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I. INTRODUCTION

Gadoxetic acid 1s a recently developed hepatocyte—selective
contrast agent for magnetic resonance (MR) imaging (1-3). This
contrast agent combines the properties of a conventional
extracellular fluid contrast agent and a hepatocyte—specific
agent. As a result of these properties, gadoxetic acid provides a
delayed hepatobiliary imaging as well as a dynamic perfusion
imaging. Gadoxetic acid i1s taken up approximately 50% of the
administered dose by hepatocytes and cleared from the body
into bile and urine (4-5). This rate of the hepatocyte uptake is
much higher than the hepatic uptake of another liver—specific
contrast agent, gadobenate dimeglumine, approximately 5% of
the injected dose. It allows maximal enhancement of diffusely
damaged as well as normal liver parenchyma on delayed
hepatobiliary imaging at about 20 minutes after injection of
gadoxetic acid, which thus 1improves the detection and
characterization of malignant hepatic lesions including
hepatocellular carcinoma (HCC) (6). Some studies proved that
gadoxetic acid-enhanced MR i1maging 1s superior to standard
MR 1imaging using gadolinium chelates or spiral CT in the
diagnosis of focal liver lesions that lack functioning hepatocytes

(7-11). Gadoxetic acid-enhanced MR imaging, especially



including hepatobiliary phase images improved diagnosis of HCC
and assisted in surgical planning (12).

It has been known that organic anion transporting polypeptides
(OATPs) are sodium-independent organic anion transporters that
are expressed in many tissues of the human, including the liver,
kidney, intestine and brain. OAPTs transport various
endogenous and xenobiotic organic anion substances into the
human hepatocytes. Gadoxetic acid is also an organic anion
(1-3). Therefore it enters into normal hepatocytes through
OATPs, especially OATP1B1, OATP8 (OATPIB3), and NTCP
(Na_/taurocholate cotransporting polypeptide) expressed at the
basolateral membrane, and comes out in bile mediated by the
canalicular transporter, multidrug resistance—associated protein 2
(MRP2) and MRP3 expressed on the sinusoidal side of
hepatocytes (13, 14). Gadoxetic acid enhancement of the healthy
hepatic parenchyma may be influenced by the expression degree
of OATPs and MRP2 at hepatocytes. Consequently, enhancement
of HCCs on gadoxetic acid MR imaging also seems to correlate
with expression of these import and export transporters within
the tumor cell.

Although  several reports showed that isointensity or
hyperintensity of HCC on hepatobiliary phase MR image may be
correlated with expression level of OATP8 as well as MRP3,



and with bile accumulation of bile in the tumors and degree of
histological differentiation (15-19), the mechanism of uptake and
excretion of gadoxetic acid in human hepatocytes and hepatic
tumors still have not been well investigated. Further evaluation
1s needed to confirm the mechanism of gadoxetic acid
enhancement at hepatic parenchyma and HCCs.

The purpose of this study is to correlate the enhancement of
HCCs with histopathologic features and molecular transporters,
and to evaluate the mechanism of gadoxetic acid uptake of
HCCs on hepatobiliary phase of gadoxetic acid-enhanced MR

imaging.



II. METHODS

Patients

This retrospective study was approved from our institutional
review board, and informed consent requirement for this study
was waived by our institutional review board. Between Jun 2009
and Jan 2010, 288 consecutive patients, suspected of having
HCC underwent gadoxetic acid—enhanced MR imaging with the
hepatobiliary phase at 20 minutes. Exclusion data were 248
patients, including 201 patients who took preoperative
treatments, such as transcatheter arterial chemoembolization,
percutaneous ethanol injection therapy or radiofrequency ablation,
29 patients who had less than lcm or over than 5cm  sized
HCC, 15 patients who underwent MR imaging with inadequate
imaging sequences, 2 patients who had hemosiderosis or
hemochromatosis, and one patient who did not have pathological
diagnosis specifically because of massive tumor necrosis. Finally,
forty of 40 patients with HCC were included, and the total
number of including HCC nodules was 40. The diagnosis of
HCC was based on surgical resection in all 40 patients. Mean
size of the resected tumor was 2.93cm (range, 1.20-4.30cm).

