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Gd-EOB-DTPA dynamic contrast-enhanced
magnetic resonance imaging is more effective
than enhanced 64-slice CT for the detection of
small lesions in patients with hepatocellular

carcinoma

Jiangfa Li, MM?P, Xiaoging Li, MM®°, Jun Weng, MM?®, Liping Lei, BD*¢, Jianhua Gong, MM®®,

Junyi Wang, MM®, Zhenghang Li, MM®P, Longmiao Zhang, BD*°, Songaing He, MD*"
Abstract \\
This study aimed to compare the sensitivity and accuracy for the detection of small lesions in patients with hepatocellular carcinoma |
(HCC) using gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) and 64-slice computed tomography (CT) enhanced scanning, and to evaluate the necessity to
perform MRI in patients diagnosed with HCC by CT.

The clinical data from 209 patients with HCC diagnosed prior to surgery in the Affiliated Hospital of Guilin Medical University, China
were retrospectively analyzed. The 64-slice dynamic contrast-enhanced multi-detector CT (MDCT) and 3.0 T Gd-EOB-DTPA DCE
MRI procedures were successively carried out on all patients who were enrolled in a self-controlled study including detection and
diagnosis of HCC lesions by MRI and CT, respectively.

Atotal of 243 lesions were detected and both imaging methods could accurately detect lesions of diameter >2 cm. For lesions <2
cm, MRI detected 47, while CT detected 25 lesions indicating that the detection rate of MRI was 88% higher than that of CT. In
addition, MRI detected lesions in 15 cases (7.81% in the total of 209 cases) that were not diagnosed by CT. Among these cases, 2
patients were diagnosed to have no lesion by CT.

Gd-EOB-DTPA DCE-MRI performed as a routine check prior to surgery in HCC patients can improve the detection of small HCC
lesions.

Abbreviations: 3DVIBE = three-dimensional volume interpolated breath-hold examination, CT = computed tomography, DCE =
dynamic contrast-enhanced, DN = dysplastic nodules, Gd-EOB-DTPA = gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid, HCC = hepatocellular carcinoma, HGDN = high-grade dysplastic nodules, MDCT = multi-detector CT, MRI = magnetic
resonance imaging.

Keywords: dynamic contrast-enhanced magnetic resonance imaging, Gd-EOB-DTPA, hepatocellular carcinoma, small
intrahepatic lesion
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1. Introduction

Hepatocellular carcinoma (HCC) is a highly malignant cancer,
which is often discovered in advanced stages in many patients.
With the exception of liver transplantation, surgery is the
preferred treatment option. After radical surgery, HCC frequent-
ly recurs for which prognosis is poor in most patients. Intra-
hepatic metastasis can also occur in some patients prior to surgery
but these lesions are difficult to be detected and often not found.
The detection of intra-hepatic metastases prior to surgery has
significant correlation with the determination of Barcelona
staging in patients with HCC, the formulation of surgical plans,
and patient prognosis.

Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA) dynamic contrast-enhanced magnetic reso-
nance imaging (DCE-MRI) is an effective method for the
detection of small intra-hepatic lesions that cannot be diagnosed
using computed tomography (CT). This can change the pre-
surgical Barcelona staging of some patients. Therefore, the
diagnosis of small intra-hepatic lesions as early as possible prior
to surgery and accurate detection of small lesions to be excised
during surgery can reduce tumor recurrence and increase overall
survival. As the preferred radiological detection method for the
diagnosis of HCC, enhanced CT often fails to detect small lesions
in the liver. DCE-MRI is a superior technique to enhanced CT for
the detection of small intra-hepatic lesions."" ! Huppertz et al!
demonstrated that liver specific contrast agents increase the
hepatic parenchymal enhancement signals during the hepato-
biliary specific phase, thus improving the display of focal liver
lesions, particularly small lesions with diameters <1cm. In
qualitative diagnosis, Kudo!®! showed that the low signals in the
delayed phase are comparative features and an independent sign
of malignant liver cirrhosis, while equal signals and high signals
indicate benign lesions.

