm)

ASCO GI 2023; Congess Slides Prof. Dawson, posted on X
by Dr. Stanford N. for @OncoAlert
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Phase Il (Canada), NCT02511522
Palliative RT vs. BSC

43 Metastasen, 23 HCC

ECOG 2-3

64% CP A

Baseline Schmerz 7/10
Endpunkt: Schmerzreduktion

Grole Zielvolumina (3600ml im Median), 1x8Gy +
Antiemese/FC

-> signifikantes Schmerz-Ansprechen
-> 3-Monate OS 33 vs. 51%

Medizinische Fakultat Mannheim g L UNIVERSITAT

der Universitdt Heidelberg R HEIDELBERG
3 ZUKUNFT

Universitatsklinikum Mannheim SEIT 1386




2. Oligometastasiertes HCC

Local Treatment of Hepatocellular Carcinoma with

Oligometastases: A Systematic Review and Meta-Analysis

Sooyeon Kim **, Jungsue Lee ** and Chai Hong Rim 1.2*

Oligomets: LN, Lunge, NN, Knochen

Lokale Therapiemodalitaten: RFA, OP, (hypofraktionierte) RT, SBRT
Metaanalyse mit Suche bis 2022 (10 Studien), Endpunkt: OS

Onkologischer Benefit konsistent in der gepoolten Analyse

Gepoolte Uberlebensdaten vorteilhaft im Vergleich zu der hist. Literatur

Keine relevante Erhéhung der Toxizitat

Diese systematische Review ist eine Basis fiir die Verwendung lokaler Therapiestrategien bei

Oligometastasen

Owerall

Factors

No. of . Treatment Primary Follow-Up . . Toicity
Author Patients Study Design Method Controlled Period Survival Affecting (Grade = 3)
(M, Median) Survival
MOS 16.3 3 cases of grade 4
months CPC Leukopenia {5.2’!-&];
SBRT (/005 Controlleq 2 cases of grace 3
Jo 58 Case series (chemotherapy, MI"].:’SJH-#]':F primary pneujmm'ua Ef' al
36.2%) : disease, RT A
maonths leukopenia (1.7%),
(1/2y: 22.4, response 1 case of
13.5%) dermatitis (1.7%)
M19.9 months -
Song ¥ Case series SBET 19.9 1/ 3y: Treat-mgnt No slgmf'tca.nt KT
67.6/35.5 modality complication

Cancers 2023, 15, 3467. https:/ /doi.org/10.3390/ cancers15133467

= Records identified through database
2 searching Additional records identified
E Embase &3, Pubmed 36, Cochrane thraugh other sources
= llbrary 4 (n=121) n=01)
§
s i l
— Duplicated amang databases (n =32)
£
g e Records excluded
W {n =50 \ Irrlewant subject |20
Irrelevant format (36)
L Mo target informatien (2}
too few patients (5]
S— in=70)
Full-text articles assessed
z far eligibility
] (n=20) \ Full-text articles excluded,
= I
B
S Studies included in {n = 10}
qualitative synthesis
(] {r=10)
|
= Studies included
'—Q' (m=10)
Pooled 1-year OS
Study name Event rate and 95% CI
Event Lower Upper
rate limit limit
Pan 0583 0438 0715
Chen 0617 0447 0763
Kim_new 0916 0771 0973
Omae 0.940 0666 0992
Mu 0910 0824 0956
Lyu 0.667 0429 0842 +Hi-
Mataoba 0733 0467 0896 —l-
Kim_old 0393 0277 0522 B
Jo 0.655 0525 0765 B
Song 0676 0512 0806 —t
Pooled rate 0718 0590 0819 @
Heterogeneity p=0.001, I*= 81.5% -1.00 0.50 0.00 050 1.00



3. HCC - lokale Ablation

3.4.3 Stereotaxie

3.66 Evidenzbasierte Empfehlung modifiziert 2023 Diagnostik und Therapie

Empfehlungsarad  Eine Hochprazisionsradiotherapie (Stereotactic Body Radiotherapy; SBRT) sollte des Hepatozellularen
B geprift werden, wenn andere lokale Therapieverfahren nicht oder nur mit Ein- Karzinoms und biliéirer

schrankungen maoglich sind. .
Karzinome

Level of Evidence I \ ) . ) ) Version 4.0 - August 2023
2 AWMF-Registernummer: 032-0530L

Konsens (88% Fustimmung (84% Fustimmung unter Mitberechnung der Enthaltungen aufgrund von Inte-
ressenkonflikten)
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Retrospektive Studien - Limitationen

Radiotherapy for HCC: Ready for prime time?

