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* LIVER CANCERS

— Hepatocellular carcinoma (75-80% of all primary liver
cancers)

— Intrahepatic cholangiocarcinoma
— Liver metastasis
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HEPATOCELLULAR CARCINOMA
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* The incidence has tripled in USA in last four
decades, and 2% increase in incidence is seen
eVvery year | GLOBOCAN 2020

* |ts incidence varies across the globe, and has
increased in USA and Europe and stable in
Asia

 HCC is the fifth most common cancer world
wide

* Third most common cause of cancer death
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ICMR 2014
e 2.6% of newly diagnosed cancers in India are

HCC —-GLOBOCAN 2020

* Close to 50000 new HCC are diagnosed every
vear in India

* Incidence - About 0.7-7.5 per lakh in males
and 0.2-2.2 per lakh in females

* As per ICMR, the HCC cancer in India is
Increasing
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Hao Wang et al 2019

Thailand
23,296 (2.8%)

Viet Nam
25,335 (3%)

Egypt
25399 (3%)

India
27,670 (3.3%) United S{ates

Japan —OLA@AHG:—I
35,535 (4.2%) 37,948 (4.5%)

Estimated number of new liver cancer cases in 2018 bI International Agency for Research on Cancer
(http://gco.iarc.fr/).
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* Hepatitis Band C

* Heavy alcohol use

* Obsesity

* Diabetes

* Haemochromatosis

* Alpha-1 antitrypsin deficiency
* Mycotoxin exposure

» Aflatoxin exposure
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* Close to 18 staging systems made

 Most commonly used is Barcelona Clinic Liver
Cancer (BCLC) — most widely used

BCLC categories Parameters for categories

* \Very early * Tumour size

e Early * Tumour burden

* Intermediate * Liver function based on Child Pugh
e Advanced score

e terminal

* Performance status
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Stage 0 Stage A-C Stage D
PST O, Child-Pugh A Okuda 1-2, PST 0-2, Child-Pugh A-B Okuda 3, PST>2
I Child-Pugh C
} ; i }

Very early stage (0) Early stage (A) Intermediate stage (B)  Advanced stage (C) Terminal stage (D)

Single<2 cm Single nodule <5cm  Multi-nodular, PST 0 Portal invasion,

or 3 nodules <3 cm N1, M1, PST 1-2
|
Single 3 nodules <3 cm
Portal pressure/bilirubin 1
Increased ==p Associated
diseases
|
\
Normal No Yes

\ } \ ; | v v v
Curative treatments Randomized controlled trials
60% to 75% at 5 yrs 10% to 50% at 3 yrs
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BCLC strategy for prognosis prediction and treatment
recommendation: The 2022 update

Maria Reig"", Alejandro Formes ', Jordi Rimols’, Joana Ferree-Fibeega’, Marta Burre’, . .
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resactable or transplantable,
l porformance status of
comoarbidity (See HCC 4}
IUnresectable (Seq HCC-8)
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performance status, comarbidity, or with
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liver tumor burden (Soe MCC &)

St . ——— o A TEIRT ST RN P pmmmd - S gyt b S b— gt 8 WL St ——— r———t " g St

Natons -
o foa Mt _ mzm... NCCN Guidelines Version 1.2022 mb—;;m-
* Sien NCCH Gundsines fol Qdur Aol Qosokyy Hepatocell Carcinoma e
e G B 1) ard o poral by () varicun spsmmaguy Beoambocs Natworx® ular Crsamr
An appropoate Pepattis whould prefembly ncude:
"""'"""“m",:"‘“‘,""', e Pt check HBisAq, HeAR, wd musstuive HEVON/  CLINICAL PRESENTATION  SURGICAL ASSESSMENT*® TREATMENT SURVEILLANCE
i
mlmMM’WNMWM“th“deIM—
Mmunnohaw
» Heputns C antboay If wmwwmmuwnw
-H'm‘l-_v:*m:.“ 2 =
34 mo
O OO O — e — L — (3| 4 g p— -y ———— Poturtially resactatie mmﬂ'ﬁn
Of tranapiantatie A"Jmunhl
opurable by L overy § ma
Caemar ity (MCL 1 through
L -
disaane recurs
Rofer to 8 for
o“;alt -
theragy for carmers
hepatitis #f not previcusly
done
of g T el aT Dt VAN O wh e bt Tl L) ey
T Pt w CTend PUgh Claes A S Aursorn wihes W UNOS ottens oo, eyl ana we B e gt T
TRy v e ) ol ST alen]y m Comber st 5 Fenel LE [ty “h“wnm*
'hnuuudiuw:-!ﬁ;m
Ry e e Cevver s mc—.u-m-mm
Pongh UNDS. See Dope gt Taregiard Iye gowtesiy LTOASE jusoes jofipredeerfobcy 28
'mm!mnmm-bw dagruoess £ it o ol meet AASLD o LIMADS.S crtierts e Ponopees of pusge 2CC A The
AR AN et 4 LCre Newide See Mvncgies f Cove Mmedle Dagey DL Q)
- Mazzaters Vet @ N Eng J Mt 006004 80D 700
- It cartmes corvder Breige heragy ke e L )
bt 1 romtes of Latsregns oy 2XC-L)
¥ owet s ] -l gty el W s st Vs be o ouben L e e R

"S-t‘vmdw Idatagy HCCAE |
CF scne by bowe ssamsninant. CT ahest. st CYMIG potvis. Sae ol L Ay
-mmmnvumhnmumnnﬁ gt o e by :%:mn\‘h

—— ey A " For retagee. suw 0N
Cwwsst Sate d o0 Sty putunt » s Workug MCC -3




- Chmakansve NCCN Guidelines Version 1.2022 NCCH Guuwtinas nda

Tatde of Coetianly
A Hepatocellular Carcinoma :

CLINICAL TREATMENT SURVEILLANCE
PRESENTATION
'+ Roler 10 lover
Transplant Dridge herapy Transplant . -
candidate “'M ol * | overy 34 mafor2y, i 3
then Svery § mo adding life to years
* AFPW gyary 3-4 mo for
“Inadoquate |  [Evabuate whother :.’}m
resares® | = [iranopiant (hoe UNOS: {Options ** (HGE 2 throuph HCC 4 0
Jcstan® | [Burgint Aspamsmast ey e | o[ periesst proseeet
“‘m' * Arterially
oo |G
”»
trial I
B, : _.'.”
 Ben Qoo Bosee (MOLL) o of ponie 190 varces, T

* Sen Penscipien o Bagnoy 010000
¥ Cormier tetpary I ¥ 16 ot conmmient o 1 confiem g g dagnoes i 1 doms Nt mest AASLD e LRADS-S crenn. Dem Prinotems of imegeg HCC AL The
Magrosse el i com Heedie b Privopm if Corn Shemtn Bisgony (HCC Q)

R, e g uwaw'-:u'mgg v

:Mwﬂmuﬁmnmu (Bas s )
Seo Princiien Plllqnmff-b

= Son P of “:w L)

i o 3:“ g'mwmm.ﬂmuc‘mm Uncies of magng (HCC AL

W Bt vonthancn mrageng et AP shoukt costinn e o new 6 and .—m- NOA TOCION Do D1pn) "ot on s cnnns o SBEIE ST TN pamnt e oy S e e S o § L N n Gy (— b—t . 8 g S
r‘mum-uonmamm.wr:ﬂvmq::: dm;-:&m-ma
chemoantotzatan e Pporive cow Mational e
A e Picacima uf Syamtie, Thuuo (41CC G Comprehansive NCCN Guidelines Version 1.2022 M‘m
e MCCN Guwmen e Pt G Cancer Hepatocellular Carcinoma Cucuzscn
[ = rren Natwork®
Toate o paturt . . ovs—
Chvten NECH Babwens 10l (he Sas| masaguesent of sey Ll
-. herapy preforred”
st SEpRISs by povs diructed therapes Progression on o
MAtUS, COMOrDIdIty. or with miremal or uncertain | — Rer M
.Mm-v‘
- L Progr on of
Extanarve ver - Woet | e

¥ The optieret dgroste memod i core reedie Sopary Sex Prnogies of Coon Meede Depey (000 &)
= S Prncutes of Loccoegrn [heeagy DCC.EL

= Sen Frcoies utmpmmm.on

= Ortter sowm ot toste hone of
§ e Prsiten of Syvtwea [Nwcass BHCC G0

8 Sen ML Commbinns S Patiaton Conn,

™y degend on evieetion gion of Seasen Nepats weerve W TRIRANNN CADabdthes

F 1




adding life to years

Printed by upasna saxena on 4/20/2022 10:07:28 PM. For personal use only. Not approved for distribution. Copynight @ 2022 National Comprehensive Cancer Network, Inc., All Rights Reserved.

National

Comprehensive NCCN Guidelines Version 1.2022 e Ml o
NCCN Bk Hepatocellular Carcinoma Discussion

PRINCIPLES OF RADIATION THERAPY
External Beam Radiation Therapy:
« Treatment Modalities:
» EBRT is a treatment option for patients with unresectable disease, or for those who are medically inoperable due to comorbidity.

