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 INTRODUCTION 
 Hepatocellular carcinoma (HCC) ranks as the fi ft h most common 

cancer worldwide ( 1 ). In Japan,  ~ 35,000 patients die from HCC 

every year ( 2 ), and the main cause of HCC is hepatitis C virus 

infection. In chronic hepatitis patients, screening of HCC is usually 

performed by ultrasonography, and the diagnosis is confi rmed by 

contrast-enhanced dynamic computed tomography (CT). Hyper-

attenuation in the arterial phase and hypoattenuation in the equi-

librium phase are considered to be defi nitive signs of HCC ( 3 – 7 ). 

Hyperattenuation in the arterial phase is more emphasized when 

contrast material is injected from the hepatic artery through a 

catheter, because dilution of contrast material in the systemic cir-

culation is avoided, thus keeping a high concentration of contrast 

material in the liver. Th is technique is called CT during hepatic 

arteriography (CTHA) ( 6,8 – 10 ). Similarly, hypoattenuation in the 

equilibrium phase is accentuated aft er injection of contrast mate-

rial into the superior mesenteric artery, which is referred to as CT 

during arterial portography (CTAP) ( 11 – 14 ). Th e combination of 

CTHA and CTAP gives higher sensitivity and specifi city for HCC 

detection than conventional dynamic enhanced CT ( 8 ). 
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  OBJECTIVES:    The combination of computed tomography with hepatic arteriography and arterial portography 
(CTHA / CTAP) can detect additional hepatocellular carcinoma (HCC) nodules undetected by 
conventional dynamic CT. 

  METHODS:    In this single-center, randomized, open-label, controlled trial, we randomly assigned 280 patients 
who were diagnosed as having HCC by conventional dynamic CT, and eligible for radiofrequency 
ablation (RFA), to undergo CTHA / CTAP before treatment, or to the control group. Newly detected 
HCC nodules by CTHA / CTAP were intended to be ablated completely. The primary end point was 
recurrence-free survival and the key secondary end point was overall survival. The analysis was con-
ducted on an intention-to-treat basis. Those with nonablated nodules were treated as for recurrence. 

  RESULTS:    A total of 75 nodules were newly diagnosed as HCC by CTHA / CTAP in 45 patients. Three patients 
(one in the CTHA / CTAP group and two in the control group) who refused treatment were excluded 
from all analyses. The cumulative recurrence-free survival rates at 1, 2, and 3 years were 60.1, 29.0, 
and 18.9 %  in the CTHA / CTAP group and 52.2, 29.7, and 23.1 %  in the control group, respectively 
( P     =    0.66 by log-rank test; hazard ratio, 0.94 for CTHA / CTAP vs. control; 95 %  confi dence interval 
(CI), 0.73 – 1.22). The cumulative overall survival rates at 3 and 5 years were 79.7 and 56.4 %  in the 
CTHA / CTAP group and 86.8 and 60.1 %  in the control group, respectively ( P     =    0.50; hazard ratio, 
1.15, 95 %  CI, 0.77 – 1.71). 

  CONCLUSIONS:    CTHA / CTAP may detect recurrent lesions earlier. However, CTHA / CTAP before RFA did not improve 
cumulative recurrence-free survival or overall survival    .  
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 If new HCC nodules are detected with CTHA / CTAP, in addition 

to those detected with dynamic CT, the treatment of choice may be 

changed ( 15,16 ). For example, surgical resection and liver trans-

plantation are usually contraindicated for multinodular HCC; that 

is, exceeding three nodules. Percutaneous tumor ablation methods, 

such as ethanol injection and microwave coagulation, have played 

an important role as nonsurgical treatments that can achieve 

high local cure rates without aff ecting background liver function 

( 17 – 20 ). Radiofrequency ablation (RFA) is currently considered 

to be the most eff ective fi rst-line percutaneous ablation protocol 

because of its greater effi  cacy in terms of local cure as compared 

with ethanol injection ( 21 – 24 ). However, even aft er complete abla-

tion, patients frequently encounter intrahepatic tumor recurrence 

at a rate of 50 %  in 2 years, the majority of which occurs at locations 

distant from the primary ablated site ( 25 ). Considering the tumor 

doubling time, many nodules diagnosed as recurrent within 2 years 

were probably present at the time of fi rst ablation. If nodules that 

are undetectable by conventional dynamic CT could be detected 

and ablated, the recurrence rate would be decreased. 

 Although CTHA / CTAP is one of the most sensitive techniques 

available for detection of small HCC, its disadvantages include 

invasiveness, high cost, and a high false-positive rate ( 26 ). Th e indi-

cation for CTHA / CTAP can be justifi ed only when the expected 

benefi ts exceed the risk and cost of the procedure. We conducted 

a single-center, randomized, open-label, controlled trial to assess 

the utility of CTHA / CTAP before RFA in patients with early-stage 

HCC by comparing recurrence-free and overall survival.   

