124 SHIINA ET AL

Table 4. Clinical Characteristics of the Patients in the 2 Study Groups
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Radio frequency ablation
(n = 118) (%)

Ethanol injection (n = 114)
(%)

Demography
Age () (=65/>65)
Men/women
Cause of liver dysfunction
HBV/HCV/non-B non-C?
Aicohol intake (g/day)
=80/>80
Underlying liver disease
Chronic hepatitis/liver cirrhosis
Child—Pugh Class
A/B
Ascites
Absent/present
Encephalopathy
Absent/present
|.aboratory data
Albumin (g/dL) (=3.5/3.5>)
Total bilirubin (mg/dL) (=1.0/>1.0)
Serum AST (IU/L) (=80/>80)
Serum ALT (/U/L) (=80/>80)
Platelet count (/L) (=10%1/>101%)
Prothrombin time (%) (=80/>80)
Indocyanine clearance (%) (=24/>24)
Distribution of tumor markers
Serum AFP (ng/mlL) (=100/101-400/>400)
Serum DCP? (mAU/mL) (=40/>40)
Serum AFP-L3 (%) (=10/>10)
Tumor characteristics
Tumor number® (1/2/3/4)
Tumor size {cm) (=2.0/>2.0)
Edmondson’s grade? (171111

44 (37)/74 (63)
79 (67)/39 (33)

18 (15)/90 (76)/10 (8)

101 (86)/17 (14)

21 (18)/97 (82)

85(72)/33 (28)

107 (91)/11(9)

115(97)/3(3)

60 (51)/58 (49)
84 (71)/34 (29)
85 (72)/33 (28)
84 (71)/34 (29)
55 (47)/63 (53)
58 (49)/60 (51)
55 (47)/63 (53)

93(79)/18 (16)/6 (5)
87 (74)/30 (26)
94 (80)/24 (20)

72 (61)/26 (22)/17 (14)/3 (3)
45 (38)/73 (62)
24 (22)/87 (78)

41 (36)/73 (64)
87 (76)/27 (24)

11(10)/98 (86)/5 (4)
87 (76)/27 (24)
13 (11)/101 (89)
85 (75)/29 (25)
103 (90)/11 (10)
113 (99)/1 (1)

49 (43)/65 (57)
86 (75)/28 (25)
91 (80)/23 (20)
90 (79)/24 (21)
61 (54)/53 (46)
63 (55)/51 (45)
63 (55)/51 (45)

89 (78)/18 (16)/7 (6)
87 (78)/25 (22)
85 (75)/29 (25)

60 (53)/34 (30)/16 (14)/4 (4)
57 (50)/57 (50)
27 (26)/78 (74)

Tumor stain in enhanced CT (present/absent)

102 (86)/16 (14)

90 (79)/24 (21)

aNon-B non-C: Patients negative for both HBs antigen and HCV antibody.

bSerum DCP level could not be measured in 3 patients because they were on warfarin.
‘Before allocation, all patients were thought to have 3 or fewer lesions. A fourth lesion was, however, later found in 7 patients.
“Hepatocellular carcinoma was histopathologically diagnosed in 216 cases. In the remaining 16 cases, diagnosis was based on typical imaging

findings of dynamic CT.

elevated although CT scan and ultrasonography did not show
recurrence in the liver or if patients had symptoms suggesting
extrahepatic recurrence.

The original treatment was used for recutrence if the patient
still met the inclusion criteria. If multiple recurrences were not
treatable with radiofrequency ablation or ethanol injection,
transcatheter arterial embolization was performed.

Statistical Analysis

We calculated that a sample size of at least 114 pa-
tients would be needed to detect a difference in survival at 5%
type-1 error and 80% power for a 2-tailed log-rank test.3!
When we planned this study, we estimated that 4-year survival
rate would be 74% with radiofrequency ablation and 54%
with ethanol injection, according to our past data in micro-
wave ablation and ethanol injection.?? We also estimated that
5% of patients would be lost to follow-up.
Data were presented as mean & SD for quantitative vari-
ables and as absolute frequencies for qualitative variables.
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Differences between the 2 groups were analyzed by the un-
paired 7 test for continuous variables and Fisher exact test or
Wilcoxon rank sum test for categorical variables.

Survival curves were generated by the Kaplan—Meier
method and compared by the log-rank test. Recurrence rates
were calculated by the Gaynor method?2 and compared by the
Gray test.?® All time estimates were made from the date of
randomization. The interval between randomization and the
first procedure was 1 to 3 days. All patients were followed up
until death or until CT and ultrasonography between March
and June 2003.

Prognostic relevance of a treatment assignment and 23
baseline variables (Table 1) to survival, overall recurrence, and
local tumor progression was analyzed by univariate and mul-
tivariate Cox proportional hazards regression models. All vari-
ables with a P value less than .05 by univariate comparison
were subjected to the multivariate analysis. Results of univar-
iate or multivariate analyses were presented as relative risks
with corresponding 95% confidence intervals (CI), with P
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Figure 1. Flow of participants into the study.

values from the Wald test. All significance tests were 2-tailed,
and differences with a P value less than .05 were considered
statistically significant.

Role of the Funding Source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or writing of
the report.

Resulis
Patients

Between April 1999 and January 2001, hepato-
cellular carcinoma was diagnosed in 507 patients.
Among them, 232 (45.8%) patients met the eligibility
criteria and agreed to take part in the study (Figure 1).
Of the 275 patients excluded, 97 had more than 3
lesions, 92 had lesions over 3 c¢m in diameter, 71 were
Child-Pugh class C, 8 had vascular invasion, 5 had
extrahepatic metastasis, and 2 refused to take part, re-
questing ethanol injection. One hundred eighteen pa-
tients were assigned to radiofrequency ablation and 114
to ethanol injection. Baseline characteristics were not
significantly different between the 2 groups (Table 1).

Protocol Violations

Before allocation, all patients were thought to
have 3 or fewer lesions. However, a fourth lesion was
later found in 3 patients assigned to radiofrequency
ablation and in 4 patients assigned to ethanol injection.
In addition, 3 patients underwent assigned ethanol in-
jection to treat the primary lesions but requested and
underwent radiofrequency ablation when disease re-
curred. These 10 patients remained in the study and were
included in the intention-to-treat analysis.
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Physician’s Experience, Session Number,
and Hospitalization Length

Neither radiofrequency ablation nor ethanol in-
jection was cancelled in any patient because of lesion
location or other reasons. Lesions were judged to be
entirely necrotic in the final CT in all cases.

Physician’s experience was not different between the 2
treatments (P = .68). Radiofrequency ablation was per-
formed by the highly experienced physicians in 52 cases,
moderately experienced in 44, and less experienced in 22;
and ethanol injection was performed by the highly ex-
perienced physicians in 48 cases, moderately experienced
in 42, and less experienced in 24.

The number of treatment sessions was smaller (2.1 =
1.3 times vs 6.4 &= 2.6 times, respectively, P < .0001)
and the length of hospitalization was shorter (10.8 £ 5.5
days vs 26.1 £ 9.9 days, respectively, P < .0001) in
radiofrequency ablation than in ethanol injection.

Survival

No patients were lost to follow-up. Median fol-
low-up was 3.1 years (range, 0.6—4.3 years) in radiofre-
quency ablation and 2.9 years (range, 0.1-4.2 years) in
ethanol injection. Twenty-five patients treated with ra-
diofrequency ablation and 40 with ethanol injection
died. Causes of death were recurrent cancer (16 patients),
liver failure (5), esophageal variceal rupture (1), and
miscellaneous (3) in the radiofrequency-ablation group
and recurrent cancer (26), liver failure (8), esophageal
variceal rupture (2), and miscellaneous (4) in the ethanol-
injection group. Survival was significantly higher in the
radiofrequency-ablation group than the ethanol-injection

group (P = .01 by the log-rank test; Figure 2). The
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Figure 2. Survival in the 232 eligible patients, according to the treat-
ment group. The actuarial 4-year survival rate was 74% in the radio
frequency-ablation group, whereas it was 57% in the ethanol-injection
group.
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actuarial 4-year survival rate was 74% (95% CI: 65%—
84%) in radiofrequency ablation, whereas it was 57%
(95% CI. 45%-71%) in ethanol injection. Besides treat-
ment assignment, 11 of the 23 variables were also rele-
vant to survival in univariate analysis (Table 2). In
multivariate analysis, however, treatment allocation was
the sole variable related to survival. Radiofrequency ab-
lation lowered the risk of death by 46% (adjusted relative
risk, 0.54 {95% CI: 0.33-0.891, P = .02; Table 2).

