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What is SBRT?

Precision vs. accuracy: SBRT (precise) vs. IGRT (accurate)

* Highly precise

* Very specialized

* needing expertise
 Selected patients

IMRT/ IGRT/
VMAT

Conventional/ 3D
Conformal



SBRT: points to remember

* Spinal cord
 Esophagus

 Doses are very potent and biologically damaging

e Bowel
e Ducts
* vessels

* Tissue response depends on:
* Dose delivered SBRT has limited benefit

* Volume exposed
Parallel organs

* Peripheral Lung
* Peripheral Liver

e Tissue radio-sensitivity

* High dose per fraction, thus:

_ . * Kidne

* Care for geographical misses e Y

- Cytotoxine sinkls * Pancreas
arget volumes - small A\ (__Response e Prostate

e Critical structure tolerances

N Immunotherapy

e  Small volume — SBRT best

Recurrence
Metastasis




HCC — SBRT : understanding basics.......
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HCC Treatment prmCIpIe Popcorn effect: background of Cirrhosis

HCC cells — average doubling time — 6 months
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Surgery / Transplant — Gold standard — 5 yr OS 70% Only 20% fit for surgery



HCC: Treatment

e HCC: 39 M/c cancer

Operable In-operable

Liver Transplant Radiofrequency

* Surgery Gold standard Ablation
: 5 yr OS — 70%
* Resection: 85% recurrence
.. : L Percutaneous
* Transplant: Limited donor = 20-40 % dropouts MELD / Milan criteria  Ethanol Ablation

Only 20% fit for surgery Transarterial
Non surgical Local management — as alternative Chemoembolization

Resection/ Cryo-ablation

Partial Hepatectomy

* “bridge” = until a donor organ is available Systemic
Chemotherapy

* Traditionally : RFA and TACE - neoadjuvant/ downstaging Radio-embolization

* RFA usable < 40% of cases — < 3 cm/ not close to vessels -
 TACE = only 65% LC @ 1 yr Radiation Therapy




Stage Very early Early rme Advanced Terminal
(BCLC) (0) (A) (C) (D)

l
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this issue but recommend TACE as first-line therapy
in this setting. The reason for the different recom-
mendations lies in the regional differences in the
availability of treatment modalities and LT proto-
cols, while there is insufficient data to recommend
one form of treatment over another.

The concept of salvage LT is only a minor topic in =~ ====

Criteria

supportive care

- - ... 1.
2. Resection 2. Resection
T 3. LT

e ARCTTY A ok A Sa _] [ll- ot

therapy L 2" line: regorafenib

or cabozantinib J

Fig. 1. Summary of stage-dependent recommendations on the treatment of HCC by the i ational guidelines. AASLD, American Association for the Study of
Liver Diseases; APASL, Asian Pacific Association for the Study of the Liver; BCLC, Barcelona Clinic Liver Cancer; BSC, best supportive care; CPA & B, Child-Pugh class A
and B; EASL, European Association for the Study of the Liver; LRT, locoregional therapy; LT, liver transplantation; SIRT, selective internal radiation therapy; TACE,

transarterial chemoembolisation.




RT in guidelines

Table 3. Differences in recommendations between the international HCC guidelines.

AASLD

APASL

EASL

Surveillance
CEUS
Biopsy
Bridging

LT after
downstaging

LRT

US every 6 months, AFP optional
Not recommended

No routine use

Recommended for T2

Recommended

- Recommended in cirrhotic non-surgical patients
(T2 or T3, no vascular involvement)
- No preference regarding modality

US + AFP every 6 months

As sensitive as CT/MRI

For indeterminate nodules 21 cm
No recommendation

No recommendation

- Ablation: For HCCs <2 cm in CP-A/B
- TACE: For unresectable, large/multifocal HCCs
- SIRT: Alternative to TACE

US every 6 months

Suitable for nodules 21 cm in cirrhosis
Required in non-cirrhotic HCC
Recommended if feasible

Possible

- Ablation: or unresectable BCLC 0 and
A + selected surgical patients
- TACE: For BCLCB

SIRT: Good safety profile, efficacy not

iR EaaR

Radiotherapy

No recommendation

Option when other LRTs have failed

Insufficient evidence

Systemic
therapy

- For patients with CP-A cirrhosis or well-selected
patients with CP-B cirrhosis plus advanced HCC
with macrovascular invasion and/or metastatic
disease

- No preference regarding drug

- Sorafenib for advanced HCC with CP-A liver
function (possible with caution in CP-B)

- Sorafenib & lenvatinib: 1 line for
BCLC-C

- Treatment stage migration

- Regorafenib: 2nd line

- Cabozantinib: Benefit as 2nd line

- Nivolumab:; No recommendation yet

AASLD, American Association for the Study of Liver Diseases; AFP, alpha-fetoprotein; APASL, Asian Pacific Association for the Study of the Liver; BCLC, Barcelona Clinic Liver
Cancer; CEUS, contrast-enhanced ultrasound; CP, Child-Pugh class; CT, computed tomography; EASL, European Association for the Study of the Liver; LRT, locoregional therapy;
LT, liver transplantation; MRI, magnetic resonance imaging; SIRT, selective internal radiation therapy; TACE, transarterial chemoembolisation; US, ultrasound.




Issues with liver RT in past........




e External Beam Radiation Therapy (EBRT):
 palliative modality by 1980s - 1990s
 Deemed ineffective for liver tumors in past

? Radio resistance

? Fear of RILD

? Poor tolerance - whole liver

? partial liver radiation tolerance — unknown?
? modern radiation techniques for delivery

? motion management techniques

? Lack of faith in effectiveness of radiation

? No multi disciplinary approach

Souren, Cancar Contret © 2010 H. Lew Malliit Cancer Centur and Risserch Insitiin, .



Initial Experience of Radiation therapy In liver



RT — Historical Perspective

Liver tolerance:

* Hepatocyte — well diff cell / low repair capacity (o/B = 1.5)

e Whole liver tolerance

@ conventional fractionation 25 Gy (5% RILD) & 35 Gy (50%)
3 Gy/ fr: 21-24 Gy / 2.5 Gy/ fr- 24 Gy / 1.5 Gy / fr - 30 Gy

e Whole liver RT use
* Borgelt (IJROBP, 1983)

» palliation (Ascites, anorexia, pain,etc)

* Russell (IJROBP, 1993)

* Dose escalation 27Gy -30Gy —-33Gy (toxicity beyond 33 Gy)
* RTOG 8405 — dose escalation
* Hyperfractionation - 1.5 Gy BD - could not exceed 36 Gy




Table 1 Challenges and opportunities in HCC RT

Challenge Barrier Opportunity

Late presentation Lack of screening of high-risk patients Patient/physician education

- : - - Improved screening techniaues .
Concurrent hiver disease Competing risks of from hepautis/ Cross-disciphinary collaboration

.
Patient selection for RT Lack of level 1 evidence Randomized trials
Limited dissemination of RT literature Muludisciplhinary education
to non-RT experts
umor denuiicanon maging rc ccnnical ¢cxp Sstandardize imaging plt)lL'CL)l,\'
_ D _ _ _ - Radiation oncology education/ra
Tumor identification Imaging requires 1 ucal experuse StandardizS@naging protocols
Radiation onf@logy education/radiology collaboration
Radiologyv/patNblogy correlative research
Functional imaging
RT contour variability Few published gqidelines Consensus guidilines
Appropriate RT dose Uncertainty in dgse-response Clinical studiesjto improve dose-outcome models
Deformable inghge registration and dose accumulation
Research of hfEh dose per fraction biologic effects

Conforming dose 1o tumor Not enough hiver Advanced planning
- Stereol; body RT
- V¢ wdalated arce therapy
d particle therapy
T TTRESCACn O mIign aose per iracuor
Conforming dose to tumor Not enough hiver Advanced RT planning
- Stereotactic body RT
- Volume-modulated arc therapy
- Charged particle thera
Identifying tumor at treatment Image-guided radiation therapy

L. AA33133%433 Ef'v‘.l.‘lll'llllL,‘Klllmll T awr \llllll_\ LA IRAVMASLUIIRIREE, WMAUTYWLE AT aaawvwLae »‘i.‘ALLhI‘\ L7 JAJ YL AMEIARIIAAE RADODWN d\\d.) EAanvrmaas l‘L}'slt\’\.L:luldl
toxicity carcinoma
5 :
Normal tissue protectors

Abbreviations: CBCT = cone beam computed tomography; HCC = hepatocellular carcinoma, linac = linear acceleraror; RT = radiation therapy.




Modern Radiotherapy:
Overcoming challenges of past
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HCC - RT

Pitfalls of past Solutions

e . Data on partial liver tolerances
Radiation Induced Liver

disease (RILD) I(r;Baégf)Guided Radiotherapy (IGRT) and Stereotactic Body Radiotherapy

Volumetric & Triple phase CECT, PET-CT, MRI

Target Delineation :
Image fusion tools

ABC, Respiratory Gating (RPM), tracking (Cyberknife)

Respiratory motion induced

/ Set-up uncertainties Newer Immobilization devices/ 4D imaging

C .. Advanced Treatment machines/ Equipments
Uncertainties in dose / Equip

distribution Better planning software / dose engines




Exploring Liver RT : partial volume & functional liver




Redefined role of RT in HCC

——
|
Stage 0 Stage A-C i §t§99 D
PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B PST >2, Child-Pugh C

l T S |

Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) End stage (D)
Single< 2cm. Single or 3 nodules < 3cm, PS 0 Multinodular, PST 0 Portal invasion, N1,M1, PST 1-2
Carcinoma in situ l

Single 3 nodules =3cm

Portal pressure/ bilirubin l

l——. Increased > Associated diseases

i—‘—l

ormal Yes

Liver Transplantatlon
i
Resect on (CLT / LDLT) PEI/RF - Sordfr:,nlb

Curative Treatments (30%) Randomized controlled trials (50%) || Symptomatic ttc (20%)
5-yr survival: 40-70% Median survival 11-20mo Survival<3mo

Unsuitable for resection, transplant or RF Unsuitable/refractory to TACE Symptomatic
Definitive RT Definitive RT ¢ Low dose RT ¢
RT as bridge to transplant Portal invasion
Definitive RT & sorafenib ¢

¢ Randomized trials needed to demonstrate benefit

L o o e oy
Where RT fits

Dawson L. Semin Radiat Oncol 2011:21:241-246



Key to modern Liver RT success:
Adequate normal liver / minimize irradiated liver - RILD

5% Risk of Liver Toxicity
Primary Liver Cancer

Intervd

Effective Volume

: } 30% Confldence

60 80 100 Whole liver
Dose (Gy) TD 5/5: 30Gy/15 fx
Figure 2 The Lyman-Kutcher-Burman NTCP mode! displaying | D 50/ o 42Gy/ 21 fx
is0-NTCP curves, with 20% confidence limits, for patients w 2/3 Liver
primary liver cancer. Effective volume (the organ wcluve the TD5/5: 50. 4Gy /28fx

iradiated to the prescribed dose uniformly would be associa .
with the same NTCP as the nonuniform dese distribution) ver 1/3 Liver

normalized dose (prescribed dose normalized to 1.5 Gy bid)." S BDYSYASH 684Gy/38fx

*Dawson, Seminars in Rad Onc, 2005

 Base line normal liver > 700 cc

e Case selection
» safe anatomy / safe functions

e Technical improvement

e Targeting — surrogate fiducials



Functioning normal liver sparing

Healthy liver

Clinical and Lab Criteria

Encephalopathy None
{grade 3 or 4)

Mild to moderate Severe

Ascites None

-1 » : . (deuretic responsive) (diuretic refractory)

CT volumetry of the liver: Where does it stand () = = ‘ v
T - von 2ol e ” ! Bilirubin (mg/dL) <

in clinical practice? | RN (gt

MC Lim*', CH. Tan", J. Cai", |. Zheng ", AW.C. Kow Albumin {g/dl.)

rdoan Prothrombin time

International normalized ratio

Child-Turcotte-Pugh Class obtained by adding score for each parameter (total points)
Class A = 5 10 6 points (least severe liver de

Class B = 7 1o 9 points {moderately severe liver diseass)

Class C = 10 10 15 points (most severe liver diseass)

FIBROSCAN

FDG galactose based functional liver



Advances...

Imaging
Motion mitigation

SBRT delivery




Imaging : Planning & delivery

Table 1
In-room imaging modalities available for image-guided radiotherapy

Modality Volumetric lonising Real-time (>2 Hz [13])

Additional
equipment

Observations

kKV/MV fluoroscopy No Yes Yes (=1-10 Hz)

CBCT No (acquisition time =1 min)
Four-dimensional CBCT No (acquisition time >1 min)

Gated CBCT No (acquisition time >1 min)
Surface imaging Yes (up to =30 Hz)

Hybrid (ExacTrac, ! Yes (up to =30 Hz)
Synchrony)
MR Yes for two-dimensional
(=1-4 Hz)

On-rail computed Yes Yes No
tomography

No

High geometric fidelity, isocentric with
respect to linac, MV image quality lower
than kV. Fiducial may be needed.

