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Liver : Anatomy

Human Liver Anatomy
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HCC: Treatment principle

HCC: 3" M/c cancer

Surgery
Transplant

Popcorn effect: background of Cirrhosis
Gold standard
5yr OS — 70%
MELD / Milan criteria
Only 20% fit for surgery

Y

Locoregional / ablation



HCC: Treatment

» HCC: 39 M/c cancer

» Surgery

» Resection: 85% recurrence
» Limited availability of donor organs-> up to 20-40 % dropouts

- Need for alternative non surgical management

- advanced HCC - progressive disease while on a waitlist

» Solution: local therapy as “bridge” - until a donor organ is available

» Traditionally : RFA and TACE - neoadjuvant/ downstaging

» However- RFA usable < 40% of cases —not for >5 cm/ close to vessels
» TACE better, although = only results in a 65% LC @ 1 yr

Operable In-operable

Liver Transplant

Radiofrequency

Partial Hepatectomy

Gold standard Ablation
5yr OS — 70%
. L Percutaneous
MELD / Milan criteria | Ethanol Ablation
Only 20% fit for surgery Transarterial
Chemoembolization
Resection/ Cryo-ablation

Systemic
Chemotherapy

Radio-embolization

Radiation Therapy




BCLC staging: Treatment decision

BCLC )

Child Pugh
Class

Clinical
Questions
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Curative Options

Prognosis >

| 5 Year Survival ~ 50-70%

s
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Stage B Stage C Stage D
Intermediate Advanced End Stage
> Milan Criteria| PVI, N1, M1
AlB A B/C—>
ECOG Performance Status?
0-1 0-2 >2 —>»
| -
Main PVT?
No Yes —»
\ \

\
Palliative Options

Best

Supportive
Care

~11 mo

| ~ 20 mo |

| ~3 mo |

AASLD:

* In cirrhotics - Locoregional treatment

better than no treatment

* No specific locoregional Rx preferred

« CPAorB<3cm /HCCs<2cm/
BCLC O/A - Ablation may be 18t line

+ TACE — 1stline for unresectable /
large/multifocal no PVTT or extra

hepatic disease (BCLC B)

SIRT — alternative for unresectable HCC

— safe / may not have OS benefit
« subgroup of patients benefitting from
SIRT remains to be defined.
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Stage Very early Early Intermediate Advanced
(BCLC) (0) (A) (B) (C)
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L this issue but recommend TACE as first-line therapy

) in this setting. The reason for the different recom-
aaseo Mmendations lies in the regional differences in the L

— availability of treatment modalities and LT proto- —

( cols, while there is insufficient data to recommend
APASE one form of treatment over another. sl

emona: The concept of salvage LT is only a minor topic in =~ ====,
I e el e £ ) | i

Fig. 1. Summary of stage-dependent recommendations on the treatment of HCC Mﬂ 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. -
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HCC - proposed modern management — systemic approach

New paradigm of treatment strategy in HCC SRR IR 0 A e FICE Sk and Devons
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Table 3. Differences in recommendations between the international HCC guidelines.

AASLD APASL EASL
Surveillance US every 6 months, AFP optional US + AFP every 6 months US every 6 months
CEUS Not recommended As sensitive as CT/MRI Suitable for nodules 21 cm in cirrhosis
Biopsy No routine use For indeterminate nodules 21 cm Required in non-cirrhotic HCC
Bridging Recommended for T2 No recommendation Recommended if feasible
LT after Recommended No recommendation Possible
downstaging
LRT - Recommended in cirrhotic non-surgical patients - Ablation: For HCCs <2 cm in CP-A/B - Ablation: or unresectable BCLC 0 and
(T2 or T3, no vascular involvement) - TACE: For unresectable, large/multifocal HCCs A + selected surgical patients
- No preference regarding modality - SIRT: Alternative to TACE - TACE: For BCLCB
- SIRT: Good safety profile, efficacy not
DTS
Radiotherapy = No recommendation Option when other LRTs have failed Insufficient evidence
Systemic - For patients with CP-A cirrhosis or well-selected - Sorafenib for advanced HCC with CP-A liver - Sorafenib & lenvatinib: 1 line for
therapy patients with CP-B cirrhosis plus advanced HCC function (possible with caution in CP-B) BCLC-C

with macrovascular invasion and/or metastatic
disease
- No preference regarding drug

- 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.
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Liver — Radiotherapy - ? ineffective

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

< Liver considered radio resistant

< Fear of RILD — Radiation induced liver disease

< Poor tolerance of whole liver radiation & Lack of knowledge of partial liver radiation

< Unavailability of modern radiation techniques for delivery

< No motion management techniques

< Lack of faith in effectiveness of radiation and No concept of multi disciplinary approach

{2 Fortis



Initial Experience of Radiation therapy in liver
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R — Historical Perspective

Limited Role in past:

* Hepatocyte — well differentiated cell with low repair capacity (a/B = 1.5)

« Whole liver tolerance @ conventional fractionation 25 Gy (5% RILD) & 35 Gy (50%)
* Non conventional # tolerances (whole liver) : 21-24 Gy @ 3 Gy/ fr; 24 Gy @ 2.5 and 30 Gy @ 1.5 Gy/ fr

* Whole liver radiation
* Borgelt (IJROBP, 1983) — palliation (Ascites, anorexia, pain,etc)

* Russell (IJIROBP, 1993) - Dose escalation 27Gy >30Gy ->33Gy (toxicity beyond 33 Gy)

* RTOG 8405 — dose escalation study with hyperfractionation
1.5 Gy BD for 27, 30 and 33 Gy - could not exceed 36 Gy

{2 Fortis



Initiating the liver SBRT program — RILD dilemma

Literature support for Radiation safety

RT contraindicated in past Radiation hepatitis of past > The Indiana University - step-wise dose escalation
safety

RILD risk » 36 Gy in 3 fractions in 2 Gy/fraction step increases

» Child-Pugh (CP)-A cohort, - escalate to 48 Gy in 3
fractions without any dose limiting toxicity (DLT) - >
grade 3 CTC toxicity

» CP-B - developed DLT - instituted more protracted
>40Gyin5#

recommendations of differential dosing based on CP
score (CP < B8)—> 700 cc of normal liver < 15 Gy »>
RILD unlikely

RILD

transaminase or ALP > x 2.5-5 times
e SrBil->x1.5-3times

* non-malignant ascites in the absence of disease progression

Hallmark - Small venous obstruction - Central venous

congestion and collagen deposition without inflammation > The University of Toronto - Radiobiologically-guided
partial volume dose escalation program
» 24-54 Gy in 6 fractions daily

» Normal liver > 700 cc spared

Rx: diuretics, paracentesis, and vitamin K

» Few cases of transaminitis (similar episodes before
RT also / minimal decline in CP scores)

Safety of partial liver RT safely studies in multiple
centres — careful dose selection by CP score and

normal liver sparing P
42 Fortis




Modern Radiotherapy:
Overcoming challenges of past

{2 Fortis



HCC - RT

Pitfalls of past

Solutions

Radiation Induced Liver
disease (RILD)

Data on partial liver tolerances

Image Guided Radiotherapy (IGRT) and Stereotactic Body
Radiotherapy (SBRT)

Target Delineation

Volumetric & Triple phase CECT, PET-CT, MRI

Image fusion tools

Respiratory motion
iInduced / Set-up
uncertainties

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

Newer Immobilization devices/ 4D imaging

Uncertainties in dose
distribution

Advanced Treatment machines/ Equipments

Better planning software / dose engines
*! Forhs
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Redefined role of RT in HCC

l HCC
! D
Stage 0 Stage A-C Stage
PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B FET =2, Child-Pugh C
i 1 4
Very early stage (0} Early stage (&) Intermediate stage (B) Advanced stage (&) End stage (D}
Single= 2em, Singia or 3 nodules < 3cm,. PS5 0O hultindular, PST 0 Poral invasion, K1 M1, PST 1-2
CarcinGmes n silu
| +
| 4
Elrigla- 3 nodules =3om
Portal pressured bilirubin l
]'_. o P..*asnnmjmu diseasas
4 ¥
Rzl Fi Yen
+
Liver Trainsplantaticn z
(CLT / LBLT) Sorafenib

E Unsasuitable for resection, transplant or RF Unsuitable/refractory to TACE Symptomatic :
= Dafinitive RT Definitive RT & Low dose RT + |}
1
g RT as bridge to transplant Portal invasion :
i Definitive RT & sorafenib # :
i
i

+ Randomized frials needod to demonstrate bencfit

Dawson L. Semin Radiat Oncol 2011;21:241-246 *i F0r115



RPartial liver tolerance; effective & safe

« Austin — Seymour :

— 1st quantitative anlysis of RILD as a function of dose — < i
volume 2
w
.. . E 08
— Dose > 35 Gy limited to 30 % liver 2
; 0.6
* Emami et al g o —
— TD 5/5 - 50 Gy, 35 Gy, 30 Gy (1/3, 2/3 or whole) " 02
_ TD 50/5 — 55, 45 or 40 Gy Y
Dose (Gy)
. . “l"ﬁ !_T'l'.ua T_f,-'nmu-%(utchﬂ-ﬁurrr:mu NTQP pmdﬂl disp.la}r'mg :'?'?&.
- U. of Michigan — Dawson, 2002 Soms L s S et it
. . . irradiated to the prescribed dose uniformly would be associated
- Use of conformality for partial liver treatments with the same NTCF as the nonuniform dese distribution) versus

normalized dose (prescribed dose normalized o 1.5 Gy bid ) '

« Response rates 50-70%

« No RILD (Radiation Induced Liver Disease) with mean liver dose
<31 Gy

« RILD depends on volume of liver receiving radiation

{2 Fortis



Indocyanine Green - ICG: assessing lIver function

for dose selection In RT-HCC

_ ICG retention (dose- Gy)

Total Bilirubin INO ascies
[ e Nontumour part of <10% 10.1%- 20% 20.1%- 30%
< 1.(!*1)1;‘.'\1[ L1~ l.;xq.’_,' dl | e 2:.\34-'1‘;“‘ | I ive r
1CC-15 Limited resexction I Ne liver sesection l
<1/3 40 No RT No RT
sy || tpepuom s || sromaonys || e | | 18 = V2 50 40 No RT
!.'v‘-n_;;r.mvmtnm (=1/35 T paseechyma) = '.‘,l‘ﬁ'n.vqur:::;?r;u) |
>1/2 60 20 40
. J

SBRT - local ablative therapies
Learning from surgical experience

» Rusthoven et al, JCO,[2009]
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Functioning normal liver sparing
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CT volumetry of the liver: Where does it stand @
in clinical practice?
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Key to modern Liver RT success:
Adequate normal liver / minimize irradiated liver - RILD

$9% Risk of Liver Toxicit « Base line normal liver > 700 cc
y

2 Ry s L * Liver volumetry from triple phase
. * Fibroscan —assess cirrhotic
g component
o
=; 06  FDG galactose scan (research)
% * |CG studies
- L g
T » Case selection

" ;u E:u 1 Whole lver safe anatomy / safe functions
TD 5/5. 30Gy/15 fx : :
Dose (G °

o ln:ll wm . TD50/5: 42GyI21 Technical improvement

i 2 The Lyman-Kuoicher-Burman WTCP mode! disp! . . °
is0-NTCP curves, with 80% confidence limits, for pal;i 2/3 Liver TDS5/5: SB RT
primary liver cancer. Effective volume (the organ wclu, 504Gy/ 28fXx ° M0t|on man ag ement
iq‘ad'mted o the p}'e&;ﬁl'-ad dose LI1]1]'ﬂ.'I1'L11]‘_,-' '-‘-T.!Ul':! hE-I: 1/3 Liver TD5/5: . . )
ket o i 561 68 AGY 381K + Targeting - surrogate fiducials
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HCC Treatment in guidelines

Table 1. Comparison of Treatment Guidelines for Stereotactic Body Radiotherapy-Eligible Hepatocellular Carcinoma

Guidelines
BCLC NCCN APPLE KLSCG-NCC
Single, <2 cm, without VI~ Subgroup Very early Resectable or transplantable ~ Very early mUICC Stage |
T Resection (or LT/RFA/ Resection (or LT/RFA/PEI, if
Y : PEl, if portal pressure/ Resection or LT portal pressure/bilirubin  Resection or RFA
preferred option .. . :
bilirubin increased) increased)
i\ Altamative 0 Locoregional treatment
S (Ablation, arterial directed ~ EBRT TACE, PEI, or EBRT
P therapies, EBRT)
Single, >2 cm, without VI Subgroup Early " Resectable or transplantable Early mUI(TStage [
FOmEn LT or RFA/PEI Resection or LT LT or RFA/PE| Resection or RFA

preferred option

Locoregional treatment
(Ablation, arterial directed ~ SABR, hypofractionated RT  TACE, LT, or EBRT
therapies, EBRT)

BCLC, Barcelona clinic liver cancer; NCCN, National Comprehensive Cancer Network, APPLE, Asia Pacific Primary Liver Cancer Expert Mieeting; KLCSG-NCC, Ko-

rean Liver Cancer Study Group and the National Cancer Center; VI, vascular invasion; LT, liver transplantation; RFA, radiofrequency ablation; PEl, percutaneous
ethanol injection; EBRT, external-beam radiotherapy; mUICC, modified Union for International Cancer Control; TACE, transarterial chemoembolization; RT, radio-

therapy; SABR, stereotactic ablative radiotherapy.
$? Fortis
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Difference in Guidelines for VI : West /s East

DISCUSSION

Controversy exists among experts from the West and the
East on the treatment of patients with HCC and PVTT.
Western guidelines, which are based on the BCLC clas-
sification, consider HCC with PVTT to be at the advanced
BCLC stage C, and sorafenib is the only recommended
therapy.®*? In China/Southeast Asia, where the common
etiology of HCC is hepatitis B virus, patients usually have

better liver function reserves and long-term survival out-
comes after hepatectomy compared with patients in
Europe, North America, and Japan, where HCV-related
HCC is predominant.*** Furthermore, hepatitis B virus—
related HCC usually progresses faster with worse survival
outcomes from sorafenib treatment compared with HCV-
related HCC.* As a consequence, surgery is more frequently
adopted for treatment of selected patients with HCC and
PVTT in China and Southeast Asia.”>*"

