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Abstract

Purpose—The aim of this study was to determine whether gadoxetate-enhanced magnetic
resonance imaging (MRI) improves lesion characterization in patients at risk for hepatocellular
carcinoma compared with computed tomography (CT).

Materials and Methods—Forty-nine patients with indeterminate lesions found at contrast-
enhanced CT were prospectively enrolled and imaged using gadoxetate-enhanced hepatobiliary
phase (HBP) MRI within 30 days of their initial CT. Three readers graded each lesion at CT and
MRI using the Liver Imaging Reporting and Data System (LI-RADS) v2014 major criteria and
HBP characterization as an ancillary feature. Patients were followed for an average of 1.8 years to
document growth or stability of each lesion.

Results—The Liver Imaging Reporting and Data System categorization changed for 71% (52/73)
of lesions based on HBP MRI compared with CT, with 30% (22/73) of lesions upgraded and 41%
(30/73) of lesions downgraded. There was almost perfect agreement between readers for arterial
phase hyperintensity and HBP hypointensity, with lower interreader agreement for washout and
capsule appearance. On the basis of composite clinical follow-up, lesions that were subsequently
classified as hepatocellular carcinoma were assigned a higher LI-RADS category on HBP MRI
when compared with CT.

Correspondence to: Thomas A. Hope, MD, Department of Radiology and Biomedical Imaging, University of California, San
Francisco, 505 Parnassus Ave, San Francisco, CA 94143-0628 (thomas.hope@ucsf.edu).
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Conclusions—~For patients with indeterminate lesions seen on contrast-enhanced CT, HBPMRI
using gadoxetate improves lesion characterization when using LI-RADS v2014 criteria.

Keywords
hepatocellular carcinoma; MRI; hepatobiliary phase

Hepatobiliary agents (HBASs) are gadolinium-based magnetic resonance (MR) contrast
agents that are partially taken up by hepatocytes and then excreted through the biliary
system and allow for hepatobiliary phase (HBP) imaging, during which time hepatic
parenchyma enhances relative to other tissues including the blood vessels. During the HBP,
lesions that do not demonstrate normal hepatocyte function are hypointense relative to
normal background liver parenchyma. This property increases the detection of certain focal
liver lesions such as metastatic disease.:2 In the last few years, numerous publications on
hepatocellular carcinoma (HCC) showed that HBAs, most commonly gadoxetate disodium
(Eovist, Bayer Healthcare), have an increased sensitivity for the detection of HCC compared
with MR examinations performed with extracellular contrast agents.3~7

The Liver Imaging Reporting and Data System (LI-RADS) was developed to standardize the
reporting of HCC to reduce intraobserver variability and interpretation errors.8 The initial
version of LI-RADS did not incorporate HBAs into the diagnostic algorithm, and in 2014,
HBASs were included in the LI-RADS algorithm with 2 minor criteria suggesting HCC: HBP
hypointensity and the HBP hypointense rim.? There has been no validation of the new LI-
RADS HBA criteria for the detection of HCC, and these criteria were based on expert
consensus opinion.

Therefore, the purpose of this study is to evaluate the LI-RADS v2014 criteria for the
characterization of liver lesions. We used a prospective design where patients with
indeterminate lesions seen on contrast-enhanced computed tomography (CT), which served
as the extracellular control, subsequently underwent a gadoxetate-enhanced MR imaging
(MRI) with HBP imaging.

MATERIALS AND METHODS

This project was approved by the local institution review board, and all patients provided
informed consent. Forty-nine patients at risk for HCC were prospectively enrolled (all men;
mean age, 60.0 years; SD, 7.3 years). The most common reason for liver disease was
hepatitis C virus in 38 patients, followed by alcoholic liver disease in 10 patients. Of the
total 49 patients, 39 had imaging evidence of cirrhosis. Inclusion criteria were patients who
underwent liver protocol CT at risk for HCC and were found with indeterminate lesions as
determined by the attending radiologist at the time of the CT scan interpretation. After the
CT was completed, patients were enrolled, and MR imaging was performed within 30 days
of completion of the CT.