A subgroup analysis found the same tendency in the
patients with a solitary tumor that survival rates were
higher in radiofrequency ablation than in ethanol injec-
tion (P = .103): 99%, 93%, 86%, and 77% at 1, 2, 3,
and 4 years, respectively, in radiofrequency ablation and
95%, 85%, 73%, and 64% at 1, 2, 3, and 4 years,

respectively, in ethanol injection. In the patients with
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multiple tumors, there was also the same tendency. The
survival rates were 94%, 89%, 73%, and 70% ac 1, 2, 3,
and 4 years, respectively, in radiofrequency ablation and
93%, 78%, 60%, and 48% at 1, 2, 3, and 4 years,
respectively, in ethanol injection (P = .089). There was
no difference in the diameter of the lesion between the
patients with a single lesion and those with multiple
lesions (P = .418). The diameter of the lesion in the
patients with a single tumor was 2.14 = 0.56 cm,
whereas that of the largest lesion in the patients with
multiple tumors was 2.20 *= 0.51 cm.

Recurrence

Recurrence ‘was found in 78 cases treated with
radiofrequency ablation and in 90 with ethanol injection.
Patterns of recurrence were appearance of new lesion

Table 2. Univariate and Multivariate Analysis of the Relative Risks for Survival, Overall Recurrence, and Local Tumor

Progression

Multivariate analysis

Univariate analysis Relative risk
Variable (P value) (95% Cl) P value

Survival
Treatment (radiofrequency ablation vs ethanol! injection) .01 0.54 (0.33-0.89) ’ .02
Age () (>65 vs =65) .04 1.61 (0.90-2.87) A1
Underlying liver disease (liver cirrhosis vs chronic .02 2.16 (0.64-7.32) 21

hepatitis)

Child-Pugh class (B vs A) .008 1.15(0.55-2.42) 71
Ascites (present vs absent) 041 1.19 (0.52-2.71) .68
Albumin (g/dL) (=3.5 vs >3.5) .001 1.67 (0.86-3.24) 43
Total bilirubin (mg/dL) (>1.0 vs =1.0) .04 1.03(0.60-1.77) .92
Prothrombin time (=80 vs >80) .005 1.58 (0.89-2.78) 12
Serum AFP (ng/mL) (>100 vs <100) .007 1.28(0.69-2.37) 44
Serum AFP-L3 (%) (>10 vs =10) <.0001 1.75(0.96-3.19) .07
Tumor number (multipie vs single) .02 1.48 (0.90-2.45) .12
Tumor stain in enhanced CT (absent vs present) .03 0.49(0.20-1.17) A1

Overall recurrence
Treatment (radiofrequency ablation vs ethanol injection) .0007 0.57 (0.41-0.80) .0009
HCV antibody (positive vs negative) .0006 1.60 (0.97-2.64) .07
Underlying liver disease (cirrhosis vs chronic hepatitis) .004 2.19(1.19-4.05) .01
Albumin (g/dL) (=3.5 vs >3.5) .03 1.08 (0.75-1.55) .87
Platelet count (/L) (=101 vs >101%) .01 1.00 (0.70-1.43) .99
Prothrombin time (=80 vs >80) .002 0.64 (0.46-0.91) .01
Serum AFP (ng/mL) (>100 vs =100) .009 1.44(0.92-2.26) 11
Serum AFP-L3 (%) (>10 vs =10) .04 1.31 (0.86-2.01) 21
Tumor number {(muitiple vs single) <.0001 1.69 (1.21-2.36) .002
Edmondson’s grade (I vs II, lIf) .001 0.55 (0.35-0.88) .01
Tumor stain in enhanced CT (absent vs present) .04 0.88 (0.54-1.43) .80

Univariate analysis
Univariate analysis Relative risk

Local tumor progression? (P value) (95% Ci) P value
Treatment (radiofrequency ablation vs ethanol injection) 0.12 [0.03-0.55] 0.006 —
Platelet count (/L) (=10t vs >1011) 3.21 {1.02-10.1] 0.05 —
Serum DCP (mAU/mL) (>40 vs =40) 2.94[1.07-8.13] 0.04 —

Multivariate analysis was not performed because the number of the event was small.
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Figure 3. Overall recurrence in the 232 eligible patients, according to
the treatment group. The estimated 4-year rate of overall recurrence
was 70% in the radiofrequency-ablation group, whereas it was 85% in
the ethanol-injection group.

away from the original one (74 cases), local tumor pro-
gression (2 cases), and extrahepatic recurrence (2 cases: 1
lung metastasis and 1 pleural seeding) in the radiofre-
quency-ablation group and, in the ethanol-injection
group, recurrence separate from the primary lesion (73
cases), local rumor progression (13 cases), and extrahe-
patic recurrence (4 cases: 1 bone metastasis, 1 lung
metastasis, 1 adrenal metastasis, and 1 peritoneal seed-
ing). Radiofrequency ablation reduced the risk of overall
recurtence by 43% (adjusted relative risk, 0.57 {95% CI:
,0.41-0.801, P = .0009 by the Wald test; Figure 3;
Table 2). Radiofrequency ablation had an 88% smaller
risk of local tumor progression than ethanol injection
(relative risk, 0.12 {95% CI: 0.03—-0.551, P = .006 by
the Wald test; Figure 4; Table 2).

Adverse Events

Pain during the procedures was evaluated. Addi-
tional analgesics were necessary in 60 cases in radiofre-
quency ablation and in 60 in ethanol injection (P = .79).
Continual fever of 37.5°C or higher for 3 days or longer
was encountered in 51 cases in radiofrequency ablation
and in 49 in ethanol injection (P > .99). None had fever
beyond 7 days.

The incidence of serious adverse events (grade 3 or 4)
was not different between the 2 therapies (P = .54).
Transient jaundice (1 case), skin burn (1), hepatic infarc-
tion (1), and seeding of malignant cells (3) were encoun-
tered after radiofrequency ablation, whereas liver abscess
(1) and neoplastic seeding (2) developed after ethanol
injection.

In the 5 cases of malignant seeding, the diameter of
the largest tumor was 2.18 = 0.46 cm. Two patients had
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a single lesion, 1 patient had 2, and the remaining 2
patients had 3. Only 1 patient had a subcapsular lesion.
Two patients had Edmondson grade II hepatocellular
carcinoma, and the remaining 3 patients had Edmond-
son’s grade III carcinoma.

Discussion

This study demonstrated that radiofrequency ab-
lation improves survival of patients with small hepato-
cellular carcinoma compared with ethanol injection. This
result can probably be explained by the fact that radio-
frequency ablation reduces overall recurrence and local
tumor progression through its more reliable local anti-
tumor effect. Actually, there was no statistical difference
in the recurrence rates away from the original lesion
between the 2 therapy groups (P = .560), and thus the
difference in overall recurrence was mainly due to the
difference in the local control of the primary tumor.
Radiofrequency ablation has been expected to improve
survival over ethanol injection.52-23 A randomized con-
trolled trial by Lencioni et al showed higher local tumor
progression-free and disease-free survival of radiofre-
quency ablation, but it failed to show higher survival,
probably because of limited observation period and sub-
ject number.??> The other randomized controlled trial
recently reported by Lin et al demonstrared that the local
tumor progression rate was lower in radiofrequency ab-
lation than in conventional or high-dose ethanol injec-
tion and that overall survival and cancer-free survival
were higher in radiofrequency ablation than in conven-
tional or high-dose ethanol injection,?* which are con-
sistent with the findings in this study.
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Figure 4. Local tumor progression in the 232 eligible patients, ac-
cording to the treatment group. The actuarial 4-year rate of local tumor
progression was 1.7% in the radiofrequency-ablation group, whereas
it was 11% in the ethanol-injection group.
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In the subgroup analyses of survival in the patients
with a solitary tumor and those with multiple tumors,
radiofrequency ablation tended to have higher survival
compared with ethanol injection, although the difference
did not reach the statistical significance because of the
insufficient sample size. In this prospective study, the
sample size had been determined to compare the survival
between the 2 therapy groups. We had not planned to do
the subgroup analyses.

The outcomes of ethanol injection in this study were
similar to or better than most previous ones, meaning
that the apparent benefit of radiofrequency ablation can-
not be attributed to shorter-than-expected survival in
patients undergoing ethanol injection. In ethanol injec-
tion, 3-year sutvival rates range from 43% to 84%,'4-"7
with 3-year overall recurrence and local tumor progres-
sion rates of 41% to 81% and 14% to 33%, respec-
tively.?> As for radiofrequency ablation, few data have
been published on long-term survival and recurrence.
Three-year survival rates of radiofrequency ablation are
45% to 62%,°%37 with 1-year local tumor progression
rates of 9% to 15%.83? Long-term overall recurrence
rates have not been reported.