Mean patient age was 52 years for the entire study group



(range, 40-81 vyears). Thirty-three were men (range, 40-74
years; mean, bb years) and seven were women (range, 42-81
years; mean, 46 years). Twenty-nine patients had underlying
hepatic cirrhosis caused by hepatitis B virus (HBV) in 27
patients and hepatitis C virus (HCV) in one patient. One patient
had alcoholic liver cirrhosis. Eleven patients had a normal lLiver
including ten hepatitis B carriers. One patient had no underlying
hepatic problem. In these patients, hepatic function was
estimated according to the Child-Pugh classification. 36 patients
had class A liver cirrhosis and 4 patients was included in class

B (Table 1).

Gadoxetic Acid-enhanced MR Imaging

Gadoxetic acid—enhanced MR i1maging was taken within one
month (mean, 135 days; range, 1-28 days) before surgical
resection. MRI examinations were performed with a 3.0T MR
scanner (Magnetom Tim trio, Siemens, Germany) with a
12-channel phased-array coil as the receiver coil in all patients.
The MRI protocols and sequences were as follows: a
fat-suppressed T1-weighted gradient-echo in-phase sequence
(TR/TE: 111.0 ms/25 ms, flip angle: 70.0°, matrix: 320 x 154,
bandwidth: Hz per pixel), an out-of-phase sequence (TR/TE:



111.0 ms/6.2 ms, flip angle: 70.0°, matrix: 320 x 154, bandwidth:
Hz per pixel), a respiratory-triggered single-shot T2-weighted
sequence with a reduction factor of two or four (TR/TE: 2,000
ms/180 ms, flip angle: 150°, matrix: 320 x 230, bandwidth: Hz
per pixel), a respiratory-triggered single-shot heavily
TZ2-weighted sequence with a reduction factor of two or four
(TR/TE: 5,153 ms/81 ms, flip angle: 140°, matrix: 320 x 230,
bandwidth: Hz per pixel) with a 5-7 mm section thickness, a
1-mm to 2-mm intersection gap and a field of view of 360x260
mm. A dose of 01 mL/kg (0.025 mmol/kg gadoxetic acid)
contrast agent was automatically administered intravenously at a
rate of 2 mL/sec, followed by a 20 mL saline solution flush. For
the contrast-enhanced MR 1imaging, the unenhanced, arterial
phase (20 sec), portal phase (60 sec), equilibrium phase (3 min),
and hepatobiliary phase sequences (20 min) sequences were
obtained using a fat-suppressed TIl-weighted gradient-echo
in—phase sequence (TR/TE: 35 ms/1.3 ms, flip angle: 9°
matrix: 320 x 154, bandwidth: Hz per pixel) with a 3 mm
section thickness with no intersection gap and a field of view of

360x260 mm.
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Analysis of MR Images

For quantitative analysis of signal intensities (SIs) of the tumor
and adjacent background hepatic parenchyma, the regions of
interest (ROI) was used at pre-contrast and post-contrast
hepatobiliary phase MR images. The ROI of the tumor was
taken as one maximum oval or round area at the level of the
largest diameter of the mass devoid of necrotic area. Three
ROIs for measurement of Sls of the non-tumorous region were
set over the surrounding background hepatic parenchyma,
avoiding large vascular structures. These ROIs were round
areas up to 10mm in diameter. The mean value of three ROIs
was used as the SI of adjacent background hepatic parenchyma.
The relative intensity ratio (RIR) of the tumor to the adjacent
hepatic parenchyma on pre-contrast and post-contrast MR
images was calculated with the formulas, RIR = Slumo/Sliver. TO
assess real enhancement of the tumor, there relative
enhancement ratio (RER) of the tumor, which means the
enhancement of tumors compared with that of the adjacent
hepatic parenchyma, was calculated according to the following
formula: RER = RIRpest/RIRpre, Where RIRpost 1s the post-contrast
relative intensity ratio and RIRpe 1s the pre-contrast relative

intensity ratio (20).
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Analysis of Histopathologic Features

