
Radiofrequency Thermal Ablation
as Tumor therapy:
An Overview for the Oncology Team
by Bradford J. Wood, M.D., and Mary T. Wink ler

ecen r develop.
ments in
rediofrequency
thermal able
tion (RFA)
haveexpanded
the treatment
options for cer-
tain onco logy

patients. Minimally invasive. image
guided therapy may now provide
effective local treatment of isolated
or localized neoplastic disease, and
can also be used as an adjunct to
conventionalsurgery. systemic
chemotherapy, or radiation.

RFA expands the medical appli
cation of heat. which for decades
bas been used as a cautery device
to CUt MUe. In the procedu re. th e
tumors are located with ultra
sou nd. computed tomography
(CT), or magnetic resonance (MR)
imagin~ devices. Tben, essentially
the patient is turned into an elect ri
cal circui t by placing grounding
pads on the thighs. A small needle
electrode with an insulated shah
and an uninsulareddistal tip is
inserted through the skin and
directly into the tumor. Ionic
vibration at the needle tip leads to
friction al heat . Aft er 10 to 30 min
ut es of contact with the tumor, th e
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radiofreq uency energy kills a 25
to 5-<m sphere.' The dead cells are
not removed, but beco me scar tis
sue and eventually shrin k.

RFA continues to playa time
tested, major ro le in th e treatment
of patients with painful osteoid
osteomas in the bone2and heart
arrhythmias. In add ition , RFA has
been used to trea t painful tr igemi
nal neuralgia for 25 years .}Today,
the mainstream applications of
RFA are increasing. In part icular,
thismini mally invasive, percuta
neous techni que isshowing
promise as a t reatment option for
~atienuwith primary or metastatic
liver cancer.

Worldwid e, primary liver cancer
is the most common solid cancer,
causing an estimated one mill ion
d eaths annwlly! In the United
States, 15.300 people were expected
to be diagnosed with the disease in
2000,and 13,800 were expected to
die. Hepatocellular carcinoma
accounts for about 84 percent of
primary liver cancers in the U.S.5

The number of people expected to
die from cclorectal carcinoma
metastases to the liver is even
greater than that of people expected
to die from prima ry liver cancer.
T wenry to 2S percent of patients
with colorectalcarcinoma liver
metastases are eligible for surgery.
and of those, the five-year survival
rate is approximately 30 to 40 per
cent.4) RFA may provide a safe and
effective option for patients with
inoperable or recurrent liver cancer
who have failed to respond to con
ventional methods.' Given the lack
of effective treatment options for
the majority of patients with pri
mary liver cance r and metastases to
the liver , the oncology team should
be aware of this relatively new
treatment.

In addition to treatment of
patients with liver cancers, clinical

app lications of RFA include
treatment of kid ney, adrenal, and
prostate tumors; ben ign prostatic
hyperplasia; painful or abnormal
neural tiss ue; and painful soft tissue
or bone masses that are unresp on ·
sive to conventional therapy.

Man y times RFA can be an
alternative to risky surgery, and
sometimes it can change a pati ent
fro m having an inoperable tumo r
to being a candidate for surgery.
The procedure is provin g useful as
an adjunct to conventional tr e.a.l
menu and as a palliative treatment.
What's mo re. the cauterizing effect
of the heated needle preven ts exces
sive bleeding, leading to low com
plication rates. Although RFA may
not be a magic bullet, it dearly can
be a CUR in some cases.

Multiple techniq ues have bun
studied and used to kill tumor cells.
These techn iques include laser,
focused ultrasound, and
microwave,' as well as RFA,
cry otherapy, and percutaneous
ethanol injection (PEl). PEl has
pro ven especially useful in treat ing
primary liver tumors." In PEl,
ethanol is injected directly into the
tumor in mul t iple treatment ses
sions. Prospective, randomized
clinical tri als comparing PEl and
RFA for the treatm ent of liver
tumors are cu rrently in progress.
Cryotherapy is an ablation method
that has been used primarily duri ng
open surgery, after mobilizing the
liver. It has limited applications due
to the size of the treatment probe,
expense, andexcessive complica
tions, such as liver capsule
fracture.' Cryotherapy may be less
effective and more prone to com
plications than RFA for liver
tumors,II although this is contro 
versial. While these multiple tech
nologies can each destroy tissue,
RFA has emerged as safe, cheap,
and predictable, and is becoming
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the treatment of choice for small
but inoperable tumors of the
liver. 1,11.13

UVER CANCERANDRFA
RFA may be most effectivein pri
mary liver cancer (hepatocellular
carcinoma or hepatoma). Primary
tumors are often soft and encapsu
lated,and usuallyoccur in a cirrhot
icliver, allowing for effective dis
bursement and retention of the heat.