West: Europe & Americas Vs East
v’ follow BCLC

v Hep C more common

v BCLC C - sorafenib alone

East - Hep B common

v’ Better liver functions

v Surgery feasible and better

v Hep B progress faster / worse outcome
on sorafenib

{2 Fortis



Liver SBRT: Re-defining the role ofi RT

> SBRT Liver : highly precise Image Guided therapy
v 4D target definition Sanuki N et a. SBRT for HCC
~Accurate patient positioning
v Multiple beams

Allowing for

v Steep dose gradients
v Hypofractionation

" ! « o3
) ,' Py . S 2 4
Figure 1 Dose distribution of stereotactic body radiation therapy for
_1 | hepatocellular carcinoma at a dose of 40 Gy in 5 fractions, prescribed at
the periphery of the target volume. The isodose lines (white solid Enes) from g
C inner 1o outer rapresent 40, 30, 20 and 10 Gy, respectively. The center of the
. turmor receives as high as 125% of the prescribed dose. J i Fo”_is




SBRT In HCC

Advantages

- ”ltﬂl l,'u.'.w.-u|'.|i||11' o hreal comiral

- h‘ﬁl::::mﬂ}' ureasive freatment modaliby, 1o I'H]HJI.‘I‘II.H‘:I‘L'\- for mre=llw=za or e s Stereotactic Body Radiation Therapy for Hepatocellular Carcinoma in Cirrhotic Liver 95
J

http://dx.doi.org/10.5772/intechopen. 76505

" [Iig.h possibliy bo owvercome anatornical linibations, inchading poorky defired biemors on albersowned and Homvors

whioch are difficult to panchare
= oconcern regardiing he location dose to majpor vessels, bwleding the porial veny, iferor ven cava, and bile

duact ]

8
*  [Possible to treat complicated forms of tumors, particulardy nsing IMET é
- | ocal control

= Shiert Erealimient term (usually within 2 weeks), possibility of Fenefit bo the pratient’s quality aifl Tife and rediiced — Overall survival

rweclical Cuost
& Pocibility o eailiance thie frmiie feschion to bimors . 0 20 40 60 80

Current issues Months

Figure 1. Local control and overall survival of HCC after SBRT. Local control (LC) and overall survival (OS) were

®  [Posar ongbooines aned lﬂﬁjl Fleb.-il.":ilit‘. oif ‘l'l.}.'-'.'i.t'.i:l:r' writhy IHIEE Fanors described using the Kaplan Meier method in 100 patients with 116 HCCs underwent SBRT of BED,, =75 Gy in =10
- fractions, between July 2007 and August 2016 at Mivakojima IGRT Clinic (Osaka, Japan, approval no. 9). The 1-, 2- and
3-year LC rate was 100.0, 95 4 and 93 5%, respectively. The 1-, 2- and 3-year OS rate was 83.7, 72 6 and 60.5%, respectively
# Cimlll.':na.;,w inviodved in the trestment of hoomors close o oritical organs, such as the gastrointestinal iract Abbreviations: HCC, hepatocellular carcinoma; SBRT, stereotactic body radiation therapy.

= Effects of re-irradigton are vunclear

= [nacouracy due fo respiration and the presence of ascites

Abbreviations: SBRT = stereotactic body radiation therapy; IMET = infensity modulated radiation therapsy.

@
Table 1. Featiures of SBRT for 1srer tumors * * Forl-is
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nodular massive with intrahepatic metastasis
c d

iff . .
diffuse vascular invasion

PVTT

O
Park et al. Oncology 2011 *i For-l-is



Eligibility Criteria for Different Radiation Techniques

SBRT Proton Brachy | Yttrium-90
<3 cm ++++ ++++ ++++ ++++ +++
3-6 cm +++ ++++ ++++ ++++ ++
6-10 cm +++ +++ +++ ++ +
>10 cm ++ ++ +++ + +
Diffuse 0 0 0 0 ++
High bleeding risk ++ ++ ++ 0 0
Child-Pugh B ++ + +++ + +
Vascular invasion +++ +++ +++ + +
Caudate lobe +++ ++ +++ + ++
Target <1 cm from Gl tissues # ++ + +++ ++ ++

{2 Fortis



R for HCC - possible case profile /indications

 Bridge to transplant
» Down staging / Pre-op
« ? Post op

Operable

» Medically inoperable or unfit for ablative Rx

Borderline/ . Down staging
INO p erable « Unfit for RFA (exophytic/ capsular/ heat sink/ > 3-5 cm

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

Inoperable

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

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

{2 Fortis



SBRT selection : Suitable Vs more challenging

© © N o g bk 0D RE

Suitable

Liver confined disease

Non diffuse focal lesions (< 3-5)

Small < 6- 8 cm diameter

GC / function adequate — CP A/B

No / Minimal underlying hepatitis/ cirrhosis
> 700 -1000 cc un-involved liver

Breathing motion <5 -10 mm

Away from lumen - bowel/ stomach

Not suitable for other Rx

© N O O bk~ 0 DdPRE

More challenqging

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

{2 Fortis



“If you can't see it, you can't hit it.

i you cant hit i, you can't eure it”

H.E Jobins or'W. Powars

°If it's moving, you can't hit it

If you can't hit it, you can't cure it

. Hislieskn
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Modern age Radiotherapy

Paradigm shift from conventional to conformal Radiotherapy

/ Irradiated Volume \ / Irradiated Volume \ / Irradiated Volume \
f Treatment Volume \ / Treated Volume \ / Treated Volume \
N

PTV \ Rolg¢ o_f newer
modalities

Target Volume

\k //\k //\k //

(a) ICRU 29 (b) ICRU 50 (c) ICRU 62




Motion management

» Five main strategies are currently used :
** Integration of motion: (geometrical or dosimetric)

ADCT- acquisition of anatomical data specific to a respiratory phase

Motion dampening;:

% forced shallow breathing with abdominal compression : Karolinska hospital 2 good for motion > 5 mm

*» breath-hold techniques (active or voluntary) : ABC (active breathing control, Elekta, proposed by
MSKCC)

Motion tracking:

*» respiratory gating technigues : RPM [real time position management, Varian, 2000]

*» tracking techniques : involves real time localization + beam adaptation

{2 Fortis



Respiratory motion management: Breath dampening/
Hoelding

Change breathing pattern
and not hold breathing

{2 Fortis



Respiratory. motion management: Breath Hoelding

Free Breathing
Breath-Hold

{2 Fortis



Respiratory motion management: Gating

42 Fortis



Synchrony® Respiratory: Tracking System

-« =+ HT target volume

RADIATION PHYSICS LABORATORY

SYDNEY MEDICAL SCHOOL

Moy 2012




Literature review: RT in HCC / PVITT — growing evidence

24 Klein and Dawson

International Journal of Radiation Oncology e Biology » Physics

00
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B RT« liver
tumors

B RT+HCC
(all)

B RT+HCC
(clinical
frials)

Fig. 2.  Graph of number of liver cancer RT publications over time. Citation count based on a search of the MEDLINE database limited to
each 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.
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WJG 20" Anniversary Special Issues (1): Hepatocellular carcinoma

Role of stereotactic body radiation therapy for

hepatocellular carcinoma
Loeal comitral
2y1)
Naoko Sanuki, Atsuya Takeda, Etsuo Kunieda T
- . dence
[Prospective studies] Rl
= the
Table 2 Prospecthve studies of stereotactic body radiatlon therapy for hepatocelular cardnoma and other liver tumors

TOPIC HIGHELIGHT

Table 1 Eligibility criteria for different treatment modalicies

[2014]

Tumor siaé

Mumber of
tumars
Location or

Percutaneous TACE SBRT
ablative
therapy
= 3em =35em 4 [or 5)
=]
Dependson  1-multiple <1-3

location [=4)
Away from  Hypervascu-  Away

-

lar lesions from
or baliary bowels

Ref. Country Patient Median Median Median dose (range)/ Median follow-up I
number  volume, mL  size, an fraction, Gy {range), mo
Cardenes efa™  United States 17 34 - Variahle 4 100% 75% (1 yr
(Incdiana) (8-95) CP-A: 36-48 Gy /3 fr {10-42) 60% (2 yr)
CP-B: 40 Gy/5 fr
Andoling et ™™ United States &l 2% 32 Fixed 27 W2y} TR 2w
{Indiana) {2-112) (1-835) CP-A: 4 Gy f3fr (2-52)
CP-B: 4 Gy /5 fr
Bujold ef o™ Canada 102 17 72 Variable N 87% (1yr} Median 17 mo
(1-1913)  (L4-251) 36 (24-54) Gy/edr (2-36)
Kang f uf™! Sonsth Karea a7 15 29 57 (42-60) Gy /3 fr 17 BE(2yr) 89% (2yn)
(Karea Inst. of {2-13) (L3-7.5) {e-28)
Radiological and
~—
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SBRT In HCC
Operable & awaiting
Bridge

%
d ;
Upfront inoperable/

diffu vascular | borderline \

)

nodular intrahepatic metastasis

%

S€ Invasion

Downstaging
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CLINICAL INVESTIGATION Liver

STEREOTACTIC BODY RADIOTHERAPY FOR PRIMARY HEPATOCELLULAR
CARCINOMA

Davip L. Axporivo, M.D..* Cynthia S. Jonnson, M.S.." Mary Marvccio, M.D..} Paur Kwo, M.D.."
A Joseey Tecror, MDD ' Jenvareg Zook, MDD Perer A S, Josnstone, MD

Conclusions: SBRT i asafc. effctive, nomimvasive option for patients with HCC <6 cm. Asstuch, SBRT should be con-
dered when bridging f translantor s definiive herapy for thos nclighl for transplant, - © 2011 Eleier Tc

2011

dima University Simeoo Cancer Uenter: 34 ('hild-.Tumulr-
ber of fractions, dose per fraction, and tatal dose, nas 3, 14 (

cirvhosis and 5.8 Gy, and 40 Gy, vespectively. Tar those with C
andin nearly ll cases was prescribed 8o the 0% isodose ine.]  Iiiainl

response was seored according © Response Evabuapon Critery  Tumar response, RECIST,

the Comenon Terminokg y Criteria for Adverse Evests v, L
Tree suevival (PES), and overall survival 1081 were caleu lated

Resubts: The median follow-up the was 27 months, and the <dcm (N=52) A= T0em [N =58) =10em (N =234)

PFS,and OS were 90%, 48% , and 675, respectively, with i Parpmnles o 0 o 5 -
undervwent transplant, with o median time to tansplant of :

toxicithes. Thirteen percent of patients experienced an inerd  Comgista responza 40 6822 45,45 14.1

1 grade, and 20% experienced progression n CTP dlass wi TEBOUTEE ™ L2 ] L i ]

Conchlasions: SERT s safe, effective, nosinyashv e aption lor Stae i | a7 . gn 733

sichered when bridging to trsmsglant or gs definitive therapy b TLmcr progression 1 | 52 154 0 <D0

AEC ST =Tespones svaLEian and cmang 0 s Limors.
Lrg-fank fest
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SBRT - Cyberknife

Stereotactic Body Radiation Therapy for Hepatocellular
Carcinoma: Prognostic Factors of Local Control, Overall 2013
Survival, and Toxicity

Jean-Emmanuel Bibault', Sylvain Dewas’', Claire Vautravers-Dewas', Antoine Hollebecque?, Hajer

Jarraya®, Thomas Lacornerie’, Eric Lartigau’, Xavier Mirabel"

1 Academic Radishor Orcology Deparsmant & University Lils Il CLOC Owcsr Lambeed, Lite, France. 2 Deperiment of Modcine, Insitut Gustave Roussy.
Universty Pars | Villepu!!, France, 3 Department ot Radclogy, CLCC Oscar Lambret, Lilke. Franoe

Abstract

me: smlc m'pwmw\mu‘mwm PR W e ey v e s O P e e mav e

several rocent siudies. T Results: There were 67 patients with Child-Turcotte-Pugh (CTP) Class A and eight patients with CTP Ciass B,

treatmont Y W3 Troatment was adminisierod in three sessions. A total dose of 40-45 Gy o the 80% isodase ine was delivered. The
median follow-up was 10 months (range, mm;mmmmmmms%mawzm.m

Patients and Methods: | mlmmmso.mutmz i ¥ T IR TR

track the lesion's movema (‘00 1S | s . :
e S alaled G { MMW}AWMWWWWWMNR-OM essscuo 63.0990].
prognostic factors was per £%0.0441). A Child-Pugh score highes than 5 was associated with worse overall survival (HR= 3.413; 95% CI

Results: ﬂnmmshg 5 pR0.078).

Treatment was administen Conclusion: SBRT afords go
median follow-up was 10 1 (best supportive care or soral
survival was_78.5% and £ gosa improved local control.
events, Higher alpha-felog

[1.000, 1.002) p=00063). _

p=0.0441), A Child-Pugh score hloher than 5 was associated with worse overall survival (HR- 3,413, 85% Ci l1 235,
9.435] p=0.018).

Conclusion: SBRT affards good local lumor control and higher overall survival rates than othes historical controls
(best supportive care or sorafenib). High aFP levels were associated with lesaer ocal control, but a higher treatment

dose improved local control.

