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Abstract
Purpose  To compare the efficacy of magnetic resonance imaging (MRI) with hepatobiliary agents (HBA-MRI) and MRI with 
extracellular contrast agents (ECA-MRI) for detection of recurrent hepatocellular carcinoma (HCC) after multiple treatments.
Methods  The institutional review board approved this retrospective study and waived the requirement for informed patient 
consent. A total of 135 patients with suspected HCC recurrence after 2–5 treatments (surgery, transarterial chemoembo-
lization, and/or radiofrequency ablation) underwent both HBA-MRI and ECA-MRI within a 1 month interval. HBA-MRI 
and ECA-MRI were analyzed for HCC detection by two observers using a five-point scale. The diagnostic performances 
according to MRI modality were compared.
Results  A total of 136 liver lesions (121 HCCs and 15 benign lesions; median size, 1.9 cm) were identified. ECA-MRI 
showed greater sensitivity (90.9% vs. 76.9% for observer 1; 91.7% vs. 78.5% for observer 2) and accuracy (91.2% vs. 78.7% 
for observer 1; 91.9% vs. 80.2% for observer 2) than HBA-MRI for both observers (P = 0.002, 0.003). Fifteen (12.4%) HCCs 
were correctly diagnosed with ECA-MRI but not with HBA-MRI by both observers. Interobserver agreement was excellent 
(0.885) for ECA-MRI and substantial (0.749) for HBA-MRI.
Conclusions  For detection of recurrent HCC, ECA-MRI was superior to HBA-MRI in terms of sensitivity and accuracy. 
Therefore, ECA-MRI could be the preferred imaging modality over HBA-MRI for assessing HCC recurrence following 
multiple treatments.
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Introduction

With technical breakthroughs in cross-sectional liver imaging 
using computed tomography (CT) and magnetic resonance 
imaging (MRI), diagnosis of hepatocellular carcinoma (HCC) 
is possible without histology, based on arterial hyperenhance-
ment followed by washout [1–5]. HCC diagnostic criteria are 
derived from vascular profiles based on dynamic CT or MRI 
using extracellular contrast agent (ECA) [1, 2, 4, 5]. Now, 
with widespread use of the hepatobiliary agent (HBA) [6, 7], 
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid 
(Gd-EOB-DTPA; Primovist®), imaging features based on MRI 
using HBA (HBA-MRI) have been adopted by some organi-
zations, including Asian groups and the Liver Reporting and 
Data System (LI-RADS) [8, 9].

Current HCC diagnostic criteria typically refer to an ini-
tially detected hepatic nodule in patients with no prior HCC 
treatment. Current criteria, based on conventional hemody-
namic information alone, offer close to 100% specificity, but 
have limited sensitivity, as 30–40% of HCC do not meet the 
criteria, particularly for small tumors (< 20 mm) [3]. The 
strongpoint of Gd-EOB-DTPA is delineation of liver lesions as 
areas of hypointense defects against a strongly enhanced adja-
cent liver parenchyma in hepatobiliary phase (HBP) images. 
The improved contrast leads to improved sensitivity for HCC 
diagnosis, as well as additional tumor detection [10]. However, 
a concern of applying hypointensity on transitional phase (TP) 
or HBP as a diagnostic criterion is that non-HCC hypervas-
cular hepatic tumors might be misclassified as HCC, since 
Gd-EOB-DTPA is taken up by hepatocytes starting at 90 s fol-
lowing contrast injection [11]. Thus, according to LI-RADS, 
when Gd-EOB-DTPA is used, “washout” refers to the portal 
venous phase (PVP) prior to the TP [12–15]. However, when 
assessing tumor recurrence following HCC treatment, HCC 
criteria with high sensitivity are desirable, as newly developed 
hepatic nodules are likely to be HCC.

In that sense, we hypothesized that HBA-MRI would show 
superior diagnostic performance over ECA-MRI, consider-
ing the high sensitivity to detect HCC as HBP hypointensity. 
However, there have been no well-validated studies on imag-
ing criteria or choice of MRI contrast agent for diagnosing 
recurrent HCC, and to the best of our knowledge, there have 
been no direct comparisons of ECA-MRI and HBA-MRI for 
recurrent HCC diagnosis. Therefore, we conducted this study 
to compare the performance of ECA-MRI and HBA-MRI in 
diagnosing recurrent HCC in an intra-individual, cross-over 
manner.