Hematoxylin-eosin (HE) staining of the tissue was performed
for all 40 resected liver specimens, and then the tumor
differentiation was classified into four grades according to
Edmondson-Steiner grading (21, 22). The proliferative pattern of
HCCs was classified into trabecular, pseudoglandular and
compact pattern and was analyzed whether the tumor capsule
was present or not. The degree of bile production was rated by
% of bile accumulation in the tumor which represents greenish
colored Dhile pigment inside the pseudo-cholangiole, bile
canaliculi, or cytoplasm of the tumor cells. The bile production
was stratified into three-point scale; mild (<5%), moderate
(5-25%), severe (>25%). The RER of HCC was correlated with
regard to histopathologic features including tumor differentiation,

proliferative pattern and the degree of bile production.

Analysis of Immunohistochemical Features

Immunohistochemical staining of tumors and the adjacent

hepatic parenchyma was preformed with a staining kit (Vecta

stain ABC Peroxidase, Burlingame, Calif) for OATP8 and MRP2.
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Thereafter, the expression degree of OATP8 and MRPZ of the
tumor was evaluated by using following three—-point scale: score
0, negative or minimal; score 1+, positive to the same or lesser
extent compared with the adjacent parenchyma; and score 2+,
positive to a higher degree than the adjacent liver parenchyma.
Immunopositivity was determined by staining of the membrane
or hepatocystes or tumor cells by no in terms of cytoplasmic

reactivity, if present.

Statistical Analysis

Statistical significance was analyzed with SPSS software
(SPSS, version 11.0, Chicago, IL, USA). The one-way ANOVA
test was used for the analysis of the tumor enhancement and
tumor differentiation, proliferation pattern of the tumor and the
degree of tumor bile production. Then the Pearson correlation
test was used to evaluate the relationship between the tumor
enhancement ratio and the expression degree of OATP8 and
MRP2, with a correlation coefficient (r) of = 0.8 indicating
strong correlation. A P value of less than 0.05 was considered

to indicate a statistically significant difference.
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III. RESULTS

Correlation with Enhancement Ratio on MR Imaging and
Histopathologic Features:

Post-contrast RSI of HCC was lower than that of pre-contrast
RSI. The mean RER for all HCCs was 0.65+0.11 (Figure 1). Of
the 40 HCCs, 21 (52.5%) were in Edmondson-Steiner grade III,
16 (40.0%) were grade II, 2 (0.05%) and 1 (0.025%) were grade
I and IV, respectively. The RER of grade 1 was higher than
that of others (Figure 2). However, there was no significantly
difference in the pre- and post-contrast RSI to histological
differentiation (P=0.32).

The RERs of HCCs with trabecular (n=30), pseudoglandular
(n=2), and compact (n=8) pattern were 0.692£0.12, 0.624£0.01, and
0.6210.09, respectively (Figure 3). There was no significantly
difference in RER to proliferative pattern of the tumor (P=0.26)
(Figure 4).

The RERs of HCCs with mild (n=25), moderate (n=10), and
severe (n=2) bile production were 0.64+0.01, 0.70+0.11, and
0.68+0.10, respectively. The RER was not significantly correlated
with the degree of bile production (P=0.43) (Figure 5).

The RERs of HCCs with capsule (n=26) and without capsule
(n=14) were 0.67+0.12 and 0.64%0.08, respectively (P=0.28).
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Expression Degree of OATP8 and MRP2:

The mean expression degree of OATP8 was 1.537 in all HCCs.
However, the OATPS activity of surrounding liver parenchyma
was 2.707. The RER ratio was not significantly correlation with
the expression degree of OATP8 in the tumor (correlation
coefficient r=0.055, P> 0.05).

