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Abstract: Objective: The purpose is to describe the imaging features of intrahepatic mass-forming cholangiogcar-
cinoma (IMC) with emphasis on hepatobiliary phase (HBP) on Gd-BOPTA-enhanced MR imaging. Methods: We
retrospectively reviewed 93 patients with pathologically proven IMCs with MR hepatocyte-specific contrast agent
Gd-BOPOTA. We evaluated the enhancement pattern, degree of enhancement and conspicuity of IMCs. We also
analyzed diffusion-weighted (DW) images and measured the apparent diffusion coefficient (ADC) values of IMCs.
Results: 80 (86.0%) lesions exhibited peripheral enhancement in arterial phase followed by progressive enhance-
ment in portal venous and delayed phases. On HBP, 85 (91.4%) lesions exhibited peripheral hypointensity with cen-
tral hyperintensity. On HBP, IMCs exhibited the highest conspicuities, and the degrees of enhancement were higher
in moderately differentiated tumors (48.2% + 15.6%) than in poorly differentiated tumors (35.5% + 18.9%) and in
the lesions without lymph node metastasis (47.6% + 18.8%) than with lymph node metastasis (33.7% + 19.6%).
Additionally, the ADCs of poorly differentiated tumors were lower than those of moderately differentiated tumors.
Conclusion: The typical pattern of IMCs on Gd-BOPTA-enhanced images HBP images was peripheral hypointensity
with central hyperintensity. IMCs exhibited better delineation on HBP images, and the ADCs of poorly differentiated

IMCs were lower, which may aid reasonable surgical planning and improve prognoses.
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Introduction

Cholangiocarcinoma is the second-most com-
mon primary tumor of the liver following hepa-
tocellular carcinoma (HCC) and accounts for
15%-20% of hepatic malignant tumors. The
incidence of cholangiocarcinoma has gradually
increased in recent years around the world [1,
2]. Cholangiocarcinoma originates in the epi-
thelia of bile ducts [3], and intrahepatic cholan-
giocarcinoma accounts for 5%-10% of these
lesions [4]. According to the growth patterns
and morphologies, intrahepatic cholangiocarci-
noma can be divided into the following three
types: mass-forming, periductal infiltrating, and
intraductal growth [5]. Intrahepatic mass-form-
ing cholangiocarcinoma (IMC) accounts for
60% of intrahepatic cholangiocarcinoma [5].
Due to the poor prognoses of IMC, surgical
resection is the only viable treatment [5], and
the correct diagnoses of IMC are important for

optimizing treatment plans and improving pa-
tient prognoses.

The development of imaging technology has
enabled the use of ultrasound (US), computer-
ized tomography (CT) and magnetic resonance
(MR) imaging for the diagnoses of IMC [6]. MR
is considered the clinical reference standard for
detecting and characterizing liver focal lesions
due to its intrinsically excellent soft-tissue con-
trast and superior sensitivity [7]. For many
years, conventional extracellular contrast mate-
rial was routinely used in liver MR imaging [8,
9]. In recent years, hepatocyte-specific contrast
agents has been used in liver MR. Because
these agents have the properties of both tradi-
tional contrast agents and liver-specific con-
trast agents [10], they can be used in MR scans
as hepatocyte-specific contrast agents and
enable the acquisition of images in both the
dynamic enhancement phase and hepatobiliary
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Table 1. Main patient characteristics

Number of patients

Mean age * standard deviation (years)
Age range (years)

Sex Male/Famle (number, %)

Number of patients with chronic hepatitis

Mean age of male patients + standard deviation (years)

Age range of male patients (years)

Mean age of female patients + standard deviation (years)

Age range of female patients (years)
Lesion location (number, %)
Left
Right
Central
Lesion diameter mean (cm) + standard deviation
Lesion diameter range (cm)

93
63.5+11.6
42-78
68 (73.1%)/25 (26.9%)
17 (hepatitis B, 15; hepatitis C, 2)

59+ 135
42-78

64 + 10.8
56-75

57 (61.3%)

26 (28.0%)

10 (10.7%)
62125
2.2-12.3

phase (HBP). Gd-BOPTA and Gd-EOB-DTPA are
the two most common liver-specific contrast
agents. Compared to other extracellular con-
trast agents, hepatocyte-specific contrast
agents provide excellent images in liver MR dur-
ing the dynamic phases due to increased relax-
ivity [11], and contrast agents can be taken up
by functional hepatocytes and excreted into the
bile due to the hepatobiliary properties of HBP
[12, 13]. In our study, we observed the imaging
features of IMC on Gd-BOPTA-enhanced MR
imaging. Gd-BOPTA was selected for our study
rather than Gd-EOB-DTPA. Although Gd-BOPTA
exhibits a later hepatobiliary phase (90-120
min) and a lower biliary excretion (3%-5%) [14],
it is less expensive, provides a greater degree
of vessel enhancement, and provides a compa-
rable enhancement of the liver parenchyma
[13].