 METHODS  
 Patients 
 Th e study population consisted of patients with early-stage HCC 

with an indication for RFA. Th ose who met the following crite-

ria were enrolled between September 2004 and February 2009: 

(i) diagnosis of typical HCC on dynamic CT performed within 

2 weeks, i.e., hyperattenuation during the arterial phase and 

hypoattenuation during the equilibrium phase ( 5,6 ); (ii) tumor 

size  ≤ 3.0   cm and no more than three tumor nodules; (iii) Child –

 Pugh class A liver function; and (iv) age     >    20 years. Exclusion 

criteria were: allergy to contrast media; portal or hepatic vein 

tumor thrombosis; extrahepatic metastasis; diff use and infi ltra-

tive tumors; renal failure (serum creatinine     >    2.0   mg / dl, or serum 

urea nitrogen     >    30   mg / dl); impaired coagulation (e.g., platelet 

count     <    50 × 10 3  /  μ l, or prothrombin activity     <    50 % ); pregnancy; 

or past history of choledochojejunostomy. We included those with 

previous treatments as well as treatment-naive cases provided that 

there was no local recurrence at enrollment. Th ese inclusion cri-

teria and the study design did not change till the study completely 

ended. Th e study design conformed to the Declaration of Helsinki 

Principles and was approved by the ethics committee of our insti-

tution. Th e study was registered at the University Hospital Medical 

Information Network (UMIN) Clinical Trial Registry (UMIN-

CTR000000070). Written informed consent was obtained from 

each patient. Th is study complied with the CONSORT guidelines 

for reporting of clinical trials ( 27 ).   

 Study design 
 Before receiving RFA, patients were randomly assigned to 

undergo CTHA / CTAP or not in equal numbers. Patient registra-

tion and randomization were performed by computer-generated 

allocation at a web-based data center (Internet Data and Infor-

mation Center for Medical Research) administered by UMIN. At 

the time of randomization, patients were stratifi ed either as treat-

ment naive, for whom RFA was planned as an initial treatment 

for HCC, or recurrent, for whom RFA was planned for recurrent 

HCC. Th e randomization was based on the Efron ’ s biased-coin 

design ( 28 ). In principal, the assignment was not blinded to the 

investigators and the participants. Th e interval between ran-

dom assignment and implementation of treatment for HCC was 

    <    4 weeks. CTHA / CTAP was performed on the assigned patients 

on the second day of admission, and RFA was performed 2 or 3 days 

later, given that the total number of HCC nodules remained     <    4. 

When  ≥ 4 HCC nodules were detected on CTHA / CTAP, patients 

fi rst received transarterial chemoembolization (TACE) immedi-

ately aft er CTHA / CTAP, followed later by RFA to achieve com-

plete ablation of the tumor nodules.   

 Radiographic procedures 
 For the diagnosis of HCC at study entry, intravenous contrast-

enhanced dynamic CT was performed on an outpatient basis 

using an X-ray CT device with 4, 8, or 16 detector rows (Aquilion 

4 / 16; Toshiba, Tokyo, Japan; LightSpeed Qx / I, LightSpeed Ultra; 

GE Healthcare, Milwaukee, WI). Images were obtained during the 

early arterial, late arterial, and equilibrium phases at 28, 40, and 

120   s aft er starting the intravenous bolus injection of iopamidol 

(Iopamiron; Nihon Schering, Osaka, Japan) or iohexol (Omni-

paque; Daiichi Sankyo, Tokyo, Japan) at a rate of 2.3 – 3.3   ml / s with 

a power injector. Th e total dose of iodine was 0.7   g / kg body weight, 

with an upper limit of 37   g iodine. Th e injection time for the con-

trast material was 30   s. Images were reconstructed with a section 

thickness of 2.5   mm and a reconstruction interval of 1.5   mm, and 

were reviewed by experienced radiologists. 

 CTHA / CTAP was performed on an inpatient basis. First, a 

4-Fr modifi ed Shepherd-hook catheter and a 4-Fr hepatic-curve 

catheter were placed in the celiac artery and superior mesenteric 

artery, respectively, through bilateral femoral arteries, according 

to Seldinger ’ s method. Digital subtraction angiography was per-

formed from the celiac artery to evaluate hepatic artery anatomy. 

A microcatheter was inserted through the 4-Fr catheter and placed 

in the proper or common hepatic artery for hepatic arteriography. 