Our first option for resectable hepatocellular carci-
noma was surgery. However, most patients who came to
our department visited us because they did not want
surgical resection. Thus, many patients in this study
underwent radiofrequency ablation or ethanol injection
not because of unresectable lesions but because of refusal
of surgery. Those who preferred surgery would have
directly gone to the surgical department that has wide
experience in hepatic resection.4°

It is said to be common policy for surgeons to restrict
surgical resection to Child-Pugh’s class A patients with
solitary hepatocellular carcinoma,?! although there are
many other criteria to assess whether the cancer is re-
sectable or not. Among the 232 patients, 100 patients
had multiple lesions, 62 had Child—Pugh class B liver
dysfunction, 6 had severe cardiopulmonary problems,
and 8 were 80 years of age or older (some patients were
counted repeatedly). Thus, 89 patients (48 treated by
radiofrequency ablation and 41 by ethanol injection)
were considered good candidates for surgical resection.

We have put no restrictions on lesion location. We
have successfully performed radiofrequency ablation or
ethanol injection on more than 99% of patients, some of
whom had lesions near the heart, gallbladder, dia-
phragm, or on the surface of che liver. In this study, we
did not have any case in which we had to give up
treatment because of tumor location.

We have not restricted the number of treacment ses-
sions. We have repeated radiofrequency ablation or eth-
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anol injection until CT demonstrates entire tumor ne-
crosis. As a result, we have successfully ablated tumors in
more than 99% of cases. In this study, we did not have
any case in which the final CT demonstrated incomplete
tumor ablation.

The incidence of adverse events was not significantly
different between the 2 treatments, although previous
comparison studies have suggested that radiofrequency
ablation would have higher complication rates than eth-
anol injection.?!?3 Reported mortality rates are 0.3% to
0.5%, and morbidity rates are 2.2% to 8.9% in radio-
frequency ablation,>4* whereas they are 0.1% and 3.2%,
respectively, in ethanol injection.** Common complica-
tions are bleeding, biliary injury, and seeding of malig-
nant cells in both procedures.

Consistent with other studies,21:2339 radiofrequency
ablation required fewer treatment sessions and shorter
hospitalization than ethanol injection. Patients may not
stay in the hospital until the end of therapies in other
countries, but the tendency would be the same as it was
shown in this study. Although we did not evaluate the
quality of life, judging from these results, radiofrequency
ablation may reduce patient distress and improve the
quality of life.

Because outcomes of these interventions depend on
experience, our results might not be reproducible in
other institutions with limited experience. We have per-
formed ethanol injection on the total number of 3000
patients and radiofrequency ablation on the total number
of 1200 patients. Those not accustomed to using the
radiofrequency ablation system and inserting the large-
diameter electrode may have difficulty in performing this
procedure, resulting in poorer outcomes than expected.
Furthermore, our results might not be reproducible with
different radiofrequency ablation systems. Several types
of systems ate commercially available.?4

This study was restricted to tumors 3 cm or less in
diameter, although larger tumors have also been treated
with these procedures. We speculate that superiority of
radiofrequency ablation to ethanol injection would be more
significant in middle-size or large tumors because of its
more reliable local effect. This study was also resericted to
patients with relatively good liver function, although some
patients in Child-Pugh class C have been treated with these
procedures. We are not sure that radiofrequency ablation
could achieve better outcomes in patients with poor liver
function because preserving liver function might be more
important than achieving curative treatment.

In conclusion, judging from the higher survival but
similar adverse events compared with ethanol injection,
radiofrequency ablation may be a treatment of choice in
patients with small, unresectable hepatocellular carcinoma.
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BACKGROUND. Radiofrequency ablation (RFA) was introduced recently as a thera-
peutic modality for hepatocellular carcinoma (HCC), an alternative to percutane-
ous ethanol injection therapy (PEIT), which is coming into use worldwide. Previ-
ously reported treatment efficacy and complication rates have varied considerably.
METHODS. Between February 1999 and February 2003, the authors performed 1000
treatments of RFA to 2140 HCC nodules in 664 patients with a cooled-tip electrode
at the University of Tokyo Hospital (Tokyo, Japan). Short-term and long-term
complications were analyzed by treatment and session basis. Cumulative survival
was also assessed in 319 patients who received RFA as primary treatment (naive
patients) and 345 patients who received RFA for recurrent tumor after previous
treatment including resection, PEIT, microwave coagulation therapy, and transar-
terial embolization (nonnaive patients).

RESULTS. A total of 40 major complications (4.0% per treatment, 1.9% per session)
and 17 minor complications (1.7% per treatment, 0.82% per session) were observed
during the observation period until March 31, 2004. There were no treatment-
related deaths. Surgical intervention was required in one case each of bile perito-
nitis and duodenal perforation. The cumulative survival rates at 1, 2, 3, 4, and 5
years were 94.7%, 86.1%, 77.7%, 67.4%, and 54.3% for naive patients, whereas the
cumulative survival rates were 91.8%, 75.6%, 62.4%, 53.7%, and 38.2% for nonnaive
patients, respectively.

CONCLUSIONS. The authors confirmed the safety and efficacy of RFA for HCC in a
large-scale series and long-term prognosis was satisfactory. Cancer 2005;103:
1201-9. © 2005 American Cancer Society.

KEYWORDS: hepatocellular carcinoma, interventional radiology, postoperative com-
plications, survival anaiysis, cirrhosis.

epatocellular carcinoma (HCC) is a common malignancy world-

wide, with an increasing incidence in the United States.’? Current
options for the treatment of this cancer consist of surgical resection,
transcatheter arterial embolization (TAE), and percutaneous ablation
therapy. Although surgical resection usually is considered to be the
first-choice treatment,®* it is not infrequently contraindicated by
underlying chronic liver diseases based on hepatitis B or C virus
(HCV) infection.>® Orthotopic liver transplantation (OLT) is a strategy
that can treat both cancer and liver dysfunction, and indeed has
shown excellent survival in patients at an early stage of the cancer
(e.g., a single nodule of = 5 cm in dimension or < 3 nodules of < 3 cm
in dimension).”® However, with an increasing demand for donor
tissue but a limited supply, the waiting time for an OLT is now > 1
year in Europe and the United States.®” TAE is a widely performed
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procedure for patients with multiple hypervascular
nodules. However, complete necrosis rarely is
achieved.”® Percutaneous ethanol injection therapy
(PEIT) continues to play an important role in the treat-
ment of small HCCs, and is considered to be a bridge
treatment for OLT. Long-term outcomes after PEIT,
such as 5-year survival, are comparable to those of
surgery.’!** However, the efficacy of PEIT is depen-
dent on tumor size, and a local tumor progression rate
of > 20% was reported for tumors > 3 cm.'*!*

Radiofrequency ablation (RFA) is a recently intro-
duced alternative technique to PEIT and is rapidly
gaining use worldwide.’*® An area of = 3 cm in
diameter can be ablated with a single application of
RFA.2%2! The predictability of the ablation area is one
of the merits of RFA compared with PEIT. The treat-
ment efficacy and complication rate of RFA have been
described in various studies.?**® We have performed
1000 treatments of RFA to 2140 HCC nodules in 664
patients and we assessed the early and late complica-
tion rates of RFA as well as long-term outcomes in this
large case series.

MATERIALS AND METHODS

Patients

Since we introduced RFA to our department in Feb-
ruary 1999, we had treated 664 patients with HCC by
RFA in 4 years by February 28, 2003. All those patients
were included in the current study. Ablation therapy
was used either because patients were considered not
to be suitable for resection (n = 419) by consideration
of liver function impairment, number and distribution
of the tumors, and cardiopulmonary dysfunction, or
because they voluntarily preferred ablation with in-
formed consent (n = 245) despite surgery also being
feasible. Inclusion criteria for RFA were as follows:
total bilirubin concentration < 3 mg/dL, platelet
count = 5 X 10°/mm? and prothrombin activity
= 50%. Ascites should be controlled beforehand by
diuretics. Patients with portal vein tumor thrombosis
or extrahepatic metastasis were excluded. We also ex-
cluded patients who had a history of bilioenteric anas-
tomosis or sphincterotomy that are considered as high
risk for hepatic abscess formation. Written informed
consent was obtained from all enrolled patients, and
the protocol was approved by the ethics committee of
the University of Tokyo Hospital (Tokyo, Japan).