Contrast-Enhanced CT

All patients underwent a 3-phase liver protocol CT of the abdomen, which included
noncontrast, arterial, and portal venous phase acquisitions performed on a 64-slice CT
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scanner (Lightspeed VCT; GE Healthcare, Waukesha, Wis). A 30-mL timing bolus was used
to determine the optimal timing for the arterial and portal venous phases. Then, 120 mL of
iohexol 350 mgl/mL (Omnipaque 350; GE Healthcare, Princeton, NJ) was administered
intravenously at 4 mL/s. The noncontrast acquisition was performed with a slice thickness of
5 mm and a pitch of 1.375:1. Arterial and portal venous phase acquisitions were performed
with 2.5-mm slices.

Gadoxetate-Enhanced MRI

Liver MRI was performed using 10 mL of gadoxetate disodium (Eovist; Bayer Healthcare,
Wayne, NJ) on a 1.5-T scanner (Magnetom Avanto; Siemens Healthcare, Erlangen,
Germany). Before the administration of contrast, the following sequences were obtained:
dual-echo gradient echo, coronal T2 single-shot turbo spin echo without fat saturation, axial
respiratory-gated turbo spin echo with fat saturation, and precontrast T1-weighted 3-
dimensional spoiled gradient echo with fat saturation. Arterial phase timing was performed
using Care Bolus, and arterial and portal venous phase and delayed images at 5, 10, and 20
minutes were acquired using identical scan parameters: slice thickness, 3 mm; bandwidth,
488; matrix size, 256/166; flip angle, 12°; echo time/repetition time, 1.65/3.81. Between the
10- and 20-minute delay, axial diffusion weighted imaging was acquired using =50 and
800.

Lesion Analysis

Follow-up

Lesions were marked and numbered for review before grading. Subsequently, 3 experienced
readers (T.A.H., R.A. and S.W. with 3, 12 and 7 years of experience in reading abdominal
MRIs) graded all focal lesions on both CT and MRI using LI-RADS v2014 major criteria
(arterial phase enhancement, washout appearance, and capsule appearance). Readers
characterized lesions on the HBP as being hyperintense, hypointense, or isointense relative
to the surrounding liver parenchyma; in addition, the presence of an HBP hypointense
capsule was noted if present. Lesions were also measured in greatest dimension by all 3
readers. Finally, a consensus read was performed to determine the final LI-RADS score for
each lesion at CT and MRI. Hepatobiliary phase features were used as ancillary features and
increased or decreased LI-RADS categorization, although they could not be used to increase
LI-RADS categorization to LI-RADS 5 as described in LI-RASD v2014.

At the completion of the study, each patient was evaluated by consensus to determine the
final diagnosis of each lesion characterized by MRI and CT. All lesions were followed up
for a minimum of 6 months. Lesions that were stable or resolved at the follow-up imaging
were considered benign along with lesions demonstrating typical benign characteristics such
as vascular shunts, hemangiomas, focal nodular hyperplasia, and fibrosis. Lesions that
increased in size at follow-up (based on LI-RADS threshold growth criteria), demonstrated
hypervascularity at transarterial chemoembolization, or revealed HCC at biopsy or partial
hepatectomy were considered malignant. On the basis of follow-up, lesions were classified
as malignant or benign.
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Statistical Analysis

RESULTS

Interreader variability was performed using the Cohen x. A Fisher exact test was used to
compare the incidence of arterial phase hypointensity, washout appearance, capsule
appearance, and HBP hypointensity. A Fisher exact test was also used to determine whether
there was a statistical difference between LI-RADS categorizations using MRI and CT. A P
value less than 0.05 was considered significant. All analyses were performed using R.