 Th e CTAP catheter was placed in the superior mesenteric artery 

in all cases. In the case of a replaced or accessory right hepatic artery, 

the catheter was inserted well beyond the origin of the hepatic artery 

to prevent contrast medium overfl ow into the hepatic artery. Less 

than 30   ml of contrast agent, which was diluted to 100   mg I / ml, was 

used before the CTHA / CTAP study. First, CTAP was performed 

using 90   ml nonionic contrast medium diluted to 100   mg I / ml, 

and then CT scanning was performed 30   s aft er the start of the 

injection at a rate of 3.0   ml / s. Multidetector-row CT images were 

obtained during a single breath hold in a longitudinal direction 

with collimation of 1   mm, table speed of 30   mm / s, 120   kVp, and 
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300   mAs. CTHA was performed at least 5   min aft er CTAP, using 

the same parameters. CT scanning was performed at 10 and 45   s 

aft er the start of contrast medium injection into the microcatheter 

at a rate of 2.0 – 2.5   ml / s. A total of 30 – 50   ml contrast agent diluted 

to 100   mg I / ml was used. When the liver was perfused by two or 

more hepatic arteries such as a replaced right hepatic artery, acces-

sory right hepatic artery, or left  hepatic artery downstream of the 

left  gastric artery, CTHA was performed from each of the respec-

tive arteries. A diagnosis of typical HCC on CTHA / CTAP was 

defi ned as a round hypervascular nodule on CTHA with a defect 

on CTAP, accompanied by corona enhancement during the second 

phase of CTHA or hypoattenuation during the equilibrium phase 

of prior dynamic CT ( 10,29 ). 

 TACE was additionally performed when  ≥ 4 HCC nodules were 

detected on CTHA / CTAP, as evaluated at the time by the oper-

ating radiologist. Th e procedure used 3.0   ml contrast medium, 

30   mg doxorubicin (Adriacin; Kyowahakko Kirin, Tokyo, Japan), 

and 3.0   ml iodized oil (Lipiodol Ultra-Fluid; Guerbet Japan, Tokyo, 

Japan). Th e amounts of contrast medium and iodized oil in this 

suspension were arbitrarily adjusted according to tumor size. 

Th is agent was injected into each feeder of the HCC, followed 

by infusion of 2-mm-diameter gelatin sponge particles (Gelpart; 

Nihonkayaku, Tokyo, Japan). 

 CTHA / CTAP images were scrutinized by two experienced 

radiologists, who made the fi nal diagnosis. Th e radiologists were 

not blinded to information regarding the preceding conventional 

dynamic CT. Preceding intravenous contrast-enhanced dynamic 

CT was retrospectively reviewed for nodules newly diagnosed by 

CTHA / CTAP to determine whether the nodules could have been 

detected on dynamic CT.   

 Radiofrequency ablation 
 RFA was performed on an inpatient basis. Th e precise procedure 

of RFA is described elsewhere ( 30 ). All RFA procedures were per-

formed percutaneously under ultrasonographic guidance. We 

used a 17-gauge cooled-tip electrode (Cool-Tip; RF Ablation Sys-

tem, Covidien, Boulder, Colombia, CO) for RFA. Radiofrequency 

energy was delivered for 6 – 12   min for each application. For 

large tumors, the electrode was repeatedly inserted into diff erent 

sites, such that the entire tumor could be enveloped by assumed 

necrotic volumes. A CT scan with a 5-mm section thickness was 

performed 1 – 3 days aft er RFA to evaluate technical eff ectiveness. 

Complete ablation was defi ned as hypoattenuation of the entire 

tumor. We intended to ablate not only the tumor but also some 

of the liver parenchyma surrounding it. When we suspected that 

some portion of tumor remained nonablated, RFA was repeated. 

We did not predefi ne the procedure number in a treatment: treat-

ment was generally continued until CT imaging demonstrated 

necrosis of the entire tumor.   

 Follow-up 
 Th e follow-up regimen aft er RFA consisted of blood tests and 

monitoring of tumor markers in an outpatient setting. Ultra-

sonography and dynamic CT were performed every 4 months. 

Tumor recurrence was defi ned as a newly developed lesion on a 

dynamic CT that showed hyperattenuation in the arterial phase 

with washout in the late phase. Recurrent site was categorized as 

intrahepatic recurrence distant from ablated nodules, local tumor 

progression defi ned as the appearance of viable cancer tissue 

touching the ablated nodules, and extrahepatic metastasis ( 31 ). 

Th e follow-up was censored in February 2011 when 2 years had 

passed aft er the enrollment of patient 280. No interim analysis 

was specifi ed in the protocol.   

 End points 
 Th e primary end point was recurrence-free survival, where both 

recurrence and death were treated as an event. We intended to 

ablate all detected nodules in both groups. When additional nod-

ules were detected by CTHA / CTAP, the newly detected nodules 

were also ablated. When     >    3 nodules were diagnosed as HCC by 

CTHA / CTAP, we performed TACE and subsequently intended 

to ablate all of the nodules. When nonablated viable tumors 

were detected by CT for treatment evaluation, those cases were 

treated as an event 120 days aft er randomization. Even when 

newly detected nodules showed dense Lipiodol deposits aft er 

TACE, the nodules were considered as viable if the nodules were 

nonablated. 