» All tumors irrespective of the location may be amenable to radiation therapy (RT) (3D conformal RT (3D-CRT), intensity-modulated RT
[IMRT], or stereotactic body RT [SBRT]). Image-guided RT (IGRT) is strongly recommended when using EBRT, IMRT, and SBRT to improve
treatment accuracy and reduce treatment-related toxicity.

» Hypofractionation with photons? or protons2: is an acceptable option for intrahepatic tumors, although treatment at centers with

experience is recommended.

» There is growing evidence for the usefulness of SBRT in the management of patients with HCC.*®> SBRT can be considered as an \
alternative to ablation/embolization techniques or when these therapies have failed or are contraindicated.

» SBRT (typically 3-5 fractions) is often used for patients with 1 to 3 tumors. SBRT could be considered for larger lesions or more extensive
disease, if there is sufficient uninvolved liver and liver radiation tolerance can be respected. There should be no extrahepatic disease or it
should be minimal and addressed in a comprehensive management plan. The majority of data on radiation for HCC liver tumors arises from

patients with Child-Pugh A liver disease; safety data are limited for patients with Child-Pugh B or poorer liver function. Those with Child-

Pugh B cirrhosis can be safely treated, but they may require dose modifications and strict dose constraint adherence.® The safety of liver

radiation for HCC in patients with Child-Pugh C cirrhosis has not been established, as there are not likely to be clinical trials available for

these patients.”-8 )
» Proton beam therapy (PBT) may be appropriate in specific situations.>: 10

» Palliative EBRT is appropriate for s{ymptom control and/or prevention of complications from metastatic HCC lesions, such as bone or brain,
and extensive liver tumor burden.!

1

» EBRT: SBRT or hypofractionation preferred
¢ SBRT: 30-50 Gy (txpically in 3-5 fractions)?2
¢ Hypofractionation

- 37.5-72 Gy in 10-15 fractions
¢ Conventional fractionation:13.14

— 50-66 Gy in 25-33 fractions

al organ constraints and underlying liver function:
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PARAMETERS IN DECIDING TREATMENT Ping: e tayears

* Patient Parameters : age, comorbid conditions, performance status,

liver disease etiology
 Tumor Characteristics : size, number, AFP, biomarkers
e Histologic data : differentiation, vascular invasion
* Liver Function : Child/MELD score, bilirubin, albumin
 Complications : ascites, encephalopathy
* Portal hypertension
* Organ availability for OLT

* Financial constraints and access to care
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 Patients fit for transplant often have a long list of waiting for
orthotopic liver transplant

e — Bridge therapy is recommended

* Bridge therapy prevents disease progression while awaiting
turn for orthotopic liver transplant

* Options are TACE,RFA, SBRT
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Criteria for unsuitability for RFA — thrombocytopenia, arterial
occlusion, biliary tree necrosis, tumour multifocality

RFA not possible
e Near vascular structures
* Near organs like heart, bowel, stomach, biliary structures

Ethanol - Not possible in areas with poor vascular access
LC rate is lower than SBRT
SBRT does not have these limitation, better LC rates
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* SBRT give 70-100% radiographic LC and 5-8 months OS
* MSKCC based study — SBRT as bridge therapy —
 3yrOS, DFS—-77%, 74%.
* Pathological response 68%.
* 29% showed worsensed Child Pugh score before transplant
* As per a study, (Sandroussi et al, Transpl Int 2010)
» Half patients need SBRT after TACE or RFA
* Remaining half aneed SBRT due to unsuitability for TACE and RFA
* With SBRT —significant reduction in AFP and radiologic tumour
e Transplant average 157 days later

* University of Indiana study — 35% grade 3 toxicity (with those with poor baseline
liver functions)

* Princess Margaret hospital — similar rates of success transplant, hospital stay, OS.
Lower pCR — low dose, slow response to RT, variable time from bridge therapy to
transplant

* Higher liver toxicity maybe due to poor liver functional status being posted for SBRT

* Ongoing trial at Lahey Clinic (TACE vsSBRT) (NCT02182687)




EARLY STAGE INOPERABLE H G
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e (Criteria for resection

— Size

—  Number

— Location

— Normal liver reserve

— Medical fithess

— Limited extrahepatic disease

e <5-10% are fit for resection due to disease status or comorbid conditions
 Chemotherpay alone has OS of 12-14 months

e published trials establishing similar outcomes with SBRT as compared to
other modalities, higher LC for larger tumours, good response even after
multiple lines failure

e Romero et al
e University of Indiana —82% LC
* University of Michigan-2 yr LC -80%. 1 yr LC 97% for SBRT, 83% for RFA
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Stereotactic Body Radiation Therapy (SBRT) in Hepatocellular adding life to years

Carcinoma

Horatio R, Thomas' - Mary Feng '

Accopred: 20 Decombar 2020 / Published onll 14 1 y 2021
“ The Author(s) 2021

Abstract

Purpose of Review llcpatocellular carcinoma (HCOC ) 15 a rising cause of mortality and morbidity, and although surgical resection

is the preferred curative local thempy, < 305 of patients are candidates at diagnosis. This review discusses SHRT as an option in s

vaoriety of chinical scenarios.

Recent Findings Multiple retrospective and prospective studies demonstmte that stercotactic body radiation therapy (SBRT) is an

effective bridge for transplant candidates and local thempy for patients with inopermble early-, intermediate-, or advanced-stage

discase. SBRT is associated with excellent local control, and it is well-tolemtod despile study coborts enriched with patients who

filed pror therapies and had poor bascline liver function.

Summary Additional randomized control mnals are needed 1o determime the wdeal neatment regimen and patent sclection tor 5
SBRT.

Table 1 Prospective phase | and 11 tnals of SBRT for HCC with > 20 patients

Study n  CPscoreBCLC Prior Tumor sure Number of Outcomes. Grade >3
Stage treatmnent (range) essons toxicity
Tse (2008)* [47] 31 CPA TACE 6% 173 cc(9-1913) =3 Iy-LC 65% 26%
BCOLCAC RFA 135 Iy08 48%
Other 61%
Kang (2012) [45] 42 CPAB TACE100% 29 em(1-8) NR 2y-LC 95% 13%
BCLCAC 2y-PFS 34%
2y-08 69%
Bujold (2013) [49] 2 CPA TACEZ2S 72 em(14-231) NR 1y-LC 97% 245%
BCLCAL RFA 345 med-OS 17
Surgery 9% mo
Lasley (2015) [46] $9 CPA-B NR 15% BHx(2-107) NR CPA CPA: 10%
BCLCNR 3vLC9I% CPB:38%
Jy-PFS 48%
3OS 61%
cP-8
IvlC 2%
3y-PFS 23%
3y-08 26%
Takeda (2016) [50} 9% CPA-B TACE2S% 23 am(10-2) NR 3lC%I% %
BCLCO-C RFA 3% 3Iy-0S 06,7%
Onher: 1 7%
Feng (2018)* [51) 69 CPA-B NR 3 cm (0-13) NR Iy-LC 95% %
BCLCNR 2y-08 25%
Jang (2019) [S2] 74 CPAB TACESTS 2dem(l0o99) <2 3v-LC95% 3%
BCLCO-C 3v-PFS 36%
3v-08 76%
Durand- Labrunie (2020) 44 CPAB Nome 28 em (LO-60) | ISy 1LCH% 3%
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e >3 cm tumours OR multinodular (>3). Child Pugh A or B
* STAGE B not suitable for surgery

* Newer 2022 update suggests assessment for transplant
* Options are — RFA, TACE, SBRT, combination of both

e Grade 3 toxicity (MC — fatigue, loss of appetite, nausea)
— TACE/TARE — 10-80%
— SBRT - 5-30%

e Korean study — (Li D et al 2014, Expert Rev Anticancer Ther) (Kang J et al, cancer
2012)

— SBRT after 5 times TACE
— 2yr LC94%, PFS 33.8%

* Need more data for combination therapy




ADVANCED STAGE AND H G
VASCULAR |NVAS|ON(STAGE C) adding life to years

e Stage Cis defined by
— Macroscopic vascular extension
— Mild to moderate impairment of liver functionor performace status

— Extrahepatic extension

*  Worse prognosis for
— Decompensated liver cirrhosis

— Portal hypertension due to portal vein thrombus
* Preferably treated with systemic therapy — sorafenib
* 1yrO0S30-45%
 Hypofractionated EBRT permits recanalization of vessel in 15-33% and LC at 1 yr > 90%

* Phase lll trial shows superiority of Atezolizumab with Bevacizumab in unresectable HCC.
Finn RS, NEJM 2020
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* SBRT is good option for poor functional reserve or for vascular
invasion

* Princess Margaret in 2008 treated 41 patients with a dose of
36Gy/6#. Median OS 11.7 months with PVT and 17.4 months
without PVT

* Rusthoven 2009 — definitive RT for limited disease (1-3 hepatic
lesions, </=6 cm). Dose escalation to 60Gy/3#

