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Abstract

Purpose This study was conducted in order to evaluate if iso- or hyperintensity of HCAs on HBP is systematically related to a
high uptake of hepatospecific contrast agent, using a quantitative approach.

Methods This bicentric retrospective study included all patients with histologically confirmed and subtyped HCA
from 2009 to 2017 who underwent MRI with HBP after Gd-BOPTA injection and who showed iso- or
hyperintensity on HBP. The signal intensity of tumors on pre- and postcontrast images and the presence of hepatic
steatosis were noted. Contrast uptake on HBP was quantified using the liver-to-lesion contrast enhancement ratio
(LLCER) and compared between HCA subtypes (Wilcoxon signed-rank test). Categorical variables were compared
using chi-square tests.

Results Twenty-four HCAs showed iso- or hyperintensity on HBP, specifically 17 inflammatory (IHCAs) and 7 3-catenin HCAs
(BHCAs). Eighteen HCAs (75%) (17 IHCAs and 1 BHCAs) had a LLCER < 0% (median — 13.6%, group 1), of which 94% were
hyperintense on precontrast T1-W images, with background hepatic steatosis. Six HCAs (25%) had LLCER > 0% (median 2.9%,
group 2), and all were BHCAs. A LLCER >1.6% was associated with the diagnosis of BHCA with a sensitivity of 86% and a
specificity of 100%.

Conclusion In conclusion, iso- or hyperintensity of hepatocellular adenomas on HBP does not necessarily correspond to an
increased hepatospecific contrast-agent uptake. In IHCA, tumor hyperintensity on precontrast images and the underlying
steatosis likely explain such iso- or hyperintensity, which do show reduced HBP contrast-agent uptake. On the other hand,
marked contrast uptake can be observed, especially in BHCA.
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Key Points

* Iso- or hyperintensity on HBP does not necessarily reflect a high uptake of hepatospecific contrast agent.

* Discrepancies between qualitative signal intensity and quantitative hepatospecific contrast uptake can be explained in IHCA by
a combination of tumor hyperintensity on precontrast images and underlying hepatic steatosis.

 In BHCA, iso- or hyperintensity on HBP does actually correspond to a greater contrast uptake than that of the liver, demon-
strated by an increased lesion-to-liver contrast enhancement ratio (LLCER).

Keywords Adenoma - Liver neoplasms - Contrast media - Magnetic resonance imaging

Abbreviations

BHCA  (3-Catenin-mutated hepatocellular adenoma
FNH Focal nodular hyperplasia

HBP Hepatobiliary phase

HCA Hepatocellular adenoma

HHCA  HNFI-«a-inactivated HCA

IHCA Inflammatory HCA

LLCER Liver-to-lesion contrast enhancement ratio
OATP  Organic anion transporting polypeptide

SI Signal intensity

SIR Signal intensity ratio

Introduction

Hepatocellular adenomas (HCAs) are rare benign hepatocel-
lular tumors that mainly develop in young females taking oral
contraception [1-5]. The two main complications are tumor
hemorrhage and malignant transformation, which justifies liv-
er resection in high-risk patients [4]. Recently, the European
Association for the Study of the Liver issued recommenda-
tions for the management of HCA [4], acknowledging that the
risk of complications is mostly influenced by tumor size and
patient gender [6, 7]. Aside from that, subtyping of HCA
should also be considered since different subtypes are associ-
ated with different outcomes [8]. Indeed, HNF1-c-inactivated
HCA (HHCA) has a low potential for malignant transforma-
tion, which is not the case for [3-catenin-mutated lesions
(BHCAS) [8]. In addition, inflammatory IHCA has a high risk
of tumor bleeding [5, 8].

MR imaging has been shown to be accurate for HCA
subtyping, with combinations of features being associated
with different tumor phenotypes [9—11]. In the two most com-
mon subtypes, HHCA and IHCA, the sensitivity and specific-
ity of MRI have been reported to reach 90% [10—12]. Yet
these results have been reported in studies using extracellular
MR contrast agents [12].