 Secondary end points were the number of additional nodules 

detected by CTHA / CTAP, the proportion of patients with com-

plete ablation, overall survival, and safety of CTHA / CTAP and 

RFA. Complications were defi ned according to the guidelines 

of the Society of Interventional Radiology ( 32 ). According to 

the guidelines, major complications were defi ned as those that 

required therapy or prolonged hospitalization, or left  permanent 

adverse sequelae, or death.   

 Statistical analysis 
 Th is study was designed to detect a 15 %  increase in 2-year recur-

rence-free survival in the CTHA / CTAP group from an antici-

pated 35 %  in the control group. To detect this diff erence with a 

power of 80 %  and type I error of 5 %  (two-sided test), we needed 

280 patients (140 for each arm). Diff erences between groups for 

each characteristic were tested for signifi cance with Fisher ’ s exact 

test for categorical variables and  t -test for continuous variables. 

All data necessary for analysis was corrected in the main 

computer server system of University of Tokyo, Department of 

Gastroenterology. 

 Recurrence-free survival and overall survival were calculated 

using the Kaplan – Meier method and were compared by the 

log-rank test. Cox proportional hazard regression was used to 

calculate hazard ratios with 95 %  confi dence interval (CI) between 

the groups in univariate and multivariate settings. Th e primary 

end point was evaluated in subgroups according to the following 

characteristics: age, sex, body mass index, treatment naivety, hepa-

titis B surface antigen (HBsAg) positivity, hepatitis C virus anti-

body positivity, tumor size, tumor number, platelet count, tumor 

marker positivity for  α -fetoprotein (AFP), lens culinaris aggluti-

nin-reactive fraction of AFP, and des- γ -carboxy prothrombin. An 

adjusted hazard ratio comparing the groups was calculated using 

multivariate Cox regression with factors that showed signifi cance 
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in univariate analysis. Data at entry were used for the analyses. 

A  post hoc  analysis comparing the recurrence-free survival of those 

with and without newly diagnosed HCC in the CTHA / CTAP 

group was performed. 

 All analyses were performed on an intention-to-treat basis. 

Diff erences with a two-sided  P  value of     <    0.05 were considered 

statistically signifi cant. Data processing and analysis were per-

formed with S-PLUS ver. 7 (TIBCO Soft ware, Palo Alto, CA). 

Finally, all authors had access to the study data and had reviewed 

and approved the fi nal manuscript.    

 RESULTS  
 Patient enrollment 
 According to the study protocol, the registration started from 

September 2004 for 5 years and the follow-up was censored in 

February 2011 when 2 years had passed aft er the enrollment of 

patient 280. During the study period, 280 of 591 (47.4 % ) eligible 

patients agreed to participate in the trial, and 140 of these were 

randomly assigned to undergo CTHA / CTAP before RFA. Th ree 

patients declined to undergo CTHA / CTAP aft er assignment. 

A total of 140 patients were randomly assigned to the control 

group. One patient assigned to the control group received CTHA /

 CTAP because of strong preference ( Figure 1 ).   

 Treatment 
 In 45 (32.4 % ) patients, 75 nodules with a median diameter of 

8   mm (range, 2 – 20) were additionally diagnosed by experienced 

radiologists as defi nite HCC on CTHA / CTAP. Th e detailed char-

acteristics of newly diagnosed nodules have been reported previ-

ously ( 33 ). In 17 patients, the number of HCC nodules exceeded 

3 aft er CTHA / CTAP, and TACE was performed subsequently. 

We intended to ablate all nodules by RFA including additionally 

detected nodules. In 122 patients, there were  ≤ 3 HCC nodules, 

and complete ablation was obtained in 121 patients (99.2 % ). 

Among 17 patients treated with TACE, 14 (82.4 % ) subsequently 

underwent RFA and complete ablation was obtained in 13 (92.9 % ) 

patients. Th e remaining 3 patients (17.6 % ) did not undergo RFA 

because of tumor nodule multiplicity in 2 patients and simultane-

ously diagnosed malignant B-cell lymphoma in the third patient. 

Among 140 patients who were assigned to the control group, 

137 (97.9 % ) were treated with RFA, and complete ablation was 

obtained in 136 (99.3 % ) patients. One patient withdrew consent 

and underwent hepatic resection. Two patients refused to receive 

591 Patients were eligible

311 (52.6%) Did not agree
to participate

140 Were assigned to CTHA/CTAP
137 Underwent CTHA/CTAP

3 Did not underwent CTHA/CTAP

1 Refused treatment

17 Underwent TACE
for ≥4 nodules

137 Underwent RFA
136 Achieved

complete ablation

122 Underwent RFA
121 Achieved

complete ablation

14 Underwent RFA
13 Achieved

complete ablation

1 Underwent resection
1 Achieved

complete resection

3 Underwent
TACE only

139 Were included in the analysis 138 Were included in the analysis

2 Refused treatment

140 Were assigned to controls
1 Underwent CTHA/CTAP

139 Did not underwent CTHA/CTAP

280 (47.3%) Underwent randomization

  Figure 1 .         Patient enrollment and outcomes. CTAP, computed tomography during arterial portography; CTHA, computed tomography during hepatic 
arteriography; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.  
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months in the control group. Th ere was no statistically signifi cant 

diff erence between the two groups ( P     =    0.72). Th e total number 

of HCC nodules detected in original contrast-enhanced 

dynamic CT was 197 (101 patients were uninodular and the rest 

were multinodular) in the CTHA / CTAP group and 196 

(98 patients were uninodular and the rest were multinodular) in 

the control group.   

