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Abstract

AIM: To evaluate the factors affecting the early tumor
recurrence within one year in cirrhotic patients having a
single small hepatocellular carcinoma (HCC) after
complete tumor necrosis by radiofrequency ablation (RFA)
therapy.

METHODS: Thirty patients with a single small HCC
received RFA therapy by a RFA 2000 generator with LeVeen
needle. Tri-phase computerized tomogram was followed
every 2 to 3 mo after RFA. The clinical effects and tumor
recurrence were recorded.

RESULTS: The initial complete tumor necrosis rate was
86.7%. Twenty-two patients were followed for more than
one year. The local and overall recurrence rates were
13.6% and 36.4%, 33.3% and 56.2%, 46.6% and 56.2%
at 12, 24 and 30 mo, respectively. No major complication
or procedure-related mortality was found. The risk factors
for early local tumor recurrence within one year were
larger tumor size, poor pathologic differentiation of tumor
cells and advanced tumor staging. The age of patients
with new tumor formation within one year was relatively
younger (55.1+£8.3 v566.7£10.8, P= 0.029).

CONCLUSION: Large tumor size, poor pathologic
differentiation of tumor cells and advanced tumor staging
are the risk factors for early local tumor recurrence within
one year, and young age is the positive predictor for new
tumor formation within one year.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malignancy
wotldwide and about 70% of HCC is found in Asia™. There
is an increasing incidence in the western countries?. In
Taiwan, HCC is a leading neoplasm due to the high
prevalence of chronic viral hepatitis?®?l.

Surgical resection, liver transplantation and local ablation
therapy are considered potentially curative therapies for
HCC nowadays®". However, only 9% to 27% of patients
ate suitable for opetation®”. For the patients who are not
candidates for surgical treatment, local ablation therapy is
another choice for controlling this neoplasm. Many
modalities, such as percutaneous ethanol injection (PEI),
percutaneous acetic acid injection (PAI), cryotherapy,
percutaneous microwave coagulation therapy (PMCT), and
radiofrequency ablation (RFA) are available for local therapy.
These minimally invasive techniques have the advantages
of preserving the uninvolved liver parenchyma with less
complication and mortality than surgery. However,
inadequate treatment and recurrence of tumor are still
common.

RFA first desctibed by Rossi and coworkers!” is a new
technique of local thermal ablation therapy for HCC. It
allows focal coagulation necrosis of hepatic tumors by
producing thermal energy with an alternating electric current
generator at a radiofrequency of 200 to 1 200 kHz through
a needle electrode. Tumor cells are destroyed by heating to
a temperature of about 80 C to 100 ‘C. Previous reports
have shown that RFA has a better complete necrosis rate,
lower local recurrence rate, fewer treatment sessions and
longer survival interval than PEI"'?. However, despite the
high complete necrosis rate of RFA, early tumor recurrence
within one year, either local tumor recurrence or new tumor
formation, can still be found. A seties of studies discussed
the factors for tumor recurrence including the tumor size,
subcapsular lesion, operative procedure, underlying liver
disease and alpha-fetoprotein (AFP) levels, but the results
were not well documented!'**). The factors for the eatly
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tumor recurrence within one year were never discussed
independently.

In our study, we followed our patients with a single small
HCC after RFA and analyzed the results including complete
tumor necrosis, local and overall tumor recurrence, safety
of procedure, clinical morbidity and mortality and the factors
responsible for early tumor recurrence within one year.

MATERIALS AND METHODS

Patients

From September 2000 to February 2003, 30 cirrhotic
patients with a single small HCC received ultrasound-guided
percutaneous RFA therapy in our hospital. The enrolled
criteria included: (1) HCC was pathologically proved before
therapy by ultrasound-guided cutting biopsy; (2) the largest
tumor size was smaller than 4 cm in diameter and the
number of tumor was single; (3) there was no bleeding
tendency (prolongation of prothrombin time was <3 s
and platelet count was =60 000/mm) or uncontrollable
ascites; (4) no extra-hepatic metastases could be found by
clinical or image studies (computed tomogram, abdominal
ultrasound and chest X-ray) before procedure; (5) tumor
location was detectable under ultrasound-guided approach
and was far away from major vessels and main bile ducts at
least by 1.0 cm (to prevent major complication and heat-
sink effect by major vessels); (6) patients refused surgery
or were not candidates for surgical treatment and (7) there
was no previous therapy for HCC.

