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Radio Frequency Ablation
3

« Jacques d’Arsonval (1851-1940): “alternating current > 10 kHz
harmless to organisms”.

Medical application (urology, brain)
aunsberry 1961 first applicatren{n patient with liver tumor
1952 Lortat Jacob: “Hepatectomi€ droite reglee”

* lonic agitation generates frictional heat
 Heat dispersion through tissues

— Time consuming

— Dependent on adjacent structures (vessels)
« Microwave more efficient (?)


http://en.wikipedia.org/wiki/File:Arsonval.jpg
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Thermoablation

-

« Why thermoablation of liver tumors?

Resection “gold standard”™

Majority of liver tumors: not resectable



Tumorvolume as % of resected volume
D

In > 75% of patiénts with
solitary CRLM, the tumor
volume is < 20% of the total
resected volume
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Tumor volume as percentage of resected liver volume




Various approaches for tumor destruction

Approach Tumor destruction

Mechanism Technique

Direct puncture Heat Radiofrequency ablation
Microwave ablation

Cold Cryo-ablation

Electrical Iireversible electroporation
Chemical Ethanol injection

Indirect Tonising radiation Stereotactic radiotherapy
Proton radiotherapy

Tumor vasculature Embolising
Tonising radiation Radio-embolisation with beads
Ischenua Transarterial embolisation
Ischemia & drugs Transarterial chemo-embolisation

Non-embolising
Hepatic vasculature Local drugs Hepatic artery infusion
Regional drugs Isolated liver perfusion

Ontleend aan: S. Kruijff, AN.A. van der Horst-Schrivers en K.P. de Jong. Liver metastases in thyroid

cancer. In: Noncolorectal, Nonneuroendocrine Liver Metastases: Diagnosis and Current Treatment
Modalities. Editor: Isidoro Di Carlo. Springer Verlag. 2015. In press.




Thermoablation:
radiofrequency or microwave

« Changing electde

* lon movements: frictional heat
(80°C)

e Tumor and margin
* Preop 3D planning essential
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Open
*US guided

Laparoscopic

*US guided

L_ess invasive

PEIrCULANE0US sm—
*CT guided

*Minimal invasive
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Robotic/navigation systems
Competitor analysis € DEMCON

« Simple, but does too little Does it all, but too complex —

Courtesy: Michiel Jannink, DEMCON



Currently phantom testing

DEMCON needle placement system

2 DOFs remote centre of
motion (RCM) mechanism
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Four meta-analyses since 2009

D
 observational studies
* retrospective studies
* Bilas ++

* No Information on repeat treatments

Radiofrequency Ablation versus Resection for Colorectal

Cancer Liver Metastases: A Meta-Analysis

Mingzhe Weng®, Yong Zhang?, Di Zhou, Yong Yang, Zhaohui Tang, Mingning Zhao, Zhiwei Quan*,
Wei Gong*

Department of General Surgery, Xinhua Hospital, School of Medicine, Shanghai Jiaotong University, Shanghai, China



Green: In favour of liver resection

Table 4. Results of the meta-analysis for LR vs RFA in treatment of CLM.

Variables Time interval Subgroups

MNsuvival/N g

Nsuvival/Ngsa

LR vs RFA
RR (95%CI)

Ref.

Overall survival 3 years Total
=<3 cm
Solitary
Open
Perc
Total
<3 am
Solitary
Open
Perc

Disease-free survival 3 years Total
<3 .cm
Solitary
Open
Perc
Total
<3 cm
Solitary
Open

Perc

802/1249
157/213
306/481
139/280
240/349
610/1249
123/213
250/481
95/280
188/349
5391171
98/213
343/653
117/280
137/329
456/1171
81/213
324/653
93/280
118/329

269/587
33/72
150/290
291125
55/114
182/587
20/72
119/290
24125
39114
135/519
18/72
101/276
251125
9/114
83/519
17/72
B4/276
4125
5114

1.377(1.