Citation: Bitauit J-E Dewass S, Vautravers-Dewas C, Holebaogue A, Jarraya M, et al. (2013) Stevectactic Body Raciastion Therapy for Hepawoceliule
Caromama: Prognostic Factors of Local Contral, Overal Sundval, and Toxieity. PLoS ONE 8[10) e77472. cok 10 137 lijoumal pone.007 7472

Ea#tor: Erica Vi, Universily of Modena & Reggio Emika. haly
Received Junw 3d_2013; Aowmd Seplmroer 2 201 Published October 11, 2013




Bridge: available literature

» Scarce data in past = thought to induce local fibrosis/ vascular damages - (i) theoretical dissection
difficulties (ii) anastomosis-related complications (iii) increased perioperative morbidity

» PMH series: Sandroussi C, Dawson LA, et al 2010
» 10 patients - refractory to or ineligible for other therapies - 3D-CRT as a bridge to OLT
» Median dose- 33 Gy (range:8.5-54 Gy)/ 1-6 fractions—=> 100% local control & 10%-50% volume regression

» 5 OLT - treatment effect with 40%—90% necrosis and fibrosis / All without recurrence @ 14 months

» Mount Sinai University : Facciuto ME et at 2012
» 27 patients - treated with SBRT (26-36 Gy in 2—4 fr)-> CR in 14%, PR in 23%, and SD in 63%

» Baylor Medical Center: O’Connor et al. 2012 - 27% pathologic CR

» 3D-CRT and SBRT: safe and effective to bridge selected patients with advanced HCC

{2 Fortis



SBRT as bridge —Pittsburgh group

» 27 HCC with cirrhosis - SBRT with intent for OLT [since 2010 @ Allegheny Health Network

» 19 - within Milan ->bridge to transplantation & 8 - outside of Milan - downsized to Milan criteria and listed for liver
transplant

» Child's B cirrhosis - 18, while Child's A —9. No Child's C : No serious complications post SBRT / no hepatic decompensation
» Bridge-to-transplant:
» 18/19 (95%) pts - successfully controlled with SBRT

» 1 - HCC progression in the non-treated portion of liver at 9 months SB RT{Sterenta::tic Bﬂdy Radiotherapy} to Bridge or
> 13/19 (68%) underwent liver transplant at 1-23 mth post SBRT| Down-Size HCC for Liver Transplantation

» 5 are still listed — without evidence of recurrence E;hhu: l:’;__f;’urn‘M. Szramowski.! P. Abrams,” J. Oliva,® D. Monga,” M. Raj,* D. Parda.? A

» No recurrence post-transplant in 13 pts @ 3 mth - 4.5 yrs S sentant Bimaary Allahson Lisaith Nebwacr Biitcburgh, oA

» Pathology: 13/13 reduction of tumor & 7/13 with no residual iﬁ:ﬁ::ﬂ;ﬁﬁ?ﬁzmﬂﬁﬁﬁr&ﬁr;ﬁurghr "

> D . d ) “Medical Oncology, Allegheny Health Metwoark, Pittsburgh, PA.
own-sized group. Meeting: 2015 American Transplant Congress

» 8/8 were successfully down-sized to within Milan Criteria Abétract nuinbes= D17

» 3 - HCC recurrence outside of treatment area Keywords: Hepatocellular carcinoma, Liver transplantation

» 3- liver transplantation / 2 awaiting

@
Overall success in bridge-to-transplant was 95% and down-sizing was 63%. ii -
Forhis

Tiimor recennneaoa tn CSRRT wae 10004 and Iloecal trimor fcontrol wae 1000/
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Stereotactic Hypofractionated Radiation Therapy as
a Bridge to Transplantation for Hepatocellular Carcinoma:
Clinical Outcome and Pathologic Correlation

Alan W. Katz, M.D., M.P.H.,* Sheema Chawla, M.D.,* Zhenhong Qu, M.D., Ph.D.,*
Randeep Kashyap, M.D.,' Michael T. Milano, M.D., Ph.D.,* and Aram F. Hezel, M.D.}

Departments of *Rodiotion Oncology, 'Solid Organ Tramsplant, and 'Medicine, Division of Mematology and Oncology,
University of Rochester Medical Center, M.MM."W‘("W. Wiltiam Beaumont Maspitol,

SHORT: —
SBRI bridge to

Received Apr 21, 2001, and & revised form Asg |, 2011, Accepted for publicatson Aug 11, 2001

Summary Purpose: We sought 10 determune cfficacy, safety, amd outcome of screotactic hypotractionased
transplant Paticnts with heputocelul radusion herapy (SHORT) as & satable bradging therupy for paticsts awalting liver transplan-
. ; mon (LT) for cllule carcinoma (HOCU). We abso examsined ical res 1o -
‘-:-‘.“._'-nu .--hmnlmmnﬂwhm. — .
transplantation aced effec- Methods and Materials: Between August 2007 and January 2009, 18 paticats with 21 lesions
tive treatment 10 retard thew seceived SHORT. A median total dose of %0 Gy was delivesed in 10 fractions. Three patients
tumons. Thas stady cvabusted enderwen cuer chemocmbolization (n = 1) or radofreguency ablation (n = 2) poor o
stereotactic by pofractsonated SHORT. Radwographic respoase was based on competed tomography evaluation o 3 months

after SHORT. Histological resposse as a percentage of wmoe necrosis was assessed by a quan-
utative morphometrnie method.

Results: Six of 18 putents were delisted because of progression (n = 3) or other causes (n =
31 Twelve puticats saccessfully underwest magor hepatic resection (n = Hoe LT (2 = 11 e
& medus follow-wp of 6.5 months (range, 0.6—1 1.6 moaths) after completion of SHORT. No
patient developed gastrossestingl wonucey Geade 25 or nadision-induced liver discase. Tea
pascats with 11 lesioms were evaluable for puthological resposse. Two lesions had 100%
sccross, theee lessons had >9%0% necrosis, four kessons had < S0% scecrosis, and two lesions
Bad no mecsosis. AR puticns were alive after LT andfor major hepatic resection at a moedian

follow-ap of 196 moaths

Conclusions: SHORT s an effective bridgmg therapy for patients awaitag LT for HOC. It
provides excelient i-ficld control with munimal side effects, helps 10 dowssize or stabilize
sumoes. prior o LT, and actucves good pathological resposse. © 2012 Elsevier Inc.
Keywords: Hepatocellular carcmoma,  Stereotactic  hypofractionmed  radiation  therapy,
Tramspiant




R as Bridge: safety & selection

R
U\ GioLoay
RESEARCH ARTICLE \
For reprint orders, please contact: reprints@futuremedicine.com | )

Conform Variables B coefficient Hazard ratio Points
liver tran | Largest diameter, cm
i =3 0
carcino 3-6 1
>6 4
. shas. | Number of nodules
ayvan Mohkam 1-3 0
Agneés Rode’, Ima =4 2
& Jean-Yves Mabr AFP level, ng/mL
=100 0 1 0
Aim: To report a | 100-1000 0.668 1.95 2
orthotopic liver trarfiibl =>1000 0.945 2.57 3

12 patients undergdamdl
Results: CRT was ul } NOTE. The score is calculated by adding the individual points for each
;e‘;s:‘c“t:gellﬁn:ow:)r ) obtained variable. A cut-off value of 2 separates between patients at
had diaphragmatic high and low risk of recurrence. In this simplified version, a cut-off
partial response in (i ] value of 2 selected exactly the same patients as the original Cox score

five anastomosis-refilldl cut-off value of 0.7.
SALESTACTONY itk (N ——

First draft submitted: 19 February 2016; Accepted for publication: 6 April 2016; Published
online: 20 April 2016

OLT eligibility:
AFP score <2 — low risk of recurrence

Bridging therapies -

* AFP score <2 [maximize chance to stay on
the waiting list]

« >2 with potentially controllable disease -
reassessed for eligibility according to
treatment response

3DCRT as bridge =

« large HCC (>4 cm)

« HCC located close to great vessels or main
bile ducts, which were deemed unsuitable for
RFA or TACE alone

{2 Fortis



SBRT VS TACE or REA : 2017

J Hepatol. 2017 Jul;67(1):92-99. doi: 10.1016/].jhep.2017.02.022. Epub 2017 Feb 23.
Stereotactic body radiotherapy vs. TACE or RFA as a bridge to transplant in patients with
hepatocellular carcinoma. An intention-to-treat analysis.

Sapisochin {31: Ban‘;.r,_-‘-'kz. Dnherty_r-ﬂ3, Fischer S"': Goldaracena NE: Rosales F?.E, Husso Mz: Bescroft RT: Ghanekar AS: Bhat ME: Erierleg,-'_Jz, Greig PDE. Knox
QS, Dawson L-“-'kg, Grant DR?.

# Author information

Abstract

BACKGROUND & AIMS: There is limited information on the use of stereotactic body radiotherapy (SBRT) as a bridge to liver transplantation
for hepatocellular carcinoma and no study comparing its efficacy to transartenal chemecembaolization (TACE) and radiofrequency ablation
(RFA). We aimed to ascertain the safety and efficacy of SBRT on an intention-to-treat basis compared with TACE and RFA as a bridge to liver
transplantation in a large cohort of patients with hepatocellular carcinoma.

METHODS: Cutcomes between groups were compared from the time of listing and from the time of transplant. Between July 2004 and
December 2014, 379 patients were treated with either SBRT (n=36, SBRT group). TACE (n=99, TACE group) or RFA (n=244, RFA group).

RESULTS: The drop-out rate was similar between groups (16.7% SBRT group vs. 20.2% TACE group and 16.8% RFA group, p=0.7); 30
patients were transplanted in tthE group and 203 in the RFA group. Postoperative complications were similar
between groups. Patients in the RFA group had maore tumor necrosis in the explant. The 1-, 3- and 5-year actuanal patient survival from the
time of listing was 83%, 61% and 61% in the SBRT group vs. 86%, 61% and 56% in the TACE group, and 86%, 72% and 61% in the RFA

between groups. Patients in the RFA group had more tumor necrosis in the explant. The 1-, 3- and 5-year actuarial patient survival from the
time of listing was 3%, 61% and 61% in the SBRT group vs. 86%, 61% and 56% in the TACE group, and 86%, 72% and 61% in the RFA
group, p=0.4. The 1-, 3- and 5-year survival from the time of transplant was 83%, 75% and 75% in the SBRT group vs. 96%, 75% and 69% in
the TACE group, and 95%, 81% and 73% in the RFA group, p=0.7.

®
LAY SUMMARY: Patients with liver cancer included in the waiting list for liver transplantation are at risk of tumor progression and death. * i =
Stereotactic body radiotherapy may be a good alternative to conventional therapies to reduce this risk. FO”'IS
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for Hepatocellular Carcinoma: Current e

Trends and Controversies Table 5 summary of Key Climscal Dafa of SBRET Comparad 1o Cxher | iver-Imeecred T hierapecs.
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Siephanle K, Schash, D', Pehir £ Hartrhgsan, MO, Details
Michael | Logk, D, CCFP, FRCPC, FCFP”, Mortes Hayer, MD, Fhi',
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Suly, Year Suidy Type o Modaliee Coovpansd Inclugen Cribona Tumer Coainsd s Commenls

SBRT vs others
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Laurs & Dweson, MO FRCPE, FASTRGY, Edward Y. Kim, MO, Vighl Fl& Single-cemier 4 SHET vs RFA Imoperahbile, 30 Gy o ) Freedom feom bocal Jeyear 74w 70 SHET associnied with betier local ooniraed o
Mina A&, Maye. MD, FASTRO, FALAS', Siman 5, Lo, MB, CxB, FACR, petroE pective pnclsati Liy’3 progrosasm turmors = 2 con
and Smith Apisarmthanaraz, MO/ I=year 97 vs 4% D-vear b wx 530
Toyear %4 vs 404
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Stereotactic Body Radiation Therapy

for Hepatocellular Carcinoma: Current

Trends and Controversies

Siephanle K, Schash, D', Pehir £ Hartrhgsan, MO,

Michael | Lock, MD, CCFF, FRCPC, FCFP®, Mortes Hayer, MDD, FhD,
Thorman B Bramner, MDY, Hignia B Cardones, MD. PR,

kiR B0 CADTEE Do i W @i Al

Laura A Dawm—
Mina & Maye. |
and Simith Agpis

Table 5. {continued)

Ty o i i A B
TR

pkewn 1L |49

SBRT
Study, Year Smdy Type n  Modalines Compared Inclusion Critena Dictails Tumor Control 08 Comments
Sapisochin,  Single-center 379 SBRT wvs TACE or RFA Received bridging 36 Gy/6  Partial and complete Mo significant Mo significant difference in nsk of
20174 retrospective therapy of SBRT, NECrosis in difference recurrence after liver trunsplant between
TACE, or RFA prior explanted hivers SBRT, TACE, or RFA
to transplant Mo sigmificant
difference
Shiozawa, Single-center 73 SBRT vs RFA Solitary tumor <3 em 60 Gy/3-5  Local control l-year 95 v¢ 1007 SBRT patents were deemed unable to
2015% pilot (RFA) ar < SBRT; {adapted receive RFA hased on comorbidities,
CP-A/BR; Who PS (- based on location, or size
2; N0 MO size)
, l-yr 97 vs Y7%
Yoon, 2018"7 single-center 90 TACE-hypofractionated First line for CP-A 45 Gy mm 2-3 PFS MST 55 vs 43 In TACE-RT am, no patient discontinued
phase 3 RT ws sorafinib patients with PVT Giy- 12-weeks B6.6 vs wocks” treatment due to hepatic decompensaton.
fractions 34.3%" 11.1% in the TACE-RT arm were able to
(3DCRT) Radiologic undergo curative surgical resection due to

response rafe downstaging
24-weeks 33% vs
22%"
Median time to
progression
31 vs 11.7 wecks”

Abbreviations: BED, biological equivalent dose; CP, Child-Pugh; ¢ TACE, complete TACE: curative, includes surgery, RFA, and percutaneous ethanol injection; DMFS, distant metastasis free survival; EQD2, aquivalent
dose n 2 Gy feactions: G, gastrointestinal; HOC, hepatoce lular carcinoma: iTACE, incomplete TACE: LDT, liver-directed therapy, LRFS, local recurrence free survival; MST, median survival time; n, patient number;
NCDB, National Cancer Database; non-curative, includes TACE, sorafenib, or chemotherapy, NR, not reported, OS, overall survival, PFS, progression-free survival;, PVT, portal vein thrombosis; RFA, radiofrequency
ablation; SBRT, stereotactic body radiation therapy; TACE, transarterial chemoembolization; TAE, transarterial embolization; Tx, eatment; WHO, World Health Crganization,

*Statistically significant.
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Prospective Study of Stereotactic Body

2021

Radiation Therapy for Hepatocellular

Carcinoma on Waitlist for Liver
Transplant

Ttens Cha-Lam Wong @ :

IWictoe Me-Fun Lee™ Ade La-You Lawc” Ferberr 1. Pange,” Ka- O Lams ™ Yince Lon,”

Tracy Yok Cob,” Adriwnme Soe-Yin Foag o ) Koo Wt Man Ler,' Edwin Chun-Yin Wasg." eff Wisg-Chon Dai ¥
Atbent OAF-Yan Chose, ' Ten-Fs Choomg ' Jaes You-Yie Flag @ ** Rebocce Mer-Wan Yewng” Mai-¥ee Lak, ™

Tor\ai Lewongs™ and Channge-Man L™

BACKGROUND AND AIMS: Thete are no prospective
dity on  erectacHoe |.1|:||.|_'|.' radiaticm 1h|:11|.|‘|:.-' LEERT] ad @
bridge o liver transplansation for HOC, This study aimed m
evalaate the efficacy and safery of SBRT as bridging therapsy,
with comparson with fransarterial chemoembaolization (TACE)
and high-intensity focused uirssound (HIFLT.