Materials and methods
Patient selection

We searched the electronic medical records of
hospital and revealed that there were 185
patients with the diagnosis of IMCC who had
visited our hospital between January 2009 and
December 2015. Finally, we selected 93
patients who exactly met the following criteria:
(a) all of the lesions in the patients were treated
with surgical resection and pathologically con-
firmed to be cholangiocarcinomas (40 patients
were excluded); (b) the patients all underwent
the MR standard protocol described below, and
the MR images were sufficiently clear and free
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of motion artifacts for use in the imaging analy-
ses (11 patients were excluded); (c) the patients
did not undergo MR examintions with non-spe-
ciic extracellular contrast materials in a short
period of time (one month) (6 patients were
excluded); and (d) the patients did not have his-
tories of treatments including transcathet-
er arterial chemoemboliztion, radiofrequency
ablation, or percutaneous ethanol injection
prior to the MR examinations (14 patients were
excluded). Additionally, the cholangiocarcino-
mas of 21 patients were proven without surgery
and with percutaneous biopsy, considering the
limitations of biopsy, it is likely that combined
hepatocellular and cholangiocarcinomas (HCC-
CC) were mistaken for cholangiocarcinomas,
thus, we excluded the 21 patients from this
study for this reason. The patient details are
displayed in Table 1. This study was approved
by the ethics board of our institution.

MR protocol

All imaging was performed on a 3.0 T MRI sys-
tem (Magnetom Verio, Siemens, Germany). All
patients were imaged in the supine head-first
position with a surface phased array coil.
Breath-hold transverse T2-weighted turbo spin-
echo sequences (repetition time [TR] 3000-
4000 ms and echo time [TE] 90-104 ms) were
initially performed and followed by transverse
T1-weighted dual-echo in-phase and out-of-
phase sequences (flip angle, 70°; TR, 130; TE,
2.3 ms in-phase; TE, 3.7 ms out-of-phase) with
a 5-mm slice thickness and a 1-mm interspace.
Three-dimensional fat-saturated T1-weighted
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dynamic contrast-enhanced sequences (vol-
ume interpolated body examination, Siemens,
Germany) were applied during suspended res-
piration. Gadobenate dimeglumine (Gd-BOPTA,
MultiHance, 0.1 mmol/kg) was injected intrave-
nously as a contrast agent at a rate of 2.5 ml/s
via a power injector and followed with a 20-mL
saline flush. Dynamic contrast-enhanced MRI
was performed in the transverse plane with a
3-mm slice thickness in the hepatic arterial
phase (20-25 s), portal venous phase (60-70 s),
delayed phase (5 min), and hepatobiliary phase
(HBP) (90-100 min) following contrast inje-
ction.

Before the dynamic contrast-enhanced imag-
ing, a transverse respiratory-triggered DW sin-
gle-shot echo-planar imaging (SS-EPI) sequ-
ence was applied with tri-directional diffusion
gradients using two b values of O and 800 sec/
mm?. ADC maps were generated with a com-
mercially available software workstation sys-
tem (Syngo Multimodality workplace, Siemens,
Germany).

Image analysis

All of the magnetic resonance images were revi-
ewed by two radiologists on a picture archiving
and communication system workstation (PACS,
GE Healthcare, USA). The two radiologists had
20 and 8 years of diagnostic experience in
abdominal imaging, respectively, and this was
an independent review by each reviewer. The
radiologists knew that the reviewed lesions
were cholangiocarcinomas but were blind to all
additional histopathological details. The MR
images were reviewed in a random order to
avoid bias. Disagreements were resolved ba-
sed on the views of the third radiologist (12
years of experience in abdominal imaging) until
consensus was achieved. We evaluated 93
lesions in 93 patients, and no distant metasta-
ses were found in the hepatic segments out-
side of the lesions. In cases in which small nod-
ules (defined as satellite nodules) were present
around the lesion within the same hepatic seg-
ment, we evaluated only the dominant mass.

