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 Abstract 
  Background:  We prospectively compared the efficacy of gadolinium-ethoxybenzyl-diethyl-
enetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance imaging (MRI) 
with that of dynamic multidetector computed tomography (MDCT) for detection of recurrent 
hypervascular hepatocellular carcinoma (HCC) after radiofrequency ablation (RFA).  Methods:  
Institutional review board approval and written informed consent were obtained for this mul-
ticenter study. Ninety-seven HCC patients treated with curative RFA underwent both Gd-EOB-
DTPA-enhanced MRI and dynamic MDCT every 3–4 months. HCC diagnosis was made based 
on the typical enhancement pattern of HCC on MRI and/or CT by on-site consensus reading. 
Two blinded observers independently assessed image datasets to compare diagnostic accu-
racy, sensitivity, specificity, and the areas under the receiver operating characteristic curve 
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(AUROC).  Results:  Recurrence was observed in 48 of 97 patients. Among these, 22 were di-
agnosed by both Gd-EOB-DTPA-enhanced MRI and MDCT; the remainder were diagnosed by 
only one of these 2 modalities. Recurrence was diagnosed in more patients by Gd-EOB-DTPA-
enhanced MRI than by MDCT (44 vs. 26 patients,  p  < 0.001). Patient-based analysis revealed 
that the accuracy, sensitivity, and AUROC of Gd-EOB-DTPA-enhanced MRI were significantly 
higher than those of MDCT for both observers ( p  < 0.005). The AUROC of Gd-EOB-DTPA-
enhanced MRI and MDCT was 0.95 and 0.76 for observer 1 and 0.90 and 0.74 for observer 2, 
respectively. The κ values for MRI and MDCT were 0.83 and 0.70, respectively.  Conclusions:  
Compared with dynamic MDCT, Gd-EOB-DTPA-enhanced MRI had higher diagnostic accu-
racy and sensitivity for detection of recurrent hypervascular HCC and may be a better tool for 
following patients after RFA.  © 2017 S. Karger AG, Basel 

 Introduction 

 The global burden of cancer continues to increase owing to the aging and growth of the 
world population. Hepatocellular carcinoma (HCC) is one of the most common cancers 
worldwide, ranked fifth in men and seventh in women  [1] . HCC is most prevalent in Asia and 
Africa, but it continues to increase in Western countries  [2, 3] . Surveillance for HCC in high-
risk groups has increased opportunities for curative treatment owing to early detection  [4–6] . 
However, the recurrence rate of HCC after curative treatment is still high, mainly because of 
its multicentric recurrence behavior  [7, 8] . Accordingly, an effective follow-up program for 
early and accurate detection of recurrence of HCC after curative treatment, including resection 
and radiofrequency ablation (RFA) therapy, is needed.

  Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) (Bayer 
Yakuhin, Ltd., Berlin, Germany) is a magnetic resonance imaging (MRI) contrast agent, which 
in addition to enhancing the blood, has hepatocyte-specific properties. Focally decreased 
enhancement in the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI in the early stage of 
multistep hepatocarcinogenesis can signal early HCC  [9–12] . Gd-EOB-DTPA-enhanced MRI 
has been reported to have higher diagnostic accuracy and sensitivity compared with dynamic 
computed tomography (CT) and now plays an important role in the detection of HCCs  [13–
19] . Recent studies have reported that Gd-EOB-DTPA-enhanced MRI as an additional imaging 
modality to dynamic multidetector CT (MDCT) led to the detection of additional intrahepatic 
HCC lesions in patients with Barcelona Clinic Liver Cancer (BCLC) stage 0 or A HCC and subse-
quent modification of treatment plans, which brought about improved recurrence-free and 
overall survival  [20–21] . 

  The purpose of this study was to compare prospectively the efficacy of Gd-EOB-DTPA-
enhanced MRI with that of dynamic MDCT in the detection of intrahepatic recurrence of 
hypervascular HCC following curative treatment of HCC by RFA.