Andrew Bang,' Laura A. Dawson '

JHEP Reports 2019 vol. 1 | 131-137

Isodoses:

* 40 Gy
* 35Gy

Table 1. Selected prospective studies.

Study Median Ccp Tumour  Extrahepatic Median Dose/ Acute Local Overall

follow-up, score vascular disease length or  fractionation grade 3+ control survival

months thrombosis volume Gl or liver
(range) (range) toxicity
Feng (2018) 37 AT 18% 19% 3 cm 23 Gy/5-60 7% | 2-yr:95% na.
n=290[19] B: 23% (0-13 ¢m) Gy/5
Kim (2018) 27 A 88% 0% 0% 2.1 cm 36 Gy/4-60 0% | 2-yr: 81% 2-yr: 81%
n=32[20] (12-55) B: 12% (1.0-4.5 cm) Gy/4
Moon (2018) 127 A 93% - 18% 225cm® 275 Gy/5-45 7% | 1-yr: 81% 1-yr: 36%
n=30[21] B: 7% (2.8-145 cm?) Gy/3
Takeda (2016) 41.7 A 91% 3% 0% 2.3 cm 35 Gy/5-40 11% | 3-yr: 96% 3-yr: 67%
n=290[22] (6.8-96.2) B: 9% (1.0-4.0 cm) Gy/5
Lasley (2015) CPA: 333 A:64% 20% 0% 336 cm® 40 Gy/5-48 20% 3yr 3-yr:
n=>59[23] CPB: 463  B: 36% (2-107 cm?) Gy/3 A1 91% A: 61%
B: 82% B: 26%
Scorsetti (2015) 8 A:53% 20% 4% 4.8 cm 36 Gy/6-75 16% | 1-yr: 86% 1-yr: 78%
n =43 [24] (3-43) B: 47% (1-13 cm) Gy/3 2-yr: 64% 2-yr: 45%
Bujold (2013) 314 A: 55% 12% 117 cm? 24 Gy/6-54 30% | 1-yr: 87% Median:
n=102[18] 100% (1-1,913 cm?®) Gy/6 17 months
Kang (2012) 17 A 87% 1% 0% 2.9 cm 42 Gy/3-60 64% | 2-yr:95%  2-yr: 69%
n=47 [25] (5-38] B: 13% []3-?8 ClTI] Cy3 he Fakultat Mannheim
isitdt Heidelberg

Mendez-Romero (2006) 13 A 63% 38% 0% 3.5cm 25 Gy/5-37.5 125% | 1-yr: 75% 1-yr: 75% |skinikum Mannheim
n==5[26] (1-31) B: 25% (0.5-7.2 cm) Gy/3 2-yr: 40%

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386



ASTRO 2022, Dawson et al., congress abstract
Watcharawipha et al., 2023; Craig et al., 2023

RTOG 1112: Systemtherapie +/- SBRT, Ph. Il

- Vorzeitig geschlossen (veranderte Systemtherapie-

Landschaft)
NRG/RTOG 1112 Schema - 193 Pat randomisiert

e~ _ = Sorafenib - ' =
p- S Y S 5 I\/Ied!an 0S 12 vs. 15.8 Monate (p=0.055)
e oo | [ SR | T - Median PFS 5.5 vs. 9 Monate (p=0.0001)
Jmce P HopathisBvs. Cve.cther | = - TTP 9.5 vs. 18.5 Monate! (p=0.034)
. F'I.'jll.ell:ﬂ:%l B0 I ) z::?miﬁ;an ve. nan-Hanh D
- <20 am suma He o toson i )| 2|y, SBRT Sorafenib . .
o S| | 7a.00m 7| Bemamvacu. - 82% BCLC-C, 63% MVI, grol’e Tumore (8cm DM)
o

\, o dopea o s vsson ) - 20-50Gy in 2-5F (angepasst an Risikoorgan-Dosen)