DCE-MRI shows higher sensitivity, specificity, and accuracy
compared to enhanced multi-detector CT (MDCT) for the
detection and diagnosis of liver lesions and can also detect lesions
at an earlier stage.[”"®! A large number of studies have confirmed
the sensitivity, specificity, and accuracy of DCE-MRI in the
diagnosis of HCC and metastatic tumors as superior to
MDCT.”""! Golfieri et al*! found that DCE-MRI additional
scanning hepatocyte phases exhibited a higher sensitivity in
diagnosis of atypical high-grade dysplastic nodules (HGDN) and
early-stage HCC compared to commonly used enhanced MRI.
Gd-EOB-DTPA is a new liver specific contrast agent that not only
shows characteristics of extra-cellular contrast agents (dynamic
stage) but also demonstrates those of liver specific contrast agents
(static stage). Gd-EOB-DTPA is excreted from the body through
the kidney or biliary system which benefits detection and
qualitative diagnosis of lesions.'?! Gd-EOB-DTPA enhanced
MRI is superior to MDCT and MRI enhanced using other
contrast agents for the detection and qualitative diagnosis of liver
lesions. '3~

For liver lesions that are difficult to diagnose by CT, further
detection is advised using enhanced MRLM'®'"! However,
whether it is necessary to detect patients who have been definitely
diagnosed with HCC by enhanced CT to further be detected
using enhanced MRI has not yet been investigated. This study
aimed to compare the sensitivity and accuracy of Gd-EOB-DTPA
DCE-MRI and enhanced 64-slice CT for the diagnosis of
intrahepatic lesions in HCC patients, and to evaluate the
necessity to perform MRI in patients diagnosed with HCC by
MDCT.
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2. Materials and methods

2.1. Patients

In the Affiliated Hospital of Guilin Medical College (Guilin,
China), 209 patients with HCC diagnosed using established
methods!®! prior to surgery from April 2012 to April 2016 were
recruited to the study. Of these patients, 153 were male and 65
were female. All patients were between 28 and 72 years old with an
average age of 53.52+12.88 years and a median age of 55 years.
The diameter of lesions ranged from 0.5 to 20.5 cm. Twenty-six
patients’ cases were diagnosed with intra-hepatic metastasis and 34
of these lesions were confirmed by post-operative pathology. The
research was approved by the Ethics Committee of the Affiliated
Hospital and all patients had given informed consent to participate
in the study. CT and MRI examinations were performed
successively for each patient before surgery. All patients were
enrolled in a self-controlled study including detection and
diagnosis of HCC lesions by MRI and CT.

2.2. Inclusion and exclusion criteria
2.2.1. Inclusion criteria. Those patients who were (1) diagnosed

with HCC prior to surgery, (2) subjected to MDCT and Gd-EOB-
DTPA DCE-MRI detection, and (3) underwent surgical treat-
ment and had pathological outcomes, were included in the study.

2.2.2. Exclusion criteria. Those patients who were (1) diag-
nosed with metastatic HCC, (2) not subjected to enhanced CT or
enhanced MRI, and (3) did not have pathological data, were
excluded in the study.

2.3. Detection instruments

The 64-slice spiral CT manufactured by GE (United States) was
used in MDCT, and the 3.0T MRI system manufactured by
Siemens, Germany was utilized in MRIL

2.4. Detection reagents

In MDCT and MRI, 300 mgl/mL iopromide and Gd-EOB-DTPA
(10mL/bottle) produced by Bayer Medical Health Co., Ltd.
(Germany) were used. The Gd-EOB-DTPA was a new liver-
specific contrast agent and the concentration was 0.25 mol/L.

2.5. Detection methods

For MDCT, a light speed VCT 64-slice spiral CT manufactured
by GE (United States) was utilized in the plain scan and enhanced
scan modes on all patients. Patients were fasted for 6h before
detection and drank 1000-1500 mL of clear water 30 min before
the scan to fill the gastro-intestinal tract. The plain scan was
followed by the enhanced scan. Scanning was conducted at a
voltage of 120kV using the auto-milliampere technique with a
noise index of 8. Both the slice thickness and slice gap were 5 mm.
In routine secondary thinning and reconstruction, the slice
thickness and slice gap for reorganization were 1.25 mm to allow
multi-planar reconstruction.