  Materials and Methods 

 Patients 
 We enrolled patients from November 2010 through December 2012 at 5 hospitals. The inclusion criteria 

were: (1) 20 years of age or older; (2) body weight  ≤ 100 kg; (3) any cause of underlying liver disease; (4) 
patients who had undergone curative RFA treatment for HCC with a typical vascular pattern (arterial hyper-
vascularity and portal venous/equilibrium phase washout according to the guidelines of the American Asso-
ciation for the Study of Liver Diseases  [5] ); and (5) patients who received dynamic CT or Gd-EOB-DTPA-
enhanced MRI within 1 month after RFA for diagnosis of curative treatment. A total of 114 patients were 
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screened for enrollment. Of these patients, 9 were excluded for the following reasons: claustrophobia ( n =  2), 
Child-Pugh grade C cirrhosis ( n =  2), a history of anaphylactoid reaction to iodinated contrast media ( n =  1), 
or receiving stereotactic body radiation therapy for HCC within 3 months ( n =  4). 

  During the follow-up, 8 patients were dropped from the study within the first 6 months because of 
severe pain caused by bone metastasis ( n =  1), cerebral bleeding ( n =  1), development of impaired renal 
function ( n =  1), retraction of consent ( n =  2), or loss to follow-up ( n  = 3). Therefore, 97 patients were included 
for further analysis. The baseline characteristics of the 97 patients are presented in  Table 1 . The median 
follow-up period was 385 days (range 86–1,141 days).

  Study Design 
 Institutional review board approval and written informed consent from each patient were obtained at 

each participating hospital. This study was carried out in compliance with the Helsinki Declaration. It was 
registered under clinical trial No. UMIN000010887. The enrolled patients underwent both Gd-EOB-DTPA-
enhanced MRI and dynamic MDCT every 3–4 months and were followed until the end of December 2013. At 
each visit, the interval between Gd-EOB-DTPA-enhanced MRI and MDCT was within 3 weeks in random 
order. Diagnosis of recurrence of HCC was made on the basis of the typical vascular pattern of HCC of both 
Gd-EOB-DTPA-enhanced MRI and dynamic MDCT by consensus of a radiologist and a hepatologist with more 
than 5 years of experience in hepatobiliary imaging at each hospital (on-site consensus reading). Clinical 
information was available at the time of consensus reading. For Gd-EOB-DTPA-enhanced MRI, washout was 
defined as hypointensity in the portal venous phase, and the diagnosis of HCC was also made when the lesion 
showed arterial hypervascularity and hypointensity in the hepatobiliary phase or arterial hypervascularity, 
portal venous phase washout, and hyperintensity in hepatobiliary phase  [16] . When only the MRI or CT 
showed the typical vascular pattern of HCC, contrast-enhanced ultrasonography (CEUS) or angiography-
assisted CT, i.e., CT during hepatic arteriography (CTHA) and CT during arterial portography (CTAP), was 
additionally undertaken to confirm the diagnosis of HCC. 

  When the lesion was  ≥ 1.5 cm and showed a hypovascular pattern (e.g., a lesion without arterial hypervas-
cularity and with hypoattenuation/hypointensity in venous/late phase on multiphasic MDCT or the hepatobi-
liary phase on Gd-EOB-DTPA-enhanced MRI) a biopsy was performed as described previously  [12] , because 
these lesions were strongly suspected to be HCC  [22] . Histological diagnosis of HCC was made as described 
previously by 1 pathologist with 17 years of experience  [23] . When a histological diagnosis was HCC, the nodule 
was treated with RFA. When the histological diagnosis was not HCC, the patient continued to undergo both 
Gd-EOB-DTPA-enhanced MRI and dynamic MDCT every 3–4 months. These hypovascular HCC lesions were not 
included in the diagnostic performance analysis of this study because the study’s purpose was to compare the 
efficacy of imaging techniques in the detection of intrahepatic recurrence of hypervascular HCC.