Materials and methods

Patients

Our Institutional Review Board approved this retrospective 
study and waived the need for informed consent. Between 
November 2015 and November 2017, 173 patients who 
had received multiple HCC treatments and were suspected 
to have newly developed liver lesion underwent both ECA-
MRI and HBA-MRI at Samsung Medical Center, Seoul, 
Korea. Our institution prefers HBA-MRI to maximize the 
detection sensitivity for focal liver lesion. However, if a 
possible recurrent HCC is revealed by HBA-MRI under a 
clinical situation of which the decision of whether or not to 
perform immediate treatment is challenging (for example, 
in a patient with poor hepatic reservoirs), an additional 
ECA-MRI was conducted to acquire a full-scale imaging 
examination. In addition, ECA-MRI was obtained in the 
radiation therapy planning process to compensate for liver 
motion with breathing [16].

The inclusion criteria for this intraindividual compari-
son of the two MRIs were (1) recurrent HCC (local tumor 
recurrence at a previously treated area or intrahepatic 
metastasis) or a newly developed benign liver lesion after 
HCC treatments and (2) HBA-MRI and ECA-MRI per-
formed within 1 month interval (mean interval, 15 days; 
range 9–30 days). Patients with indeterminate liver lesions 
with no obvious evidence of HCC or benign lesion (n = 8) 
and those with more than 1 month interval between the 
two MRIs (n = 30) were excluded from the study. Con-
sequently, 135 patients (108 men, 27 women; age range, 

Fig. 1   Flow diagram for our study
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32-76  years) with chronic hepatitis or cirrhosis were 
included (Fig. 1).

Reference standards

Reference standard for recurrent HCC was based on the 
clinical criteria, thoroughly evaluated by one radiologist (Y. 
K. K. with 18 years of abdominal imaging experience). The 
clinical diagnosis of HCC was based on histopathological 
examination of the surgical specimens (n = 3) or its typical 
imaging hallmarks (arterial hyperenhancement and washout) 
on CT and also on either of the two MRIs [1–3, 17, 18]. If 
HCC could not be diagnosed due to discordant finding on 
CT and MRIs, the following features were considered diag-
nostic for HCC within 6 months after the imaging: increase 
in size (with increasing trend of serum alpha-fetoprotein in 
patients with suppressed hepatitis activity) or a change in the 
enhancement pattern (hypervascularization in a previously 
non-hypervascular nodule or washout in a nodule with initial 
arterial hypervascularization but without washout) [18]. Size 
increase of a hepatic lesion was defined by threshold growth 
by LI-RADS v2017. The diagnosis of benign lesion was 
based on percutaneous biopsy (n = 1) or imaging findings 
of stability or reduced lesion size without treatment during 
at least 12 months of follow-up.

MRI examinations

MRI examinations were performed using a 3.0T MR system 
(Intera Achieva 3.0T, Philips Healthcare, Best, Netherlands) 
equipped with a dual-source parallel radiofrequency trans-
mission system and quadrature body coil. Baseline MRI 
included a T1-weighted turbo field echo in- and opposed-
phase sequence, breath-hold multishot T2-weighted image 
(T2WI), and respiratory-triggered heavily T2WI. Diffusion-
weighted image (DWI) was performed using respiratory-
triggered single-shot echo-planar imaging with b-values of 

0, 100, and 800 s/mm2. In contrast-enhanced imaging, unen-
hanced, arterial-phase (25-30 s), portal-phase (60 s), 3-min 
delayed-phase (TP in HBA-MRI), and 20-min HBP (only 
after Gd-EOB-DTPA administration) images were obtained 
using a T1-weighted 3D turbo field echo sequence (T1 high-
resolution isotropic volume examination; THRIVE, Philips 
Healthcare). The time used for arterial phase imaging was 
determined using an MR fluoroscopic bolus detection tech-
nique. Contrast agent was administered intravenously using a 
power injector at a rate of 1 mL/s for a dose of 0.025 mmol/
kg body weight for Gd-EOB-DTPA) or a rate of 2 mL/s for 
a dose of 0.1 mmol/kg body weight for the extracellular 
gadolinium contrast agent gadoterate meglumine (Gd-Dota, 
Dotarem®; Guerbet, France), followed by a 20 mL saline 
flush. Detailed parameters of the MR sequences used are 
summarized in Table S1.

