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Abstract

Radiofrequency ablation (RFA) uses high frequency
alternating current to heat a volume of tissue around
a needle electrode to induce focal coagulative necrosis
with minimal injury to surrounding tissues. RFA can be
performed via an open, laparoscopic, or image guided
percutaneous approach and be performed under gen-
eral or local anesthesia. Advances in delivery mecha-
nisms, electrode designs, and higher power generators
have increased the maximum volume that can be ab-
lated, while maximizing oncological outcomes. In gen-
eral, RFA is used to control local tumor growth, prevent
recurrence, palliate symptoms, and improve survival in
a subset of patients that are not candidates for surgi-
cal resection. It's equivalence to surgical resection has
yet to be proven in large randomized control trials.
Currently, the use of RFA has been well described as a
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primary or adjuvant treatment modality of limited but
unresectable hepatocellular carcinoma, liver metasta-
sis, especially colorectal cancer metastases, primary
lung tumors, renal cell carcinoma, boney metastasis
and osteoid osteomas. The role of RFA in the primary
treatment of early stage breast cancer is still evolving.
This review will discuss the general features of RFA
and outline its role in commonly encountered solid tu-
mors.

© 2013 Baishideng. All rights reserved.
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Core tip: We have described the technical aspects of
radiofrequency ablation (RFA), advances in delivery
mechanisms, indications for usage, and its equiva-
lence or lack of equivalence to surgical resection. We
emphasized studies that reported long term oncologic
outcomes associated with RFA use for primary and
metastatic liver and lung tumors, and described the
evolving role of RFA for breast and solid renal tumors.
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INTRODUCTION

Surgical resection of all malignant cells remains the gold
standard for treatment of most solid tumors!". However,
surgical resection is not always an option in patients with
coexistent morbidities or poor functional status where
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resection would be associated with a high morbidity and
mortality. As a result, a variety of local ablative meth-
ods, including chemical (ethanol, acetic acid, hot saline)
and thermal (radiofrequency ablation, microwave abla-
tion, laser ablation, cryoablation), have been developed
to destroy cancer cells iz sitn. Radiofrequency ablation
(RFA) has risen to the forefront amongst these local
ablative modalities due to refinements in technology
that maximize effectiveness and simplicity of use while
minimizing associated morbidity. RFA is now used in the
treatment, both curative and palliative, for solid tumors
throughout the body. This minimally invasive technique
can serve both as treatment for patients who are not sur-
gical candidates, as well as an adjunct to surgery, facilitat-
ing resection or in combination with surgery achieving
total tumor burden control.

TECHNICAL FEATURES OF RFA

RFA uses radiowaves, which are of low frequency (460-480
kHz) and long wavelength, to generate heat within a
tumor mass causing thermal coagulative necrosis. RFA
differs from other local methods in that the electrode
itself does not supply the heat. Needle electrodes sup-
ply an alternating electric current, which travels from the
electrode to a grounding pad (monopolar) or between
two electrodes (bipolar). As the ions within the tissue at-
tempt to follow the alternating path of the current, ionic
agitation creates frictional heat. This friction heats the
surrounding tissue to 50-100 C, inducing instantancous
coagulative necrosis. Temperatures greater than 100 C
result in tissue desiccation and charging with loss of ions
thus stopping current flow. This leads to a sudden rise
of impedancem, thus limiting the volume of tissue that
can be successfully ablated.

The energy from the electrode tip produces a tem-
perature that is proportional to the square of the radio-
frequency current, which in turn decreases as the square
of the diameter from the electrode”. Larger tumors re-
quire overlapping spheres, which increases the risk of in-
complete necrosis and, therefore, local recurrence. Over

the past several years, advances in delivery mechanisms
that can either increase the amount of energy deposited
or the conduction of heat through the tissue have in-
creased the sphere of tissue that can be ablated”. There
are currently five companies that produce commercially
available RFA systems, four of which are approved by
the Food and Drug Administration and available in the
United States. The specifications of each system are
presented in Table 1.