The mean expression degree of MRPZ2 was 2.707 in all HCCs
and the MRPZ2 activity of surrounding liver parenchyma was
2.024. The RER was strong negatively correlated to the
expression degree of MRP2 in the tumor (correlation coefficient

r=-0.325,P< 0.05) (Figure 6 & 7).
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Table 1. Clinical Features of Including Patients

No. of Patients (n=40)

Age (Y: year)

Mean 52Y (range;

40-81Y)

Male-to—female ratio 337

2.93 (range,
Tumor size (cm)

1.20-4.30cm)
Child—Pugh classification (n=40)
Class A 36
Class B 4
Hepatic cirrhosis (n=29)
HBV 27
HCV 1
Alcoholic 1
Normal liver parenchyma (n=11)
Chronic hepatitis B carrier 10
No underlying disease 1
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Figure 1. The graphs demonstrating pre- and post-relative

signal intensities and relative enhancement ratio in all HCCs.
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B Precontrast RSI
B Post-contrast RSI
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Figure 2. The graphs illustrating pre- and post-relative signal
intensities (RSI) and relative enhancement ratio (RER) according
to tumor differentiation. The post RSI and PER of grade 1I
HCCs have lower than those of the grade III HCC.
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Figure 3. The graphs illustrating pre- and post-relative signal
intensities (RSI) and relative enhancement ratio (RER) according
to tumor proliferating pattern. The pre-RSI of HCC with
compact type has higher than those of other two HCCs. The
RER of HCCs is not statistically significant.
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Figure 4. Box plots of relative enhancement ratio (RER) of
HCCs according to histopathologic features. There is no
significantly difference in RER to histological differentiation

(P=0.32) nor to proliferative pattern of the tumor (P=0.26)

_20_



0.9

mmeanRER (p=0.43)

Mild Moderate Severe

Figure 5. The graphs of relative enhancement ratio (RER)
correlation to bile production. There is not statistical correlation

between RER and bile production.
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C D

Figure 6. Grade III hepatocellular carcinoma with OATP8 grade
2 and MRP2 grade 1 in 57-year-old man. (A) Pre-contrast MR
image shows tumor (white arrow) with the pre-RIR 0.756. (B)
Gadoxetic acid-enhanced hepatobiliary phase MR image shows
that tumor (black arrow) has the post-RIR 0.61 and the RER
0.807. Immunohistochemical staining (C, D) demonstrated grade
2 (up to 10% and lower than 20% in the extent of the area of
the tumor) of OATP8 expression and grade 1 (less than 109 in
the extent to the area of the tumor) of MRP2 expression

(Original magnification, x 40)
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Figure 7. Grade II hepatocellular carcinoma with OATPS8 grade
3 and MRP2 grade 3 in 8l-year-old female. (A) Pre-contrast
MR image showed tumor (arrow, also on b) with the pre-RIR
0.874. (B) Gadoxetic acid-enhanced hepatobiliary phase MR
image shows that tumor had the post-RIR 0.466 and the RER
0.534. Immunohistochemical staining (C, D) demonstrated grade
3 (up to 20% in the extent of the area of the tumor) of OATPS
expression and grade 3 (up to 20% in the extent of the area of
the tumor) of MRP2 expression The tumor showed increased
MRP2 expression at the canalicular membrane (Original

magnification, x 100).
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IV. Discussion