After injection of hepatobiliary MR contrast agents
[13-15], focal nodular hyperplasia (FNH) is characterized
by iso- or hyperintensity on hepatobiliary phase (HBP),
whereas HCA typically appears hypointense owing to the
over- and reduced expression of organic anion transporting
polypeptide (OATP) transporters, respectively [16-21]. Yet,
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several recent studies have reported HCAs showing iso- or
hyperintensity on HBP in up to 26 to 67% of cases [22-24].
This has been described with both Gd-BOPTA (gadobenate
dimeglumine, Multihance, Bracco Imaging) and Gd-EOB-
DTPA (gadoxetic acid, Primovist, Bayer-Schering Pharma).
In most series, such iso- or hyperintensity was depicted in
IHCA [22-26]. Based on these results, a recent study even
questioned the ability of MRI using hepatobiliary MR contrast
agents to accurately distinguish FNH from HCAs [26]. Yet,
this is in contradiction with the molecular background of
IHCA, as their OATP expression has been shown to be lower
than that of the adjacent liver [27, 28]. Hence, the iso- or
hyperintensity reported in IHCA could be seen even in lesions
showing potentially reduced contrast uptake on HBP.
Conversely, molecular studies have shown that OATP expres-
sion is persistent in BHCA [28, 29], and imaging studies have
reported BHCA showing iso- or hyperintensity on HBP, in
accordance with their OATP expression [22, 28]. As a result,
authors have attempted to overcome these shortcomings by
trying to quantify the hepatospecific contrast uptake on HBP
which could better match the molecular expression of these
benign tumors.

Roux et al introduced the concept of lesion to liver contrast
enhancement ratio (LLCER) as a quantitative tool for measur-
ing Gd-BOPTA uptake within benign hepatocellular tumors
[30]. The authors showed that LLCER improved the differen-
tiation of FNH and HCA [30]. Yet, their approach has not
been applied to refine the subtyping of HCA on HBP. In ad-
dition, the authors did not specifically address the issue of iso-
or hyperintense HCAs on HBP.

Hence, the purpose of the current study was to evaluate if
iso- or hyperintensity of HCAs on HBP is systematically re-
lated to a high uptake of hepatospecific contrast agent, using a
quantitative analysis of the liver-to-lesion contrast enhance-
ment ratio.

Materials and methods

Patient population

This retrospective study was approved by the local IRB and
informed consent was waived. Between June 2009 and
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September 2017, all patients with a pathologically proven
hepatocellular adenoma were extracted from the databases of
two imaging departments (Hospital Henri Mondor, Créteil,
France: center 1 with 109 patients; and Hospital Beaujon,
Clichy, France: center 2 with 93 patients). Out of 202 identi-
fied patients, a total of 59 patients underwent Gd-BOPTA-
enhanced liver MRI with HBP acquisition (36 patients from
center 1 and 23 patients from center 2) within 2 months prior
to pathological analysis. Seventeen of these 59 patients (10
patients from center 1 and 7 patients from center 2), including
24 HCAs showing iso- or hyperintensity on HBP images,
constituted the study population. The flowchart of the study
population is presented in Fig. 1. Of the 24 included HCAs,
data from 3 BHCAS have already been published in a previous
manuscript focusing on a correlation between the quantitative
analysis of benign hepatocellular tumor uptake on HBP imag-
ing and the quantitative level of OATP expression [28].
Demographics and clinical and laboratory data were docu-
mented for all patients.

Pathological analysis

Diagnosis of all HCAs including subtyping was performed
according to a combination of established morphological
and immunophenotypical criteria by an expert pathologist
(JC with 25 years of expertise in the field on liver tumors)
[8,31-33]. HCAs were defined as a proliferation of neoplastic
hepatocytes with little or no atypia. The nontumoral liver was
systematically analyzed. Steatosis was assessed visually,
expressed in percentage form and graded according to the
Brunt classification: mild (5-33%), moderate (34—66%), or
severe (67-100%) [34].

Details of immunohistochemistry, diagnosis, and lesion
classification are provided in the Electronic supplementary
material.

