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Tumor Recurrence in Hepatocellular Carcinoma Patients after
Radiofrequency Ablation: Portal Hypertension as an Indicator

of Recurrence of Hepatocellular Carcinoma
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Purpose: To evaluate the effect of portal hypertension on the tumor recurrence in Index terms
patients with hepatocellular carcinoma (HCC) and without hepatic decompression Liver

following radiofrequency ablation (RFA). Portal Hypertension
Materials and Methods: Treatment-naive HCC patients within the Milan criteria Cirrhosis

and with Child-Pugh class A were included in this study, who had performed RFA in
our hospital between January 2010 and March 2017. Univariate and multivariate

Hepatocellular Carcinoma

analyses using the Cox proportional hazard model were performed to find the pre-
dictors of local or distant tumor recurrence.

Results: Overall, 178 patients were included in this study. Median follow-up period
was 40.2 months. The difference in the local tumor progression rates depending on
the absence or presence of portal hypertension was not statistically significant (p =
0.195). The 1-, 3-, and 5-year distant intrahepatic tumor spread rates were 6.6%,
29.5%, and 537% in patients without portal hypertension, and 23.4%, 51.9%, and
63.6% in patients with portal hypertension, respectively. The difference was statisti-
cally significant (p = 0.011). Univariate and multivariate analysis showed that portal
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hypertension was an independent predictor for distant intrahepatic tumor spread

(p = 0.008).

Conclusion: For HCC patients with Child-Pugh class A, portal hypertension adversely

affected distant intrahepatic tumor progression.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide, and it commonly occurs in patients at high
risk for this disease, especially those with liver cirrhosis (1). The
risk of hepatocarcinogenesis depends on background liver fac-
tors, of which fibrosis is a major determinant (2, 3). An impor-
tant question is whether hepatocarcinogenesis will accelerate as
liver fibrosis progresses. Indeed, a related study reported that a
hepatic venous pressure gradient greater than 15 mm Hg is a
positive predictor for the development of HCC in patients with

decompensated alcoholic cirrhosis (4). However, it is not defi-
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nite whether the same relationship is still valid for patients with
compensated liver cirrhosis. It is also not definite whether the
risk of development of new HCC nodules will increase in HCC
patients with portal hypertension who have already received lo-
cal curative treatments, compared to those without portal hy-
pertension.

Although portal hypertension is conventionally evaluated by
measuring the hepatic venous pressure gradient (HVPG) fol-
lowing percutaneous catheterization, non-invasive imaging is
also widely used in clinical practice (5, 6). In fact, non-invasive
diagnosis of clinically relevant portal hypertension (CRPH) is

considered useful in the determination of treatment strategies
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for patients with HCC (6-8). In this study, we evaluated wheth-
er the existence of CRPH, which was non-invasively diagnosed,
could affect tumor recurrence in HCC patients without hepatic
decompensation who underwent radiofrequency ablation
(RFA) (9-13).

MATERIALS AND METHODS

Patient Selection

Informed consent was obtained from all the patients after the
procedures were fully explained. The Institutional Review Board
in our hospital approved the data collection and analysis for
this study (IRB No. 2017-02-007). Treatment-naive patients di-
agnosed with HCC within the Milan criteria (a single nodular
HCC less than or equal to 5 cm or multiple nodules up to three
in number, each less than or equal to 3 cm; no extrahepatic
manifestation or vascular invasion) and cirrhotic patients with
Child-Pugh class A were recruited for the study. Among these
patients, only those with no other coexisting malignancy and
who underwent RFA in our hospital between January 2010 and
March 2017 were included in the study.

Based on CT or MRI findings, CRPH was determined when
at least one of the following surrogate findings was present: 1)
varices during upper endoscopy or CT, 2) ascites requiring di-
uretic treatment, or 3) splenomegaly (> 12 cm on the largest di-
mension) on CT and thrombocytopenia (platelet count below
100000/mm?) (6-8, 14-16). For patients who fulfilled the Milan
criteria, but exhibited CRPH, we recommended RFA as an al-
ternative primary treatment modality instead of hepatic resec-
tion, at our institute (17). In addition, RFA was performed based
on the preference of patients against strong recommendations
for surgery by the clinicians. The diagnosis of HCC was made
using the noninvasive criteria defined by the American Associ-
ation for the Study of Liver Disease, consisting of arterial hyper-
enhancement with washout on portal-, or delayed-phase imag-
es on gadoxetic acid-enhanced liver MRI and/or dynamic CT
(17, 18). For patients who did not meet the non-invasive diag-
nostic criteria, HCC was diagnosed based on biopsy-proven path-
ological confirmation. The primary endpoint was distant intra-
hepatic tumor recurrence, and the secondary endpoint was local

and overall tumor progression.
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Techniques and Equipment for Radiofrequency
Ablation