- Keine erhohte Toxizitat bei Addition von SBRT

NRG Landmark Studie, jedoch:
HRGRTOS 1112 li
? Rolle der SBRT in Immuntherapie-Ara?
-> Neue Studien notwendig, e.g. Atezo/Beva +/- SBRT
QO Ui7Aa e s It dkfZ, somomemmn e -
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SBR™

BBR

" vs. RFA

Radiofrequency Ablation Versus Stereotactic Body
Radiotherapy for Localized Hepatocellular Carcinoma in
Nonsurgically Managed Patients: Analysis of the National

Cancer Database J Clin Oncol 36. @ 2018 by American Society of Clinical Oncology

Devalkumar J. Rajyaguru, Andrew J. Borgert, Angela L. Smith, Reggie M. Thomes, Patrick D. Conway, Thorvardur R.

n= 3684 RFA (93%)

" versus andere |okal ablative Therapien:

- SBRT Patn sign. Alter — Patientenseletion...
- Tumor grolSer
- Ishak Fibrosis fortgeschrittener....

- Keine Daten bezlglich lokale Kontrolle und
Technik

- Keine Daten zu Child-Turcotte-Pugh score

- fehlende BCLC Stadium und Daten bzgl. MVI

- Ausschluss von Patients mit neoadj./adj. Tx oder
vorherige andere lokalablative Therapien

https://doi.org/10.1016/j.clon.2023.07.002

Tori Sumo fun pictures

SR
(2483)

Fig 2. Network of comparisons for overall survival generated by a

A
— 1400 4 @ Radicfrequency Ablation (RFA} 1.0 4y
E Stereotactic Body Hadiation Therapy (SERT) —_—
— 1200 - =
= £ os-
1000
= o S
=5
5 E Sl — :._—'u- 0.6 4
= £
. ﬁ, 600 - S 0.4
= =
-; d-m = ;
(5T} =S 0.2
& 200 -
(=
(] DH 0
2004-2006 2006-2007 2008-2009 2010-2011  2012-2013  « ,
. - IN . -
Diagnosis (year) RFA 3684

24

T comparative network meta-analysis. The size of the nodes is pro-
48 72 portional to the number of patients (in parentheses) receiving the

Last Contact or Death (months : treatment. The width of the lines is proportional to the number of

1,200

cog 244 studies (adjacent to the line) comparing the connected treatments.

RFA, radiofrequency ablation; SBRT, stereotactic body radiotherapy;
SR, surgical resection.



RT (PBT) vs. RFA

Journal of Hepatology 2021 vol. 74 | 603-612

Proton beam radiotherapy vs. radiofrequency ablation for recurrent

hepatocellular carcinoma: A randomized phase III trial erence BT AR % rerence s G i
PP population (90% CI) Non-inferiority
Tae Hyun Kim"*', Young Hwan Koh'*', Bo Hyun Kim', Min Ju Kim?, Ju Hee Lee'?, 2 year 108 (15-200) . <0001
Boram Park®, Joong-Won Park"* \ i -
year 10.7 (-0.8-22.1) ! <0.001
4 year 8.2 (-3.9-20.2) i ¢ 0.001
ITT population i
2 year 9.6 (0.7-184) i <0.001
3 year 7.5(-3.5-18.5) i * <0.001
4 year 4.7 (-7.0-16.5) i * 0.003
Phase IlI, noninferiority RCT _
Patienten mit HCC (recurrent/residual)
G Az

Nichtunterlegenheit bzgl. 2J lokale PFS (92.8% vs. 83.2%)
weniger Patienten mit Child-Turcotte-Pugh Score Erh6hung nach Therapie
(7.5% vs. 19.6%)

90 4
80 4
70 | RFA

60 4
50 4

l

s
S
.