Qualitative analysis

We analyzed the signal intensities (Sls) of the
lesions on unenhanced TAWI and T2WI images
relative to the adjacent normal liver parenchy-
ma. The Sl was recorded as follows: (a) homo-
geneous hyperintense, (b) inhomogeneous
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hyperintense, (c) homogeneous hypointense,
(d) inhomogeneous hypointense, and (e) isoin-
tense. Hyperintensity was defined as a relative
Sl of the lesion that exceeded the adjacent nor-
mal liver parenchyma, hypointensity was de-
fined as a lesion S| below that of the adjacent
normal liver parenchyma, and isointensity was
defined as a lesion Sl equal to that of the adja-
cent normal liver parenchyma.

We evaluated the signal intensity in the cen-
ter and periphery of each lesion relative to the
intensity of the adjacent normal parenchyma in
the arterial phase, portal venous phase, de-
layed phase and hepatobiliary phase (HBP).
According to the signal characteristics, we re-
corded the lesions as within the following cate-
gories: (@) homogeneous hyperintensity, (b) in-
homogeneous hyperintensity, (¢) homogeneous
hypointensity, (d) inhomogeneous hypointensi-
ty, (e) central hyperintensity with peripheral
hypointensity, (f) central hypointensity with
peripheral hyperintensity, (g) central hypointen-
sity with lower peripheral lower rim hypointen-
sity, and (h) central hyperintensity with higher
peripheral rim hyperintensity. We also recorded
the signal characteristics of the IMC on diffu-
sion-weighted (DW) images according to their
performances.

We evaluated the enhancement patterns of
each of the lesions and recorded these pat-
terns as follows: (a) progressive enhancement:
peripheral enhancement in the arterial phase
and progressive centripetal enhancement in
the portal venous phase and delayed phase; (b)
weak enhancement in the arterial phase fol-
lowed by gradual enhancement in portal venous
and delayed phases. We defined weak enhance-
ment as that the lesion Sl was lower than the
normal liver parenchyma Sl on MR enhance-
ment images. (c) wash in with wash out: strong
enhancement in the arterial phase and wash-
ing out in the portal venous and delayed phas-
es; (d) no enhancement; and (e) stable:
enhancementthat was nearly invariant through-
out the arterial, portal venous and delayed
phases.

Based on the heterogeneity of the internal
structures of the lesions, we defined hyperin-
tensity on T2WI images combined with low Sl
on T1WI images and the lack of enhancement
on the post-enhancement images as liquefac-
tion and necrosis, respectively. We also record
lesion morphologic changes as (a) bile duct
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Figure 1. A 65-year-old woman with a histologically proven moderately differentiated intrahepatic mass-forming
cholangiocarcinoma. The lesion exhibits inhomogeneous hypointensity on TAWI 3D GRE with fat-saturation (A) and
inhomogeneous hyperintensity on T2WI FSE with fat-saturation (B) compared with the adjacent liver parenchyma.
Following the injection of Gd-BOPTA, the tumor exhibited peripheral rim enhancement in the arterial phase (C) and
progressive centripetal enhancement in the portal venous phase (D) and 10-min delayed phase (E). On HBP (F),
the lesion exhibited periphery rim-like hypointensity with central hyperintensity. In the delayed phase (E) and HBP
(F), the appearance of the target was observable. An axial DW image (G) (b value of 800 sec/mm?) also revealed
the appearance of the target with the performance of the peripheral rim hyperintensity with central hypointensity.
Photograph (H) is a microscopic image of the periphery of the tumor (H&E, x400), it revealed a large number of
tumor cells and plentiful tumor vessels in the periphery. Photograph (I) shows a microscopic image of the center of
the tumor (H&E 400) and indicated that the majority of the fibrous tissue was the center.

dilation, (b) adjacent liver capsule retraction, (c)
the adjacent liver capsule retraction or bulging,
(d) satellite nodules, (e) lymph node metasta-
ses, (f) vascular invasion.