Image analysis

All MRI features were evaluated in two separate sessions by 
two gastrointestinal radiologists (T. W. K. and J. H. M., with 
12 and 11 years of experience in interpreting liver MRIs, 
respectively) who were blinded to the final diagnoses in an 
anonymized and randomized manner. To minimize learn-
ing bias, there was a four-week interval between interpre-
tations. Observers were allowed to review the prior image 
for localization of preexisting benign liver lesions such as 
hemangioma or of treated areas.

The observers knew that patients were at risk for intra-
hepatic HCC recurrence (either local tumor progression or 
intrahepatic metastasis). Two observers reviewed the MRIs 
and indicated confidence levels as follows: 1, definitely 
benign; 2, probably benign; 3, intermediate lesion; 4, proba-
bly HCC; 5, definitely HCC. The definitions of each point on 
the scale were listed in Table 1. Category 5 (definitely HCC) 
was defined as nodules with a focal, discrete, nodular arte-
rial hyperenhancement, and washout on PVP and/or delayed 

Table 1   Definition of confidence level according to the five-point scale

a Hypointensity on TP and/or HBP on HBA-MRI as an alternative to washout when accompanying clear hyperintensity on T2WI and/or DWI

Score Definition

ECA-MRI HBA-MRI

1, Definitely benign Lesions not detected in each MRI
2, Probably benign No arterial hyperenhancement

Assigned to category 2 or 3 according to the shape and conspicuity of the lesion in other MR sequences3, Intermediate
4, Probably HCC Arterial hyperenhancement with hyperintensity on T2WI and DWI

No washout on PVP and delayed phase No washout on PVP
No hypointensity on TP and HBP

5, Definitely HCC Focal, discrete, nodular arterial hyperenhancement
Washout on PVP and/or delayed phase Washout on PVP and/or hypoin-

tensity on TP and/or HBPa
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phase on ECA-MRI or washout on PVP on HBA-MRI. We 
considered hypointensity on TP and/or HBP on HBA-MRI 
as an alternative to washout when accompanying clear 
hyperintensity on T2WI and/or DWI, taking into account the 
clinical setting in which newly developed hepatic nodules 
following HCC treatment are likely to be HCC. Category 
4 (probably HCC) was defined as nodules showing arterial 
hyperenhancement with hyperintensity on T2WI and DWI, 
but neither washout nor HBP hypointensity. When lesions 
showed no arterial hyperenhancement, they were assigned 
to category 2 or 3 according to the shape and conspicuity 
of the lesion in other MR sequences. Lesions not detected 
by each MRI were assigned to category 1. Because these 
criteria provided rough reference standards to the observers, 
the final decision was made by subjective judgment based 
on each observer’s clinical experience.

Statistical analysis

Continuous variables were compared parametrically using 
the Mann–Whitney U test. Categorical variables were com-
pared using the x2 test or Fisher’s exact test, as appropriate.

The diagnostic performance of each observer was calcu-
lated with a receiver operating characteristics (ROC) curve 
analysis, and the area under the ROC curve (AUC) was cal-
culated. For comparing the diagnostic performance between 
two MRIs, pairwise comparisons of the ROC curves were 
performed. The 95% confidence intervals (CI) were used to 
express the statistical precision of the results. Regarding the 
recurrent HCCs, the sensitivity for each MRI was evaluated 
according to the number of lesions assigned a confidence 
level of 4 or 5. For each MRI, we calculated sensitivity, 
specificity, accuracy, positive predictive value (PPV), and 
negative predictive value (NPV). McNemar’s test with 
continuity correction was used to compare the sensitivity, 
specificity, and accuracy of two MRIs, and Bennett’s test 
was used to compare the PPV and NPV of the two MRIs 
[19]. For comparison of diagnostic performance of pooled 
data, we used the GEE (generalized estimating equation) 
method due to possible influence of lesion clustering on 
diagnostic accuracy. Inter-reviewer agreement for assessing 
MR imaging was analyzed using the kappa statistic, with 
0.8–1.0 considered excellent agreement; 0.6–0.79, substan-
tial agreement; 0.4–0.59, moderate; 0.2–0.39, fair; 0.1–0.19, 
slight; and 0–0.1, poor agreement [20].