Multiprobe array electrodes, in which multiple tines
apply current simultaneously, achieve coagulation zones
of 3-5 cm. Internally cooled (or cool-tip) electrodes also
allow for greater ablation volumes. While it seems para-
doxical to cool the electrode with a continuous infusion
of fluid within the lumen, this cooling results in no local
charring around the uninsulated electrode tip, thus allow-
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ing longer flow of current. Longer duration of current
flow allows for a larger volume of local tissue coagula-
tion, compared to non-internally cooled electrodes. Wet
electrodes using saline (either isotonic or hypertonic)
infused through the electrode into surrounding tissue,
increase conductivity with greater amounts of infusion
of ions in the tissue, increasing current flow and thus
allowing longer duration of current flow and increasing
volume of coagulation.

Several strategies have been developed to decrease
tumor tolerance to heat and increase the effectiveness of
thermal ablative techniques. The “heat-sink” effect cre-
ated by proximity of tumors to large vessels that can dis-
sipate heat is a primary mechanism by which the extent
of thermal injury can be limited™”. The Pringle maneu-
ver, which involves occluding portal inflow during open
RFA. This has been shown to improve volume of tissue
(tumor) coagulation by increasing local heat deposition,
rather than having heat being dissipated in the portal
vein®”
injury to tumors cells from embolization have also been
shown to increase tumor sensitivity to hyperthermia. A
synergistic effect between neoadjuvant transarterial che-
moembolization and RFA in the treatment of hepatocel-
lular carcinoma has also been demonstrated”.

. Tissue damage from chemotherapy and hypoxic

RFA technique

RFA can be performed percutaneously, or during lapa-
roscopic or open sutgery. There are advantages and dis-
advantages to each, and the approach will depend on the
condition of the patient, tumor characteristics such as lo-
cation, size, number and growth pattern, and experience
and preference of the provider'™. There is insufficient
evidence as of date indicating which delivery method is
the preferred due to a lack of randomized control trials
and varying patient and tumor characteristics between
single technique studies. In a study comparing open, lap-
aroscopic, and percutaneous approaches for liver tumors,
there was no difference in mortality, major complications,
or overall survival; but open compared to percutancous
approach resulted in improved disease free survival and
decreased local tumor recurrence”.

The percutaneous approach has the advantage of
being performed under conscious or deep sedation,
providing an option for patients who are higher surgical
risk. This can usually be done as an outpatient or with a
very short hospital stay, and can be performed multiple
times if needed. The percutaneous approach can also
be performed under anesthesia. Other advantages of
this technique are the use of sonographic, computed to-
mography (CT) or magnetic resonance imaging (MRI) to
guide precise electrode placement. At the same setting,
contrast enhanced sonography or contrast enhanced CT
can be done during the procedure to check for adequacy
of ablation. Disadvantages of the percutaneous tech-
nique are lack of visualization of small surface tumors
or deeper tumors which can be better identified with the
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[4,8]

RFA system Electrodes Generator power/ Control system Algorithm used to
frequency maximize volumes
Boston scientific 14 gauge, 10-12 tines, umbrella shaped 200 W /460 kHz Impedance controlled Coaxial system
Valleylab (radionics)  17.5 gauge, single cooled needle or three 200 W/480 kHz Impedance controlled Cool-tip
cooled needles in triangular cluster

RITA medical systems 250 W /460 kHz Temperature controlled

Starburst XL 14 gauge, 9 tines, Christmas tree shape Expandable

max diameter 5 cm

Starburst XLi 14 gauge, 9 tines, max diameter 7 cm

Starburst Flex 13 gauge, flexible Expandable, wet electrode
Berchtold 18-14 gauge 60 W/375kHz Impedance or temperature controlled Wet electrode

Modified from™¥, Cool-tip: Cooled electrode achieved with chilled water flowing through electrode but not entering tissue; Wet-electrode: Saline infusion

into tissue adjacent to electrode creates larger “virtual” electrode around metal electrode tip.

open technique. Percutaneous RFA has shown excel-
lent results for small < 3 cm neoplasms in the liver, lung
or kidney. However, higher local recurrence has been
shown with the percutaneous approach for larger tu-
mors™ and tumors in close proximity to major vessels,
such as the portal vein.

Open RFA allows for better visualization and the
ability to manipulate adjacent structures. It has the ad-
vantage of being able to detect occult metastatic disease
with use of intra-operative ultrasound (US) and allows
for treatment within a greater anatomic range. With he-
patic RFA, another advantage is the ability to occlude
portal inflow (Pringle maneuver) which, as described
above, reduces heat dissipation and, therefore, increases
the volume of tissue ablated. This technique is particu-
larly valuable when tumors are located in proximity to
vasculat structures.