In order to study which MR sequences can pro-
vide the best conspicuity and border of IMCs in
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dynamic phase and HBP images, we rated the
borders of IMCs compared to adjacent liver tis-
sues as 1= ill-defined, 2= blurred border, 3=
moderately border, 4= sharp border, 5= well-
defined. We also observed which sequences
the satellite nodules can be found in dynamic
phase and HBP images.
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Figure 2. A 73-year-old man with a histologically proven poorly differenti-
ated intrahepatic mass-forming cholangiocarcinoma. The lesion exhibits an
inhomogeneous hypointensity on TAIWI 3D GRE with fs (A) and a inhomo-
geneous hyperintensity on T2WI FSE with fs (B) compared to the adjacent
liver parenchyma. Following the injection of Gd-BOPTA, the tumor exhibited
weak peripheral rim enhancement in the arterial phase (C) and gradual en-

hancement in the portal venous
phase (D) and delayed phase (E).
On HBP (F, G), the exhibited a pe-
riphery rim-like hypointensity with
a central hyperintensity. In the
delayed phase (E), the HBP (F, G)
and DW (H) images revealed that
the target could be observed.
The satellite nodule can be more
clearly observed in the HBP phas-
es (F, G).

Quantitative analysis

We used regions of interest
(ROI) to measure the Sls in
the pre-enhancement images
and the arterial, portal
venous, delayed and hepato-
biliary phase images. The
lesion ROI was made as large
as possible (The ROI ranged
from 39.5-5878.9 mm?2). The
normal liver parenchyma ROI
were placed in the same slic-
es as the lesions. The ROI
measurement avoided large
blood vessels, necrosis and
artifacts. All Sls of the ROI
were measured twice, and the
average of these measure-
ments were used. Moreover,
we calculated the relative
contrast enhancement per-
centages of the lesions and
the adjacent normal liver
parenchyma in the post-en-
hancement phase with the
following formula: (Slpost-
Slpre)/Slpre x100% [15]. We
measured the ADC values of
all of the lesions. The ROIs on
the ADC maps was made as
large as possible in the solid
part of the lesions and also
avoided areas of necrosis and
cystic degeneration. Within
the same slices, we also cal-
culated the ADC values of the
adjacent normal parenchyma.
The ADC values were also
measured twice, and the aver-
ages of these values were
used. All of the above mea-
surements and calculations
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Figure 3. A 69-year-old man with a histolocally proven poorly different-ated
intrahepatic mass-forming cholangiocarcinoma. The lesion exhibited inho-
mogeneous hypoitensity on TAWI (A) and inhomogeneous hyperintensity on
T2WI (B). After the injection of Gd-BOPTA, the tumor exhibited a peripheral
rim enhancement in the arterial phase (C), and a gradual enhancement in
the portal venous phase (D) and delayed phase (E). On HBP (F), the lesion

exhibited a periphery rim-like hy-
pointensity with a central hyper-
intensity. The areas of central
hypointensity exhibited in the
delayed phase were almost com-
pletely overlapped by hyperinten-
sity in on HBP (F). In the delayed
phase (E), the target appearance
can be observed on the HBP (F)
and DW images (G). The tumor
and satellite nodule borders are
be more clearly depicted on the
HBP (F). Strong enhancement of
the intrahepetic bile duct can be
observed on the HBP (F), which
may indicate normal liver func-
tion in the patient.

were completed by a single
radiologist with six years of
abdominal imaging experi-
ence.

Additionally, to further study
the characteristics of the
lesions on HBP images and
ADC maps, we divided the
lesions into six subgroups
based on the following mor-
phological and histopatholog-
ical characteristics: 1, the
degree of differentiation; 2,
the presence or absence of
lymph node metastasis; 3,
the presence or absence of
satellite nodules; 4, the pres-
ence or absence of bile duct
invasion; 5, the presence or
absence of serosal invasion;
and 6, the presence or
absence of vascular invasion.
We compared the degrees of
enhancement on the HBP
images and the ADCs of the
lesions of the six subgroups.