We conducted a power analysis to determine the sample 
size required for this superiority study. We assumed a liver 
malignancy detectability of 87% using HBA-MRI based on 
previous study [21] and expected a superiority margin of 
10% and a detectability of 97% for ECA-MRI. Based on 
these assumptions, a sample size of 120 HCCs was calcu-
lated to give 90% statistical power with a two-sided alpha 
value of 0.05, with 12% expected discordant pairs between 

the two MR examinations [22]. P < 0.05 was considered sig-
nificant. Statistical analysis was executed using SAS version 
9.4 (SAS Institute, Cary, NC) and R 3.4.1 (Vienna, Austria).

Results

Patient and lesion characteristics

The patient and lesion characteristics are described in 
Table 2. Among 135 patients, 102 (75.6%) patients were 
classified as Child–Pugh class A and 33 (24.4%) as 
Child–Pugh class B. All patients received multiple treat-
ments (range 2–5; mean, 3.4); 10 (7.4%) patients received 
two treatments, 70 (51.9%) patients received three, 42 
(31.1%) patients received four, and 13 (9.6%) received five 
treatments. Prior HCC treatments were as follows: hepatic 
resection for 28 (20.7%) patients, radiofrequency ablation 
(RFA) for 88 (65.2%) patients, and transarterial chemoem-
bolization (TACE) for 115 (85.2%) patients (Figs. 2, 3 and 
4). Among 135 patients, one patient had two HCCs; all 
other patients had one index lesion. A total of 136 hepatic 
lesions included 121 (89.0%) HCCs (size range, 0.8–5.0 cm; 
median, 1.9 cm) and 15 (11.0%) benign lesions including 10 
(7.4%) arterioportal shunts and five (3.7%) inflammations 
such as eosinophilic infiltration (size range, 0.8–2.5 cm; 
median, 1.8 cm). Of the 121 recurrent HCCs, 30 (24.8%) 
were 0.8–1.0 cm in diameter (Fig. 3), 68 (56.2%) were 
1.1–2.0 cm, and 23 (19.0%) were ≥ 2.0 cm. Of the 121 
recurrent HCCs, 62 (51.2%) lesions were local tumor recur-
rence at prior treatment area after TACE (Fig. 2) or RFA, 
59 (48.8%) lesions were intrahepatic metastasis located in 
the same segment (n = 32) or lobe (n = 24) harboring a prior 
treatment area, and three (2.5%) lesions were in the con-
tralateral lobe (Fig. 3).   

Diagnostic performance for detection of recurrent 
HCC

In the detection of recurrent HCCs, the AUC values for 
ECA-MRI showed significantly superior to that of HBA-
MRI in both observers (0.978 vs. 0.933 for observer 1; 0.976 
vs. 0.923 for observer 2; P = 0.015 and 0.009) (Table 3 
and Fig. 5). In addition, the ECA-MRI was superior to 
HBA-MRI for detecting recurrent HCC in terms of sensi-
tivity (90.9% vs. 76.9% for observer 1; 91.7% vs. 78.5% 
for observer 2; P = 0.002 and 0.003) and accuracy (91.2% 
vs. 78.7% for observer 1; 91.9% vs. 80.2% for observer 
2; P = 0.002 and 0.003). In addition, ECA-MRI achieved 
higher NPV (56.0% for observer 1; 58.3% for observer 2) 
than HBA-MRI (33.3% for observer 1; 35.0% for observer 
2) (P = 0.020 and 0.023) (Table 3). The number of HCCs 
correctly diagnosed on ECA-MRI and not diagnosed on 
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HBA-MRI was 20 (16.5%) for observer 1 and 19 (15.7%) 
for observer 2, with 15 (12.4%) common to both observers 
(Tables S2 and S3, Fig. 2). Thirteen of these 15 HCCs were 
seen in patients with a history of repeated TACE (≥ two 
treatments; range 2–5) (Fig. 4). Ten of these 15 HCCs were 
seen in patients with Child–Pugh class B. In the retrospec-
tive review, they were observed as a hypovascular nodule 
without arterial hyperenhancement on HBA-MRI (n = 9) 
(Fig. 3) or as arterially enhancing nodules with neither wash-
out nor hypointensity on HBP (n = 6). Only three (2.5%) 
HCCs were correctly diagnosed on HBA-MRI but not on 
ECA-MRI, by both observers. Seven (5.8%) HCCs were not 
discerned by either observer.