Laparoscopic RFA combines many of the benefits
of both the percutaneous and open approaches. It is
minimally invasive with less morbidity of a large incision
while still allowing better visualization of the tumor and
of adjacent structures to optimize staging. Pneumoperi-
toneum may also work in a similar manner to the Pringle
maneuver and decrease the heat sink effect in tumors in
proximity to large vessels by decreasing portal flow'"".
It also allows resection or displacement of structures
adjacent to tumors that cannot be performed with the
percutaneous technique.

Imaging

Imaging plays an important role in the diagnosis and
localization of the tumor, in real-time monitoring of the
ablation zone, in assessment of tissue response to RFA
therapy, and finally in patient follow-up. The RF probe
is usually placed under CT or US guidance, and the RFA
procedure monitored with real-time US. Ablation zones
are seen on US as hyperechogenic areas which represent
microbubbles created from the vaporization of inter-
stitial fluid from ablated tissue. However, these hyper-
echogenic areas do not completely parallel the ablated
zone. To determine the extent of necrosis following
RFA in countries outside of the United States, US con-
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trast is used at the time of the procedure to check for
complete ablation and whether re-treatment is needed at
the settingm]. In the United States, a follow-up contrast-
enhanced CT or MR is typically used, with successfully
ablated areas failing to enhance. A thin enhancing rim
representing either inflammation or hemorrhagic granu-
lation tissue may surround the ablated zone for several
weeks following treatment' . Follow-up may be done
with CT, MRI or positron emission tomography scan,
depending on the type, size and location of tumor.

The goal of RFA is usually to ablate 1 cm margin of
normal tissue surrounding the tumor on all sides™"*",
This surgical margin is necessary because of the difficul-
ty of accurately determining the extent of the coagula-
tion zone, and because of the possibility of microscopic
malignancy surrounding the gross tumor'”. Exceptions
to the 1 cm margin rule may include organs such as the
kidney, in which preservation of normal renal paren-
chyma would be a priority, or when tumor debulking for
palliation or relief of neuroendocrine symptoms is the
goal of treatment or when surrounding vital structures
limit the extent of ablation.

Complications

RFA has been shown to be a relatively safe procedure,
with mortality between 0.3% and 0.8% and morbidity
2% and 10%"*"". Complications include post-procedural
pain, post-RFA syndrome with fever and flu-like symp-
toms that usually resolves within the first 24 h, skin burns
from improperly placed grounding pads, thermal injury
to adjacent structures, bleeding, secondary infection, and
tumor seeding, which can be prevented by cauterization
of the needle tract on withdrawal of the probe'”.

SOLID TUMOR ABLATIVE EXPERIENCE

Liver

The most extensive body of literature on RFA for the
treatment of solid tumors involves its use with hepatic
malignancies, both primary and metastatic. Currently,
RFA is considered a first line treatment modality for lo-
cal control of hepatocellular carcinoma in patients with
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Table 2 Studies reporting survival after use of radiofrequency ablation for colorectal liver metastases

Ref. Patients Median Extra- Chemotherapy Method % Local recurrence Overall survival
(tumors) tumor size hepatic complete
n (cm) disease ablation
1yr 3yr S5yr
Abdalla et al® 57 (110) for RFA 2.5 No NR 0 NR 9% for NR 37% for REA NR
RFA 43% for
HR + RFA
190 for HR 5% for 73% for HR
HR + RFA
101 for RFA + HR 2% for HR
Siperstein et al™ 234 (665) 39 (mean)  Yes 80% before RFA L NR NR NR 20%" 18%*
Park et al™ 30 for REA 20forRFA  No 73% after RFA P NR 23% for REA NR NR  19% for RF1
59 for HR 3.1 for HR 81% after HR 2% for HR 48%? for HR
Abitabile et al™ 47 (147) 2 Yes After RFA O,P 97% 9% for overall 88%'  57%' 21%"
0%-5% for <3 cm
Gillams et al™ 167 (167) 3.9 (mean)  Yes 80% before RFA P NR 14.00% 99%'  58%' 30%"
91%>  28%> 25%*
Jakobs et al™ 68 (183) 228 (mean) No  78% parallel or after P NR 18.00% %% 71%’
Machi et al™ 100 (507) 3.0 (mean)  NR O,L, P 7% 0%  42% 31%
Schindera et al®™ 14 (20) 18 No NR P 89% 15% 2% 60%" NR
White et al™ 30 (56) 3.0 (0.8-7) No  36% before, 50% after P 89% 17% 75%°  45%° NR
Solbiati et al® 117 (179) 26 Yes 72% parallel P 98% 39% 9B%°  46%” NR

'Calculated from time of diagnosis of liver metastases; *Calculated after radiofrequency ablation (RFA) treatment of liver metastases. P, L, O: Percutaneous,

laparoscopic, open; NR: Not reported; HR: Hazard ratio.