The contrast agent used was 95 mL of 300 mgl/mL iopromide
produced by Bayer Medical Health Co., Ltd. (Germany) and
injected at a rate of 3-4mlL/s using a high-pressure injector
manufactured by E-Z-EM (United States). By employing smart
technology, the abdominal aorta was detected. When the
threshold reached 150HU, the hepatic arterial phase (the
advanced arterial phase) was scanned and the scanning of
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venous phase was delayed for 30s. The scanning lasted for 3-5's
on each occasion. During the scan, patients were required to hold
their breath. If necessary, the whole liver was scanned for an
additional 3-5 min.

DCE-MRI magnetic resonance was carried out using a Verio
3.0T MRI system manufactured by Siemens (Germany) with a 12-
channel phased array coil. The contrast agent was 0.25 mol/L Gd-
EOB-DTPA (10mL/bottle) produced by Bayer Medical Health
Co., Ltd. (Germany). Before detection, patients were trained to
breath uniformly and hold breath reasonably to coordinate scan
and to ensure image quality and uniformity of the scanning slices.
The respiratory-gating technique was used during detection. The
patients were scanned from diaphragm to inferior pole of kidneys,
including the whole liver. Regular plain scanning and Gd-EOB-
DTPA enhanced scanning including T2WI, T1-VIBE in- and out-
of-phase scanning, DWI scanning, and T1-VIBE fat suppression
scan in turn were carried out on all patients. Afterwards, three
phases (arterial, portal venous, and equilibrium phases) of Gd-
EOB-DTPA DCE scan and delayed parenchymal phase scan were
conducted based on T1-VIBE fat suppression scan.

In the Gd-EOB-DTPA DCE scan, after peripheral venous injection
of 0.025 mmol/kg Gd-EOB-DTPA at the rate of 3mL/s, 20mL of
normal saline was injected at the same rate to wash the catheter.
Three-dimensional volume interpolated breath-hold examination
(3D VIBE) was conducted at periods between 18 and 23's (arterial
phase), 45-50s (portal venous phase), and 1205 (equilibrium phase)
after injecting Gd-EOB-DTPA. Axial delayed scanning was carried
out by delaying 5, 10, 20, and 30 min and then the oblique coronal
scan was delayed for 20 and 30 min, as shown in Table 1.

2.6. Image analysis

The obtained images were independently assessed by 2
radiologists holding titles higher than vice director in a
double-blind manner. For typical lesions of HCC, the multi-
slice spiral CT or Gd-EOB-DTPA enhanced MRI showed that the
tumor lesions with a diameter >1cm were inhomogeneously
enhanced in the arterial phase and rapidly washed out in the
venous or delayed phases.'®!

2.7. Statistical analysis

The data in the two groups were compared using the Chi-square
test with a threshold of P<.05 for statistical significance. The
SPSS19.0 software was used for statistical analysis.

3. Results

In the 209 patients preliminarily diagnosed with HCC prior to
surgery, 243 lesions were found using MRI indicating that more

MRI scanning sequences and parameters.

Scanning parameters TSE T2wI 3D VIBE 2D GRE T1WI
TR (ms) 2500.00 4.87 170.00

TE (ms) 104.00 2.35-2.48 5.00
Matrix size 277 x 384 167 x 256 180 x 256
Flip angle 150 10 70

Fov 36 x 36 27 x 27 to0 36 x 36 36 x 36
Slice thickness 5.0 2.5~5.0 5.0
Slice gap 1.0 - 1.0

3D VIBE =three-dimensional volume interpolated breath-hold examination, GRE T1W = gradient-echo
T1-weighted imaging, FOV =field of view, TE=time of echo, TR=time of repetition, TSE T2W1 =
turbo spin echo T2-weighted imaging.
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Diagnosis of intrahepatic lesions with different sizes.