APPROACH AND RESULTS: Paticnrs were prospectively
eomlled for SART ander a standdusdized prowcael from July
2015 and compared with a retrospective cofwart of patients
who usderwent TACE or HIFU from 2010, The ].-J:iulla:!.-
um:lpu'i.nt wils fumor . oontrod cate ar 1 yudr wfrer l'lrid.g'n:l.g
therapy. Secondary endpoints included cumulative incidence of
|:|.|:|:|;H|'|.|L. posicity, and !:l.?ﬁl:h'ilu[.llll'ﬁ survival.

UUrillg thie :.I!LI.lJ_:.-' E'E'i:l:!lll. 150 ]ﬂl‘h:l:l[:. wene evaliated IS-HR.T.
n = 40 TACE, n = 5% HIFU, n = 51} The tumoer control
rare ar 1 wear was sagnificantly higher after SBRT compared
with TACE and HIFU {%2.3%, 43.5%, and 33.3%, repectively;
P« (L02). With competing risk analysis, the cumulative inci-
dence of dropout ar 1 m;i.]_f:ﬂﬂmﬁﬂliﬂ&:gmlwﬁﬂ'tu
SBRT (15.1% wnd 23.3%) compared with TACE (22.9% and
45.8%: F = 0034) and HIFU (333% and 45.1% P = 0.032).

Time-to-progresaon at 1 and 3 vears wae obo supeiior after
SHRT (10.8%, 18.5% in SBRT, 45%, 54.9% in TACE, snd
47.6%, 62.8% in HIFLE P < 0001} The periprocecural -
my was mmilar, withour anv difference in PerGpErAve - coEn-
plications and patent and recurrence-free survival mtes after
transplant.  Pathodogical complete responie was more frequent
after SBRT compared with TACE and HIFU (48.1% . 25%
i 15 respectivelyy Po= DW3TR In muktivarable analysis,
mumor size <3 cm, listing alpha-fetoprotein <200 ng/ml, Child
A, snd SBET symificandy redvced the sk of dropoar
CONCLUSIONS: SBRT wus safe, with o significantly higher
tumor contol moe, reduced the sk of waitlist dropoat, and
should be wsed as an alermarive o conventional bridging
therapies. [Heparorooy J021;74:2580-2504).

iver transplantation (LT} is the best trear-
I 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 pimed o alleviate the
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Stereotactic Body Radiation Therapy

vs. Transarterial Chemoembolization  conclusions: SBRT was an atternative to TACE for inoperable BOLC-A stage HOC
in Inoperable Barcelona Clinic Liver with better local and intrahepatic control. Controlled clinical trials are recommended to

GHHEEEI" Stage a Hepatnce:llulﬂr evaluate the actual effects of this novel regimen adequately.
Carcinoma: A Retrospective,

Propensity-Matched Analysis

P E ALLESS

Results: There was a smaller median tumor size in the SERT group than in the TACE
group (3.4 cmvs. 7.2cm, P < 0.001). After propensity score matching in the selection of
95 patient pairs, SBRT had better LC, IC, and PFS than TACE but showed comparabie
0S. The accumulative 1-, 3-, and 5-year OS5 rates were 85.7, 65.1, and 62.8% in the
SBRT group and 83.6, 61.0, and 50.4% in the TACE group, respectively (P = 0.28). The
accumulative 1-, 3-, and 5-year PFS were 63.4, 35.9, and 27.5% in the SBRT group and
53.5, 27.4, and 14.2% in the TACE group, respectively (P = 0.048). The accumulative
1-, 3-, and 5-year LC were 86.8, 62.5, and 56.9% in the SBRT group and 69.3, 53.3,
and 36.6% in the TACE group, respectively (P = 0.0047). The accumulative 1-, 3-, and
S-year IC were 77.3, 45.9, and 42.4% in the SBRT group and 57.3, 34.1, and 17.7% in
the TACE group, respectively (P = 0.003). On multivariate analysis, treatment (SBRT vs.
TACE) was a significant covanate associated with local and intrahepatic control (HR =
1.58; 95% Cl: 1.03-2.47; P=0.04; HR = 1.61; 95% CI; 1.13-2.29; P = 0.009),
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HCC with P\VITT

HEE Withiealsly PV

Tumour

vessels \ R s A
LR o

Left lobe segmental
enhancementin
arterial phase

Early invasion into
portal vein

Antegrade flow in portal yéin
LEFT PORTAL VEIN BRANCHES MAY SHOW ENHANCEMENT DURING
ARTERIAL PHASE
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HCC & PV

Untreated-> Poor prognosis : median survival — 6-9 mths (early)/ 1-3 mths advanced)
PVTT — 10-40% (at diagnosis) — further complicate

8 tgamentum Teres  presence of PVTT:
outside MILAN- BCLC C No transplant
« Standard therapies (TACE) — challenging

 Increased risk of : complications
» Poor prognosis
* Median survival: 2.7 months (PVTT+) Vs 10-24 months [No PVTT]

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

{2 Fortis



Bland Vs Malignant Thrombus

» Bland thrombus - in patients with/ or without malignant disease - 4.5%—-26% of CLD & 42% of
HCC.

» Both can be coexistent : detection is crucial

» Reference standard: histopathologic examination > However in clinical practice radiology is
relied upon

» Shah et al : criteria for Malignant (any criteria met) Vs Bland (none are met)
» Expansion of the involved vessel
2 vessel diameter 21.8 cm (MPV); 21.6 cm (RPV’; 21.8 cm (LPV)

< disproportionate enlargement as compared to non-affected same-order portal vein branches
In the same lobe

» Enhancement on dynamic contrast enhanced CT and MR

< arterial phase - enhancement on the contrast-enhanced images when compared with
baseline images (220 HU on CT and 215% on MR images)

{2 Fortis



PVIT - radiclogy.

Maliggant**
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PVIT: Diagnosis

»Liver Imaging Reporting and Data System (LIRADs v14)

» Enhancement similar to primary HCC

» Not diagnostic but features to alert:

< occluded vein with expanded lumen, or ill-defined walls, or restricted diffusion on diffusion-
weighted MRI sequences, or contiguous with typical HCC lesion

< obscured, partially visualized vein
< heterogeneous enhancement of vein

» Non-tumoral thrombus does not enhance or expand the lumen

» If standard imaging is controversial > Contrast-enhanced Ultrasound or PET-CT
contrast or Biopsy

{2 Fortis



At
.c
K]
(P
7]
o
| 0o
|.E
[T
=
T

rial enhancemen




PV

» PVTT mechanism:
» Majority around primary HCC — aPVTT direct invasion, hepatic AV fistula & PV

countercurrent . Samentom Tore
> <
=Y
) Left portal )

e
‘ 5 LigameNtum
» Many potential biomarkers studied to predict micro PVTT A\ Venost
< AFP . E.I: ; Right Poftal |
< MIRNAs

< DCP (de-gamma-corboxy prothrombin)]

- >101 mAu/ ml DCP, > 3.6 cm dia HCC, SUVmax > 4.2 — 100% sensitive and 90.9% specific [Shirabe K
et al, 2014]
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IS All PVVI'T the same?

VPL  3rd order

branch
Bide 2nd arder
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A
g e
14t order Contrafateral
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Main trunk
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(right porna vein)
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Fig. 1. Classification for hepatocellular carcinoma with portal vein tumor thrombosis according to the Liver

Cancer Study Group of Japan classilication

» Liver Cancer Study Group of Japan:

» PVTT into 4 classes

< Vplis defined by the presence of a PVTT distal to, but
not in, the second-order branches of the portal vein

< Vp2 is defined by the presence of a PVTT in the
second-order branches of the portal vein

< Vp3is defined by the presence of a PVTT in the first-
order branches of the portal vein

< Vp4 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 peripheral hepatic vein (pHVTT
or Vvil)

< in a major hepatic vein (MHVTT or Vv2

O
< inthe inferior vena cava (IVCTT or Vv3) ii -
Forhis



Guidelines forr HCC-PVI T

»BCLC — Stage C .

» Recommends - Sorafenib

Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and treatment: the BCLC update and
future prospects. Semin Liver Dis 2010; 30: 61-74

» AASLD and EASL.:
» TARE - recognized as effective by AASLD but not specifically recommended
» EASL - discourage TACE and state safety of TARE — but not recommended

Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology2011; 53: 1020-1022 European
Association For The Study Of The Liver; European

Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of
hepatocellular carcinoma. J Hepatol 2012; 56: 908-943

» NCCN — 2015:
» Sorafenib / locoregional therapies — indicated
» Arterially directed therapies — relatively contraindicated

{2 Fortis



PV & significance

» Ineligible for many standard Rx
(Sx/ PEI/ RFA (specially hilar/
major PV)

» Poor prognosis: Untreated > MST
- only 2—4 months

» Limited treatment option:
exploration of liver directed RT +/-
TACE

» Transplant — C/I — outside Milan

» TACE: ? Limited efficacy—>
never demonstrated in RCT

. limitation - treatment
related ischemic injury/ risk of
liver failure

PST 0-2, Child-Pugh A-B

PST 0, Child-Pugh A

PST »2, Child-Pugh C*

l

7 l

Single <2 ecm, Single or 3 nodules s3cm,  Multinodular,
Carcnoma in situ PSO PSO

| |

| Single ] | 3 nodules <3 em |

|
[ very earty stage (0) | r—l Earty stage (A) | | Intermediate stage (8) |

|
[Pcns ptme/wwm{

t.. Increased — | Associated diseases |

——

| | |

[ rePEs || TacE |

SABR HypoFx RT TACE+RT
- Inoperable

- Inaccessible

- To bridge before LT

- Salvage recurrence

refractoniness

TACE+RT/CCRT
- Consolidate TACE
- Salvage TACE

- Portal invasion

Advanced stage (C) | |Yferminal stage (D) |
=)
N1, M1, PS 1.2
(" Trans

plant: Contraindicated
Resection: Corﬁtroversial

RFA:lunsafe/ legs effective

TACE: embolij effect —

w ces hepati¢ necrosis

Best supportive
Care

]Sora!enbl

Palliative RT

- Symptom control

- Prevention of cancer
(SABR) reiated moctdity

- Ohgometastasis

Support from evidence-making clinical trial efforts
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Quirk M ef a/. Management of HCC with PVT

Table 1 Up-to-date summary of management options for hepatocellular carcinoma with portal vein thrombosis

HCC — PVIT: Limited treatment options

Supportiv

care

XRT

TACE

Y-90 SIRT

24

%33

98

7-10

517

Survival data (mo) Adverse effects Key references Addidonal comments
Overall survival Main PVTT Branch PVTT CP-A CP-B
Schoniger ef o™,
Minagawa ef af, Llovet
ef o™
910 0% 6% operative Lau of o™, Shietaf™”, Employed in select centers
mortality Chen et o™, Lin et o™
81 skin reaction, diarrhea, Llovetof o, Chengef Recommended by AASLD
fatigue o™ and EASL guidelines;
Dose reduction in 25'%,
interruption in 4%
radiation induced liver Toya et o™ Investigational
discase
53 102 74 28 liver failure, Pinter et o, Chung et Lowest risk with
postembolization o Luo et d™® Xue et nonocclusive thrombus,
syndrome o™ cavernous transformation,
superselective TACE
Kl 17 104 56 fatigue, Salem ef o™, Hilgard et Currently, PVT is one of
hypertilirubmemza, Gl o™, Sangro et o™ the indications for Y90
ulceration

| HEE with P vt eximah=patic metastasis

I

el orl

¥plor 4

Good prognosts

{Small, coiitary; good Diclogy. o]

Warse prognos s
|athar than good proonosi)

| SuUrgica resecdon

IF nik redk abod

HT = TACE l




Management of PV T 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 - WHERE SBRT CAN SCORE

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® 9-33 9-10 Operative mortality; 0-6%
TACE® 7-10 Liver failure, postembolization syndrome
External radiation therapy™ 9.2 Radiation induced liver disease
HAIC™® 6-7
Radioembolization®™** 10 45 16 Fatigue, hyperbilirubinemia, Gl ulceration
Sorafenib** 6-8 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** Forhs



TACE & TARE

» TACE : M/C - unresectable HCC

» Usually contraindicated in Vp4 or Vp3 : fear of hepatic ischemia by embolizing compromised liver vasculature/
acute failure

» 1997- Lee et al: super selective TACE — owing to collateral circulation
» Overall — viable option for selected:
» 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

A W F PV P P



HCC with PVIT

» 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:
L iterature review

{2 Fortis



PVIT-RT : evidence

» Takagi et al. 1989/ 1994 1st use of PVTT —RT
[2/7 cases: histologic & angiographic
response]

» Lin CS et al, 2006: Taiwan = 71% rate of
partial venous recanalization after FSRT /
3D-CRT in 16 cases

» University of Tsukuba, Japan: MST - 22 mth &
local PFS 21 mths

» Xietal, 2013 : SBRT — median 36 Gy (range:
30-48) in 6 fr> CR,PR,SD,PD of 36%,
39%,17%, and 7%

» Bujold et al, 2013: largest SBRT series (56
cases) — median dose of 36 Gy (range: 24-54
Gy) in six fr =2 1l-year OS - 44% and MST -
10.6 months

Table 2. Liver-directed radiation outcomes for hepatocellular carcinoma with tumor vascular thrombosis

Dose
Tumor (Gy),
No. of size median 1-year MS Grade 23

Study Institution Year Study design patients (range) Treatment (range) Fx 0s (months) toxicity (%)
Bujold Princess 2013 Prospective 56 1.8=23.1 SBRT 36 6 4% 106 36"
etal. [S1] Margaret cm (24=54)

Hospital,

Canada
Xietal Guangzhou, 2013 Retrospective 41 NR SBRT 36 6 S0% 13 2.40
[76) China (30-48)
Sugahara University 2009 Retrospective 35 25=13 Proton 726 22«55 48% at 22 8.60
etal. [77] of Tsukuba, cm (55=77) GyE/Fx 2years

Japan GyE
Choi Catholic 2008 Retrospective 9 3.9=47.7 SBRT 36 3 43.20% 8 16*
etal. [78] University, miL (30=39)

Korea
Yoon Asan Medical 2012 Retrospective 412 2=21cm 3D-CRTplus 40 2=5 43% 106 10
etal. [79] Center, Korea TACE (21=-60) Gy/Fx
Rimetal. Korea 2012 Retrospective 45 15=17.3 3D-CRT 61.2 18=25 52% 139 2
|80) University cm (38=65) Gy/Fx

Medical

Center, Korea
Chuma  Hokkaido 2011 Retrospective 20 6145 3D-CRTplus 30-438 6=20 NR 106 15
etal. [81] University, cm intra-artenal

Japan S5-FU and

subcutaneous
IFN

Hua Kaohsiung 2009 Retrospective 326 =10cm 3D-CRT 60 20=-30 17% 38 0
etal. [82] Medical Center, in 39%

Taiwan
Linetal. Taipei, 2006 Prospective 9 65cm Fractionated 45 15 6
[75) Taiwan (median) SBRT

7 138cm 3D-CRT a5 25 6.7
(median)

*Grade 3 + toxicity reported for all patients with and without tumor vascular thrombosis.