Child-Pugh B or higher cirrhosis where resection would
have a higher associated mortality. It is indicated in pa-
tients with 3 or fewer tumors that are 3 cm or smaller
(Milan criteria)', Tt has recently been shown to be su-
perior to percutaneous ethanol injection with regards to
survival and local recurrence'”. It’s equivalence to surgi-
cal resection in patients who satisfy the Milan criteria
remains controversial. A prospective randomized trial
and a large retrospective analysis comparing local abla-
tive techniques with surgical resection for patients with
small solitary tumors, stage T1, found no difference in
overall survival between RFA and surgical resection™ .
Smaller observational studies have demonstrated similar
results . A meta-analysis comparing RFA to hepatic re-
section in all subsets of patients found improved 3 and 5
year overall and disease free survival and decreased local
recurrence in patients who underwent hepatic resec-
tion™
3 cm, the overall survival was comparable. In patients
with larger tumors (> 3 cm), the combination of che-
moembolization with RFA has been demonstrated to be
superior to RFA alone in improving survival®**. This
is based on the hypothesis that RFA results in a zone
of inflammation that can then be strategically used for
targeted delivery of chemotherapeutic agents via chemo-
embolization.

The majority of the literature regarding hepatic meta-
stases comes from single arm, retrospective or prospec-
tive studies evaluating RFA for treatment of unresectable
colorectal metastases. In such studies, hepatic resection
is superior to both RFA alone or combination of RFA
with hepatic resection in regards to local recurrence and
overall survival®. However, during open resection, ad-

. However, in patients with tumors smaller than
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ditional tumors may be detected on the liver sutface or
deep metastases may be seen with intra-operative US.
These additional lesions can be resected or treated with
intra-operative RFA. Randomized control trials directly
comparing RFA to hepatic resection for resectable dis-
ease have yet to be performed.

There is considerable overlapping variability in the 5
year survival and the local recurrence rates due to differ-
ences in definition of local recurrence, inclusion criteria
for unresectability, extent of extrahepatic disease, and pa-
tient and tumor characteristics between the studies. Local
recurrence rates varied between 9% and 40% and 5 year
overall survival varied between 18% and 30% (Table 2).
The best outcomes were in patients with solitary tumors
less than 3 cm and slightly less in patients with 3 or fewer
tumors less than 3 cm". Local recurrence was signifi-
cantly larger in patients with tumors between 3-5 cm'™,
Retrospective studies comparing hepatic resection to RFA
for patients who were potentially resectable but poor
candidates for surgery due to co-morbidities or refusal,
demonstrated decreased local recurrence and improved
overall survival with hepatic resection'™, Therefore it is
evident that surgical resection remains the gold standard;
but for those who are not candidates for surgery, an alter-
native such as RFA is valuable.

Lung

RFA is increasingly being applied to malignant lung
nodules for local control as well as for palliation as its
feasibility and efficacy is becoming more established in
the literature. Surgical resection remains the gold stan-
dard for curative treatment of primary lung cancers
and malignant metastasis. However, only about 30% of
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Table 3 Studies involving survival using radiofrequency ablation for primary lung tumors and metastases