Technical Terms

We defined a sessjon as a single intervention episode
that consists of one or more ablations performed on
one or more tumors and a treatment as the completed
effort to ablate one or more tumors that consists of
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one or more sessions according to the working party
report on image-guided tumor ablation.?*

Diagnosis of Hepatocellular Carcinoma

HCC was diagnosed based on typical findings by ul-
trasonography and computed tomography (CT) scans
(hyperattenuation in the arterial phase and hypoat-
tenuation in the portal-venous phase). The diagnosis
of HCC also was confirmed histopathologically with
ultrasound-guided biopsy in 302 of 319 naive patients.
Ultrasonography was performed with a 3.5-6.0-MHz
convex probe using an Aloka SSD-5500 (Aloka, Tokyo,
Japan) or Toshiba SSA-370A machine (Toshiba Medi-
cal Systems, Tokyo, Japan). The dimension of the tu-
mor nodule was measured by visualization of the larg-
est dimension of the tumor.

Using dual-phase dynamic CT scans, arterial and
portal phase images were obtained 31-33 seconds and
120 seconds, respectively, after the initiation of con-
trast material injection. Spiral CT scans were per-
formed with 5-mm-thick sections at a table feed speed
of 5-7 mm/sec. Using CT scans during arterial portog-
raphy, scanning began 30 seconds after contrast me-
dium injection. Using CT scans during hepatic arte-
riography, images were obtained after injection of 30
mL of contrast medium at a rate of 1.2 mL/sec. When
> 3 hypervascular nodules were detected or the larg-
est nodule was > 3 cm on these examinations, we
subsequently performed TAE. Immediately after injec-
tion of 2-10 mL of iodized oil (Lipiodol Ultra-Fluid,
Shering Japan, Osaka, Japan), feeding arteries were
embolized selectively with gelatin sponge particles
(Spongel, Yamanouchi Pharmaceutical Co., Tokyo, Ja-
pan). Otherwise, 1-2 mL of iodized oil only was in-
jected to intensify the radiologic visibility of the target
nodules. In February 2003, we changed the size crite-
rion for performing TAE from > 3 ¢cm to > 2 cm in
diameter.

Specimens for histologic evaluation were ob-
tained by ultrasound-guided needle biopsy using a
20-gauge needle (Bard Monopty, C.R. Bard, Inc., Cov-
ington, GA). Histopathologic grading of tumor differ-
entiation was done according to the criteria of Ed-
mondson and Steiner.®

Electrode Inseriion and Radiofrequency Ablation

A 17-gauge, cooled-tip electrode was inserted under
real-time ultrasound guidance. For the intercostal ap-
proach, we adjusted the operating table so that pa-
tients had a rotated or head-up position to allow for
electrode insertion as square to the thoracic wall as
possible. For the subcostal approach, patients usually
remain in the head-up position to allow the electrode
to be inserted without the patient taking a deep



breath. We also utilized an intrapleural infusion tech-
nique when the tumor was located adjacent to the
diaphragm to visualize the entire image of the tu-
mor.?® A glucose solution (5%, 500 mL) was infused
into the right pleural cavity under ultrasonographic
guidance before needle insertion.

An electrode with a 2-cm or 3-cm exposed tip was
connected to a 500-kHz RF generator (Radionics, Bur-
lington, MA), which produces 200 W at 500} of imped-
ance.?®?” The equipment also allows the measure-
ments of generator output, tissue impedance, and
electrode tip temperature. A tip temperature of 10-20
°C is maintained by a peristaltic pump infusing chilled
saline solution. After insertion of the electrode into the
lesion, we started ablation at 60 W for the 3-cm ex-
posed tip and 40 W for the 2-cm exposed tip. The
power was increased to 140 W at a rate of 20 W/min.
When a rapid increase in impedance was observed
during thermal ablation, we minimized the output for
15 seconds and restarted the emission at a lower out-
put.”® The duration of a single ablation was 12 minutes
for the 3-cm electrode and 6 minutes for the 2-cm
electrode. After RF exposure, the pump was stopped
and the temperature of the needle tip was measured.
When the temperature was < 65 °C, additional abla-
tion was performed. When the target nodule was > 2
cm in diameter, we performed multiple ablations.
When the total ablation time in a treatment was > 60
minutes, we divided a treatment into = 2 sessions in
consideration of burden to the patient.

Antibiotics were administered before and after the
procedure on the treatment day and on the morning
of the next day. We continued to administer antibiot-
ics when the patients had a fever > 37.5 °C.

Assessment of Treatment Efficacy and Follow-Up

After 1-2 sessions of RFA, dynamic CT scans with
section thickness of 5 mm were performed to evaluate
the ablation. Complete ablation of HCC was defined as
hypoattenuation of the lesion including the surround-
ing liver parenchyma. Patients received additional ses-
sions of RFA until the treatment was judged as com-
plete. Follow-up consisted of monthly blood tests and
monitoring of tumor markers at the outpatient clinic,
and ultrasonography and dynamic CT scans were per-
formed every 3-4 months. Intrahepatic HCC recur-
rence was classified as either tumor recurrence at a
site distant from the primary tumor or adjacent to the
treated site (local tumor progression). If HCC recur-
rence was suspected, further examinations including
dynamic CT scans and CT angiography were per-
formed. When recurring HCC tumors were identified,
RFA was performed if the same initial inclusion crite-
ria were again satisfied.
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Complications were assessed on the basis of the
number of treatments and sessions. Major complica-
tions were defined as those that, if left untreated,
might threaten the patient’s life, lead to substantial
morbidity and disability, or result in hospital admis-
sion or substantially lengthen hospital stay according
to the previously described guidelines.®* All other
complications were considered minor. Complications
were classified into 3 categories according to the time
after the last ablation: immediate complications (=
6-24 hours after the procedure), periprocedual com-
plications (within 30 days), and delayed complica-
tions. In assessing delayed complications, follow-up
was censored either on March 31, 2004 or in the event
of death.

Survival analysis was performed on patient basis.
Survival time was defined as the interval between the
first RFA and the death or the last visit to outpatient
clinic until March 31, 2004. Six-hundred sixty-four
patients were divided into 2 groups: 319 patients who
received RFA as the initial treatment for HCC (naive
patients) and 345 patients who received RFA as a
treatment for tumor recurrence after primary treat-
ments including hepatic resection, PEIT, percutane-
ous microwave coagulation therapy (PMCT), and TAE.
A cumulative survival curve was plotted using the
Kaplan-Meier method. Survival was also assessed in
naive patients among subgroups divided by age, gen-
der, etiology of background liver disease, Child-Pugh
class, tumor size and number, pathologic grade of
tumor, and tumor markers. Difference between these
subgroups was tested by the log-rank test.

Tumor recurrence was analyzed among 306 of the
319 naive patients, excluding 13 in whom several nod-
ules were left untreated with the initial RFA therapy.
The observation period for tumor recurrence was de-
fined as the interval between the first RFA and either
of the detection of tumor recurrence, death, or the last
visit before March 31, 2004, whichever came first. As
death and tumor recurrence are competing risks, we
used cumulative incidence estimation with competing
risks for the analysis of cumulative tumor recurrence
as described by Gray.*® Differences with P < 0.05 were
statistically significant. All statistical analyses were
performed with S-plus 2000 software (MathSoft, Inc.,
Seattle, WA).

RESULTS

Patient Profile

The mean age of the patients was 67 years (range,
44 -90 years). Patients were male dominant (69%) and
the majority were HCV positive (Table 1). The mean
tumor size was 2.6 cm (range, 0.8-9.7 cm). As 227 of
664 patients received = 2 treatments during the period
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TABLE 1
Characteristics of 664 Patients Treated by RFA
Naive patients Nonnaive patients

Variables (n = 319) (%) (n = 345) (%)
Mean age {yrs)* 674 x78 66.6 = 8.4
Male gender 212 (66.5) 247(71.6)
Etiology

HBs-Ag positive only 319.7) 36 (10.4)

HCV-Ab positive only 251 (78.7) 284 (82. 3)

Both positive 5(1.6) 6(1.9

Both negative 32100 19 (5. 5]
Alcohol consumption >80 g/day 52 (16.3) 59(17.1)
Child-Pugh class

A 221 (69.3) 225 (65.2)

B 94 (29.5) 111321

C 4(1.3) 9(2.6)
Tumor size (cm)

2.0 87 27.2) 113 (32.8)

2.1-5.0 215 (67.4) 209 (60.6)

>5.0 17 (5.3) 23(6.7)
Tumor ne.

Single 193 (60.5) 138 (40.0)

2-3 105 (32.9) 141 (40.9)

>3 21 (6.6} 66 (19.1)
Tumor markers

AFP (ng/mL)

=20 152 (47.6) 156 (45.2)

21-100 86 (27.0) 97 28.1)

101-400 47 (14.7) 43(12.5)

>400 34(10.7) 49(14.2)

DCP (mAl/ml)

<40 225 (70.5) 226 (65.5)

41-100 36(12.9) 49 (14.2)

101-400 37 (1L.6) 40 (11.8)

>400 21 (6.6) 308.7)

RFA: radiofrequency ablation; HBs-Ag: hepatitis B surface antigen; HCV-Ab: hepatitis C virus antibody;
AFP: o-fetoprotein; DCP; des-gamma carboxyprothrombin.
*Values are expressed as mean * standard deviations.

for tumor recurrence, the total number of treatments
(cases) received was 1000.