  Diagnostic Performance Analysis for Hypervascular HCC by Blinded Observers  
 In addition to the on-site consensus reading, we conducted diagnostic performance analysis for hyper-

vascular HCC with blinded observers. We gathered all MRI and CT datasets for independent review by 2 
blinded observers. Diagnostic accuracy, sensitivities, specificities, and positive and negative predictive 
values were compared between Gd-EOB-DTPA-enhanced MRI and dynamic MDCT on patient-based and 
tumor-by-tumor analyses.

 Table 1.  Baseline characteristics of 97 patients

Mean age ± SD (range), years 73 ± 9 (45 – 92)
Gender (male/female) 64/33
Etiology (HBV-related/HCV-related/alcoholic/others) 12/73/5/7
 Child-Pugh class (A/B) 80/17
Mean serum albumin ± SD (range), g/dL 3.6 ± 0.5 (2.6 – 4.8)
Mean total bilirubin ± SD (range), mg/mL 0.9 ± 0.4 (0.4 – 2.6) 
Mean prothrombin time ± SD (range), % 81.9 ± 14.0 (39.9 – 120)
Mean platelet count ± SD (range), ×103/mL 12.0 ± 4.9 (3.9 – 23.7)
Mean tumor size ± SD (range), mm 13.6 ± 5.8 (5.0 – 34.0)
Tumor number (1/2/3/4) 72/21/3/1
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  For the 97 patients, regardless of HCC development during the follow-up period, dynamic MDCT and 
Gd-EOB-DTPA-enhanced dynamic MRI with hepatobiliary phase and T2-weighted images were evaluated 
independently and blindly by 2 radiologists (observers 1 and 2 with 6 and 14 years of experience, respec-
tively, in hepatobiliary imaging) without any clinical information including imaging findings and final diag-
nosis. In patients in whom recurrence was not found during the observation period, CT and MR images at the 
time of 2 visits before the last visit were used for the diagnostic performance analysis because images at the 
last visit, which were obtained 6–8 months later, could be used as an evidence of no recurrence. The images 
were read on a picture archiving and communication system. During one session, image sets consisting of a 
mixture of MR images of half of the patients and CT images of the other half were presented in random order. 
During the other session, the remaining image sets were presented in random order. To minimize recall bias, 
each reading session was separated by at least a 4-week interval.

  Before the first reading session, the following criteria for diagnosing hypervascular HCC were provided 
to the observers: (a) hyperenhancement during the arterial phase; (b) hypoattenuation or hypointensity 
compared with the surrounding liver during the portal venous or equilibrium phases (only for CT) (i.e., 
washout); (c) hypointensity, isointensity, or hyperintensity during the hepatobiliary phase  [16] . Hypervas-
cular HCC was unequivocally diagnosed if a lesion fulfilled criterion (a) and any one of the other criteria (b–c). 
In addition, criteria for suspected but inconclusive diagnosis of hypervascular HCC included (d) mild hyper-
intensity on T2-weighted MRI with early enhancement or (e) nodular arterial enhancement without wash-
out  [16] . 

  Each observer classified all detected lesions according to the following 4-point confidence score scale: 
1 – probably no mass lesion present; 2 – indefinite presence of lesion; 3 – lesion probably present; and 4 – 
definite presence of a lesion; with confidence scores of 3 and 4 representing a positive diagnosis of liver 
tumor. 

  BCLC Stage at Recurrence 
 We conducted a supplementary analysis to investigate BCLC stages at the time of recurrence and 

compared the stages diagnosed by Gd-EOB-DTPA-enhanced MRI and dynamic MDCT separately and together. 
In the BCLC stage analysis, both hypervascular and hypovascular HCCs diagnosed by using imaging and 
biopsy specimens were included because we thought that the data were important when describing the 
features of our subjects.