Blurry structures due to motion

Less blurry than CBCT. >1 reconstructed
volume. Possible streaking due to view
aliasing.

Less blurry than CBCT. Less dose than four-
dimensional CBCT. 1 reconstructed volume.
Three-dimensional surface with 6 degrees of
freedom displacement information
Compromise between imaging dose and
reliance on internal—external correlation.
Excellent soft-tissue contrast. Compromise
in spatial versus temporal resolution.
Dedicated machine (MR-linac) or MR-suite.
No electron density information.

High image quality. Electron density
information.

CBCT, cone-beam computed tomography; MR, magnetic resonance.

S~—_ - | R T: Filling defect



SBRT delivery - Wall mounted Linac

SABR

Gamma-knife-SABR (G-SABR)

Liner-accelerator-SABR (L-SABR)
CyberKnife-SABR (C-SABR)
Tomo-SABR (T-SABR)
Proton-SABR (P-SABR)

? Stereotactic ablative
brachytherapy (SABT) — not EBRT




Real time tracking /

treatment in free breathing




Radiotherapy and Oncology
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Artich

Stereotactic MR-Guided Radiotherapy for Liver Metastases:

First Results of the Montpellier Prospective Registry Study Clinical implementation of pencil beam scanning proton therapy for liver
cancer with forced deep expiration breath hold
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Motion mitigation strategies : Key to modern liver RT .........







Respiratory motion management: compression devices

Change / mitigate breathing pattern




Respiratory motion management: Breath Holding




Respiratory motion management: Gating




Synchrony® Respiratory Tracking System

Beam tracking

& sy

RADIATION PHYSICS LABORATORY

SYDNEY MEDICAL SCHOOL

MLC tracking

Courtesy of Dr. Per Poulsen
Aarhus Universgty, Denmark



Sub-classification of Locally advanced HCC

a
nodular massive wt mtrahepatlc metastasis
C

diffuse Iar Invasion

HCC




Eligibility Criteria for Different Radiation Techniques

High bleeding risk

Child-Pugh B ++ + +++
Vascular invasion
Caudate lobe +++

+++ ++
Target <1 cm from Gl tissues #

*Proton, protons or any other charged practical therapy.
# Gl tissues, luminal gastrointestinal tissue (eg, stomach, duodenum)
Abbreviations : CRT stereotactic radiation therapy; brachy, Brachytherapy; Yttrium-90 hepatic arterial Yttrium-90



RT for HCC - possible case profile / indications

e Bridge to transplant
e Down staging / Pre-op
e ? Post op

e Medically inoperable or unfit for ablative Rx
e Down staging
e Unfit for RFA (exophytic/ capsular/ heat sink/ > 3-5 cm

* Alternative or combination (TACE/ Sorafenib)
e With PVTT — combination (TARE)

HCC-PVTT irradiation: A neo-adjuvant route to transplant

e Post TACE/ TARE residual / recurrence
e Post surgery — limited recurrence
e Palliation of mets / pain relief




O O N O ULk WDNRE

Suitable

Liver confined disease

Non diffuse focal lesions (< 3-5)
Small < 6- 8 cm diameter

GC / function adequate — CP A/B
No / Minimal hepatitis/ cirrhosis
> 700 -1000 cc un-involved liver

Breathing motion <5-10 mm

. Away from lumen - bowel/ stomach

Not suitable for other Rx

© N U A W N

More challenging

Underlying hepatitis/ cirrhosis (CP B +/ C)
Post viral hepatitis/ deranged liver f/n

< 700 cc uninvolved liver

> 1 lesions — same lobe/ segment

> 8 cm lesion

5-30 mm breathing motion

. Proximity to OARs

. PVTT — scheduling combinations



Literature review: RT in HCC / PVTT — growing
evidence

24 Klein and Dawson International Journal of Radiation Oncology e Biology e Physics

B RT« liver
tumors
B RT+HCC
(all)
RT + HCC
(clinical
nais)
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1980-1985 1991-1995 2001-2005
1986-1990 1996-2000 2006-2010

Year Range
Fig. 2. Graph of number of liver cancer RT publications over time. Citation count based on a search of the MEDLINE database limited to

cach 5-year period. Blue line: search for “radiation therapy™ and “liver neoplasms™ Red line: search for “radiation therapy™ and “hepa-
tocellular carcinoma.” Orange line: search for “radiation therapy™ and “hepatocellular carcinoma,” with results limited to clinical trials only.

HCC = hepatocellular carcinoma:; RT = radiation therapy.




World Journal of
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Surgery Percutaneous TACE SBRT
Role of stereotactic body radiation therapy for ablative

hepatocellular carcinoma
[2014] =L

Naocko Sanuild, Atsuya Takeda, Etsuso Kunieda - r =
ekt il Tumor size <5¢m <3c¢m >3-5¢em i (or 5)

(Or more) cm

Number of <3 Depends on l-multiple < 1-3

tumors location (> 4)

Location or Dependson Away from  Hypervascu-  Away

characteristics  liver function  large vessels lar lesions from
or baliary bowels

system

Local control > 9%

(2 yr)

Level of evi- High intermediate- Intermediate- Low

dence high high

Invasiveness High Less Less None

Damage to the High Low Low=moder- Low-

liver ate moderate

SERT: Stereotactic body radiation therapy; TACE: Transarterial chemoem-

bolization




Kim et al,

A-B
Hara et al, : Phase I/l trial 36-60 Gy/4#
2y s 91.:1:. None

Table 1. Select prospcdiw and retrospective series i i ic body radiotherapy-

cm—

Study patient Quality;(ypt lndicationj Toxicity Study conclusion
number of study stage (BCLC) ' i (LCJOS) (Grade
3 tiver[/Gl)
Kim et al. 72 Phase mn 0-C 2y LC 92 8% none Proton beam therapy
2y 05 91.7% was non-infenor 10
RFA and was tolerable.

2021 randomis
trial- Proton
vs RFA
yoon et al. 3 Prospective 0 and A

2020 Phase 11 trial small HCC 776 re
emall HLL with mani-

mal toxacity

LC and O5 was prom-
jsing 1N HCC treated
with SBRT.

SBRT for HCC was well
tolerated

SBRT 1s an ablative
option fof small HCC

SBRT showe d good

w<ults 101 ablaton ol

Labruni€ Prospective
et al., 2020 phase 1l trial

jang et al., Prospective

2020 Phase 1l trial

park et al. Prospective

2020 Phase 1l trial

Mathew 297 Retrospective 2 1.6# 199M
et al 2020

SBRT prow ides good LC
and OS5 W HCC when it
1S Lms\m.\’r‘-‘.-;' or refrac-

tory 10 other locore

Z/m - me PEOVIOES prOm-

2v 05: , .
) OS 67% SBRT 1S sa!c non-

invasive option for




Table 3
HCC treated with SBRT as pre-transplant therapy.

Author Design Child-pugh/ Number of Dose fractionation Local control until

BCLC grade  patients scheme transplant

Sandroussi 2010 Retrospecuve A 4 23-54 Gy In 5-6 100% {2 delisted)

* Scarce data in past =2 ? local fibrosis/ vascular damages ; s fractions
1

(i) difficult dissection
. . i . Andolino | 34 Retrospecuve A
(ii) anastomosis-related complications (Transplant) 2011
(iii) increased perioperative morbidity Facciuto {53] 2011 Retrospective Al : 100% (10 delisted)
Katz (52 2011 Retrospective A 0 = 5CGy 100% {6 delisted)
Unknown

A-B.D

O'Connoi Retrospecuve A 7 3 « 11-18QCy

10 patients = 3D-CRT as a bridge to OLT
33 Gy (range:8.5-54 Gy)/ 1-6 fractions—> 100% LC & 10%-50% volume regression
5 OLT = treatment effect with 40%—90% necrosis and fibrosis / All without recurrence @ 14 months

27 patients = treated with SBRT (26—36 Gy in 2—4 fr)-> CR in 14%, PR in 23%, and SD in 63%

27% pathologic CR

Median

survival

Not reported

Not reached

32 months

Not reported

Not reached




SBRT as bridge/ down-size —Pittsburgh group

19 - within Milan / 8 outside milan (downsized)
- bridge to transplantation

SBRT(Stereotactic Body Radiotherapy) to Bridge or
Down-Size HCC for Liver Transplantation

N.Thai,! K. Tom,! M. Szramowski,! P. Abrams,* J. Oliva,® D. Monga.* M. Raj.* D. Parda A.
Kirichenko.*

Mransplant Surgery. Allegheny Health Network, Pittsburgh, PA

2Radiation Oncology, Allegheny Health Network, Pittsburgh, PA
IHepatology. Allegheny Health Network, Pittsburgh, PA
“Medical Oncology, Allegheny Health Network, Pittsburgh, PA.

Meeting: 2015 American Transplant Congress
Abstract number: D179

Keywords: Hepatocellular carcinoma, Liver transplantation

e 27 HCC with cirrhosis 2 [since 2010 @ Allegheny Health Network

* Bridge-to-transplant:
e 18/19 (95%) pts - successfully controlled with SBRT

* No recurrence post-transplant in 13 pts @ 3 mth - 4.5 yrs

Overall success

* Pathology: 13/13 reduction of tumor & 7/13 with no residual 95% - bridge-to-transplant

* Down-sized group:
» 8/8 were successfully down-sized to within Milan Criteria

63% - downsizing
100% local control to SBRT




SBRT Vs others

BEATING THE COMPETITION




Stereotactic Body Radiation Therapy
for Hepatocellular Carcinoma: Current
Trends and Controversies

Stephanie K. Schaub, MD', Pehr E H.v(nrun, MD',

Michael I Lock, MD, CCFP, FRCPC, FCFP’, Morten Hoyer, MD, PhD’,
Thomas B. Brunner, MD*, Higinia R. Cardenes, MD, PhD",

Laura A. Dawson, MD FRCPC, FASTRO®, Edward Y. Kim, MD',

Nina A. Mayr, MD, FASTRO, FAAAS', Simon S. Lo, MB, ChB, FACR,
and Smith Aphsarnthanarax, MD'

Comparison:
SBRT vs others

Table 5. Summary of Key Clinical Data of SBRT Compared to Other Liver-Directed Therapies.

SBRT
Study, Year Study Type n  Modalities Compared Inclusion Critenia Details Tumor Control 0s Comments
Wahl, 2016 Single-center 224 SBRT vs RFA Inoperable, 30 Gy/3or 50 Freedom from local  l-year 74 vs 70% SBRT associated with better local control for
retrospective nonmetastatic Gy/5 progression tumors = 2 ¢cm
1-year 97 vs 84%  2-year 46 vs 53%
2-year 84 vs 807
Rajyaguru, NCDB 3980 SBRT vs RFA T1-2NOMO <50 Gy/3-5 NR S-year 19 vs 30%" Significant patient differences remained
2018™ after propensity matching
Sapir, 20187 Single-center 209 SBRT vs TACE 1-2 mmors, non- 30 Gy/3or 50 Absence of No significant ~ SBRT patients were older, but tended to have
retrospective metastatic Gy/5 progressive difference better performance status
discase by
RECIST
1-year 97 vs 47%"
2-year 91 vs 23%*
Su, 20167 Single-center 77 TAETACE+SBRT vs  Tumor > 5 cm; CP-A/  30-50 Gy/3-5 Local relapse-free 1-year 76 vs 627" BED,, = 100 Gy and EQD2 > 74 Gy
retrospective SBRT B; NO M0O; WHO PS survival 3-year 51 vs 33%° significantly associated with improved
0-1 No significant OS, PFS, LRFS, and DMFS
difference
S-year 47 vs 33%"
Su, 201777 Single-center 117 SBRT vs Resection 1-2 tumors < 5 em; No 42-48 Gy/3-5 Intrahepatic l1-year 100 vs 987, SBRT recommended for patients with
retrospective prior LDT; CP-A; NO progression free comorbidities who could not tolerate
M0O; WHO PS 0-2; survival surgery or were medically inoperable.
No PVT
I-year 84 vs 69% 3-year 92 vs 897% No incidence of hepatic hemorrhage or pain
in SBRT group, but more acute nausea and
weight loss®
3-year 59 vs 62%  S-year 74 vs 62
S-year 44 vs 36%
Yuan, 20137 Single-center 48 SBRT vs resection Stage 1 HCC; CP A-C; 39-54 Gy/3-8 Local control l-year 73 vs 89% Higher proportion of CP-B/C m SBRT vs
retrospective RO surgical resection surgery, 55% vs 12%"
I-year 93 2-year 67 vs 73% Higher proportion of systemic disease in
SBRT vs surgery, 417% vs12%"
2-year 90 3-year 57 vs 69%
3-year 68
Jacob, Single-center 161 TACE + SBRT vs Tumor = 3 cm 45 Gy /3  Crude local MST 33 vs 20  SBRT started 2 wks post-TACE. Low rates
20157 retrospective TACE recurrence months® of GI toxicity
11 vs 26%*
Paik, 2016  Single-center 154 1TACE + SBRT vs Initial TACE; 1103 40-60 Gy/3-5 NR iTACE + SBRT No significant differences in OS between

retrospective

¢TACEATACE +
curaave Tx vs
1ITACE+4noncurative
Tx

tumors < 10 cm; CP-
A/B; NO M0

vs ITACE +
noncurative Tx

2-year 73 vs 54%"
S-year 53 vs 28%"

iITACE + SBRT and ¢cTACEATACE +
curative Tx



IHEPATOLOGY

AASLD

HEPATOLOGY, VOL.74,NO.5, 2021

Prospective Study of Stereotactic Body
Radiation Therapy for Hepatocellular

Carcinoma on Waitlist for Liver
Transplant

Tiffany Cho-Lam Wong
Tracy Yushi Cui,” Adrianna Sze-Yin Fong
Albert Chi-Yan Chan,'” Tan-To Cheung,'” James Yan-Yue Fung

To-Wai Leung,* and Chung-Mau Lo’

BACKGROUND AND AIMS: There are no prospective
data on stereotactic body radiation therapy (SBRT) as a
bridge to liver transplantation for HCC. This study aimed to
evaluate the efficacy and safety of SBRT as bridging therapy,
with comparison with transarterial chemoembolization (TACE)
and high-intensity focused ultrasound (HIFU).