Fig. 1 Flowchart of the study

MRI technique

MR imaging examinations were performed on a 1.5-T clinical
MR scanner (Avanto, Siemens) in center 1 and 3.0 T MRI
(Achieva, Philips Healthcare) in center 2.

Detailed MRI protocols can be found in Table 1 and in the
Electronic supplementary material.

Qualitative analysis of HBP images

Enhancement on HBP images was initially assessed qualita-
tively by two radiologists independently (with respective 4 and
12 years’ experience in abdominal MRI) based on analysis of
HBP fat-suppressed 3D GRE T1-WI sequences analysis. Both
radiologists were blinded to the final pathological diagnosis. A
lesion was classified as being hypointense on HBP images
when it showed homogeneous signal hypointensity relative
to the adjacent liver parenchyma on the transverse slice show-
ing the largest diameter of the lesion. Otherwise, the lesion was
classified as iso- or hyperintense on HBP images and was
available for quantitative analysis. In case of discrepancies, a
consensus was reached with a third radiologist, with 15 years’
experience in liver MRI.

For each patient, the presence of hepatic steatosis, defined
by the visual analysis of signal dropout on opposed phase
images, and the precontrast signal intensity of the lesion were
noted [35].

Quantitative analysis

The quantitative analysis of contrast uptake on HBP was per-
formed for each HCA during a separate reading 2 months after
the qualitative reading session by the same two radiologists,
blinded to the final pathological diagnosis and independently
in order to assess interobserver agreement. In case of

Between June 2009 and September 2017
202 patients with a pathologically proven hepatocellular
adenoma (HCA)

Excluded patients

158 patients didn’t undergo Gd-BOPTA-enhanced
liver MRI with hepatobiliary phase (HBP) acquisition

Patients = 59
HCA =91

T

CENTER 1 (1.5T) CENTER 2 (3.0T)
Patients = 36 Patients = 23
HCA=57 HCA=34

HCA iso or hyperintense on HBP

HCA iso or hyperintense on HBP
n=17 n=7
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Table 1 MRI sequence parameters at 1.5 and 3 T

Sequences Repetition Echo Flip Section thickness (mm)  Field of Bandwidth

time (ms) time (ms) angle (o) view (mm)  (Hz/px)

IP and OPT1 WI (center 1) 143 2.38-4.76 70 5 320 460

IP and OPT1 WI (center 2) 3.86 2.37 8 4 306 1430
FS-TSE-T2 WI (center 1) 1880 92 150 5 320 260
FS-TSE-T2 WI (center 2) 2000 120 90 5.50 331 271
Single-shot TSE T2-WI (center 1) 900 84 150 3 320 381
Single-shot TSE T2-WI (center 2) 471 120 90 4 302 599

DWI (center 1) 4700 52 90 6 128 1347

DWI (center 2) 1577 55 90 4.50 320 3417
3D-T1 FS GRE (center 1) 4,69 2.15 10 3 351 350
3D-T1 FS GRE (center 2) 321 0 10 5 322 1705

3D-T1 FS GRER were repeated with the same parameters for HBP

T1- or T2-WI = T1- or T2-weighted imaging, GRE = gradient recalled echo, /P = in phase, OP = out-of-phase, TSE = turbo spin echo, FS = fat-suppressed,

DWI = diffusion-weighted imaging

discrepancies, a consensus was reached with a third radiolo-
gist, with 15 years’ experience in liver MRI.

The radiologists computed the LLCER, following Roux
et al [30]. Regions of interest (ROIs) were manually drawn
in tumors and in the adjacent liver parenchyma on precontrast
fat-suppressed T1-weighted images and on Gd-BOPTA-
enhanced HBP images according to the following rules: (1)
lesion ROIs were manually drawn to cover the entire surface
of the lesion in the transverse plane that showed the largest
diameter of the lesion. The contours of the ROI precisely
matched those of each lesion, even in lesions with irregular
borders. (2) A circular ROI was placed in the adjacent liver
parenchyma on the same transverse plane selected for the liver
lesion analysis and in the same anteroposterior position to
avoid heterogeneities due to surface coils. The size of these
ROIs was arbitrarily chosen between 100 and 200 mmz,
avoiding liver lesions or vessels (Supplementary Fig. 1).