30

Overall survival rate (%)

N W e B N 0 ©

o o O O O 0 O o
Local progression-free survival rate (%)

HR (95% CI) = 1.19 (0.62-2.27), p = 0.600 20 1 HR(90% Cly= 051 (0.26-1.03), p= 0.114
10 10
0 : : : 0
0 1 2 3 4 5 6
incti DEUTSCHES o 1t 2 3 4 5 6 i
@ uvm DKFZ -Hector Krebsinstitut dldz DTS CHES  \GSZENTRUM Tine aftes reatment o) Time after treatment (1)
UNIVERSITATSMEDIZIN @  IN DER HELMHOLTZ-GEMEINSCHAFT No. at Risk No. al Risk
o MANNHEIM RFA 56 55 52 3 23 16 1 RFA 56 49 46 2 19 13 2

FBT 80 ™ 7 50 34 19 4 PBT 85 78 72 48 30 14 2



RT (PBT) vs. TACE

Enrollment

Assessed for eligibility (n=167)

Excluded (n=91)

+ Not meeting inclusion criteria (n=68)
* + Declined to participate (n=18)
+ Other reasons (n=5)

‘ Randomized (n=76) ‘

|

L J

Allocation | Y

Allocated to TAGE (n=40)
+ Received allocated intervention (n=39)
+ Refused allocated intervention (n=1)

\ J
Allocated to PET (n=36)

+ Received allocated intervention (n=35)

+ Did not meet protocol constrains (n=1)

|

{ Follow-Up ! l

Lost to follow-up (n=0)
Received follow—up evaluations (n=39)

Lost to follow—up (n=0)

Received follow-up evaluations (n=35)

v

| Analysis | v

Analysed (n=39)
+ Excluded from analysis (n=0)

Analysed (n=35)
+ Excluded from analysis (n=0)

RCT

Neu diagnostiziertes, limited stage HCC

@ uvm
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Proton beam radiotherapy versus transarterial
chemoembolization for hepatocellular carcinoma: Results of
a randomized clinical trial

David A. Bush MD'® | Michael Volk MD? | Jason C. Smith MD® |
Mark E. Reeves MD, PhD* | Samrat Sanghvi MD! | Jerry D. Slater MD! |
Michael deVera MD? Cancer. 2023:1-10.

Proton = Tax B
- OS vergleichbar
- LC und PFS signifikant besser mit PBT
- weniger Behandlungs-sessions
- niedrigere Toxizitat (Oberbauch-Schmerzen, Nausea, Fatigue)
- weniger Krankenhaus-Aufenthalte
- weniger Kosten
TABLE 4 Hospitalizations (within 30 days) after PBT and TACE.
PBT (n = 36) TACE (n = 39) p
Treatment courses 43 69
Subjects hospitalized within 30 days of treatment 2 62 <.001
Total days hospitalized, all patients 24 166 <.001
Days hospitalized for routine post PBT/TACE observation 0 53

Abbreviations: PBT, proton beam radiotherapy; TACE, transarterial chemoembolization.



SBRT vs. TACE

Transarterial Chemoembolization With Drug-
Eluting Beads Versus Stereotactic Body
Radiation Therapy for Hepatocellular
Carcinoma: Outcomes From a Multicenter,
Randomized, Phase 2 Trial (the TRENDY Trial)

Alejandra Méndez Romero, MD, PhD,* Bronno van der Holt, PhD,* Francois E.J.A. Willemssen, MD,

Rob A.de Man, MD, PhD," Ben J.M. Heijmen, PhD,* Steven Habraken, PhD,* Henrike Westerveld, MD, PhD,’
Otto M. van Delden, MD, PhD,|| Heinz-Josef Kliimpen, MD, PhD, Eric T.T.L. Tjwa, MD, PhD,”

Pétra M. Braam, MD, PhD,** Sjoerd F.M. Jenniskens, MD, PhD,'" Thomas Vanwolleghem, MD, PhD,**
Reinhilde Weytjens, MD, "I | Olivier d’Archambeau, MD, PhD, ¥ Judith de Vos-Geelen, MD, PhD,"*

Jeroen Buijsen, MD, PhD,*** Christiaan van der Leij, MD, PhD,''" Wilhelm den Toom,* Dave Sprengers, MD, PhD,'

Jan N.M. lJzermans, MD, PhD,** and Adriaan Moelker, MD, PhD'

(a)100- TTP
Zensur bei Lebertransplantation
o 799
g
;',L 50
© 251
TACE-DEB
‘I:P\{:E-DEB 1? 18_
0 SBRT 12 =] " ; | :

0 & 12 18  months 24 titut dk1
Al risk:

TACE-DEB 16 "
SBRT 12

2
10 4

oo
L1

—
(=}
—
—
(=1
o
]

Cumulative percentage

N
TACE-DEB 16
BRT 12

https://doi.org/10.1016/j.ijrobp.2023.03.064

Arm A: TACE-DEB Arm B: SBRT
N =16 N =14
( not eligible  n=0 ) (noteligible  n=2)
Y Y

TACE-DEB SBRT TACE-DEB
N=16 (100%%) N=11 (92%) N=1 (8%)
Tcycle n=13 1evcle  h=1
2cycles n= 3 4

TTP

Post hoc analysis (keine Zensur bei
Lebertransplantation)

SBERT

Median FU 21 months

TACE-DEB Median TTP
12. vs. 19m
p=n.s.