One benign lesion was misdiagnosed as recurrent HCC 
by both observers on both ECA-MRI and HBA-MRI. Thus, 
the two MRIs showed the same specificity (93.3%, 14/15). 
PPVs showed no significant difference between the two MRIs 
for both observers (P = 0.672, 0.675) (Table 3 and Table S2). 

Pooled data for the two observers (Table 3) also showed higher 
sensitivity and accuracy for ECA-MRI (91.3% and 91.5%, 
respectively) than HBA-MRI (77.7% and 79.4%; P < 0.001). 
In addition, ECA-MRI showed a significantly higher NPV than 
HBA-MRI (57.1% vs. 34.1%; P < 0.001).

Interobserver agreement

The kappa values between the two observers were 0.885 for 
ECA-MRI and 0.749 for HBA-MRI, indicating excellent and 
substantial interobserver agreement, respectively, with regard 
to intrahepatic HCC recurrence.

Table 2   Patient and lesion 
characteristics

Except where indicated, numbers in parentheses are percentages
HCC hepatocellular carcinoma, AFP alpha-fetoprotein
a Data are presented as median (range)
b 121 recurrent HCCs in 120 patients

Patients with recurrent HCC 
(N = 120)

Patients with benign lesion 
(N = 15)

P value

Demographic features
 Age (years)a 62.5 (34–85) 67.0 (45–85) 0.455
 Sex 1.000
  Male 96 (78.3) 12 (80.0)
  Female 26 (21.7) 3 (20.0)

 Underlying liver disease 0.914
  Hepatitis B 85 (70.8) 10 (66.7)
  Hepatitis C 23 (19.2) 3 (20.0)
  Others 12 (10.0) 2 (13.3)

 Liver cirrhosis 108 (87.5) 12 (80.0) 0.423
 Child–Pugh classification 0.760
  A 91 (75.8) 11 (73.3)
  B 29 (24.2) 4 (26.7)

 AFP level (ng/mL)a 12.1 (1.8–24563.3) 5.2 (1.3–293.3) <0.001
 Lesions N = 121b N = 15
 Size (cm)a 1.9 (0.8–5.0) 1.8 (0.8–2.5) 0.023
 Size subgroup 0.978
  ≤ 1.0 cm 30 (24.8) 4 (26.7)
  1.1–2.0 cm 68 (56.2) 8 (53.3)
  > 2.0 cm 23 (19.0) 3 (20.0)

 Type of recurrence –
  Local tumor recurrence 62 (51.2) –
  Intrahepatic metastasis 59 (48.8) –
  Same segment 32 (26.5) –
  Same lobe 24 (19.8) –
  Contralateral lobe 3 (2.5) –
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Discussion

This study demonstrates that ECA-MRI allows greater 
sensitivity and accuracy than HBA-MRI for diagnosis of 

recurrent HCC. The clinical setting in which newly devel-
oped hepatic nodules following HCC treatment are likely 
to be HCC regardless of size requires the HCC diagnos-
tic criteria to be reformed; for example, by incorporating 

Fig. 2   Recurrent hepatocellular 
carcinoma in a 57-year-old male 
with a history of repeated tran-
sarterial chemoembolization. a 
Arterial phase, b portal venous 
phase, and c 20-min hepato-
biliary phase images following 
Gd-EOB-DTPA administration. 
Arterial hyperenhancement 
(arrow) is suspected at the mar-
gin of a previously treated area 
(asterisk), but neither washout 
nor hepatobiliary hypointensity 
is clearly discerned. d Diffu-
sion-weighted image (b-800) 
and e ADC map, in which a 
recurrent tumor is not clearly 
discerned from the previously 
treated area (asterisk). f Arte-
rial phase and g portal venous 
phase after administration of 
extracellular contrast agent. A 
marginal tumor recurrence is 
clearly delineated as an arterial 
hyperenhancing area, followed 
by washout (arrow)
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imaging features considered ancillary features of HCC in 
LI-RADS (e.g., hypointensity on HBP or TP and hyper-
intensity on T2WI or DWI) [8]. As we hypothesized, it is 
generally expected that HBA-MRI would outperform ECA-
MRI if stringent HCC guidelines that prioritize specificity 
over sensitivity are not applied [2, 4, 5, 10], due to the high 

sensitivity of HBP to detect HCC as hypointense. Our results 
run counter to this expectation.