Abbreviations: 3D-CRT, three-dimensional conformal radiation therapy; S-FU, S-fluorouracil; Fx, fractions; GyE, Gray equivalent; IFN, interferon; IMRT,
intensity-modulated radiation therapy; LC local control; NR, not reported; OS, overall survival; SBRT, stereotactic body radiation therapy; TACE,

transarterial chemoembolization.
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Radiotherapy: HCC-PVIT

» As early as 1994: Chen at al

» Later major reports only after 2000

Table 3 Radiotherapy and ablation therapy in patients with HCC and major PVTT 2005 - 2009
First author year No. Classification of PVTT Treatment @unrival rate \ Median survival time
Hata [37] 2005 12 Vp 34 Proton beam therapy (50-72 Gv) 24 9 (5-year) 11 mo (CR + PR)
Nakagawa [38] 2005 52 Vp24 3D-CRT (39-60 Gy) 5.1 % (5-year) NA
Zeng [39] 2005 4 Vpl4, Vvi External beam radiation (36—60 Gy) 34.8 % (l-year) 8.0 mo
Kim [40] 2005 59 Vp3i4 3D-CRT (39-70.2 Gy) 20.7 % (2-year) 10.7 mo (CR + P)
Lin [41] [RCT] 2006 43 Vp 34 Stereotactic radiotherapy (22) NA 6.0 mo

3D-CRT (21) NA 6.7 mo
Zhang [42] 2008 10 ¥p3 125-10dine seed implantation for PVTT | NA NA
Shirai [42] 2009 26 Vp 34 3D-CRT using SPECT 30 % (2-year) 10.3 mo
Giorgio [44] 2009 13 Vp4 Percutaneous RFA 77 9 (3-year) NA
Zheng [45] 2009 108 Vp 34 Percutaneous laser ablation k22‘38 %0 (3-year) ) NA

" Q. > 4




Table 1. Stereotactic body radiotherapy outcomes for hepatocellular carcinoma 2006 - 20 1

= Dose \
SE ASIAN data — very promising (Gv), Grade
Mo. of Tumor size median l-year l-year | =3
Study Institution Year Design patients CP class ([(range] T™T ([range) Fx os LC toacicity
Bujold Princess Margaret 2013 Phase /I 102 o 14231 cm 55% 36 o 55%% B79% I
et al. [51] Hospital, Canada (Z29—54)
Fendez Erasmus RC, 2006 Phase I/ = A B 0.5—7.2cm 25%% 25—3F7.5 3I—5 7524 K 12 5024
Romero Metherlands
et al. [52]
Kang EIRMS, Korea 2012 Phase 1l a7 a. B 1.3—8 cm 1196 57 3 B9 at 95% at | 2656
et al. [53] (22—Bi0) 2 years 2 wyears
Cardenes Indiana 2010 Phasel 17 A, B =G cm 18% 3Z6—a8 3—4 | 75% 10036 18%%
et al. [54] University, WS4 (cumulative)
Tse Princess Margaret 2008 Phasel 31 A S9—1.913 mL 42% 36 & 4895 659%™ 26%
et al. [46] Hospital, Canada (Z29—54)
Ibarra FMulti-institutional 2012 Pooled s | A, B 9.51.493.8 MR 30 I—10) 87% 549 B RILD
et al. [55] analysis rmll (12—50) oy
Sarvuki Tokai University, 2013 Retrospective 185 A B O.B—5 crm MR S0—40 = S95% h= L= 139
et al. [56] Ilapan
lang EKiIRMS, Korea 2013 Retrospective 108 A B 1—F cm MR 51 3 63% at B87% at | 109"
et al. [58] (33—B0) 2 ywears 2 years
YWoon A=zan Medicsl 2013 Retrospective 93 A B 1—6 cm 0% I0—a0 3—4 | B6%% 9594 6.59%%
et al. [59] Center, Korea RILDy
only
Bibault Lille, France 2013 Retrospective 75 A B 3—4.4 crmy MR 45 3 To9%5 SHI G 169"
et al. [&0] {24—45)
Honda Hiroshima, lapan 2013 Retrospective 30 A B 1—3 cm 0% 48—m0 4—2 10026 10026 TG
et al. [61]
Yuan Tianjin Medical 2013 Retrospective 22 A, B, C 1.69.5cm MR 45 I—= T3% 93945 4. 5%
et al. [&62] University, China (Z35—54} grade
=27
Huang Taipei, Taivwan 2012 Retrospective 36 A B, C 1.1—-12.3cm MR = 45 | 649% at 98%% 3%
et al. [&63] (Z25—4a8) 2 years
Andolino Iindiana 2011 Retrospective &0 8. B 1-6.5 cm MR 44 35 | 6Fat 90%at | 373%
et al. [6£2] Umniversity, US54 (29—48) 2 ywears 2 years
Son Gyeongsang 2010 Retrospective 47 A.B,C 3.0-81.3mL NR 30-39 3 \MR MR/ 33%




Table 3. Clinical results after RT to both the PVTT and primary liver tumor
Authors No. of Treatment Total RT dose (range)/ Response rate Median survival
[reference]  patients fractional dose (in Gy) (CR+PR.,%) (months) RT H C C + PVTT
Ishikura 20 EBRT+TACE 50 (N/A)/2 50 (CR 0) 5.3
etal. [10)
Kim et al. 59 3D-CRT N/A (30-54)/2-3 458 (CR6.8) Responders 10.7,
[21) non-responders
53
Kim et al. 41 3D-CRT 54 (44-54)/2-3 39 (CR 9.7) Responders 20.1,
[36) non-responders
7.2
[Y:Bu]et a. i SD-CRT+TACE N/A (40-45)/1.8-2 48(CRO) Table 2. Clinical results after radiation therapy to PVTT only
Authors No.of  Treatment Total RT dose (range)/ Response rate  Median survival
'll'oy]a etal. 38 3D-CRT 40 (17.5-50.4)/1.8-4 447 (CR15.8 [reference] patients fractional dose (in Gy) (CR+PR,%) (months)
46
Tazawa et al. 24 EBRT+TACE 50 (N/A)/2 50 (CR 16.7) CR/PR (9.7),
Yuetal 281 3D-CRT+TACE N/A (30-54)/1.8-45 538(CR3.6) [41] NR/PD (3.8)
37
I Yamada et al. 19 3D-CRT+(TACE for Mean 57 (46-60),/2 579 (CRD) 7
Yoonetal. 412 3D-CRT+TACE 40 (21-60)/2-5 279 (cR3.6) ¥ Hver teinot)
(11] Nakazawaetal. 52 3D-CRT 57 (39-60) 50(CR154)  3-yearsurvival
[24] 15.2%
Zeng etal. 44 RT+TACE 50 (36-60)/2 455(CR34.1) RTS8,
[43] non-RT 4
Katamuraetal. 32 iA 5-FU/IFN+3D-CRT/ 39 (30-45)/3 RT 75, RT 7.5,
[39] iA 5-FU/IFN non-RT 25 non-RT 7.9
Zhang et al. 45 PV stenting+TACE 40 (30-60)/2 35.6 (CR 0) RT 16.5,
RT PVTT al one [44] +3D-CRT/PV non-RT 4.8

stenting+TACE

RT = radiation therapy; NR = no response; PD = progressive disease; iA = intra-arterial; IFN = interferon.




RT 1n PVTT as neo-adjuvant: poessible candidates for Sx

Benefits:
. . . .
“* Compensatory enlargement of non irradiated liver — increases reserve

“*Neoadjuvant role / or as part of multi modality therapy: compensatory hypertrophy and
reducing venous occlusion - Sx or TACE feasible

»Yeh et al 2015 - downsized tumor/ hypertrophied C/L lobe [Yeh et al, 2015]
» Child Pugh A / Unilobar
» Unilateral PVTT MPV or C/L PVTT < 2 cm of confluence
» Remnant liver > 40% liver or 1% body weight
» ICG retention @ 15 min < 15%
» P/c- > 100,000/ mcl .
42 Fortis



PV downstaging = Transplant feasible

Driginal Clndical Moisnoe—, ver

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

JCO 2019

| patients that presented to the facility during the study
oracmeriio e dins period (2015-2018): (a) those with pa]l;atw-: TARE/
Experience With LDLT in Patients With harsctenstes, woenoey v SBRT = Sorafenib and no LDLT (n = 29), and (b)
Hepatocellular Carcinoma and Portal Vein Tumor Slocsagng Tembore  those who rf:_c:eived no intervention, or Sorafenib only
Thrombosis PﬂﬂthMi“g - (n = 15} (Figure S3, SDC, hrtp:ﬁhnks.iww.co;nﬂ"l*f
ny Mee, any mueier = 4
Arvier 8, Scin, M5, FHOS, | Prashont Bhangu, ME.' Tejncer Katarm, MO,  Sanjoy 5, Hinded, 102 i tdersg oo we B878). The 1-year survival in these groups was 42% and
Tann Piplers, MD,? Dibwseea) Grtam, W02 erenciea 5. G elrary, DB Srinksmsan Thisgeeajan, M. N tumor thrambus i HY / v 0%, respectively. The 2-year survival in the TARE/SBRT
Amil Fastogi, M3, Mesraj Saral, WD, and Saniv Saigal; OM WV / BV {vpl, Vp2 accepled 2012.34) PV, e 3 L a
I with/without Sorafenib group was 17%.
.l." -
Backgroursd. Kerden Ii berin wabh hepalkice HCCY ot Hrombcee (PYTT) 3 o
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l:".-'_l'rrlzlrrr"."m 2 oty sorsaenhd D5 ang B wih Yo U2 PVTT without prevocs treotmont. D6 wan attempied in 43, woa
suseasd In 3T (B85 ard Zouncknisent LOLT, Mecien iprs lenoromain [P a1 dagnoeis and pre-LOLT were TR, | il
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chsstis |- prwl f-yeow cvmaf survieal (004 sl 1o e e-fress syl TAPS] vesss B2 50, ST @l TP5, FA%S sspechinsty,
companide oaurviel n 7 HCC cabertawithon PYTT undegamng oot LOLT S 08055, P= DN AFGEES. D= 033,
vecapeciivind, Ther wied & trerd fovend beatter 0 in DE-LOLT verss pon- D5 LOLT group o-y OGHFS— ), (8
weas sgrehoenty befier than o HEL-PYTT potents moesing no niervenbon or pafielre Sormbrit sione (14 05 of %) or
‘Sormbere welb TS EEAT G-y OB of 17 ot our cenfer durmig ine shody peonod, inadal AFP <800 ngfml ord AH Il fndel

D5 protoco’. SBRT (Cyterknite/Berath Holding) + _l
ablabos wih TARE / TACE / BFA / Microwave

TAE \— followed by SSRY - follswed by TARE N

wraras gen- LOLT] > 2000ngimi prackzind bl BRS: Grarg 1DV radetod wiorss 0F 1 15 pabsn e Soncksicones SC0 |
pattents wen AT can achiove sonspiabis syl wih LOLT after eoooossiil [ Low inmal AFF el & significarn orp in
On Saraferub from 1 week after DS to 1 week poe
BFP yathi TS e o tomor gracky, Groruey sfloenpe soeassal i Sigrs ot wransolant "
FTr oA yrwnca i 0 0 DG - et _,.-'" Respoose evdluation PET-CT every 4 weeks from
612 weeks LDLT
Defetion: diappearance of artenal enhancement
40 100G 18 activity
Adaitiona 1-2 sessions of SBRT o partiad response

a. After a mean follow-up of 33 months (range: 2-86 mo),
the 1-, 3-, and 5-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).
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PV Multi moedality treatment

Table 1 Summary of combination treatments for hepatocellular carcinoma patients with portal vein tumor thrombosis

Overall survival Extent of PVTT (mo) Ref.
- Main PVTT Branch PVTT

BSC 24 Lovet et al™, Schimigere lekele ef af™
Soraterub 65481 Liovet ef af™, Cheng et o™
ITACE 7-10 53 10 Chung et al™, Luo et o™
HAIC 6514 Park et o™, Ando et o, Eun et o™
R1 9.6-109 Toya et o™, Nakazawa et o
TARE o169 77 16.9 Salem et al”, Kulik et '™, Sangro et ™, Memon et o™
TACE plus sorafenib 1113 3 13-15 Pan et af™, Zhu et a™
Soraferub plus K1 £6-106 Chen et af™, Chow et al™
TACE plus RT 10612 2 Yoon et al™, Chung et o™, Kim et o™

HAIC plus RT

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

Fujino ef al™

Transartenal radicembolization; PVTT: Portal vem thrombosas.
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Combination therapy.

» TACE alone when used in advanced HCC, has [imited effects on PVTT.

» Local radiotherapy + TACE more beneficial: RT for PVTT & TACE/ TARE for
liver

» Large HCCs: with TACE alone - rarely achieve complete remission.

» combination of systemic chemotherapy and TACE :
< more beneficial than conservative treatment alone

< median survival, 8.7 months vs. 3.5 months, respectively

{2 Fortis



ORIGINAL RESEARCH

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

Qiangian Zhao*
Kunli Zhy?