Al risk:
TACE-DEB 16
SBRT 12

0

k:

12

-
oo

| &y w

months 24 [
o
S

o0
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https://doi.org/10.1016/j.ijrobp.2023.03.064

LC LC OS

Modified intention to treat Population as treated _
Median OS 36.8m vs. 44m
SBRT =Nn.s.
(b) 100 P
(€) 100 — 100
Median LC not reached :
i SBRT
= vs.12m
g8 754 75-
g p=0.075 % 8
@ [~ @
; 50 g E TACE-DEB
s o _
@ TACE-DEB o 907 g =0
2 = TACE-DEB &
5 5 35
© 254 g E
3 O 251
O 254
NI
TACE-DEB1E & N d
SBRT 10 O =
0 [ T I | Mo e ae B
0 6 12 18 months 24 v 0 ' : :
At sk 0 T T [ ! 0 12 24 months 36
TACEZES 18 P! : 3 2 0 6 12 18 months 24 acEoEs LT = ; 2
Al risk- SBRT 12 1 B 4
TACE-DEB 17 12 -] 3 3
SBRT 11 3 7 3 3
* SBRT mit SIgnIfI kant héherer LC Table2 Maximum toxicity scored in the TACE-DEB (n = 16) and in the SBRT (n = 11) safety populations after treatment
. DEB-TACE m|t meh r>G rade 3 Tox System organ class CTCAE grade 3 no. (%) CTCAEgrade4 no. (%) CTCAE grade 5no.(%) CTCAE grades 3-5 no. (%)
TACE SBRT TACE SBRT TACE SBRT TACE SBRT
» SBRT in allen Settings mit hohem lokalem Kontrollrate (90%) Any AE 1@ 665 16) 10) 16 : 6(38) 7(64)
Blood and lymphatic 2(13) - - - - - 2(13) -
e Patientenzahl zu gering (28 von geplanten 100) — eingeschrinkte Statistik il : 10 : 10 : : : 2(18)
Gastrointestinal 1(6) - - 1(9) - - 1(6) 1(9)
* Grinde: Geringe HCC Inzidenz in Europa; Einschlusskriterien (CP A, 6¢cm, kein MVI, kein Aszites und keine | Hepatobiliary 1(6) - : - - - 1(6) -
oesophagea Ie Va rizen) Infections/infestations 1(6) 2(18) 1(6) - - - 2(13) 2(18)
Procedure complications 1(6) 1(9) - - - - 1(6) 1(9)
* interdisziplindre Zusammenarbeit verbesserbar Investigations 2(13) 208) : - - - 2(13) 2018)
Metabolism and nutrition 2(13) - - - - - 2(13) -
* Jedoch: Studie etabliert hohe Qualitatskriterien in der Strahlentherapie und prasentiert eine hohe LC Nervous system : 109) : - 1(6) - 1(6) 109)
Renal and urinary 1(6) - - - - - 1(6) -
Therapieentscheidungen beim hepatozellularen Karzinom: dl(‘fz DEUTSCHES -\ | Repirtonthoracic 1(6) 1(9) - - - - 1(6) 19)
i ediastin:
H _ H Strahlentherapie und Onkologi
Erkenntnlsse aus dEI’ TRENDY St u dle hﬁis,rledd_:,.g_,p:x]gu;,g;m;u;g.gu 403 . IN DER HELMHOLTZ-GEMEIN The maximum follow-up considered for the table was 2 years.
Abbreviations: AE = adverse event; CTCAE = Common Terminology Criteria for Adverse Events; SBRT = stereotactioc body radiation therapy; TACE-
Danny Jazmati'* - Judit Boda-Heggemann? - Oliver Blanck® - David Krug? DEB = transarterial chemoembolization delivered with drug eluting beads.




Curr. Oncol. 2022, 29

Kombination?