  Dynamic MDCT 
 Dynamic MDCT was performed by using one of the four 64-channel MDCT scanners (Discovery CT 

750HD ® , GE Healthcare, Milwaukee, WI, USA; Brilliance 64 ® , Philips Medical Systems, Best, The Nether-
lands; Aquilion CXL ®  and Aquilion ONE ® , Toshiba Medical Systems, Tokyo, Japan). The tube voltage was 
120-kVp and the tube current was modulated automatically according to the patient’s body size. The section 
thickness was 5 mm. All patients were given 600 mg of iodine per kilogram of body weight with 300 or 370 
mgI/mL of nonionic contrast medium and a maximum dose of 150 mL per patient. The warmed contrast 
medium was administered intravenously with a mechanical power injector at 2.5–5 mL/s with a fixed 
injection duration of 30 s through a 20-G catheter inserted into an arm vein. Unenhanced, arterial, portal 
venous, and equilibrium phase images were obtained immediately prior to and 30–45, 65–80, and 180–205 
s, respectively, after the start of the contrast material injection  [16] . To determine the acquisition delay for 
hepatic arterial dominant phase imaging, a bolus-tracking technique was used. Arterial phase acquisition 
was started 22 s after the trigger threshold (50 HU elevation) was reached at the suprarenal abdominal 
aorta. 

  Magnetic Resonance Imaging  
 MR images were acquired with 1.5-T or 3-T systems ( Table 2 ). Unenhanced, arterial, portal venous, 

late, and hepatobiliary phase images were obtained immediately prior to and 25–35, 70–80, 180 s and 
15–20 min, respectively, after bolus injection of 0.025 mmol/kg body weight (0.1 mL/kg) Gd-EOB-DTPA 
(Primovist ® , Bayer-Schering Pharma, Osaka Japan) at a rate of 1–2 mL/s, using a T1-weighted three-
dimensional gradient-echo sequences in a single breath hold (18–25 s) (LAVA; GE Healthcare, THRIVE; 
Philips Medical Systems)  [9, 12, 16] . A 30-mL saline flush was administered at 1–2 mL/s after Gd-EOB-
DTPA injection. T2-weighted images were also acquired  [9, 12, 16] . Acquisition parameters are listed in 
 Table 2 . 
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  Contrast-Enhanced Ultrasonography  
 CEUS with Sonazoid ®  (Daiichi Sankyo, Tokyo, Japan) was carried out as described previously  [12]  using 

the coded phase inversion mode with a mechanical index of 0.2–0.3. The examination consisted of an early 
vascular phase, a late vascular phase, and a postvascular phase (10–20 min after the injection of the contrast 
agent). 

  CT during Hepatic Arteriography/CT during Arterial Portography  
 Both CTAP and CTHA were performed using a 64-channel MDCT as described previously  [16] .

  Statistical Analysis 
 Sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy of Gd-EOB-

DTPA-enhanced MRI and dynamic MDCT for hypervascular HCC were calculated and were expressed with a 
95% confidence interval. The McNemar test and Fisher’s exact probability test were used for statistical 
comparison of sensitivity, specificity, and accuracy, and of positive and negative predictive values, respec-
tively. Receiver operating characteristic (ROC) analysis was performed to evaluate diagnostic performance 
in relation to recurrence of hypervascular HCC after RFA. An ROC curve was fitted to each observer’s patient-
based confidence rating by using a maximum likelihood estimation program (OR-DBM-MRMC ver. 2.5, 
University of Iowa, http://perception.radiology.uiowa.edu/). The diagnostic performance was then esti-
mated by calculating the area under the ROC curve (AUROC). The univariate  z  score was calculated to evaluate 
the significance of the difference between the AUROC values. Alternative free-response ROC (AFROC) analysis 
(OR-DBM-MRMC ver. 2.5) was performed on a lesion-by-lesion basis for the evaluation of diagnostic perfor-
mance of recurrence of hypervascular HCC after RFA  [16] . The area under each AFROC curve (AUROC) was 
used to indicate the overall diagnostic performance of each technique and each observer. Regarding the 
4-point scale used to evaluate diagnostic performance, interobserver agreement between the 2 observers 
was determined by the unweighted κ statistic  [16] . For all statistical analyses other than ROC analysis, a 
commercial software package (SPSS for Windows, version 17.0 ® ; SPSS, Chicago, IL, USA) was used. A two-
tailed  p  value <0.05 was considered to indicate a significant difference. Power analysis indicated that a 
minimum sample size of 100 patients would provide 80% power and a 5% significance level in the detection 
of a mean difference of 30% between values of Gd-EOB-DTPA-enhanced MRI and dynamic MDCT. 