For each HCA, the signal intensity ratio (SIR), defined as

SIR = 100 x SIWS[, and the LLCER, defined as LLCER =

SILvpo

() )
100 x S]LV‘“’“SITW ") ] \were calculated, where SIrpost and
SILVpre

Sliypost are the respective signal intensity (SI) of the tumor
and liver on HBP sequences, and Slry,. and Slpyy,. are the
respective SI of the tumor and liver before injection on the same
pre- and postcontrast fat-suppressed 3D GRE T1-WI sequence.

The mean SIR and LLCER were measured for all lesions.
As previously described [30], the SIR reflects the quantifica-
tion of the relative signal intensity of the lesion as compared to
that of the adjacent parenchyma. The LLCER reflects the rel-
ative contrast uptake of the lesion relative to that of the adja-
cent liver, irrespective of its SIR.

Lesions were further categorized into two distinct groups:
group 1 for lesions with negative LLCER (< 0%, lower
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contrast uptake than the surrounding liver) and group 2 with
positive LLCER (> 0%, i.e., similar or higher contrast uptake
than the surrounding liver).

Statistical analysis

Categorical variables are presented as count and percentages,
and continuous variables as means (standard deviations) or
medians (ranges). A Kolmogorov—Smirnov test was used to
assess the normality of our population. Comparison of cate-
gorical variables was performed using a McNemar test to take
into consideration repeated measures. We used a binomial
distribution-corrected version of the test to compensate for
small effectives. Continuous data were compared using the
Wilcoxon signed-rank test. Interobserver agreement was eval-
uated using intraclass correlation coefficient (ICC). The sen-
sitivities and specificities of each ratio that allowed differen-
tiation of HCA subtypes were determined with a receiver op-
erating characteristic (ROC) curve analysis, using a nonpara-
metric approach.

Tests were two-tailed, and p value of < 0.05 was considered
statistically significant. All analyses were performed with
SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for
Macintosh, Version 22.0) and R Core Team (2017, Version
1.1.442).

Results
Population
Mean age at inclusion was 35=+9 years (range 23-52). No

patient had HBV or HCV infection. Two patients had two
HCAs, one patient had three HCAs, and one patient had four
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HCAs. The mean size of all lesions was 55 + 34 mm. Hepatic
steatosis was present on pathological analysis in 12 patients,
including 18 HCAs and 1 BHCA, and was graded accordingly
as mild in 6 cases, moderate in 3 cases, and severe in 3 cases.
The final diagnosis of HCA was made on the basis of patho-
logical analysis postliver resection (n = 12) and liver biopsy
(n =12) and identified 17 IHCAs and 7 BHCAs.

Patients’ clinical, biological, and pathological findings are
provided in Table 2.

Qualitative analysis of liver MRI

Details of the qualitative analysis of liver MRI are provided in
Table 3.

Hepatic steatosis was identified in 12 patients, with perfect
agreement with pathological findings.

e Inflammatory HCA: Fifteen IHCAs (15/17) appeared
isointense on HBP and two appeared hyperintense
(Fig. 2). All IHCAs were developed on an underlying
hepatic steatosis and showed high-signal intensity on
precontrast T1-weighted sequences.

* [(3-Catenin-mutated HCA: All BHCAs appeared hyperin-
tense on HBP (Fig. 3). Only one of seven BHCAs was
identified in a liver with underlying steatosis. This BHCA
showed high signal intensity on precontrast T1-W se-
quences. The remaining six BHCAs were not associated
with hepatic steatosis: five of these BHCAs appeared iso-
intense, and one appeared hyperintense on precontrast T1-
W sequences.

Quantitative analysis of Gd-BOPTA uptake

Details of the quantitative analysis are provided in Table 4.

