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Overview

« Radiofrequency ablation (RFA) is a controlled
electrosurgical technique that implements high
frequency alternating current to generate
localized electromagnetic fields, heating targeted

tissues to dessication, I.e. thermal coagulation

Radiofrequency Ablation

|
RF electrode

\Jﬂ@/\@ﬂ@(\

Ionic agitation from alternating current causes tissue
coagulation through frictional heating
Tissue dessication increases impedance which
eventually decreases current flow

[ McGahan P et al. Invest Radiol 1990;25:267-270]




RFA Scientific Rationale

e Cell death occurs at high thermal doses

* Neoplastic cells demonstrate higher sensitivity to
neat effects

RFA exploits the differences in heat sensitivity

netween neoplastic and healthy cells by creating
ocalized hyperthermia




RFA Background

o Well established in the treatment of various
cardiac and neurological dysfunctions
— Cardiac arrnythmias
— Neuralgias
— Tremors

* Limited applications secondary to small lesion
size




RFA Background

 Ability to create larger controlled and
reproducible lesions with the advent of bipolar,
multi-tined and tip-cooling RF electrodes

Expanded applications, primarily in tumor
therapy

— Primary and secondary brain malignancies
— Primary and secondary hepatic malignancies




RFA Energy Delivery

Insulated electrode shaft with un-insulated tip is
placed into tissue

Electrical generator is connected to electrode(s)

Reference electrodes (grounding pads) are
placed on the skin surface

Alternating high frequency current (460-480kHz)
IS applied

Electrical impedance of tissue allows current to
flow from generator into tissue

RF currents create a conduit for frictional heating
Heat Is cytotoxic > 50 C




RFA Electrode and Device Types

Percutaneous versus surgical (open)
Conventional
Wet electrodes (Canada and Europe)

Deployable multi-array electrodes
— Angiodynamics (RITA)

— Boston Scientific (Radiotherapeutics)
Internally cooled electrode

— Covidien (Valleylab / Radionics)
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RFA Electrode and Device Types

e Percutaneous

 Internally cooled electrodes
— Covidien (Valleylab / Radionics)




RFEA Electrode

Boston Scientific  Angiodynamics Covidien

Slide and lllustrations courtesy of David Lu, M.D., UCLA Medical Center




RFA Electrode Types

-0.5¢cm

RITA XL




RFA Electrode Types

2.0,3.0,35,4.0,5.0cm
3.0,35,4.0cm

LeVeen
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RFA Electrode Types







RFA Pre-procedural Requirements






RFA Post-procedural Considerations
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Selection criteria

Patient Characteristics
*High Risk

Limited Recurrence
*Cyto-reduction

[.ocal Control
*Refractory

«Patient Refusal

*Negative Imaging




Age-groups

All 15.7%
< 65 years

65-74 years
>[5 years



RFA Patient Selection Criteria
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RFA Patient Selection Criteria

 Intrathoracic lymph nodes negative by imaging
(CT and/or PET) and/or mediastinoscopy



References Patient # | Sensitivity | Specificity | Sensitivity | Specificity
Patz et al 1995 I 43 (1.0 cm) I 85

Chin et al 1995 56 (1.5 cm) 86
Valk et al 1995 63 (1.0 cm) 73
Sasaki et al 1996 65 (1.0 cm) 87
Sazon et al 1996 81 (1.0 cm) I 56
Scott et al 1996 60 (1.0 cm) 93
Steinert et al 1997 72 (0.7-1.1) 94 |
Weighted averages 63 80




References Patient # | Sensitivity | Specificity | Sensitivity | Specificity
83 2

Patz et al 1995 8

Chin et al 1995 78 | 81

Valk et al 1995 83 94

Sasaki et al 1996 | 76 98

Sazon et al 1996 100 100
100

98

Scott et al 1996
Steinert et al 1997 93 99
Weighted averages 88 93




References Patient # | Sensitivity | Specificity | Sensitivity | Specificity

Patz et al 1995

Chin et al 1995

Valk et al 1995

Sasaki et al 1996

Sazon et al 1996

Scott et al 1996

Steinert et al 1997

Weighted averages 316




Tumor Size | LN Involvement (%) | 5 yr Survival (%)
(n=221)

1.0cm

(n=8)

1.1-2.0cm
(n=84)
2.1-3.0cm
(n=129)




T size (n) |Incidence
of nodal

metastases




Goals of Ablation for NSCLC
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RFA Lesion Selection Criteria
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RFA Lesion Selection Criteria



1 Technique Effectiveness Rate 12 months | 24 months
A (0 mm)

B (1-9 mm)



RFA Lesion Selection Criteria



Publications '
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RFA Methods for Follow-up












RFA Ablation Zone Tumor Progression



Baseline




Baseline

12 months




PET

PET



RFA Methods for Follow-up: FDG-PET



Initial

SUV=7.0

10kuma et al. Ann Nucl

Med 2006; 20:115-121.

2 months

SUV =4.5




PET PET PET



RFA Results



78% 57% 36% 27% 27%

Median time to death = 29 months
95% CI: 20 - 38 months



82% 62% 36% 26% 26%

2% 40% 40% 40% 40%

|A: Median time to death = 30 months
95% CI: 22 — 38 months
IB: Median time to death = 25 months
95% CI: 14 - 36 months

p=0.578



83% 64% S57/% 47/% 47%

45% 25% 25% 25% 25%

3 cm: Median time to progression =
45 months
> 3 cm: Median time to progression =
12 months

p <0.002



Radiofrequency Ablation of Pulmonary
TUmors Response Evaluation
(RAPTURE) Trial

Study Sites:



| |NSCLC(n=33)| CRC(n=53) | Other(n=20) | Total (n=106)
Gender (F : M)
Age (median)

Mean # Tumors
Total

Mean Tumor Size (cm)
Range (cm)



| |NSCLC(n=33)| CRC(n=53) | Other(n=20) | Total (n=106)
Gender (F : M) 8:25
Age (median) 67

Mean # Tumors 1.2 (0.4)
Total 38

Mean Tumor Size (cm) 2.2 (0.7)
Range (cm) 0.7-3.0
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Survival Distribution Function
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 Tbeseine | imonin | Smonths | 6 months | 12monihs
FEV, L

FEV %,
predicted

FVC, L

FVC %,
predicted



 Toaseine | monn[3monihs | Gmonths | 12months
FEV, L 1.9 (0.9) 1.7 (1.1) 1.7 (0.9) 1.6 (0.9) 1.5 (0.7)

FEV %,
predicted

29(.9) 26(11)  28(0.8) 27(0.9)  2.7(1.0)

FVC %,
predicted




Modality 5-year survival |Local Recurrence
Stage | NSCLC | (most within 2 years)

L obar
resection

Sub-lobar

resection

Image-guided
ablation

External beam
radiation




Modality 5-year survival |Local Recurrence
Stage | NSCLC | (most within 2 years)

Image-guided

ablation

Ablation and
radiation?




RFA Considerations
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RFA Inoperable Lung Cancer
Conclusion