Statistical analysis

All statistical analyses were
performed using SPSS ver-
sion 17.0 for Windows. In the
qualitative analysis, the in-
terobserver agreements re-
garding the enhancement
patterns and the signal inten-
sities were evaluated with K
statistics. We used the K val-
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Table 2. Signal characteristics of IMCs in each phase and DW images

Arterial

Portal vein Delayed

phase phase phase HBP bW
Central hypointensity with peripheral hyperintensity 80 (86.0%) 65 (69.9%) 0 0 34 (36.6%)
Central hyperintensity with peripheral hypointensity 0 25 (26.9%) 70(75.3%) 86 (92.5%) 0
Central hypointensity with peripheral rim hypointensity 0] 0] 21 (22.6%) 0 0
Central mixed signals with peripheral hyperintensity 0 0 0 0 47 (50.5%)
Inhomogeneous hypointensity 11 (11.8%) 1(1.1%) 1 (1.1%) 6 (6.5%) 0
Inhomogeneous hyperintensity 1(1.1%) 0] 0 0 13 (14.0%)
High-low mixed signal intensity 0 0 0 1(1.1%) 0
Table 3. Degree of enhancement of IMC on HBP images and ADCs of IMC
Morphologic and histopathological Number of Mean degree of Mean ADCs (103
characteristics patients enhancement (%)” P value mm?/s)” Pvalue
Differentiation
Moderate 38 482+ 15.6 0.028 0.98 + 0.22 0.033
Poor 55 35.5+18.9 0.75+0.18
Lymph node metastasis
Present 21 33.7+19.6 0.022 0.78 £0.31 0.875
Absent 72 476 + 18.8 0.89+0.41
Satellite nodule
Present 39 46.3 +28.8 0.059 0.75+0.19 0.088
Absent 54 489 + 14.2 0.91+0.24
Bile duct invasion
Present 44 39.6+17.2 0.445 0.87 £0.11 0.909
Absent 49 445+ 13.6 0.89 +0.24
Serosal invasion
Present 36 458+ 225 0.874 0.76 £ 0.78 0.669
Absent 57 42.7 +18.6 0.87 £ 0.24
Vascular invasion
Present 23 36.8 + 18.6 0.589 0.81+0.35 0.671
Absent 70 426 +14.2 0.84 +0.28

“Data of Degree of Enhancement and ADC are mean standard + deviation (x + SD).

ues to measure the degrees of interobserver
agreement as follows [16]: 0.81<k<1.00, ex-
cellent agreement; 0.61<k<0.80, substantial
agreement; 0.41<k<0.60, moderate agree-
ment; 0.21<k<0.40, fair agreement; and
k<0.20, slight agreement. We used Wilcoxon
signed-rank tests to evaluate the conspicuities
of the lesions on the dynamic phase and HBP
images. For the quantitative analysis, all of the
data we measured are expressed as the means
+ the standard deviations (x + SD). For the com-
parisons of the percentages of enhancement of
the lesions on the HBP images and the com-
parisons of the ADCs between the subgroups,
we used two-tailed unpaired Student’s t
tests. P values below 0.05 were considered
significant.
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Results

Results of the qualitative analyses

Interobserver agreement: Regarding the eval-
uations of the relative signal intensities of the
lesions in each phase, the interobserver
agreement was excellent (k=0.838). Regarding
the assessments of the lesion enhancement
patterns, interobserver agreement was also
excellent (k=0.902).

Signal characteristics of the lesions in each
sequence and enhancement phase

The Sl on the pre-enhancement and post-
enhancement images were evaluated. All of
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the lesions exhibited homogeneous or inhomo-
geneous hypointense on the TIWI images and
homogeneous or inhomogeneous hyperintense
on the T2WI compared with the adjacent liver
parenchyma.

In the post-enhancement images, the majority
of the lesions (86.0%, 80) exhibited central
hypointensity with peripheral hyperintensity in
the arterial phase followed by inhomogeneous
hypointensity (10.8%, 10) and inhomogeneous
hyperintensity (1.1%, 1). In the delayed phase,
the majority of the lesions (75.3%, 70) exhibit-
ed central hyperintensity with peripheral
hypointensity followed by central inhomoge-
neous hypointensity with peripheral lower rim
hypointensity (22.6%, 21) and inhomogeneous
hypointensity (1.5%, 1). In the delayed phase,
90 (96.8%) lesions exhibited peripheral rim-like
hypointensity with “target” appearances.

All of the 93 (100%) dominant masses were
observable in the DW images. 80 (86.0%)
lesions exhibited peripheral hyperintensity with
central inhomogeneous hypointensity (39) or
mixed signals (41), and 13 (14.0%) lesions
exhibited inhomogeneous hyperintensity.