Treatment Efficacy and Complications

One thousand treatments to 664 patients consisted of
2082 sessions of RFA to 2140 nodules. The distribution
of nodules was as follows: 367 nodules (17.1%) in the
lateral segment, 238 (11.1%) in the medial segment,
891 (41.6%) in the anterior segment, 609 (28.5%) in the
posterior segment, and 35 (1.6%) in the caudate lobe.
The mean number of electrode insertions according to
tumor size are as follows: 1.5 times for nodules < 2
cm, 2.3 times for nodules 2.1-3.0 cm, 4.2 times for
nodules 3.1-5.0 cm, and 11.7 times for nodules > 5
cm. One hundred thirty-seven of 319 naive patients
and 145 of 345 nonnaive patients received TAE before
RFA. All nodules were ablated completely in 934 treat-
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TABLE 2
Major Complications after RFA
Prevalence (%)
No. of Per Per
Complications complications  treatment  session
Immediate (within 24 hrs)
Intraperitoneal hemorrhage
requiring blood transfusion 4 0.4 0.19
Pleural effusion requiring drainage 4 0.4 0.19
Hepatic infarction 2 0.2 0.096
Pneumothorax requiring drainage 1 0.1 0,048
Hemothorax requiring drainage 1 0.1 0.048
Bile peritonitis 1 0.1 0.048
Periprocedual (within 30 days)
Hepatic abscess requiring drainage 7 0.7 0.34
Bronchobiliary fistula 2 02 0.096
Duodenal perforation 1 01 0.048
Colonic penetration 1 0.1 0.048
Gastric penetration 1 0.1 0.048
Delayed
Neaplastic seeding 15 1.5 0.72
Total 40 4.0 1.9
RFA: radiofrequency ablation,
TABLE 3
Minor Complications after RFA
Prevalence (%)
Ne. of Per Per
Complications complications  treatment  session
Immediate (within 24 hrs)
Self-limiting hemobilia 3 03 0.14
Skin burn {entrance point) 3 03 0.14
Periprocedual (within 30 days)
Self-limiting portal vein thrombosis 4 04 0.19
Delayed
Biloma 7 0.7 0.34
Total 17 1.7 0.82

RFA: radiofrequency ablation.

ments. RFA was performed for debulking the tumor
burden in the remaining 66 treatments. The o-feto-
protein (AFP) declined to < 100 ng/mL in 184 of 247
treatments (74.4%) in which the pretreatment AFP
level was > 100 ng/mL. DCP normalized (=< 40 mAU/
mL) in 279 of 326 treatments (85.6%).

A total of 40 major complications (4.0% per treat-
ment, 1.9% per session) and 17 minor complications
(1.7% per treatment, 0.82% per session) were observed
within the follow-up period (Tables 2, 3). There were
no complication-related deaths. Side effects such as
moderate pain controlled by analgesics, nausea, or
infection-unrelated fever relieved by antifebriles were



1.0
ﬁ -]
2
£ 0.8
%]
%5 4
>
= 064
£
©
S 4
]
o 4
® 0.4
=
5 N
>
£ 024
e
O i
00 T T T T T T T T T 1
0.0 1.0 20 3.0 4.0 5.0
Years after RFA
No. at risk
Naive 319 301 206 99 46 7
Others 345 314 196 102 49 5

FIGURE 1. The cumulative survival rates of naive (thin line) and nonnaive
(thick line) patients who received radiofrequency ablation (RFA). The cumulative
survival rates estimated by the Kaplan—Meier method at 1, 2, 3, 4, and 5 years
were 94.7%, 86.1%, 77.7%, 67.4%, and 54.3% for naive patients and 91.8%,
75.6%, 62.4%, 53.7%, and 38.2% for nonnaive patients, respectively.

not included. As for major complications, intraperito-
neal hemorrhage was observed in four patients. In one
patient, bleeding was detected during RF exposure,
and arterial hemorrhage was identified by color Dopp-
ler ultrasonography. We reablated the needle track to
stop the bleeding. The remaining three patients recov-
ered after transfusion under careful observation. He-
patic infarction, defined as an increase in serum as-
partate aminotransferase levels > 1000 IU/mL and/or
an appearance of a wedge-shaped hypoattenuated
area no smaller than a subsegment by dynamic CT
scan, occurred in 2 patients. Both recovered sponta-
neously, although they suffered from high-grade fever
lasting for 1-2 weeks. Hepatic abscess formation was
found in seven patients and percutaneous drainage
was performed in all. Two of them were complicated
with bronchobiliary fistula and recovered after endo-
scopic biliary drainage. Intestinal perforation/pene-
tration (duodenum, stomach, or colon) was observed
after ablation in three patients. One patient with du-
odenal perforation was complicated with peritonitis
and treated by surgical intervention. Colonic penetra-
tion occurred in one patient after hepatic abscess. The
abscess was treated by percutaneous drainage and the
anastomosis to the colon was closed by colonoscopic
procedure. The patient with gastric penetration recov-
ered with total parenteral nutrition without surgical
intervention. In 1 patient, bile peritonitis occurred
approximately 12 hours after RFA, requiring surgical
and endoscopic biliary drainage. The patient showed
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intrahepatic bile duct dilatation before RFA, probably
due to bile duct damage by previous PMCT.

When the 1000 treatments were divided into 2
groups as the earlier 500 and the later 500, there was a
trend toward a decrease in the rates of immediate and
periprocedual major complications (from 3.4% to
1.6% per treatment, P = 0.105 by chi-square test).

As a late complication, carcinoma seeding was
identified in 15 patients with a median occult period
of 17 months after the last ablation (range, 2-28
months). The area of tumor seeding was localized in
nine patients and was surgically resected. Microwave
coagulation was performed under thoracoscopic guid-
ance in one patient with dissemination to the pleura.
One patient with localized spread of tumor received
radiotherapy. Two patients with intraperitoneal tumor
spread were treated by systenic chemotherapy. The
remaining two patients received best supportive care,
as their liver function was impaired severely.

Long-Term Outcomes

Of the 664 patients included in the current series, 203
had died by March 31, 2004, Eight patients (1.2%) were
lost to follow-up. The median observation period was
2.3 years (range, 0.17-5.1 years). Causes of death were
cancer progression in 136 patients, hepatic failure in
36 patients, upper gastrointestinal bleeding in 8 pa-
tients, and liver-unrelated causes in 23 patients. The
cumulative survival rates estimated by the Kaplan—
Meier method at 1, 2, 3, 4, and 5 years were 94.7%,
86.1%, 77.7%, 67.4%, and 54.3% for naive patients
whereas the respective rates were 91.8%, 75.6%, 62.4%,
53.7%, and 38.2% for nonnaive patients, respectively
(Fig. 1). Significant differences were observed in sub-
groups divided by Child-Pugh class (P = 0.000388),
tumor size (P = 0.000234), AFP level (P = 0.0103), and
DCP (P = 0.00000473; Fig. 2 and Table 4). There was
no significant difference in subgroups divided by age
(P = 0.378), gender (P = 0.921), etiology of back-
ground liver disease (P = 0.909), number of tumors (P
= 0.464) or pathologic grade (P = 0.111).

Tumor recurrence was identified in 165 of 306
patients. The median observation period for tumor
recurrence was 1.59 years (range, 0.12-4.98 years). Of
165 patients with tumor recurrence, 142 (86.1%) had
= 3 recurrent nodules. Among these 142 patients, 137
were treated by second RFA, 4 by ethanol injection,
and 1 by hepatic resection. Most of the remaining 23
patients with multiple recurrent nodules (> 3) were
treated by TAE. Cumulative probabilities of tumor re-
currence at 1, 2, 3, and 4 years were 20.4%, 43.4%,
59.8%, and 65.9%, respectively. Cumulative probabil-
ities of death without tumor recurrence at 1, 2, 3, and
4 years were 3.9%, 7.0%, 8.7%, and 10.9%, respectively
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FIGURE 2, Cumulative survival rates of naive patients divided by (A) Child—
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and 5 years were 96.4%, 90.4%, 83.4%, 72.9%, and 63.1% for Child-Pugh A
patients (thin line) and 90.7%, 79.0%, 65.0%, 53.9%, and 31.4% for Child—
Pugh B/C patients (thick line), respectively. (B) The cumulative survival rates at
1, 2, 3, 4, and 5 years were 100%, 93.2%, 90.8%, 90.8%, and 83.8% for
patients with tumors =< 2 cm (thin line), 93.0%, 85.4%, 74.3%, 63.0%, and
45.2% for patients with tumors 2.1-5.0 cm (thick line), and 87.5%, 73.4%,
58.7%, 33.6%, and 33.6% for patients with tumors > 5.0 cm (dashed line),
respectively. RFA: radiofrequency ablation.