 Recurrence 
 By the end of the follow-up, tumor recurrence was identifi ed in 

109 patients (78.4 % ) in the CTHA / CTAP group and 112 patients 

(81.2 % ) in the control group. Th e distribution of recurrent site 

was intrahepatic distant recurrence ( N     =    98), local tumor pro-

gression ( N     =    7), both ( N     =    1), and extrahepatic metastasis ( N     =    3) 

in the CTHA / CTAP group and intrahepatic distant recurrence 

( N     =    103), local tumor progression ( N     =    4), both ( N     =    2), and ext-

rahepatic metastasis ( N     =    3) in the control group. Five patients 

(3.6 % ) in the CTHA / CTAP group and 1 patient (0.7 % ) in the 

control group in whom complete ablation could not be obtained 

by RFA were treated as recurrence on 120 days aft er randomiza-

tion when the fi rst follow-up CT would have been scheduled. In 

each group, four patients died without recurrence. Th e cumula-

tive recurrence-free survival rates at 1, 2, and 3 years were 60.1, 

29.0, and 18.9 %  in the CTHA / CTAP group and 52.2, 29.7, and 

23.1 %  in the control group, respectively ( Figure 2a ). Th e dif-

ference between the two groups was not statistically signifi cant 

( P     =    0.66 by log-rank test; hazard ratio, 0.94 for CTHA / CTAP vs. 

control; 95 %  CI, 0.73 – 1.22). Th e CTHA / CTAP group showed bet-

ter recurrence-free survival with marginal statistical signifi cance 

in the subgroups with higher AFP or AFP-L3 values ( Figure 3 ). 

 Univariate Cox regression analysis identifi ed older age ( P     =    0.01), 

hepatitis C virus antibody positivity ( P     =    0.001), lower albumin 

level ( P     =    0.04), recurrent cases ( P     <    0.001), multinodular HCC 

( P     <    0.001), and higher AFP level ( P     =    0.02) as signifi cant predic-

tors for recurrence-free survival ( Table 2 ).     Adjusted hazard ratio 

of the CTHA / CTAP group vs. the control group by multivariate 

Cox regression analysis was 0.86 (95 %  CI, 0.67 – 1.12;  P     =    0.27, 

 Table 3 ).   

 Overall survival 
 By the end of the follow-up, 51 patients (36.7 % ) in the CTHA /

 CTAP group and 45 patients (32.6 % ) in the control group died. 

Th e cumulative overall survival rates at 3 and 5 years were 79.7 

and 56.4 %  in the CTHA / CTAP group and 86.8 and 60.1 %  in the 

control group, respectively ( Figure 2b ). Th ere was no statistically 

signifi cant diff erence between the groups ( P     =    0.50 by log-rank 

test; hazard ratio, 1.15, 95 %  CI, 0.77 – 1.71).   

 Safety 
 No procedural complications attributable to CTHA / CTAP or 

TACE were observed. Major complications related to RFA were 

observed in 2 patients (1.4 % ) in the CTHA / CTAP group (2 with 

neoplastic seeding) and in 3 patients (2.2 % ) in the control group 

(1 each with hepatic infarction, hemothorax, and neoplastic 

seeding). Th ere was no procedure-related death.   

any treatment and were lost to follow-up. Finally, 139 (99.3 % ) 

patients in the CTHA / CTAP group and 138 (98.6 % ) patients in 

the control group were included in the analysis.   

 Patient characteristics 
 Th ere was no statistically signifi cant diff erence in patient charac-

teristics between the groups ( Table 1 ). Median age at enrollment 

was 70 years, and approximately two-thirds of patients were male. 

Approximately 55 %  of patients were treatment-naive cases and the 

remaining patients had a history of previous treatment. Among 

those previously treated patients, the median interval between the 

initial treatment and the study enrollment was 42 (interquartile 

range, 22 – 65) months in the CTHA / CTAP group and 30 (20 – 61) 

  Table 1 .    Baseline characteristics of the patients  a   

    Characteristics  
  CTHA / CTAP 

( N =139)  
  Control 

( N =138)  
   P  

value  

   Age, years  70 (63 – 74)  70 (64 – 75)  0.43 

   Male,  n  ( % )  93 (67)  86 (62)  0.42 

   Alcohol     >    80   g / day,  n  ( % )  23 (17)  20 (15)  0.82 

   BMI (kg / m 2 )  23.1 
(21.4 – 25.1) 

 23.4 
(21.2 – 25.3) 