Enhancement patterns: Peripheral enhance-
ment in the arterial phase followed by progres-
sive centripetal enhancement in the portal
venous and delayed phases was the most com-
mon enhancement pattern (86.0%, 80; Figure
1) followed by weak enhancement in the arteral
phase and gradual enhancement in the subse-
quent phases (10.8%, 10; Figure 2), and 1 case
(1.1%) of strong enhancement in the arterial ph-
ase and wash out in the portal venous and
delayed phases.

Morphological features of the lesions: 44 cases
(47.3%) of bile duct dilation were ob-
served including 26 cases (59.0%, 26/44) of
upstream bile duct dilation and 18 cases
(41.0%, 18/44) of upstream and downstream
bile duct dilatation. Capsule retraction and cap-
sule bulging were observed in 28 (30.1%) and 7
cases (7.5%), respectively. Different numbers
of satellite nodules were found in 39 cases
(41.9%), and lymph node metastases were
observed in 21 cases (22.6%). Additionally, vas-
cular invsion was observed in 23 cases (24.7%).

Characteristics of the lesions on hepatobiliary
phase (HBP) images: Regarding the lesion bor-
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der evaluations, the highest subjective conspi-
cuity ratings were observed on HBP images
(median, 5; interquartile range, 4-5), and these
ratings were significantly greater than those of
the dynamic enhancement phases (median, 4;
interquartile range 3-5). In the 39 cases in
which satellite nodules were found, there were
2 cases (2/39) that satellite nodule was only
found on HBP images but not in other enhance-
ment phases. Peripheral rim-like hypointensity
with central hyperintensity (91.4%, 85) was the
most prevalent signal characteristic on HBP
images (Figures 1, 3) followed by 5 cases
(5.4%) that exhibited inhomogeneous hypoin-
tensities, and 1 case (1.1%) that exhibited a
high-low mixed signal intensity. Among the 80
cases of central hypointensity with peripheral
hyperintensity in the arterial phase, the vast
majority (97.5%, 78) exhibited central hyperin-
tensity with peripheral rim-like hypointensity on
HBP images. Regarding the remaining 2 cases
(2.5%), one exhibited inhomogeneous hypoin-
tensity without peripheral hypointensity on HBP
images, and the other exhibited a discontinu-
ous hypointense rim in the periphery of the
lesion. Among the 85 cases with central hyper-
intensity with peripheral hypointensity on HBP
images, 50 cases (58.8%, 50/85) exhibited
central hyperintensity with peripheral hypoin-
tensity in the delayed phase (Table 2).

Results of the quantitative analyses

A total of 93 lesions were measured in our
study. 57 of these lesions (61.3%) were located
in the left lobe of the liver, 26 (28.0%) were
located in the right lobe of the liver, and 10
(10.7%) were located in the center. The average
lesion diameter was 6.2 + 2.5 cm (range: 2.2-
12.3 cm). The percentage contrast enhance-
ment relative to the normal liver parenchyma in
the arterial phase, portal venous phase, de-
layed phase and HBP were 29.3%, 71.7%,
63.6%, and 57.2%, respectively. The majority of
the lesions (91.4%, 85) exhibited the strongest
enhancement in the portal venous phase. The
enhancement percentage of all lesions in each
phase were also calculated. The greatest
enhancement occurred in the arterial phase in
8 cases (8.6%), in the venous phase in 13
cases (14.0%), in the delayed phase in 47
cases (50.5%), and on HBP in 26 cases (28.0%).
The average ADC value of all of the lesions was
0.9x10° mm?/s + 0.33x10° mm?/s (range:
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0.65%x10° mm?/s to 1.42x10° mm?/s), and the
average ADC value of the normal liver tissue
was 1.48%x10° mm?/s + 0.19x10° mm?/s.

The 93 lesions were divided into 6 subgroups
according to the morphological and histopatho-
logical characteristics of the lesions, and the
percentages of contrast enhancement on HBP
images and ADC values were also compared.
The moderately differentiated lesions (48.2%
+ 15.6%) exhibited a significantly higher per-
centage of enhancement on HBP images than
the poorly differentiated lesions (35.5% =+
18.9%; P=0.028). Additionally, the lesions with
lymph node metastasis (33.7% + 19.6%) exhib-
ited a lower enhancement percentage on HBP
images than the lesions without lymph node
metastasis (47.6% * 18.8%; P=0.022). No sig-
nificant between-subgroup differences were
found in terms of satellite nodules or bile duct
invasion, serosal invasion, and vascular inva-
sion of the lesions. Moreover, the average ADC
values of the moderately differentiated lesions
(0.98x10° mm?/s + 0.22x10° mm?/s) were
greater than those of the poorly differentiated
lesions (0.75x10° mm?2/s + 0.18x10° mm?/s;
P=0.033). The other 5 subgroups did not exhib-
it significant differences (Table 3).