(Fig. 3A). When the patients were divided by Child-
Pugh class, there was no significant difference in over-
all recurrence rate between Class A and Class B/C
patients (P = 0.38 by Gray's test), whereas a significant
difference in death without tumor recurrence was ob-
served between the 2 groups (P = 0.0026; Fig. 3B).
Cumulative probabilities of local tumor progression at
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TABLE 4
Three-Year Survival of Patients with HCC Treated by RFA
No. of 3-Year survival
Parameter patients rate {95% CI) Pvalue
Overall 319 777 (7124-83.2)
Age (yrs)
>68 159 76.0 {68.5-84.2) 0.378
<68 160 79.2 (72.1-87.1)
Gender 0.921
Male 212 77.7 (71.5-84.5)
Female 127 77.1 (67.8-87.8)
Etiology 0.909
HBs-Ag positive only 30 80.5 (66.3-97.8)
HCV-Ab positive only 252 783 (72.5-84.6)
Both negative 3 70.8 (54.1-92.6)
Child-Pugh class 0.000388
A 221 83.4 (77.7-89.5)
B/IC 98 65.0 (54.9-76.3)
Tumor size {cm) 0.000234
2.0 87 90.8 (83.8-98.4)
2.1-5.0 215 74.3 (67.7-81.5)
>51 17 58,7 (38.0-90.8)
Tumor no. 0.464
Single 193 77.3(70.1-85.2)
2-3 105 77.5 (69.2-86.9)
>3 21 67.5 (48.6-93.6)
Edmondson grade 0.111
1 61 83.7 (72.6-96.7)
2 214 76.9 (70.5-93.9)
3 27 66.0 (48.9-89.1)
AFP (ng/ml) 0.0103
=100 238 82.3 (76.9-88.1)
101-400 47 72.2 (58.6-88.8)
>400 34 47.6 (28.6-79.4)
DCP (mAU/mL) 0.00000473
=40 225 86.3 (81.4-91.5)
41-100 36 62.4 (46.6-83.4)
>100 58 56.1 (42.4-74.4)

HCC: hepatocellular carcinoma; RFA: radiofrequency ablation; HBsAg: hepatitis B surface antigen;
HCV-Ab: hepatitis C virus antibody; AFP: e-fetoprotein; DCP: des-gamma carboxyprothrombin.

1, 2, 3, and 4 years were 1.3%, 2.4%, 2.4%, and 2.4%,
respectively. (Fig. 4). No extrahepatic metastasis was
observed in these 306 patients except for 2 patients
with neoplastic seeding.

DISGUSSION
In the current study, we have shown that RFA is a safe
and effective strategy for the treatment of HCC. The
incidence of major complications within 30 days after
the procedure was satisfactorily low (2.5% per treat-
ment), and there were no treatment-related deaths.
As an immediate complication, intraperitoneal
bleeding is a potentially fatal condition. Thus, a care-
ful estimation of the underlying coagulopathy is im-
portant to avoid hemorrhage. We set the minimum of
prothrombin time and platelet count for the indica-
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FIGURE 3. (4) Cumulative probabilities of tumor recurrence (thin ling) and
death without tumor recurrence (dotted line) of patients who received radio-
frequency ablation (RFA) as initial treatment for hepatocellular carcinoma
(HCC). The sum of the 2 probabilities is equivalent to 1 — tumor recurrence-
free survival (thick line). (B) Cumulative probabilities of tumor recurrence and
death without tumor recurrence of patients who received RFA as initial
treatment for HCC divided by Child—Pugh class. There were significant differ-
ences between the cumulative probabilities of death without tumor recurrence
of Chiid—Pugh A and Child~Pugh B/C patients, whereas no significant differ-
ence was observed between the cumulative tumor recurrence probabilities.

tion of RFA at higher levels (> 50% and > 5.0 X 10%/
mm®) than those for PEIT.'? The observed frequency
of peritoneal bleeding (0.4% per treatment) was simi-
lar to that previously reported (0.3-0.5%).22%339 Gas-
trointestinal perforation, another potentially fatal
complication, can occur when the target nodule is
located adjacent to the intestine, especially when the
patients have a previous history of gastrointestinal
surgery.”**® The observed frequency of gastrointesti-
nal perforation/penetration (0.3% per treatment) was
the same as previously reported, although none of
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Years after RFA

FIGURE 4. Cumulative probabilities of overall tumor recurrence (solid ling)
and lacal tumor progression (dotted line). RFA: radiofrequency ablation.

those patients had a history of surgery. We recently
introduced an intraperitoneal infusion technique, by
which 500-1000 mL of 5% glucose solution is injected
before and during the ablation for the purpose of
creating space between the lesion and the intestine.
The efficacy of this procedure is yet to be assessed
fully.

It is well understood that the risk of complications
can be reduced by proficiency in technique and re-
finement in pretreatment assessments. We observed a
trend toward a decrease in the rates of immediate and
periprocedual complications (from 3.4% to 1.6% per
treatment). Conversely, we encountered an increase in
the number of patients with neoplastic seeding. The
main reason for that is the prolonged follow-up period
because the majority of those patients were identified
> 17 months after the last ablation. The rate of neo-
plastic seeding (1.5%) was higher than that previously
reported (0.2-0.5%), although it was still very low
compared with the value (12.5%) reported by Llovet et
al.*" The high incidence of seeding was likely to be
related directly to the finding that tract cauterization
was not performed.*® Another possible reason is the
tumor biopsy we performed in most of the patients to
obtain the pathologic confirmation.3?

The overall tumor recurrence rate for RFA in the
current study was compatible with that of PEIT and
hepatectomy.**** The local tumor progression rate
was 2.4% during a median of 19 months of follow-up,
a very low rate compared with that reported else-
where. Local tumor progression after RFA occurs
mainly at the surrounding tissue.***” To completely
ablate a tumor = 2 c¢m in diameter with a sufficient
safety margin, multiple electrode insertion is neces-
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sary by the 3-cm-exposed electrode. Thus, we decided
to perform TAE with Lipiodol to tumors > 2 cm to
delineate the border of the tumors at the CT scan for
treatment evaluation after ablation. We tried to make
sure that the entire tumor was surrounded as com-
pletely as possible by a nonenhanced area on an eval-
uation CT scan. It is known that occlusion of arterial
flow during RFA significantly enlarges the zone of
coagulation.*®* Qur results for local tumor progres-
sion rate may be contributed by the effect although
the exact impact of this confounding factor is precisely
unknown when RFA is performed > 7 days after em-
bolization (as we did) compared with when it is per-
formed immediately (within 3 days) after emboliza-
tion.

Louha et al.***! reported on the likelihood of
spreading cancer cells into peripheral blood by liver
resection, ethanol injection, and transarterial emboli-
zation. However, the risk of hematogenous dissemi-
nation of HCC cells is negligible, because most pa-
tients had three or fewer nodules at HCC recurrence,
and extrahepatic metastasis was rare in our patient
series. ’

RFA can be repeated in patients with tumor re-
currence as long as liver function is relatively intact.
The finding that the majority of patients with tumor
recurrence underwent RFA indicates that the initial
RFA was not so invasive as to seriously damage liver
function. As a locoregional therapy, RFA does not pre-
vent de novo carcinogenesis in the remnant liver with
chronic viral infection. Another strategy including vi-
ral eradication is needed to prevent overall tumor
recurrence.*?

The prognosis of patients with HCC is dependent
mainly on tumor characteristics and liver function
also in case of RFA. Patients with severely impaired
liver function may not be eligible for RFA. The poorer
survival among Child-Pugh Class B and C patients
indicates that other strategies including OLT should
be considered for longer survival.

