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Abstract: Objective: To prospectively compare gadoxetate disodium-enhanced MRI with biphasic spiral CT in the 
detection of HCC in patients within the Milan criteria. Methods: The study was designed as a prospective, open-
label, within-patient with a corresponding blinded reading. AUCs were also applied to compare for the comparison of 
combined unenhanced and gadoxetic acid disodium-enhanced MRI versus biphasic spiral CT using the Hanleyand 
McNeil method. Results: For all liver lesions meeting Milan criteria, the diagnostic accuracy across the three readers 
was significantly greater with Gadoxetic acid disodium-enhanced MR imaging than with biphasic spiral CT. The AUC 
of GAD enhanced MRI were 0.873 with 95% CI = 0.801-0.925, 0.928 with 95% CI = 0.869-0.967 and 0.854 with 
95% CI = 0.780-0.911 respectively in Reader 1, 2, and 3. The AUC of biphasic spiral CT were 0.724 with 95% CI = 
0.638-0.800, 0.705 with 95% CI = 0.617-0.783 and 0.669 with 95% CI = 0.580-0.751 respectively in Reader 1, 
2, and 3. The sensitivity across the three readers was significantly greater with Gadoxetic acid disodium-enhanced 
MR imaging than with biphasic spiral CT. Average across Readers were 0.851 with 95% CI = 0.745-0.962 vs. 0.692 
with 95% CI = 0.596-0.793, respectively. Conclusion: Compared with biphasic spiral CT, Gadoxetic acid disodium-
enhanced MRI yields significantly higher diagnostic accuracy and sensitivity in the detection of HCC in patients 
within Milan criteria.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth mo- 
st common malignancy cancer worldwide and 
the second most common cause of cancer-
related mortality [1, 2]. It was estimated 78- 
2,000 new cases of HCC were diagnosed in 
2012, of which 83% occurred in the developing 
areas, especially China [3, 4]. Liver transplanta-
tion is considered to be the most effective ther-
apeutic option for patients with HCC, with the 
best long-term outcome occurring when it is 
performed in patients with localized tumors 
meeting the Milan criteria (a single lesion mea-
suring 5 cm or 3 lesions measuring 3 cm in 
largest diameter and the absence of vas- 
cular invasion or extrahepatic disease) [5-7]. 
Moreover, many treatment options including 
hepatic resection (HR), transcatheter arterial 
chemoembolization (TACE) and radiofrequency 
ablation (RFA) are also applied for patients with 
Milan criteria [8, 9].

Imaging modalities could provide an exact diag-
nosis to enable optimal medical management 
for each patient. With the improvement of diag-
nostic modalities for HCC meeting the Milan 
criteria, the relevance ratio and detection of 
early-stage HCC have improved significantly 
[10]. Accurate identification of the number, size, 
location, and differential diagnosis of hepatic 
lesions is required for the final therapeutic de- 
cision. Contrast-enhanced ultrasound, comput-
ed tomography during arterial portography 
(CTAP), contrast-enhanced biphasic spiral com-
puted tomography (CT), and magnetic resona- 
nce imaging (MRI), have been successfully 
used for the planning of a therapeutic strategy 
[11-13]. Despite of the improvements in the 
spatial and temporal resolution of both CT and 
MRI, neither technique is entirely satisfactory 
for the accurate assessment of HCC in pati- 
ents with early HCC (tumor size <2 cm in diame- 
ter) [14].
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Although contrast-enhanced CT is the most 
widely used imaging technique for the detecti- 
on and characterization of liver lesions [15, 16], 
MRI is an attractive alternative. In MRI, a vari-
ety of quantitative and qualitative determi-
nants, such as signal intensity characteristics, 
lesion morphology, and contrast uptake pat-
terns, have been proposed for lesion character-
ization [17]. Gadolinium ethoxybenzyl diethyl-
enetriaminepenta-acetic acid (gadoxetic acid 
disodium or Gd-EOB-DTPA) is a novel dual-act-
ing but tissue-specific MR contrast agent tar-
geted to liver imaging [18, 19]. It is given as a 
bolus and dynamic imaging is thus possible. 
After intravenous bolus injection, gadoxetic 
acid disodium is partially taken up by function-
ing hepatocytes and excreted without biotrans-
formation through the biliary system [20]. Such 
a pharmacokinetic profile enables the acquisi-
tion in a single examination of a standard 
dynamic MR study of the liver. 

