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Abstract

Radiofrequency ablation (RFA) causes focal coagula-
tion necrosis in tissue. Its first clinical application was
reported in 2000, and RFA has since been commonly
used in both primary and metastatic lung cancer. The
procedure is typically performed using computed to-
mography guidance, and the techniques for introducing
the electrode to the tumor are simple and resemble
those used in percutaneous lung biopsy. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures; chest tube placement for
pneumothorax is required in up to 25% of procedures.
Other severe complications, such as pleural effusion
requiring chest tube placement, infection, and nerve
injury, are rare. The local efficacy depends on tumor
size, and local progression after RFA is not rare, occur-
ring in 10% or more of patients. The local progression
rate is particularly high for tumors > 3 cm. Repeat
RFA may be used to treat local progression. Short- to
mid-term survival after RFA appears promising and is
approximately 85%-95% at 1 year and 45%-55% at
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3 years. Long-term survival data are sparse. Better
survival may be expected for patients with small me-
tastasis, low carcinoembryonic antigen levels, and/or
no extrapulmonary metastasis. The notable advantages
of RFA are that it is simple and minimally invasive;
preserves pulmonary function; can be repeated; and is
applicable regardless of previous treatments. Its most
substantial limitation is limited local efficacy. Although
surgery is still the method of choice for treatment with
curative intent, the ultimate application of RFA may be
to replace metastasectomy for small metastases. Ran-
domized trials comparing RFA with surgery are needed.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Radiofrequency ablation (RFA) for pulmonary
metastasis of colorectal cancer is technically simple.
The procedure rarely results in death. The most com-
mon complication is pneumothorax, which occurs in up
to 50% of patients. Severe complications are rare. Lo-
cal progression after RFA is not rare and occurs in 10%
or more of cases. The short- to mid-term survival after
RFA appears promising and is approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term survival
data are sparse. Better survival may be expected for
patients with small metastasis, low carcinoembryonic
antigen levels, and/or no extrapulmonary metastasis.
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INTRODUCTION

Colon cancer is the third most common cancer and the
second most common cause of cancer-related mortality
in the United States, and 10%-30% of patients with co-
lon cancer have pulmonary metastasis at presentation”,
Even if metastasis is not initially present, the cancer may
recur in the lungs after curative resection of the primary
cancer. Kobayashi ez a/” surveyed 5230 patients who
underwent curative resection for colorectal cancer and
found that 906 patients (17%) developed recurrence at a
median of 1.4 yeats after sutgery. The first recurrence site
in 250 patients (5%) was the lungs, which was the second
most common site of recurrence after the liver (373 pa-
tients, 7%). Although lung recurrence is usually accompa-

nied by recurrence at other sites, recurrence was confined
to the lungs in 2%-10% of patients who develop distant
metastases' .

A meta-analysis demonstrated that patients with un-
treated locally advanced or metastatic colorectal cancer
had a median survival of 8 mo”. The International Regis-
try of Lung Metastases’ revealed that the 5-year survival
rate for patients who underwent complete resection of
lung metastasis was 36%, compared to 13% for patients
who did not undergo complete resection. A large-scale,
multicenter retrospective study in Japan" also reported
significantly better survival in patients who underwent
resection for pulmonary recurrence. Thus, surgery is
considered the treatment of choice for curative intent.
However, that study" also indicated that less than half
(38%) of the patients with pulmonary recurrence undet-
went surgical resection. Mitry e a/” reported that only
4% of patients with synchronous pulmonary metastases
and 14% of patients with metachronous pulmonary me-
tastases were curatively resected. These data indicate that
many patients with pulmonary metastases are not consid-
ered suitable for surgery. Therefore, the development of
less invasive local therapies, such as radiofrequency abla-
tion (RFA), may be attractive.

PRINCIPLE AND TECHNIQUES OF LUNG
RFA

RFA causes focal coagulation necrosis in tissue via the

delivery of energy in the form of an alternating electri-
cal current with a frequency of 460-500 kHz in the radio
wave range. The alternating electrical current causes the
agitation of ionic dipolar molecules in surrounding tissue
and fluids, resulting in frictional heating. The exposure of
cells to temperatures of 50-52 C for 4-6 min may induce
cytotoxicity”. Between 60 ‘C and 100 °C, there is a near
instantaneous induction of protein coagulation, which
irreversibly damages key cytosolic and mitochondrial
enzymes, as well as nucleic acid-histone protein complex-
es'. Thus, the aim of the RFA procedure is to generate
temperatures > 50 ‘C in cancer cells.