The ICC for interobserver agreement was 0.78 (95% CI
0.44-0.93) for LLCER and 0.30 (95% CI 0.32-0.7) for SIR
measurements.

The mean LLCER of the 24 lesions was —9.3+12.1%,
with a median of — 10.9%. The mean and median SIR of the
24 lesions were 103.0+ 16.2 and 102.0%.

Eighteen tumors (72%) belonged to group 1 (LLCER
< 0%) with a median LLCER of —13.6% (range —28.9,
—0.1%). This group included the 17 IHCAs and 1 BHCA.

Six lesions (28 %) belonged to group 2 (LLCER > 0%) with
a median LLCER of 5.3% (range 1.6, 20.6%). All tumors in
this group were BHCA. The LLCER value in group 1 was
significantly lower than that in group 2, p < 0.001. Seventeen
lesions in group 1 (94%) were associated with hepatic
steatosis, as opposed to one in group 2 (17%) (Fig. 4).

Focusing on HCA subtypes, all IHCAs had a negative
LLCER (median —14.2% (range —28.9, —0.1%)), whereas
six out of seven (86%) BHCAS had a positive LLCER (medi-
an 2.9% (range — 13.0, 20.6%)). The LLCER of BHCA was
significantly higher than that of IHCA (p < 0.001). No signif-
icant difference was found between the SIR of BHCA and
IHCA (medians 102.4 vs 101.0%, p =1.00). A LLCER
> 1.6% was associated with the diagnosis of BHCA with a sen-
sitivity of 86% and a specificity of 100% (Fig. 5).

Discussion

The purpose of the current study was to evaluate if iso-or
hyperintensity of HCAs on HBP was systematically related
to a high uptake of hepatospecific contrast agent. Based on
the quantitative analysis of the liver-to-lesion contrast enhance-
ment ratio, our findings first suggest that iso- or hyperintensity
of HCAs on HBP is not necessarily triggered by hepatospecific
contrast uptake and may rather be explained by the combina-
tion of spontaneous tumor hyperintensity on precontrast T1-
weighted images and underlying steatosis. Secondly, our re-
sults also suggest that in normal livers—i.e., without underly-
ing liver steatosis—hyperintensity on HBP is related to true
contrast-agent uptake and can correspond to BHCA.
Thirty-four percent of IHCAs were iso- or hyperintense on
HBP in the current study. This is within the range of reported
rates, slightly higher than the results from Ba-Ssalamah et al

Table 3 Qualitative MR imaging
features of benign hepatocellular
tumors

Inflammatory HCA  (3-Catenin-mutated  p value
HCA
Number of lesions 17 7
Maximum lesion diameter (mm) (mean + SD) 49.1+33.7 71+324 0.100*
High-signal intensity on precontrast 3D GRE T1-WI 17 (100) 2(29) 0.017%#*
Hepatic steatosis 17 (100) 1(14) 0.035%*

Data are the number of lesions, and data in parentheses are the percentage

HCA = hepatocellular adenoma, 77-WI = T1-weighted imaging, GRE = gradient recalled echo

*Wilcoxon signed-rank test

**Adjusted McNemar test with binomial distribution
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Fig. 2 A 31-year-old female pa-
tient referred for the diagnosis of a
5-cm liver nodule. Liver MRI
shows underlying hepatic
steatosis (a + b). The lesion
shows peripheral hyperintensity
on the T2-weighted sequence (c¢),
hyperintensity on precontrast T1-
weighted fat-saturated images (d),
homogeneous hyperintensity on
the arterial phase (e), and appears
heterogeneously hyperintense on
HBP (f). The liver-to-lesion con-
trast enhancement ratio (LLCER)
was measured at —29%. The final
diagnosis was inflammatory he-
patocellular adenoma (IHCA)