1 year LC 95%
2yrLC92%

2 yr LC for <3 cm- 100%
Median survival 20.5Gy
OS 30%

Multi-Institutional Phase I/II Trial of Stereotactic Body
Radiation Therapy for Liver Metastases

Kyle E, Rusthoven, Brian D. Kavanagh, Higinia Cardenss, Volker W. Stieber, Stuart H. Burri, Steven || Feagenbery,
Mark A. Chidel, Thomas |. Pugh, Wilbwr Franklin, Madeleine Kane, Laurie E. Gaspar, and Tracey B Schefter
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* MSKCC/Stanford treated primary liver
tumours and metastasis

— Dose escalation to 25Gy

— Upto 5 cm

— Single fraction SBRT

— LF at 12 months — 23%

— Median survival 28.6 months
— 2 year 0S 50.4%

— Goodman K et al, JROBP 2010
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pawson 2012 — Phase | study suggests sorafenib increases RT
toxicity

Bujold 2014 — definitive for locally advanced disease, multiple

lesions, largest upto 7.7 cm. 102 patients, 36Gy/6#. OS 17
months, LC 87%, grade 3+ toxicity 30%

vamashita et ol evaluated 79 studies and concluded two
important parameters affecting outcome of SBRT

— BED more than or less than 100Gy

— size more than or less than 3 cm (64% vs 85%)




INCLUSION AND EXCLUSION CRITERIA FOR SBRT H G
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Able to tolerate immobilization Unable to tolerate immobilization

Imaging Tumor clearly defined on triphasic enhanced CT or MRI
(HCC) or contrast-enhanced CT or MRI or PET (metastases
or CC)

Eligibility for other therapies Ineligible for resection or other local therapies because of
technical considerations or concerns of efficacy and/or
toxicity

Chlld_Pugh s Chlld_Pugh et
Healthy liver volume Ability to meet dose constraints <700 cm: remaining healthy liver volume

Tumor location >1 cm from critical OARs, such as bowel, diaphragm, chest <5 mm from critical OARs
wall, or central liver

Great vessel involvement May be involved
Number of lesions 1-3 lesions Five or more intrahepatic lesions
Burden of extrahepatic disease None Uncontrolled or significant extrahepatic burden

Very large tumours

Age and histology are not criteria for exclusion
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* Retrospective study at University of AL (Jocob et al 2015)
* 161 patients, >/=3 cm HCC
* 124 patients TACE

N 124 37
LR (P=0.04) 25.8% 10.8%
Median OS(P=0.02) 20 months 33 months

*  Suetal,superior OS in TACE+SBRT versus SBRT alone
 TACE-SBRT combination had higher, START trial- Yoon et al
— Radiologic response (15% vs 1% at 24 weeks)
— PFS(84.7% vs 34.3% at 12 weeks)
— Median OS(55 vs 43 weeks)
— Time to progression (31 vs 11.7 weeks)
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 Randomized phase lll study of sorafenib vs
SBRT+sorafenib in HCC to assess effect on OS

e Patient population
— Unsuitable for resection/transplant/RFA

— Unsuitable or refractory to TACE
— BCLC intermediat (B) or advanced (C)




PROTON BEAM THERAPY FOR H G
LIVER SBRT adding life to years

Will help escalate dose

Needs strict immobilisation and breath control

Most proton centres do not have motion
management

Very few proton centres do liver SBRT due to it
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* Ina Danish study -protons halved the mean liver dose and spared 50% more
normal liver volume at dose levels <15 Gy.

- Kim et al showed similar dose reduction to the liver with a considerable
reduction in liver volume receiving 5 to 45 Gy.

* A University of Pennsylvania study by Gandhi et al - showed that both tumor
location and size were correlated with the dosimetric superiority of PBT-SBRT
over photon-based SBRT.

* Aninterim analysis of a randomized trial testing PBT versus TACE in
— 69 patients with inoperable HCC from Loma Linda
— excellent control rates of 88
— 2yrPFSand OS of 48 and 58
— Nonsignificant trend for improved LC and PFS in patients treated with PBT
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External Beam Radiation Therapy for Primary »

Liver Cancers: An ASTRO Clinical Practice -

Guideline

Smith Apisarnthanarax, MD,"* Aisling Barry, MD,” Minsong Cao, PhD,* PRO - JAN/FEB 2022

Brian Czito, MD,” Ronald DeMatteo, MD,” Mary Drinane, MD,’
Christopher L. Hallemeier, MD,” Eugene J. Koay, MD, PhD," Foster Lasley, MD,’
Jeffrey Meyer, MD, MS,' Dawn Owen, MD, PhD,” Jennifer Pursley, PhD,"

Abstract

Purpose: This guideline provides evidence-based recommendations for the indications and technique-dose of external beam radiation
therapy (EBRT) in hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (IHC).

Methods: The American Society for Radiation Oncology convened a task force to address 5 key questions focused on the indications,
techniques, and outcomes of EBRT in HCC and IHC. This guideline is intended to cover the definitive, consolidative, salvage, preopera-
tive (including bridge to transplant), and adjuvant settings as well as palliative EBRT for symptomatic primary lesions. Recommenda-
tions were based on a systematic literature review and created using a predefined consensus-building methodology and system for
grading evidence quality and recommendation strength.

Results: Strong recommendations are made for using EBRT as a potential first-line treatment in patients with liver-confined HCC who
are not candidates for curative therapy, as consolidative therapy after incomplete response to liver-directed therapies, and as a salvage
option for local recurrences. The guideline conditionally recommends EBRT for patients with liver-confined multifocal or unresectable
HCC or those with macrovascular invasion, sequenced with systemic or catheter-based therapies. Palliative EBRT is conditionally rec-
ommended for symptomatic primary HCC and/or macrovascular tumor thrombi. EBRT is conditionally recommended as a bridge to
transplant or before surgery in carefully selected patients.

For patients with unresectable IHC, consolidative EBRT with or without chemotherapy should be considered, typically after systemic
therapy. Adjuvant EBRT is conditionally recommended for resected IHC with high-risk features. Selection of dose-fractionation regi-
men and technique should be based on disease extent, disease location, underlying liver function, and available technologies.
Condusions: The task force has proposed recommendations to inform best clinical practices on the use of EBRT for HCC and IHC
with strong emphasis on multidisciplinary care. Future studies should focus on further defining the role of EBRT in the context of liver-
directed and systemic therapies and refining optimal regimens and techniques.
© 2021 American Society for Radiation Oncology. Published by Elsevier Inc. All rights reserved.




Table 3  EBRT in the definitive/nontransplant and palliative settings in HCC

. Strength of Quality of
1R ]
R Becammdstioog Recommendation Evidence (refs)
1. For patients with liver-confined HCC who are fpot candidates for curative options §surgery or
thermal ablation) and for whom catheter-based therapies are being considered, EBRT is Strong Moderate
recommended as a potential first-line single therapy option. 9
2. For patients BRT alone or sequenced Conditional Moderate addi ng life to years
with other catheter-based therapies” is conditionally recommended. = 3742
3. For patients with liver-confined HCC who had ajf incomplete response td thermal ablation or S Moderate
catheter-based therapies,” EBRT is recommendedasa conso Ve treatment option. 8 38,40,43
4. For patients wlth locally recurrent HSJZ after surgery, thermal ablation, or catheter-based Tiow
therapies,” EBRT is recommended as a salvage treatment option. Strong 25,35,44-46
5. For patients with liver-confined HCC widimacrovasculat invasion, 'EBRT is conditionally O dtionul Mbpderate
recommended, alone or sequenced with systemic therapy or catheter-based therapies.” e 2753
6. For patients with symptomatiqlocally advanced and/or metastatic HCC, palliative L
hypofractionated EBRT directed to the liver and/or macrovascular tumor thrombus is locall ;)w d
conditionally recommended, alone or sequenced with systemic therapy or catheter-based Conditional (loc y? 5 ;_'??CC HeC)
therapies.” -
Expert opinion
(metastatic HCC)
Abbreviations: EBRT = external beam radiation therapy; HCC = hepatocellular carcinoma; KQ = key question; TARE = transarterial radioembolization.
" Caution should be used when recommending EBRT after TARE until more data are available.
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Table4 Neoadjuvant EBRT before surgery or OLT for HCC