Stereotactic Radiotherapy after Incomplete Transarterial

* Phlll

(Chemo-) Embolization (TAE\ TACE) versus Exclusive TAE * Inop HCC, incompl. response nach >1 TAE/TACE
or TACE for Treatment of Inoperable HCC: A Phase 111 . o :

Trial (NCT02323360) SBRT hohere LC als wiederholte TAE/TACE

Tiziana Comito 1, Mauro Loi 2, Ciro Franzese 13(), Elena Clerici 1, Davide Franceschini 1-*(, Marco Badalamenti 1, e SBRT: bessere PFS

Maria Ausilia Teriaca !, Lorenza Rimassa (%, Vittorio Pedicini °, Dario Poretti °, Luigi Alessandro Solbiati 35,
Guido Torzilli #°0, Roberto Ceriani 7, Ana Lleo *7(, Alessio Aghemo %7, Armando Santoro 3*

and Marta Scorsetti 1 d Kel N OS Be nEfIt

Patient Identification
*HCC treated with incomplete TACE/TAE
*CPTclassAorB A Local Control

Progression-Free Survival

m

100
l £ o
£ T @
Stratification factors — . . T 70
= = .
sCenter E @ 60
sGender & Foos0r
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Prospective Study of Stereotactic Body
Radiation Therapy for Hepatocellular
Carcinoma on Waitlist for Liver
Transplant

Tiffany Cho-Lam Wong =) ' Victor Ho-Fun Lee ** Ada Lat-Yau Law,® Herbert H. Pang,® Ka-On Lam,** Vince Lan,”
Tracy Yusht Cw,? Adrianna Sze-Yin Fong 5! Sarah Wai-Man Lee,* Edwin Chun-Yin Wong, Jeff Wing-Chin D, '

Albert Chi-Yan Chan,"* Tan-To Cheung,"” James Yan-Yue Fung =/ ** Rebecra Met-Wan Yeung, Ma-Yee Luk,

To-Wat T enne *4 and Chone-Man Ta'2
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Integration of Systemic and Liver-Directed
Therapies for Locally Advanced
Hepatocellular Cancer: Harnessing Potential
Synergy for New Therapeutic Horizons

Eric H. Bent, MD, PhD"; Eric Wehrenberg-Klee, MD?; Eugene J. Koay, MD, PhD? Lipika Goyal, MD*"; and
Jennifer Y. Wo, MD"*

Table 1. Ongoing Prospective Trials Combining RT and Systemic Therapies

N ClinicalTriak.gov
Trial Study Type (Anticipated) Identifier Agent Class
RTOG1112: sorafenib + SBRT Randomized phase Il 368 NCT01730937 Anti-VEGF TKl
Sorafenib + TACE + SBRT Randomized phase III 54 NCT04387695 Anti-VEGF TKI
Sorafenib = proton RT Randomized outcomes trial 220 NCTO1141478 Anti-VEGF TKI
Sorafenib + RT + HAIC (5-FU) Single-arm phase || 47 NCT 02425605 Anti-VEGF TKI
Sorafenib + RT Single-arm phase || 86 NCT03535259 Anti-VEGF TKI
Sorafenib + RT Single-arm phase Il 45 NCT01328223 Anti-VEGF TKI
Axitinib vs RT vs RT + axitinib Randomized phase Il 2 % 2 160 NCT03732105 Anti-VEGF TKI
Apatinib £ RT Randomized phase II 50 MNCT03520257 Anti-VEGF TKI
Axitinb + RT Phasa | 9 NCT02814461 Anti-VEGF TKI
SBRT + sintilimab Randemized phase I/l 116 NCT04167293 Anti-PD-1/PD-L1
Sintilimab + SBRT Randomized phase || 84 NCT04547452 Anti-PD-1/PD-L1
Durvalumab + tremelimumab + SBRT Single-arm phase Il 70 NCT03482102 Anti-PD-1/PD-L1
Carrelizvmab + SBRT Single-arm phase || 39 NCT04193696 Anti-PD-1/PD-L1
START-FIT: avelumab + TACE + SBRT Single-arm phase 11 33 NCTO3817736 Anti-PD-1/PD-11
PEMRAD: pembrolizumab + SBRT Single-arm phase Il 30 NCT03316872 Anti-PD-1/PD-L1
IBI308 (anti-PD-1) + SBRT Single-arm phase |1 30 NCT03857815 Anti-PD-1/PD-L1
Toripalimab + SBRT Single-arm phase || 30 NCT04169399 Anti-PD-1/PD-L1
Durvalumab + SBRT = ingle- phase Il 30 NCT04430452 Anti-PD-1/PD-11
Mivolumab + SBRT = ipilimumab Phase | 50 NCT03203304 Anti—PD-1/PD-L1
Sintilimab (anti-PD-1) + SBRT Phase | 20 NCT04104074 Anti-PD-1/PD-L1
Carrelizumab + apatinib + SBRT Single-arm phase || 27 MNCT04523662 Anti-PD-1/PD-L1
Meoantigen T-cell infusion + RT Single-arm phase /1| 40 NCT03199807 Cell therapy
Dendritic cell infusion + PCV13 + RT Phase | 26 NCT03942328 Cell therapy
CAPOX + RT Phase | 30 NCT02403544 Chemotherapy
Endostatin + RT Single-arm phase || 61 NCT03208335 AntiVEGF
Galunisertib + RT Phase | 15 NCT02906397 Anti-TGF-g