Seventy-three lesions were visualized, with a mean size of 1.6 £ 1.0 cm; 16 lesions
measured less than 1.0 cm, 27 lesions measured between 1 and 2 cm, and 13 lesions
measured greater than 2.0 cm. The mean length of follow-up between the MRI and the last
imaging study or pathology was 1.8 + 1.2 years (range, 0.5-4.4 years), with a minimum
follow-up of 6 months.

LI-RADS Categorization

Seventy-one percent (52/73) of the lesions changed LI-RADS categorization on MRI
compared with CT, with 30% (22/73) of lesions being upgraded to a higher LI-RADS
categorization and 41% (30/73) of lesions being downgraded to a lower LI-RADS
categorization (Fig. 1). The most common change in categorization was from LI-RADS 2 on
CT to LI-RADS 1 on MRI, encompassing 22 lesions in total. Seven lesions were upgraded
from LI-RADS 1 or 2 on CT to LI-RADS 3 and 4 on HBPMRI, whereas 10 lesions were
upgraded from LI-RADS 3 to LI-RADS 4 or 5 (Figs. 2, 3). Of note, there were 2 HBP
hyperintense lesions that were characterized as LI-RADS 4 because of the presence of a
hypointense capsule on the HBP (Fig. 4).

Imaging Features and Interreader Variability

Follow-up

Avrterial phase hyperintensity was seen more frequently on CT compared with MRI (90% vs
63%, £<0.001). There was no significant difference in the presence of capsule or washout
appearance between CT and MRI (washout, 16% vs 22%, P= 0.53; capsule, 3% vs 12%, P
= 0.056). In terms of interreader variability, arterial phase hyperintensity and HBP
hypointensity both demonstrated almost perfect agreement, whereas washout and capsule
appearances demonstrated moderate agreement (Table 1).

The most common final diagnosis was vascular shunt (33 lesions), followed by HCC (22
lesions), hemangioma (8 lesions), and other benign lesions including focal fat and focal
nodular hyperplasia (9 lesions). Of the lesions determined to be HCC on follow-up, 15 of the
22 lesions were upgraded, whereas 7 remained unchanged (Fig. 5). Of the lesions
determined to be benign on follow-up, 30 lesions were downgraded, whereas 14 remained
unchanged, and 7 lesions were upgraded. Magnetic resonance imaging demonstrated a
significantly lower LI-RADS categorization compared with CT for lesions found to be
benign on follow-up (£ =0.002) and a significantly higher LI-RADS categorization for
lesions found to be HCC (£ < 0.001).
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DISCUSSION

We found that, for indeterminate lesions seen on CT, immediate work-up with HBP MRI
helps to further characterize these observations and results in LI-RADS categorization that is
more accurate compared with those derived from contrast-enhanced CT alone.

Part of the reason for this increase in accuracy is due to differences in modality that are not
related to HBP imaging. Recent comparisons between CT and extracellular MRI have
demonstrated similar improvements in accuracy due to ancillary features such as marked T2
hyperintensity, marked T2 hypointensity, and intralesional fat.19 Nonetheless, certain HBP
features provided unique information, such as HBP hypointensity, which resulted in an
increase in LI-RADS 1 lesions in our cohort. The increase in proportion of LI-RADS 5
lesions in the HBP MRI cohort was due to an increase in the incidence of washout and
capsule appearances and not related to HBP features, which has also been reported with
extracellular agents.1!

Of note, there was a significant decrease in the number of visualized lesions that were
arterial phase hyperintense using gadoxetate disodium. This is likely due to 2 issues. First is
the presence of transient dyspnea, which can limit arterial phase image quality.12-14 The
second is poor bolus timing due to both the lack of a timing bolus and the smaller bolus size.
Since the initiation of this trial, multiple novel approaches have been proposed to improve
arterial phase capture and minimize motion artifacts from transient dyspnea.1>16