Patients were given full explanation of the procedure
and written consent was obtained from each patient. This
study was approved by the Department of Medical Research
and Education of Kaohsiung Veterans General Hospital.

The cirrhotic condition was defined by Child-Pugh
classification and the tumor staging was defined by BCLC
staging system!"®. The pathologic grading was defined by
Edmondson and Steiner classification!?and the grade I and
1T was defined as well-differentiation and the grade 111 and
IV was defined as poor differentiation.

Procedure of RFA
All patients received intra-muscular injection of pethidine
50 mg and oral diclofenac potassium 25 mg (if serum
creatinine level was <2 mg/dL and no peptic ulcer by
endoscopy) about 30 min before RFA after they had fasted
for 4 h. In patients with impaired renal function (serum
creatinine was =2 mg/dL) or peptic ulcers, diclofenac
potassium would be held to prevent the advanced effect
and acetaminophen 500 mg would be given orally. Local
anesthesia with 10 CC of 2% Xylocaine was injected at the
puncture site before introducing the needle. RFA machine
of 2000 generator (Boston Scientific Co.) and LeVeen
needle electrode (15 gauge, 25 cm in length, 8-10 hooks,
maximum dimension 2.0, 3.0 and 3.5 cm on full expanded)
were used. Under real-time ultrasound guidance, the electrode
needle was introduced percutaneously into the center or
lower part of hepatic tumor, and then expanded the tines
of the tip fully before ablation. The selection of needle size
depended on the location and diameter of the tumor.
The initial output was set at 30-50 W with an increment

of 10 W every 60 s till the power of about 60-90 W, which
was maintained for 5 min, and then, increasing the power
again to the maximum level (90-130 W) step by step. The
selection of the power level depended on the size of needle.
Ablation was maintained for at least 15 min unless there
was a rapid drop in the power output coincident with marked
increase in tissue impedance due to coagulation necrosis
(roll-off phenomenon). If no roll-off occurred after ablation
for 15 min, the second ablation as the previous procedure
would be performed till the roll-off occurred or 10 min of
the treatment time had elapsed. No more than 25 min of
radiofrequency energy was applied with each deployment
of the needle electrode.

After initial ablation, the tines of the tip were fully retracted
and if needed, the needle was withdrawn about 1 to 2 cm
along the needle tract and re-expanded the tines for another
ablation to cover the main tumor area and to create the
safe margin of about 0.5 to 1 cm as possible. If no more
ablation was needed, we withdrew the needle to the point
about 1 cm near the liver surface and re-expanded the tines
about 1/4 to 1/5 on extensions. Then, another ablation
with initial power was performed till roll-off occurred
(usually within 2 min) for coagulating the needle tract to
prevent bleeding and needle tract tumor seeding. Patients
received sand bag compression for 2 h to prevent internal
bleeding after procedure. The complete course of procedure
was defined as one therapeutic session. The number of
sessions needed for ablating the whole tumor was dependent
on the tumor size and needle introducing position. The second
session would be performed within one week if indicated.
For subcapsular lesions, we inserted the electrode into the
HCC nodule through non-cancerous liver tissue without
making artificial ascites. Heat coagulation was performed
carefully under real-time ultrasound monitor to prevent
adjacent organ injury. Intra-muscular injection of ketoprofen
50 mg (in patients with serum creatinine <2 mg/dL and no
peptic ulcer) or pethidine 50 mg (in patients with serum
creatinine =2 mg/dL or peptic ulcer) for further pain
control during or after procedure would be given, if needed.
Any complications, associated symptoms and signs were
recorded and treated.