APPROACH AND RESULTS: Patients were prospectively
enrolled for SBRT under a standardized protocol from July
2015 and compared with a retrospective cohort of patients
who underwent TACE or HIFU from 2010. The primary
endpoint was tumor control rate at 1 year after bridging
therapy. Secondary endpoints included cumulative incidence of

dropout, toxicity, and posttransplant survival.

During the study period, 150 patients were evaluated (SBRT,
n = 40; TACE, n = 59; HIFU, n = 51). The tumor control
rate at 1 year was significantly higher after SBRT compared
with TACE and HIFU (92.3%, 43.5%, and 33.3%, respectively;
P = 0.02). With competing risk analysis, the cumulative inci-
dence of dropout at 1 and 3 years after listing was lower after
SBRT (15.1% and 23.3%) compared with TACE (28.9% and
45.8%; P = 0.034) and HIFU (33.3% and 45.1%; P = 0.032).

2 Victor Ho-Fun Lee,** Ada Lai-Yau Law,” Herbert H. l"mgf' Ka-On Lam,™* Vince Lan,’
,! Sarah Wai-Man Lee,* Edwin Chun-Yin \\‘ongi Jeff Wing-Chiu Dai,"?
3 Rebecea Mei-Wan Yeung,” Mai-Yee Luk, ™

Time-to-progression at 1 and 3 years was also superior after
SBRT (10.8%, 18.5% in SBRT, 45%, 54.9% in TACE, and
47.6%, 62.8% in HIFU; P < 0.001). The periprocedural toxic-
ity was similar, without any difference in perioperative com-
plications and patient and recurrence-free survival rates after
transplant. Pathological complete response was more frequent
after SBRT compared with TACE and HIFU (48.1% vs. 25%
vs. 17.9%, respectively; P = 0.037). In multivariable analysis,
tumor size <3 cm, listing alpha-fetoprotein <200 ng/mL, Child
A, and SBRT significantly reduced the risk of dropout.

CONCLUSIONS: SBRT was safe, with a significantly higher
tumor control rate, reduced the risk of waitlist dropout, and
should be used as an alternative to conventional bridging
therapies. (HepaToLOGY 2021;74:2580-2594).

iver transplantation (LT) is the best treat-
ment option for selected patients with early
HCC. The implementation of the Model
for End-Stage Liver Disease (MELD) exception
points for patients with HCC aimed to alleviate the
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SD | 9(25) 19(33.9) 17(362) 4(16) 14(28.6) 10(27) 2(10) 4(105) 6(22.2) 2(15.4) 16.7)
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Stereotactic Body Radiation Therapy

YS' Transarterial Chemoemb(?“z?tion Conclusions: SBRT was an alternative to TACE for inoperable BCLC-A stage HCC
in Inoperable Barcelona Clinic Liver with better local and intrahepatic control. Controlled clinical trials are recommended to
Cancer Stage a Hepatoce"u'ar evaluate the actual effects of this novel regimen adequately.
Carcinoma: A Retrospective, '
Propensity-Matched Analysis

Results: There was a smaller median tumor size ir SBRT group than in the TACE
group (3.4cmyvs. 7.2cm, P < 0.001). After propensity sC atching in the selection of

'E patient pairs SL‘F\F had better LC, IC, and PFS than’ 'ACE but showed comparable
)S. The accumulative 1-, 3-, and 5-year OS rates were 85.7, 65.1, and 62.8% in the
0, and 50.4% in the TACE group, respectively (P = 0.29). The

year PFS were 63.4, 35.9, and 27.5% in the SBRT group and

n the TACE group, respectively (P = 0.049). The accumulative

/ ‘I

3-, and 5-year LC were 86.8, 62 9% in the SBRT group and 69.3, 53.3

4

and 36.6% in the TACE ;;;r::u;::. respectively -f."-’ = 0.0047). The accumulativ

S-year IC were 77.3, 45.9, and 42.4% in the SBRT group and 57.3, 34.1, and 17.7%

TAC.L group, respectively (P = 0.003). On multivaniate analysis, treatment (SBRT vs.
-} was a significant covanate associated with local and intrahepatic control (HR =
): 95% Cl: 1.03-2.47; P=0.04; HR = 1.61; 95% Cl: 1.13-2.29; P = 0.009).
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Confirmed HCC:
With Macrovascular Invasion
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Figure2 Algorithm for HCC with macrovascular invasion.
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HCC & PVTT

P Untreated—> Poor prognosis : median survival — 6-9 mths (early)/ 1-3 mths
advanced)

Ligame"t"m %  Presence of PVTT:
e outside MILAN- BCLC C- No transplant
Rig
\ é:’ério[eh\.gm. e Standard therapies (TACE) —

* Increased risk of : complications

* Poor prognosis

\
/
| Right ~Right Polf) * Median survival: 2.7 months (PVTT+) Vs 10-24 months [No PVTT]

6 Posterior

Cheung TK, Lai CL, Wong BC, Fung J, Yuen MF. Clinical features, biochemical parameters, and virological profiles of patients with hepatocellular carcinoma in Hong Kong. Aliment Pharmacol
Ther2006; 24: 573-583

Minagawa M, Makuuchi M. Treatment of hepatocellular carcinoma accompanied by portal vein tumor thrombus. World J Gastroenterol2006; 12: 7561-7567



PVTT - radiology
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PVTT — significance on stage/ treatment

Stage 0 Stage A.C Stage D
PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B PST »2, Child-Pugh C*

| [ = [

Very early stage (0) I Early stage (A) intermediate stage (B) Advanced stage (C) Teminal stage (D;J Tra nsplant:

SIngle <2 cm Single or 3 nodules <3 cm Multinodular Portal invasion Contraindicated
Carcinoma in situ RSO FSO NI M1, PS1.2

I
Single 3 nodules <3 cm

Portai pressure/bilirubing

TACE: embolic effect —

Increased — [ Associated diseases induces hepatic

I I ] necrosis

No

J

Liver Sorafenib 3 supportive
transplantation Care
(CLTALDLY)

SABRHypoFx RT TACE+RT TACE+RT/CCRT Palliative RT

- Inoperable - Consolidate TACE - Symptom control

- Inaccessible - Salvage TACE - Prevention of cancer

- To bridge before LY refractoniness (SABR) related mocbidity .

- Salvage recurrencs - Portal invasion - Oligometastasis Dawson L, Semin Rad
*

Onco; 2011 : 21

Support from evidence-making clinical trial efforts




HCC — PVTT: Limited treatment options

Quirk M et a/. Management of HCC with PVT
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Recommended by AASLD
and EASL guidelines;
Dose reduction in 25%,

interruption in 44%

Investigational

Lowest risk with
nonocclusive thrombus,
cavernous transformation,
superselective TACE
Currently, PVT is one of

the indications for Y90

| HCC with PVTT without extrahepatic metastasis

Al a
VWOrse prognosis

{other than good prognosis)

If not indicated




s All PVTT the same?

 Liver Cancer Study Group of Japan:
PVTT into 4 classes

Vpl 3rd order Vp2

b B S 3rd order
ranc

branch )

Vp3

Fig. 1. Classification for hepatocellular carcinoma with portal vein tumor thrombosis according to the Liver
Cancer Study Group of Japan classification.
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s defined by the presence of a PVTT distal to, but
not in, the second-order branches of the portal vein

is defined by the presence of a PVTT in the second-
order branches of the portal vein

is defined by the presence of a PVTT in the first-
order branches of the portal vein

is defined by the presence of a PVTT in the main
trunk of the portal vein or a contralateral portal vein
branch or both

* HVTT in 3 categories:

tumor thrombosis in a hepatic vein (pHVTT

or Vvl)
ina hepatic vein (mHVTT or Vv2
in the (IVCTT or Vv3)



Management of PVTT as per location

* Although considered inoperable/ attempted RO & R1 resection — moderate outcomes

* However in Vp3-4 outcomes have not improved over time = most important scope for non
operative modalities

Table 1. Summary of management for hepatocellular carcinoma with portal vein thrombosis

Survival data (months)
Adverse events
Overall survival Main PVTT Branch PVTT
Supportive care® 2-4
Surgical resection®
TACE®

9-33 9-10

Operative mortality; 0-6%

Liver failure, postembolization syndrome

External radiation therapy™ Radiation induced liver di
H A |I.-—"-1-:.'. 43
Radioembolization™*

Fatigue, hyperbilirubinemia, Gl ulceration
Sorafenib™*

Skin reaction, diarrhea, fatigue
HAIC, hepatic artery infusion chemotherapy; PVTT, portal vein tumor thrombosis; TACE, transarterial chemoembolization; Gl, gastrointestinal.

Hyun Young Woo, Clinical and Molecular Hepatology 2015;21:115-121



TACE & TARE

* TACE : M/C - unresectable HCC
* Usually contraindicated in Vp4 or Vp3 : fear of hepatic ischemia

: super selective TACE — owing to collateral circulation

Non occlusive thrombus

With normal preserved liver function

Lesser tumor burden - <70% of the entire liver

MPV not completely blocked, or it is completely blocked but collaterals have formed

TARE: New therapeutic modality

Effective dose may vary from 100 Gy to 3000 Gy

weaker embolic effect =2 use in PVTT

Alternative or superior to TACE in unresectable — diffuse/ multifocal

Need prior mapping — rule out lung shunt/ mesenteric anomalous branching




HCC with PVTT

Benefits of controlling PVT by SBRT in HCC

Reduction in intrahepatic metastasis through portal vein
Decrease in portal pressure & related complications

Possibility of re-canalization with feasibility of transplant/ TACE




Radiation in HCC — PVTT:
Literature review




Table 1. Stereotactic body radiotherapy outcomes for hepatocellular carcinoma 2006 - 2013

e o Dose
SE ASIAN data — very promising (Gy), 4 Grade
No. of Tumor size median l-year 1l1l-year | =3

Study Institution Year Design patients CP class (range) TVT (range) Fx os LC toxicity

Bujold Princess Margaret 2013 Phase I/l 102 A 1.4-23.1cm 55% 36 (<3 55% 87% 36%

et al. [S1] Hospital, Canada (24-54)

Meéndez Erasmus MC, 2006 Phase /11 8 A.B 0.5-7.2cm 25% 25—-37.5 3-5 75% 75% 12.50%

Romero Netherlands

et al. [52]

Kang KIRMS, Korea 2012 Phasell a7 A.B 1.3 8cm 11% 57 3 69% at 95% at | 26%

et al. [53] (42—60) 2 years 2 vyears

Cardenes Indiana 2010 Phasel 17 A,B =6cm 18% 36—48 3—4 | 75% 100%6 18%6

et al. [54] University, USA (cumulative)

Tse Princess Margaret 2008 Phasel 31 Ry 9-1,913 mL 42% 36 6 48% 65%" 26%

et al. [46] Hospital, Canada {(24—54)