Since Dupuy e al”! reported the first clinical use of
RFA to treat lung cancer in 2000, RFA has been com-
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monly used as a treatment for both primary and meta-
static lung cancer. The thermal and electrical conductivity
of air are low, and thus the effects of RFA on the lungs
may be tissue-specific. Accordingly, it has been demon-
strated that a given quantity of RF current produces a
larger volume of ablation of tumors in the lungs than in
subcutaneous tissues or the kidneys'”. Conversely, alveo-
lar air and ventilation may limit the ablation zone in the
surrounding parenchyma, as saline infusion into the lung
patenchyma to reduce alveolar air and bronchial balloon
occlusion enlarged the ablation zone in animal experi-
ments" "'"*. This difficulty in ablating the marginal paren-
chyma may account for the relatively high frequency of
local progression after RFA of lung cancer.

RFA is indicated in patients who are considered non-
surgical candidates and for whom the treatment of lung
cancer is expected to contribute to prolonged survival.
The procedure is not indicated in patients with poor pet-
formance status (e.g., PS = 3), leucocyte count < 3000
cells/ pL, uncorrected coagulopathy (e.g., a platelet count
< 50000/puL ot a prothrombin time-international ratio
> 1.5), poor pulmonary function (eg., predicted forced
respiratory volume in 1 sec < 1000 mL), poor cardiac
function (eg., New York Heart Association Class = 11I),
uncorrected diabetes (eg., HbAlc = 7), and uncontrol-
lable extrapulmonary cancer. The procedure is feasible,
but patients with tumors in contact with the heart and
aorta are at a higher risk of local progression[m.

The electrode used for lung RFA is usually either a
multitined expandable electrode or an internally cooled
electrode”. The multitined expandable electrode, which
is more commonly used for lung RFA, consists of an ar-
ray of multiple electrode tines that expand from a single,
centrally positioned large needle cannula. The internally
cooled electrode consists of dual-lumen needles with
non-insulated active tips, in which internal cooling is
achieved by continuous perfusion with chilled saline.

We suggest that the procedure should be performed
by physicians who are familiar with both computed
tomography (CT)-guided intervention and RFA. The
procedure is usually conducted under local anesthesia,
but epidural or general anesthesia may also be used. CT
is the only image-guidance modality that can be used for
lung RFA. CT fluoroscopy permits a near real-time image
display, thereby facilitating the procedure. The techniques
used to introduce the electrode into the tumor under CT
guidance are simple and similar to those used in percu-
taneous lung biopsy. A prospective multicenter clinical
trial showed that treatment was successfully completed in
99% (105/106) of patients“‘ﬂ. Multiplanar reconstruction
of CT images is useful for confirming proper positioning
of the electrode. After introducing the electrode into the
tumor, a given RF energy is applied for a variable dura-
tion. In our institution, an ablation algorithm based on
electrode type is used; this algorithm has been described
in the literature!'”. The procedure should aim to obtain
an ablative margin of at least 0.5 cm around the tumor
to treat the microscopic extension of cancer cells around

January 28, 2014 | Volume 20 | Issue 4 |



Hiraki T et a/. RFA for colorectal pulmonary metastasis

Figure 1 Pulmonary metastasis in a 68-year-old man with colorectal cancer treated with radiofrequency ablation. A: Computer tomography (CT) image before
radiofrequency ablation (RFA) showing a tumor (arrow) 1.1 cm in size in the right middle lobe; B: Positron emission tomography (PET) image before RFA showing
increased fluorodeoxyglucose (FDG) uptake by the tumor (arrow); C: CT fluoroscopic image obtained during RFA showing the treatment of the tumor with a multitined
expandable electrode (arrow); D: CT image 1 mo after RFA showing cavity formation around the ablated tumor (arrow); E: CT image 3 mo after RFA showing cavity
collapse and an increase in the size of the ablation zone (arrow) beyond the tumor size before RFA; F: PET image 6 mo after RFA showing the disappearance of FDG
uptake; G: CT image 24 mo after RFA showing the shrinkage of the ablation zone (arrow) and its appearance as a focal atelectasis.

the macroscopic mass and thereby decrease the risk of before ablation because the lesion includes the ablated
local progression. To obtain an adequate ablative margin, marginal parenchyma surrounding the tumor' ™. Thus,
repositioning of the electrode followed by application of at a given time point during this period, local efficacy
RF energy (so-called “multiple overlapping ablations”) cannot be evaluated by comparing the tumor size with
may be petformed. the pretreatment tumor size. Consequently, CT images

are first obtained in the eatly period (e.g., 1 mo) after RFA
as a point of reference. Thereafter, it is possible to evalu-

RADIOLOGICAL EVALUATION OF LOCAL ate local efficacy by comparing the size and geometry of