Gadoxetic acid provides a delayed hepatobiliary imaging as well
as a dynamic perfusion 1maging because it combines the
properties of a conventional extracellular fluid contrast agent
and a hepatocyte-specific agent (1-3). On dynamic perfusion
MR imaging with gadoxetic acid, HCCs show mostly
hyperintense or peripheral hyperintense rim and hypointense
tumors during delayed hepatobiliary imaging. There are best
tumor delineation on late delayed images taken at Z0minutes
after gadoxetic acid injection (6). Thus, it improves the
detection and characterization of HCCs. The recent study was
reported that higher sensitivities and specificities can be
achieved with addition of hepatobiliary phase MR imaging,
compared with those obtained with routine MR imaging (10, 12).
Typically, most HCCs are devoid of hepatocytes so that they
appear hypointense tumors against the bright background liver
on hepatobiliary phase of gadoxetic acid-enhanced MR imaging
(4, 6, 8). However, several studies have been shown paradoxical
tumor enhancement in gadoxetic acid-enhanced MR imaging,
especially in HCC (23-25). Tumors with hepatocellular elements,

such as focal nodular hyperplasia and hepatocellular adenoma, or
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those with a relevant blood pool like hemangiomas may show
uptake of gadoxetic acid and therefore an increase in signal
intensity on hepatobiliary images (4). It is difficult to diagnosis
confidently to some HCCs with positive contrast enhancement of
gadoxetic acid.

Positive  contrast enhancement of HCCs on gadoxetic
acid-enhanced hepatobiliary—phase 1mages can be theoretically
related to both active uptake of gadoxetic acid by HCCs with a
residual hepatocyte function and impaired biliary excretion
within the intratumoral region (7, 8, 21, 23). It seems that only
highly differentiated HCCs and benign nodules can possibly
preserve this hepatocyte function (24-26). Although well- and
moderate—differentiated HCCs show to be more enhanced than
the surrounding hepatic parenchyma in hepatobiliary phase of
gadoxetic  acid-enhanced MR  i1maging, these  positive
enhancement of HCCs is not definite predictor for the extent of
tumor differentiation. In my study, 30 HCCs with grade I and 1I
were shown as all hypointensity tumors on hepatobiliary phase
of gadoxetic acid-enhanced MR imaging. The pattern of tumor
proliferation scarcely affected gadoxetic acid uptake of the tumor
cells.

The post-contrast RSIs were significantly decreased compared

with the pre-contrast RSIs in all cases of my study. The
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decline of the contrast medium in the tumor blood spaces
relatively to the surrounding non-tumorous area and that the
tumor cells hardly took up gadoxetic acid due to loss of hepatic
function reserves (27). The descent of RSIs of HCCs after
administration of gadoxetic acid was not correlated with
Edmondson-Steiner grade as well as tumor proliferative pattern.
Bile production 1s most typically observed in relatively
well-differentiated HCCs as compared to poorly differentiated
HCCs, especially in moderately differentiated HCCs as compared
to well-differentiated HCCs and appear with a green color in
resected specimens, so called green hepatoma (15). Kiato et al
(17) recently reported iso—- or hyperintense HCCs showed
pseudoglandular proliferation with bile plugs with significantly
high frequency. However, Lee et al (28) showed that most
non-hypointense areas of HCCs on gadoxetic acid-enhanced
hepatobiliary-phase 1mages may be not associated with
microscopic difference of bile production, which 1s similar to a
finding of a previous report (21). My result also showed that
bile production is not related with tumoral enhancement.

Gadoxetic acid 1s transported into the tumor cells via OATPS
then accumulated in extracellular cytoplasm. Gadoxetic acid with
hyperintense HCC 1is relatively more accumulated than in

surrounding hepatocytes. Recent studies have been shown the
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enhancement ratio of HCCs in the hepatobiliary phase of
gadoxetic acid-enhanced MR imaging positively correlated with
expression levels of OATPS. The degree of OATPS expression
was higher in hyperintense HCCs than in background liver (15,
17). However, background expression score of OATP8 was
higher than tumor expression score in my study. The low
expression activity of OATPS in HCCs to surrounding adjacent
liver parenchyma might assume responsibility for HCCs with
hypointensity.