Jinbo Yue'
Zhonghua Qi
Shumei Jiang®
Xiaoging Xu*
Rui Feng’
Renben Wang’

'School of Medicine and Life Sciences,
University of jman-Shandong
Academy of Medical Sciences,
‘Department of Radation Oncology,
Shandong Cancer Mospital affilated
to Shandong Ussversity, jinan,
People’s Republic of China

This wiche ws published i the lobowryg Dows Prem pndt

Tharapeutics wnd Chiical Risk Managemernt
11 Decomber 2016

Number of times this 1 ticke hat besn vewed

Purpose: Numerous studies have ined 1o combene transartenal chemoembo

or hepatic anerial insion chematheapy (HAIC) with ndherapy (k1) i CONIClUSTONY: C{)I]lblﬂﬂtlﬂﬂﬁlﬂmp}’ of intra-arterial Chﬂﬂﬁ)ﬂﬂlbohﬁtmﬂﬂﬂd RT for HCC pﬂﬂelltﬂ

hepatocellular carcinoma (HOC) patients with portal vewn tumor thrombus (P

the efficcy of TACE or HAIC combined wth KT verss TACE or HAIC slon WITRL PVTT Eﬂlﬂd bﬁnghlgher ORR ﬂfFVTI ﬂﬂd hﬂﬂ:ﬁl' survival heneﬁts. This combination

versial. Thus, we performed a meta-analyses o compare the efficacy and safet

chemmombolization combined with KT verss sl chenoenbolzs. thetapy was also associated with a significantly increased risk of adverse events. However, they

treatment of HCC patients with PVTT.

Methods: PubMad, s, and Cochran Ly dsshoses e syt WETE MOStY mild to moderate and successfully treated with conservative treatment.

eligible studies. Two authors independently reviewed the sbstracts, extracted relevant data and
rated the quality of studies. The magor end powts were obgective response rate (ORR), overall
survival (0S), and adverse events.

Resules: Eight studies with a total of 1,760 patients were included in this meta-analysis. The
pooled results showed that intra-anenal chemoembolization combied with RT significantly
improved ORR of PVTT (OR, 4.22; 95% C1, 3.07-5.80; P<0.001) and OS (HR, 0.69; 95%
C1, 0.57-0.83; P=0.001), but did not affect ORR of primary liver tumor (OR, 1.37; 95% C1,
0.67-2.79; P=0.390). The incidence of grade 3 or 4 leukopensa (OR. $.80; 95% C1, 2.478-13 56,
P<0.001) and thrombocytopenia (OR, 3.77, 95% CL 1.06-13.43; P=0.041) was higher in
the intra-arterial chemoembolization plus RT group than in the mtra-artenial chemoembo.
lization group.

Conclusion: Combination therapy of mtra-arternl chemoembolization and RT for HOC patients
with PVTT could bring higher ORR of PVTT and better survival benefits. This combination
therapy was also associated with 2 ssgnificantly increased nsk of adverse events. However, they
were mostly mild to moderate and successfully treated with conservative treatment,
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Multimoedality: TACE + RT

TACE plus radiotherapy improves survival for

HCC, portal vein tumor thrombus
Li X-L, et al. Hepatol Res. 2106:doi:10.1111/hepr.12657. 2 O 1 6

Mowmber 4, 2016

The use of transanterzl chemoembolimtion with radiotherapy led 1o improved sunvival outcomes for

patents with unresectable hepatocelular caremoma and portal ven tumor thrombus, compared with

patients who underwent transarterinl chermoemboleation alone, per pubBshed ndings m Hepatalogy
Research.

“In recent yeans, transarteril chemoembokmtion has become the most popular pallative treatment for
patients with unresectable HCC, and it & oo lbnger considered a4 o contraindication o HOC with [portal
vem tumor thrombus (PVTT)]L However, the effect of TACE alone on PVTT & not satsfactory, ™ Xiao-
Long Li, of Eastern Hepatobihary Surpgery Hospital, The Second Miitary Medical Unnersty, Shanghai,
China, and collasmes wiote.

Reseanchers evabited 112 patients with HOC and PYVTT undergomg TACE combned with radiothempy
and 735 patients inderpoing TACE alone. Addiional pairs of patients were selected from each treatment
armm{n= L&) and matched with patients fom the ongmal cohor by wing a propensity score matchng
anuhyss.

The researchers found that patients who underwent combmed therapy with TACE and rdiotherspy had a
longer median survival mate compared with patients treated with TACE alone (11 months vs. 4.8 months; £
< (M1}, This was even more apparent m patients with PVYTT mvolving the nghtfeft portal vem (12,5
months vi. 5.2 months; P < 001 and mam portal vem tnmk (8.9 months vs. 4.3 months; # < .001), per
the reseanch.

TACE + RT : strategies

» Sequential: RT (PVTT) + TACE
(HCC)

< TACE less effective for PVTT

» Planned consolidation - RT for
TACE residual

< Targets peripheral residual cells- due
to collateral supply or recanalization

» Salvage: RT or TACE upfront —
other as salvage for recurrer?s ]
Forhis



Treatment response

MOLECULAR AND CLINICAL ONCOLOGY 2: 43-50, 2014

Stereotactic body radiotherapy combined with transarterial
chemoembolization for hepatocellular carcinoma

with portal vein tumor thrombosis

JINGBO KANG , QING NIE, RUIDU, LIPING ZHANG, JUN ZHANG, QILIANG LI, JJANGUO LI Cases

Department of Radiotherapy, Navy General Hospital, Beijing 100048, PR. China
Recerved March 30, 2013; Accepted July 26, 2013

DOI: 10.3892/mc0.2013.196

101 cases

Group A: SBRT f/b TACE
Group B: TACE f/b SBRT
Group C: SBRT alone

Table II. Tumor and portal vein tumor thrombus (PVTT) response rates.

CR PR SD FD RR (CR+PR)  P-value

Tumor response (n) . ™\ NS

Group A (34) 9 21 2 2 88.2 % (30/34)

Group B (37) 11 22 2 2 892 % (33/37)

Group C (30) 9 16 3 2 833% (25/30)

Total (101) 29 59 T 6 87.1% (88/101)
PVTT response (n) NS

Group A (34) 7 18 4 5 735% (25/34)

Group B (37) 6 20 6 5 703% (26/37)

Group C (30) 5 15 5 5 66.7% (20/30)

Total (101) 18 53 15 15 703% (71/101)

—____/

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR, response rate; NS, non-significant.

Table IV. Improvement of life quality following radiotherapy.

Relief of abdominal
discomfort and distension Jaundice resolution Ascites release
Group A 72.2% (13/18) 60.6% (6/9) 62.5% (5/8)
Group B 71 4% (15/21) 60.0% (6/10) 35.6% (5/9)
Group C 62 5% (10/16) 530% (3/9) 62.5% (5/8)




SBRT and TACE

2013

MOLECTLAR AND CLINICAL ONOOLOMGYT X 45-50, 2014

Stercotactic body radiotherapy combined with transarterial
chemoembolization for hepatocellular carcinoma
with portal vein tumor thrombosis

JINGBO EANG | QING NIE, EUI DU, LIPING ZHANG, JUN ZHANG, CHLIANG LT, JIAMGUO LT and WENIIE O
Deparment of Radhiotherapy, Navy General Hospital, Bepmz 100045, PR, Chaina

Received March 30, 2001 3; Accepted July 26, 2013

combination of v-SBRT and TACE was shown to be a rela-
tively effective local treatment for primary HCC patients with
PVTT. Compared to v-SBRT followed by TACE and y-SBRT
alone, TACE followed by y-SBR'T may exert a negative effect
on liver function. These results suggested that the combination
of TACE and v-SBRT may be considered a relatively effective,
safe and feasible treatment method for primary HCC patients
with PVTT, although TACE followed by v-SBRT may nega-
tively affect liver function.
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R and Sorafenib

rg Oncol Clin N Am, 2014 Apr; 23(2):353-368. doi: 10.10164.50c.2013.10.007. Epub 2013 Dec 7.
An Emerging Role for Radiation Therapy in the Treatment of Hepatocellular Carcinoma and Intrahepatic

Cholangiocarcinoma.
Wo JY!, Dawson LAZ, Zhu Ax®, Hong T84,

COMBINATION THERAPY
Sorafenib and Radiation Therapy

Despite high rates of local control after SBRT, distant liver failure remains the
predominant site of failure for patients with HCC. Sorafenib (Nexavar) is a small-
molecule multikinase inhibitor that targets tumor-cell proliferation and tumor angio-
genesis by inhibiting the Raf/MAPK/ERK signaling pathway and the receptor tyrosine
Kinase of vascular endothelial growth factor receptors 1, 2, and 3 and platelet-
derived growth factor receptor . The SHARP trial established sorafenib as an active
systemic agent in the treatment of advanced HCC, conferring an improvement in me-
dian survival of 2.8 months compared with placebo.” Recent in vitro and in vivo
studies suggest that low-dose sorafenib may act as a radiosensitizer in HCC cells
via downregulation of STAT3 phosphorylation.”’ One retrospective review studied
23 patients with advanced HCC treated in Taiwan with radiation therapy and sunitinib
(a tyrosine kinase inhibitor with a similar mechanism to sorafenib), given at least
1 week before and 2 weeks after radiation therapy. With a median radiation dose
of 52.5 Gy in 15 fractions, the objective response rate was 74%. The 1-year survival
rate was 70%, with maintenance sunitinib being the most significant prognostic fac-
{or for survival. Based on these results, the investigators concluded that conformal
hypofractionated RT and sunitinib could be delivered safely in patients with
HCC." However, data from an eary phase 1 study from the University of Toronto
combining a B-fraction SBRT with escalating doses of sorafenib betfore, during,
and after RT suggested that higher doses of sorafenib (400 mg daily) when combined
with radiation delivered to a higher effective liver volume (Veff 30%-60%), may yield

significant $rade 3+ toxicity. RTOG 1112 is an ongoing phase 3 study of sorafenib
versus SBRT followed by sorafenib in HCC. In this study, sorafenib will be delivered
after completion of radiation, rather than concurrently with radiation, to reduce the
risk of treatment toxicity.
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Multimodality treatment: The way to go

TABLE 1. Clinical outcomes after photon RT for hepatocellular carcinoma 1993 N 2006

Objective Grade 23 In situ Mullifum‘dﬁﬂediun
response toxicity recurrence recurrenge survival Survival

Study n RT Added therapy rate rate rate rate (mo) rate

Robertson et al., 1993° 11 45872 Gy HAI FUDR  100% 16%

Yasuda et al., l'il"il"ﬁi""’:] 44 36-70 Gv  TAE/PEI 81% (3 v)

Dawson et al., E{LHJ{J"E 27 30090 Gy HAI FUDR  45% 10% 11

Park et al., 20027; 158 40-60 Gy TACE (107)  67% T 34 5% 10 42% (1 v) 20% (2 v)

Seong et al., 200377

Chia-Hsien Chﬂl}% et al., 20017 26 41-53 Gy TACE (17) 11%, 12% 33%, 59% 57% (2 v)

Guo et al., 2003™ 76 30-50 Gy TACE 48% 13% 19 64% (1 v) 19% (5 y)
Liet al., 20037 45 504 Gy TACE 91% 27% 27% 24 69% (1 v) 23% (3 v)
Cheng et al., 2004 89 36-66 Gy TACE (74)

Liu et al., 20047 44 4060 Gy - 61% 0% 0% 43% 15 61% (1 v) 40% (2 v)
Zeng et al., 2004™ 54 40-60 Gv* TACE T6% 0% 65 % 20 T2% (1 v) 6% (5 v)
Wu et al., 20045 G4 48 60 Gy TACE 01% 3% 25 94% (1 v) 26% (3 v)
Ben-Josel et al., 2005” 35 4090 Gy HAI FUDR  56% 30% 0% 64 7% 15

Park et al., 2005 59 30-55 Gy 66% 0% 24% 10 27% (2 y)

Zhou et al., 2006* 50 30-54 Gy* TACE 18% 6% 62% 60% \17 60% (1 ) 28% (3 -.y
Mornex et al., 2006 27 66 Gy 02 % 41% 224 41%

RT, radiotherapy, HAL hepatc avierial infusion; FUD K, dosundme; TAE, transarterial embolization; PEIL, percutaneous ethanol mjec-
tion; TACE, transariexnal chemoembohization.
* Hypofractionated regimens used.
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SBR Practice patterns
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Response evaluation

Available online at www.sciencedirect.com

ScienceDirect

' I SEVI journal homepage: http://www.elsevier.com/locate/rpor

| Original research article

Evaluation of response after SBRT for liver tumors

@ CrossMark

| Raphael Tétreau®*, Carmen Llacer®, Olivier Riou”, Emmanuel Deshayes*®

\ # Medical Imaging Department, Montpellier Cancer Institute — Val d’Aurelle, 208 rue des Apothicaires, F-34298
Montpellier Cedex 5, France
® Radiotherapy Department, Montpellier Cancer Institute — Val d’Aurelle, 208 rue des Apothicaires, F-34298
Montpellier Cedex S, France
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Challenges in imaging assessment following liver stereotactic
body radiotherapy: pitfalls to aveid in elinical practice
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RECIST / EASL — diff in criterias
Liver Imaging Reporting and Data System (LI-RADS)

Focal normal liver reaction:

* volume reduction of 18% (13-33%) @ 2—6 months post SBRT
« Normal reaction - Unrelated to RILD

« Compensatory hypertrophy subsequently

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

Response - mRECIST

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

* Necrosis / changes in enhancement pattern

« Size of enhancing lesion vs total lesion

« Vascular re-canalization

* MRI - Diffusion and ADC — gualitative measures

« PERCIST — PET based changes in avidity/ necrosi{rispo(gsﬁ_i S



Pre-SBRT

Mawmlike
Arterial phase enhancement
Portal venous hypeenhancement

LI-RADS Category §

6-Weeks Post SBRT

Largest enhancing area

LLI-TR Viable
mRECIST Stable Discase

4-Months Post SBRT

LI-TR Nonviable
mRECIST Complete Response

Figure 1. Charactenstic artenal phase T1 MR imagmg for a Child-Pugh AS patient with HCC (arow) treated with SBRT to 50 Gy in S fractions
are shown: pre-SBRT (A), 6-weceks post-SBRT (B), and 4-months post-SBRT (C). Below cach MR mage 1s a comrelative schematic to
demonstrate either the corresponding LI-RADS diagnostic category (D), or treatment response assessment cntena of LIERADS treatment
response (LI-TR) and the modified RECIST critenia (mRECIST) (E-F). HCC denotes hepatocellular carcinoma; LI-RADS, Liver Imaging
Reporting and Data System; LI-TR, Liver Imaging Treatment Response; RECIST, Response Evaluation Critenia in Solid Tumors; SBRT,

stereotactic body radiation therapy.
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How to approach a HCC / PV T case

42 Fortis



Base line work up

lood profil
CBC - p/c & INR
LFT

Examination
CP classification

History
Hepatitis
Previous Rx

Ascites +/-

Inclusion

Sr Bil <3
P/c- > 50,000
Normal Liver volume
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Selecting Cases

April 2011 to June 2016

60 HCC+ PVTT cases referred for SBRT

Baseline/ Metastatic work-up

Normal liver > 700 cc / Sr Bilirubin <3 mg/dl / No Extra hepatic

disease

No

Curative Intent [42 cases]

= ECOG 2/ Child Pugh A or B

>5 mm away from luminal structures
(duodenum/ stomach/ bowel)

Palliative Intent [18 cases]

Multicentric / Bulky HCC unfit for
surgery/ alternative therapies

Y TOITIS



What dose and how much toxiCity IS expected??