EFFICACY the ablzlltion zone with the previous CT images. When the

tumor is completely ablated, the ablation zone gradually
Figure 1 shows radiological images of a pulmonary decreases in size™” and typically becomes scar-like tissue.
metastasis from a colorectal cancer patient treated with Local tumor progression is considered to occur when the
RFA. Local efficacy is evaluated primarily by sequential ablation zone increases in size™. In our experience, in
follow-up CT scans. During the first 6 mo after RFA, most cases of local tumor progression, a nodule appears
the size of the ablated lesion may exceed the tumor size in the periphery of the ablation zone that always enlarges
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if untreated. Such a nodule generally exhibits some de-
gree of contrast enhancement that distinguishes it from
the unenhanced necrotic tumor tissue”™. Thus, contrast-
enhanced CT images can be helpful in confirming the di-
agnosis of local progression. However, in our experience,
local progtession is diagnosed by careful observation of
the size and geometry of the ablation zones. Therefore,
we are of the opinion that contrast-enhanced CT is pref-
erable but not essential for diagnosing local progression.

Positron emission tomography may also be used to
evaluate local efficacy. Focal areas of increased fluorode-
oxyglucose uptake at the ablated zone are suggestive of
local tumor progression. However, attention should be
paid to possible false-positive results during the first 3
mo!?" or even at 24 mo™ after RFA, due to inflamma-
tion induced by RFA.

REVIEW OF STUDIES ON RFA OF
PULMONARY METASTASES FROM
COLORECTAL CANCER

A review of the literature was conducted by searching
the PubMed database. The results were limited to studies
published in English, and the search was performed with
the keywords “colorectal”, “lung”, and “radiofrequency
ablation”. The citations of all electronically identified
articles were further manually searched for potentially

relevant studies. Human clinical studies on the efficacy
of RFA of pulmonary metastases from colorectal cancer
were selected, while animal experiments, case reports,
and reviews were excluded. All relevant articles were sub-
sequently evaluated.

Table 1 summarizes the results for the use of RFA
to treat pulmonary metastases in patients with colorectal
cancer. A group at St. George Hospital in Australia pub-
lished several reports on the use of RFA to treat pulmo-
nary metastases in patients with colorectal cancer 7,
In 2003, Steinke e# a/"” published their preliminary study,
which mainly focused on morbidity. In total, 20 non-
surgical candidates with 41 pulmonary metastases from
colorectal cancer were treated with RFA. The procedure
resulted in technical failure for 1 tumor. A total of 10
(50%) patients developed pneumothorax, and 5 patients
(25%) required chest tube placement. Intrapulmonary
hemorrhage occurred in 3 (7.5%) of the 40 tumors, but
all cases were self-limiting, In 2007, Yan ez al”® reported
the mid-term outcomes of 55 nonsurgical candidates,
including morbidities, local efficacy, and survival. No
hospital mortality was reported. The periprocedural
morbidity rate was 42%, which included intrapulmonary
bleeding (9%), pneumothorax (29%), pleural effusion
(7%), and persistent pleuritic chest pain for more than 1
wk (4%). Some patients experienced more than 1 adverse
event. In total, 9 patients had pneumothorax that re-
quired chest tube placement (16%). The median duration
of hospital stay was 1 d, and the median follow-up period
was 24 mo. The proportion of local progression at the
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time of the study was 38%. The 1-, 2-, and 3-year over-
all survival rates were 85%, 64%, and 46%, respectively,
and the median overall survival was 33 mo. The 1- and
2-year local progression-free survival rates were 74% and
56%, respectively. The 1- and 2-year local progression-
free survival rates were 88% and 69%, respectively, for
<

the patients in which the largest lung metastasis was <
3 cm, and 27% and 18%, respectively, for the patients in
which the largest lung metastasis was > 3 cm. The 1- and
2-year overall progression-free survival rates were 61%
and 34%, respectively. The median overall progression-
free survival was 15 mo. Univatiate analyses identified the
following factors as significant for local progression-free
survival: the size of the largest lung metastasis, the loca-
tion of the lung metastases, and post-RFA carcinoem-
bryonic antigen (CEA) levels at 1 and 3 mo. According
to multivariate analysis, a largest lung metastasis of > 3
cm (HR = 8.3) and post-RFA CEA level of > 5 ng/mL
at 1 mo (HR = 3.5) were independently associated with
reduced local progression-free survival. Two factors were
found to be significant for overall progression-free sur-
vival: sex and size of the largest lung metastasis. In mul-
tivariate analysis, only a largest lung metastasis of > 3 cm
(HR = 5.1) was independently associated with reduced
overall progression-free survival. Yan ez al’ also reported
a learning curve for RFA in which morbidity was re-
duced. The same groupm] reported the outcomes of an
open-label prospective trial of RFA for 148 nonsurgical
candidates with lung metastases from several primary
cancers; 73% of these patients had primary colorectal
cancer. Although the data for the colorectal cancer pa-
tient subgroup was limited, the median overall survival
for patients with colorectal cancer was found to be 60
mo.