MRP2, which 1s well known a major export transporter on the
canalicular side, was constantly expressed in hypointense and
hyperintense HCCs (16, 18). It means that the excretion of
gadoxetic acid from HCC cells into the tumor sinusoids is
enhanced, probably because of the depletion of bhile ducts in
HCCs. In my study, the expression of MRPZ in tumor cells was
higher than that in surrounding liver. There was no HCCs with
hyperintensity on hepatobiliary phase 1mages of gadoxetic
acid-enhanced MR imaging. The higher MRP2 expression
degree was shown the lower tumor RER in HCC cells. Thus,
up-regulation of MRP2 in HCCs may cause the highly activated
excretion of gadoxetic acid into bile canaliculi , and the it may
result in the drop of signal intensity.

My study had some limitations. First, my study could not avoid
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sampling bias because of its retrospective design. Second, my
study did not include HCCs with high signal intensity.
Therefore, 1 couldn’t evaluate whether the expression activity of
OATPS8 1s affected in gadoxetic acid uptake to HCCs with high
signal intensity. Third, I didn’t consider the role of MRP3 in
gadoxetic acid uptake in HCC cells. The interaction between
OATPS, MRP2 and MRP3 should be further studied for making
clear mechanism of gadoxetic acid uptake in HCCs. In addition,
there are many other transporters expressed at the membrane of
hepatocytes (29). However, I did not exclude these factors that
might affect accumulation or excretion of gadoxetic acid in HCC
cells.

In conclusion, gadoxetic acid uptake on hepatobiliary phases MR
imaging 1s not determined by tumor differentiation, proliferation
or hile production of HCC. The gadoxetic acid-enhancement of
HCC 1is directly influenced by up-regulation of MRPZ rather
than the expression activity of OATPS.
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SUMMARY

The purpose of this study is to evaluate the mechanism of
gadoxetic acid uptake of hepatocellular carcinoma (HCC) on
hepatobiliary phase of gadoxetic acid-enhanced magnetic
resonance (MR) imaging and to correlate the enhancement of
HCCs with histopathologic features and molecular transporters.
Forty HCC nodules with surgical confirmation had undergone
dynamic MRI. T1-weighted 3D gradient echo sequences before
and 20 min (hepatobiliary phase) after the injection of gadoxetic
acid were performed. To assess gadoxetic acid uptake, the
relative enhancement ratio (RER) of tumor was calculated with
the relative signal intensity (RSI) ratio of tumor to adjacent
hepatic parenchyma. The Edmondson-Steiner grading (I-1V),
presence of tumor capsule, proliferation pattern (trabecular,
pseudoglandular, compact), and the degree of bile production
(mild, moderate, severe) were reviewed. The expression degree
of OATP8 and MRP2 in the tumors was assessed (three grades,
respectively) by the immunohitochemical staining. Mean RER of
the tumor was 0.65+0.11. RERs of Edmondson-Steiner grade I ,
grade II and grade III HCCs were 0.72£0.11, 0.63+0.23, and
0.6840.10, respectively (P=0.32). RERs of HCCs with trabecular,
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pseudoglandular, and compact pattern were 0.69+0.12, 0.62+0.01,
and 0.6210.09 (P=0.26). RERs of HCCs with mild, moderate, and
severe bhile production were 0.64+0.01, 0.70£0.11, and 0.68%0.10,
respectively  (P=0.43). The correlation coefficient (r) of
expression degree of OATP8 and MRPZ in the tumors was
0.055 (P=0.735) and -0.325 (P=0.038), respectively. The tumor
enhancement ratio was strong negatively correlated to the
expression degree of MRPZ2. These results suggest that
gadoxetic acid uptake on hepatobiliary phase MR imaging is not
determined by tumor differentiation, proliferation or bile
production of HCC. The gadoxetic acid-enhancement of HCC is
directly influenced by up-regulation of MRPZ rather than the
expression activity of OATPS.
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