42 Fortis



SBRT case selection: risk based on segment & function

» SEGMENT based
» Seg 1: most dangerous — OAR — duodenum — cone down SBRT

Al akble onling at wivia, Sossios SecL o

ScienceDinect

L I s Seg 2: OAR- stomach —fasting before RT helps
— Seg 3: OAR- stomach/ GIT — non coplanar beams help
Stereotactic body radiation therapy in @mwm Seg 4a: relatively safe — OAR — kidney, spine

hepatocellular carcinoma: Optimal treatment
strategies based on liver segmentation and
functional hepatic reserve

Seg 4b: dangerous — OAR — duodenum, pylorus

Seg 5: relatively safe — OAR — colon

Seg 6: liver tip — OAR — bowel, right kidney, ribs

Seg 7: relatively safe — OAR — Rt kidney pole, spine

Seg 8: safest: even large upto 10 cm HCC can be safely treated

Po-Ming Wang*, Na-Na Chung *, Wei-Chung Hsu """, Feng-Ling Chang®,
Chin-Jyh Jang ", Marta Scorsetti®

 Dpu it af Radiotios Owoskagy, TR pRiang Branch, Chong -Chiwe Ceneral Haspial, Tridineg, Tomem:

B Bepartmwai of rolibparr Admmutrobieon, Az Urnirsty, Tedhu, Thisae

= Raadwrilerasy dnd Rodie iy D oren ond, Hunisraas Qerieer Conider, Lliiule T idca Hurrdind i, Rossdnia,

* Lo, [raty

vV VV VY VY V VY

> FUNCTION based
» CP [Child Pugh] score better than CP stage
» CP score independent risk factor for solitary HCC [Kudo et al]
» CP-A5 better OS than CP-A6
» CP-A6 — more inflammation/ fibrogenecity than EJP-AS
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Better functioning liver — better outcomes

L Child-Pugh Score
o ! B7
'| ] Ll I PrerE ey EE'ETU

Log-rank test P = 0.01

Overall Survival (%)
&
|
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Dose selection & outcomes

» Liver SBRT : HCC TD 50 — 53 Gy EQD2 Vs Mest 70 Gy EQD2
» 2012 study = M/C regimen 45 Gy/ 3 fr ; 45 Gy/15 fr ; 40-50 Gy/ 5 fr

Table 2 Landmark dose selectipn studies, equivalent doses and putcomes by EQD2

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

Outcome reported

Liver metastases studies
Les (28) 41.8 Gy median (27.7-60) Gy/6 58.1 Gy (33.7-100 Gy)
Hoyer (29) 45 Gy/3 93.8 Gy
Chang (30) 48-52 Gy/3 104-118.4 Gy
Ruie (27) 60 Gy/5 110 Gy

Hepatocellular Carcinoma Studies
Buijold (31) 36 Gy (24-54Gy)/6 48 Gy (28-85.5Gy)
Sanuki (32) 40 Gy/5 for CP-A, 35 Gy/5 for CP-B 60 Gy, 49.6 Gy

Cardenes (17) 48 Gy/3 for CP-A, 40/5 for CP-B 104 Gy, 60 Gy

1year LC /1%
1 year LC 95%
1 year LC 90%
2years LC 100%

2vyears LC 74%
2 years LC 93%
2years LC 100%

. . : , " -
- > CP-B7 - reduced dose of 40 Gy in 5 fractions - safer as no benefit from dose escalation in them ii Forris



Initiating the liver SBRT program — Toxicity dilemma

» RILD — not a limiting factor for implementation of radiotherapy of the liver
» other non-RILD toxicities:
» gastroduodenal damage —
< only significant limiting factor / more concerning
< median time to toixicity — 6 months (past h/o cholangio / ulcers- strong predictor)
< Steep rise beyond 35 Gy (> 10% risk if Dmax > 38 Gy)

» Chest wall and rib injury Table 1 Summacy of dose conseraines
) C | th Organ at risk SBRT constraints (22,23) Quantec (1.8-2 Gy per fraction) (24) Toxicity
Oagu Opa 1€S Liver excluding CTV VA0 <70% Dmean <30 Gy RILD
> Esophageal ulceration Esophagus D0.5 mL <32 Gy V35 <50% Esophagitis
. Stomach D05 mL <30 Gy DADD <35 Gy Ulceration
» Renal failure _ | :
Kidney Dmean <10 Gy Dmean <28 Gy (1.8-2 Gy per fraction)  Renal insufficiency
» Reactivation of viral hepatitis  riss D30<9.5 cc, D27.3<2 cc Fracture
. .. Bowel and duodenum D05 ml <30 Gy, Dmax <35 Gy D45 <195 ce Enteritis/fistula, bleeding/perforation
» Cardiac injury _
Spinal cord D05 mL <25 Gy Dimax =45 Mvelopatiy
» Pneumonitis Chest wall D30 <30 cc Necrosis/pain
. . Heart D30 mL <30 V25 <10% Pericarditi
» Skin necrosis. = i - ericareits

SBRT, stereotactic body radiotherapy; RILD, radiation induced Iver disease; CTV, climical target volume.



Dose p

ACTA ONCOLOGICA

2020, VOL. 59, NO. 5, 558-564
https://doi.org/10,1080/0284186X.2019.17012

ORIGINAL ARTICLE

Isotoxic dose prescrip
price of dose uniform

Anders T. Hansen?, Per R. Pou

*Department of Medical Physics, Aarh
Aarhus, Denmark; “The Danish Centre
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Table 1 - Prescription, local control and toxicity from selected series.

Sample Dose Prescription Local control Toxicity > =grade 3
Blomgren et al. 14 prs with mers TGy-asGy ICRU point 50 response 1 hemorragic gastritis
{1995) rate
Herfarth et al 37 pts with mets La{14-26.Gy) lsocenter 1% 1 year Mone
{200) 20%isodose B&% 2 years
gurrounding FTV
Schefter et al. 63 mets 313y lzodose 8% at 2 years DLT not reached
(2005) To surrounding FTV 100% for
Rusthoven 12200y (A0se—S0%) tumors < 3cm <A
et al. (2005)
Wull et al (2008) 19 ps with mets 310Gy B5% isodose 100% HEC Tast MNonea
L warith 3= 1150y follow up
HCC 1= 260Gy 667 2 years mets
Mendez-Romero 34 prs with mets 3= 125Gy 65% isodose line Bd% 2 vears 1 classic RILD {liver failure and 24
et al. [2006) 11 with HEC At Tisk pabients fatal infecbon, pt Child B
5 x5 Gy iritial)
1 portal hypertension with
melena
2 elevation GGT Grade3
Hoyer et al, {2006) 4% pis with mets 3w 15 Gy Isocenter 7% 24 mths Dne'lethal hepatic fallure
1coliz perforation {surgsry) 2 S—trr e P
—r
McCammion &1 pts 310Gy to Isodose 100% {606y} None N
et al (2005 Mets and 3= 200Gy surrounding FTV BS% o 20 22 24
Primaries (B aG) [31.1-53.8Gy)
Lee et al, (2009) 68 pts withmets  Median 418Gy Envelop isodose 71% 1 year Grade 5 SBO + grade 4 bleed - e e
6ins hax in PTV 140% (progresdion) —n
2whs S5BC abdominel hernia . . .
Grade 3 gastritisfoesophagitisz * 20 # %
Rusthoven et &l 47 pts with 63 3% 120Gy 20 or 90% isodose ¥k 2 years 1 grade 3 solt Basue toxicity NGy)
1’1-!]3'3-] s 1.0'::4) for TM CTV foe each p:escnp
the isotaxic plans withowt (), sclid
Goodman et al. 26 pts 18 Gy to 30 Gy Isodose T 1 year Mo limiting toxicity » dosimetric effects of intrafraction
{2010) 40} lesicns single dose surmrounding PTV Sttt s
19 mets Cyber Knife

5[HC and CHC
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Centrifugal effect ofi SBRT on liver,

> Occluded veins/
congestion
I [1]
Fibrosis Necrotic Al‘ea Of
» repopulation
/ » Necrosis/ fibrosis

Zonaes of reaction after SBRT

Fig. 6. Histopathologic zones ol injury. Sce text for details. VOD =
veno-occlusive disease: SBRT = sterectactic body sadiatherapy,
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Tips to evaluate 700 cc normal liver

OV Statistics (Toted Yolume) @ monacod - DILESTEIL SURIT SINOH CT200 702 2p00rt, P2




SBRT Liver — our EXperience
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Planning a new case

. Filling defect * i} Forhs



Planning triple phase MRI
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Imagekusion

CT-MRI fusion CT portoyenaus.fusion
o * 5 o -

4 A

v B
M A '

{2 Fortis






[DOS€e prescription

» Depend on intent
» Normal liver volume available and mean dose
» Proximity to OARs

Table 3. Multivariate analysis of parameters associated with survival in hepatocellular carcinoma with
portal vein thrombosis for radiation therapy

Parameter Comparison HE 95% C1 p Value
Radiation dose <50 Gy vs. =50 Gy 2.175 1.546-3.059 <0.001
ECOG performance status Jordvs. lor2 2,234 1.506—3.316 <0.001
Ascites Severe vs. none or mild 1.432 1.020-2.010 0.038
AFP =1,500 ng/ml vs. <1,500 ng/ml 1.540 1.116-2.124 0.009
Albumin <3.5 g/dl vs. =3.5g/dl 1.491 1.070-2.077 0018
HBsAg Positive vs. negative 1.453 1.037-2.035 0.030
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Doese voelume recommendations: QUANTEC

»CP A
» 6 #. mean liver dose (Liver- GTV) <18 Gy
» 3 #. mean liver dose (Liver- GTV) <13 Gy
» 3 #. > 800 ml of normal liver should receive < 18 Gy

e Spinal cord : Max 18 Gy
« Small intestine : Max 30 Gy

. gtomgchll Duodenum: Max : 30 Gy. Vol of stomach > 22.5 Gy should
e<5bm

 Kidney: V 15 < 35% (b/l) .
Rusthoven et al, JQQ Forts



Totsed MU
Beams 192 Min MU 3335

Max Dose (cGy) G000.00 Mex W 347 85

Estenated Treatment Teme Per Fraction {minutas) 69

Dose Stslics Tabke |DK VX m] Pian Informaton | ‘
] i | o | & | |

. GTV PVTT 476329 543813 597848 567 568 1.25 9% 88
GTV artarsal 477134 553944 800000 2.85 286 125 9% 97
. PTV 453056 5367 .43 6000.00 1.24 127 125 88.15
Iver 23182 230247 6000.00 na na n'a n'a
slomach 23072 70076 1504 33 nia na n'a na
duodenum 40531 85035 1424 27 n'a wa n'a &
. Pearnt 22238 78941 194836 na wa wa n's
spinat cord 32163 96712 222559 na na n'a n'a
it kidnay 19492 549 11 385690 na wva na n'a
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Planned for
48 Gy in 3 fractions

BED: 124 Gy




ASsessment

Post treatment:
« Cases follow up with Radiation oncology and Liver surgery
« Continue TARE/ Sorafenib as per plan for HCC
 Clinical & Radiological assessment @ 6 weeks then 3 monthly

« Liver surgery assessment for transplant
« PVTT response:

- Radiological response: post SBRT = improvement in vascular flow/ re-canalization

- Pathological response: post transplant—-> Histopathology for necrosis

42 Fortis



Post SBRT : response

Pre-'SBRT




LDLT - Transplant

Underwent successful LDLT —on 24.2.16

1) VII / VII measuring 35x30x20 mm. Reaching upto capsule (Imm.)
80 mm away from hilum.

Cut surface shows grey white, with areas of haemorrhage and necrosis.
2) VI / VII measuring 20x10x15 mm. 1st 10 mm away.

Capsufe : 25 mm.

Hifum : 20 ma.

Neo definite lesion identified in segment V.

However, suspicous area are submitted.

Gall Bladder : Not identified.

TISSUE SUBMITTED FOR MICROSCOPY:
A, B : Tumor with capsule

C to £ : Tumeor proper

F, G : 2nd lesion with ?oortal V thrombus
H, I : Suspicous area in segment V

J : Right lobe periphery

K : Right lobe centre

L : Left lobe random

M : Caudate lobe

N : Hilum

More Sections Taken:

MSI to M54 : 1st lesion

MS5 to MS12 : 2nd lesion

MICROSCOPIC EXAMINATION:
Multiple section studied from 1st and 2nd lesion reveal large area of necrosis. No visble tumor seen. The adjoining areas show

reactive changes.
The remaining grossly non tumorous hepatic parenchyma show evidence of mixed nodular cirrhosis.

IMPRESSION: Explant hepatectomy :

o No vishle tumor area.

e Only tumor necrosis (therapy related change).
s Background liver is cirrfiotic.
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Present status: Summary.

Post
transplant
Transplant -5 year—
- | — LDLT- alive &
PVTT and recurrence in Feb 2016 healthy
2015
SBRT
PVTT —
Dec 2015
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» Diagnhosis: HCC multifocal with PVTT

» Planned for SBRT to PVTT with breath hold — ABC followed by TARE
» Dose planned 6000cGy/5 fractions

IMPRESSION:

0T S LT [ iU dohronic liver disease with HCC in segment IVA showing post TARE changes in the form of mild
eduction in size with near complete resolution arterial enhancement sparing its periphery which is becoming isodense on

nterval reduction in the size of contiguous tumoral thrombus in segment IV branch of left portal vein with complete loss of
arterialized component.

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.