Ref. Patients Mean Tumor type Median local Overall survival Complications
(tumors) tumor progression free
n size (cm) interval
1yr 2yr 3yr
Ambrogietal” 54(64) 24 40 for NSCLC <3cm-158mo 72% for NSCLC' 46% for NSCLC' 30% for NSCLC' 6 for PTX
24 for Mets >3cm-6.6mo 88% for Met'  72% for Mets'  NR for Mets' 1 for chest wall
hematoma
Kim et al™ 8 for RFA 3.66 for RFA All stage I NSCLC NR 88% for RFA  50% forRFA  25% for RFA 1 for PTX
14 for SR 3.99 for SR 93% for SR 77% for SR 67% for SR 4 for hemoptysis
Simoneetal®™ 153 (189) 2.7 75 for stage I NSCLC <3cm-45mo  78% for NSCLC 57% for NSCLC' 36% for NSCLC' 18 for PTX
57 for Mets >3cm-12mo  70% for Met 54% for Mets'  44% for Mets' 5 for hemoptysis
4 for death
Chuaetal™ 148 4 108 for CRCM 11 mo NR NR 60% 66 for PTX
Other 16 for pleural effusion
40 for Mets 1 for vleeding
Lencioni et al™ 106 (183) 3.5 33 for NSCLC NR 70% for NSCLC 48% for NSCLC 27 for PTX
73 for Mets 89% for CRCM  66% for CRCM 4 for effusion
92% for Other ~ 64% for Other
Yan et al'® 55 21 All CRCM NR 85% 64% 46% 16 for PTX/
9 requiring drainage
5 for hemoptysis
Hirakietal®™ 20 24 All stage I NSCLC 9mo 90% 84% 74% 13 for PTX/

1 requiring drainage

!Calculated based on Kaplan-Meier survival curves. NR: Not reported; NSCLC: Non-small cell lung cancer; CRCM: Colorectal cancer metastasis; Mets:

Other tumor metastases; PTX: Pneumothorax; SR: Surgical resection; RFA: Radiofrequency ablation.

patients with primary lung cancer are eligible for surgery
at the time of diagnosis due to poor functional status
and chronic obstructive pulmonary disease™. In patients
with pulmonary metastasis, multiple lesions and ad-
vanced stage usually precludes curative surgical resection.

Currently, there is insufficient evidence to prove that
RFA is comparable to surgical resection. There are cur-
rently no prospective randomized controlled trials com-
paring RFA with standard surgical treatment options in
patients with malignant lung nodules. Data is limited to
case series with differences in number of primary and
secondary lung lesions, criteria for unresectability, num-
ber of prior resections, history of prior radiation therapy,
differences in follow-up protocols, and criteria for deter-
mining extent of response to RFA treatment.

However, a small matched case series of 22 patients
comparing RFA to resection in patients with stage I non-
small cell lung cancer (NSCLC) demonstrated compa-
rable survival in RFA patients at 1, 2, and 5 yearsm]. The
RAPTURE study, a large prospective multicenter single
arm trial, using RIFA in patients with early stage NSCLC
or lung metastases demonstrated 1 and 2 year overall sur-
vival rates of 70% and 48% respectively in patients with
primary lung tumors, and 89% and 66% 1 and 2 year
overall survival in patients with colorectal metastases. The
cancer specific survival was higher in both groups; 92%
and 73% at 1 and 2 years in the NSCLC cohort and 91%
and 68% in the cohort with colorectal metastases.

The 1, 2, 3 year overall survival for patients with early
stage primary lung cancer treated with RFA varies from
70% to 90%, 48% to 84%, 25% to 74%, respectively (Ta-
ble 3). This is comparable to the 1, 3, 5 year overall sur-
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vival of patients who undergo lobectomy or segmental
resection for early stage lung cancer”™. In most studies
that compare outcomes based on size of tumor ablated,
patients with tumors smaller than 3 ¢cm had longer me-
dian progression free intervals and overall survival™.

The median procedure related morbidity and mortal-
ity are 37.5% and 0% respectively[%]. The majority of
complications from thoracic RFA are minor with the
most frequently encountered being pneumothorax and
pleural effusions (4.5%-61%) and hemoptysis. Others
include pain, fever and pneumonia. Despite the high in-
cidence of pneumothorax, only a minority, 11%, require
pleural drainage™. The incidence of pneumothorax in-
creases as the number of lesions ablated™,

Breast

The role of RFA in breast cancer is still emerging. There
1s a growing trend towards breast conservation techniques
that minimize scarring, breast deformity, and improve
overall post procedure cosmesis. Several small single in-
stitution studies have established the feasibility of RFA
and outlined potential complications (Table 4). In major-
ity of these studies, RFA was followed by lumpectomy or
mastectomy, either immediately or in a delayed fashion.
The procedure was done under local or general anesthe-
sia depending on whether resection was delayed or fol-
lowed immediately after RFA, respectively. Response was
assessed by pre- and post-procedural MRI which cor-
related better with pathologic response than Us®. HE
staining, immunohistochemistry with CK 18/8, or nico-
tinamide adenine dinucleotide-diaphorase cell viability
assay were used to assess histopathologic response. There
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Table 4 Studies involving survival using radiofrequency ablation for primary lung tumors and metastases