1.680(1.
1.263(1.109-1.439)
2.549(1.801-3.609)
1.143(0.947-1.279)
1.474(1.284-1.692)
2.168(1.442-3.260)
1.209(1.025-1.426)
2.012(1.321-3.064)
(1.062-1.915)
1.483-2.029)
1.480-3.385)
1.212-1.699)
1.544-3.453)

53(2.065-7.190)

8.477(3.565-20.156
3.763(1.762-8.033)

0%

65 4%
97 7%
615%
825%
6.6%
718%
97.9%
788%
705%
41.3%

26-34

26,31
24,.27,29-31,36
26,30
24,27,28,34,35
26-36

2631
24,27,29-31,36
26,30
24,27,28,34,35
26-32,34-36
26,31
27-31,36
26,30
27,.28,34,35
26-32,34-36
26,31
27-31,36
26,30
27,28,34 35




Morbidity & mortality

 Green In favour of RFA

Table 5. Meta-analysis of the safety of liver resection and radiofrequency ablation.

Variables LR Nmorbidity/ Mir Nmotality/Nrra RR (95%Cl) ? Reference

Morbidity 24.10% 220/913 .98% 47/471 2.435( 5 ) 0.009 60.7 0%

Mortality 031% 2/639 0.3 4% 1/294 .391(0.306-6.326) 0.407 0.0%

LR: liver resection. RFA: radiofrequency ablation.
doi:10.137 1/journal pone.0045493.1005




UMCG results (BJS online)

Outcomes after resection and/or radiofrequency ablation
for recurrences after treatment of colorectal liver metastases

J. Hot', M. W.]. L. A. E. Wertenbroek!, P. M. J. G. Peeters!, J. Widder?, E. Sieders! and
- P .

o 00

First and repeat intanvantion for CRLM, 20002013
n= 772

Intarvantions excluded n = 65
Mon-resectabla during laparotomy n = 53
Incomplete ablation n= 12

Liver interveantions for CRALM n = 707
=431 patients {100%)




Table 1 Clinicopathological characteristics of all

Patient characteristics
Age (years)

Sex ratio (M : F)

Preoperative factors
Mecadjuvant chemotherapy
Low CRS [0-2)

Synchronous CRLMs
DFI = 12 months
CEA = 200 ng/m

Characteristics of primary tumour
Ractal site
Mode-positive diseasa

Characteristics of CRLMs
Diameter (cm)t
=1 CHLM

Type of resaction (n=330)
(Extended) hemihepatectomy
(Bi)zagmantactomy
Wedgse resaction

Total Livar resection
{n=431) n=>261)

62-0(0.4)
264:167

63.4(8.0)
151:110

138 (32-0)
285 (B5-1)
201 (46-8)
137 (31-8)
26 (6-0)
186 (45-5] 115 (44-1)
261 (60-6) 155 (59-4)

3.5 (2-0-5-0)
210 (48-7)

4.0 (2.5-5-711

N T |

100 {38-3)

183 (55-5)
70 (21-2)

77 (23-9)

paticnts at time of first liver intervention

Opan BFA Percutaneous
(m=28) RFA (mn=75)

60-2(10-8)
14:12

3

[T = %

[
M 2 = Ja P
W TS e
=

13 (50)
17 (B5)

2.2 (1-4-3-0) 2.2 (1.5-3.5)
12 (46) 20 (34)

Fesection + BRA
{n=64)

60-3(10-4)%
44:25




Percut RFA more frequently applied
In repeat procedures
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Fig. 3 Survival of patients undergoing one, two and three or more interventions measured from the date of the first, second and last

intervention. O8, overall survival; DFS, disease-free survival
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Fig. 4 Kapan—Meier overall survival curves measured from a date of first intervention and b date of last intervention for patients who
had one, two, or three or more interventions. a P=0-212, b P=0-043 (log rank test)
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THE problem of thermoablatlon
ablation site recurrence (ASR)

»

Reported incidence 5 — 42%



Relation applied energy and ablation
zone volume in HCC vs CRLM

Tumortype

CRLM
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Relation applied energy and ablation
zone volume in bovine/pig liver
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Comparison of PH and percut RFA

D

PH RFA
Admission time | 5-10 days 2 days/outpatient
Logistics 1 PH/day 3 RFAs/day
Invasiveness maximal minimal

Costs

high

low




How to proceed and improve?