Although surgery and liver
transplant are considered the only
curative treatment for hepatocellu
lar carcinoma, few patients are eli
gible," Eligibility criteria tend to
vary by institution and physician.

One Patient's
Experience
with RFA

W
hen Steven H . f eld man.
5J . was di agnosed wi th
liver metastasis follo wing

co lo n cancer surgery. a major can
cer insti tut ion in New York rec
ommended removing 35 percent
of his liver. Uncomforta ble with
the idea of a resection and the dis
ma l prognosis of such surge ry ,
f eld man sought another opi nio n.
H e we nt to North Shore Surgical
Oncology in Great Neck, N. Y.,
a seve n- person surg ical oncology
practice affiliat{'d wit h North
Shore U nive rsity H ospital in
Man hasset and St. Francis
H osp ital in Roslyn , N. Y. There,
he was to ld that becau se he had
more th an th ree bi lobar meres
lases , he was not a good candidate
for surgical resection, H owever,
he could be conside red for
radiofrequency th ermal abla tion
(RFA) or cryotherapy.

Jim Sullivan, ~1. [)., f .A .C.S .,
F.A.S.C. R.S" a surgical o ncologist
at North Shore Sur gical Oncol ogy,
to ld Feldman about RFA. H e
explained tha r although RFA is
effective at local disease cont rol at
the site of th e tumors (wi th abo ut
a 10 percent local rec urrence rate),
o the r liver metastases may devel
op outs ide t he ablated area.
H owever, the RF A treatm ent in
co mbination wit h adjuvant hepar-
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Contraindieations include multiple
tumors, decreased liver function, or
multiple medical problems. While
controlled, long-term studies of
RFA have not been done, survival
rates are likely to be similar to' that
of patients undergoing surgery or
PEl treatment.'!

With a median follow-up of
only 15 months, Curley and col
leagues reported 1.8 percent short
term recurrence rate following
RFA of 169 tumors (median diame
ter 3.4 em) in 123 patients with
primary or metastatic liver cancer."
RFA clearly can provide short
term local control of small, early,
or focal liver cancer. The question

ic artery infusion (H A l)
che mo therapy wou ld offer the
chance to live di sease-free for
months and even years.

" I felt like I did n't have a
choice," said Feld man, "so I agreed
to th is new treatment modality."

feld man had the RfA proce
dure performed in the North
Sho re-affiliated hospital's operating
room. H e was given medication
int ravenously to relieve any post
opera tive incisions! pain and dis
co mfort. Shon lv thereafter, he was
given gene ral a~csthcsia in order to
undergo the RFA operative proce
dure, whic h wou ld "microwave"
the tu mors on his liver.

D uring the proced ure, a repre
scrnarive from o ne of the th ree
companies that manufactu res the
RFA uni ts provided the surgical
oncologist with technical support,
if needed.

As part of the RF A procedure,
a hepatic arte rial infusio n port
was implanted . T he port w ill
allow chemotherapeutic agents to
be delivered to th e live r throu gh a
catheter placed in the hepatic
artery. The port , placed unde r the
sk in and secu red to the abdomi
na l wa ll, uses a side pump mecha
nism and allows direct cat heter
injectio n. Feldman is on a
chemo therapy regimen, wh ich is
sched uled fo r two wee ks on and
two wee ks off. When he is o n
treatment, his chemo dru g is in a
fan ny pack , which he we ars 2-4
hours a day. Effec tive chemother
apy treatmen t depends in lar ge
part on the dynamic inte rp lay of

remains if this finding of a low
short-term recurrence rate will
translate into prolonged survival.
Extrapolation of data from the sur
gicel Iiterature for resection of soli
tary liver tumors suggests that sue
cessful local control may lead to
prolonged survival. Combination
therapies need to be further studied
for impact upon survival as well.'!