Follow-up studies
Tri-phase computerized tomography (CT) was performed
after RFA therapy one month later for detecting the effect.
Successful complete tumor necrosis was defined as no
enhanced lesion could be found at previous ablative site.
(Figure 1). On the other hand, patients with enhanced lesions
were considered as treatment failure; another course of
RFA or shifted to other therapies such as transcatheter artetial
embolization (TAE), PAI or PEI would be arranged.
Regular follow-up with the tri-phase CT scan, liver
biochemistries and AFP level every 2-3 mo was performed
after initial successful treatment. The local recurrence was
defined as enhanced lesions over the previous ablative area.
Enhanced lesions over different segments or faraway from
the previous ablative site were defined as new tumor
formation. If any recurrence or new tumor developed,
proper therapy would be performed according to the patient’s
condition.
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Figure 1 Successful RFA in an 82-year-old male patient with HCC. A: Tri-phase CT scan showed an enhanced nodule in hepatic arterial phase
about 2.8 cm in size before RFA (arrows); B: Radiofrequency ablation was performed in one session. The needle was introduced into the lower
part of the tumor first with fully expanded tines under real-time ultrasound-guidance (arrows); C: Complete ablation after 2 ablative courses
within 37 min was done. The tumor showed hyperechoic signals after RFA under ultrasound (arrows); D: Tri-phase CT scan showed complete
necrosis of this tumor without enhancement in hepatic arterial phase one month after RFA (arrows).

Statistical analysis

The data were expressed as mean®SD. y* test and Fishet’s
exact test (F-test) were used for comparison of categorical
data. Mann-Whitney analysis was performed for comparisons
of continuous variables. Statistical significance was defined
as P<0.05. Kaplan-Meier analysis was used for tumor
recurrent curve.

RESULTS

Thirty patients with single HCC were enrolled for RFA
therapy. The tumor size ranged from 1.1 to 3.9 cm. There
were 37 sessions totally (one session in 24 tumors, two
sessions in 6 tumors). Ablative duration ranged from 3 to
48 min. One patient developed severe pain during RFA
and the procedure was prematurely terminated. Three
patients failed to reach successful complete tumor necrosis
after RFA by CT images one month later. They were excluded
from our follow-up study. Further RFA therapy was refused
and they were referred for TAE therapy. The initial
successfully completed tumor necrosis rate was 86.7% (26
in 30).

In the 26 patients with successful initial complete tumor
necrosis, three patients were lost for follow-up within 6 mo.
One patient died of sepsis 9 mo after RFA without tumor
recurrence. These patients were also excluded from our
study. There were 22 patients who received long-term
regular follow-up for more than one year. The baseline data
was shown in Table 1. The results of RFA were shown in
Table 2. The mean follow-up duration was 28.8+9.0 mo
(from 15 to 45 mo). The accumulative local tumor recurrence
rates were 13.6%, 33.3% and 46.6% at 12, 24 and 30 mo

respectively. Overall tumor recurrence rates (including new
tumor formation and local tumor recurrence) were 36.4%,
56.2% and 56.2% at 12, 24 and 30 mo respectively (Figure 2).
The tumor-free interval was 18.5£11.4 mo (from 2 to 45 mo)
(Table 2). One patient died of hepatic failure 15 mo after
RFA. The survival interval was 28.7£9.1 mo (from 15 to
45 mo). Except for three patients lost for follow-up, 25 of
27 patients survived till July 2004. The accumulative
mortality rate was 7.4% (2 in 27).

Table 1 Baseline data of 22 patients with long-term follow-up

Sex (male/ female) 16/6
Age (yr, range) 62.5+11.3 (40-82)
HBV/HCV/HBV+HCV /others 9/10/2/1
Child’s classification
A/B/C 18/4/0
Esophageal varices (+/-) 11/11
Ascites (+/-) 1/21
Tumor size (cm, range) 2.340.7 (1.1-3.9)
<2cm/>2cm 10/12
Tumor location
Right lobe/ Left lobe 16/6
Subcapsular lesion (+/-) 4/18
Histological classification
Well '/Poor? 21/1
Tumor staging (BCLC stage)®
la/Ib/Ic 11/10/1

Grading of HCC by Edmondson and Steiner classification!””'Well: well
differentiated (grade I, II). 2 Poor: poorly differentiated (grade III, IV) *BCLC
stage: staging system from conclusions of the Barcelona-2000 EASL
conferencel'®l.
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Figure 2 Accumulated tumor recurrence curves of 22 patients with
small HCC after RFA. Local tumor recurrence (triangle line) and
overall tumor recurrence (including local tumor recurrence, new
tumor formation and both) (dot line) are shown.