Simon e a/”” reported a mixed population comprising
153 nonsurgical candidates with 189 lung cancers, includ-
ing 18 patients with pulmonary metastasis from colorec-
tal cancer. Although the data from the colorectal cancer
subgroup were scarce, the 1-, 2-, 3-, and 5-year survival
rates for those patients were 87%, 78%, 57%, and 57%,
respectively. Lencioni ez al'” performed a prospective,
multicenter clinical trial of RFA using a mixed popula-
tion comprising 106 nonsurgical candidates with primary
lung cancer and pulmonary metastasis from various pri-
mary cancers. In total, 53 patients had metastases from
colorectal cancer. No procedure-related deaths occurred.
Complete treatment was confirmed for = 1 year in 91%
of the patients with pulmonary metastases from colorec-
tal cancer. The 1- and 2-year overall survival rates for the
patients with colorectal metastases were 89% and 66%,
respectively. The cancer-specific 1- and 2-year survival
rates were 91% and 68%, respectively.

Hiraki e @/ assessed the outcomes of 27 nonsurgi-
cal candidates with pulmonary metastases from colorectal
cancer; these patients comprised a total of 41 RFA ses-
sions. There was no mortality or sequela. Pneumothorax
occurred after 49% of the sessions, and chest tube place-
ment was required after 7.3% of the sessions. Pleural

