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Curative treatments for HCC

AResection, transplantation, ablation
A5y Overall Survival 507 75 %

A~ 20 - 27% of patients candidates for surgical treatments

I Minus 10% when applying restrictive criteria
I Plus 10-15% with thermal ablation

AAblation techniques
i[RFA, MWA] PEI, Cryoablation, AAL[IRE,|LITT, HIFU

Bolondi et. al, Semin Liver Dis 2012
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Ablation techniques

A Radiofrequency ablation (RFA) A Microwave ablation (MWA) A Irreversible Electroporation

i Resistive tissue heating: i Dielectric hysteresis: (IRE) | |

i Alternating electrical current i Electromagnetic field A High frequency high
causes oscillation of H,0O causes continuous rotation voltage short electrical
molecules (375t o EH2)0 of H,O molecules (0.9, 2.45 pulses

i Dependent on GHz) A Nanopores in cell

AElectrical conductivity i Frictional heating of H,O- membrane leading to
rich tissues apoptosis

Almpedance
U Temperatures ~ 100° C

A Extracellular matrix

U Homogenous distribution of
speared -> no damage to

coagulative necrosis

U Monopolar vs. multipolar i
P P il Temperatures ~ 160- bile ducts/ blood vessels

180° C in few seconds

devices U Minimal heat production
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Ablation Techniques

Technology  Potential Advantages Potential Disadvantages
RFA » High rates of local control in tumors 3 cm « High rates of incomplete ablation in
or smaller tumors larger than 3 cm
« Established safety profile « Heat sink effect in perivascular tumors
« Known limitations « Potential risk of thermal injury to criti-
» Experience in combination treatments cal structures
(HCC) « Variability in RFA devices
» Widely available
MWA « Potential to treat tumors larger than 3 cm e« Limited efficacy data (predictability
more effectively and reproducibility)
» Less impacted by heat sink effect « Limited safety data
« Ability to activate multiple probes at the « Potential risk of thermal injury to criti-
same time cal structures (and vessels?)
« No grounding pads required « Variability in MWA devices
CRYO « Ability to activate multiple probes at the « Insufficient clinical data
same time « Risk of bleeding
« Ability to image the ice-ball formation « Risk of cryoshock
IRE « Potential to treat tumors located in the « Insufficient clinical data
vicinity of critical structures « Neuromuscular blockage and cardiac
 Heat sink effect not relevant gating required

Lencioni R et al, Liver Cancer 2015
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Indications I BCLC/ outside BCLC

Hepatocellular carcinoma

I
Y ! y R }
Very early stage (0) Early stage (A)
Single <2 cm Single or 3 nodules <3 cm
Child-Pugh A, PS 0 Child-Pugh A-B, PS 0

Intefmediate stage ||Advanced stage |iTerminal stage
(B) large multinodular | (C) Portal invasion  (i(D) Child-Pugh C

| | Chilfi-Pugh A-B, PS 0 ||Extrahepatic spread|ips 3-4
¢—|—¢ i ‘ Child-Pugh A-B,
PS 1-2

Potential candidate > Sinlle Three nodules <3 cm
for liver transplantation ‘

A A A

No Yes Portal prelsure, bilirubin
‘ I l Y

Associated diseases

Y

Normal Illcreased

|
! !
No Yes
A A ‘ ¢ Y L /
Ablation Resection Liver transplantation|| Ablation FhemoembolizatUon Sorafenib Besisupportive care
| » —————-l
Curative treatments Palliative treatments

Forner A, et al. Hepatocellular carcinoma. Lancet 2012
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Outcomes of local ablation

o
A Strongest prognostic variables: o g k=073

i Child Pugh Score = =L supecen

I No & size of tumors (single, <2cm) 3 “

i Initial complete response o Sigl 215
AlLocal recurrence rates 77 24% Toman w owomopom o
AMajor complications 4% ;

U 5y0S4071 75% *
5
A1l 80% of the patients develop 5 o v 5
recurrent disease -> Long-term . CniaAwio SR
survivali n p u e loyenaltgple VS ——
different interventions Cweasn s o4 moow w8 s

Lencioni et. Al, Hepatology 2010
Sala et. al. Hepatology 2004
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Ablation (RFA) versus resection: controversy

AMost data favouring hepatic resection 12
I Higher OS/ RFS/ DFS

AHOWEVER other data shows 34

I Resection > RFA regarding local recurrence and DFS
I No significant differences in 1,3,5y OS, DFS
I Some series even for tumors up to 5cm

U BUT: lower morbidity/ mortality

------

aaaaaaaaaaaaa

1 The Cochrane Library 2013 3 Tiong L, et al. British Journal of Surgery 2011
2 Feng Q, et al. J Cancer Res Clin Oncol 2015 4 Chen L et. Al. Ann Surg 2006
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Indications beyond BCLC?

1. Intermediate stage B?

I 5y OS within Milan: 417 77% vs. outside Milan: 201 75%"

i Highly heterogenous population 2
ATumor burden/ liver function
ADisease etiology/ comorbidities

I Varying benefits from TACE

HCC
|
i ' i
ECOG PS 0, Child-Pugh A ECOG PS 0-2, ChildPugh A/B ECOG PS > 2, Child-
l | PughC
| | |
Very early stage Early stage Advanced stage  Terminal stage
Single <2 em Single or 3nodules Portal invasion
N1, M1, ECOGPS 1-2
Intermediate stage
Multinodular, ECOGPS 0
1
i i i ] i 1
Transplant/Resection TACE +/- TACE/TAE TACE = sorafenib Sorafenib  Radioembolization
{downstaging)  RFAor PEI (experimental) (for TACE-
[ unsuitable) 1T ..
Tiong L, et al., British Journal of Surgery 2011
Sorafenib (for those
who fail to respond 2 Bolondi et. al., Semin Liv Dis 2012
after repeated TACE)
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Indications beyond BCLC?