Ibarra Multi-institutional 2012 Pooled 21 A, B 9.5-1,493.8 NR 30 1—-10) 87% 64% 8% RILD

et al. [55] analysis mL (18-50) only

Sanuki Tokai University, 2013 Retrospective 185 A, B 0.8-5cm NR 30—-40 5 95% 99% 13%

et al. [S6] lJapan

Jang KIRMS, Korea 2013 Retrospective 108 A, B 1—7 cm NR 51 3 63% at 87% at | 10%°

et al. [58] (33—60) 2 years 2 years

Yoon Asan Medical 2013 Retrospective 93 A, B 1—-6cm 0% 3060 3—4 | 86% 952 6.5%

et al. [59] Center, Korea RILD
only

Bibault Lille, France 2013 Retrospective 75 A, B 3—4.4 cm NR 45 3 79% 90% 169%°

et al. [60] (24—45)

Honda Hiroshima, Japan 2013 Retrospective 30 A, B 1—-3cm 0% 4860 4—-8 | 100%6 100%6 7%

et al. [61]

Yuan Tianjin Medical 2013 Retrospective 22 A,B,C 1.6-9.5cm NR 45 3-8 739% 939% 4.59%

et al. [62] University, China (39—-54) grade
=2

Huang Taipei, Taiwan 2012 Retrospective 36 A,B,C 1.1-312.3cm NR 37 4-5 | 64% at 98% 3%

et al. [63] (25—48) 2 years

Andolino Indiana 2011 Retrospective 60 A,.B 1—-6.5 cm NR 44 3—-5 | 67% at 90% at | 37%

et al. [64] University, USA (24—48) 2 years 2 years

Son Gyeongsang 2010 Retrospective 47 A,B,C 3.0-81.3mL NR 30-39 3 \NR NR J 33%




PVTT down-staging = Transplant feasible

JCO 2019 F’

Experience With LDLT in Patients With
Hepatocellular Carcinoma and Portal Vein Tumor

Soin, kataria, et al

HCC
|

Assessment: Liver function, Triphasic CT

angiography abdomen for tumour
characteristics, whole body FDG-18 PET

CT for staging, T¢-99m bone scan

Thrombosis Postdownstaging

t or thrombus y
VC/ PV (Vpl, Vp2 accepted 2012-14)

y size, any numbe
No extrahepatic disease

No extrahepatic disease

i Vascular invasion / tumor thrombosis in

PV, HV, IVCC

Background.

Se bilirubin < 5, no gross ascites, Child’s
A,B, > 700 ¢c non-tumorous liver

< natocn, e ks o o W LDLT

Resulta. 7

a. After a mean follow-up of 33 months (range: 2-86 mo),
the 1-, 3-, and S-year OS in all DS patients (n = 25) was
75%, 53%, and 53%, respectively. The RFS was 78%,
78%, and 52%, respectively(Figure 3A and B).

DS protocol: SBRT (Cyberknife/Breath Holding) + —
ablation with TARE / TACE / RFA / Microwave

. Finally, we also analyzed the OS of 2 other cohorts of

patients that presented to the facility during the study
period (2015-2018): (a) those with palliative TARE/
SBRT + Sorafenib and no LDLT (n = 29), and (b)
those who received no intervention, or Sorafenib only
(n = 15) (Figure S3, SDC, http:/links.lww.com/TP/
B878). The 1-year survival in these groups was 42% and
0%, respectively. The 2-year survival in the TARE/SBRT
with/without Sorafenib group was 17%.



PVTT: Multi modality treatment
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Overall survival Extent of PVTT {(mo) Ref.
(mo) PVTT Branch PVTT

BSC 24 Llovet et al'™, Schoniger-Hekele ef af™
Soratemb 6.5-8.1 Liovet et al™, Chex g, ef al*

[ ACE /=10 : Chung et al*, Luo et af

HAIC 6.5-14 Park ef al™, Ando et o, Eun ef ol

Kl Ye-109 lova et .‘I'm Nakazawa et al'™

[ AR 6-16.4 ¢ ! Salem et al”, Kulik et o' » Sangro ef u.'“' Memon ef a
[ ACE plus sorafenib 11-13 - Pan et W™, Zhu et o™

‘131

Sorafenib plus Kl Bo-10.6 C hun et al™™ hm\ et al™
[ACE plus K1 10.6-12 Yoon et af”™ Lhunt et aly , Kim ¢t P

HAIC plus K1 12.1 Fujino ef P

BSC: Best supportive care; TACE: Transarterial chemoembolization; HAIC: Hepatic arterial mfusion chemotherapy; Kl: Radiation therapy; TARE:

| ransartenal radicembolization: PV 1T: Portal vein thrombosas.
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ORIGINAL RESEARCH

Comparison of intra-arterial chemoembolization
with and without radiotherapy for advanced
hepatocellular carcinoma with portal vein tumor
thrombosis: a meta-analysis

This article was publithed in e following Dove Press journal
Therapeutics and Clinical Risk Matagement

11 December 2016

Number of times this articke hia been viewed

Purpose: Numerous studies have tried 1o combine transanerial chemoerbe _ - _ ; - : ~ .
or gt el nfsionchmthespy (HAIC) it adoberspy (1) 0 COMClusion: Combination therapy of intra-arterial chemoembolization and RT for HCC patients
arcinoma (HCC) patients with portal vein tumor thrombus (P . . - : - : g :
Yo TACE or HAIC combined witn RT verss TACE oAl s WIth PVTT could bring higher ORR of PVTT and better survival benefits. This combination
versial, Thus, we performed a meta-analysis 1o compare the efficacy and safet ) A ) §e ) y 5
chemoenbolzsion combined with RT verss inrwarenal chemocmboliza. therapy was also associated with a significantly increased risk of adverse events. However, they
treatment of HCC patients with PVTT, . 2 X y
Methods: Pubed, Embase,and Cochrane Library dasbases were sysematic Were MOStly mild to moderate and successfully treated with conservative treatment.
ehgible studies. Two authors independently reviewed the abstracts, extracted relevant data and
rated the quality of studies. The magor end points were objective response rate (ORR), overall
survival (O8), and adverse events.
Results: Eight studies with a total of 1,760 patsents were in¢
pooded results showed that intri-artenial chemoembolization combined with RT &
unproved ORR of PYTT (OR, 4.22; 95% C1, 3.07-5.80; P<0.001) and OS (HR, 0.69; 95%
CL, 0.57-0.83; P=0.001), but cid not affect ORR of primary liver tumor (OR, 137, 95% C1,
0.67-2.79; P=(1,390). The incidence of grade 3 or 4 Jeukopenua (OR, 5.80; 95% C1, 2.478-13.56;
P<0,001) and thrombocytopenia (OR, 3
the intrasarternal chemoembolization plus RT group than in the itrasartenal chemoembos
hzation group,
Conclusion: Combinatioa therapy of intra-arterial chemoembolization and RT for HOC patients
with PVTT conld bring higher ORR of PVTT and better survival benefits, This combination

therapy wis also assoctated with a sigmificantly increased nsk of adverse events. However, they

were mostly muld to moderate and successfully treated with conservative treatment.



PVTT — expected response assessment

1 mth 3 mth 6 mth 9 mth 12 mth
6% 32%

43% 51%

4 % 6%

o w >
85.5%

56% > 50% decrease in AFP @ 4-6 weeks

Mean PTV -390 cc

Stereotactic body radiotherapy based treatment for
hepatocellular carcinoma with extensive portal vein
tumor thrombosis

Dose — 40 Gy in 5 fr SBRT

3-6 months ideal for assessment




Response evaluation

Available anfine at

ScienceDirect

— a.:'.'.' lh.

Original research article

Evaluation of response after SBRT for liver tumors

Raphael Tétrequ“*, Carmen Llacer”, Olivier Riou", Emmanuel Deshayes

Challenges in imaging assessment following liver stereotactic
body radiotherapy: pitfalls to avoid in clinical practice

RECIST / EASL — diff in criterias
Liver Imaging Reporting and Data System (LI-RADS)

e volume reduction of 18% (13-33%) @ 2—6 months post SBRT
 Normal reaction - Unrelated to RILD
 Compensatory hypertrophy subsequently

e 7-10 HU decrease in CT density (irradiated Vs non irradiated)

* RFA /chemoembolization > reshapes targets - leaving scars
* Not just size criteria

* Necrosis / changes in enhancement pattern

» Size of enhancing lesion vs total lesion

e Vascular re-canalization

* MRI — Diffusion and ADC — qualitative measures

— PET based changes in avidity/ necrosis response
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BEFORE TREATMENT POST SBRT 3 TO 6 MONTHS

Rim like enhancement

may a ar around treated
tur:orpge Post SBRT

Enhz‘?cing hepatic
tum

\
Geographical hyperenhancement
in parenchyma, usually seen in
arterial phase roughly

corresponding to SBRT
POST SBRT 6 MONTHS — 1 YEAR POST SBRT 1 YEAR + LONG TERM FOLLOW UP

Initial reduction in size of the

tumor with or without reduction Further slow reduction in Tumor barely seen or

in enhancement tumor size and very small in size ble
¥ en/hancement

»

mplete Response

RT to 50 Gyin 5 fractions
slative schematic to
v v if LI-RADS treatment
i N \ RADS, Liver Imaging
Focal liver reaction reduces ¢ Liver ltuagiag

No focal reaction but some . Atrophy' fibrotic Solid Tumors; SBRT,
or disappears. Enhancement 2 | ,
may occur in later phases atrophy/ fibrotic changes changes in parenchyma

AR x may be seen
but maintains similar evolve . 4

Figure 6. Diagram shows expected changes after SBRT.




How to approach a HCC / PVTT case




Base line work up




What dose and how much toxicity is expected??

Practical Radiation Oncology: January/February 2022 EBRT for primary liver cancers 41

Table6 Recommended EBRT doses and fractionation for HCC and IHC*

Fractionation Regimen Total dose/fractionation References
Noncirrhotic (primarily IHC): 7200-18,000 cGy
4000-6000 cGy/3-5 fx
CP class A: 7200-12,500 cGy
4000-5000 cGy/3-5 fx
Ultrahypofractionation CP class B7: 4800-7200 cGy
3000-4000 cGy/5 fx
4000-5400 cGy/6 fx 6700-10,300 cGy

5000-6600 cGy/10 fx 7500-11,000 ¢Gy

4800 cGy/12 fx 6720 cGy
) 4500-6750 cGy/15 fx 5900-9800 cGy
Moderate hypofractionation 7
6000 ¢ 20 fx 7800 cGy

6600-7200 cGy/22 fx 8600-9600 cGy

5040 cGy/28 fx 5947 cGy

Standard fractionation 6000 cGy/30 £x 7200 cGy

7700 cGv/35 fx 9400 cGy .
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Fig. 2.
Gfgadc >2 general gastrointestinal (GI) toxicity as a function of the prescription (Rx) physicz
dose to the target, with the probit model result (maximum likelihood parameter fitting) and
95% and 68% confidence intervals (Cls). General GI toxicities were defined as fatigue,
nausea, diarrhea, gastritis, ulcers, GI area pain, and colitis. The target Rx dose definition is
provided in Table 2. Each data point was placed at the reported mean or median dose and
reported complication rate; horizontal error bars represent the reported ranges, and the
vertical error bars represent binomial 68% Cls. The number of patients who developed
toxicity of the total number of patients for each study is displayed next to the data point. Thy
study by Andolino et al (14) did not distinguish between grade 1 and 2 general GI toxicities
Abbreviation: LML = log maximum likelihood.

ot the target, and the null hypothesis ot no dose response was not rejected (#=.1U);

therefore, we could not exclude that the incidence of liver enzyme complications wa

independent of the dose; the probit model fit is displayed for reference. Abbreviatior

= log maximum likelihood.
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Fig. 3.
Grade >3 general gastrointestinal (GI) toxicity as a function of the prescription (Rx) physical

dose to the target, with the probit model result (maximum likelihood parameter fitting) and
95% and 68% confidence intervals (Cls). General GI toxicities were defined as fatigue,
nausea, diarrhea, gastritis, ulcers, GI area pain, and colitis. The target RX dose definition is
provided in Table 2. Each data point is placed at the reported mean or median dose and
reported complication rate; the horizontal error bars represent the reported ranges, and the
vertical error bars represent binomial 68% Cls. The number of patients who developed
toxicity out of the total number of patients for each study is displayed next to the data point.

Abbreviation: LML = log maximum likelihood.