Ref. Patients Range tumor Mean tumor  Complete coagulation Resection Assessment of Complications
size (cm) size (cm) necrosis 77 (%) cell viability
Burak et al®™ 10 0.8-1.6 12 9 (90) Delayed HE CK8/18 None
Singletary et al™” 29 <20 - 25 (86) Immediate HE NADH-diaphorase 1 skin burn
Oura et al 52 0.5-2.0 13 52 (100) Delayed NR 1 skin burn
Khatri et al'*! 15 0.8-1.5 1.28 13 (93) Immediate HE NADH-diaphorase 2 skin puckering
Noguchi et al'® 10 0.5-2.0 1.1 10 (100) Immediate HE NADH-diaphorase None
Fornage et al'®” 20 0.6-2.0 12 21 (100) Immediate HE NADH-diaphorase None
Hayashi et al” 22 0.5-2.6 0.9 (median) 19 (86) Delayed HE NADH-diaphorase 1 skin burn
Izzo et al'®” 26 0.7-3.0 1.8 25 (96) Immediate HE NADH-diaphorase 1 skin burn

NR: Not reported; HE: Hematoxylin and eosin stain; NADH: Nicotinamide adenine dinucleotide.

are several studies that have reported HE staining maybe
inadequate to assess histopathologic response since it
gives a broad spectrum of necrosis and that techniques
that assess cell viability are better™”, Complete coagula-
tive necrosis was achieved in 80%-100% of the patients,
with skin burn being the most common complication in
a very small subset of patients.

Patient selection criteria were strict, including mostly
patients with invasive tumors less than 2 cm in size; a
few studies had a small portion of patient with non-
invasive tumors. The presence of extensive intraductal
component was also a relative contraindication to RFA.
In addition, estrogen and progesterone receptor status,
her 2 status, grade, histology, and need for chemotherapy
had to be known prior to RFA since no residual tumor
cells would be available post-procedure if 100% suc-
cessful. Superficial tumors within 1 ¢cm of the skin are
a relative contraindication as well, due to increased risk
for skin burns. Various strategies to minimize skin burns
have been employed in the studies including cooling the
breast with sterile ice packs and subcutaneous injection
of sterile saline or a high resistance solution to displace
the tumor away from the skin. In addition, preoperative
chemotherapy is a contraindication since it can lead to
an underestimation of tumor size and leave occult foci
of residual carcinoma'”

There are currently no studies comparing RFA to sur-
gical resection, and no long term studies depicting local
recurrence rates or survival in patients who receive RFA
instead of surgical resection. Very few studies have evalu-
ated RFA as an alternative to sutgical resection. Oura ef
al™ reported their experience treating 52 patients, with
a mean tumor size of 1.3 cm (range 0.5-2.0 cm), with
RFA following sentinel node biopsy. There was no local-
regional or distant recurrence after an average 15-mo
follow-up (range 6-30 mo).

Patient response to RFA has been favorable. Oura
et al*"" retrospectively evaluated cosmetic results, which
were found to be excellent in 43 patients (83%), good in
6 patients (12%) and fair in 3 patients (6%). The authors
found that a major factor leading to poor cosmesis was
mass formation at the site of RFA, especially in women
with small breasts. This can lead to increased patient
anxiety as well.
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Progtress in the application of RFA for breast tumors
is at present hampered by our ability to accurately judge
the margin status which is a critical variable in local re-
currence rate. Evolution in imaging technology will foster
such advancements. Nonetheless, as more breast cancers
are being diagnosed at a smaller size, a focused image-
guided ablation can minimize destruction of normal
breast tissue and thus may positively impact cosmesis.