Several studies have compared gadoxetic acid 
disodium-enhanced MRI with multiphasic con-
trast CT in the detection of patients with HCC 
[21, 22] and indicated that gadoxetic acid diso-
dium-enhanced MRI yields significantly higher 
diagnostic accuracy and sensitivity in the 
detection of HCC in patients. To our knowledge 
no study had focused on detection of early HCC 
(meeting the Milan criteria). The purpose of this 
study was to prospectively compare gadoxetate 
disodium-enhanced MRI with biphasic single-
slice spiral CT in the detection of HCC in the 
patients with early HCC. 

Materials and methods 

The study was designed as a prospective, 
open-label, within-patient comparison of the 
diagnostic performance of gadoxetic acid-
enhanced MRI and CT in terms of the detection 
and differential diagnosis of focal liver lesions 
with a corresponding blinded reading. The 
study was approved by the ethics committee of 
Sun Yat-sen University. All patients gave their 
written informed consent. 

Patients 

Patients with age of at least 18 years, known or 
suspected focal liver lesions, who had been 
scheduled for CT, and liver surgery were includ-

ed in the study. Exclusion criteria were previous 
injection of gadoxetic acid, any other investiga-
tional product (within 30 days prior to study 
entry), other contrast material within 24 h prior 
to or after administration of the study medica-
tion, and injection of any liver-specific agent 
within 2 weeks prior to the study. Pregnant or 
lactating women, clinically unstable patients, 
patients scheduled for biopsy or liver surgery 
within 24 h post-administration of the study 
medication or patients with a known anaphy-
lactoid or anaphylactic reaction to any other 
drug were also excluded.

MR and CT imaging 

MR imaging was performed with a 1.5-T unit 
(OPTIMA MR360 General Electric Company) 
with a 8-radiofrequency channel system, wh- 
ich provided a maximum gradient strength of 
45 mT/m and a peak slew rate of 200 mT/m/
msec. All patients underwent unenhanced, sin-
gle-breath-hold, T2-weighted two- dimensional 
turbo spin-echo and T1-weighted two-dimen-
sional dual gradient recalled echo (GRE) MR 
imaging. After unenhanced imaging, patients 
received the full dose (0.025 mmol per kilo-
gram of body weight) of gadoxetate disodium 
(Primovist, Bayer Schering Pharma; 0.1 mL per 
kilogram of body weight) at a rate of 2 mL/sec 
through a 20-gauge intravenous catheter pla- 
ced into a peripheral vein. Contrast medium 
administration was followed by a 20-mL saline 
flush at a rate of 2 mL/sec. T1-weighted three-
dimensional spoiled GRE volumetric interpolat-
ed breath-hold (VIBE) images were obtained at 
20-40, 60, and 180 seconds after contrast 
medium injection, during the hepatic arterial, 
hepatic venous, and delayed phases, respec-
tively, as well as during the liver-specific hepa-
tobiliary phase (20 minutes after contrast 
medium administration). The optimal imaging 
delay for the hepatic arterial phase was deter-
mined by using a test bolus imaging technique 
[23]. Detailed MR imaging parameters are pro-
vided in Table 1. 

Biphasic single-slice spiral CT was acquired 
within 6 weeks before or after MRI and it was 
performed during the arterial (25-35 sec after 
injection) and portovenous (45-70 sec) phases. 
One hundred to two hundred milliliters of non-
ionic iodinated contrast material (CM) were 
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Table 1. Imaging parameters used in the MR imaging
Imaging Time 
Points Pulse Sequence TR/TE 

(msec)† 
Flip 

Angle 
Section Thick-

ness (mm) 
Matrix 
Size 

Bandwidth 
(Hz/pixel)

Field of 
View (cm)

Acquisition 
Time (sec)

Preinjection T2-weighted 2D TSE 4000/76 150° 5-7 192 256 260 30-50 36‡ 

T1-weighted 2D dual GRE 140/2.2-4.4 90° 5-7 192 256 260 30-50 36‡

Dynamic imaging T1-weighted 2D dual GRE Parameters for T1-GRE above were to be required but without FS and the shortest possible TE in 
phase 

Hepatocyte phase T1-GRE T2 TSE Parameters for T1-GRE and T2 as for preinjection with fat suppression 
†TE = echo time, TR = repetition time. Parameters are for both opposed-phase and in-phase imaging.  ‡Two breath-hold acquisitions were performed and concatenated 
for the image reconstruction of the upper abdomen.

administered via an antecubital vein with a 
mechanical injector and with a flow velocity of 
3-5 mL/sec. CECT examinations were per-
formed with tube voltage of 120 kV and 80 mA 
tube current. 