Abbreviations: CAPOX, itabine/

tion therapy; SBRT, stereotactic body radiation therapy; TACE, transarterial cf

HAIC, hepatic arterial infusion chemotherapy; PCV13 preumococcal 13walent conjugate vaccine; RT, radis-
GF-B, g growth factor B; TKI, tyrosine kinase

inhibitor; VEGF, vascular endothelial growth factor.
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Anti-VEGF therapy

EBRT
Immune checkpoint blockade /

\ TACETARE

+ cGAS-STING signaling and
immunogenic cell death
+Type | IFN, HMGB1, ANXA1,
ATP, CALR release

+ Tumor antigen release

* Vascular normalization
+ Relief of DC inhibition
land T-cell exhaustion

APC and CTL activation
land anticancer activity

DC, CDB+ CTL, and CD4+
Th1 cell recruitment and
activation
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Enhanced anticancer activity
from combination therapy

NOT YET RECRUITING @

Phase Ib/Il Trial of Combining Pembrolizumab and Lenvatinib With SBRT for HCC Patients With
Portal Vein Thrombosis.

ClinicalTrials.gov ID @ NCT05286320
Sponsor @ National Taiwan University Hospital
Information provided by @ National Taiwan University Hospital (Responsible Party)

Last Update Posted @ 20230302

UNKNOWN STATUS @

Combination of Sintilimab and Stereotactic Body Radiotherapy in Hepatocellular Carcinoma
(ISBRTO1) (ISBRT01)

ClinicalTrials.gov ID @ NCT04167293
sponsor @ Mian XI

IVERSIT)
Information provided by @ Mian XI, Sun Yat-sen University (Responsible Party) HElSELSElgg
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Survival Outcome Analysis of Stereotactic Body Radiotherapy and
Immunotherapy (SBRT-10) versus SBRT-alone in Unresectable Hepatocellular
Carcinoma (HCC)

Chiang CL, Lee FAS, Chan KSK, Lee VWY, Chiu KWH, Ho RLM, Fong JKS, Wong NSM,
Yip WWL, Yeung CSY, Lau VWH, Kwan M, Kong F-MS, Chan ACY

Liver Cancer, DOI: 10.1159/000533425

SBRT-1O (n=30) SBRT (n=70) P value SBRT-10 (n-25) SBRT (n=50) P value SBRT-10 (n=25) SBRT (n-50) P value
12-month rate. % 89.9% (72.0% — 96.6%) | 75.7% (63.9% — 84.1%) 0.039 12-month rate, % 94.7% (68.5% — 99.2%) 85.2% (69.5% — 93.2%) 0.11 12-month rate, % 68.9% (45.5% — 83.8%) 58.9% (43.7% - 71.3%) 0.057
24-month rate, % 81.6% (61.1% —92.0%) | 51.3% (39.0% — 62.3%) 24-month rate, % 94,7% (68.5% — 99.2%) 81.3% (64.0% — 90.8%) 24-month rate, % 68.9% (45.5% — 83.8%) 40.5% (26.3% ~ 54.3%)
T6-monthrate, % | 59.8% (32.9% 78.8%) | 42.3% (30.5% —53.6%) 36-month rate, % 94.7% (68.5% — 99.2%) 76.5% (57.2% — 88.0%) 36-monthrate. % | 61.3% (35.9% - 79.1%) 32.5% (19.1% — 46.6%)
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Ausblick: Adaptive RT