Current studies are underway to
evaluate the long-term efficacy of
RFA for liver tumors. As yet, there
have been no long-term, random
ized studies, and the long-term
benefits are thus somewhat specu
lative. Still, preliminary, short-term

continued onpage14

dosage, scheduling, and to xicity.
The RFA treat ment mod ality

in combinatio n with H Al chemo
therap y has given Feldm an what
he terms "a be tte r ou tloo k on
life... My years have been extend
ed , and I have gone bac k to work."
H e maintai ns a positive altitude .

Since the RFA procedu re
almost seven mon ths ago,
Feldman has experienced no sig
nificant op erative su rgical compli
cations, and "is satisfied" with the
outcome. Only the chemo therapy
tr eatment has caused him occa
sional fatigue, so met imes resulting
in lost wo rk time.

As part of hi s follow-up care,
Feldman had an abd ominal CT
scan done within 30 days of t he
operatio n, pri o r to initiation of
H Al chemo therapy and prior to
di scharge from the hosp ital. Liver
function tests arc checked prio r to
each cycle of HA l chemo t herapy,
and dosing adj ustments arc evalu
ated. Feldman is t hen eva luated
every three months wit h histo ry
and phy sical exa mination, CT
scan of the abdominal and pelvic
areas, and liver function tests. T he
carcinocmbryonic ant igen (eEA)
level is checked fo r the first two
years and at leas t every six
months thereafter.

Feldman said his insu rance
plan in New York has paid all the
costs (the evaluation~ the ablat ion,
preoperative , operative, postoper
arive and hospi tal-based charges)
related to his RFA procedure. His
only out-of-poc ket expense was a
min imal ded uctible.

13



results are promising and suggest
that this therapy can impactcertain
patients' survival.

TREATMENY FOR KIDNEY
CANCER.•.AND _
RFA is being studied as a minimally
invasive treatment for patients with
kidney cancer.'..17 An effective.
minimally invasive therapy could

r.0stpone kidney failureand pro
ong kidney function in patients

with multiple or hereditary kidney
cancer, such as von Hippel-Lindau
disease, which causes multiple,
recurrent, and diffuse tumors. RFA
may also provide a useful option for
patients who are not operative can
didares or have solitary kidneys.
multiple medical problems, or unre
seeable tumors.

Surgery for benign prostate
hyperplasia and prostate cancer is
not without morbidity. RFA mar
provide a safer option for removmg
abnormal prostate tissue,'! as well
as predictably destroying the entire
gland with a low complication rate
to the adjacent rectum, sphincter,
bladder base,and urethra.1' ,.20

RFA may also provide a method
for allmating painthat is unre
sponsive to conventional treat
menloZI or to complement treat
ments that have a delayed response.
For example, radiation therapy for

f,ainful bone meeastases can average
our weeks 10 show effeetP Studies

are underway to investigate the
efficacy of RFA in the palliationof
painful bone tumors and painful
peripheral soft tissue tumors that
are unresponsive or poorly respen
siveto conventional treatment.
Preliminary data suggest that RFA
may provide rapid pain relieffor
many rumors in the days following
treatment and thw may decrease
dependence on sedating painkillers.

Ablation of nerve and nerve
ganglia continues 10 be used weir
and effectively in the treatment 0

multiple pain syndromes. including
trigeminal necrelgis, cluster
headaches, chronic segmental tho
racicpain, cervicobrachialgia, and
plantar fasci itis.,·n-16

Patients with functional or
tumorous disordersof the brain,
such as Parkinson's disease. and
benignor malignmt lesions may
also be candidatesfor RFA.v,.21
although it is experimental for brain
rumors, One feasibility series on
RFA for breastcancer in five

"

method. for alleviating

pain that is

unresponsive to

conventional treatment ...

patients suggests that il might play': a
role in select patient populations;l""
however, this is also experimental.