5 Strength of Quality of
KQ2 Recommendations Recommendation Evidence (refs)
1. For patients with HCC who are potential candidates for OLT, ultra- or e
moderately hypofractionated EBRT is conditionally recommended as a Conditional 35 AU‘Z_W
bridge to transplant or as a downstaging intervention.
2. For patients with HCC with portal vein tumor thrombus that are potentially Conditional Low
resectable, neoadjuvant EBRT is conditionally recommended. 51,78-80
Abbreviations: EBRT = external beam radiation therapy; HCC = hepatocellular carcinomas; KQ = key question; OLT = orthotopic liver
transplantation.
Table 5 EBRT technique and fractionation for HCC
b : Strength of Quality of
KQ3 Recommendations Recommendation evidence (refs)
L For patients with liver-confined HCC, for whom EBRT is recommended, dose-
escalated ultra- or moderately hypofractionated EBRT is recommended, with Moderate
choie of regimen based on tumor location, underlying liver function, and Riong O R T oy
available technology (Table 6)
2 For patients with HCC with macrovascular invasion for whom EBRT is delivered
in combimation with other catheter-based therapies, moderately hypofractionated Conditional Moderate
EBRT s conditionally recommended ( Table 4) D e
3 For patients with HOC receiving dose-escalated ulitra- or moderately
hypofractionated EBRT, IMRT or proton therapy & recommended, with choice of Moderate
regimen based on tumor location, underlying liver function, and available . ) A
kdndngy AL
4. For patients with HOC receiving dose-escalated ultra- or moderately
hypolractionated EBRT, respiratory motion management and daily image Strong Low
guidince are recommended. ST
5. For patients with HCC, radiation dose to the liver minus the gross tumor volume
should be evaluated and minimized to reduce the risk of rudiation-induced liver Strong Moderate
disease (Table 7) nocades
Abbreviations EBRT » external beum radiation therapy. HOC » hepatoceliolr carcinomas; IMRT = inteosity modulited radution therspy:
KQ = key question
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Table 6 Recommended EBRT doses and fractionation for HCC and IHC*
Fractionation Regimen Total dose/fractionation BED,, References
Noncirrhotic (primarily IHC): 7200-18,000 cGy 110
4000-6000 cGy/3-5 fx : :
CP class A: 7200-12,500 cGy 24,27,28,30,34,43, add] ng l]fe to years
4000-5000 cGy/3-5 fx 44,61,86,101,111
Ultrahypofractionation CP class B7: 4800-7200 cGy 28,3686,94,101
3000-1000 cGy/5 fx
4000-5400 cGy/6 fx 6700-10,300 cGy 65,93
5000-6600 cGy/10 fx 7500-11,000 cGy 57,59,63,90,100,112
4800 cGy/12 fx 6720 cGy 110
4500-6750 cGy/15 fx 5900-9800 cGy 42,46,50,62.90,1 13,1 14
Moderate hypofractionation
6000 cGy/20 fx 7800 cGy 57
6600-7200 cGy/22 fx 8600-9600 cGy 57-59,112
5040 cGy/28 fx’ 5947 cGy s
Standard Fiactionation 6000 cGy/30 ' 7200 cGy a5
7700 cGy/35 fx 9400 cGy 58,59
Abbreviations: BED,, = biologically effective dose assuming an @/g = 10; CP = Child-Pugh; EBRT = external beam radiation therapy; fx = fractions;
HCC = hep {lular carci ; IHC = intrahepatic cholangiocarcinoma.
" Bolded regimens are the most common prescriptions used, based on consensus of the task force. Dose constraints in Table 7 pertain to these
most common dose fractionations. - A P
| ot Practical Ra Oncology: ¥
! Lower doses recommended for central lesions in which the maximum point dose to central bile duct(s) cannot be met. porenct 8 4 g
! For IHC when combined with concurrent systemic therapy.
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Table 8 EBAT in the definitive and adjuvant setting in IHC
X . Strength of Quality of
K04 Recommendsdons Recommendation  evidence (refs)
1. For patients with unresectable THC, induction chemotherapy followed by consolidstion
with EBRT, alone or in combination with chemotherapy, 15 recommended. Strong Moderate
Implementation remark: For patients who are not candidates for indoction chemotherapy, B add]ng life to years
EBRT alone or in combination with chematherapy should be considered.
2. For patients with THC who underwent curative surgical resection and have high-risk
features, adjuvant EBRT with concurrent chemotherapy, alone or sequenced after systemic
chemotherapy, is conditionally recommended. Conditional P
Implementation remark: High-risk clinical features indude positive lymph nodes and/or
R1 resection,
Abbrevatione EBRT = external bheam nadiation therpy: THC = intrabepatic cholangiocarcinoma; KQ = key question: R1 = microscopic po TN oW e hachusn]
g iy -
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SBRT is the delivery of a radiation to an extracranial target
* high dose per fraction

* 1-5fractions

e Multiple beams

* highly conformal dose distribution

* relative sparing of normal organs

For SBRT

e Strict immobilisation is of paramount importance

 Motion management helps reduce target volumes and sparing of OARs




BIOLOGIC RATIONALE FOR H G
SBRT/HYPOFRACTIONATION

adding life to years

* High dose/fraction specific effects
. Preclinical data

*  Threshold ~ 5-10 Gy/ fraction

* Postulated mechanisms of RT injury

— Ablative direct cell kill
— Endothelial target (Fuks)
* Immune -RT increases tumor Ag-specificimmune response M*

* Abscopal effect - Local therapy causes systemic response,
Elusive in practice

AN Park Rad Research 2012 ~ Lugade et al, J Immunology 2005;174:7516-7523
* Finkelstein S, Timmerman R, et al. Clin Dev Immunol Nov 2011




SCHEMATIC WORKFLOW FOR [} &
S B RT adding life to years

Patient Evaluation
* History & Physical Eem
* Diagnostic Imaging
» Pathology &Laboratory Results
* Mu'tidisciplinary Assessment

Simulation i
* Fabrication of Immaobyiization Device Quality
* imaging in Treatment Position Assurance

Treatment Planning
* Contour Target & Normal Structures
* Selection of Treatment Technique « Quality
“Tuwiny : Assurance
* Radiation Dose Calculation Optimizaticn
« Critical Review of Dose DistriDution se——

Treatment Delivery
* Position Patient in Immobilization Device
* image Patient on Treatment Machine Quality
* Adjust Patient Position or Beam lsocenter, as necessary Assurance
* Manage Intrafraction Motion
* Deliver Radiation




IMAGING H G
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e Triphasic CT scan (hepatic arterial, portal venous and delayed phase)
— Preferable 1-1.35 mm slices

— HCC appears hyperintense in arterial, hypodense in venous and delayed phase
due to contrast washout.

— Diagnostic scan should also include unenhanced phase

* Multiphase dynamic MRI
— Better resolution of tumour than CT scan

* FED PET-CT -
— Not adequate
— Helps see change since diagnostic scan
— Helps detect any small newer tumours

* Radiologist input needed to differentiate bland and tumour thrombus




MOTION MANAGEMENT H G

adding life to years

 Expected movements
— Respiration — liver moves craniocaudal and axial
— Heart beat

— Organ filling and emptying
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Original research article

SBRT planning for liver metastases: A focus on @ .......
immobilization, motion management and

planning imaging techniques

adding life to years

Olivier Riou"*, Carmen Llacer Moscardo”, Pascal Fenoglietto”,
Emimanuel Deshayes*, Rapha#l Tetreau”, Jessica Molinier
Alexis Lenglet”, Eric Assenat® ", Marce Ychou ", Boris Guiu®,
Norbert Ailléres*, Ludovic Bedos”, David Azria’

Respiratory Motion can be managed by
1) Free breathing with large margins to account for motion

2) ITV based to account for motion during respiration + setup - Encompassing
motion — 4DCT, slow CT, multiple breathhold CT

3) ITV reduction Motion restriction —

deep inspiratory breath hold (active breath coordinator), abdominal compression (compression plate or belt-

reduces motion by 12-13 mm- gerbecco et al 2007)

4)  Selecting a section of ITV

real time position management (RPM)- selecting phases of respiration

5) Treat time weighted average position with margin (risky with chances of miss)
6) Tumour tracking — internal fiducials, cyberknife

Deep inspiration can overestimate the motion




MOTION MANAGEMENT H G

adding life to years

Can be categorised as

«  GANTRY-BASED SYSTEMS use phase or amplitude gating via commercially
available motion monitoring devices such as

— DIBH

— RPM

— ANZAI

— ABDOMINAL COMPRESSION

— RESPONSE GATING |, ELEKTA

« THE ROBOTIC ARM—-BASED PLATFORM such as CyberKnife (Accuray, Inc.) is the
only system capable of respiratory tracking (Synchrony ™)

— Takes images every 10-30 sec to track fiducials

— OR every 90 sec images track the synchrony vest
— Patient breathes normally and images follow tumour motion in ’
beam’s view

— Multiple non coplanar beams (nodes)




Physics Contribution

Tumor Trailing for Liver SBRT on the MR-Linac m |

Martin Fast, PhD, Agustinus van de Schoot, PhD,

Tessa van de Lindt, MSc, Casper Carbaat, Uulke van der Heide, PhD,
and Jan-Jakob Sonke, PhD

Department of Radiation Oncology. The Netherlands Cancer Institute, Amsterdam, the Netheriands adding life to years