January 28, 2014 | Volume 20 | Issue 4 |



Hiraki T et a/. RFA for colorectal pulmonary metastasis

sasATeue Apoanoadsar ‘968 pue 9 47/ %68 94T “eruowmnau ‘o /T Jusuraserd
ajerrealun £ G0 PUB 9 ///%S6 PUC %76 O¥el S [e20] Apanoadsax aqny 3soypd Surimbar uorsnyge [enay g
10§ sIsejselaur Arepuodas pue Arewtxd 1eak-¢ /-g /-1 ‘97 / pue g1 :uoissaxdord ‘96 :uorsnyye eanafd [[eraAQ ‘% 6T pSiice)
Areuowrnd ‘our 9 :GO URIPIIA ‘A[oAn3oadsax zowny [edof jo uonaodord  uswederd aqny 3sayd Surmbai X 14 (ueaur) 190ue)) UL
Jo equInN %06/ %TL/ %S6 PYeL SO Tedh-¢ /- /-1 Arepuodas pue Arewrtig ‘%EE XLd [e1PAQ “%0 “AnferoN  (uerpaw) 8T G'g-H0 ST €9 Gy €10C -UeO[S [ELIOWDIN [eal? 2 2124
sasATeue
perreanmnur £q %64/ %6L/ %06 orex 9T yuswaoerd
SO 107 [9A3] VD [OTU0D [ed0] Iedk-G /-¢ /-1 aqm3 3saypd Surrmbax uorsnyge [eInaf g
pue sisejsejowr our g¢ ‘GO UeIPIIA ‘A[pandadsax ‘o, %] :uorssargord “op o1 yuawaoeld aqny 3sayd Surrmbax (ueou) (ueour)
Arevowndenxy  “9%ge/ %95/ %¥8 ¥er SO Teak-g/-¢/-1  1owmy [edof jo uoniodord  XId ‘%Tc XLd I[BIRAQ ‘%0 ANferoN  (ueaw) 6z 0c 6T 99 8/ 600C ANSTPATUN BN ]V 19 OPERWRX
sasAreue o %' T yuawraderd
dperreAnnuw Aq aqny 3o Surrmbar ewakdwry ‘90
SO 10§ 9ZIS I0Wn} I9AD) O, §€ < ‘9 FT “UOISNYJd [N ]
pue sisejsejour owr T¢ :§O UeIpaIA ‘A[oanoadsar 9,41 :uorssardoxd ‘9,07 yuawderd aqny 3sayp Surrmbax (ueour) (ueaur) uede(
Lrevowrndenxg  ‘%9%/%z9/%¥8 P¥ex SO 1eak-¢/-g /-1 Toumy [ed0] Jo uoniodord  XLd ‘%LE :XLd [[BIRAQ ‘%0 :AH[ertoy  (ueaw) 6T vT 44 79 T4 L00C Ul TJUSDLMIN Y §2 OpeNeurex
Aanoadsax
%29 PUe %95/ %9 pue
%9S/ %58 PUe %L dyel
[013U0 [ed0] Arepuodas
pue Arewrid xeak-¢ /-7 /-1
sasAreue Aroanoadsar
ajerreatun £q 50O “9,0¢ pue 9 T¢ :uorssardoxd “9/GT {UOTSNJJD [eINS[J
10§ sIsejsejaur our ¢¢ 10O UedA “‘A[oandadsar rowny [edof jo uonodord ‘9 ¢/ yuswaderd aqny 3sayd Surimbaix (ueau) (ueau) Ayszoarun
Areuowrndenxg  ‘%8%/ %S/ %96 31 SO Teak-¢/-g/-T  Arepuodss pue Arewrtq  XId ‘%6 :X1Ld [TeT2AQ ‘%0 :ANTeHoN  (uerpaw) g G'T 8T 79 LT 00T ewedeiO al? 2 DIRTH
eI[ensny pue
‘Kueurran) “Ae)y
‘wop3uny payun
%89/ %16 :Ted4-g /-1 [eATAINs oydads 9,6 ‘uorssardoxrd (ueaur) (ueaur) ‘$91e1G PAYIU( A}
VN ~190URD) ‘999 /%68 :1edk-g /-L SO Iowny [e20] Jo uonrodorg %0 :Ay[erIoN VN 1 e €9 €8 800C  UIIJUadUNA [gpl? #2 TUOTOUS]
sasAeue
djeLIRAT[NUL
£q 544 [Teen0
10§ 9ZIS Iowmn],
‘sasATeue ouwr T :Sid
orerreannur Aq  [[eIOA0 URIPIIA ‘A[2Andadsa ‘o, f¢ /% 19 9,6 :8eyrIoway
SAd [e00] 10]  :9YeI G [[eIoA0 Tedk-g /-T ‘ApAnoadsax Areuowrndenur Sunrur-J@s ‘%491
V. Ioye yiuowr ‘996G /9 ¥/, :9¥e1 G J [ed0] 1ed4-g /-T uaweoeld aqny 3sayp Surimbar X 14
1.3e [9A9] VHD ‘owr ¢¢ :GO URIPIIA “A[oanoadsar 9,8¢ :uorssardoxd ‘o4 /. \UOISNIJD [eINS[ ‘%67 X1d ‘% TF (ueaur) (ueaur) resdsory
pue azrs Iowny,  ‘99%/%%9/ %G8 P11 g0 Iedk-¢ /- /-1 Iowmny [edof Jo uontodorg  :dyer Arpiqrou [[eAQ ‘90 Aoy (uerpaw) Fg e VN 9 S8 2002 981095 15 gl? 12 UBA
96’/ :aSeyLIoway
Arevowndenur Sunnut-j[ag ‘9 ¢
Juawadeld aqny 3sayp Surmbar X 11 (ueaur) (ueaur) reydsory
VN VN VN ‘%06 :X.Ld [[e12AQ “%0 :ANferoN  (uerpaw) 1 ¥ 1c 29 0T €00¢C 231099 15 [gnl? 12 UG
(owr) pouad (up) azis judped 1od  (K) ase
$1030ej disousoad JeAIAINg £oedy)9 8307 fpiqiow pue Lijeriop dn-mojjo4 Jowinj siown) jo ‘ON 1Jjusned & Jed) AU)D) ‘Joy

J13dUed [32210]0D WOy saseysesaw Areuowjnd jo uonejqe A>uanbaijoipes Jo sawodIno Supaodal salpn)s jo Aewwing | 3[qeL