Table 2 Results of RFA in 22 patients with long-term follow-up

Total sessions of RFA
One session/ Two sessions
Average sessions
Ablative time (min, range)
F/U ! duration (mo, range)
Roll-off (+/-)
Complications
Local pain
Nausea/ vomiting
Fever
Local-free interval (M ?, range)
Tumor-free interval (M ?, range)
Local recurrence rate
12M/24M/30M
Overall recurrence rate
12M/24M/30M
Survival interval (M ?, range)
Pre-RFA / Post-RFA®

26
18/4
1.240.4
21.3+13.7 (3-48)
28.8+9.0 (15-45)
21/1

11
4
1
22.2+10.0 (4-45)
18.5+11.4 (2-45)

13.6% / 33.3% /46.6%

36.4%/56.2% /56.2%
28.749.1 (15-45)

Albumin (g/dL) 3.8+0.5/4240.6

GOT (U/L) 63.5+32.9/70.4434.2

GPT (U/L) 71.1+40.0/79.2434.2

T. Bili.* (mg/dL) 1.1+0.5/1.0+0.5

Alk-P* (U/L) 116.0+46.3/123.5+46.1
AFP*level (ng/mL)

Pre-treatment (range) 223.5+663.1 (3-2870)

Post-treatment 41.3+90.6 (3-422)
Decrease AFP >50% post RFA

Yes / No 8/14

'F/U: Follow-up > M: months * Data of pre-RFA / Data of post-RFA *T. Bili:
total bilirubin level ® Alk-P: alkaline phosphatase level ® AFP: alpha-fetoprotein.

Eight patients had new tumor formation within one year
and 14 patients had no new tumor formation. By analysis,
young age (55.1£8.3 5 66.7£10.8, P = 0.029, Mann-Whitney
test) was the independent risk factor for early new tumor
formation within one year. There were no differences in
sex, age, Child-Pugh classification, underlying etiology of
cirrhosis, presentation of esophageal varices, duration of
tumor ablation, tumor size, tumor location, tumor staging,
therapeutic sessions, roll-off phenomenon, histological
classification, follow-up duration and the liver biochemistries
and AFP level before and after RFA (Table 3).

Table 3 Factors affecting the new tumor formation within one year
in 22 patients after RFA

New tumor No new tumor P
(n=8) (n=14)
Age (yr) 55.1+8.3 66.7+10.8 0.029
Sex (male/female) 6/2 10/4 NS¢
Child* (A/B) 5/3 13/1 0.076
Right lobe/Left lobe 5/3 11/3 NS
Subcapsular (+/-) 2/6 2/12 NS
HBV/HCV/others 3/4/1 6/6/2 NS
EV2(+/-) 2/6 9/5 0.076
Tumor size (cm) 2.4+0.8 2.2+0.8 NS
Tumor>2cm (+/-) 5/3 7/7 NS
Histology
(Well/Poor)? 7/1 14/0 NS
BCLC stage*Ia/Ib/Ic 2/5/1 9/5/0 NS
Roll-off (+/-) 8/0 13/1 NS
Ablative time (min) 20.8+10.8 21.6+15.5 NS
Sessions 1.1+£0.4 1.2+0.4 NS
Follow-up (mo) 26.8+10.4 30.0+8.3 NS
Pre-RFA / Post-RFA
Albumin (g/dL) 3.6+0.5/4.1+0.7 4.0+0.4/4.240.5 0.059/NS
T.Bili (mg/dL) 1.3+0.6/1.0£0.3 1.0£0.4/1.1+0.6 NS/NS
GOT (U/L) 54.3+18.1/61.0£23.1 68.7£38.5 /75.8t38.9 NS/NS
GPT (U/L) 63.3+36.5/82.1+41.1 75.6+42.5/77.6+31.1 NS/NS
Alk-P (U/L) 117.0433.3/126.9445.1 115.5+53.5/121.6+48.2 NS/NS

AFP® (ng/mL) 388.5+1003.2/77.9+142.4 129.24376.8/20.4+32.4 NS/NS
Decrease AFP > 50% 4/4 4/10 NS
Post-RFA(+/-)

!Child: Child-Pugh classification. > EV: esophageal varices * Well/Poor: Well
differentiated /Poor differentiated * BCLC stage: staging system from
conclusions of the Barcelona-2000 EASL conference!'*! > AFP: alpha-fetoprotein
*NS: not significant.