Rocetved Feb &, 2008 Avcepted for pubilication Sep ¥, X118
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Table 1 - Overview of the main published studies of SBRT for liver mets and the corresponding techniques used for immobilization, motion management and pi

maging.
Authors Year Patients Lesions/ RTtech- Dose Fractions PTV RT PET/CT MRI Contention  Fiducials Motion
number patient nique definition planning fusion fusion management
technique
Ambrosino 2009 27 NA Cyberknife 25-60 3 Tumor=GTV=CTV  CT scan with Yes Ne NA Yes Synchrony”
contrast system
PIV=CTV+5mm
(10mm Cr-Ca)
PTV — B0% isodose
Andratschke 2015 74 14 Linac 30-35 35 Tumor=GTV=CTV  CT scan with Yes. Yes Vacuum couch  No Free breathing
contrast
3D-CRT PIV=CTV+5mm Sequential CTs Oxygen Abdominal
{10 mm Cr-Ca) compression
“Composite” ITV 4D PETCT 4D PET CT (2009)
(2009) (2009)
PTV="composite™ 4D CT (2009) 4D CT (2009)
ITV + 5mm (2009)
Dawson 2006 34 N/A Linac 24-57 6 Tumor=GTV CT scan with No Yes Customized No Breath-hold
(phase contrast immobilization
-
3D-CRT CTV=GTV+8mm MRI simulation Active breathing
control
PIV=CTV +5mm 4D CT if not
possible (free
breathing)
Goodman 2010 19 NA Cyberknife 18-30 1 Tumor=GTV=CTV  CT scan with Yes No Alpha Cradle Yes (3-5) Synchrcrw“
contrast system
PIV=CTV+5-10mm 4DCT 4DCT
Herfarth 001 37 14 Linac 14-26 1 Tumor=CGTV=CTV  CT scan with No No Vacuum couch No Free breathing
contrast
3D-CRT PIV=CTV:6mm Abdominal
(10 mm Cr-Ca) compression
PTV — 80% isodose
Hoyer 2006 44 1-5 Linac 45 3 Tumor=CTV CT scan with No No Stereotactic No Free breathing
contrast body frame
{Ashrus)
3D-CRT FIV=CTV+5mm Custom-made
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FIDUCIALS

H.G

adding life to years

3-5 fiducials are needed
Invasive procedure

To be done 4-5 days prior to

planning scan
Most reliable for localisation
Difficult in frail patients

Mandatory for cyberknife




SIMULATION, MOTION
MANAGEMENT adding life to years

. POSITION — supine, hands above head
. LOCALISATION - fiducial/lipiodol from TACE/stent/indwelling catheters/ diaphragm

Gold seed/grain fiducial is preferable to anchor/long fiducials — better target localisation, lesser artefacts

. Immobilisation using vacloc +/- body fix
. Using selected motion management technique — DIBH/RPM/compression plate etc
. Motion management -
Deep inspiration breath hold scans are acquired for —
1) arterial phase
2) venous phase

free breathing scans are acquired for —
1) arterial phase end expiration
2) venous phase end expiration

3) 4D scan to account for all range of motion

. Slice thickness 1.25 mm

. At the time of treatment delivery - Image guidance for position verification is by cine imaging, 4 DCT, kV and MV

imaging




TARGET DELINEATION H G

adding life to years

Use all modalities — CT scan (arterial and venous phase), MRI, PET-
CT

— Mark the tumour (in both phases — arterial and venous)
— mark the enhancing tumour thrombus
— Do not include bland thrombus

CTV is not routinely made
ITV is made depending on type of immobilisation

PTV
— 3 mm for DIBH with fiducials
— 5-10 mm for free breathing
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108 REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 (2017) 103-1I0

Fig. 1 - Coronal view of 4D CT (right side) and 4D PET CT (left side) in end expiratory (upper part) and end inspiratory (lower
part) phases in a patient with liver met referred for SBRT. The respiratory cycle of the patient is divided in ten phases
acquired for 4D CT and 4D PET CT. The volume is set by contouring each one of the ten phases and overlaps the contours to
create an internal target volume. Only the end expiratory and end inspiratory phases of these ten phases are shown.




OARS H G

adding life to years

* Inclue
— Bowel & duodenum
— Esophagus
— Stomach
— Liver
— Central hepatobiliary tract [cHBT]
— Chest wall & ribs
— Heart
— Lungs
— Kidneys

— Spinal cord

* PRV of the critical OARs is
important




SUBVOLUME FOR ADJACENT OAR H G
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 SUBVOLUMES — for areas of overlap between PTV and PRV




DOSE PRESCRIPTION H G
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* athreshold of 30 Gy EQD2 below which the

impact of radiation is muted.

e Between approximately 53 and 84 Gy

Technol Cances Hea Traat 2018, 17; 1533033818790217

EQD?2, the LC rates increase from 50% to o AR T AT i

PMCID. PMCB071169
90%. PMID 30068240

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

* Beyond 84 Gy, the degree of incremental LC

Staphania K Schaub, MD,' Pahr E. Hartvigson, MO, Micha Lock, MD, CCFP

. . . FRCPC, FCFP? Morien Hoyal, MD, PhD,! Thomas 8 Brunner, MD,* Higinia R

improvement decreases while, depending Catdenas, MD, PhD,s Laura A Dawson, MD FRCPC, FASTRO Edward Y. Kim,

MD,! Nins A Mayr, MD, FASTRO. FAAAS, ' Siman §_ Lo, MB, ChB, FACR
FASTRO,' and Smith Apisamihanarax, MO

on the anatomy, there is a continued

incremental risk of toxicity.
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* Ranges from 30-50Gy in 3-5 fractions

— Depends on . . NOON Guidelines Version 1.3822
. NOEN Hepatocellular Carcinoma
— number of lesions

» EBRT: SBRT or hypofractionation preferred
. . 0 SBRT: 30-50 Gy (txplcally in 3-5 fractions)'?
— size of lesions o Hypofractionation

- 37.5-72 Gy in 10-15 fractions
¢ Conventional fractionation:13.14

— location of lesions ~ 5066 Gy in 25-33 fractions
— OARs
— residual liver

— histology

* Resistant histologies need higher dose — melanoma, sarcoma,
RCC, Kras mutant CRC — 48-49Gy/3#
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Table 6 Recommended EBRT doses and fractionation for HCC and IHC*

Fractionation Regimen Total dose/fractionation BED,, References
Noncirrhotic (primarily THC): 7200-18,000 cGy 110
4000-6000 cGy/3-5 fx
CP class A: 7200-12,500 cGy 24,37,28,30,34,43,
4000-5000 cGy/3-5 fx 44,61,86,101,111
Ultrahypofractionation CP class B7: 4800-7200 cGy 28,36,86,94,101
3000-4000 cGy/5 fx
4000-5400 cGy/6 fx 6700-10,300 cGy 65,93
5000-6600 cGy/10 fx 7500-11,000 cGy 57,50,63,90,100,112
4800 cGy/12 fx 6720 cGy 110
4500-6750 cGy/15 fx 5900-9800 cGy 42,46,50,62.90,113,114
Moderate hypofractionation -
6000 cGy/20 fx 7800 cGy 57
6600-7200 cGy/22 fx 8600-9600 cGy 57-59,112
5040 cGy/28 fx 5947 cGy 14115
Sandatd fos ctivhation 6000 cGy/30 fi 7200 cGy 14115
7700 cGy/35 fx 9400 cGy 58,50

Abbreviations: BED, = biologically effective dose assuming an &/ = 10; CP = Child-Pugh; EBRT = external beam radiation therapy; fx = fractions;
HCC = hepatocellular carcinoma; THC = intrahepatic cholangiocarcinoma.
" Bolded regimens are the most common prescriptions used, based on consensus of the task force. Dose constraints in Table 7 pertain to these
most common dose fractionations.
T Lower doses recommended for central lesions in which the maximum point dose to central bile duct(s) cannot be met.
! For THC when combined with concurrent systemic therapy.
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* Dose selection as per Child Pugh score [phase | trial of university of Indiana and
Colorado]

— Child Pugh A - 48Gy/3#
— Child Pugh B max dose escalation 40Gy/5#
— 1112 trail [NSABP, GOG & RTOG] adapts dose of 27.5Gy-50Gy in five fractions
Rational approach —
— Child Pugh A —Peripheral - 45-48Gy/3#. Central [near OARs] — 30-50Gy/54.
— Child Pugh B — 25-40Gy/5#
* Ongoing trial by MGH & MF Anderson — hypofractionated 15 fractions
upto 67.5Gy for peripheral tumours and 58.05Gy for central tumours
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Description Constraint 3 fractions 5 fractions Source End point
Optimal Mandatory Optimal Mandatory
Duodenum DMax (0.5 cm’) - <222 Gy - <35 Gy 3 fraction: AAPM [ 16] Grade 3+ ulceration
D1 cm’ - - <33Gy - 5 fraction: ABC-07 [13],
D5 cm’ - <16.5 Gy <25Cy -~ SPARC protocols [28]
D9 cm? - - <15Gy -
D10 cm? - <114Cy - <25 Gy
Stomach DMax (0.5 cm*) - <222 Gy <33Cy <35Qy As above Grade 3+ ulceration/fistulation
D5 cm? - - <25Gy —
D10 cm® - <165GCy - <25 Gy
D50 cm? - - <12Gy -
Small bowel DMax (0.5 cm?) - <252Cy <30CGy <35Cy As above Grade 3+ enteritis/obstruction
D5 cm® - <1727CGy <25Cy -
D10 cm? - - - <25 Gy
Common bile duct DMax (0.5 cm?®) <50Cy - <50Cy -— As above
Oesophagus DMax (0.5 cm?) - <252Gy <32Gy <34Cy(<40Gy Asabove plus LungTECH Grade 3+ stenosis/fistula
for 8 fractions) for 8 fraction schedules [24]
Large bowel DMax (0.5 cm*) - <282 Gy - <32 Gy As above Grade 3+ colitis/fistula
Rectum DMax (0.5 cm?) - <282 Gy - <32 Gy AAPM [16] Crade 3+ colitis/fistula
Parallel
gastrointestinal
organs
Normal liver (liver — V10 Gy - - <70% - 3 fraction: AAPM [16], Grade 3+ liver function
gross tumour volume) Mean dose - - <13Cy <152Cy Wulf et al. [33,34], dysfunction/radiation-induced
D50% <15Cy - - - Rusthoven et al. [35] liver disease (classic or non-classic)
Dose to >700cm’ <15 Cy <192QGy - - S fraction: ABC-07 [13),
SPARC |28| protocols
Kidneys (individual Mean dose - - <10Gy ~ 3 fraction: AAPM |16 Grade 3+ renal function
and combined) Dose to >200 cm?* — <16 Gy - - 5 fraction: ABC-07 [13), dysfunction
SPARC |28] protocols
If solitary kidney or if one V10 Gy - - <10% <45% ABC-07 [13],
kidney mean dose >10 Gy SPARC | 28| protocols