 Table 2. MRI sequences and parameters

Discovery750®
3.0 T
(GE Healthcare)

Intera Achieva Nova® 
1.5 T (Philips Medical 
Systems)

Signa Excite HD®

1.5 T
(GE Healthcare)

Signa Excite HD®

3.0 T
(GE Healthcare)

Dynamic, hepatobiliary phase
Sequence LAVA THRIVE LAVA LAVA
TR, ms 3.8 4.4 4.5 3.9
TE, ms 1.8 2.1 2.2 1.7
Flip angle, ° 12 10 12 12
Thickness, mm 4 4 5 4
FOV, mm 288 × 360 375 360 340 × 393
Matrix 320 × 224 192 × 192 320 × 192 320 × 192

T2-weighted image
TR, ms 12,000 1,502 – 2,000 –* 4,600 – 8,500
TE, ms 70 70 90 91
Thickness, mm 7 7 7 5
FOV, mm 320 × 360 375 360 340 × 393
Matrix 352 × 224 256′×256 256′×224 512 × 160

 TR, repetition time; TE, echo time; FOV, field of view; WI, weighted image; LAVA, liver acquisition with 
volume acceleration; THRIVE, T1 high-resolution isotropic volume excitation; RT, respiratory triggering.
 * Single-shot fast spin-echo sequencing was used.
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  Fig. 1.  Images in a 55-year-old man with chronic hepatitis B developing recurrence of hypervascular HCC 
9 months after curative treatment of HCC with RFA. The tumor (arrow) in segment 8, 0.8 cm in diameter, is 
hyperintense on the arterial phase ( a ) and hypointense on the portal venous phase ( b ) and hepatobiliary 
phase ( c ) of Gd-EOB-DTPA-enhanced MRI. The corresponding multiphasic CT image obtained during the 
arterial phase ( d ) shows a hypervascular nodule, but the nodule shows isoattenuation on the portal venous 
( e ) and equilibrium ( f ) phase images. Contrast-enhanced ultrasonography with Sonazoid  ®   shows a hyper-
vascular nodule on the early vascular phase image ( g ) and a clear perfusion defect on the postvascular phase 
image ( h ). 
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  Results 

 Development of Hypervascular HCC  
 During the follow-up period, recurrent HCCs with the typical vascular pattern diagnosed 

by on-site consensus reading were observed in 48 of 97 patients. Of the 48 patients, 22 were 
diagnosed as having HCC by both Gd-EOB-DTPA-enhanced MRI and dynamic MDCT, 22 only 
by Gd-EOB-DTPA-enhanced MRI combined with CEUS or CTHA/CTAP, and 4 only by dynamic 
MDCT combined with CEUS or CTHA/CTAP. Consequently, recurrence of HCC was diagnosed 
in more patients by Gd-EOB-DTPA-enhanced MRI than by dynamic MDCT (44 patients, 91.7%, 
vs. 26 patients, 54.2%, respectively,  p  < 0.001). 

  In the 48 patients with recurrence, 66 HCCs with a typical vascular pattern were detected. 
The median tumor size was 9 mm (range, 5–20). Of the 66 HCCs, 27 HCCs were diagnosed by 
both Gd-EOB-DTPA-enhanced MRI and dynamic MDCT, 32 only by Gd-EOB-DTPA-enhanced 
MRI combined with CEUS or CTHA/CTAP ( Fig. 1 ), and 7 only by dynamic MDCT combined 
with CEUS or CTHA/CTAP. Thus, more HCCs were diagnosed by Gd-EOB-DTPA-enhanced MRI 
than by dynamic MDCT (59 HCCs, 89.4%, vs. 34 HCCs, 51.5%, respectively,  p  < 0.001). 