Three patients had early local tumor recurrence within
one year after RFA. Tumor size was the significant factor
for early local tumor recurrence within one year. (3.2£0.7
vs 2.2%0.7, P = 0.03, Mann-Whitney test). Besides, poor
differentiation of tumor cells (P = 0.01, %?* test) and
advanced tumor staging (P = 0.036, x? test) were other tisk
factors for early local tumor recurrence within one year
(Table 4).

Some minor advanced events such as local heat and
pain (11 cases), low-grade fever (<38 C) (1 case) and nausea
or vomiting (4 cases) were found (Table 2). They were
controlled by conservative treatment. No procedure-related
mortality was noted.

DISCUSSION

In our study, the high complete tumor necrosis rate (86.7%)
after RFA is comparable with other trials (65-100%, average
83%0)[182224 "The local recurrence rates of HCC after RFA are
2.1 to 39% for variable methods, variable follow-up duration
and tumor characters reported by several studies®?* Our
local tumor recurrence rates are 13.6% and 33.3% at 12
and 24 mo respectively, which are comparable with other
reports. However, the local tumor recurrence rate increases
to 46.6% at 30 mo after the so-called “complete necrosis”
by RFA therapy.

As we know;, successful RFA therapy requires an adequate
safe margin to prevent the local tumor recurrence due to
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Table 4 Factors affecting the local tumor recurrence within 1 year
in 22 patients after RFA

Local recurrence No local recurrence P
(n=3) (n=19)

Age (yr) 57.749.3 63.3+11.6 NSs°
Sex (Male/Female) 2/1 14/5 NS
Child* (A/B) 3/0 15/4 NS
Rightlobe/Left lobe 2/1 14/5 NS
Subcapsular (+/-) 1/2 3/16 NS
HBV/HCV/others 1/2/0 8/8/3 NS
EV2(+/-) 1/2 10/9 NS
Tumor size (cm) 32407 22+0.7 0.03
Tumor>2cm (+/-) 3/0 9/10 0.089
Histology

(Well/Poor) 3 2/1 19/0 0.01

BCLCstage*Ia/Ib/Ic 1/1/1 10/9 0.036

Roll-off (+/-) 3/0 18/1 NS

Ablative time (min) 27.0£12.3 20.4+14.0 NS

Sessions 1.3+0.6 12+0.4 NS

Follow-up (mo) 35.016.6 27.849.1 NS

Pre-RFA / post-RFA

Albumin (g/dL)  3.6+0.3/4.0+1.0 3.9+0.5/4.240.5 NS/NS
T.Bili. (mg/dL)  1.2#0.6/1.1x0.2 1.0£0.5/1.00.5 NS/NS
GOT (U/L) 56.3+16.2/49.3+14.0 64.6+349/733+354  NS/NS
GPT (U/L) 50.0+24.4/56.3+20.1 744+414/82.8+349  NS/NS
Al-P(U/L)  106.3+26.3/1093+31.0  117.6+49.1/1257+48.3 NS/NS

AFP°(ng/mL) 967.7+1647.5/145.04240.0 106.0+323.3/24.9£33.3 NS/NS
Decrease AFP > 50% 2/1 6/13 NS
Post-RFA(+/-)

! Child: child-Pugh classification 2EV: esophageal varices > Well/Poor: well
differentiated/Poor differentiated *. BCLC stage: staging system from
conclusions of the Barcelona-2000 EASL conferencel'® > AFP: alpha-fetoprotein
®NS: not significant.

microscopic invasion around the periphery of the tumor.
Just like hepatic resection, 0.5 to 1.0 cm is the acceptable
thickness for this purpose when RFA is petformed™?'l. Two
or more sessions and a longer ablative duration will be needed
to create the area compared to only ablating the main tumor
area without adequate safe margin. Unfortunately, repeated
insertion and positioning of an electrode may result in
inaccurate positioning because the safe margin is difficult
to identify after the first treatment under sonogram, probably
due to echogenic gas formation by the initial RFA™.
Inadequate safe margin may be created due to the
interference especially for larger tumor that needs repeated
sessions. So, further studies for development of a new
technique or a protocol to create enough ablative area and
a safe margin with lesser sessions may increase the success
rateP. Chen and his colleagues repotted protocol and clinical
application for RFA therapy®"! and Poon and his colleagues
reported the learning curve for RFA therapy®. Both
suggest the need to improve the technique to reach the
goal for an adequate creation of safe margins. The incomplete
treatment due to technical defect may be one of the causes
for high local recurrence rate for our study after 2.5 years
post-RFA therapy.