Safety evaluation 

Patients were observed for adverse events (AE) 
from inclusion until 72 hours after injection. 
Vital signs (blood pressure, heart rate, respira-
tory rate, and temperature) were monitored and 
12-lead ECGs recorded at various time points. 
Clinical laboratory tests (hematological, coagu-
lation, clinical chemistry tests, and urinalysis) 
were also performed and evaluated. Clinical 
investigators in each center classified the drug 
relationship of any AE into not, unlikely, possi-
ble, probable or definite relation to the contrast 
agent. 

Efficacy evaluation 

The primary efficacy parameter, lesion detec-
tion included the number, size, and segmental 
localization of lesions in the liver. Gadoxetic 
acid disodium-enhanced MRI, and CT were 
evaluated separately. In the overall evaluation, 
Gadoxetic acid disodium-enhanced MRI was 
compared with CT. 

Image evaluation was performed as an on-site 
assessment by one clinical investigator in our 
center. Separately an off-site assessment by 
three experienced and independent abdominal 
radiologists, who were not involved in the clini-
cal investigation and fully blinded to all patient-
related information, was obtained. The blinded 
reading was performed in a core lab for digital 
image management.

Standard of reference (SOR)

The SOR was defined as the combination of his-
topathology for the resected part of the liver 

and intraoperative (IO) US for the non-resected 
segments. Surgical specimens were clearly 
marked at their borders by the surgeon at the 
time of the operation to enable an overview of 
the anatomical details and segmental distribu-
tion for pathologic evaluation. The resected 
specimens were sectioned by the pathologist in 
the same orientation (axial) and in the same 
slice thickness as for MRI and CT (5-8 mm). In 
rare cases for which IOUS was not available for 
non-resected liver segments, an additional 
diagnostic procedure (CT, MRI, US) was carried 
out within the 3-month review period and was 
accepted as the SOR.

Correlation of imaging with the SOR

The on-site investigators, the three blinded 
readers, the surgeons and the pathologists 
documented all lesions according to Couinaud’s 
system of liver anatomy by drawing liver maps 
[24]. These maps consisted of eight transverse 
sections representing the cross-sectional anat-
omy of the entire liver. Each lesion was docu-
mented as accurately as possible according to 
size and segmental localization using one sec-
tion of the liver map. For each individual lesion 
the imaging maps were compared with the map 
of the SOR by an independent radiologist to 
verify the same location of the lesion in all the 
modalities (i.e., lesion tracking).

Statistical analysis

Because some patients had multiple lesions 
detected and verified by the SOR, an adjust-
ment of the 2-sided McNemar test proposed by 
Eliasziw and Donner [25] was used with a 5% 
significance level. The diagnostic performance 
for the gadoxetic acid disodium-enhanced MRI 
and biphasic spiral CT was measured using the 
area under ROC curve (AUC). AUCs were also 
applied to compare for the comparison of com-
bined unenhanced and gadoxetic acid disodi-
um-enhanced MRI versus biphasic spiral CT 
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Table 2. General information of the patients
Variable All patients (n = 124)
Age in yrs. (median range ) 50.6±10.6 (31-78)
Gender
    Male 108 (87.1%)
    Female 16 (12.9%)
HBsAg
    Positive 106 (86.2%)
    Negative 18 (13.8%)
HBeAg
    Positive 52 (42%)
    Negative 72 (58%)
TBL (µmol/l) 19.1±12.6
ALB (g/dl) 40.5±5.3
ALT (U/L) 51.3±34.6
PT (S) 12.8±1.2
PLT (*109/L) 123±61
AFP (ng/ml)
    >400 60 (48.6%)
    ≤400 64 (51.4%)
Blood transfusion
    Yes 21 (16.8%)
    No 103 (83.2%)
Edmondson-Steiner grade
    III or IV 80 (64.6%)
    I or II 44 (35.4%)
Cirrhosis
    Yes 84 (68%)
    No 40 (32%)
Tumor encapsulation
    No (no or part) 64 (51.4%)
    Yes (complete) 60 (48.6%)
Tumor diameter (<5 cm)
Median diameter 2.932±1.240 (0.5-5.0)
    >2 cm 83 (66.9%)
    ≤2 cm 41 (33.1%)
Tumor number
    Multiple 46 (37.4%)
    Solitary 78 (62.6%)
TBL: total bilirubin; ALB: albumin; ALT: alanine amino-
transferase; PT: prothrombin time; PLT: blood platelet; 
AFP: alpha-fetoprotein.

using the Hanleyand McNeil method [26]. 
Statistical analysis were conducted with the 
SPSS for Windows version 18.0 release (SPSS, 
Inc., Chicago, IL) and ROC curve analysis were 
computed using MedCalcV.11.0.3.0 (MedCalc 
software, Mariakerke, Belgium). A value of 
P<0.05 was considered significant in all the 

analysis. The definition of true positives (TP), 
false positives (FP), true negatives (TN), and 
false negatives (FN) were defined as follows: TP 
= malignant in the imaging procedure and in 
SOR, TN = benign or no lesion in the imaging 
procedure and in SOR, FP = malignant or not 
assessable in the imaging procedure but 
benign or no lesion in SOR and FN = benign, no 
lesion or not assessable in the imaging proce-
dure but malignant in SOR.