  Diagnostic Performance Analysis of Hypervascular HCC by Blinded Observers 
 AUROC values, accuracy, sensitivity, specificity, and positive predictive and negative 

predictive values for the recurrence of hypervascular HCCs of 2 observers on a patient-based 
analysis in 97 patients are shown in  Table 3 . The AUROC values of the patient-based ROC 
analysis of Gd-EOB-DTPA-enhanced MRI (observer 1: 0.95, observer 2: 0.90) were signifi-
cantly higher than those of MDCT (observer 1: 0.76, observer 2: 0.74) ( Table 3 ). Sensitivity, 
accuracy, and negative predictive values of MRI were also significantly higher than those of 
MDCT in both observers. There were no differences in specificity and positive predictive 
value between the observers.  

 Table 3. Patient-based diagnostic performance of Gd-EOB-DTPA-enhanced MRI and dynamic MDCT for 
recurrence of hypervascular HCC in 97 patients

Gd-EOB-DTPA-enhanced MRI  Dynamic MDCT p value

patients, n 95% CI patients, n 95% CI

Observer 1
AUROC 0.95 0.91 – 0.99 0.76 0.67 – 0.84 <0.001a

Sensitivity 0.88 42/48 0.78 – 0.97 0.52 25/48 0.37 – 0.67 <0.001b

Specificity 0.94 46/49 0.87 – 1.01 0.92 45/49 0.84 – 1.00 1b

Accuracy 0.91 88/97 0.85 – 0.97 0.72 70/97 0.63 – 0.81 0.002b

PPV 0.93 42/45 0.86 – 1.01 0.86 25/29 0.73 – 1.00 0.27c

NPV 0.88 46/52 0.79 – 0.97 0.66 45/68 0.55 – 0.78 0.004c

Observer 2
AUROC 0.90 0.84 – 0.96 0.74 0.66 – 0.83 0.002a

Sensitivity 0.83 40/48 0.72 – 0.94 0.52 25/48 0.37 – 0.67 <0.001b

Specificity 0.94 46/49 0.87 – 1.01 0.92 45/49 0.84 – 1.00 1b

Accuracy 0.89 86/97 0.82 – 0.95 0.72 70/97 0.63 – 0.81 0.004b

PPV 0.93 40/43 0.85 – 1.01 0.86 25/29 0.73 – 1.00 0.29c

NPV 0.85 46/54 0.75 – 0.95 0.66 45/68 0.55 – 0.78 0.013c

AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, 
negative predictive value. a Univariate z score test. b McNemar test. c Fisher’s exact probability test.
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 AFROC analysis on a tumor-by-tumor basis revealed that the AUROC value of Gd-EOB-
DTPA-enhanced MRI (observer 1: 0.88, observer 2: 0.85) were significantly higher than those 
of MDCT (observer 1: 0.69, observer 2: 0.71) ( Table 4 ). Sensitivities of the tumor-by-tumor 
analysis of MRI (observer 1: 0.76, observer 2: 0.76) were also significantly higher than those 
of MDCT (observer 1: 0.42, observer 2: 0.44) ( Table 4 ). For lesions <1 cm in diameter ( n =  35) 
and those  ≥ 1 cm in diameter ( n =  31), AUROC values and sensitivities of MRI were also signif-
icantly higher than those of MDCT in both observers ( Table 4 ).   

  As for the patient-based analysis, interobserver agreement was excellent for Gd-EOB-
DTPA-enhanced MRI (κ: 0.83) and good for dynamic MDCT (κ: 0.70).

  BCLC Stage at Recurrence 
 The 4 patients with a hypovascular nodule were diagnosed with a well-differentiated 

HCC on biopsy.  Table 5  shows BCLC stages evaluated by dynamic MDCT, Gd-EOB-DTPA-
enhanced MRI, or the combination of both modalities in 52 patients with recurrence of typical 
hypervascular HCC or hypovascular HCC. Forty-eight of the 52 patients were diagnosed as 
having HCC based on Gd-EOB-DTPA-enhanced MRI evaluation, 47 of which were categorized 
as BCLC stage 0 or A. 