 0.48 

    Viral markers  

      HCVAb positive,  n  ( % )  104 (75)  99 (72)  0.59 

      HBsAg positive,  n  ( % )  21 (15)  20 (14)  1 

   Serum albumin (g / dl)  3.8 (3.6 – 4.1)  3.9 (3.6 – 4.1)  0.20 

   Total bilirubin (mg / dl)  0.8 (0.6 – 1.0)  0.8 (0.6 – 1.0)  0.31 

   AST (IU / l)  56 (34 – 69)  57 (33 – 70)  0.84 

   ALT (IU / l)  54 (29 – 63)  57 (27 – 73)  0.61 

   Platelet count ( × 10 3  /  μ l)  128 (89 – 163)  130 (91 – 159)  0.88 

   Prothrombin activity ( % )  80 (72 – 90)  81 (74 – 87)  0.39 

   Treatment-naive case,  n  ( % )  77 (55)  74 (54)  0.81 

    Previously treated case,  n  ( % )   62 (45)  64 (46)   

      Resection,  n  ( % )  b    15 (24)  16 (25)  0.27 

      RFA,  n  ( % )  b    46 (74)  45 (70)   

      Ethanol injection,  n  ( % )  b    10 (16)  3 (4.6)   

      TACE,  n  ( % )  b    11 (18)  7 (11)   

   Tumor size (cm)  1.6 (1.2 – 2.0)  1.7 (1.2 – 2.0)  0.91 

   Single nodule,  n  ( % )  101 (73)  98 (71)  0.76 

   AFP     >    100   ng / ml,  n  ( % )  23 (17)  24 (17)  0.85 

   DCP     >    100   mAU / ml,  n  ( % )  16 (12)  22 (16)  0.28 

   AFP-L3     >    15 % ,  n  ( % )  16 (12)  15 (11)  0.86 

     AFP,  α -fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body 
mass index; CTHA / CTAP, computed tomography during hepatic arteriography 
and arterial portography; DCP, des- γ -carboxy prothrombin; HBsAg, hepatitis B 
surface antigen; HCVAb, hepatitis C virus antibody; RFA, radiofrequency abla-
tion, TACE, transarterial chemoembolization.   
   a    Data are expressed as median (25th – 75th percentiles) or number (percent).   
   b    Including overlap.   
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 Recurrence-free survival between those with and without 
additional nodules in CTHA / CTAP group 
 As a  post hoc  analysis, we compared the recurrence-free survival 

between those with ( N     =    45) and without ( N     =    92) additional HCC 

nodules diagnosed by CTHA / CTAP. As compared with those 

in whom additional HCC nodules were not detected by CTHA /

 CTAP, those with additional nodules included more HBsAg-nega-

tive patients (97.7 vs. 78.3 % ,  P     =    0.002), previously treated patients 

(62.2 vs. 23.9 % ,  P     =    0.006), and patients with multiple HCC nod-

ules on dynamic CT (44.4 vs. 17.4 % ,  P     =    0.002). Patients with 

additional nodule by CTHA / CTAP showed signifi cantly poorer 

Subgroup

All patients 277 0.94 (0.73–1.22) 0.66

150 1.00 (0.71–1.42) 0.99

127 0.90 (0.61–1.33) 0.61

179 0.94 (0.68–1.29) 0.71

98 0.95 (0.61–1.48) 0.83

76 1.01 (0.62–1.66) 0.96

201 0.92 (0.68–1.25) 0.61

151 1.06 (0.73–1.54) 0.74

126 0.78 (0.55–1.12) 0.18

41 1.02 (0.78–1.35) 0.87

246 0.68 (0.32–1.44) 0.31

203 0.72 (0.41–1.25) 0.24

73 1.05 (0.79–1.41) 0.72

218 0.92 (0.69–1.23) 0.57

59 1.00 (0.55–1.79) 0.99

199 1.01 (0.74–1.38) 0.94

78 0.82 (0.52–1.29) 0.38

142 0.91 (0.63–1.31) 0.60

135 0.94 (0.65–1.35) 0.72

47 0.61 (0.33–1.12) 0.11

230 1.03 (0.78–1.37) 0.84

31 0.50 (0.23–1.08) 0.08

246 1.02 (0.77–1.34) 0.91

38 0.81 (0.39–1.70) 0.58

238

0.1

CTHA/CTAP batter Control batter

1.0 10.0

0.98 (0.74–1.29) 0.88

Age

≥69 yr

≤25

≤2

≤12

≤15%

≤100

≤100

AFP-L3

DCP (mAU/ml)

Treatment-naive case

<69 yr

> 25

Yes

No

HBsAg

Positive

Negative

Negative

Tumor size (cm)

>2

Tumor number

Single

Multiple

Platelet (×109/l)

>12

AFP (ng/ml)

>100

>15%

>100
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N Hazard ratio (95%Cl) P value