January 28, 2014 | Volume 20 | Issue 4 |

992

WIJG | www.wjgnet.com

TeA
JBaishideng®



Hiraki T et a/. RFA for colorectal pulmonary metastasis

o 3o (0/4GT) € UI parmdd0 a3euresp Summbar xezoypownau ] “(Amfur snxord reryoesq | pue Linfur aazou [eaSulre] 1U07INd37 [) soun(ur 9AFU ¢ pue sislidoway [erey ur paynsas
1By} UOR2JUT Pake[op | SUIPNIUL ‘SUORDIJUL G cwonIasur uresp Summboas suorsnygo (eanard ¢ :(06'¢) suonedrdwod Jolews ()] 939m 39YT, '0/() SeAr 218X A[EIIOW P-O¢ YT, YeI[
e paguofosd JO $I5ED OU 239M DI, "0/06°¢ Stas 23ex uoned[[dwod Jolew oy, saserserow g Jo [e103 € i syuaned gz ur sampadoid vy 95z powrograd | v 7 swel[ioy
V¥ 3O swmn o e siseaserow Axeuownd Jo Joquunu 9y Sea J030¢J dnsoudord 1uedruSis A[UO 9 18y} PI[EIAT SICEIIEA SNOTIEA SUTSN SISA[EUE NeLeATu() A[PAndads
97 “0/,)G PUE 07/ 0466 9FM YTy JO OWN Oy} WOIJ $9)eF [BATAINS [[EIOAO JBIA-C PUE -7 -] O, 'OW O SEM 93nPad03d Y,y o1} JOIJE oW [BAJAINS [[EFOAO UBIPOW U T, *s38o£ ¢
18 A[0An00dsa1 ‘0/ 8 PUE 0/,// PUE ‘STeA 7 I8 A[2ARoadsor ‘o8 PuUe o/ Feak [ 18 A[pAndadsar ‘oG PUE 0,76 93oM SIIBF [BAIAINS 993]-UOISs2r303d Jowm [ed0] £3epuodds pue
Arewmad oy T, *(SUOISIT 59 /49) %,C6 SeM 21BT $SITIANIAYI (suone[qe 1eados 3013e) ATePU0I2s o) PUL Y. Y YHA PaILan-o3 939m f passardord 1eqy suorsa] oy Suowry (0L = YH)
wo G’ = suorsa] Pim paredwiod uorssardord [ed0] JO NS JOYSIY € premol AOUSPU] B PEY WD G'] < SUOISYT "V, Iy F9JE Ow ['[] JO ULIPIW © 1€ (0/,C) SUOISI] ( UI PIIINII0
vorssa3303d FOWIN) [8I0] ‘SUOISI (9 AU JO VY e owr g1 sem pomad dn-mof[o verpawr oy T, “eruowmaud [erra1oeq padopasp usned su() 9Feuresp 79391ped parmbar yorym
Jo ouo ‘vorsngzo [end[d JO $9sed ¢ 9FoM IO, '9qm) 3sayd snoaueIndiad v Jurmbor syuoned (0,q1) 71 YA ‘SUOISSIS 913 JO 0/,¢¢ UT PaIFNI10 XEIOYOWNDU KI[eIJouw [e3npad
-oxdpad ou sea a3y, P | sea Aess [eardsoy ueIpow Sy, FOIUED [232I0[0 WO (WD G'¢ >) saseiserowr Arevownd (9 (I SNTPIPULD [EDSINSUOU Gy PAIPTIS | 72 /2 9319
‘S[PA9] VD) 2ARESaU i sjuaned ¢¢ o ur K[pandadsar ‘o9 pue 0,08 ‘0 / ¢ PUE SIsEISEISW AFeUow
-;denxo ou P syuoned 6 oy ur APAR2adsax ‘0 /G PUE ‘0/cg ‘0,86 SFIM ST [PAIAINS JEIL-G PUL ~¢ -1 9T, 's7030¢] onsoudoird Juspuadopur APULIYIUSIS 93om SI[EIFEA 7 3
-Je[ 91} 1B} PADEDIPUTL OS[E SISA[EUL )LIEAD[NIA *ST010¥J dNSOuF0Id St S[PAI[ YH D) [PWIOU PUE ‘SIseIselows Areuowndenxa JO 90Uasqe SISEISEIaW SUn(-9[3Urs ‘Wd ¢ = JO F219Werp
JOWN) WNWIXEW PIYAUIPT SISA[BUE JLILAIU[) ‘OW Q¢ SLA W [EAIAINS ULIPIW Y} Put A[2An22dsar ‘0,6 PUL 0/0G “0/HQ 9T/ SIIBI [EAIAINS FeIL-G PUL ~¢ -] oY T, IULIYIUSIS
A[eonsnels sea 2dUDIJJIP SIYT, "Wd ¢ < sFown P sjuaped UT 0,69 PUE 0,69 04¢G PUE WD ¢ = stowmn) s syuaned ur o4 ] PUL ‘o4 “0/,G 979m $91EF UOISsa1303d Jotm) [8o0]
Te94-G pue ¢ -1 oy T, K[2an02dsax ‘o)1z PUE ‘017 ‘0[] 2FOM $1eF UOTSSa1303d JOowmM [820] 7894-G Ut -¢ -1 oy T, *(0/ 1) siuoned [ UT PoAIISqO sem UOISsa3303d sowmn [ed0T
“A1oAn22dsaz ‘suorssas oy 3O (0F1/2) % T PUe (OF1/81) %E T UT pa3imddo juawade(d aqn 1sayd Summbaz uorsngjo erna(d pue xezoypownaud pue ‘suorssas oy 3o (041 /1€) %cT
ur podoPAdp XEIOPOWNIUJ ‘OW 9 sem porrad dn-mo[[o] Ueaw Y], FIOUEd [¢ID2I0[0d WOy saseaserow Arevownd i syuoned g/ Surajoaur Apnis 391u23-3[3uls € parzodax
ef? 72 Opeewrex Apuanbasqng 'sisdeue aevAnIW 0} FUIPIOIIE JUEDYIUSIS OS[E 239N SJ0IDEF 7 183 OY [, '$303€) dnsouFord JuedyruGs 230M [PAJ] YD) PUE 9IS JOWN) ‘SISEIST)
-ow Areuowndenxo 18y} Po[eoAd] SISATEUL JBHEATU() 'OW [¢ SBM JWN [BATAINS ULIPIW O ], A[0ANI2dS0T ‘0/0f PUE 0470 ‘0/HQ 9FOM ST [EAJAINS [[BIDAO JEIA-C PUE -7 -T Y[,
TULDTIUSTS A[[EONSNEIS SLA DDUDIOYJIP SIYT, ‘WD ¢ < SIOWN) YIm 3soyd uf (0] /S) 94,05 PUL Wd ¢ = sjowmn) s asoy) ul ([9//) 04,11 St uorssarsord jowm [edof pis syuoned
jo wopsodoixd oy, ‘owr g1 jo pomad dn-moroy ueowr ayp Supmp syuaned [/ 9y Jo (0/4,L1) Z] UL paAIasqo sem uorssardord sown edo  Juaned (o44°7) 1 ur padopaasp ewakdwyg
"2qm) 389D & paxmboax woym Jo (0,07) 1 ‘Sruoned (o,,¢) 97 ul padofoasp xezopownau s1uaned (o4 ]) ()] UI PaaIasqo sem gorsngja reanard onewordwidse pue ‘(o) siuoned
$1 ul padopaasp (O, §¢ <) FOAQ] "PIAFISO Sea Ayferzow ON ‘sAeprpued [edrsimsuou [, Surspdwod uede( ur Apnis 301u9dnMW € JO sIMsaF oy parzodar Lef? 72 OpsEEx
TEATAINS [T PAILIDOSSE JOIDBJ JULIPTUSTS A[UO o) St Y,y JO 9WN 9 1B S[SLISLIow
Arevowndenxo Jo 0ou2soxd oY) 1BY) PO[BOADT SISAETE DIBITEATU() "OW ¢¢ SeA W [BATATNS ULIW oy T, K[0AN00dSaT ‘0,84 PUE ‘0/ 4G ‘0/0(@ 9FoM ST [BAIAINS JLIA-C PUE -7 -] 9y,
'$T894 ¢ 1 0/,79 PUE ‘183K 7 I¥ 0,79 ‘Teak [ 18 0/,GQ 01 pasordur arom $91EF [0NUOI [820] o1 ‘TOrssar30rd [ed0[ 303 ammpasord oy Suneados Ag 'syeaf ¢ 1€ 0,96 pue ‘syeak g 1€ 0/,9G
FBaA 1 1 0/57/ 9T/ $JeF [0NUOD [e20] Axewurrd oy T, Apris Jo swp 9y I¥ sT0WN) A JO 0/,()¢ UT PIATISAO st UOIssa130xd [eo0] ‘sny T, -armpadoxd oy Suneadas Aq pajean Apiord
-wod 23om syowmn) SurssaiSord Ao 959 Jo ¢ ‘szowm) oy JO (G1/ST) %€ UI POAIISAO SeM Y,TY 9t UOIssai301d [D07] 'SUOISSIS dY) JO 0/,GT FOIJ& PIISIUNODUD SeM TOISTID