There are several possible explanations for the superior 
diagnostic performance of ECA-MRI over HBA-MRI in 
recurrent HCC diagnosis in our study. Of 15 HCCs cor-
rectly diagnosed with ECA-MRI but not with HBA-MRI 

Fig. 3   Recurrent hepatocel-
lular carcinoma in an 80-year-
old woman with a history of 
repeated transarterial chem-
oembolization. a Arterial 
phase, b portal venous phase, 
and c and 20-min hepatobiliary 
phase images after Gd-EOB-
DTPA administration. Arterial 
hyperenhancement or portal 
washout is not clearly seen, and 
a hypointense nodule (arrow) 
is observed on hepatobiliary 
phase. d Arterial phase, e portal 
venous phase, and f delayed 
phase after administration of 
extracellular contrast agent. A 
small tumor is clearly detectable 
as arterial hyperenhancement 
and washout with capsular 
enhancement (arrows). g 
T2-weighted image and h diffu-
sion-weighted image (b-800). A 
recurrent tumor clearly shows 
hyperintensity
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Fig. 4   Recurrent hepatocellular 
carcinoma in a 56-year-old 
male with a history of repeated 
transarterial chemoemboliza-
tion and hemihepatectomy. a 
Arterial phase and b 20-min 
hepatobiliary phase images after 
Gd-EOB-DTPA administration. 
A recurrent tumor (arrows) is 
not clearly discerned due to 
overlapping with portal vein. 
c Arterial phase and d delayed 
phase after administration of 
extracellular contrast agent. A 
recurrent tumor clearly shows 
arterial hyperenhancement and 
washout with capsular enhance-
ment (arrows)

Table 3   Comparison of 
diagnostic performance for 
recurrent HCC between ECA-
MRI and HBA-MRI

HCC hepatocellular carcinoma, MRI magnetic resonance imaging, ECA extracellular agent, HBA hepato-
biliary agent, CI confidence interval, ROC receiver operating characteristic, PPV positive predictive value, 
NPV negative predictive value, N/A not applicable
* McNemar’s test, †Bennett’s test, ‡Generalized estimating equation

ECA-MRI HBA-MRI P value

Value 95% CI Value 95% CI

Observer 1
 Area under ROC curve 0.978 0.936 1.000 0.933 0.868 0.997 0.015
 Accuracy (%) 91.2 (124/136) 84.2 95.3 78.7 (107/136) 69.9 85.5 0.002*

 Sensitivity (%) 90.9 (110/121) 83.3 95.2 76.9 (93/121) 67.3 84.3 0.002*

 Specificity (%) 93.3 (14/15) 65.9 99.0 93.3 (14/15) 65.9 99.0 N/A
 PPV (%) 99.1 (110/111) 94.1 99.9 98.9 (93/94) 93.1 99.9 0.672†

 NPV (%) 56.0 (14/25) 34.7 75.3 33.3 (14/42) 19.6 50.6 0.020†

Observer 2
 Area under ROC curve 0.976 0.935 1.000 0.923 0.857 0.988 0.009
 Accuracy (%) 91.9 (125/136) 85.1 95.8 80.2 (109/136) 71.5 86.7 0.003*

 Sensitivity (%) 91.7 (111/121) 84.3 95.8 78.5 (95/121) 69.1 85.7 0.003*

 Specificity (%) 93.3 (14/15) 65.9 99.0 93.3 (14/15) 65.9 99.0 N/A
 PPV (%) 99.1 (111/112) 94.1 99.9 99.0 (95/96) 93.2 99.9 0.675†

 NPV (%) 58.3 (14/24) 36.3 77.4 35.0 (14/40) 20.7 52.7 0.023†

Pooled data
 Area under ROC curve 0.979 0.944 1.000 0.937 0.881 0.993 0.011‡

 Accuracy (%) 91.5 (249/272) 87.6 94.3 79.4 (216/272) 74.2 83.8 < 0.001‡

 Sensitivity (%) 91.3 (221/242) 87.1 94.3 77.7 (188/242) 72.0 82.5 < 0.001‡

 Specificity (%) 93.3 (28/30) 78.7 98.2 93.3 (28/30) 78.7 98.2 N/A
 PPV (%) 99.1 (221/223) 96.8 99.9 98.9 (188/190) 96.2 99.7 < 0.001‡