  Figure 3 .         Recurrence-free survival of subgroups by Cox proportional 
hazard regression according to clinical characteristics at study entry. 
AFP,  α -fetoprotein; BMI, body mass index; CI, confi dence interval; 
CT, computed tomography; CTAP, computed tomography during arterial 
portography; CTHA, computed tomography during hepatic arteriography; 
DCP, des- γ -carboxy prothrombin; HBsAg, hepatitis B surface antigen; 
HCVAb, hepatitis C virus antibody; yr, year  .  
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    Figure 2 .         Kaplan – Meier estimate of the recurrence-free survival and over-
all survival. ( a ) The cumulative recurrence-free survival rates at 1, 2, and 
3 years were 60.1, 29.0, and 18.9 %  in the CTHA / CTAP group and 52.2, 
29.7, and 23.1 %  in the control group, respectively. ( b ) The cumulative 
overall survival rates at 3 and 5 years were 79.7 and 56.4 %  in CTHA / CTAP 
group and 86.8 and 60.1 %  in the control group, respectively. ( c ) Patients 
with an additional nodule detected by CTHA / CTAP showed signifi cantly 
poorer recurrence-free survival than those without an additional nodule. 
CTAP, computed tomography during arterial portography; CTHA, 
computed tomography during hepatic arteriography.  
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smaller lesions with a clearer view in imaging modalities. In our 

previous study, we showed that 75 nodules with a mean diam-

eter of 8.7   mm (range, 2 – 20   mm) in 45 (33 % ) of 139 patients who 

underwent CTHA / CTAP were additionally diagnosed as defi nite 

HCC, compared with dynamic CT examination ( 33 ). However, 

no signifi cant diff erence was observed in terms of recurrence-free 

survival between those who did and did not undergo CTHA /

 CTAP before RFA. 

 One reason for this discrepancy may be that the impact of 

CTHA / CTAP on recurrence reduction was diluted by a long-term 

follow-up of     >    2 years. It is unlikely that CTHA / CTAP could detect 

small nodules that would be detected  ≥ 2 years later by conventional 

dynamic CT. In fact, the number of recurrences identifi ed within 

1 year aft er enrollment was lower in the CTHA / CTAP group than 

the control group (54 vs. 65, data not shown). 

 Another reason could be that fewer patients achieved complete 

ablation of target nodules in the CTHA / CTAP group than in the 

control group. Th e additionally diagnosed HCC nodules were 

small, and detection of these nodules by ultrasonography was 

diffi  cult. Recent technologies such as contrast ultrasonography 

or fusion imaging, which can improve the accuracy of ablation 

techniques ( 34 – 36 ), may increase the probability of detection of 

smaller nodules before RFA. 

 Precise evaluation of the stage of progression is important 

for deciding on treatment procedures in HCC management. 

Seventeen patients in the CTHA / CTAP group were diagnosed 

with  ≥ 4 nodules by CTHA / CTAP, which is not considered 

suitable for RFA according to widely used criteria. 

 In our previous study, we showed that recurrence as opposed 

to initial occurrence, multinodularity on dynamic CT, and HBsAg 

negativity were signifi cant predictors for fi nding additional HCC 

by CTHA / CTAP ( 33 ). In fact, the CTHA / CTAP group showed 

better outcomes in the subgroups with HBsAg-negative cases, 

previously treated patients, and multinodular HCC. However, 

 post hoc  analysis comparing recurrence-free survival of those with 

and without additional nodules detected by CTHA / CTAP showed 

that those with a higher probability of additional nodules were 

also at a higher risk of recurrence. Th e advantage of CTHA / CTAP 

in fi nding more HCC nodules might be counter balanced by the 

higher risk of recurrence. 

 Th is study has several limitations. First, the additional nod-

ules detected by CTHA / CTAP were not confi rmed histologically. 

Th erefore, we cannot exclude the possibility of overdiagnosis. 

Second, 45 %  of the patients had a history of previous treatment 

including resection, RFA, and TACE. Th ose previous treatments 

might substantially alter the hemodynamic status in the liver and 

aff ect the accuracy of CTHA / CTAP. On the other hand, in the 

previously treated cases, the radiologists could refer to the past 

series of dynamic CT during performing CTHA / CTAP, which 

might improve the accuracy of CTHA / CTAP as compared 

with treatment-naive cases. Th ird, 17 patients in the CTHA / CTAP 

group underwent TACE as a salvage treatment because total 

number of HCC nodules exceeded 3 aft er CTHA / CTAP. Th is 

might aff ect the recurrence-free and overall survival in the CTHA /

 CTAP group. 

recurrence-free survival than those without additional nodules 

( P     =    0.003,  Figure 2c ).    