‘uorjeqe Aduanbaxjorpey .y ‘UaSnue dIuoAIqUIsoudIe)) [yHD EAIAINS IJ-UOISSAIZ0I] G ] [EATAINS [[EIDAQ SO ‘XLIOUIOWNAU ] :X L] D[qe[reAe Jo0N VN

%80 :Amfur aaraN
‘0507 sUONORAU] ‘9,7 T Juswadeld aqny
3sayp Surrmbai uorsnyge [emalJ ‘% 6T

Juawadeld aqny 3sayp Surimbar X 11 JOOYDS [edIpPaIA
%61 ‘uorssaidoxd ‘9.6°¢ uoryediduwod 1ofejN ‘90 ‘yreap (ueaur) (uerpaur) uopuo] 33910
SUON OW T¥ :SO URIPIIN ‘9% /G 9¥el Teak-¢ GO Iowmj [edo] Jo uoniodor] paje[ar-ampadoid aye ‘90 :A3TetoN VN LT e 89  TCI €I0C AyistoaTun gl 72 SWeID

(4 9

TR
JBaishideng®

January 28, 2014 | Volume 20 | Issue 4 |

993

WJG | www.wjgnet.com



Hiraki T et a/. RFA for colorectal pulmonary metastasis

procedures. The local progtression analysis included 268
tumors with > 6 mo of imaging follow-up data available
for review. On a tumor-by-tumor basis, 52 (19%) of 268
tumors progressed locally. The mean and median times
to local progression were 9 and 8 mo (range 2-27 mo),
respectively. The median overall survival and 3-year sur-
vival rate were 41 mo and 57%, respectively. No signifi-
cant prognostic factors were identified, although survival
tended to be better in patients with smaller tumors.