Percutaneous RFA was performed on inpatients under con-
scious sedation using a combination of intravenous fentanyl ci-
trate (Fentanyl citrate”; Myoungmoon, Hwaseong, Korea) and
midazolam (Midazolam; Bukwang, Ansan, Korea) (19). Intra-
operative RFA was performed under general anesthesia. We se-
lected the RFA device used in each procedure depending on the
size and location of the tumor. Internally cooled single or mul-
tiple electrodes (clustered or separable) or multitined expand-
able electrodes were used when appropriate, according to the
tumor size and location. For tumors with diameter greater than
2 cm, the simultaneous use of multiple electrodes was preferred,
particularly after November 2011.

Procedures were performed with a 3.5-MHz convex-array
transducer by using a free-hand technique. Percutaneous RFA
was mostly performed with real-time sonographic guidance.
When sonographic guidance was not technically feasible, CT or
fluoroscopy guidance was used. The ablation procedure was
terminated when the size of the ablation zone was observed to
be large enough to achieve at least 5 mm of safety margin around
the index tumors (9). All ablation procedures were performed
by a radiologist with 11 years of experience in ablation proce-
dures at the start of this study (Y.K.C). Vital signs were moni-

tored during the entire procedure.

CT and MRI Imaging Interpretation

CT examinations were performed with 16-, 64-, or 256-slice
multidetector CT scanners (SOMATOM Definition Flash, SIE-
MENS, Erlangen, Germany; Discovery CT 750HD, GE health-
care, ASEAN; SOMATOM SENSATION 64, SIEMENS, Erlan-
gen, Germany). The number of tumors was determined using
pretreatment CT imaging. MR images were obtained from ei-
ther a 1.5-Tesla (T) or 3.0 T superconducting system using an
8-channel or a 32-channel phased-array coil, respectively. The
tumor size was determined as the maximal diameter of the nod-
ule measured on the pre-ablation CT or MR images taken with-
in one month from the ablation procedure.

The presence of any visible portosystemic collateral vessels,
including esophageal or gastric varices, was evaluated using mul-
tiphasic CT or MR images (20). The spleen size was measured

to determine the presence of splenomegaly, and if spleen size
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was larger than 12 cm on the axial images, or larger than 13 cm
on the coronal images, we considered severe splenomegaly to
be present (14). Thrombocytopenia was defined when the plate-
let count was below 100000/mm? (15).

A centrally located tumor was defined when the shortest dis-
tance to the right or left main portal vein, or the first branches of
the right main portal vein was less than 10 mm (21). A subcap-
sular tumor was defined when the tumor was in contact with
the liver capsule. The appearance of malignant portal vein tu-
mor thrombosis was determined during follow-up based on
the neovascularity and early arterial enhancement of portal
vein thrombosis, location of thrombosis adjacent to the tumor,
direct extension of HCC into the portal vein, or the characteris-
tic signal intensity patterns on the heavily T2-weighted or dif-
fusion-weighted MR images (22-24). Two radiologists, M.Y.K
and J.R.G with 20 and 5 years of experience, respectively, inter-
preted the CT and MR images independently. Final decisions

were reached by consensus.

Evaluation of Therapeutic Efficacy

An ablative margin was said to be visualized when the outer
margin of the treated tumor and that of the surrounding paren-
chymal ablated areas were simultaneously visualized on MR
images. A minimal ablative margin of 5 mm or greater was con-
sidered to be sufficient. A residual viable tumor was judged to
be present when a one-month follow-up imaging by CT or MR
scanners reveals an enhanced portion within or around the in-
dex tumor. If definite evidence of residual unablated foci was
not noted during the one-month follow-up imaging, a three-
phase or four-phase contrast-enhanced CT was performed
three months later. Local tumor progression was defined as the
presence, at follow-up, of foci of untreated diseases in tumors
that were previously considered to be completely ablated (25).
If local tumor progression was judged to be present, additional
RFA or surgical resection was performed when appropriate
(26). Transarterial chemoembolization (TACE) or radiation
therapy was considered when RFA or surgical resection were

neither effective nor feasible.
Statistical Analysis

To investigate the effect of portal hypertension on tumor pro-

gression, univariate and multivariate analyses were performed
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by using the Cox proportional hazard model. Prognostic fac-
tors included in the analysis were age, sex, hepatitis C infection,
heavy alcoholics, Child-Pugh score, multinodularity of HCC,
presence of HCC nodules > 3 cm, tumor location, operative
RFA, and portal hypertension. Parameters that proved to be sig-
nificant or marginally significant in the univariate analysis (p <

0.1) were subsequently evaluated using multivariate analysis.