Kidney
As with other solid tumors, RFA is increasingly being
applied for the therapy for renal tumors as less invasive
and nephron-sparing techniques, including partial ne-
phrectomy and laparoscopic nephrectomy, have proven
to have comparable 5-year and disease-free survival™,
Currently, RFA as primary treatment for renal ma-
lignancy is limited in study to a select group of patients
with eatly T1a disease or for whom surgical resection is
not an option. These include patients with only one kid-
ney, multifocal disease, Von Hippel Lindau, limited renal
function, eldetly patients or patients with comorbidities
that are poor candidates for surgery™ ™. Contraindica-
tions include a life expectancy less than one year, the
presence of distant metastases, tumors > 5 cm, or tumors
in the hilum or central collecting system. Studies have
consistently shown 91%-97% complete first ablation suc-
cess for small (< 3-4 cm), exophytic, peripherally located
tumors (Table 5). This is due to the fact that peripherally
located tumors are surrounded by peri-renal fat that pro-
vides insulation, allowing the high temperatures necessary
for successful ablation to be achieved. Conversely, hilar
blood flow creates a heat-sink effect making treatment
of central tumors more challenging. The recurrence free
survival varies from 79%-91% in biopsy proven renal cell
cancers, while the 3 and 5 year cancer specific survival
ranges from 95%-100% in the few long term studies.

Bone tumors and metastatic bone lesions

RFA has been long proven efficacious for the treatment
of osteoid osteomas. It is performed in patients with
typical clinical and radiographic characteristics of an os-
teoid osteoma (radiolucent nidus surrounded by reactive
sclerosis) for treatment of bone pain. It is successful ini-
tially in 73%-98% of patients with 92%-100% secondary
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Table 5 Studies involving survival after radiofrequency ablation for solid renal tumors

Ref. Patients Method Mean RCC Complete Recurrence Overall survival (yr) Cancer specific survival (yr) Complications
(tumors) tumor first free
n size ablation  survival
cm
(am) 1 5 3 5
Tracy  208(243) P,L,O 24 79% 97% 90%at3yr 9%' 93%' 85% 95% for RCC  99% for RCC NR
et al®
Levinson 31 (34) P, L 21 58% 91% 80%at5yr NR NR 63% forall’ NR 100% for all 4 for perinephric hematoma ;
et al™ 58% for RCC* 100% for RCC 1 for liver burn;
1 for death from pneumonia
Zagoria 41 (48) P 26 100% NR  88%at5yr NR NR 66% NR NR 2 for pneumothorax no drainage;
et al™ 2 for ureteral strictures
Stern 40 P,L 24 81% 97% 91% at3 yr2 NR NR NR 100% for RCC NR 2 for minor; 3 for major
et al™

'Calculated based on Kaplan-Meier curve and life table; In biopsy proven renal cell carcinoma (RCC); *80 mo overall survival; *57 mo overall survival. P, L, O:

Percutaneous, laparoscopic, open; NR: Not reported.

success rates and majority of patients experiencing pain
relief within the first 1-2 wk of treatment™ ", Compli-
cation rates are minimal with skin necrosis and burns
being the most common. It has been demonstrated to be
comparable to surgical resection with regards to recut-

P RFA has also been described in case reports for
the treatment of other benign bone tumors.

More recently, RFA has been applied as a palliative
modality for the treatment of painful metastatic bone le-
sions. External beam radiation remains the gold standard
for treatment of localized bone pain from a metastatic
focus. However, 20%-30% of patients don’t respond
and are recalcitrant to pharmacotherapy”?. In addi-
tion, patients previously irradiated at a recurrent site,
may not be eligible for repeat radiation therapy. Ninety
percent to ninety-five percent of patients treated with
RFA experience a clinically significant reduction in pain
that can been seen within the first week of treatment
lasting up to 24 wk™*). Complication rates are minimal
and can vary from bleeding, pathologic fractures, skin

rence

and muscle burns and damage to adjacent neurovascular
46
structures’”,

CONCLUSION

RFA has been demonstrated to be an effective local abla-
tive technique in patients with a variety of solid tumors.
More prospective randomized studies are needed before
RFA will replace surgical resection for small, limited
tumors involving the lung or liver. Long term studies es-
tablishing its oncological effectiveness in breast and solid
renal tumors are still needed. The future of thermal ab-
lative techniques may or may not involve radiofrequency
waves as newer ablative techniques involving microwaves
are currently being developed which offer the advantages

of higher intratumoral temperatures, larger ablative vol-
umes, and faster ablation times while minimizing energy
dissipation. However, the safety and efficacy of micro-
wave ablation is still under evaluation. Regardless of the
ablative technique, proper patient selection remains a key
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factor in determining who will most likely benefit.
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