Anatomical risk regions in SBRT

Lowest: parenchymal

Low: sup/ lateral seg liver / tail body pancreas

Lowest risk

stic duct: connects the gallbladder

Potential high .6 the '
E2-0 Potential high : liver portal / biliary / pancreas head

—— Common bile duct

Highest : adjacent / invading lumen

Pancreatic duct

Ampulla of Vater

Duodenum —/



SBRT case selection: risk based on segment & function

REIOATS OF PRACTICA
; ™ ONCOLOGY AND
Available online at www.sc sedirect.com RADIOTHERAPY

ScienceDirect

* Seg 1: most dangerous — OAR — duodenum — cone down SBRT

journal homepage: http://www.elsevier.com/locata/rpor

* Seg 2 /3 : OAR-stomach —fasting before RT / non coplanar beam
* Seg 4a: relatively safe — OAR — kidney, spine

Review

Stereotactic body radiation therapy in

hepatocellular carcinoma: Optimal treatment o * Seg 4b: dangerous — OAR — duodenum, pylorus
strategies based on liver segmentation and . . .
fubilbnal Hepalliioaeos Seg 5: relatively safe — OAR — colon

. | * Seg 6/7 : liver tip — OAR — bowel, right kidney, ribs
Po-Ming Wang“, Na-Na Chung®, Wei-Chung Hsu“"*, Feng-Ling Chang®,

Chin-Jyh Jang*, Marta Scorsetti‘ * Seg 8: safest: even large upto 10 cm HCC can be safely treated

* Department of Radiation Oncology, Chung-Kang Branch, Cheng-Ching General Hospital, Taichung, Taiwan

® Department of Healthcare Administration, Asia University, Taichung, Taiwan

© Radiotherapy and Radiosurgery Department, Humanitas Cancer Center, Istituto Clinico Humanitas, Rozzano,
Milano, Italy

e CP [Child Pugh] score better than CP stage
e CP-AS5 better OS than CP-A6
* CP-A6 — more inflammation/fibrogenecity than CP-A5




Better functioning liver — better outcomes

Child-Pugh Score

— B7
-=-=  B8-C10

Log-rank test P = 0.01
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P. Berry, E. Theocharidou and S. Kotha

Pr
Table 1
Individual scores and associate prognostic estimates at

Day 2
Score Value Prognosis
Acute parameters

APACHEII In hospital mor
15%

In hospital mor
33%

ACLF grade®
CLIF-C consortium
ACLF score
(used if ACLF grade> 1)

CLIF-C consortium Mortality:
AD score 1 month - 2%
(used if ACLF grade=0) 3 month - 6%

6 month - 11§

12 month- 2
C-SOFA
Chronic parameters
CPS & Mortality

lyr- 55%

2yr- 65%
MELD 20 Mortality

3 month -2
UKELD 61 Mortality

1 yr- 50%

* ACLF grade progressed from 0 to 2 by Day 7 suggey

Table 1. Equation for calculating each grade including CTP score, MELD score, ALBI grade and PALBI grade.

G T score

CTP class

Albumin (g/dL)
Bilirubin (mg!dL)
INR

Ascites
Encephalopathy
MEI;D score

MELD grade
ALBI score

ALBI grade
PALBI score

PALBI grade

Class A, 5-6 points

_ None Gradel or Il

Adding points of five categories below

Class C, 10-15 points

| Class B, 7-9 points

1 point | 2 points 3 points

2.8-3.5 <28
3 >

1.7-2.3 >2.

' None ; Mild Severe

Grade [ll or IV

3.78 x log, serum bilirubin (mg/dL) + 11.20 x log_ INR + 9.57 x log_ serum creatinine

| (mg/dL) + 6.43
‘ Grade 1, <10

' Grade 2, 10-14 » Grade 3, >14

(loge bilirubin x 0.66) + (albumin x -0.085), where bilirubin is in pmol/L and albumin

(ing/L

Grade 1, <-2.60 Grade 2, Grade 3, >-1.39

>-2.60to <-1.39

2.02 x log,, bilirubin — 0.37 x (log,, bilirubin)® — 0.04 x albumin — 3.48 x log,, platelets

|+ 1.01 x (logo platelets) *

Grade 1, <-2.53 Grade 2,
>-2.53to0 <-2.09

Grade 3, >-2.09

CTP, Child-Turcotte-Pugh; INR, International normalized ratio; MELD, Model for end-stage liver disease; ALBI,
albumin-bilirubin; PALBI, platelet-albumin-bilirubin




Probability of Grade 3+ HB Toxicities

9 10 11 12 12 1
Totl score

Fig. 2. Nomogram to predict the occurrence of grade 3 or higher HB toxicaty after SBRT amwoag primary |

SBRT = ster
40 Gy

tic body radiotherapy. Volume of central hepatobiliary tract (created from a 15 mm expansion from

with an a/p rano of 10, Histology (1 = HCC and 2 = CCA). (A nomogram calculator is available online at hi

FORMULA

ALBI = (logq bilirubin = 0.66) + (albumin x -0.085), where bilirubin is in pmol/L and albumin

ing/L.

FACTS & FIGURES

Interpretation:

ALBI Score Median survival
18.5-85.6 months

5.3-46.5 months

2.3-15.5 months

Radiotherapy and Oncology <

f hamepege: wwa thagraanjaurmal.conm

Central liver toxicity after SBRT: An expanded analysis and predictive

nomogram

Diego AS.

Daniel T, ¢ il,l;l;: )

van C. Osmundson |, Ree von Eyben

w

jeniny L. Shaffer *, Peter Ls

Histology:

HCC (good) vs CCA (bad)

ALBI score

V40

wver cancer patients. Abbreviations, HB = hepatobiliary

1 the portal vein) recelving a biologically effective dose of

Table 4
Multivariate analysis for predictors of grade 3 or higher HB toxicity after SBRT for
primary liver cancer patients.

Predictor p value OR 95% CI

0.017
0.011
0.001

8.1267
0.1377
1.0490

1.4437
0.0297
1.0201

45.7450
0.6374
1.0788

Histology
Albumin-Bilirubin score
VBI;L)]O40

Abbreviations: HB = hepatobiliary; SBRT = stereotactic body radiation therapy;
OR = odds ratio; CI = confidence interval; Vgep1040 = volume of central hepatobiliary
tract (created from a 15 mm expansion from the portal vein) receiving a biologically
effective dose of 40 Gy with an z/f ratio of 10.

e 1-3
Gy:
— 37 cc
— 45 cc [3 #]
V26 <37 cc
V21 <45 cc

Dmean < 19 Gy [5#]




Target delineation: Image Fusion




Target delineation:

* GTV: PVTT +/- HCC on planning CT
» Additional fused MRI/ PET-CT used
« PTV:

* Cyberknife: 3 mm radial and 5 mm cranio-caudal

e DIBH: 5 mm radial and 7 mm cranio-caudal

GTV:

v’ capsulated growth pattern
v’ pushing growth pattern

v infiltrative growth pattern

Tumor/normal liver interface (TNI) - 1
Post chemo - residual - peripheral thickness = prognosi

A 1
e
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Table 2 Landmark dose selection studies, equivalent doses and outcomes by EQD?2

Study Dose/fraction EQD2 (assumes an alpha beta 10) Outcome reported

Liver metastases studies
Lee (28) 41.8 Gy median (27.7-60) Gy/6 59.1 Gy (33.7-100 Gy) {year LC 71%
Hoyer (29) 45 Gy/3 93.8 Gy 1year LC 95%

Chang (30) 48-52 Gy/3 104-118.4 Gy 1 year LC 90%

Rule (27) 60 Gy/5 110 Gy 2 years LC 100%
Hepatocellular Carcinoma Studies

Bujold (31) 36 Gy (24-54Gy)/6 48 Gy (28-85.5Gy) 2years LC 74%

Sanuki (32) 40 Gy/5 for CP-A, 35 Gy/5 for CP-B 60 Gy, 49.6 Gy 2 years LC 93%

Cardenes (17) 48 Gy/3 for CP-A, 4(/5 for CP-B y. 60 Gy 2years LC 100%

I & b A &

* Individualize maximum dose / for specific toxicity risk levels




Initiating the liver SBRT program — Toxicity dilemma

e RILD — not a limiting factor

e other non-RILD toxicities:

e gastroduodenal damage

e Chest wall and rib injury

* Esophageal ulceration

* Renal failure

* Reactivation of viral hepatitis
e Cardiac injury

* Pneumonitis

e Skin necrosis.

Table 2. Dose constraints for stereotactic body radiation therapy planning.

Organ at risk Constraint for 3 fractions Constraint for 5 fractions

Uninvolved liver (non-cirrhotic)
Mean dose
Dose to 2700 cm’

Uninvolved liver {Child-Pugh class A)
Mean dose

<12-15 Gy
<19 Gy

<15-18 Gy
<21 Gy

Dose to 2700 cm™
Uninvolved liver {Child-Pugh class B)

Mean dose

Dose to 2500 cm’
Stomach

D 0.03 cm’

D 10 cm®
Duodenum

D003 an

D5 am’
Small bowel

D 0.03 cm’

D5 om’
Large bowel

D 0.03 cm®

D 20 cm’
Common bile duct

D05 cm’

<18 Gy

<32 Gy

<34 Gy
<25 Gy

40 Gy
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DISTANCE BETWEEN 80% I50D05E AND 60% ISODOSE-[<2mmi)
i
LIUEH[HCCMET' LESION 1 LESION 2 LESION 3 LESION 4 LESION 5
1. | NAME
DISTANCE BETWEEN 80% I50D05E AND 40% ISODOSE-[<8mmi)
S LESION 1 LESION 2 LESIOM 3 LESION 4 LESION 5
3. | PRIOR TREATMENT
CONFIRMITY INDEX [||:|E.l!|L 1] VIOILLMAE OF PRESCRIPTION IS0D0SE M DUUKIE OF FTV
LESION 1 LESION 2 LESION 3 LESION 4 LESIOMN 5
4, | MOTION MANAGEMENT
5. | NUMBER OF LESIONS HOMOGENITY INDEX [BETWEEN 1.1-1.3) MAY DOSES PRESCRIPTION D:0SE
6. | CHILD SCORE[BEAP] LESION 1 LESION 2 LESION 3 LESION 4 LESIOMN 3
LIVER WOLUME GRADIENT INDEX |BETWEEM 0.3-0. 0| [Rabius oF PREsOnrTics SODosE - RATHUS OF HALF PRESCRIPTION BO0OSE]
I
a LOCATION SIDE LESION 1 LESION 2 LESION 3 LESION 4 LESIOMN 5
1 PRESCRIPTION DOSE LIVER-GTV [ 00CC]
> NMEEDED | ACCEPTABLE UMNACCEPTABLE ACHIEVED
3' 0 Gy =13 Gy 13-13.2 Gy »13.2 Gy
i 45 Gy 215 Gy 15-15.2 Gy »15.2 Gy
4. 40 Gy 215 Gy 15-15.2 Gy »15.2 Gy
5 35 Gy £15.5 Gy 15.5-15.7 Gy » 15.7 Gy
9. | PLAN TYPE-[3DCRT/VMAI 5 ; w16
/ L1 16 16-16.2 Gy 16.2 Gy
10| PRESCRIBED MARGIH 275Gy =17 Gy 17-17.2 Gy » 172 Gy
LESION 1 11| NON LIVER OAR CONSTARINTS | NEEDED | ACCEPTABLE UMNACCEPTABLE ACHIEVED
D LESION 1 Ezophagus max [to 0.5 oc): 32 Gy = 32 but €34 Gy » 34 Gy
"“"’:{ — Stomach max [to 0.5 co): 30 Gy =30 but 32 Gy » 32 Gy
D95% Duodenaun mos fto 05 ccf 30 Gy .30 but <32 Gy » 32 Gy
D100% | LESON1 Smeall bowel max (to 0.5 ccl 30 Gy 3 but 232 Gy » 32 Gy
V959, LESION 1 Large bowel max {to 0.5 oc): 32 Gy =32 but 234 Gy » 34 Gy
. Cord + 5 mm max |0.5coc): 25 Gy =25 bt <28 Gy » 2B Gy
V100% | LESION 1 - — ;
Kidneys: Bilateral mean =10 Gy =10 but 212 Gy » 12 Gy
V1209 | LESION1 Chest wall
CBD o MGy

| [cen S0y |




Stereotactic Body Radiation Therapy for Hepatocellular
Carcinoma in Cirrhotic Liver

Solutions that Enable Ablative Radiotherapy for Large Liver
Tumors: Fractionated Dose Painting, Simultaneous Integrated
Protection, Motion Management and CT Image Guidance

Hiroshi Doi, Hiroya Shiomi and Ryoong-Jin Oh

Christopher H. Crane, M. D. and Eugene J. Koay, MD., Phd.
Department of Radiation Oncology of The University of Texas MD Anderson Cancer Center,
Houston, TX, USA

Large tumors

e |ssues : liver failure

(intrahepatic progression before extrahepatic disease)

* Reasons of death — inoperable large HCC:

* tumor related liver failure / underlying liver disease
* inadequate intrahepatic control

 functional liver parenchymal loss, biliary/ vascular
obstruction- ischemia



e (cGy) ColdRef. (cGy) Volu (cm3)

DVH Statistics (Total Volume) @monaco2 - [11857811, SURJIT SINGH, CT20072022port, P2]

Statistics [ Display |




Table 1 Selection Criteria for SBRT for Oligometastases

Selection for Stereotactic Body Radiation Therapy for Oligometastases

Patient characteristics Datients capable of self-care with controlled or absent primary tumors,
Tumor characteristics Four or fewer tumors typically less than 5 cm ideally from colon. breast, sarcoma,

or renal-cell primary tumors. Tumors should be well demarcated without
significant risk of occult spread.