Planungs-CT Inverse Planung CBCT Verschiebung Bestrahlung

Konturierung Dosisberechnung

Adaptive Umplanung

PTV baseline plan

1 I f o Automatisiert:
LQ-' Tagliche
&l

Online

Adaptation
i <ottt L _ (A t= 15 min)
N 1. Hochqualitative Bildgebung
? \ ; \ 2. Kunstliche Intelligenz:
kﬁ A &y A Bestrahlungsplanung
Mayinger M et al., Radiat
Oncol. 2021 May 4;16(1):84.
F@ umm DKFZ -Hector Krebsinstitut P | 7Q y TR A— nerer
[ z. IN DER HELMHOLTZ-GEMEINSCHAFT Universitatsklinikum Mannheim §Hr e

‘ UNIVERSITATSMEDIZIN
o MANNHEIM

PD Dr. Dreher, Mannheim



Universitatsklinikum

P s
‘ Dilsseldorf
Hep Reg

DEGRD®

ARBEITSGRUPPE RAMOCHIRURGIES
STEREQTAXIE

Real-world data on patients treated with stereotactic body radiotherapy (SBRT) for
Hepatocellular Carcinoma (HCC) (HepReg)

AN INTERNATIONAL MULTICENTRE REGISTRY COLLECTING DATA ON PATIENTS
TREATED WITH SBRT FOR HCC ( HepReg)

HepReg

Projektleitung: Dr. Danny Jazmaty, Disseldorf/ Prof. Dr. Thomas Brunner, Graz
Involvierte Kliniken: Kiel, Mannheim, Freiburg, Essen...
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AASLD Practice Guidance on prevention, diagnosis,
and treatment of hepatocellular carcinoma

Zusammenfassung

Amit G. Singal' | Josep M. Llovet®** | Mark Yarchoan® | Neil Mehta® |

Julie K. Heimbach” | Laura A. Dawson® | Janice H. Jou® | Laura M. Kulik'® |
Vatche G. Agopian' | Jorge A. Marrero'? | Mishal Mendiratta-Lala’® |

Daniel B. Brown™ | William S. Rilling™ | Lipika Goyal™ | Alice C. Wei'” |
Tamar H. Taddei'®1?

Clinical consensus statement: Establishing the roles of locoregional and

Pa I I |atlve RT bel SC h merzen | N d |Z | ert un d h OChW| rksa m (CCTG H E . 1 ) syst(?mic th‘eraé)ies éor the treatment of intermediate-stage hepatocellular
Oligometastasierte Situation: lokale Therapie von Oligomets kann Promnto Chacsy Rober 3 A, Brandon . Moyes ol Saptscin

David Valenti', Setareh Samimi*, Ravi Ramjeesingh', Amol Mujoomdar **, Tlidio Martins *,

angeboten werden ELifah Dixon, Maja Segedi, David M. Liu'

Lokale RT in Kombination mit Systemtherapie mit Benefit (RTOG 1112),  Cancer Treatment Reviews 115 (2023) 102526
Rolle mit aktuellen Systemtherapien wird in prosp. Studien untersucht

SBRT/PBT im Vergleich mit TACE und RFA sicher und effektiv, viele
abgebrochene Studien, Kombinationstherapie vielversprechend

Bridge vor Transplantation: SBRT sicher und effektiv

SBRT insbesondere fiir groRe Tumore (>4cm)/Rezidive/ mit
GefaRinfiltration/technisch schwer machbaren Thermoablation eine
sinnvolle Alternative
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Danke fur Ihre Auftmerksamkeit!

f— * DEGRO AG SBRT
’ * Team Leber: Prof Gkika, Prof. Corradini, Dr. Gerum, Dr. Jazmaty
* HEPReg: Dr. Jazmaty

e DGMP AG SBRT, Dr. Blanck
* UMM Team Leber: PD Dr. Dreher, Dr. Kastner, Prof Dr. Birgy, Prof. Giordano/ Prof. A. Teufel
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