Results

General information of the patients

A total of 184 patients received gadoxetic acid 
MRI and biphasic spiral CT. according to the 
Standard of reference (SOR), all lesions were 
meeting the Milan criteria. Of these patients, 
44 were excluded from the efficacy analysis 
due to a missing valid SOR for the whole liver 
(16 patients) and major protocol deviations 
(five patients). Thus, the data from the remain-
ing 124 patients (108 males and 16 females; 
with a mean age of 50.6 years, range 31-78 
years, and a mean weight of 75 kg) were avail-
able for efficacy and included in the MRI evalu-
ation and the CT evaluation. The patients’ char-
acteristics were showed in Table 2.

Safety of gadoxetic acid disodium

Gadoxetic acid disodium was well tolerated. No 
clinically relevant changes in hemodynamic or 
laboratory parameters, in ECG or vital signs 
attributable to the contrast agent were detect-
ed. One patient discontinued the study due to 
anxiety and dyspnea due to claustrophobia. 
During gadoxetic acid disodium injection or 
thereafter, 10 patients out of 124 (8.1%) 
reported a total of 30 adverse events. They 
were assessed as follows: 18 not, 4 unlikely, 5 
possibly, 2 probably (paresthesia = feeling 
warmth, vomiting), and 1 definitely related (par-
esthesia = feeling warmth) to the CM. The most 
frequently reported symptoms of definitely, 
possibly or probably related to AEs were pares-
thesia, headache, vomiting, tremor, pruritus, 
chills, and asthenia.

Diagnostic accuracy

For all liver lesions meeting Milan criteria, the 
diagnostic accuracy across the three readers 
was significantly greater with Gadoxetic acid 
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disodium-enhanced MR imaging than with 
biphasic spiral CT. The AUC of GAD enhanced 
MRI were 0.873 (95% CI = 0.801-0.925), 0.928 
(95% CI = 0.869-0.967) and 0.854 (95% CI = 
0.780-0.911) in Reader 1, 2, and 3, respective-
ly. The AUC of biphasic spiral CT were 0.724 
(95% CI = 0.638-0.800), 0.705 (95% CI = 
0.617-0.783) and 0.669 (95% CI = 0.580-
0.751) in Reader 1, 2, and 3, respectively 
(P<005, Figure 1).

Efficacy in the imaging evaluation

For all liver lesions meeting Milan criteria, the 
sensitivity across the three readers was signifi-
cantly greater with Gadoxetic acid disodium-
enhanced MR imaging than with biphasic spiral 
CT. Average across Readers were 0.851 (95% 
CI = 0.745-0.962) vs. 0.692 (95% CI = 0.596-
0.793), respectively (P<0.001, Table 3).

Figure 1. ROC curves of Gadoxetic acid disodium-enhanced MRI in predicting diagnosis of HCC with Milan criteria 
compared with biphasic spiral CT in Reader 1 (A), 2 (B), 3 (C).

Table 3. Sensitivity for the detection of HCC
Lesion Group and Imaging Modality
All lesions (n = 124) Reader 1 Reader 2 Reader 3 Average across Readers

Biphasic spiral CT 0.66 (0.53, 0.78) 0.70 (0.60, 0.80) 0.71 (0.59, 0.83) 0.69 (0.59, 0.79)
Gadoxetic acid-enhanced MR imaging 0.82 (0.69, 0.94) 0.91 (0.81, 1.00) 0.83 (0.69, 0.97) 0.85 (0.74, 0.96)
Difference between MR imaging and CT 0.16 (0.03, 0.29) 0.21 (0.11, 0.30) 0.11 (0.02, 0.21) 0.16 (0.07, 0.25)
P value 0.0289 0.0017 0.0274 0.0004

Table 4. Analysis regarding lesion size in the blinded reading

Examination Number of lesions
Reader 1 Reader 2 Reader 3

<1 cm ≥1 cm <1 cm ≥1 cm <1 cm ≥1 cm
MRI Matched 36 120 42 122 37 117

Not matched 21 24 15 22 20 27
Biphasic spiral CT Matched 25 115 30 124 21 117

Not matched 26 23 21 14 30 21

When individual lesions were evaluated, for cor-
rect detection of lesions smaller than 1 cm, Ga- 
doxetic acid disodium-enhanced MR imaging 
(42/57 lesions) was clearly superior to biph- 
asic spiral CT (25/51 lesions). A greater number 
of small lesions were detected in Gadoxetic 
acid disodium-enhanced MR imaging than in 
CT (Table 4).