{2 Fortis



Post op - HPE

Erytnrocytes
Leukocyte Esterase
Urobilinogen
Pus Cells
Epithelial Cells
Red Blood Cells
Casts
Crystals

w Histopathology

v Hepatic Resection- HPE
Hepatic Resection- HE
w Microbiology
w Preliminary Report after
Preliminary Report afte
v ANCA -IFA
ANCA -IFA
w» ANA/ANF, IFA
ANA/ANF, IFA
w Aerobic C&S Blood-1
Aerobic C&S Blood-1
w Aerobic C&S Blood-2
Aerobic C&S Blood-2
w Aerobic C&S Bedy Fluids
Aerobic C&S Body Flux

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 - 45-50%

CAPSULAR INVASION - Not seen

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 REMRT 2

Alive for 1 year 7 months post surgery — developed lung mets - expired
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Survival (months) in specific groups

All Cases [n=60] (mean)

15 [1-55] 7 [0-42]
Curative cases [n=42] (mean) 15 [1-55] 8 [0-42]
*» Transplant [n=13] mean 29 [5-55] 20 [6-42]
¢ Non Transplant [n=29] mean 9 [1-41] 3 [0-12]
Palliative [n=18] mean 13 [2-38] 4 [0-14]

PVTT ecanallatlon

Post Translantil Forhis



Role ofi SBRT in HEC — PVIT:

Medanta EXperience

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
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PORTAL VEIN THROMBUS IRRADIATION—
AN ALTERNATIVE IN INOPERABLE
HEPATOCELLULAR CARCINOMA

A Abhishek. T Kararia, K Sharma, EP Karechick,

K Madan, T P plam

Camcer Institnte, Medanta—The Medicity, Gaergaen, Tndis;
Institiute of Liver and Biliary Sciences {ILAS), New Dell, India

Background: Porral vein rumor thrombosis (PVTT), in
a case of heparoceliular carcinoma (HOC), is considered
poor sk and has been reporred o be assoctared wich un-
favorable ourcomes ro the established rrearment regimens

like surgical resecion or TACE (rransarerial chemo-
embolizarion). Radiotherapy (RT) has shown survival bene-

firs and promises N jqlvige rherapy in sisch cases.
@ i fhe rfle of RT i advanced
Lt

Aim: To review an

HCC with porral

Marerials and Method: Literarure was reviewed for the
role of radiatherapy in PVTT along with the case selecrion
criteria, technique, expecred benefits, and possible side
efferts of the rrearment.

Discussion: Defiminve rrearment scraregy is nor escab-
lished for PVTT in advanced HOC, Wich 34-84% inci-
dence, VT cannot be overlooked and demands alternarive
approaches. Resulrs of surgery in such cases ave dismal and
palliarve chemotherapy (TACE) may increase the risk of
ischemic evenrs, In such cases, radiortherapy has been widely
reporred ro have an objective response rare of 37.5-57.9%,
with a median survival dme of 6.7-10.7 monchs. Posc PVTT-
RT, re-canalization may be achieved in 60-75% cases and
re-considered for TACE/ primary management wich accepr-
able ourcomes. Therefore, RT is 2 promising salvage alrer-

o r—— ’

Journal of

Clinical and Experimental

R:}!.lt;l_‘l"_ﬂ_'lé__}_l_‘i Oncology

Hepatology

An International Peer-reviewed Journal of Hepatology

Dfcisl Jeunal el dw Areescan Secie iy for Badiniion Orealagy

Subscribe  More Perlodicals v
- -

Search | Advanced Search

Articles and Issues v  For Authors «+  Journal Info v INASL AIBC & WuEE v COlRCSos = For Auihons - Joindl Jle - Sabaciis  ASTRO -

All Content v Al Conbent T Seach | Sdepnced Seich

Previous Article ch 4 Next Article

« Frasins ande | Botobes 1, 2006 Volne 56 s 2 Supplenent Page E164 P ATk

To read this article in full please revie

your options for gaining access at the bottom of the page

Portal Vein Tumeor Thrombus Irradiation: Paving the Way

Portal Vein Tumor Thrombus: Role of External Beam for Liver Transplant
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Partal vein tumor thrembus wradiation: A bridge to successful ver transplant
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Successful Transplant post neo-adjuvant PVIT-RT: Iimited available world literature

Abhishek et
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Living Donor Liver Transplantation for Advanced 8 40
Hepatocellular Carcinoma with Portal Vein Tumor

Thrombosis after Concurrent Chemoradiation Therapy
8 17

Dt Hoon Han*, Dong Jin joo'*, Myoang Soo Kim*™, (2 Hong Chot™*, Jin Sub Choe'=*,
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HCC —PVIT : SBRT + TARE = Transplant
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HCC — PV T — unfit for TARE (multiple collaterals)

20.07.22

Four pathogenic mechanisms have been described:

directly by a siphoning effect (lobar multisegmental shape)
portal hypoperfusion (sectorial shape) due to portal branch compression or infiltration
thrombosis resulting in a portal branch blockade

flow diversion caused by an arterioportal shunt




SBRT / TARE / Lenvatinib in multicentric HCC with PVl - EMRI

Multimodality Treatment of Advanced Hepatocellular Carcinoma: A novel strategy for ireating
HCOC with portovenous tumour thrombus with a combination of SIRT, SBRT and targeted

chemotherapy

rmirreemiry

Dharmender Malik, *Ashish Singhal,
*Department of Radiation Oncology, FMRI
“Department of Liver Transplant, Fortis Healthcare

‘Department of Interventional Radiology, FMRI
*“Depariment of Medical Oncology, FMEI

» Preliminary data : 20 cases
»HCC with PVTT

» Multi modality approach — TARE
+ SBRT combination

Survival

Survival was assessed starting on the day of first SIRT treatment, and the Kaplan-Meier plot 15 shown
in Fig 1. The estimated median duration of follow up by reverse Kaplan-Meir plot was 14 menths. The

estimated median overall survival at the time of analysis was 13.2 months with 408 patients alive al

the time of cenzoring. At the time of analysis, 12 patients had died, 3 of whom died as a result of

primary or metastatic disease progression, whereas 9 patients died as a resuli of parenchymal liver |
fathure. 1 other had progressed with extrahepatic disease but contimied to survive while six contimwed
1o be in good response. with the muliimodaliny ieeatment. The Jongest survival ot the ime of analysis

was 20 moaths,

Co o kenoaviedge tlus s the fivst data demonstrating the elfective combrmsioon of tlwes modalies,
SIRT, SBRT and Lensatinib to prosduse oot post snsfnicsble response but alse 2 geod quality of Life m
pubrents walh advarced HOC, In our colord of patrenis, medion sarvival was 132 months, whech =
nmargisally befter than the ImBRAVE atidy usisg the combinaton of Abepalmmab + bevacrnunab
whach 15 now considered the standard of care in sdvanced HOC. Objeciive respanss mies by mRECTST
have been foand b be an independent predicior of 0% 10 mumny stodses of sdvamcsd HOC, 1o oar stody
there was o M% response mee by mRECIST criterin with an 5% fall in Senmm AFP levels There was
alpo eneallont patieet comrplianes a3 the therapy tequared oudy two apisodes of day cane sdimicsmi o
TARE, ance for mapping while the other for acnml delivery of Y90 5ir splwse. The SBRET wes also

dlime a5 an aal-palient |:||:l.l.'-n|u:l:
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New in PVIT-RT: endovascular. brachytherapy.

/{/ C]‘ World Journal of
Gastroenterology
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Combined endovascular brachytherapy, sorafenib, and
transarterial chemobolization therapy for hepatocellular

carcinoma patients with portal vein tumor thrombus

Zi-Hen Fhang, Qing-Xin L, Wen Thang, Jing-Oin Ma, Jen-Hua Vg, Jan-Jun Lua, Ling-Kiao Liu, Zhi-firg
Yan

-3 " I S . . P ———
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CONCLUSION

EVBT combined with stent placement, TACE, and
sorafenib might be a safe and effective palliative
treatment option for MPVTT.

{2 Fortis



New In PVIT- RT: endovascular. brachytherapy.

mpactiouse AL argel, 2017, Vol. B, (No. 7, pp: 12108-12119

Research F‘IF!F
Endovascular brachytherapy combined with portal vein stenting
and transarterial chemoembolization improves overall survival
of hepatocellular carcinoma patients with main portal vein
tumor thrombus

Tiam-Zhu Yu' =", Wen Zhang'~, Qing=Xin Liu**", Wen=-Hul LI*", Jing-Qin Ma'*, Zi-
Han Zhang'’, Min-Jie Yang'”, Jlan-Hua Wang*", Bing Chen', Shao-Chong Zeng’,
Jian=-Jun Luo'’, Ling-Xiao Liu'?, Zhi-Ping ¥Yan'*
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“Sharghai [wetinre of Mesicsl Imagisg, Sranghal, China

mecomphation dise w141 60y B Troogee of o SPECTAT sean posBureed 1 dkoy aftey dhe pioxcedne Soeent ool 1

[odice-125 soeds The wodoas comiouise sow: OIS A2 S0y referoncs poin, red don), WG (36 2iv), snd $0% (R12GY) The 240 day

125 sood strands nose

l|:-I|.|:':1||'||E!'|'. of Ragiothernpsy. ITadagehan Hespial, Fudsn Unverscy, Shangha, China Implanted comrectty i the MPV withost Sglacerscer Radiomon smitiad By o 1125 sead srond was daribossd homogenasssdy and

.T"\-‘pﬁ teng of Tebgrventions By dialogy, Mechang Thinl Peopie's Hospltal, Southeast Unkesity, Yancheng, Shing oompiesety Conered he 5ary
! These avthors heve conbribaned egoaky o Hhis work:
Camaspoadence do: imn-darlun smolk Lo jsaspmenhoanecl o o

Leragy Mo LA el L Irpe oo prepoe i sh cn

- Fof, ST T S e D - TGS N
Krwords repofoce sy Doronome. Mo oola! . omoe Prombm. eeclhaemcior Srocteenany.  fivee-rirsenencl

comtaTEal s nny

Facehwa Leiobar M0 M8 Accmplect Cweeros o, il 8 Fedlsbsat Jonuorp &L 301

ABSTHACT

Hepatacellu|ar cartinama (HCC) patients with main portal vein tumar thrombus
hand & miedian surdival tmae of anly abaul 4 months. Wa tharelfors compansd Thi
safety mnd efficacy of endovascular brachytherapy (EVET) and sequentizl throe-
dirm-eriskonal confarmal radiotherapy (3-DCRAT). From a cohort of 176 patlents, we
freated 133 with EWEBT using iodine<1 25 sesd sirands (group A) and The remmaining
53 with sequential 3-OCET (group B ). Overall sunvval, prograssion free sundval amd
stent patency characterstics weare compared between the two groups. Our analysis
darmansirabed o pasdian surdival of 11.7 + 1.2 months in group & versus 0.5 + 1.8
manths in groug B (g = 0.002]. The median progredsion fres survival was 5.3 £ 0.7
months in growpd verses 4.4 & 9.4 moaths in group B {(p = 0.010). The median stenk
patsncy peEriod was 10.3 & 1.1 months in growp & verscs 8.7 © 0.7 months in group
B (p = 0.003). Tharafars, 3% companed to seguential 3-DCRT, EVET combinod with
portal veln stemting and TACE improved avarall survivel of HEC patients with main
portal vein tumar thrombus,

Vigure 5 Tmages of partal vein stepnbaeg aod TACE combsned with codovasinlar brachay@derepr perfermed in o
Jcarobd moale patient (Zroap AL A Ax oviag HOU [nhie arvms ) dtectnd o0t k) bt e, the cnhaacad st aa C1 s
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HCC - PVTT 17 operable + 6 awaiting

Post transplant 29 +

42 inoperable cases
months

Expected survival —

5 7 t0 10 months Curative cases: 15 +

SBRT Bridge of Hope ~ momhs

Median survival - > 13 months
longest > 20 months

$? Fortis

Inoperable multicentric HCC —
median survival 6-9 months



RT in the HCC management guidelines

Guidelines Mention of RT as a treatment option

APASL (2009) No

KLCSG (2009) Consolidate TACE, Portal invasion, Symptom
palliation

JSH (2005/2007/2010) 2005/palliative RT aimed at pain relief

AASLD (2005/2010) 2005/one of non-curative treatment

2010/alleviate pain in bone metastasis

NCCN (2012) Unresectable (unable to transplant),

Inoperable local disease

EASL-EORTC (2012) No evidence/under investigation

Chinese Society of Liver Disease Vascular invasion/Extrahepatic spread o

? Fortis
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e " NCCN Recommendations for Locoregional Therapies

The relative effectiveness of locoregional therapies compared to resection
or liver transplantation in the treatment of patients with HCC has not been
established. The consensus of the panel is that liver resection or
transplantation, if feasible, is preferred for patients who meet surgical or
transplant selection criteria since these are established potentially curative
therapies. Locoregional therapy (eg, ablation, arterially directed therapies,
EBRT/SBRT) is the preferred treatment approach for patients who are not

amenable to surgery or liver transplantation.

All tumors considered for ablation should be amenable to complete
treatment with a margin of normal tissue around the tumor. Tumors should

{2 Fortis



Chinese Society of Liver Disease 2019

HepatoBiliary Surgery and Nutrition, Vol 9, No 4 August 2020

455
BCLC BCLCC
Staging {Advanced HCC)
EASL, 2018 Systemic (TKIs)
AASLD, 2018 Systemic (TKls, PD-1 inhibitors)
L Ib: single =5 lla: 2-3 nodul la: Vascular
i e - single =5 cm - e ) i )
Ci-ﬁrt;?g& i la: single =5 cm R O e llb: =4 nodules e lllb: Metastases

Systemic (TKls,

Figure 1 Comparisons of staging and treamment algorithms of HCC among 2018 EASL, 2018 AASLD, and 2019 Chinese guidelines.
BCLC. Barcelona Clinie Liver Cancer; EASL, Eurgpean Association for the Smdy of the Liver; AASLD, American Association for the
Study of Liver Diseases; CITLC, China liver cancer staging; OLT, orthotopic liver transplantation; TACE, transarterial chemoembolization;
TARE, transarterial radipembolizadon; TKIs, tvrosine kinase inhibivors; PD-1, programmed cell death-1; SBRT, steregractic body

42 Fortis



2018 Korean Liver Cancer Study
Group

https://doi.org/10.3348/kjr.2019.0140
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