 DISCUSSION 
 An advance in diagnostic technology generally indicates improved 

sensitivity or specifi city, which corresponds to the detection of 

  Table 2 .    Univariate Cox’s proportional hazard regression analysis 
of the risk for recurrence-free survival 

    Variable    Hazard ratio (95 %  CI)     P  value  

   CTHA / CTAP vs. control  0.94 (0.73 – 1.22)  0.66 

   Age (per year)  1.02 (1.00 – 1.04)  0.01 

   Female vs. male  1.02 (0.78 – 1.34)  0.88 

   Alcohol     >    80   g / day  1.02 (0.88 – 1.17)  0.81 

   HCVAb positive  1.69 (1.23 – 2.31)  0.001 

   BMI (per 1.0   kg / m 2 )  1.02 (0.98 – 1.06)  0.35 

   Albumin (per 1.0   g / dl)  0.72 (0.52 – 0.98)  0.04 

   Total bilirubin (per 1.0   mg / dl)  1.02 (0.97 – 1.07)  0.51 

   AST     >    40   IU / l  1.14 (0.99 – 1.31)  0.07 

   ALT     >    40   IU / l  1.05 (0.92 – 1.20)  0.45 

   Platelet count     >    10 × 10 3  /  μ l  0.89 (0.78 – 1.01)  0.08 

   Recurrent case  2.33 (1.79 – 3.02)      <    0.001 

   Tumor size of maximal 
nodule     >    2.0   cm 

 0.97 (0.85 – 1.10)  0.62 

   Multinodular  1.38 (1.20 – 1.59)      <    0.001 

   AFP     >    100   ng / ml  1.21 (1.03 – 1.43)  0.02 

   DCP     >    100   mAU / ml  0.99 (0.82 – 1.20)  0.93 

   AFP-L3     >    15 %   1.20 (0.99 – 1.46)  0.07 

     AFP,  α -fetoprotein; AFP-L3, lens culinaris agglutinin-reactive fraction of AFP; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body 
mass index; CI, confi dence interval; CTHA / CTAP, computed tomography during 
hepatic arteriography and arterial portography; DCP, des- γ -carboxy prothrombin; 
HCVAb, hepatitis C virus antibody.   

  Table 3 .    Multivariate Cox’s proportional hazard regression analysis 
of the risk for recurrence-free survival 

    Variable    Hazard ratio (95 %  CI)     P  value  

   CTHA / CTAP vs. control  0.86 (0.0.67 – 1.12)  0.27 

   Age (per year).  1.01 (0.99 – 1.02)  0.36 

   HCVAb positive  1.36 (0.98 – 1.89)  0.07 

   Albumin (per 1.0   g / dl)  0.75 (0.53 – 1.07)  0.11 

   Recurrent case  2.21 (1.69 – 2.89)      <    0.001 

   Multinodular  1.69 (1.27 – 2.25)      <    0.001 

   AFP     >    100   ng / ml  1.41 (0.996 – 1.98)  0.052 

     AFP,  α -fetoprotein; CI, confi dence interval; CTHA / CTAP, computed tomography 
during hepatic arteriography and arterial portography; HCVAb, hepatitis C virus 
antibody.   
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 Our results may be extrapolated to other imaging modalities 

including gadoxetic acid – enhanced magnetic resonance imaging 

and second-generation contrast ultrasonography ( 37,38 ). Th ese 

newly developed modalities also make possible the detection of 

small nodules that are invisible by dynamic CT. However, better 

diagnosis does not necessarily lead to better primary outcome. 

 In conclusion, CTHA / CTAP before RFA resulted in improved 

HCC diagnosis and detection of additional nodules in one-third 

of the study participants. However, it did not improve recurrence-

free survival. Th e indications for CTHA / CTAP should be evalu-

ated carefully. 

 Study protocol URL:  https://upload.umin.ac.jp/cgi-open-bin/

ctr/ctr.cgi?function=brows & action=brows & recptno=R000000117 

& type=summary & language=E .     
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  Study Highlights  

 WHAT IS CURRENT KNOWLEDGE 
  3 Computed tomography with hepatic arteriography and 

arterial portography (CTHA / CTAP) give higher hepatocellu-
lar carcinoma (HCC) detection sensitivity than conventional 
dynamic enhanced CT. 

  3 CTHA / CTAP is an invasive procedure requiring the insertion 
of an intraarterial catheter through a femoral puncture. 

  3 The indication for CTHA / CTAP can be justifi ed only when the 
expected benefi ts exceed the risks and cost of the procedure. 

 WHAT IS NEW HERE 
  3 Our study is the fi rst randomized controlled trial (RCT) to 

evaluate the utility of CTHA / CTAP before radiofrequency 
ablation (RFA) in patients with HCC in the whole world. 

  3 The best candidates for CTHA / CTAP were patients with 
multinodular HCC, and recurrent cases after previous 
treatment. 

  3 However, CTHA / CTAP before RFA did not improve cumula-
tive recurrence-free survival or overall survival. 

  3 These observations are clinically important as the technique 
had limited utility and highlights the observation that 
patient outcomes are probably not related to the presence 
of small liver nodules. 

  3 These fi ndings reinforce the notion of genetic determinants 
of HCC recurrence.           
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