RESULTS

Patient Selection

Opverall, 178 patients were included in this study. The maxi-
mal tumor diameters were 2.0 + 0.8 cm, mean age was 66.7
5.0 years (ranging from 47 to 87 years old), and median follow-
up period was 42.8 months. The follow-up was terminated on
June 18th, 2018. All except one patient were followed-up longer
than one year, and the early sensor rate within two years was
17.1%. The two groups were similar in terms of baseline charac-
teristics except the presence of portal hypertension and the Child-
Pugh score (Table 1).

Tumor Progression Rates

After RFA, primary and secondary efficacy in local tumor

Table 1. The Baseline Characteristics of Patients. Group 1 and Group
2 Denote thoses Patients without and with Portal Hypertension, and
there are 82 and 96 Patients in Each Group, Respectively

Group 1 Group 2
n= 82p, %) (= 9:, %) p-Value
Age, > 65 years 56 (68.2) 59 (61.4) 0.342
Sex, male 79 (96.3) 92 (95.8) 0.862
Hepatitis C infection 17 (20.7) 21(21.8) 0.853
Alcoholics 21(25.6) 24 (25.0) 0926
Spleen size, >10 cm 36 (43.9) 76 (79.1) 0.000*
Thrombocytopenia 3(3.6) 45 (46.8) 0.000*
Child-Pugh score 6 3(3.6) 30(31.2) 0.000*
Multinodular HCC 10 (12.1) 8(8.3) 0.394
Presence of tumor, > 3 cm 7(8.5) 14 (14.5) 0.213
Presence of a dome nodule 19 (23.1) 21(21.8) 0.836
Presence of subcapsular tumor 43 (52.4) 44 (45.8) 0.380
Tumor adjacent to large vessel 23 (28.0) 28 (29.1) 0.869
Combined TACE and RFA 11 (13.4) 18(18.7) 0.337
Intraoperative RFA 11 (13.4) 11 (11.4) 0.693

*Statistically significant.
HCC = hepatocellular carcinoma, RFA = radiofrequency ablation, TACE =
transarterial chemoembolization
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control was 92.1% and 95.5%, respectively. Local tumor pro-

gression (LTP) was detected in 39 patients. To treat the local re-

current tumors, RFA, TACE, and radiation therapy were per-

formed on 22, 16, and 5 patients, respectively. The 1-, 2-, 3-, 4-,
and 5-year LTP rates were 9.1%, 16.4%, 21.0%, 29.4%, and
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31.9%, respectively. The corresponding rates were 7.5%, 10.6%,

16.0%, 24.7%, and 30.5% in patients without portal hyperten-
sion, and 11.9%, 19.8%, 25.4%, 33.3%, and 33.3% in patients
with portal hypertension, respectively (Fig. 1A). The difference

was not statistically significant (p = 0.195).
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Fig. 1. The difference in the recurrence rates depending on the presence of clinically relevant portal hypertension after radiofrequency ablation

of hepatocellular carcinoma.

A. Local tumor progression rates were similar between the two curves (p = 0.195).
B, C. Distant intrahepatic tumor recurrence rates (B), and overall tumor progression rates were statistically higher in patients with clinically rele-
vant portal hypertension (C) (p = 0.011 and p = 0.003, respectively). Note that the curves for distant intrahepatic recurrence and overall tumor

progression were nearly identical.

HTN = hypertension, RFA = radiofrequency ablation

Table 2. Univariate Analysis of Prognostic Factors for Recurrence-Free Survival

Prognostic Factors Hazard Ratios Standard Errors p-Value
Age, > 65 years 1.273(0.798-2.031) 0.238 0.310
Sex, male 1.053 (0.331-3.346) 0.590 0.930
Hepatitis C viral infection 1.064 (0.634-1.786) 0.264 0814
Alcoholics 1.592 (0.995-2.548) 0.240 0.053
Portal hypertension 1.791 (1.133-2.833) 0.234 0.013*
Child-Pugh score 6 1.774 (1.056-2.981) 0.265 0.030*
Multinodular HCC 2.445 (1.340-4.461) 0.307 0.004*
Presence of tumor, > 3 cm 0.990 (0.475-2.064) 0.375 0979
Presence of a dome nodule 1.189 (0.714-1.980) 0.260 0.505
Presence of a subcapsular tumor 1.462 (0.934-2.287) 0.228 0.096
Tumor adjacent to large vessel 1.036 (0.637-1.684) 0.248 0.887
Combined TACE and RFA 0.789 (0.425-1.464) 0316 0.452
Operative RFA 1.172 (0.582-2.359) 0357 0.657
*Statistically significant.
HCC = hepatocellular carcinoma, RFA = radiofrequency ablation, TACE = transarterial chemoembolization
Table 3. Multivariate Analysis of Prognostic Factors for the Recurrence-Free Survival