In addition, since the initiation of this trial, HBP MRI technique has changed; most
importantly, the flip angle used for acquisition is suggested to be higher than that used in our
study. At 1.5 T, the recommended flip angle is now 25° rather than the 12° used in this
study.? The lower flip angle used in this study may have resulted in the lower detection of
HBP hypointense lesions. Another improvement has been the introduction of navigated
high-resolution HBP imaging that can additionally improve lesion detection.18

There are other limitations of our study. First is the absence of pathologic correlation for the
imaged lesions. At our institution, percutaneous biopsy is rarely performed to diagnose focal
hepatic lesions, and therefore, pathology correlation is not possible for all lesions. Second,
we did not perform delayed phase CT in patients during the time span of this study. Delayed
phase CT between 3 and 5 minutes has demonstrated increased sensitivity for washout
appearance compared with the portal venous phase and would have allowed for better
characterization of hemangiomas.1-21 Third, we did not compare extracellular MRI with
HBA MRI. Because MRI has shown a higher sensitivity for the detection of HCC, it is likely
that extracellular contrast may have outperformed CT because of the available of T2-
weighted imaging for imaging hemangiomas and dual-echo gradient echo for the detection
of lesional fat.”

In conclusion, we have demonstrated that, in patients with indeterminate lesions seen on
contrast-enhanced CT, HBP MRI using gadoxetate improves lesion characterization when
using LI-RADS criteria.
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FIGURE 1.
Liver Imaging Reporting and Data System categorization based on CT and MRI

characteristics. The most common change in categorization was from LI-RADS 2 on CT to
LI-RADS 1 on MRI. Five lesions were originally classified as definitely benign (LR-1) or
probably benign (LR-2) and were reclassified as intermediate (LR-3) or likely malignant
(LR-4).
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FIGURE 2.
A 1.6-cm arterially enhancing lesion that does not demonstrate washout appearance on CT

and was characterized as LI-RADS 3 (A and D). On MRI (B, C, E, and F), the lesion did not
demonstrate washout on the portal venous phase (E) but did demonstrate HBP hypointensity
(C) and was characterized as LI-RADS 4.
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FIGURE 3.
Two peripheral arterially enhancing lesions, one that demonstrates HBP hypointensity and

one that does not. Case 1 demonstrated stability on follow-up imaging consistent with a
vascular shunt. Case 2 was treated with transarterial chemoembolization and recurred after
therapy consistent with HCC.
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FIGURE 4.
Hyperintense HCC on HBP. On CT, the lesion was seen as a 1.7-cm arterial phase

hyperintense lesion with washout appearance and characterized as LI-RADS 4 (A and D,
white arrows). On HBP MRI, the arterial phase was corrupted by motion (B), but the lesion
demonstrated T2 hyperintensity (E, white circle) and was HBP hyperintense with a
hypointense capsule (C, white circle). The lesion was characterized as LI-RADS 4. On
follow-up imaging, the lesion grew consistent with HCC (F).
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LR-1

LR-2

LR-3

Distribution of the change in LI-RADS categorization of lesions broken down by

characterization on follow-up. Magnetic resonance imaging demonstrates more lesions as
being LI-RADS 1 on follow-up that subsequently were benign (left chart), whereas MRI
also had more LI-RADS 5 lesions that were shown to be HCC on follow-up (right chart).
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TABLE 1
Relative Rates of LI-RADS Major Criteria and HBP Hypointensity in the Lesions on CT and MRI

CT MRI

% x % x

Arterial phase enhancement  gg*  0.64  g3* 0.86

Reader 1 85 61
Reader 2 90 61
Reader 3 86 60
Washout appearance 16 0.39 22 054
Reader 1 18 22
Reader 2 23 23
Reader 3 14 19
Capsule appearance 3 -002 12 058
Reader 1 5 12
Reader 2 1 14
Reader 3 0 11
HBP hypointensity 44 0.83
Reader 1 44
Reader 2 47
Reader 3 42

Interreader variabilities are reported as a Cohen x between the 3 readers. Arterial phase hyperintensity was demonstrated on CT more frequently
than on MRI.

*
P<0.001
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