DMax is the near-point maximum dose, defined in this case as D0.5 cm?, which is the minimum dose to the 0.5 cm® volume of the organ receiving the highest doses.
D1 cm?, D5 cm?, D9 cm?, D10 cm” and D50 cm? are the minimum doses to the specified volume of the organ (1 cm?, 5 cm?, etc.) that receive the highest doses.
V10 Gy is the percentage volume of the organ receiving a dose of 10 Gy or higher.
Dose to >700 cm® and >200 cm’ is the maximum dose to the specified volume of the organ (700 cm?, 200 cm®) that receives the lowest doses.
« If total kidney volume <200 cm?®, or treating renal or adrenal lesions, then total dose to contralateral kidney should be <16 Gy and aim to minimise spillage into ipsilateral kidney if
possible.
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Dose Constraint

Organ at Risk

Liver—noncirrhotic >700 cm3 of uninvolved liver <15 Gy (three fractions)

>700 cm? of uninvolved liver <21 Gy (five fractions)

Liver—cirrhotic Child—Pugh class A

>700 cm3 of uninvolved liver <15 Gy (in three or five fractions)
Mean liver dose <15 Gy (in three or five fractions)

Child—Pugh class B

>700 cm? of uninvolved liver <15 Gy (five fractions)

>500 cm?3 of uninvolved liver <7 Gy (five fractions)

Mean liver dose <10 Gy (in five fractions)

Central hepatobiliary tree V,0 <37 cm?3 and V,, <45 cm3 (five fractions)
Chest wall V30 <30 cm?3 (recommended)

D, <27 Gy (recommended
Spinal cord D,,.x <20 Gy (three fractions)

D,.., <15 Gy (three fractions)

*  Diaphragm necrosis and pain is reported in liver SBRT, however no constraints or guidelienes available for the same
*  They present with scapular or abdominal pain,Most patients had a 3 fractions treatment
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 Goal
— D95- 100%
— Global max 110-130-% but with in GTV
— For critical OARs, dose coverage compromise is acceptable

 Push IDL as close to 95-100% as possible
* Dmax permissible -
* Avoid max dose outside PTV

* Linear accelerators use flattening filter free beams for a higher dose rate
per min

* Cyberknife uses ray tracing algorithm
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1. | NAME [umr |
2. | DIAGNOSIS
3. | PRIOR TREATMENT TACE/TARE SURGERY RADIATION RFA SORAFENIB
4. | IMAGING CHARACTERSTICS | SIZE | CM | NUMBER | | SEGMENTS |
ENHANCEMENT PHASE | | HROMEOSIS [ TUMOR | NONTUMOR
5. MOTION MANAGEMENT
6. | NUMBER OF LESIONS [ SERUM AFP |
7. | cHiLD scORE POINTS 1 2 3 TOTAL SCORE
BLURUBIN mg/dl =2 2-3 >3 & 5-6
ENCEPHALPATHY HIL GRADE 1-2 GRADE 3 B 7-9
ASCITIES HIL MILD TO MCODERATE SEVERE C 10-15
ALBUMIN g/dl =3.5 2.8-3.5 <2.8
INR/PROTHROMBIN TIME [ SECONDS PROLOMGED OVER cONTROL] | <1.7/<d 17-2.2/4-6 »2.2/>6
GTVer | | GTVwooe | | GTVrace | GTVrza | GTVvasonas
.| CTV GTVe+ GTWi+ GTVr + GTVe+ GTVy [NO MARGIN] | PTV | E-10MM
10.| LWER VOLUME UVER-GTV VOLUME | | LIVER-PTV VOLUME
11. | PLAN TYPE-[3DCRT/VMAT/DCR/IMRS]
12 | PRESCRIBED MARGINAL I50D05E | BED
D pax = The prescription dose may be 50 Gy, 45 Gy, 40 Gy, 35 Gy, 30 Gy or 27.5 Gy in § fractions, based on
normal tisswe constraints.
D95% » Tumor vascular thrombosis should be included in GTV and should receive same dose.
D100% = Mon-turmnor thromibi should not be considered as GTV; they should be excluded from contouring or may
be included in the CTW
W95% » The prescription sodese is planned to encompass D5% of the PTV
V100% = A goal is that 100% of the CTW is encompassed by the prescrption dose
170% = Maximum dose within PTV = 150%.  muliple PTWs esdst, 150% of the maximal PTV prescription
V120% dose is permitted for all PTVs. Maximumn dose cutside PTV = 120% of the maximal PTV prescription
V130% = GTWr, GTVWg. non vascular thrombesis GTV should receive 27.5 Gy
DISTAMCE BETWEEM BO% ISODOSE AND 60% ISODOSE-[<2mim)
DISTANCE BETWEEN B0% ISOD0SE AND 40% I50D05E-[<Bmm]
COMFIRMITY INDEX [IDEAL 1] wWOWWME OF PRESCRIFTION ISODISE/WOLUIME OF FTV
HOMOGEMITY INDEX [BETWEEN 1.1-1.3] max DOSE/ PRESCRIFTION DDSE
GRADIENT INDEX[BETWEEN 0.3-0.9][raniie of PRECRPTION IS000SE - BADILS OF HALT PRESCUPTION ESO005E]
PRESCRIPTION DOSE LIVER-GTV [»700C0]
MEEDED ACCEPTABLE UMACCEPTABLE ACHIEVED
50 Gy <13 Gy 13132 Gy *» 132Gy
45 Gy <15 Gy 15-152 Gy »152 Gy
A0 Gy <15 Gy 15152 Gy 152 Gy
35 Gy £15.5 Gy 15.5-15.7 Gy »15.7 Gy
30 Gy <16 Gy 16162 Gy +16.2 Gy
275Gy <17 Gy 17172 Gy »17.2 Gy
13.| MON LIVER OAR CONSTARINTS MEEDED ACCEPTABLE UMACCEPTABLE ACHIEVED
1. Esophagus max [0.50C) 32 Gy =32 but £34 Gy =34 Gy
2. Stomach max [0.500) 30 Gy =30 but 232 Gy » 32 Gy
3.  Duodenurm max [0.500) 30 Gy =30 but 232 Gy =32 Gy
4. Small bowel max [0.50C) 30 Gy 30 but <32 Gy =32 Gy
5. Large bowel max (0.5CC) 32 Gy =32 but <34 Gy » 34 Gy
6.  Cord+ 3 mm max {0.5CC) 25 Gy =25 but =28 Gy » 28 Gy
7. Kidneys: Bilstersl mesn =10 Gy =10 but £12 Gy = 12 Gy
Trve Kidney mean 0oce » 10y, remaining |or only) Kidney oGy - 0% |
8. Chest wall [0.50C) 555y
0. Gall biadder [0.5CC) S0Gy
10. CBD j0.5CC) SOGy
11 Skinf0.5CC) T
12 Heart [300C) S0Gy
13.  Grest Vess=I}0.50C) Gy

Credit — Dr. Kanhu Charan Patro




CASE FROM ASTRO SITE

Dose Constraints

Ogan _________ |Volume ________ |Dosele)