RFA is a safe and effective method with satisfac-
tory curability at least locally, and it can be repeated
against tumor recurrence. The 5-year survival rate
may be better than that previously reported for etha-
nol injection'™*® and is obviously better than that of
natural course.**** Thus, RFA can be the first choice in
the treatment of small HCC, although further follow-
up will be necessary for the assessment of longer sur-
vival.
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Ablation Therapy in Containing Extension of
Hepatocellular Carcinoma: A Simulative Analysis of
Dropout From the Waiting List for Liver
Transplantation

Noriyo Yamashiki, Ryosuke Tateishi, Haruhiko Yoshida, Shuichivo Shiina,
Takuma Teratani, Shinpei Sato, Norio Mine, Yuji Kondo,
Takao Kawabe, and Masao Omata

The dropout from the waiting list for liver transplantation
among patients with hepatocellular carcinoma (HCC) is
reportedly as high as 12% to 40% per year, mostly due to
tumor progression. Considering the scarcity of donor
organs, it would be beneficial if we could retain them within
the Milan criteria with a bridging therapy. We retrospec-
tively analyzed the prognosis of 288 HCC patients with rel-
atively preserved liver function we treated with ablation ther-
apy between 1997 and 2001, concentrating on whether they
subsequently remained in the criteria, and analyzed the risk
factors of dropout with Cox proportional hazards model.
During a median follow-up period of 39 months (range,
1-86 months), 33 (11%) died without tumor progression,
while 85 (30%) dropped out due to tumor progression. The
overall dropout rate was 9.0% and 32.8% at 1 and 3 years,
respectively, and that due to tumor progression was 6.2%
and 23.0%. Cox regression analysis indicated that a high
serum level of alpha-fetoprotein or des-y-carboxy prothrom-
bin, and a tumor size exceeding 3 cm in diameter affected the
dropout due to tumor progression, while low albumin con-
centration was a risk factor of death independently of tumor
progression. In conclusion, local ablation therapy for HCC
was effective in containing the tamor progression within the
Milan criteria in selected patients. (Liver Transpl 2005;11;
508-514.)

rthotopic liver transplantation is an ideal therapy,
O at least theoretically, for patients with hepatocel-
lular carcinoma (HCC) complicated with cirrhosis, and
it could treat both cancer and impaired liver function
simultaneously. Survival of patients with HCC, meet-
ing certain conditions, after liver transplantation is

Abbreviations: HCC, hepatocellular carcinoma; MELD, Model
for End-Stage Liver Disease; PEI, percutaneous ethanol injection;
RFA, radiofrequency ablation; AFP, alpha-fetoprotein; DCP, des-y-
carboxy prothrombin; RR, risk ratio; CI, confidence interval.

From the Department of Gastroenterology, University of Tokyo,
Graduate School of Medicine, Tokyo, Japan.

Address veprint requests to Noriyo Yamashiki, MD, Hongo 7-3-1,
Bzmkya-/eu, To/e)/g 113-8655, ]zzpzzn TDZEP/:'O}ZC’ 81-3-3815- 54]]‘
FAX : 81-3-3814-0021; E-mail: nyamashiki-gi@umin.ac.jp

Copyright © 2005 by the American Association for the Study of
Liver Diseases

Published online in Wiley InterScience (www.interscience.wiley.com).

DOI 10.1002/1:.20392

508

reportedly similar to that of patients without HCC,1-6
Recent proposals submitted in Europe and also in the
United States indicated that the optimal candidates for
liver transplantation are patients with HCC within
“Milan criteria”; i.e., a single nodule smaller than 5 cm
in diameter or less than 4 nodules with the maximum
size smaller than 3 cm.237 In areport of Mazzaferro and
associates, a high rate of recurrence-free survival after
transplantation was observed in selected group of
patients with small tumors. Similar results were also
demonstrated by other groups, with 3-year survival
being >70%. More recent report from the interna-
tional tumor registry showed that tumor size >5 cm,
positive node metastasis, bilobar distribution of tumor
lesions, and vascular invasion were associated with
tumor recurrence after transplantation.?

However, the increasing number of candidates for liver
transplantation is surpassing the number of cadaveric
donor organs, and the relative shortage has substantially
prolonged the waiting time for liver transplantation.®1°
The organ allocation system in the United States, the
Model for End-Stage Liver Disease (MELD), has been
revised so that patients with early HCC are now given
higher priority.7-11-14 Nevertheless, tumor progression
during the waiting time may contraindicate transplanta-
don, which is still a major cause of dropout from the
waiting list.10:11.15

Various attempts have been made to reduce the
dropout during waiting time by applying adjuvant the-
apies for HCC. Recent reports showed effectiveness of
chemoembolization,!617 and partial hepatectomy has
been performed on cases with preserved liver function,
to be followed by liver transplantation as the sal-
vage.'®19 Local ablation therapies for HCC—namely,
percutaneous ethanol injection (PEI), microwave coag-
ulation therapy, and radiofrequency ablation (RFA)—
can be performed in the presence of compensated cir-
rhosis,20-22 and previous studies showed safety and
effectiveness of tumor ablation in pretransplant HCC
patients.?324

Liver Transplantarion, Vol 11, No 5 (May), 2005: pp 508-514
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Table 1. Baseline Demographics and Tumor Characteristics of 288 Patients

Factors

Value

Age, yrs, mean (range)
Gender, male/female
Edology of liver disease
Hepatitis C
Hepatitis B
Alcohol (with/without viral hepatitis)
Cryptogenic
Blood type (A/B/O/AB)
AFP ng/dL, median (range)
DCP mAU/mL, median (range)
Serum albumin (g/dL) mean % SD
Serum bilirubin (mg/dL) mean = SDO
Prothrombin time (INR) mean = SD
Serum creatinine (mg/dL) mean = SDO
Ascites
Hepatic encephalopathy
Child-Turcotte-Pugh classification, A/B/C
MELD score (range)
Size (cm), mean * SD
Number of tumors, 1/2/3
Primary treatment, PEI/MCT/RFA
Histologic grade, /IV/IIN/IV

66 (41-86)
177 (61.5%)/111 (38.5%)

229 (79.5%)

34 (11.8%)

52 (18.1%)

11 (3.8%)

91/42/65/30 {60 unknown)
18 (1-16,709)

22 (10-15,654)

3.6+ 04

0.9+ 04

1.2+ 0.1

0.7 %203

34 (11.8%)

9 (3.1%)

207 (71.9%)/77 (26.7%)/4 (1.4%)
9(6-15)

23*0.8

210/58/20

118/22/158

59/140/20/2

radiofrequency ablation.

Abbreviations: AFP, alpha-fetoprotein; DCP, des-y-carboxy prothrombin; INR, international normalized ratio; MELD, Model for
End-Stage Liver Disease; PEL, percutaneous ethanol injection; mAU, micro arbitrary unit; MCT, microwave coagulation therapy; RFA,

In Japan, cadaveric liver transplantation has rarely
been performed because of extreme scarcity of deceased
organ donors. Living donor liver transplantation is fre-
quently performed on adult recipients with HCC and
cirrhosis, but suitable donors are not always avail-
able25:26 Thus, when hepatic resection is contraindi-
cated by impaired liver function, local tumor ablation is
the only possibly curative treatment in most cases. The
authors have performed local ablation therapy for HCC
on more than 1,000 HCC patients.?? Although most of
these patients were not intended to and did not undergo
liver transplantation, the observation among this cohort
may be used to validate the local ablation therapy as
pretransplantation bridging therapy to reduce dropout.
In this study, we simulated the dropout rate from the
waiting list for liver transplantation after HCC ablation
based on the actual observation of tumor progression.
Wealso analyzed the factors affecting the outcome.

Patients and Methods

Selection of Subjects

Between January 1997 and Decemnber 2001, 458 consecutive
patients were admitted for the evaluation and treatment of naive

HCC at the Department of Gastroenterology, University of
Tokyo Hospital. The diagnosis of HCC was confirmed on the
findings of contrast-enhanced computed tomography or mag-
netic resonance imaging, and percutancous ultrasound-guided
tumor biopsy was performed when indicated. Of those 458
patients, 302 had HCC within the Milan criteria, L.¢., a solitary
nodule smaller than 5 cm in diameter or less than four nodules all
smaller than 3 cm. Two cases received surgical resection, 9
received transcatheter arterial embolization because of impaired
liver function, and 3 received no treatment. The remaining 288
patients received percutaneous ablation therapy as the initial
treatment for HCC and constituted the subjects of this study.
The selection criteria for local ablation therapy were as follows:
absence of vascular or biliary invasion, absence of uncontrollable
ascites, total bilirubin level lower than 3 mg/dL, prothrombin
time greater than 50%, and platelet count greater than 50,000
mm?. In 1997 and 1998, PEl or microwave coagulation therapy
was used for ablation; we used RFA after the modality became
available in Japan in 1999. As a result, 108 patients underwent
PEI, 15 underwent microwave coagulation therapy, 155 under-
went RFA, and 10 underwent more than one modality. The
baseline characteristics of patients are shown in Table 1.

Initial Ablation and Follow-Up

Each ablation therapy was performed as described else-
where.?2 HCC was histologically confirmed through ulira-
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[ START : itial local ablation therapy (n=288) |

l

Recurrence?