In summary, RFA for colorectal pulmonaty metastasis
is a safe procedure that rarely results in death. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures. Chest tube placement for
pneumothorax is required after up to 25% of procedures.
Other severe complications, such as pleural effusion re-
quiring chest tube placement, infection, and nerve injury,
are rare. Local tumor progression after RFA is not rare
(10% or more) and is particularly common for tumors
> 3 c¢m. Short- to mid-term survival after RFA appears
promising, with survival rates of approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term (5 years or
more) survival data are sparse. Significant prognostic fac-
tors include number and size of pulmonary metastases,
CEA levels, and extrapulmonary metastasis.

The ultimate application of RFA may be to replace
metastasectomy. Accordingly, survival data after surgical
resection of pulmonary metastases from colorectal can-
cer should be assessed. Pfannschmidt e# a/” systemati-
cally reviewed 20 published series of surgical resection
of pulmonary metastases from colorectal cancer. The
postoperative mortality ranged from 0% to 2.4%, and ap-
proximately 40% of patients remained alive 5 years after
resection. Fiorentino ez al*” also performed a systematic
review of 51 articles on pulmonary metastasectomy in
colorectal cancer. Most pulmonary metastasectomies
were performed for a single metastasis. The 5-year sur-
vival rate after single metastasectomy was approximately
50%, whereas the rate after multiple metastasectomy was
30%. Recently, Gonzalez ¢ al’” performed a systematic
review of 25 studies involving a total of 2925 patients
and found that the median 5-year survival rate was
43.5%. At present, data for long-term survival after RFA
are too sparse to compare with surgical data, although
the short- to mid-term survival data are promising. In our
opinion, given the high local progression rate for tumors
> 3 cm after RFA, patients with such tumors should un-
detgo surgery whenever operable. As a therapy for small
tumors, RFA may be competitive with metastasectomy,
which must be validated in future trials.

ADVANTAGES AND DISADVANTAGES
OF LUNG RFA

RFA has various notable advantages. The procedure is
simple and can be performed percutaneously using lo-
cal anesthesia. The procedure is also safe and minimally
invasive. Thus, RFA may enable long-term survival or
even a cure for patients with pulmonary metastases who
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are considered nonsurgical candidates because of comor-
bidities and/or refusal to undergo surgery. Given that
pulmonary metastases are usually of a multifocal nature
and, consequently, pose a high risk of intrapulmonary de
novo recurrence after therapy, the treatment for pulmo-
nary metastases must be repeatable and should preserve
as much of the parenchyma as possible to preserve pul-
monary function. The repeatability of the procedure may
also be a great advantage of RFA. Repeat procedures
may also be used to effectively treat local tumor progres-
sion”™. The influence of RFA on pulmonary function
was found to be minimal®*, and RFA may be applied
regardless of previous treatments. Consequently, this
method can be used as a second salvage treatment for re-
currence after surgery, radiation therapy, or chemothera-
py and in combination with other treatments to eradicate
multiple cancers.

There are also disadvantages of the use of RFA. CT
is used for the procedure, which is associated with ra-
diation exposure to both the patient and the physician.
Thus, the use of CT fluoroscopy, although useful, should
be minimized. The procedure is also accompanied by a
high risk of pneumothorax. The most substantial disad-
vantage of RFA may be its limited local efficacy.

CONCLUSION

RFA for pulmonary metastasis of colorectal cancer is

safe and minimally invasive. The most common com-
plication, which occurs in up to 50% of cases, is pneu-
mothorax. However, in most cases, this can be treated
conservatively. The local efficacy of RFA depends on the
tumor size, and local progression after RFA is not rare,
occurring in 10% or more of cases. The local progression
rate is particularly high for tumors > 3 cm. The short- to
mid-term survival data after RFA are promising, with 1-
and 3-year survival rates of approximately 85%-95% and
45%-55%, respectively. Long-term survival data remain
sparse. Better survival may be expected for patients with
small metastasis, low carcinoembryonic antigen levels,
and/or no extrapulmonary metastasis. The ultimate ap-
plication of RFA may be to replace metastasectomy for
small metastases. Future studies should include random-
ized trials comparing RFA with surgery.
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