Duodenum

Small Bowel

Liver Uninvolved

<32
<18
<35
185
>700cc
<15

Max point dose (0.03cc)
<5cc

Max point dose

<5cc

V(liver)-v21

Mean dose

Fieids g Prescrpbion Fieid Abgnments Plan Objec Optimzation Obgecti Dose Statstics Models P
View Structure Approval Status Plan \oiume [cm
ITV 5 0 G 5 # [ Liver Appeoved | LveraBRT
y - Rt Kidney | Approvsd LiverSBRT 1571
L1 ¥oaney Approved LiverSBRT c1 1571
h 3 d V9 5 9 5 (y PTV |approved |LiversBRT I 1751
dachieve tO (0] Cord |Approved [CversBRT [c1 s
Coraesmm [Appeoved | LiverSBRT e 1454
Stomac [ Appeoved |LiverSBRT I 1037
PTV 4OGy/5# = [Appeonmd |LiverSBRT I 2499
Pancreas [ Approved |LwerSBRT a7
- LIVERUNINVOLYVED '&n‘\'ﬂl!ﬂ LiverSBRY 224560
achleved V95 to 95% i |Approvea | LversBRT | CY)
Duocenum Approved LverSERT c1 592
Approved |LiversBRT c1 5815
Chestwall |Approved LierSBRT X 2501
ring1 [Aoproved | LverSBRT [c1 I
chestinl | Aoproved |LiverSERT [c1
PTvring |Aoproved | LiverSBRT €1

an Sum

Dose Cover %)

1000
100.0

1000
1000/
1000!
100.0]
1000

1000
100.0
1000
100.0
100.0

1000/
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Sampling Covor{%} Min Dose loGy) Max Dose {667 | Moan Dose {cGy)
1000|
1000

100.0]
1000]
100.0]
1000]
1000]
1000
1000
1000

100.0

1000 554/
1000/ 00|
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* First step is correct positioning with immobilisation and motion management

* Appropriately counsel and prepare the patient — depending on number of lesions and
dose per fraction, 30-45 mins with motion management could be needed for the

delivery
* Image acquisition as per plan prior to treatment, intra-fraction and post treatment
* Imaging could be planar (using gold fiducials), low dose CBCT scans
* Be alert and watch the patient
* Proper matching is mandatory

* Presence of radiation oncologist, physicist and RTT at the time of delivery is essential
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(1) optimal time for response assessment is at least 6 to 12 months after SBRT

(2) stability or decrease in lesion size is associated with successful local

control
(3) arterial phase hyperenhancement may persist despite pathologic CR

(4) washout on delayed phases may persist after SBRT.

* |If the RECIST, mRECIST, EASL, or LI-RADS TR v2017 criteria had been
applied, many of these lesions would have been improperly categorized as

treatment failures potentially leading to unnecessary additional therapies




FOLLOWUP/SURVIELLANCE- H G
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*  TACE and TARE show complete necrosis by 4-6 weeks
*  SBRT will show some change by 3-6 months and further improvement by 12 months
*  High energy, triphasic, contrast enhanced CT scan or MR

— Can be obtained by 4 weeks or after 3 months (to allow radiation inflammation to settle)- this would

be baseline
— Then every 3-6 months for 2 years
— After 2 years can be done every 6-12 months
— AASLD 2019 guideline
* If any relevant findings, then further evaluated by AFP and other relevant tests
*  Persistent enhancement should be followed up — since delayed response of HCC to SBRT is known

*  Astudy reports complete response rate of 24% - 3 months, 67% at 6 months and 71% at 12 months. Few

cases even beyond this

*  Management of underlying liver disease
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Fig.1 Axial CT scans of the abdomen with contrast depicting stereotactic 15 months (¢) after treatment. The radiation dose gradient is represented
body radiation therapy (SBRT) to a solitary hepatocellular carcinoma (a) by the colored lines in a. Red = 50 Gy (prescription dose). Orange =
and the radiographic evolution of the lesion at 3 months (b) and 40 Gy. Yellow = 30 Gy

 Current Hepatology Rep, 2021
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* Large lesions — 45Gy/3-5 fractions— LC 51%

* Cardenes et al -36-48Gy/3# for Child Pugh A and 40Gy/5# for Child Pugh 8. at 2 years, LC

100%, OS 60%
* Bujold et al 24-53Gy/6# - 1 year LC 87%, CR—11%

* Kang et al, SBRT post CR from TACE — 42-60Gy/3#. 38.3% had CR and 38.3%
had PR. 2 year LC 94.6% and OS — 68.7%
e SBRT with protons gave 2 year LC of 74.8% and 74.1% for HCC and ICC.

* NRG-GIO03 is evaluating protons versus photons.

* SBRT is proved superior to other modalities for unresectable HCC
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TABLE 15.3 Outcomes of Select Prospective Studies of Liver Stereotactic Body Radiation Therapy and Hypofractionated Particle Therapy

Mean/Median Median
Tumor Volume Follow-Up | Grade 23 Local

Study Histology Patients | Tumors (em3) Dose (Months) | Toxicity Control Overall Survival
Tseetal.(12) HCC, CC 41 41 173 24-54 Gy in six 17.6 12% liver 65% (1 year) 51% (1 year)

fractions
Céardenes HCC 17 25 34 36-48 Gy in three 24 23.5% liver 100% (2 year) 60% (2 year)
etal.(13) to five fractions
Andolino HCC 60 71 29 24-48 Gy in three 27 0% Q0% (2 year) 67% (2 year)
etal.(14) to five fractions
Kang et al. HCC 47 56 149 42-60 Gy in three 17 6.4% Gl 94.6% (2 year) 68.7% (2 year)
(15) fractions
Bujold et al, HCC 102 >162 117 24-54 Gy in six 314 30% liver, 74% (2 year) 34% (2 year)
(16) fractions chest wall
Bush et al. HCC 33 >51 17.2 70.2GyEin 15 28 N/A 88% (2 year) 59% (2 year)
17) fractions (protons)
Hong et al. HCC, CC 92 108 97 67.5GyEin 15 19.5 1% liver, GI 94.4% (2 year) 63.2% HCC, 46.5%
(18) fractions (protons) CC (2 year)
Herfarthetal. | CRC,BC, CC, 37 60 10 14-26 Gy in one 15.1 0% 68% (18 month) 25 months (median)
(19) HCC, OC fraction
Hoyer et al. CRC 64 141 224 45 Gy in three 51.6 16.3% chest 86% (2 year) 13% (5 year)
(20) fractions wall, GI
Lee et al.(4) CRC, BC, OC 68 143 75.2 27.7-60 Gy in six 10.8 9% liver, Gl 71% (1 year) 47% (18 month)

fractions
Rusthoven CRC, LC, BC, a7 63 14.9 36-60 Gy in three 16 2% chest wall | 92% (2 year) 30% (2 year)
etal.(21) HCC, OC fractions
van der Pool CRC 20 31 6.4 37.5-45Gy in 26 10% liver 74% (2 year) 83% (2 year)
etal (22) three fractions
Goodman CRC, CC, 26 40 32.6 18-30 Gy in one 17 0% 77% (1 year) 50.4% (2 year)
et al.(23) HCC, BC,OC fraction
Scorsettietal. | CRC,BC, OC 61 76 18.6 52.5-75 Gy in 12 1.6% chest 90.6% (22 month) 83.5% (1 year)
(89) three fractions wall

BC, breast cancer, CC; cholangiocarcinoma; CRC, colorectal cancer; HCC, hepatocellular carcinoma; LC, lung cancer; N/A, not available; OC, other cancers,
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« SBRT vs TACE-

— LC 96.5% vs 47% at 1 year and 91% versus 23% at 2 years
— 2 year LC 88%for RT and 45% for TACE
— Freedom from hepatic progression at 1 year 56.5 % versus 36% at 2 years (27%-11%)

« Loma Linda University comparing proton RT with TACE

* BRIDGE TO TRANSPLANT

— O’connor — 51Gy/3# followed by transplant - pCR in 27%, stable or
partial response in others on histopathology in explant

— Barry et al — 36Gy/6 # followed by transplant — 5 yr OS and DFS was
76% and 79% respectively
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ICC
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* Mayo clinic — 55Gy/3-5# - one year DFS and OS —31%, 73%
e Q’Connor—24Gy/3# - LC 75%, CR-25%, grade | toxicity-25%

* Sandler et al — 40Gy/5# - median time to progression and OS were 16.8
and 31.3 months with 77% grade 1-2 toxicity and 16% grade 3 or more
toxicity

e SBRT also useful as bridge therapy prior to liver transplant

 3year LC for BED <80.5Gy and > 80.5Gy are 45% and 75%
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LIVER METASTASIS
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e Considering long survival of oligometastatic patients due to evolving

systemic therapy — liver SBRT for oligometastasis is becoming increasingly

importat

e Liver mets from CRC — 5 year survival 50-60%
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ABSTRACT

Aim: To report the outcome and toxicity of sequential stereotactic body radiotherapy (SBRT)
for multiple liver metastases in patients treated with ExacTrac Adaptive Gating.
Background: In selected patients with a limited number of liver metastases, SBRT has been
evaluated as a safe and effective treatment, with minimal toxicity and high rates of local
control.