2. Combination therapies ?

I OS/ DFS (TACE & ablation) > monotherapy
I Synergistic effects of both treatments
i No validated inclusion criteria/ optimal treatment schedule

0dds ratio
Hazard ratio M-H, fixed, 95% CI
1V, fixed, 95% CI
Hazard ratio —
1V, fixed, 95% CI — B
= = -
—.—
—.__ "
<> &
L | | | | | 1 1 1 1 L | 1 | |
0.1 0.2 0.5 1 2 5 10 0.2 0.5 1 2 5 0.02 0.1 1 10 50
Favours (TACE + RFA)  Favours (RFA alone) Favours (TACE + RFA)  Favours (RFA alone) Favours (RFA alone) Favours (TACE + RFA)
0S DFS Morbidity

Wang et. al, Korean J Radiol, 2016
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Indications beyond BCLC?

3. Bridging/ downstaging?

i EASL: Bridging with ablation (15t choice) or TACE (2" choice) if
waiting times exceed 6 month

I Downstaging of patients initially within Milan versus outside Milan
A Few data favouring concept

100
A EASL: place patient on hold until sn\

downstaging is achieved and e
maintain for 3 month 60

B

40

20

[l T T 1
0 12 24 kI
Lu et. al, Hepatology 2005 Survival after LT (months)

Ravaioli et. al, Am J Transplant 2008 -o- C.C. =B.C.D.S.
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Microwave ablation for HCC

A Recent review RFA vs. MWA (3 RCT):

A

OS similar

A
A
A

Luo et al. W J Surg Oncol, 2017

Subgroup tumors > 3cm: trend
towards MWA> RFA
Postintervent. fever: MWA > RFA

Local recurrence MWA 14% (n = 480)

Complete response, local recurrence,

Table 3 Meta-analysis of effects of microwave ablation versus radiofreguel

Odds Ratio
M-H, Fix Q. 95% C1
—
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—_——-—————————
——————————
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Odds Ratio
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ablation on HCCs

CTA T-year SR 3year SR os LTR Major complications
Cobort MNWA B6.7-100% MWA Bl 56-58% MWA 45-75% HR 0.80 OR 095 OR123
shudies RFA 83.9-100% RFA 67 6-98.7% RFA 376-82.7% 95% Cl 0.62-104 5% O 064141 959 C1 045337
F=005 P =005 F=005
[3-14] [5-14] [3-14] [5-14 [3-14) [10-12]
RCT MWA B9.1-96.1% MA MA HR 0.58 OR 119 OROED
RFA 89.5-958% 95% Cl 0.22-156 95% | 0.20-706 o5 Cl 0.26-249
P=005
[15-17] [15,17] [15-17] [15, 18]
CTA complete tumor ablation, SR survival ates, 05 overall survival, LTR local tumor mence, MWA microwave ablation, AFA radiofrequency ablation, HR hazard
ratio, RCT randomized controlled trial, N4 not applicable. Those in square brackets w':immhers of references
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IRE for HCC?

Complete ablation rate LRFS
Year Authors Patients Tumor IRE sessions Tumor size, mm Voltage, V  Duration, ps HCC Metastases Rate Time
2011  Thomson et al® 25 N/A 63 10-80 1500-3000 70 83 50 N/A N/A
2012  Kingham et al*® 28 65 31 5-50 15003000 70 NA N/A 93 6 months
2013  Cannon et alt’l 44 44 48 11-110 15003000 100 1.00 1.00 95 6 months
2014 Hosein et al® 28 58 36 12-70 NA N/A N/A 97 79 2 years
2015 Cheng et al®® 6 6 6 6-26 1500-3000  90-100 1.00 N/A 100 3-17 months
2015  Sugimoto et al'*” 5 6 6 11-28 15001800 70 83 N/A 100 244 +55 days
2016 Padia et all*! 20 N/A N/A 10-33 1500-3000  20-100 90 NA 1.00 1 year
2016  Niessen et al 12 34 65 N/A 2-71 1500 90 1.00 95 80 6 months
HCC=hepatocellular carcinoma, IRE =irreversible electroporation, LRFS=local recurrence free survival, N/A=not available,
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Lyo et. al. Medicine 2017

Niessen et. al. Sci Rep 2017
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Image-guidance

AGoal: accurate, complete ablation, 0.57 1 cm rim
AAccess: open, laparoscopy, percutaneous
Almage-guidance: US, CT, MRI

U Stereotactic navigation systems
I Enhanced localization of intrahepatic lesions

I Enhanced precision in tumor targeting
ATargeting trajectories
AiVani shingo | edl

Lencioni R et al, Liver Cancer 2015
Tinguely et. al. Surg Endosc 2017
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Stereotactic image-guided procedures

A Percutaneous navigated ablations Bern 2015 -2016
I 110 patients, 190 malignant liver tumors (97 MWA, 4 IRE)

A60 HCC patients
I Target lateral error: 3.4 +/- 2.0 mm
i Time for probe placement: 8.8 min
I Complications: 3 % (Grade I/11lb)
I LOS1day (17 13)
i 6 month follow-up:

ALocal recurrence rate: 15%

T Not influenced by subcapsular location/
vessel proximity/ BCLC

Alntrahepatic progression: 43%
I 8 transplanted (TTT 8.7 month)
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Multifocal HCC, cryptogenic origin
Portal hypertension, G2 Varices
St.p. 3x MWA

St.p. angiograpy (attempt TACE)->
complete stenosis of celiac trunc
Lesion Segq |

Stereotactic IRE for HCC
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