The number of detected lesions

Item >5cm 2-5¢cm <2cm Total
cT 123 73 25* 201
MRI 123 73 47 243
CT=computed tomography, MRI=magnetic resonance imaging.

#p<.001.

#p< 001

lesions (9.95%, 22/221) were found compared with 221 lesions
detected using CT (P <.001). The data are summarized in Table 2
and Figure 1. Compared to CT, MRI could detect additional
lesions <2cm of diameter in 15 patients (7.18% of 209)
(P<.001). Amongst these 15 patients, 2 patients (AFP >100ng/
mL) were diagnosed without lesion using CT, while lesions were
found by MRI (diameter was <2cm) and verified as HCC
according to post-operative pathological findings as summarized
in Table 3 and Figure 1.

Tumors with diameters >2cm can be detected using MRI or
CT. For the detection of tumors <2cm, 47 lesions were found
using MRI, while only 25 lesions were detected by CT indicating
that more lesions (22, accounting for 88% of 25) were detected
by MRI than CT, as shown in Table 2 (P <.001). Table 4 shows
the diagnosis rate of MRI. Diagnostic accordance rates of
patients with HCC and detected lesions using Gd-EOB-DTPA
DCE-MRI were 97.61% (204/209) and 96.29% (234/243),
respectively.

4. Discussion

The study indicated that the number of detected lesions differed
significantly using the two investigative methods (P <.05). Kim
et al''! found that Gd-EOB-DTPA DCE-MRI detected 74 more
HCC lesions in 53 patients (16.4% of the total 323) compared to
MDCT. Maiwald et al™®! showed that about 20 more suspicious
HCC lesions were detected using Gd-EOB-DTPA DCE-MRI
compared with MDCT. Gd-EOB-DTPA DCE-MRI shows higher
sensitivity, specificity, and accuracy in the detection and
diagnosis of HCC lesions than MDCT, and can find lesions at
an early stage allowing for qualitative diagnosis.””®!

Some studies have demonstrated that Gd-EOB-DTPA DCE-
MRI significantly improves the sensitivity and diagnostic
accuracy for HCC compared with single multi-slice spiral
CT.2% A larger number of studies have further verified that
DCE-MRI has obvious advantages in sensitivity, specificity, and
accuracy for the diagnosis of HCC and metastatic tumors
compared with MDCT.P'! Gd-EOB-DTPA DCE-MRI can
discover small lesions in liver that cannot be found using MDCT
in patients with HCC which is beneficial for formulating surgical
plans and reducing post-operative recurrence.''! Gd-EOB-DTPA
ECE-MRI therefore has significant clinical value in early-stage
detection, diagnosis, and treatment of lesions in HCC patients.

This study demonstrates that the number of liver lesions <2 cm
in diameter detected by Gd-EOB-DTPA DCE-MRI is significantly
more than those detected by MDCT (47 and 25 lesions were
found by using the former and the latter, respectively, P <.001).
Post-operative pathology of 2 patients (four lesions) showed
atypical dysplastic nodules (DN). At present, hepatoma nodules
(<2 cm) with low blood supply is defined as small HCC according
to the international medical community. Some studies have
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Figure 1. Alesion was found by MRIin the upper and posterior segments of the right hepatic lobe: A, obvious enhancement appearances during the arterial phase;
B, heterogeneous enhancement during the venous phase; C, apparent fading of early enhancement in the delayed phase; D, low signal change at the hepatocyte
specific phase. No lesion was detected using CT: E, no abnormal density shadow appearing in the enhanced scan during the arterial phase; F, no apparent

abnormal density shadow found in the venous phase.

shown that Gd-EOB-DTPA DCE-MRI is superior to MDCT in
diagnosis and detection of small HCC.!%!>?! Inoue et al'*! also
found that the liver-specific strengthening characteristics in the
hepatocyte phase of DCE-MRI has certain significance for
diagnosing HCC lesions (<2cm) and atypical DN, while the
identification of the lesions needs to be further studied.