Materials and methods: From April 2008 to October 2013, 21 patients with multiple (3-14)
liver metastases (n=101) were treated sequentially with SBRT at our institution. Maximum
tumor diameter was 7.5 cm. Prior to treatment, internal markers were placed inside or near
the tumor. CT or PET-CT simulation was used for the definition of gross tumor volume
GTV). Median planning target volume was 32.3 cc (3.6-139.3 cc). Treatment consisted of 3
actions (12-20 Gy/fraction) or 5 fractions (10 Gy/fraction), prescribed to the 90-95% of the

Results: After a median of 23.2 months, the estimated local control rate was 94.4%, 80.6%,
65% and 65% after 1, 2, 3 and 4 years; the median overall survival was 62 months (95% CI

49.12-74.87) and the actuarial survival reached at 60 months was 57.6%. The univariate data
analysis revealed that only pnmary hlstology other than colorectal adenocarcinoma was

of treated metastases did not modify significantly the overall survival (p=0. 51) No toxici
higher than G3 (1 patient with chest wall pain) and no radiation-induced liver disease wer
observed.
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Stereotactic Body Radiotherapy (SBRT) for e
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Anand Mahidevan'“@, Oltver Blanck™”, Rachelle Lanclano®, Anuf Peddada®, Srinath Sundararaman®,
David D'Ambroga’, Sanieev Shanma”, David Perry” James Kolker™ and Joanne Davis

Mahadevan er al. fodiation Cywology (2018) 1 3:26 Page B of =
Conclusions
ABRT provides good OS and LC for metastatic liver lesion
Table 2 Outcomes In publahed leterature for SEAT for Lives metastass Higler SBRT dosgs (BEDIO Z 100 GY) and Smallel' tu'mo
Shady Cf::lv'nll:n.l :GII'A'II::'::'AI rirniry ‘y:‘.‘:,;,.,nuq Towity ::4:'1;.:;". Local cordral Suryed volumes (<40 cm ) are ass(xiated wid“ improved LC m
' - Ll OS. Patients with liver metastases from CRC, breast an
Somgren o al Virtse ] Mawd Booly/1-4 4 Pemcntiage 1550 LlLLg ]
4 Gt gynecological primary tumors tend to have better OS com
Hefamh et o, 20 12 1 NY 1426 Gy NN Nedy 40 18 mal's 1y %
2 yrNSw
Hoywr et al 6] Tl o) M Mued Mayortty CRC ASGyA I Liver Falure 52 2. o 1yra!
Jwvyere bte 2 N
‘-.w.nl...v :h-um, 3T om 29 Mo Maorky CRC - 375G/ daam 129 dycaen ysw OY and use of systemic therapy, Future prospective trials
a2 e ) 2 yrfdm
Ve Crace assessing the impact of histology and dose with the com-
'.f.‘rq.'luuwu'l ] A lchom) A7 Moy Mayority CRC 00Gy73 I-‘“-.r:-: 10 ,.' Y...),l,‘:ninj‘. Moy 17 bin.ation Of Systemj.c and immu.ne therapies are needed tO
Leoatal (Vi o W Moy CC 7860043 B acutn a3 100 tvornwmas - help define the role for SBRT to improve outcomes.
Amdiouno ot al Y Alcthon M Mued Mgorny CRC 25000y NR 1 o MNA
iy
Coagman ot sl hlcs oo b Maed Maoriy CRC 18 306Gy A late Coaoe J 175 |y % | yroad%
2y 7 yroes,
Wio e i 1) 1.9 1 ) Magorkry CIC - A0Gw8 NoECackel 20 WXap st WGy
A0 600w LGy S0 i

He S Ny %
Iy

OGN
)y
Sconem et (19 YA jethon o) Mued Myorry CRC 525750 o Caoe ) M e 1yr 8%
Jyaom,
Primern Shaty Vinsse A Moaed Moy CRC 451 2-¢0viil-5 Mo 1A =90 Meawiilm M2l m
|y Ban 1y AN
I TN R




FOLLOWUP/SURVIELLANCE- [H) G
M ETASTASIS adding life to years

s Single venous contrast CT scan of PET CT is adequate
. Fregency of follow up is same as HCC
. Adjacent liver parenchyma is hypodense

. Gradual response is known with persistent metabolic activity. SUV reduction to half by 3.6 months and SUV

2.6 by 7 months

. Usually have better liver health than HCC

FIGURE 15.11 Imaging of benign liver changes following SBRT demonstrating liver parenchymal changes
that may mimic tumeor, progression. (A) SBRT plan showing isodose distribution, (B) CT 3 months after
SBRT showing area of hypodensity that approximates the 40% prescription isodose line, and (C) CT 7
months after SBRT showing resolution of the hypodensity changes seen earlier.
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 |LC
— 14-26Gy/1# - LC 68% at 18 months
— 36-60Gy/3# - LC 92% at 2 years

— Rusthoven et al — 2 year LC 100% for < 3cm and 77% for > 3 cm tumours.

Scorcetti et al found equal control irrespective of size for 75Gy/3#

* Control rate depends on site of primary —Hoyer et al. found improved OS in
patients with metachronous metastases or largest metastasis less than 35
mm (20). Rusthoven et al. reported worse median survival for tumors from
the lung, ovaries, and noncolorectal gastrointestinal sites (12 months)
versus breast, colorectal, renal, carcinoid, gastrointestinal stromal tumors,

and sarcomas (32 months



https://radiologykey.com/liver-sbrt-2/#bib20
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TOXICITIES
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*  Hepatocytes are very sensitive to radiation. Toxicity is due to — fatigue, toxicity, gastritis, elevated liver
enzymes

*  But upto 75-80% of non cirrhotic liver removal can be done as per surgical literature. So average 2000 cc is
liver volume and 1/4% of it is around 500 cc, so 700 cc liver spared (means about 40%) is adequate buffer

* classic RILD is a syndrome of an acute triad of hepatomegaly, ascites, and elevated ALP followed by the
development of anicteric ascites approximately 2 weeks to 4 months after hepatic irradiation described
with conventional fractionation but has rarely been reported in SBRT studies.

. Constraints as per
*  Emami et al — 5% with 30Gy and 50% with 40 Gy whole liver RT at 1.8-2Gy/#
*  QUANTEC - <5% with 30-32Gy and higher risk with higher dose to whole liver RT at 1.8-2Gy/#

. Nonclassic RILD has emerged as a more commonly seen toxicity, described as a fivefold or higher increase
in transaminase values, a decrease in liver function loosely defined as a 2-point or higher increase in CP
score, reactivation of hepatitis, or any other toxicity not included in the classic RILD syndrome

* <700 ml liver gets 15Gy [university of Colorado] — they were the first to establish no RILD with this
constraint

* 800 cc liver < 18Gy [son et al]

*  Princess Margaret hospitale stablished grade 5 toxicity if constraint not met (median 18.1 Gy vs. 15.4
Gy, p=.02)
* Trial 1112 recommends liver mean dose 13-17Gy
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CTCAE v4.0 1 2 3 4 5
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* Osmundson et al established, cHBT toxicity

e Recommended to draw portal vein with 1.5
cm expansion

e Constraints V40 < 37 ccand V 30< 45cc

e cHBT toxicity associated more with primary
liver tumour than with metastasis
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« STOMACH, DUODENUM, BOWEL
— Risk of perforation and ulceration

— . Dose constraints to these organs include D, _, less than 40 Gy, V,¢ less than 9 mL, V5, less
than 5 mL, and V; less than 1 mL.

* Heart-D,,,, less than 12 Gy and V. less than 10%.

e Kidneys - kidney V. less than 50%.

e Chest wall and ribs - V5, less than 30 mL, and ribs D, less than 27 Gy
*  Recent review by Pollom et al [check]
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e Radiation induced liver disease (RILD) <1% (transient elevation of
liver transaminases happens)

e Fatigue and loss of appetite worsens at 1 month and improves at 3
months

* For Child Pugh B — preferable to fractionate to five fractions

e Child Pugh class deterioration has been reported 3 months post
SBRT — 29% at 3 months and 6% at 12 months (Bujold et al)

e Gastric perforation — for lesions close to bowel, higher with
preexisting gastric ulcers (preferable to check with endoscopy prior
to SBRT)

e Chest wall toxicity — grade 2 non traumatic rib fractures in two
patients (reported at 0.5cc 51.8Gy and 66.2Gy in six fractions) — Lee
et al
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* Toxicity is enhanced by
— Surgery, chemotherapy, stent, use of alcohol

— Use of concurrent hypofractionation and immunotherapy
(VEGF can enhance Gl toxicity if used with SBRT)

— Extensive chemotherapy use diminishes functional liver
reserve (oxaliplatin — sinusoidal injury, irinotecan —
steatohepatitis) — REMAIN ALERT WHILE SELECTING AND
POSTING PATIENT FOR SBRT

— Concurrent use of Sorafenib — interrupt for 2 weeks during
SBRT

— Watch for stent induced sepsis mimicking RILD

— For cirrhotics and post chemo liver , DOSE CONSTRAINT
850cc< 15Gy




FUTURE DIRECTIONS H G

adding life to years

 ongoing randomized trials investigating sorafenib with or without

TACE (NCT01829035 and NCT01906216)
e sorafenib with or without SBRT (NCT0173093 and RTOG 1112).

* Trials for tremelimumab (monoclonal antibody against CTLA-4) for
use with TACE, RFA, SBRT in HCC and biliary tract carcinomas
(NCT01853618)

* Trials to evaluate abscopal effect with use of immunotherapy with

RT
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