Prognostic Factors Hazard Ratios Standard Errors p-Value
Portal hypertension 1.870 (1.180-2.961) 0.235 0.008*
Presence of multiple HCC nodules 2.616 (1.431-4.783) 0.308 0.002*
*Statistically significant.
HCC = hepatocellular carcinoma
jksronline.org  J Korean Soc Radiol 2018;79(5):264-270 267
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The 1-, 2-, 3-, 4-, and 5-year distant intrahepatic tumor
spread rates were 17.2%, 32.5%, 41.5%, 49.6%, and 60.1%, re-
spectively. The corresponding rates were 6.6%, 18.9%, 29.5%,
34.0%, and 53.7% in patients without portal hypertension, and
23.4%, 44.3%, 51.9%, 59.6%, and 63.6% in patients with portal
hypertension, respectively (Fig. 1B). The difference was statisti-
cally significant (p = 0.011). Univariate and multivariate analy-
sis showed that portal hypertension and multiplicity of HCC
nodules were the two independent adverse predictors of distant
intrahepatic tumor recurrence (p = 0.008 and p = 0.002, respec-
tively) (Tables 2, 3).

Opverall, tumor progression was detected in 94 patients. The
1-, 2-, 3-, 4-, and 5-year overall tumor progression rates were
24.9%, 40.4%, 51.0%, 59.1%, and 65.2%, respectively. The me-
dian time to tumor progression was 34.9 months. The 3- and
5-year overall tumor progression rates were 37.3% and 61.0%
in patients without portal hypertension, and 62.7% and 70.6%
in patients with portal hypertension, respectively (Fig. 1C). The
difference was statistically significant (p = 0.003). To treat the
recurrent tumors, RFA, TACE, and radiation therapy were per-

formed on 67, 42, and 29 patients, respectively.

DISCUSSION

Most HCCs develop as a result of liver cirrhosis caused by
chronic liver inflammation. Chronic viral infections, alcoholic
hepatitis, or non-alcoholic steatohepatitis are well known un-
derlying causes of liver cirrhosis and hepatocarcinogenesis (3).
The development and progression of liver fibrosis are known to
be associated with hepatocyte death and a subsequent inflam-
matory response, both of which involve reactive oxygen species
accumulation in injured hepatocytes (27). Considering that the
risk of human HCC recurrence after hepatectomy seems to be
correlated with protein oxidation in the liver, increased oxidative
stress in liver parenchymal cells may explain the close relation-
ship between liver fibrosis and hepatocarcinogenesis (3).

It is well known that liver fibrosis can act as an adverse prog-
nostic factor for survival because of hepatic decompensation as
well as the development of HCC (4). Therefore, reversal of liver
fibrosis before the development of portal hypertension, if possi-
ble, will be clinically important in reducing the development of

HCC as well as hepatic decompensation (28, 29). When we con-
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sider that portal hypertension signifies advanced liver fibrosis,
it would be logical to conclude that the risk of HCC development
increases as liver cirrhosis progresses (4). A previous study re-
ported that in patients with decompensated alcoholic cirrhosis,
a baseline hepatic vein-portal vein gradient greater than 15 mm
Hg is a weak, but independent predictive factor for the develop-
ment of HCC (relative risk = 1.128) (4).

This study showed that CRPH is an indicator for tumor pro-
gression in patients without hepatic decompensation. This was
because distant intrahepatic tumor recurrence rate, but not the
LTP rate, was much higher in HCC patients with portal hyper-
tension. In contrast, CRPH had little effect on overall survival
according to our unpublished data. The reason may be that many
other factors related to the treatment of recurrent HCC could
affect survival outcomes.

It seems that the potential for the development of HCC or in-
trahepatic metastasis increases as liver fibrosis progresses, even
for patients without hepatic decompression. For the other prog-
nostic factor (recurrence-free survival) which was identified in
this study using multivariate analysis, it could be inferred that
multinodularity was also an independent significant factor for
tumor progression (1, 30).

This study has several limitations. First of all, non-invasive
imaging tools were used to determine portal hypertension (31).
Although portal hypertension is conventionally evaluated by
measuring the HVPG, non-invasive imaging tools are also widely
used in clinical practice (5, 6). Secondly, the significance of the
results may be limited because of its retrospective nature. A fu-
ture prospective multi-center study may reinforce the signifi-
cance of this study. Finally, this study was conducted for patients
who were already diagnosed with HCC. Therefore, the results
of this study may not be applicable to high risk patients who
have not been diagnosed with HCC yet.

In conclusion, even among the HCC patients without hepatic
decompensation, a higher distant intrahepatic tumor progres-
sion rate was noted in patients with portal hypertension. Early
treatment of liver fibrosis in the reversible stage will be clinically
important to prevent the development of HCC, as well as hepat-

ic decompensation.
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