(29%) or Glockner et al (26%), but lower than Agarwal et al
(46%) or Thomeer et al (67%) [22-24, 26]. All IHCASs show-
ing iso- or hyperintensity on HBP developed in fatty livers and
showed signal hyperintensity on precontrast T1-weighted im-
ages. Both features have been shown to be frequent in the
setting of IHCA [10, 36]. Yet, all IHCAs had a negative
LLCER on quantitative analysis in line with molecular studies
showing that IHCAs have a decreased expression of OATP
[22, 27, 28]. We believe that these results explain the discrep-
ancy between the qualitative and quantitative analyses on
HBP. Indeed, the higher signal intensity of the liver on HBP
is counterbalanced by the signal intensity decrease induced by
saturation of fat signal and by the precontrast high intensity of
the lesion. Even if this cannot be retrospectively demonstrat-
ed, we strongly believe that most IHCAs reported as iso- or
hyperintense on HBP in previous publications fall into this
category [24].

Interestingly, in the absence of steatosis, iso- or
hyperintensity on HBP was significantly associated with the
diagnosis of BHCA, and 86% of them had a positive LLCER,
reflecting a higher tumor contrast uptake on HBP when

compared to the liver. This is also in line with molecular stud-
ies showing that OATP expression is conserved in BHCA
[27-29]. OATP expression has been shown to be strongly
associated with the expression of Wnt/3-catenin target genes
[29, 37]. To our knowledge, there is to date no imaging feature
associated with the presence of 3-catenin mutation. The au-
thors have reported that a faint scar may be a possible sign of
BHCA, but the number of published cases remains very low,
and this feature does not seem to have high specificity [36,
38]. If validated in larger patient populations, the current re-
sults might be of utmost clinical value given the need for
assessment of the presence of (3-catenin mutation [4, 5].

The current study reinforces the importance of quantitative
analysis of contrast uptake on HBP, particularly in the case of
underlying steatosis. Interestingly, the SIR, which reflects the
qualitative interpretation of the relative signal intensity of a
lesion compared to that of the adjacent liver on HBP, did not
allow a correct distinction between IHCA and BHCA. Hence,
quantitative analysis should reflect the actual uptake of con-
trast agent, and not the relative signal intensity of a lesion
versus the liver. To date, such analysis using the LLCER has

@ Springer
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Fig. 3 A 34-year-old male re-
ferred for the diagnosis of a large
right lobe of liver mass. Liver
MRI shows on a nonsteatotic un-
derlying liver (a + b). The lesion
shows iso-intensity on the T2-
weighted sequence with a central
hyperintense area (c),
hypointensity on precontrast T1-
weighted fat-saturated images (d),
heterogeneous hyperintensity on
the arterial phase (e), and appears
heterogeneously hyperintense on
HBP (f), consistent with
hepatobiliary phase uptake. The
liver-to-lesion contrast enhance-
ment ratio (LLCER) was 8.7%.
The final diagnosis was f3-
catenin-mutated hepatocellular
adenoma (BHCA)

been limited to the differentiation of FNH from HCA with
excellent sensitivity and specificity and has high interobserver
correlation [30]. A recent letter suggested that the perfor-
mance of LLCER might be improved by taking into account
only those regions of maximum enhancement [39]. Yet, this
may result in interreader variability in selecting the regions of
highest intensity, particularly in this setting of heterogeneous
uptake [40]. This explains the reason for selecting ROIs
encompassing the entire tumor. The ROI drawn in the adjacent
liver parenchyma should be placed on the same transverse
plane selected for the liver lesion analysis and in the same
anteroposterior position to avoid heterogeneities due to sur-
face coils. We acknowledge that these issues further

demonstrate the difficulty of quantitative analysis in routine
clinical practice. However, the results of our current study
suggest that the impact of quantitative analysis is limited in
cases without underlying steatosis, for which hyperintensity
on HBP seems to be truly related to hepatospecific contrast
uptake. Importantly, in this situation, arterially enhanced le-
sions should be analyzed with caution as these could corre-
spond to BHCA and not always to FNH.