  Discussion 

 We have clearly demonstrated that Gd-EOB-DTPA-enhanced MRI showed significantly 
higher diagnostic accuracy and sensitivity in the detection of recurrent HCC after RFA 
compared with dynamic MDCT. More HCCs were diagnosed by Gd-EOB-DTPA-enhanced MRI 
than by dynamic MDCT by on-site consensus reading in this prospective multicenter study. 
In addition to the on-site consensus reading, we also performed both patient-based and 

 Table 4. A tumor-by-tumor diagnostic performance of Gd-EOB-DTPA-enhanced MRI and multiphasic multi-
detector CT for hypervascular HCC (n = 66)

Gd-EOB-DTPA-enhanced MRI Multiphasic CT p value

tumors, n 95% CI tumors, n 95% CI

Observer 1
All lesions AUROC 0.88 0.83 – 0.93 0.69 0.62 – 0.76 <0.001a

(n = 66) Sensitivity 0.76 50/66 0.65 – 0.86 0.42 28/66 0.30 – 0.55 <0.001b

Lesions <1 cm AUROC 0.90 0.83 – 0.96 0.72 0.62 – 0.81 0.002a

(n = 35) Sensitivity 0.74 26/35 0.59 – 0.90 0.37 13/35 0.20 – 0.54 0.011b

Lesions ≥1 cm AUROC 0.90 0.83 – 0.97 0.74 0.65 – 0.84 0.006a

(n = 31) Sensitivity 0.77 24/31 0.62 – 0.93 0.48 15/31 0.30 – 0.67 0.049b

Observer 2
All lesions AUROC 0.85 0.79 – 0.91 0.71 0.64 – 0.78 0.002a

(n = 66) Sensitivity 0.76 50/66 0.65 – 0.86 0.44 29/66 0.31 – 0.56 <0.001b

Lesions <1 cm AUROC 0.84 0.76 – 0.93 0.71 0.62 – 0.81 0.024a

(n = 35) Sensitivity 0.74 26/35 0.59 – 0.90 0.43 15/35 0.26 – 0.60 0.013b

Lesions ≥1 cm AUROC 0.90 0.83 – 0.97 0.75 0.65 – 0.85 0.015a

(n = 31) Sensitivity 0.77 24/31 0.62 – 0.93 0.45 14/35 0.27 – 0.64 0.031b

AUROC, area under the alternative free-response receiver operating characteristic curve. a Univariate 
z score test. b McNemar test.



357Liver Cancer 2017;6:349–359

 DOI: 10.1159/000481416 

 Imai et al.: Prospective Comparison of Gd-EOB-DTPA-Enhanced MRI with Dynamic CT 
for Detecting Recurrence of HCC after Radiofrequency Ablation 

www.karger.com/lic
© 2017 S. Karger AG, Basel

lesion-based diagnostic performance analyses. In the patient-based analysis, the accuracy, 
sensitivity, negative predictive value and AUROC of Gd-EOB-DTPA-enhanced MRI were signif-
icantly higher than those of dynamic MDCT, and interobserver agreements were excellent for 
Gd-EOB-DTPA-enhanced MRI and good for dynamic CT. Also, in the lesion-based analysis, the 
sensitivity and AUROC of Gd-EOB-DTPA-enhanced MRI were significantly higher than those 
of multiphasic MDCT. These results suggest that Gd-EOB-DTPA-enhanced MRI is preferable 
to dynamic MDCT for follow-up of patients with HCC treated with RFA. 