Imaging requirements Extent of tumor identifiable on primary treatment planning imaging or able to be
accurately fused from other imaging platform.

Dosimetry requirements Normal tissue tolerance to particularly serially functioning tissues (eg, tubular
structures) must be respected. Tumors next to hollow viscous including major
bronchi and major ducts should be avoided. Dose should be concentrated in the
tumor with rapid fall-off in all directions by using multiple field techniques akin
to intracranial radiosurgery.

40 50 60 70 80
Points Aottt bbbt

Oligoprogression

Indication T
Oligometastases

Performance status .

10-100

Pre-SBRT CEA (pg/L) -10

PTV (cc) séo

Total Points T v T T T T r T T T 7 T )
0 2 40 60 80 100 120 140 160 180 200 220 240 260

T

1-year survival ; : -

T T T T L)
09 08 07 0605040302 01

2-year survival : T — T

09 08 07 0605040302 01
3-year survival r ——
08 07 0605040302 01

FIGURE 3 | mCRC survival nomogram. (To use the nomogram, the value of each patient was on each variable axis, and a line was drawn upward to determine the
number of points received for each variable value. The sum of these numbers was on the Total Points axis. A line was drawn downward to the survival axes to
determine the likelihood of 1, 2- or 3-year survival). mCRC, metastatic colorectal cancer; SBRT, stereotactic body radiotherapy; LCDT, local control of dominant
tumors; CEA, carcino-embryonic antigen; PTV, planning tumor volume.




Oncological factors:

* node-positive primary

* disease-free interval (<12 months)
* number of hepatic metastases (> 1)

* hepatic metastasis (>5 cm)
 CEA (>200 ng/mL)

< 2 factors -5 Yr ~ 50%, 10 yr OS ~ 17-25%

Anatomical factors:

* Latest imaging: accurate diagnosis and staging
* Both primary/ mets resectable

* Post op preserved hepatic functions

Patient tolerance:

* adequate liver function

* Performance status / comorbidities

* Postop -~ 20-25% normal liver with adequate inflow, outflow, and biliary drainage



SBRT liver mets: selection of cases

Table 2 Favorable patient characteristics
for trials testing stereotactic radiotherapy
for liver metastases

| Variable

Colorectal or breast cancer primaries
No extrahepatic disease

Table 1 Risk factors affecting survival for
patients with surgical resection of liver me-
tastases from colorectal cancer

Variable Low risk High risk
Numberof N<3 N>3

lesions < 3 liver lesions

Size (largest <5cm >5cm

<6 cm largest diameter
diameter)

Disease-free > 12 months <12 months
interval

CEA level <200 mg/m >200 ng/ml

Resection Negative (RO)  Positive
margins (R=1)

> 1.5 cm from luminal gastrointestinal organs
No or minimal prior systemic therapy

Locally controlled or potentially treatable
primary tumor

Good performance status and life expectancy
> 6 months




Spectrum of dose ranges in literature
14-30Gy / 1 fr --> 30-75 Gy/ 3-5 fr, occasionally 48-60 Gy / 6-8 fr

Difficult to compare: heterogeneity in
dosimetric planning

dose prescription

patient selection

primary tumor number/ volume
systemic treatments before/ after SBRT
Definition of LC

Usual local control 56% to 100% at 2 years
Higher doses - better LC / although dose response curve - uncertain

Chang et al. - colorectal liver mets
* BED;g, for 90% LC- @ 1yr- 117 Gy,,.
* ~46-52 Gy in 3 fractions [LQ model]
* ~55Gyin 5 fractions
» Better outcomes with non colorectal mets



evolution 1% line for locally advanced inoperable HCC

antitumor immune response + immunogenic cell death
necroptosis, i.e. caspase-independent apoptosis = increased PDL1

PD-L1 blockade by immunotherapy - potent synergistic treatment

Y
Systemic PD-1/

CTLA4 Phase I/ll trials: SBRT with immunotherapy

blockade

(NCT03482102, NCT03203304, NCT03316872, NCT03817736).




SBRT Liver — our Experience




Courtesy: Medanta (kataria et al)

Treatment planning/ delivery

15 15

Dose dellve d (in ?5939 - No of fractions
295 4 454?0 5
436 90 49

¥ 10,510 109 10
3030 10
2% 27 35555/\5555555555

1 3 5 7 9 11 13 15 17 19 21 23 25 1 3 5 7 9 11 13 15 17 19 21 23 25

Yearly case referral pattern

25 7

20 A

18
g : ‘ s
e o

SBRT : tracking Cyberknife 2011 2012 2013 2014 2015 till june
2016




H CC — PV case Courtesy: Medanta (kataria et al)

. 38/M

o Hep B/ multifocal HCC — 2012

o RFA for 3 lesions — 2012 [Singapore]
o TARE in 2014 [another facility]

o 2015 with:
« AFP-78.1
o« PECT-CT:SOLsegV/VI+RtPVTT

* Impression:
HCC with PVTT

Outside Milan - poor prognosis
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Courtesy: Medanta (kataria et al)




* res pO nse Courtesy: Medanta (kataria et al)

Underwent successful LDLT —on 24.2.16

MICROSCOPIC EXAMINATION:

died from 1st a

NS N

Post- SBRT: Recanalization of filling defect
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Post Transplant CECT

Courtesy: Medanta (kataria et al)

PVTT and recurrence in 2015

transpla
— 5 year —
alive &
healthy

— Dec 2015
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* Diagnosis: HCC multifocal with PVTT

* Planned for SBRT to PVTT with breath hold — ABC followed by TARE

* Dose planned 6000cGy/5 fractions

IMPRESSION:

CT findings are suggestive of

No new lesion evident.

Sequelae of portal hypertension in the form of splenomegaly, portosystemic collaterals with esophageal varices with
small lienorenal shunt and moderate to gross ascites.

Large right inguinoscrotal hernia containing ascitic fluid.

I e

argariou Daz 1422013
2qsrer o
Frrve b Sz

Post op - HPE

Macroscopic Venous (Large vessel) Invasion (V) -Not identified
Microscopic (small vessel) Invasion (L) -Present
Organised thrombus present in portal vein
PERINEURAL INVASION - Not identified

TUMOUR NECROSIS - 45-5

CAPSULAR INVASION - Nof see

PORTAL VEIN THROMBUS : Seen

PATHOLOGIC STAGING (pTNM): y(post-treatment)
Primary Tumor (pT) -

pT1: Solitary tumor with vascular invasion
ADDITIONAL PATHOLOGIC FINDINGS -

Fibrosis score: VI

Cirrhosis (Ishak score 5-6) (F1) - Present

Gall bladder - Appears unremarkable

IMPRESSION: Liver with Gall Bladder -
Moderately differentiated Hepatocellular carcinoma
ypT1 (Post TARE)
Portal vein thrombosis present
Margin is free of tumor
Gall bladder appears Unremarkable.

* END OF REPORT *

Alive for 1 year 7 months post surgery — developed lung mets - expired



Survival (months) in specific groups

All Cases [n=60] (mean) 15 [1-55] 7 [0-42]
% Transplant [n=13] mean m m

“ Non Transplant [n=29] mean | g [4_41] ’ 3 [0-12]

Palliative [n=18] mean \ 13 [2-38] 4 [0-14]
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Follow up data — till 2017

Courtesy: Medanta —-The Medicity

l 17 transplant l

l 6 awaiting assessment l

| Status : Dose (BED) Vs Intent
_ Curative group-42
BED <100 Gy [n=14] - 33.3%
Alive - 8 [57%)]
Status Dead - 5[36%] Status
| LU [7%]
Transplant 9 [36%)]

Palliative group -18
BED <100 Gy [n=9]-50%
Alive - 2 [22.2%]
Dead — 6[66.7%]
LFU -1 [11.1%)]
Transplant 0

Responders (CR/PR)-
Responders (CR/PR)- 0

| Treatment 6 [43%] Stable =1 [7%]| Treatment | Stable = 2 [22.2%)]
| response | progression — 6 [43%]| response progression — 6
LFU- 1 [7%] [66.7%]
LFU- 1 [11.1%)]
BED > 100 [n=28] - 66.7% BED > 100 [n=9] - 50 %
Alive — 21 [75%]
Status Dead - 5 [17.9%)] Status
. LFU- 2 [7.1%) .
Transplant 8 [28.5%] Transplant 0
Respo nd[:rzss(o(/:‘]RIP Ry-12 Responders (CR/PR)- 1
: Treatment [11.1%]
stable -7 [25%] kb -
Proaression — 7 [25% response stablg - 1[11.1%)]
g [ ! Progression — 7 [77.8%]
LFU- 2 [7.2%) 9 e

Alive — 6 [66.7%]
Dead — 3 [33.3%)

| Treatment
response
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PORTAL VEIN THROMBUS IRRADIATION—
AN ALTERNATIVE IN INOPERABLE
HEPATOCELLULAR CARCINOMA

A Abhishek, T Kararia, K Sharma, KP Karrchick,
K Madan, T Piplani
Cancer Institute, Medanta—The Medicity, Gurgaon, Indis;

Institute of Liver and Biliary Sciences {ILBS), New Delly, India

Background: Portal vein tumor thrombosis (PVTT), in
a case of heparoceliular carcinoma (HCC), is considered
poor nisk and has been reporred to be assoctared wich un-
favorable outcomes to the established trearment regimens
like surgical resection or TACE (wransarterial chemo-
embolization). Radiotherapy (RT) has shown survival bene-

firs and promises > therapy insuch cases.

Aim: To review an ste of RT in advanced
HCC with portal 11
Marterials and Method: Lirerarure was reviewed for the
role of radiotherapy in PVTT along with the case selection
criteria, technique, expecred benefits, and possible side
effects of the rearment.

Discussion: Definitive rrearment scrategy is not estab-
lished for PVTT in advanced HCC, With 34-84% inci-
dence, PVT cannort be overlooked and demands alternarive
approaches. Results of surgery in such cases are dismal and
palliative chemorherapy (TACE) may increase the nisk of
ischemic events. In such cases, radiotherapy has been wadely
reported to have an objective response rate of 37.5-57.9%,
with a meduan survival ome of 6.7-10.7 monchs. Post PVTT-
RT, re-canalizacion may be achieved in 60-75% cases and
re-considered for TACE/primary management wich accepe-
able outcomes. Therefore, RT is a promising salvage alter-
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Portal vein tumor thrombus irradiation: A bridge to successful liver transplant

Ashu Ablushek

,\ 2014

nishekigmail.com

—

Associate Consultant Radiation Oncology - Medanta the Medicity, Gurgaon .E-mail: ashuabl

Introduction: Liver transplant remains the treatment of choice for Hepatocellular carcinoma (HCC). Presence of portal vem tumor thrombus (PVTT) 1s one of the commonest reasons for moperability and 1s
considered to be associated with poor survival. Such medically inoperable cases are offered alternative treatments like Radio frequency ablation (RFA). Trans arterial chemo-embolization (TACE) and
conventional external beam radiotherapy (EBRT). Owing to documentation of poor liver tolerance to radiation from conventional techniques i past, the role of EBRT has not been explored adequately.
Stereotactic body radiotherapy (SBRT) is an emerging modality of cancer treatment. promising better o .. VIT
since April 2011. SBRT plannmg with breathing motion management(esther on linac with Automatic br CO urte Sy: Me d anta _Th e Me d ICI ty an
details, imaging TEsponse. transplanr status and survival as per last follow up in these cases were revieweu ALALY 513, INESUIL, WL UL U LasCh, 1V WELT LITALTU LWL UCLELLUTL LU L0 (PIT 2017 Lascs) and 185t
16 were treated till July 2014 (2014 cases). Adequate follow up was available for pre 2014 cases while most cases of 2014 are still awaiting evaluation. Intent of treatment was curative m 5/10 and palliative in
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Successful Transplant post neo-adjuvant PVTT-RT: limited available world literature
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Living Donor Liver Transplantation for Advanced
Hepatocellular Carcinoma with Portal Vein Tumor
Thrombosis after Concurrent Chemoradiation Therapy
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Portal Vein Tumor Thrombus Irradiation: Paving the Way
for Liver Transplant
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HCC —PVTT : SBRT + TARE - Transplant

FMRI




HCC — PVTT — unfit for TARE (multiple collaterals)




HCC — PVTT — unfit for TARE (multiple collaterals)

Four pathogenic mechanisms have been described:

¢ directly by a siphoning effect (lobar multisegmental shape)

ymbosis resulting in a portal branch blockade

flow diversion caused by an arterioportal shunt




SBRT / TARE / Lenvatinib in muticentric HCC with PVTT - FMRI

Multimodality Treatment of Advanced Hepatocellular Carcinoma: A novel strategy for treating

HCC with portovenous tumour thrombus with a combination of SIRT, SBRT and targeted

chemotherapy
‘Ishita Sen, *Saurabh Kumar, *Ashu Abhishek, "Mukesh Patekar ‘Subha Shankar Das,

‘Dharmender Malik, “Ashish Singhal,
*Department of Radiation Oncology, FMRI Survival

’ : , . S Vi as assessed st g » i ust S > nt, i » Kaplan-Meie $ S
Department of Liver Transplant, Fortis Healthcare urvival was assessed starting on the day of first SIRT treatment, and the Kaplan-Meier plot 1s shown

' v 2.3 > in Fig 1. The estimated median duration of follow up by reverse Kaplan-Meir plot was 14 months. The
Department of Nuclear Medicine, FMRI ' 8 G PSRy NS ‘ .
; ; . estimated median overall survival at the time of analysis was 13.2 months with 40% patients alive at

‘Department of Interventional Radiology, FMRI : '
the time of censoring. At the time of analysis, 12 patients had died, 3 of whom died as a result of

“Department of Medical Oncology, FMRI
primary or metastatic disease progression, whereas 9 patients died as a result of parenchymal liver
fatlure. | other had progressed with extrahepatic disease but continued to survive while six continued

to be in good response. with the multimodality treatment. The longest survival at the time of analysis

* Preliminary data : 20 cases 20 i
. H CC Wit h PVTT I'o our knowledge this 1s the first data demonstrating the effective combination of three modalities,

SIRT, SBRT and Lenvatiub to produce not just sustainable response but also a good quality of life in

pattents with advanced HCC. In our cohort of patients, median survival was 13.2 months, which is
marginally better than the ImBRAVE study using the combination of Atezulumab + bevacizumab
which 18 now considered the standard of care in advanced HCC. Objective response rates by mRECIST

o IVI u Iti m Od a | ity a p p ro a C h — have been found to be an independent predictor of OS in many studies of advanced HCC, In our study

there was n 90% response mte by mRECIST eritenin with an 85% fall in Serum AFP levels. There was

TA R E + S B RT CO m b i n ati O n also excellent patient comphiance ns the therapy required only two episodes of day care admssion for

I'ARE, once for mapping while the other for actual delivery of Y90 Sir sphere. The SBRT was also

done ns an out-patient procedure




Gains...

HCC-PVTT = 17 operable + 6 awaiting

= 42 inoperable cases = Post transplant 29 + months

= Curative cases: 15 + months

= Expected survival —2.7 B
to 10 months .

Median survival - > 13 months

Inoperable multicentric HCC —
longest > 20 months

median survival 6-9 months



Pancreatic Cancer
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Fig. 1| Suggested treatment algorithm for patients with pancreatic cancer. Patients are stratified according to tumour
stage (resectable, borderline resectable and locally advanced unresectable, metastatic) and performance status (defined
by the Eastern Cooperative Oncology Group (ECOG) score). Median survival values are) estimates from published data,

mainly from small, single-arm or retrospective trials. In the metastatic setting, survival data are from trials of first-line
therapy This treatment algorithm represents the expert opinion of the authors. 5-FU, 5-fluorouracil; FOLFIRINOX,
folinic acid, fluorouracil, irinotecan and oxaliplatin; G-C, gemcitabine—capecitabine; nab, nanoparticle albumin-bound;
nal, nanoliposomal. *Approaches are based on evidence from RCTs, Other depicted treatment algorithms are current
approaches, but they are not evidence based and are not standard of care worldwide.




Conventional or SBRT ?

Original Article

Conventionally Fractionated Radiation Therapy Versus .
Stereotactic Body Radiation Therapy for Locally Advanced — o AR Confidence Interval

. . . . . Mukherjee et al., 2013 (Gem) CFRT ¢ [0.0; 2.5]
Pancreatic Cancer (CRiSP): An International Systematic Review Mukherjee et al,, 2013 (Cape) CFRT 9. (2.3,213)
% Cohen et al., 2005 CFRT . [4.2; 20.5]

and Meta-Ana|yS|s Loehrer et al., 2011 CFRT . [3.2;24.3)

Cardenas et al,, 2011 CFRT 1 [7.1; 19.5]

= 2 s ] G o - g Rich et al., 2004 CFRT . - [7.5; 20.2)
Leila T. Tchelebi, MD ; Eric J. Lehrer, MD ; Daniel M. Trifiletti, MD : Navesh K. Sharma, DO’; Mamon et al., 2011 CERT : [7.4;22.8)

Niraj J. Gusani, MD, MS 58, Christopher H. Crane, MD* and Nicholas G. Zaorsky, MD Chauffert et al., 2008 CFRT ] [7.1;25.1]
Shubuya et al., 2011 CFRT . ‘ - [6.1;39.3]
Epelbaum et al., 2002 CFRT . [7.6;43.2]
Okusa et al., 2004 CFRT . [12.5; 37.9]
Hammel et al., 2016 CFRT [20.7; 31.1]

Random effects _modol A i i ) 1 [8.9; 19.3]
. o o 0 20 40 60 80 100
ln C'OnClllSlOl], IOC.;I”V ;ld\';IHCCd, un TCSCC[J[)IC pan- 2-Yr Overali Survival (%)
’ 2-yr 0S 13.7% (CFRT) vs 26.9% (SBRT), p=0.004 -
creatic cancer is an lllClll‘;ll)lC L‘llSL"&SC \\'lll] poor outrcomes. Study RT 2-Yr OS (%) v

Confidence Interval

['his meta-analysis suggests that SBRT may offer a mod- Schellenberg et al., 2008 SBRT 165 —-+ [3.0;37.9)
/ < 4 Herman et al., 2014 SBRT 18.2 —— [ 8.8; 30.1)

. ] . ) ) . ST T . Schellenberg et al., 2011 SBRT 239 - [8.3; 44.5)

est improvement in OS compared with CFRT, with a Mahadevan etal, 2010 SBRT 257 , (130, 41.0]
Song et al., 2015 SBRT 288 [18.1; 40.9]

more favorable toxicity prolilc. Further stud_\' into the use e " SBRT a6 Des o)

of SBRT for patients with LAPC is needed to improve Random effects model 26.9 : [20.6; 33.6]

Heterogeneity:/? = 23%, ¥ = 0.0022, 2 = 7.74 (p = 0.26) 1

outcomes for these patients. 2-Yr Overall Survival ()

Figure 1. Forest plots of 2-year OS for CFRT and SBRT. There was a statistically significant difference in 2-year OS favoring the SBRT
group (P < .05). Abbreviations: CFRT indicates conventionally fractionated radiation therapy with concurrent chemotherapy; OS,
overall survival; RT, radiation therapy: SBRT, stereotactic body radiation therapy.




Pancreas SBRT

Indications/ benefit:

Aggressive / 20% operable, 40%
locally advanced

Inoperable cases — unfit Sx
60% - local progression « As boost for high risk / post op
 Avoid delay in systemic

Local management : Non surgical
« Symptom control

* Local control / PFS

e conversion - operable

e Recurrent disease

* Oligometastatic Mets

SBRT : No delay in systemic therapy - Palliation : Pain / Biliary obstruction



Vascular
Structure

Pancreatic Arteries

Head

Pancreatic Arteries

Body or Tail

Localised and
Resectable

No arterial abutment,
clear fat plane with CA,
CHA and SMA

No venous abutment,
clear fat plane with MPV
and SMV

No arterial abutment,
clear fat plane with CA,
CHA and SMA

No venous abutment,
clear fat plane with MPV
and SMV

Borderline Resectable

CHA abutment or encasement;
no extension to the celiac axis

<180 degree SMA, no CA
encasement

MPV or SMV encasement with
reconstructible MPV or SMV

<180 degree SMA, or CA
encasement

Reconstructible MPV or SMV

Table 1 National Comprehensive Cancer Network guidelines on resectability criteria
Legend: CA: celiac axis, CHA: common hepatic artery, SMA: superior mesenteric artery, MPV: main portal vein, SMV: superior mesenteric vein

ICC 2023, Mumbai

Locally Advanced

> 180 degree
abutment of SMA or
any CA abutment

Aortic invasion

Unreconstructible
MPV or SMV

> 180 degree
abutment of SMA
or CA abutment

Unreconstructible
MPV or SMV




Adjuvant
therapy® or
observation

Surgically
resectable

Neoadjuvant
therapy*

CTX or clinical

Progression trial

Resectable or Adjuvant

Surgically
borderline *
ressctable therapy® or

re:?ctable observation The following criteria are taken into account to
isease select the optimal RT technique:
Laparotomy N

3D-CRT: 1.8-2 Gy x 25-28 fx
Unresectable * Palliative RT or in patients with
IMRT: >1.8 Gy x 228 fx poor PS (3 Gy x 10 fx)

Definitive treatment >54 Gy Dose <54 Gy

\L Need to minimize dose to When bowel/stomach adjacent

| (1) CTX alone tumor-bowel/stomach to tumor is minimal
Locally EUS, CT- A ge;mt interface No need to boost vessel tumor
advanced, guided preferred Dose painting to increase interface
unresectable biopsy, of  mggl (2) CTX => CRT or dose to tumor-vessel
z ERCP with interface
disease brushi SBRT i —
rusining | (3) Palliative RT, Minimize Gl toxicity (i.e.,
stenting, or patient is nauseated)
, bypass**

SBRTT: 5-12 Gy x 3-5 fx
Same as IMRT, with the exception of:
* Short-course
* Minimizes delay to CTX or surgery
\l/ * Less acute toxicity
i (1) Consider resection * Possible increase in chronic
dicaisoror after myltidisciplinary toxicity
response to evalluation Avoided if direct invasion of
therapy (2) Continue CTX stomach or bowel (unless surgery
(3) Palliation, observation is planned after treatment)

Note: These are recommended options; however, a clinical trial is preferred




SBRT Pancreas: Curative effects

» 15t experience :
« 25Gy /1 fr—100 % LC but > 25% Gr Il + toxicities, ulcer, stricture, perforation

e 3-5 fractions better

* Herman (33 Gy/5 fr) / Ryal et al / Park et al (SBRT vs IMRT)
* Median survival 14-15 months, LC — 80%, Gr Ill toxicity < 10%

* Margin negative/ LN negative resections
* Induction chemo > SBRT - better survival / PFS in inoperable

- BRPC  ComersionineRPC
* Moningi et al.
* 88 cases/SBRT 25 -33 Gy/ 5 fr + Gem or FOLFIRINOX chemo _
* 1yrLC61%, mOS 18 m
* Those made operable—20 m Vs 12 m, Grade 3 toxicity < 6%.
* Mellon et al.

* 159 cases (110 BRPC, 49 LAPC)
* 24% surgical conversion / all margin negative , mOS 34 month



Table 2 - Stereotactic body radiation therapy for locally advanced pancreatic cancer.

SBRT and gemcitabine for locally : Patients, n SBRT dose (in Gy) Grade 3+ Gl Median O Median
toxicities at 1 year (months) follow-up
(unless other (months)

800 cGy x 3
(total dose 2400 Gy) | (total

Fig. 1. Adaptive tolerance-based stereotactic body r¢
ship between duodenum and pancreatic tumor (red) |

Koong et al.
Koong et al.*’

Hoyer et al.’

Schellenberg
etal

Schellenberg
et al

Herman et al.*’

Mahadevan
etal

Mahadevan
etal

Gurka et al.”