Besides its retrospective design, this study suffers from
several limitations. First, the magnetic field varied between
the two centers. Interestingly, the proportions of iso—
hyperintense HCAs were similar (30% in center 1, 21% in
center 2), suggesting that the magnetic field does not affect

Table 4 Quantitative analysis of

Gd-BOPTA uptake on Group 1 Group 2 p value
hepatobiliary phase LLCER < 0% LLCER > 0%
Number of lesions 18 6
HCA subtypes 17 inflammatory HCA 6 (-catenin-mutated HCA 0.035%
1 (3-catenin-mutated HCA
Median LLCER (ranges) —13.6% (—28.9 to — 0.1%) 5.3% (1.6-20.6%) <0.001%*

HCA = hepatocellular adenoma, LLCER = liver-to-lesion contrast enhancement ratio
*Adjusted McNemar test with binomial distribution

**Wilcoxon signed-rank test
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Fig. 4 Illustration of the different
scenarios explaining iso- or
hyperintensity of hepatocellular
adenomas (HCAs) on
hepatobiliary phase images. In
group 1, iso- or hyperintensity is
explained by the combination of
hyperintensity on precontrast T1-
weighted and hepatic steatosis,
while the liver-to-lesion contrast
enhancement ratio (LLCER) is
negative. In group 2, the LLCER
is positive, indicating higher up-
take by the HCA when compared
to the surrounding liver

Group 1
N=18

y

the visual interpretation of hepatobiliary phase in HCA. A
previous study showed that the quantitative indices of hepatic
enhancement on hepatobiliary phase obtained using 1.5 and
3.0 T scanners were similar using Gd-EOB-DTPA [41]. To
date, no study has focused on this using Gd-BOPTA, but the
relaxivities of Gd-BOPTA and Gd-EOB-DTPA seem to vary
similarly between 1.5 and 3 T [42]. Lastly, all quantitative
analyses focused on relative tumor-to-liver signal intensity
rather than on tumor signal intensity per se. Hence, the impact
of field strengths appears limited. Second, the number of in-
cluded patients is limited. Yet, this equates to a relatively large
cohort, considering the prevalence of HCAs and the

40
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Fig. 5 Boxplots of liver-to-lesion contrast enhancement ratio (LLCER)
(a) and the signal intensity ratio (SIR) (b) values in inflammatory hepa-
tocellular adenoma (IHCA) and 3-catenin-mutated hepatocellular adeno-
ma (BHCA). The LLCER of BHCA was significantly higher than that of
THCA using Wilcoxon signed-rank test (p <0.001). The median value is
shown as a line across each box. Boxes stretch across the interquartile

Pre-contrast

e ——
@;ls /

)

HBP images

LLCER < 0%

>

No steatosis

LLCER = 0%

stringency of inclusion criteria. To date, our population of
BHCA remains one of the most important published series.
Third, the quantitative analysis was two-dimensional, which
did not allow for an overall uptake evaluation. Yet, patholog-
ical and IHC analyses of tumors follow the same rules, with
potential sample bias. Then, most studies analyzing benign
hepatocellular tumors on HBP use Gd-EOB-DTPA.
However, aside from the amount of contrast uptaken by hepa-
tocytes, no difference has been reported regarding molecular
mechanisms for contrast uptake between EOB and BOPTA
[43]. Lastly, no cases of [3-catenin-mutated IHCA were includ-
ed, so it remains unclear whether LLCER may be useful in

150

b

SIR %

50.

range, from lower quartile to upper quartile. Whiskers show the smallest
observation and the largest observation (range of values). The line across
both boxplots corresponds to a LLCER value of 1.6. A LLCER >1.6%
was associated with the diagnosis of BHCA with a sensitivity of 86% and
a specificity of 100%
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subtyping these tumors. Finally, this study only focused on
HCA. Therefore, the suggested LLCER thresholds only apply
in known HCA and could not be used to differentiate HCA
from FNH.

In conclusion, iso- or hyperintensity of hepatocellular ade-
nomas on HBP does not necessarily correspond to an in-
creased hepatospecific contrast-agent uptake. In IHCA, tumor
hyperintensity on precontrast images and underlying steatosis
likely explain such iso- or hyperintensity, which do show re-
duced HBP contrast-agent uptake. On the other hand, marked
contrast uptake can be observed, especially in BHCA.
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