Several existing reports have verified that Gd-EOB-DTPA
DCE-MRI can improve the detection ability for HCC less for
early stage lesion with a diameter <2cm. In excised liver
specimens from 30 patients with HCC, 23 out of 24 cases who
had hepatoma nodules with low or slightly low signals in liver
images using MRI were diagnosed as early-phase HCC, while
only one case was wrongly diagnosed as atypical DN or
regenerative nodule (RN). Moreover, in the 6 cases with nodules
showing high signals, 5 cases were diagnosed correctly and only
one case was incorrectly diagnosed as early-stage HCC, showing
a 93% (28/30) diagnostic accordance rate.*?! In addition,
Golfieri et al' found that DCE-MRI additionally scanning the
hepatocyte phase shows a higher sensitivity for the diagnosis of
HGDN and early-stage HCC than commonly enhanced MRIL

Distribution of cases with different numbers of lesions in livers.

Number of cases with different lesions

No lesions Single Double Three Four and
Iltem found lesion lesions lesions above lesions
cT 2 194% 12% 1 0
MRI 0 183 20 4 2
CT=computed tomography, MRI=magnetic resonance imaging.
#p<.001.
##p<.001.

In this study, Gd-EOB-DTPA DCE-MRI was found to be able
to diagnose HCC patients who were missed using enhanced 61-
slice CT. Two patients whose AFP was >100ng/mL were
diagnosed without lesions, and HCC lesions were detected using
Gd-EOB-DTPA DCE-MRI. The rate of missed diagnosis using
CT was 0.96% (2/209). Maiwald et al'*! found that among 50
suspicious patients with HCC, there were no obvious liver lesions
found in a patient through multi-slice spiral enhanced CT, while
an HCC lesion was diagnosed by Gd-EOB-DTPA DCE-MRI.
Although MDCT is still the preferred method for detection of
focal liver lesions, when lesions in four-phased MDCT or DCE-
MRI images cannot be diagnosed, it is suggested to use these two
methods simultaneously as stated in the consensus report of the
fourth International Forum for Gd-EOB-DTPA. MDCT is the
first choice which should then be combined with Gd-EOB-DTPA
DCE-MRI when lesions are difficult to diagnose.''®! However,
this study showed that focal liver lesions, especially HCC nodules
whose diameter is <2 cm, are likely to be missed in the diagnosis
by using MDCT. This is the advantage of using the liver-specific

Post-operative pathology.

Case diagnosis

Inflammatory Untypical
Item HCC pseudotumor FNH DN
Patients 204 2 3 2 (the main lesion is
diagnosed with HCC)
Lesions 234 2 3 4

DN=dysplastic nodules, FNH=focal nodular hyperplasia, HCC = hepatocellular carcinoma.
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contrast agent Gd-EOB-DTPA compared with MDCT contrast
agents.

In this study, the lesions with a diameter >2 cm were detected
using Gd-EOB-DTPA DCE-MRI and MDCT, while some lesions
<2cm cannot be detected by MDCT. All lesions with a diameter
not >2cm detected by MDCT can also be detected by Gd-EOB-
DTPA DCE-MRI. Some lesions <2cm detected by Gd-EOB-
DTPA DCE-MRI cannot be diagnosed by MDCT. Only using
MDCT may therefore result in missed diagnosis and sub-optimal
surgery time for HCC patients. Moreover, the missed diagnosis of
smaller lesions in liver deprives some patients of the optimal
operation schemes which can significantly affect survival and
prognosis."! Gd-EOB-DTPA DCE-MRI is helpful in detecting
additional small lesions in patients diagnosed with HCC by
MDCT.

Finally, it is important to acknowledge the limitations of this
study. First, lesions which were considered to be non-HCC before
surgery were not included; second, as this is a retrospective study,
post-operative follow-up was not included and so post-operative
recurrence was unknown; third, only patients who underwent
surgery and had pathological outcomes were included, which
may introduce selection bias. In conclusion, further studies are
required to explore further the requirement for MRI detection in
patients definitively diagnosed with HCC by enhanced CT.

5. Conclusions

Gd-EOB- DTPA DCE-MRI performed prior to surgery on
patients with HCC is helpful for finding small HCC lesions in
liver.
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