 NPV (%) 57.1 (28/49) 43.3 70.0 34.2 (28/82) 24.8 44.9 < 0.001‡
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by both observers, 13 were in patients with a history of 
repeated TACE treatment, which may have caused injury 
of the hepatic artery and poor arterial supply in the treated 
area of the liver [23, 24]. In fact, nine of them observed 
as hypovascular nodule without arterial hyperenhancement 
on HBA-MRI. Liver injury due to TACE treatment could 
hamper delineation of arterial hyperenhancement, particu-
larly for small HCCs [25, 26], (Fig. 3) to a greater extent in 

HBA-MRI than in ECA-MRI (Figs. 2, 3, and 4), considering 
the lower recommended dosage for Gd-EOB-DTPA vs. ECA 
(0.025 vs. 0.1 mmol/kg) [27]. In addition, the decreased 
dose in administered volume of HBA can create difficulty 
to acquire the optimal late arterial phase that is essential for 
visualizing hyperenhancement of HCC. Of the 121 recurrent 
HCCs, 62 (51.2%) lesions were at a marginal area of a prior 
treatment such as TACE or RFA, and 56 (46.3%) lesions 
were located in the treated segment or hepatic lobe. Arterial 
hypervascularization was the most important HCC criterion 
used in our study. The majority of lesions, even subcen-
timeter lesions, demonstrated arterial hypervascularization 
without evidence of a premalignant lesion in a prior MRI 
examination, indicating intrahepatic metastasis rather than 
multicentric HCC recurrence.

Another possible explanation for the superiority of 
ECA-MRI to HBA-MRI in our study is that repeated treat-
ments may have worsened hepatic dysfunction and reduced 
lesion conspicuity on HBP (in HBA-MRI) due to reduced 
enhancement of background liver parenchyma [28]. In 
addition, since treated areas are seen as hypointense areas 
on HBP regardless of tumor viability, HBP might have no 
benefit in delineation of marginal recurrence unless arte-
rial hyperenhancement is clearly seen (Fig. 4). In contrast, 
for ECA-MRI, during PVP or delayed phase, the washout 
area of viable tumors tends to be brighter than the treated 
area (Fig. 2). However, smaller HCCs are less likely to show 
washout than larger ones [29]. The presence of mild to mod-
erate hyperintensity on T2WI or diffusion restriction could 
be useful in characterizing arterial hyperenhancing nodules 
without washout as being true HCC or pseudolesion [10, 
13, 26]. In LI-RADS, T2 hyperintensity or diffusion restric-
tion is considered an ancillary finding, with which lesions 
could be assigned up to LR-4 (possibly HCC) [8].The treat-
ment strategy for HCC recurrences after multiple treatments 
would be different from a newly-detected HCC that might 
warrant consideration of transplantation. Thus, HCC criteria 
for recurrence do not need to be congruent with current HCC 
criteria that prioritize high specificity, as proposed by the 
American Association for the Study of Liver Disease and 
the European Association for the Study of the Liver [2, 4, 
5]. Accordingly, ancillary findings such as T2 hyperinten-
sity or diffusion restriction could be used as an alternative 
to washout or hypointensity on TP and HBP in assessing 
recurrent HCC.

This study had several limitations. First, the retrospec-
tive nature of the study may have introduced inherent selec-
tion bias. Our patient cohort may have been biased by the 
large number of patients who received repeated treatments, 
most commonly TACE and then RFA. Second, all patients 
first underwent HBA-MRI and then ECA-MRI according to 
the clinician’s decision. Thus, our patient cohort might be 
biased toward hepatic lesions that were difficult to assess 

Fig. 5   ROC curves for diagnostic performance for recurrent HCC by 
two observers according to MRI modality, a Observer 1, b Observer 
2, and c Pooled data
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using HBA-MRI. In addition, the pre-test probability is 
high because a new lesion of any pattern is likely to be a 
new HCC. Therefore, this study included a large number 
of HCCs and a relatively small number of benign cases, 
impacting statistical analysis. Finally, the reference standard 
for HCC diagnosis was a composite, consisting mostly of 
imaging features.

Conclusions

For detection of HCC recurrence in patients with a history of 
multiple treatments, ECA-MRI showed better sensitivity and 
accuracy than HBA-MRI. Therefore, ECA-MRI could be the 
preferred imaging modality over HBA-MRI for assessing 
HCC recurrence following multiple treatments.
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