  There have been several studies comparing the diagnostic performance of Gd-EOB-
DTPA-enhanced MRI and dynamic MDCT. Kim et al.  [24]  reported that Gd-EOB-DTPA-
enhanced MRI had diagnostic performance similar to dynamic MDCT in patients with rela-
tively large tumor sizes with a median size of 2.9 cm (range, 0.5–10.5 cm), while MRI might 
be better than dynamic MDCT in the detection of HCC  ≤ 1 cm in diameter. Hwang et al.  [14]  
retrospectively compared the diagnostic performance of Gd-EOB-DTPA-enhanced MRI with 
that of dynamic MDCT to evaluate recurrence after transcatheter arterial chemoembolization 
or RFA. They found that Gd-EOB-DTPA-enhanced MRI had better diagnostic performance 
than dynamic MDCT for evaluating the recurrence following either treatment. These results 
are compatible with our results, although their study was retrospective and had inherent 
selection bias. Di Martino et al.  [13]  also reported that compared with 64-detector dynamic 
MDCT, Gd-EOB-DTPA-enhanced MRI yielded significantly higher diagnostic accuracy and 
sensitivity in the detection of HCC in cirrhotic patients.

  Recent studies have reported that additional Gd-EOB-DTPA-enhanced MRI exami-
nations found new intrahepatic HCC lesions in patients with BCLC stage 0 or A based on 
the diagnosis by conventional dynamic CT  [20, 21] . Moreover, additional evaluation by 
Gd-EOB-DTPA-enhanced MRI in the patients with a single HCC initially diagnosed by 
dynamic CT resulted in improved recurrence-free and overall survival  [21] . However, 
these studies were retrospectively conducted, and dynamic CT examination was performed 
as a first survey for HCC, followed by Gd-EOB-DTPA-enhanced MRI. Accordingly, Gd-EOB-
DTPA-enhanced MRI was never used as the first imaging modality for detecting HCC. As a 
result, the median size of HCC in the report by Kim et al.  [21]  (2.7 cm) was much larger 
than the size in our study (0.9 cm). To the best of our knowledge, our study is the first 
prospective study investigating the efficacy of Gd-EOB-DTPA-enhanced MRI for the evalu-
ation of recurrence after RFA for HCC. Gd-EOB-DTPA-enhanced MRI diagnosed the majority 
of HCC recurrences at BCLC stage 0 or A ( Table 5 ) and their diameters were  ≤ 2 cm, 
suggesting that the earlier detection of smaller recurrences following curative treatment 
with RFA was enabled by the high diagnostic performance of Gd-EOB-DTPA-enhanced MRI 

 Table 5. BCLC stage evaluated by dynamic MDCT, Gd-EOB-DTPA-enhanced MRI, or either in 52 patients with 
recurrence of hypervascular (n = 48) or hypovascular (n = 4) HCC

Modality for evaluation of staging BCLC stage HCC not
detecteda

0 A B

Dynamic MDCT 21 (40) 7 (13) 0 24 (46)
Gd-EOB-DTPA-enhanced MRI 39 (75) 8 (15) 1 (2) 4 (8)
Dynamic MDCT or Gd-EOB-DTPA-enhanced MRIb 41 (79) 10 (19) 1 (2) 0 

Values indicate patient number (%). BCLC, Barcelona Clinic Liver Cancer. a Of the 52 patients with 
recurrence, HCC was not detected in 24 and 4 patients by dynamic MDCT and Gd-EOB-DTPA-enhanced MRI, 
respectively. b HCC was detected by either dynamic MDCT or Gd-EOB-DTPA-enhanced MRI.
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in our study protocol, or that the recurrence rate in our study population was unusually 
high. 

  Our study has some limitations. First, diagnosis of HCC at the time of recurrence was not 
made pathologically in most cases because it was difficult to obtain a biopsy specimen from 
the ethical point of view. Instead, diagnosis of HCC was made based on the typical vascular 
pattern on 2 imaging modalities by the consensus of experienced radiologists and hepatolo-
gists. Second, this study was conducted with a single-arm study design since the purpose of 
the study was to prospectively compare the efficacy of Gd-EOB-DTPA-enhanced MRI with 
that of dynamic MDCT in the detection of recurrent of HCC. Third, we examined a relatively 
small number of patients, although we calculated the sample size of this study by power 
analysis. 

  In conclusion, compared with dynamic MDCT, Gd-EOB-DTPA-enhanced MRI had greater 
diagnostic performance for detection of HCC recurrence and may be a better tool for following 
patients after RFA.
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