WHAT AIlE tHE
COMPUCATIONS?
Although RFA is relativelysafe
and minimally invasive, the benefits
do not come without slight risks.
The repon ed complication rare has
been estimated at nearly 2 per
cent,14,}Q)1 and may include bleed
ing, effusion. fever, and infection.
The proximity to vital structures
may influence the risk for collateral
damage.The risks are kept to a
minimum byanention to detail as
well as cont inuous monitoring of
vital signs and oxygenation and
pre-procedural blood tests. Compli
cations are usually managed
nonopereeively.

The healing treatment inherent
to RFA actually scops bleeding. The
14 to 17.5gauge needles are very
smal1; they arc the samesize needles
used for biopsy, with the added
benefits of cauterization and coagu
lation. The low rate of bleeding
seen with RFA is likely the result of
this caulerization effect, which is
similarto electrocautery used to
slap bleeding during surgery. This
same treatment of the needle track
should minimize the risk of needle
track seedingin the systems lhat are
capable of cauterizing the track.
The predictable nature of RFA
allows for Iiule collateral damage
during treatments situated near vita.l
structures. In (act, the "heat sink
effect"aetua.lly preserves the vessels
near a treatment area. However,

with this effect, the inflow of
"cool" blood at body temperature
(cool relativeto the cooked tissue)
may impair the heatingof the
tumor cells closest10 the vessels.
The protectedvessel often harbors
an adjacent tumor that may regrow
adjacent 10 largevessels.

Combining RFA therapy with
chemoemboJiution can selectively
block blood (low to a tumor, and
thus may provide more effective
treatment for larger tumors. Com
bining local radiation or local
chemotherapy infusion with RFA
could also be more effective than
any one Irutment alone. Doxo
rubicin has been shown in mice
10 enhance the effects of RFA by
increasing the volume of tumor
treated." Early reports of combin
ing RFA with chemotherapy
infusion andchemoembolieaeicn
should lead to Iaeger studies of
such combination Iherapies.n .n

FINAL 1IIOUGIITlI
A wide variety of clinical applica
tions for RFAare being developed.
If a target can be seen with cr.MR,
or ultrasound, then a needlecan be
placed into it. Ifa needlecan be
placed , then the target tissue or
rumor can be ablatedand desecyed.
If a clean RW'gin is created,then the
tumor will not recur at that site.
Recentdevelopments in RFA allow
this treatment processto be done in
a safe,predictable, and cheap fash
ion with low complication rates and
minimal discomfort, on an outpa
tient basis. Further study is required
to assess which patients will benefit
from this new treatment, and most
cancerpatients will not be candi
dates due to the size or location of
the tumor. Although long-term data
haveyet to be reponed, early results
suggest that RFA may prove to be
an effective tr eatment option or
adjunct for many oncology
patients.
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The RFA Treatment Session

R
adiofrequcncy thermal
ablation can usually be
perfo rmed as an out
patient procedure
unde r general anesthe

sia o r consc ious sedat ion .
Alterna tively, RFA may be per
formed Japaroscop ically o r during
open surgery."

Under light sedation,lidocaine
or bupivacainc is administered
subcutaneously at t he needle
entry site and down to the liver
capsu le. A needle is placed
through the skin and into the
tumor with imag ing guidance.
T reatment sessions of pe rcuta
neou s RFA arc easily mo nito red
using real-time ult raso und imag
ing, computed to mography. or
mag net ic resonance imaging.
Most patients [ecllinlc pain dur
ing the procedure and go hom e
th e same day or th e day after the
procedure, usually with minimal
to no pain or soreness, although
there is a spect ru m, and some
patients will experience severe
pain the day of the procedure.

D uring a 10- to 3D-minu te
treat ment session, nitrogen micro
bubbles gradually create a by perc
choic area o n ultrasound that pro 
vides a rough est imation of the
tr eated tissue. which is 2.5 to 5 em
per 10- to 3D-min ute treatment
sphere. Cl', MR imaging, o r
pos itro n emissio n to mography
(PEn imagi ng may provi de more
exquisite detail fo r fo llow-up ver 
ification of the t reatment zone
and for findi ng residual or recu r
rent neoplastic tissue. Although
real-time MR imaging and CT arc
available, they are not in wide
sp read usc. Ultrasound is a safe,
co mmon, and easy guidance
met hod, altho ugh it is somewhat
opera tor depend ent .