Discussion

Milan criteria were firstly established by Ma- 
zzaferro et al. in 1996 [27]. The overall actuari-
al survival at 4 years was 75% and the recur-
rence-free survival was 83% in this landmark 
study. They further justified their criteria by pub-
lishing a meta-analysis in 2011 that compre-
hensively validated the Milan criteria’s ability to 
capture tumour with favorable biology and 
hence improved survival [28]. From this per-
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spective, Milan criteria could be identified as 
criteria for early HCC. The development of imag-
ing technology promotes the early detection of 
HCC. However, which strategy is more accurate 
is still controversial.

The optimum imaging strategy prior to any ther-
apy should ideally provide diagnostic informa-
tion with high sensitivity but also with a low 
false-positive rate. Lesion characterization is 
particularly important because of the high prev-
alence of benign liver lesions [29]. Our data 
was consistent with a recent study by Kim et al. 
[21], which showed a trend, although not statis-
tically significant, toward improved diagnostic 
accuracy with gadoxetate disodium-enhanced 
MR imaging compared with multidetector CT 
for the detection of HCC in patients with cirrho-
sis, particularly for smaller lesions (<2 cm). This 
finding has important clinical implications. The 
superior tumor detection with gadoxetate diso-
dium-enhanced MR imaging could enable the 
diagnosis of HCCs within Milan criteria. This 
offers the possibility of clinical interventions 
when liver function is still preserved, and poten-
tial curative therapies can be performed, in- 
cluding transplantation, hepatic resection, and 
percutaneous tumor ablation techniques [30- 
32].

Gadoxetic acid disodium is a novel gadolinium-
based MR contrast agent for liver imaging with 
the unique property of acting as both extracel-
lular and hepatocyte targeted compound. Good 
tolerance with limited side effects similar to 
those of extracellular Gd-based contrast media 
at doses likely to be diagnostically useful has 
been assessed [18]. A recent multicenter trial 
showed improvement in lesion detection for 
gadoxetic acid disodium-enhanced liver MRI 
when compared to unenhanced MRI [33]. 
Sensitivity was higher and fewer false positive 
lesions resulted with gadoxetic acid disodium- 
enhanced MRI when compared to spiral CT, 
especially when lesions less than 1 cm in diam-
eter were considered. In this study, for all liver 
lesions meeting Milan criteria, the diagnostic 
accuracy across the three readers was signifi-
cantly greater with Gadoxetic acid disodium-
enhanced MR imaging than with biphasic sp- 
iral CT. The AUC of GAD enhanced MRI were 
0.873 (95% CI = 0.801-0.925), 0.928 (95% CI = 
0.869-0.967) and 0.854 (95% CI = 0.780- 
0.911) in Reader 1, 2, and 3, respectively. The 
AUC of biphasic spiral CT were 0.724 (95% CI = 
0.638-0.800), 0.705 (95% CI = 0.617-0.783) 

and 0.669 (95% CI = 0.580-0.751), respec- 
tively.

Our prospective multicenter investigation has 
limitations. First, we should have focused more 
on the delayed imaging. Therefore, the precise 
knowledge on the benefit of delayed or paren-
chymal phase of imaging at 10 or 20 minutes 
after contrast injection remains. However, our 
assumption after reviewing the images is that 
the impact of delayed imaging on the charac-
terization of a liver lesion is limited. Nonetheless, 
it may in some special circumstances be cru-
cial. Second, at present the dose of gadoxetic 
acid disodium is rather small. Therefore, the 
dynamic effect may be less than that seen with 
gadoxetic acid disodium with higher doses. 
However, the dosage may change in the future 
as seen with gadoxetic acid disodium. With 
increasing the amount of contrast agent, the 
potential of gadoxetic acid disodium in both 
lesion detection and characterization may be 
augmented. Third, recent evidence indicates 
that contrast medium uptake and biliary excre-
tion may be delayed in patients with cirrhosis 
[24]. Future studies are warranted to determine 
the interval that maximizes the conspicuity of 
HCC at gadoxetate disodium-enhanced MR 
imaging during the hepatobiliary phase.

In conclusion, compared with biphasic spiral 
CT, Gadoxetic acid disodium-enhanced MRI 
yields significantly higher diagnostic accuracy 
and sensitivity in the detection of HCC in pa- 
tients within Milan criteria.
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