Polistina et al.-

15,20,0r 25Gy x 1
45 Gy IMRT followed
by 25 Gy x 1 boost
15Gy x 3

25Gy x 1 after
induction
gemcitabine +
post-SBRT
gemcitabine
25Gy x 1 after
induction
gemcitabine +
post-SBRT
gemcitabine

6.6 Gy x 5 after
induction
gemcitabine
8,10,0r12Gy x 3
followed by adjuvant
gemcitabine
8-12Gy x 3 after
induction
gemcitabine
5Gy x 5 with
concurrent
gemcitabine
10Gy x 3 with
induction and
concurrent
gemcitabine, +
surgery, +
maintenance
chemotherapy

1 0 wise specified)

0
2 (12.5%)

79% acute grade

2+
1 {6%) acute
2 (13%) late

0 acute
1 (5%) late

1 (2%) acute
3 (6%) late

5 (14%)
0 acute
3 (9%) late

0

Not available
9.1 for all

patients; 22.3 for
living patients

Not available




Basic Origina v S Liver —GTV
~ : - Gall Bladder —— GTV+5mm
Stomach

Australa
E, Table 2 Suggested dose constraints for pancreas SBRT
(AGITG) e |

Organ Standardized name  Parameter Constraint

Constraint Per protocol. Gy  Minor variation. Gy  Major vanation, Gy

Duodenum Duodenum Dmax (0.5 em”) <33 <3
V3o <5
Stomach Stomach Dmax (0.5 ¢cm™) <33 <
V30 < 5
Small bowel SmallBowel Dmax (0.5 em”) <
V30 5-10
Large bowel LargeBowel Dmax em’) <35 35-38 Gy
Duodenum PRV Duodenum_PRYV Dmax cm’) 38-40 Gy
Contou Small bowel PRV'  SmallBowel PRV Dmax cm’) : 38-40 Gy
Contou| Large bowel PRV’ LargeBowel PRV Dmax em’) 38-40 Gy
.splcnk . Stomach PRV Stomach_PRV Dmax cm:l 3840 Gy
GTVA4 Spinal cord PRV SpinalCord_05 Dmax cm’) <25 Gy
z Combined kidneys  Kidneys_Comb Vi2 <25 25-30
CTVa Single kidney Kidney_L V10 <10 10-25
ITV4() Kidney R
PTVA4 Liver Liver Vi2 <40 <50

I
3
I
3
1

Ensure Abbreviations: Dlm‘.n = maximum dosc; PRV = planning organ-at-risk volume; SBRT = stercotactic body radiation therapy.
: * Unit is cm' .
VISCOU! Minimum PRV expansion should be 3 mm; however, larger expansions should be considered in a setting of increased organ movement or
ST uncertainty
Abbrevian, ' Unit is Gy.
nodes: Gl Unit is percent.
target volu -
fOr Motk

Figure 3 Contouring atlas for pancreas stereotactic body radiation therapy demonstrating formation of the tumor-vessel interface.
Patient with locally advanced pancreatic cancer and aberrant left gastric artery. Abbreviations: CA = celiac artery: CTV = clinical
target volume; GTV = gross tumor volume: PV = portal vein: SMV = superior mesenteric vein; SV = splenic vein.




Michael Chuong @ik

‘ ? M nuongMp
Stage 4 PDAC pt w/ growing primary
tumor and intractable 10/10 pain despite
celiac plexus block. 25 Gy x 1 (PTV mean
30 Gy). Same outcome as previous pt -
complete pain relief after 2 weeks, no
longer taking any pain meds, no toxicity!

Impact of Short-Course Palliative Radiation 0 24 Gy / 3 fr Maybe we are onto something here... &
Therapy on Pancreatic Cancer-Related Pain: o6
Prospective Phase 2 Nonrandomized d 25Gy/5Fr

PAINPANC Trial - O 25 Gy / 1 fr [MR linac]

Palliation / Pain

CLINICAL INVESTIGATION

Methods and Materials: In this prospective phase 2 single center nonrandomized trial, 30 patients with moderate-to-severe
pain (5-10, on a 0-10 scale) of pancreatic cancer refractory to pain medication, were treated with a short-course palliative radi-
ation therapy; 24 Gy in 3 weekly fractions (2015-2018). Primary endpoint was defined as a clinically relevant average decrease

i/ /

Conclusions: Short-course palliative radiation therapy for pancreatic cancer-related pain was associated with rapid, clinically
relevant reduction in pain severity, and clinically relevant improvement in global QoL, with mostly mild toxicity. © 2023 The
Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)




Re-irradiation / salvage

Re-irradiation with stereotactic body radiation therapy as a novel
treatment option for isolated local recurrence of pancreatic cancer

after multimodality therapy: experience from two institutions

Aaron T. Wild", Susan M. Hiniker”, Daniel T. Chang’, Phuoc T. Tran'’, Mouen A. Khashab',
Manecesha R. Limaye’, Daniel A. Laheru’, Dung T. Le’, Rachit Kumar', Jonathan S. Pai’, Blaire
Hargens’, Andrew B. Sharabi', Eun Ji Shin®, Lei Zheng', Timothy M. Pawlik’, Christopher L.
Wolfgang’, Albert C. Koong’, Joseph M. Herman'"

v’ Localized salvageable recurrence
v’ 2-6 months systemic = Re-RT
v' >9-12 mths DFS = better for local control Re-RT
v Re-RT -5 fr SBRT 4-5 Gy/fr [20-25 ~ 30 Gy]
** median BED early/late: 37.5/66.7 Gy

The trials examining SBRT discussed above (19-21)
demonstrated excellent local control rates (81-100%), but
minimal impact on median survival, which was similar to
that observed in our study (8.8 months) at 7.6-11.8 months.
This is likely explained by the propensity of pancreatic
cancer to microscopically disseminate early (31), rendering
local salvage therapy ineffective for prolonging survival
due to subsequent emergence of occult distant metastases.
Notably, however, two patients in our series who received a
pancreatic tumor cell vaccine with ipilimumab prior to local
recurrence/progression demonstrated extended survival
after SBRT. While we cannot confirm the role of SBRT in
prolonging survival in these cases, it is possible that these
patients manifested an improved immune response to their
tumors following SBRT, similar to the abscopal effect
recently reported for patients with melanoma (32,33).

In order to prevent administration of futile local therapy,
one strategy is to give chemotherapy for 2-6 months and

reassess for metastases before administering re-irradiation
with SBRT (30). While this selection approach is
preferable, some patients with acute local symptoms may

require a more rapid decision regarding local therapy. Qur
data indicate that SBRT is more effective in prolonging
survival for patients who develop isolated local recurrence/
progression 29 months after surgical resection or definitive
CRT. Therefore, in patients for whom a 2-6 month course
of chemotherapy is not feasible due to acute symptoms or
inability to tolerate further systemic therapy, the decision
to give salvage SBRT without induction chemotherapy
could be based on the interval between surgery or definitive
CRT and local recurrence/progression. Those recurring/
progressing after a prolonged time interval (=9 months)




Mostly reserved for LAPC and BRPC

Extent of disease / size / relationship
with OARs

Gastrointestinal mucosal / luminal
infiltration - C/I - risk of bleeding and
peritonitis

Not in mets except — oligomets or large
symptomatic primary post induction

NCCN : SBRT after induction for
advanced, inoperable, and non-
metastatic / unfit for chemo

Printed by ashu abhi M. For personal use o Mot a r disiributic yTig

National
Comprehensive
Cancer
Network®

NCCN

LOCALLY FIRST-LINE THERAPY®*
ADVANCED

DISEASE

No disease
progressionY
Clinical trial (preferred) A

or

Systemic therapy! G°°d/
or PS® \
Induction chemotherapy! 4 \
(preferably 4-6

mo) followed by ..f"

Good }_’ chemoradiation®:4-:%- .-",I

Disease

] progression
performance or stereotactic body

r RT (SBRT)" in selected
status (PS) patients (locally advanced |
without systemic
metastases”)
|

Poor PS
and disease
progression

Palliative and best supportive care®
and

Consider single-agent chemotherapy'
or palliative RTY

or

ChemoradiationtV or
SBRTY in patients who
are not candidates for
induction chemotherapy

Poor PS —-‘

NCCN Guidelines Version 2.2022
Pancreatic Adenocarcinoma

023 Mational Com Inc., All Rights

SUBSEQUENT THERAPYS

Consider resection,” if feasible— Adjuvant therapy, if clinically indicated"
or

Observe —— > Continued surveillance

or

Continue systemic therapy'

or
Clinical trial
Clinical trial (preferred)

Good PS and Clinical
A disease progression trial

or

Systemic therapy!
or /
Chemoradiation®™" or

SBRTY if not previously
given and if primary site is
the sole site of progression

\, Palliative
o and best
Declining PS supportive
care®

F'agiative and best supportive care®

an

Consider single-agent chemotherapy' or
possibly targeted therapy! based on melecular
profiling,' as clinically indicated

0

r
Palliative RTY
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Cholangiocarcinoma — SBRT — limited role

Intrahepatic
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Table 4
SBRT as definitive therapy for cholangiocarcinoma.

Author Design Location Number RT dose scheme + 2y local control 2 y/median
of Chemo-therapy survival

™ Table 5 Results of primary treatment for cholangiocarcinoma

Author Study Numberof Fractionation Median follow- Local control  Median surviv-| Relevant
design patients up (months) al (months)

E’t.xase I/Ii- 26 3 x 15 Gy (isocente;i 64.8 85 %—l year iO-ES ~‘Jziﬂlcerations, fhree ste-
prospective noses

Phaselpro- 10 6x4-8 Gy ; 80% 15 Two transient biliary obstruc-
spective tions, one bowel obstruction

Goodman  Phase | pro- 1 % 18-30 Gy (tumor : na None
[22] spective covering isodose)

Polistina  Retrospec- 3% 125 Gy + gem- : 40% Three/ten ulcerations or
571 tive citabine {809 iso- stenoses
dose)
Ibarra[33] Retrospec- 11 3% 37.5Gy(70% . 50% Sevento 11 grade 3
tive isodose)
Bamey[6] Retrospec- 10 3-5%12-20Gy 100% One grade 3 biliary stenosis,
tive one lethal liver failure
Momm Retrospec- 13 10-12 x4 Gy : 78% (1 year); ) Acute: one Grade 3
[52] tive mLPFS325m Late: 0
na not available, mLPFS median local progression free surviva

IlavuIvIio

75 chemo
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Original Article

Stereotactic body radiotherapy dose and its impact on local control and
overall survival of patients for locally advanced intrahepatic and
extrahepatic cholangiocarcinoma

Thomas B. Brunner *"*, Oliver Blanck ", Victor Lewitzki “, Nasrin Abbasi-Senger “, Felix Momm *,
Oliver Riesterer ', Marciana Nona Duma *", Stefan Wachter', Wolfgang Baus’, Sabine Gerum
Matthias Guckenberger ', Eleni Gkika

miversity, Mumich; and “L enr of Or O ito-van-Goen

P=0.008

Fig. 2. {A) Effect of radiation dose on local control (LC) and (B) overall survival (OS)

from the time of stereotactic body radiotherapy. Kaplan-Meier estimate of (A) LC in

2 lesions according to biologic equivalent dose (BED) of the Dy, less than 76 Gy

¢ or more illustrate the superiority of the higher dose, (B) Kaplan-Meier

estimate of OS in 64 patients with 82 lesions according to biologic equivalent dose

(BED) of the Dy less than 91 Gy or 91 Gy or more illustrate the superiority of the
higher dose.
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Abstract. Among biliary tract cancers, intrahepatic cholan-
giocarcinoma (ICC) has different characteristics compared
with those in other sites. Current guidelines suggest several
treatment options for ICC, including stereotactic body radia-
tion therapy (SBRT). However, the role of SBRT in locally
advanced ICC is unclear. The aim of the present study was
to present a systematic review on the efficacy and safety of
SBRT 1n ICC. A systematic review based on the PRISMA
methodology was performed. Only papers reporting
outcomes in terms of overall survival (OS) after SBRT in
inoperable patients with ICC were included. Secondary aims
were local control (LC), progression-free survival (PES) and
treatment-related toxicity. Six papers (145 patients) were
included in the present analysis. SBRT was frequently used
as a salvage treatment, since 28.0-66.7% of patients received
previous systemic or local treatments. The median SBRT dose
was 45 Gy delivered in 3-5 fractions. The median follow-up
was 16 months. and median OS time was 14 months (range,
10-48 months). In one of the included studies, SBRT was
significantly superior in terms of OS compared with both

chemoradiation and trans-arterial-radio-embolization. The
1-year LC rate was 85% in one study, and 1-year PFS rates
were 50 and 68% in two studies, respectively. Toxicity was
generally not reported in detail or was reported including
other sites of biliary cancers. Overall, limited evidence was
available on the efficacy of SBRT in ICC, which should be
further investigated in prospective studies with a larger
number of patients. However, based on the available data,
SBRT seems to produce similar results compared with other
ICC treatments, with the advantage of being a very short and
non-invasive therapy. Therefore, SBRT should be considered
in selected patients with ICC.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is an aggressive
disease representing the second most common liver malig-
nancy (1). The incidence of ICC is increasing worlwide (2).
Surgery 1s considered a potential option with an overall 5-year
survival of about 25-30%. (3.4). Gemcitabine-based chemo-
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Indocyanine Green - ICG: assessing liver function for dose
selection in RT-HCC

ICG retention (dose- Gy)

Total Bilirubin (No ascites)

<1.0 mg/dL 1.1-19mg/dL >2.0mg/dL N o) nt umour < 10% 10 i 1%_ 20 1%_

part of liver 20% 30%

<1/3 No RT No RT
1/3-% 40 No RT
>1/2 50 40

Major hepatectomy; eft hepatectomy v Subsegmentec 7 of . .
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Surgery & SBRT — local ablative therapies
Learning from surgical experience — partial liver radiation concept was monumental in

improving response rates
* Rusthoven et al, JCO [2009]