Once the needle has bee n prop
crly positioned within the tumor,
t he tissue is heated. At tempera
tures exceeding 50"C. cells are
dcstroved. To treat tu mors of di f
ferent size and shape, the need le is
available in different lengt hs and
shapes of exposed tips Y
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Energy is transferred fro m the
uninsularcd d ista l tip of th e needle
to the tissue as cu rre nt ra ther than
as dir ect heat. The circuit is com
pleted with groundi ng pads
p laced o n the patient's thighs. As
the alterna ting current flows to
the gro und ing pads, it agitates
ions in the surro und ing tissue,
result ing in frictiona l heat. The
tissue surrou ndi ng the needle is
desiccated , creating an oval or
spher ical lesion of coagulation
necrosis, typ ically 2.5 to 5 cm in
diameter for eac h 10- to 30
minute tr eat ment . T hese sph eres
are added together in three
d imensio ns to ove rlap and co m
pletely envelo p the tu mor.
Ideally, the tre ated tissue will
co nta in the entire tumor plu s a
variable rim of healthy tissue as a
safety margin,

Failure to ablate the ent ire
tumor with clean edges result s in
regrowt h of th e tum or.
Depending o n the size and con 
figuration of new growth, th e
patient mayor may not be suite d
fo r another tr eatment session.
Over months to years, as the dead
necrotic cells arc reabsorbed and
replaced by scar tissue and fibro
sis, the size of the thermal lesion
shrinks, alt hough the remaining
cells arc ideally dead , The fossi
biliry of successful surgica resec
t ion may be augmented by
decreasing the number of
tu mo rs." Treatm ent of a tumor in
one lobe may broaden the su rgical
indicatio ns of a tu mor in the other
lobe. D ue to the nat ural course of
the diseas e, new or recurrent
tu mors may be suited fo r addi
tional tr eatment sessions as well.

Various methods of increasing
the volume of treated tissue have
been explo red. O ne ty pe of abla
tion need le-electrod e consists of a
coax ial system. o r an expandable
need le within a needle. The inner
hooks are deployed once properly
situated within the tumor .1~

Different co nfiguratio ns allow for
tr eatm ent of var ious shapes and
locations of tumors. Anot her able-

rio n system ut ilizes a triple parallel
needle array. wh ich syn ergistically
increases the tr eated volume..-o

At temperatures exceedi ng
100" to 11 0"C, the tissue su r
rou nd ing the needle vapo rizes.
T he gas fro m the vaporization
insulates the area immediately
arou nd the needle, limiting ene rgy
deposition in the target zo ne and
decreasing the vo lume of tissue
treated. Overcoo king or charring
around the outs ide of the needle
also insulates and causes inco m
plete destruction of target tissue
remote from the needle. much like
a hamburge r cooked too fast o n a
grill, charred on the ou ts ide and
raw in the middle.

The deleterious effects of char
ring and vaporization may be
decreased b)' mon ito ring temper
ature and/or impedance d uring
treatment . and adj ust ing the cur
rent acco rdi ngly. T he generators
have co mpu ter ch ips or treatment
algorithms to assist in optimizing
thi s process. One syst em perfuscs
chilled saline within ol. closed -tip
needle in order to deposit more
energy without increasing the
temp erature." This sys tem allows
an inc rease in the lesion diameter,
while keeping the te mperatu res
below the vapo rization poi nt.

At the end of a tr eatme nt ses
sion. t he active needle is slowly
retracted to heat and cauterize the
needle pathway. This actio n pre
vents bleed ing and tumor seeding
of the needle tr ack by destroying
any cell that becomes att ached to
the needle o r di slod ged in the
needle t ract .

T hree companies (RITA
Med ical Systems, Radio nics, and
RadioTherapeuti cs) mark et RFA
sys tems. They curren tly have
FDA 510-K clearance fo r soft tis
sue ablation. and have o r are pur
su ing FDA 510-K clearance fo r
un rcsectablc liver tu mor ablation.
Alth ough it is in its infancy as a
technique, RF A is no longer 1

com pletely experimen ta l
procedure.
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