 Collaboration Technical University Tvve_nP
and UMCG

— FREENAVI trial
— OPTISIZE trial

— OPTIPOS trial: software based algoritm for
overlapping positions in larger tumors




FREENAVI trial:

free-hand versus navigation guided needle insertion

-

Adequate position for

blation
Needs repositioning; no
measurements performed Perpehdicular
; i distance A dian distance

Optimal position

Optimal position




OPTISIZE study:

resected human liver specimens: various perfusion flowrates
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Conclusions

—

 Ablation not inferior to liver resection in selected patients:
— Intensive imaging follow up
— Low treshhold fo repeat intervention if incomplete
— Dedicated team of surgeon AND radiologist

e No RCTs: still needed?

 To Do:
— more basic research
— MRI compatible ablation systems
— Flexibele MWA naalden (endoscopic approach)
— Temperature monitoring at the border of the AZ
— Tumor type and parenchyma type based algortims
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Participants and contributors

HPB Surgeons UMCG *

SObleF:t Pfrte « Radiology UMCG
a _ CeIers e Matthijs Oudkerk
Marieke de Boer . .
* Rozemarijn Vliegenthart

Ger Sieders : :
_ < Jan Pieter Pennings
Ruben de Kleine

. « Etal
Joris Erdmann
Fellows

« Demcon

TU Twente «  Benno Lansdorp
Cees Slump *  Maarten Arnolli
Wout Heerink e Michel Franken
Simeon Ruiter  Etal

Pathology UMCG

Annette Gouw



Livaer rasection
Percutaneocus RFA

| I | I I |
12 24 36 12 24 36

Time after first interventicn (months) Tima after first intervention (monihs)

Mo. at risk Mo. at risk
Resection 261 231 177 151 Resoctiom 37 24 10 i1
BFA 75 G2 48 20 REA 54 47 40 22

d Overall survival after first intervention b Cwerall survival after second intervention

Fig. 5 Kapan—Mcicr overall survival curves a after liver resection versar percutancous radiofrequency abladon (RFA) as first intervention
and b after liver resecton versus first percutancous RFA as second intervention for first recurrence of metastatic colorectal cancer.
a P=0.979, b P=0-704 (log rank test)




Table 2 Prognostc factors associated with overall survival idendfied by univarnable and mulavariable Cox regression analysis at the dme
of the first intervention in patients who had first and repeat interventions

Univariable anakysis Multivariable analysiz

Hazard ratio Hazard ratio

Patient factors
Age = 80 years 1-00 (0-83, 1-44)
Mala sax (-89 (067, 117)

Clinical risk score
MNode-positive dizease 1-37 {103, 1-82) 0-033 40 (1-03,
OFl < 12 months 1-24 {0-82, 1-66) 0158 -
=1 CRLM 1-58 (1-20, 2.07) 0-002 53112
CEA > 200ng/m 2-20 (1-36, 3-60) 0-001 -89 (1-11
Siza of CALM= 5cm 157 (117, 2-10) 0-001 54 (108

Primary tumour
Rectal location 1401 {0-77, 1-34) 0-923
Synchronous CHLMs 0-92 {0-70 0-540

Treatment
Meocadjuvant chemotherapy 1-28 (0-95
Liver resaction onky 078 (0-50
Parcutaneous RFA 0-91 (0-60
=1 imtenwention 119 {0-80

0-100 1-07 (0-76,
0-087 0-74 (0-54,
0-651 _
0-226 -

e 1:
.14
L 1s
L1

Values in parentheses are 95 per cent confidence intervals. DFI, disease-free imterval berween primary umour wreatment and detecton of coloreceal liver
metastases (CRLMs), CEA, carcinoembryonic antigen.