Meet Milan
Criteria?

Alive and tumor controlled within Milan
Criteria (n=170}

Death w/o tumor progression (n=33} |

Dropout due to tumor progression
(n=85)

Repeat Therapy

Figure 1. Study design. After initial local ablation ther-
apy, all patients were followed periodically until February
29, 2004. At the detection of recurrence, those patients
with recurrence tumor within Milan criteria underwent
repeated tumor ablation therapy, while those with recur-
rence tumnor extent beyond Milan criteria were considered
as dropout. Death without tumor progression was also
considered as an event: dropout due to death.

sound-guided biopsy in 221 patients, while the diagnosis was
made on the basis of typical angiographic findings in the
others. Histologic grade was assessed using Edmondson and
Steiner’s classification.?” We confirmed complete ablation of
all detectable HCC nodules by subsequently taking contrast-
enhanced computed tomography or magnetic resonance
imaging. After the initial treatment, each patient was followed
up with blood tests for liver function and HCC biomarkers
every 1 to 2 months, with abdominal ultrasound every 3
months, and with contrast-enhanced computed tomography
or magnetic resonance imaging whenever indicated. Whether
the recurrence was a new focus or local tumor progression
(i.e., local reappearance of viable HCC after radiographically
complete inital ablation) was assessed radiographically on a
lesion-by-lesion basis.28 When HCC recurrence was detected,
local ablation therapy was repeated when both HCC extent
and liver function met our criteria for ablation therapy; oth-
erwise, surgical resection, transcatheter arterial embolization,
or chemotherapy was considered.

Statistics

In the analysis of virtual dropout from the waiting list for liver
transplantation, either tumor progression beyond the Milan
criteria or death, whichever came first, was considered the
event. The follow-up was terminated when a patient showed
HCC recurrence beyond the Milan criteria, although in real-
ity treatment was repeated as long as the conditions remained
within the local ablation criteria, If the recurrence was within
the transplantation criteria, we continued follow-up until via-
ble HCC progressed beyond the criteria or the patient died.
Risk factors for tumor progression beyond the Milan criteria
or those for death without tumor progression were analyzed
by using Cox proportional hazards regression model indepen-
dently for tumor progression and death. Only those variables
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that showed Pvalue < 0.1 in univariate analysis were analyzed
in multivariate analysis. As death and tumor progression
beyond Milan criteria are “competing risks,” we used cumu-
lative incidence estimation with competing risks for the anal-
ysis of cumulative recurrence as described by Gray
et al.1329-31 Because dropout rate may be affected by liver
function, univariate and multivariate analyses were repeated
by liver function stratification analysis; patients with Child-
Turcotte-Pugh class A and Child-Turcotte-Pugh class B or C
were compared.?? The difference in the risk ratio among
subgroups was tested by the log-rank test. Correlation among
the risk factors was evaluated with Pearson’s correlation coef-
ficient, with logarithmic transformation of highly skewed
variables. All statistical analyses were performed with S-plus

2000 (MathSoft Inc., Seattle, WA).

Results
Probability of Dropout

The median follow-up period was 39.1 months (range, 46
days to 86.2 months, a minimum of 10 months for a
censored patient). During the follow-up, HCC recurrence
was diagnosed at least once in 163 cases (56.6%). Local
tumor progression was seen in 5 cases during the follow-up
period. Four of them were found within the Milan criteria
and successfully treated with local ablation. Eighty-five
patients (29.5%), including one with local tumor progres-
sion, had revealed tumor progression beyond the Milan
criteria, 33 (11.5%) had died without tumor progression,
and 170 (59.0%) were alive without viable HCC or with
recurrent HCC controlled within the Milan criteria. The
cumulative incidence of dropout from the fictitious trans-
plantation waiting list is shown in Figure 2, where the
overall dropout rate at 1, 3, and 5 years was 9.0%, 32.8%,

1.0+

=== Qverall dropout rate

0.9 Dropout due to tumor progression
Dropoutdue fo death

0.8 -
0.7
0.6 -
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Probability

0.4
0.3
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0.1+

0.0

Years after diagnosis

Figure 2. Cumulative probability of dropout. Overall
probability of dropout is shown as a heavy solid line. This
consists of two separate events: death without tumor pro-
gression (thin solid line), and dropout due to tamor pro-
gression (dotted line).
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Table 2. Results of Stepwise Cox Regression Analysis
Dropout due to tumor progression Death without tumor progression
Univariate Multivariate analysis 2 Univariate Multivariate analysis P
Factors analysis, P (RR, 95% CI) analysis, P (RR, 95% CI)
Age >065 years 0.40 0.064
Male gender 0.79 0.371
HCV Ab positive 0.36 0.156
HBs Ag positive 0.67 0.252
AFP >100 ng/mL <0.001 0.007 (1.917, 1.190-3.088) 0.294
DCP >100 mAU/mL <0.001 0.004 (2.195, 1.278-3.770) 0.083
Bilirubin >1 mg/dL 0.441 0.177
Albumin <3.5 g/dL 0.023 <0.001 0.002 (3.968, 1.668-9.438)
Prothrombin time (INR) 0.329 0.086
Size >>3.0 cm 0.001 0.021 (1.841, 1.095-3.095) 0.635
=2 tumor nodules 0.403 0.281
Child-Turcotte-Pugh B/C (vs. A) 0.398 <0.001 <20.001 (3.761, 1.892-7.475)*
Ascites 0.665 <0.001 0.033 (2.391, 1.074-5.324)
PEI 0.219 0.063
RFA 0.449 0.280
MCT 0.124 0.850
Histologic grade ITI/IV (vs. I/ID) 0.286 0.375
Abbreviations: RR, risk ratio; CI, confidence interval; HCV Ab, hepatitis C virus antibody; HBs Ag, hepatitis B surface antigen; AFP,
alpha-fetoprotein; DCP, des-y-carboxy prothrombin; mAU, micro arbitrary unit; INR, international normalized ratio; PEI, percutane-
ous ethanol injection; RFA, radiofrequency ablation; MCT, microwave coagulation therapy.
*Child-Turcotte-Pugh class B/C was the only significant factor when associated factors (serum albumin, bilirubin, ascites, and prothrom-
bin time) were removed from the multivariate analysis.

and 49.8%, respectively. The cumulative incidence of
dropout due to tumor progression was 6.2%, 23.0%, and
36.9% at 1, 3, and 5 years, respectively, and that due to
death without tumor progression was 2.7%, 9.8%, and
12.9%, respectively.

Causes of Failure

The causes of Milan criteria violation were as follows:
an increase in the number of HCC lesions in 43, an
increase in lesion size in 22, portal vein tumor invasion
in 8, distant metastasis in 7, tumor seeding in 4, tumor
rupture in 1, and bile duct invasion in 1. The violation
occurred at the first recurrence in 55, at the second in
18, at the third in 8, and at a later recurrence in 4. Each
recurrence within the criteria was treated by means of
local ablation therapy. Among 33 deaths without tumor
progression beyond the Milan criteria, 17 were liver
related (14 from liver failure and 3 from esophageal
variceal rupture) and the remaining 16 were liver unre-
lated, including 5 from cerebrovascular diseases and 2
from extrahepatic neoplasms. In addition, 48 patients
died after dropout due to tumor progression (42 from
HCC, 3 from liver failure, 1 from esophageal variceal
rupture, and 2 from other diseases). Overall survival
rate and 95% confidence interval, as calculated by the

Kaplan-Meier method, were 96% * 2%, 79% = 4%,
and 67% * 8% at 1, 3, and 5 years, respectively.

Patients Without Failure

Among 170 patients who remained at risk at the end of the
study, 97 showed no HCC recurrence while 73 had at least
one episode of recurrence (once in 45, twice in 16, three
times in 8, four times in 3, and five times in 1), all of which
had been treated with local ablation therapy.

Risk Factors for Dropout From the List

Risk factors for the dropout from the transplantation
waiting list due to tumor progression are shown in
Table 2. In univariate analysis, higher serum alpha-
fetoprotein (AFP, >100 ng/dL) or des-y-carboxy pro-
thrombin (DCP, >100 mAU/mL), lower serum albu-
min (<3.5 g/dL), larger tumor size (>3 cm) had a P
value < 0.1. Multivariate analysis with stepwise selec-
tion of factors indicated that AFP (P = 0.007, risk ratio
[RR}: 1.917, 95% confidence interval [CI]: 1.190-
3.088), DCP (P = 0.004, RR: 2.195, CI: 1.278-
3.770), and the tumor size (P = 0.021, RR: 1.841, CI:
1.095-3.095) were significant. Tumor size was signifi-
cantly associated with AFP (¥ = 0.280, P < 0.001) and
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