On the other hand, despite the high initial complete
necrosis rate of RFA therapy, early local tumor recurrence
still can be found in some cases. Some trials reported risk
factors relating to local tumor recurrence but the early tumor
recurrence within one year was not discussed independently,
earlier. In our study, we evaluated the factors for this issue.
Larger tumor size, poor pathologic differentiation of tumor
cells and advanced tumor staging are the major risk factors

for early local tumor recurrence within one year as pet our
analysis.

Komorizono and colleagues reported that the tumor of
more than 2 cm in size and the subcapsular lesions were
the risk factors of local tumort recurrencel”. In our study,
tumor size >2 cm has the trend for early local tumor
recurrence (P = 0.089, Mann-Whitney test) (Table 4). We
also performed RFA for subcapsular lesions without
making artificial ascites. However, no significant relation to
eatly tumor recurrence was found by analysis (P = 0.464,
x> test). Harrison and colleagues reported frequent local
tumor recurrence after RFA for HCC in 46 patients!.
They found that the independent predictors of tumor
recurrence ate tumor size, serum AFP levels and presence
of hepatitis. In our study, the AFP level or presence of
hepatitis were not related to eatly local tumor recurrence
(Table 4). Kosari and his colleagues!"” and Llovet and his
coworkers??also reported that the tumor size was the
independent predictor for tumor recurrence after RFA.
Our results are comparable with them (3.220.7 »5 2.220.7,
P =0.03, Mann-Whitney test).

As we know, the cooling effect due to heat-sink by blood
flow when lesions are adjacent to major vessels will decrease
the efficacy of RFA. In our study, we excluded lesions near
the main portal vain or major vessels (<1 cm in distance) to
avoid the cooling effect. These patients received other
treatments such as TAE or PEI. In addition, except for the
tumor size that is comparable to other trials, poor pathologic
differentiation of tumor cells (P = 0.01, % test) and
advanced tumor staging (P = 0.036, % test) are the other
predictors for early local tumor recurrence within one year
(Table 4). The results are reasonable due to the usually poor
prognosis and aggressive tumor progression in patients with
poorly differentiated tumor cells and advanced tumor stage.

New tumor formation is frequent in patients with chronic
liver disease such as citrhosis. Ikeda and colleagues reported
that the new tumor formation invariably reflected the
advanced stage of chronic liver disease. In our study, the
markers of advanced cirrhosis such low pre-treatment
albumin level (P = 0.059, Mann-Whitney test), advanced
Child-Pugh classification (P = 0.076, y*test) and presence
of portal hypertension (esophageal varices) (P = 0.076, y?
test) were shown to have the trend related to the early new
tumor formation after RFA therapy (Table 3). In addition,
the most important process in hepatocarcinogenesis is
genomic instability caused by chronic hepatitis associated
with repeated destruction and regeneration of hepatocytes.
In our study, younger age (55.1£8.3 25 66.7110.8, P = 0.029,
Mann-Whitney test) was found in the early new tumor
formation group (Table 3). The cellular reproductive ability
and the growth of tumor cells may be faster in younger
patients than the old. There is no study that reported eatlier
the relationship between young age and rapid new tumor
formation. It may need further study with larger case
numbers to evaluate.

The complication rates in other studies are around 2-5.7%
and 6-6.3% in minor and major complications!™". The
procedure-related mortality rate is 0.5-1.4%5" In our
study, no major complication or procedure-related mortality
could be noted. One patient died of sepsis about 9 mo
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after RFA and one patient died of hepatic failure due to
rapid tumor progression 15 mo after RFA. The accumulative
mortality rate is 7.4% (2 in 27). All minor complications are
tolerable and mild. They subsided after supportive treatment.
In conclusion, RFA therapy is an effective treatment
for small HCC. Large tumor size, poor pathologic
differentiation of tumor cells and advanced tumor staging
are the risk factors for early local tumor recurrence taking
place within one year, after initial successful complete tumor
necrosis by RFA therapy. In addition, young age is the
predictor for new tumor formation within one year.
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