Discussion

Previous research on the use of Gd-BOPTA-
enhanced MR to evaluate IMCs is rare [17-19],
and we are the first to extensively report the
imaging features of IMC on Gd-BOPTA-
enhanced MR imaging. In our study, peripheral
rim enhancement in the arterial phase followed
by progressive centripetal enhancement in the
portal venous and delayed phases was the
most prevalent enhancement pattern of the
IMCs (86.0%, 80), which is consistent with the
results obtained in previous CT and MR studies
involving conventional extracellular contrast
materials [20-24], and this enhancement pat-
tern was also consistent with previous results
obtained with the liver-specific contrast agents
Gd-BOPTA and Gd-EOB-DTPA [19, 25-27].
Pathologically, the typical enhancement pat-
tern of IMCs is caused by the growth of a large
number of active viable tumor cells and plenti-
ful tumor vessels in the peripheral area of the
tumor, which cause the peripheral enhance-
ment and hyperintensity, and a large amount of
fibrous tissue in the central area of tumor
causes the centripetal progressive enhance-
ment on MR images [25]. 10 cases (10.8%) in
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our study exhibited peripheral weak enhance-
ment in the arterial phase and progressive
enhancement in the portal venous and delayed
phases, which might have been due to rela-
tive hypovascularity in the peripheral areas of
the tumors.

Notably, in our study, one case exhibited a pat-
tern of marked enhancement in the arterial
phase, and the contrast material washed out in
the portal venous and delayed phases, and this
pattern is very similar to that of HCC. Previous
studies have shown that this atypical pattern
may be due to the presence of a large number
of tumor vessels in the fibrotic stroma [28].
Although such enhancement patterns are rare
in IMCs, they should be given proper attention
because it is very difficult to differentiate hyper-
vascular IMCs from HCCs.

In the arterial phase, the majority of the lesions
(80, 86.0%) exhibited central hypointensity
with peripheral hyperintensity, and 74 of 80
(74/80, 92.5%) cases exhibited central hyperin-
tensity with peripheral hypointensity on HBP
images. Due to the strong growth of tumor cells
and the lack of normal liver cells in the periph-
ery of the tumors, Gd-BOPTA cannot be taken
up by tumor cells on HBP images, and the tumor
cells thus exhibited hypointensity.

In our study, 70 lesions (75.3%) exhibited cen-
tral hyperintensity with peripheral hypointensity
in delayed phase, and 21 lesions (22.6%) exhib-
ited central inhomogeneous hypointensity with
peripheral lower rim hypointensity. Previous
studies have researched the characteristics of
this peripheral rim-like hypointensity in the
delayed phase, which has been defined as “tar-
get appearance” [18]. In the presence of abun-
dant blood vessels and tumor cells in the
periphery, the contrast material is released in
the delayed phase and exhibits hypointensity.
Central hyperintensity in the delayed phase
results from larger extracellular spaces in the
central area, and contrast material gradually
infiltrates the fiber matrix of the lesions, which
causes the retention of contrast material and
subsequent hyperintensity [29]. For these
lesions with central inhomogeneous hypointen-
sities, such signals in the center may be due to
the larger areas of necrosis within the lesions
or to the slower entry of the contrast material
due to the dense fibrous tissue within the
lesions. However, these areas of central inho-
mogeneous hypointensity in the delayed phase
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were found to exhibit a trend of gradual filling
with respect to the arterial and portal venous
phases, and the areas of inhomogeneous
hypointensity (with the exception of the necrot-
ic areas) in the delayed phase were hyperin-
tense on HBP images (Figure 3).

In our study, 85 lesions (91.4%) exhibited cen-
tral hyperintensity and peripheral hypointensity
on HBP, similar to the target appearance, which
is consistent with the results obtained with pre-
vious studies of Gd-BOPTA-enhanced MR imag-
es [18, 19, 30]. Peripheral hypointensity results
from the lack of normal hepatocytes in the
periphery of the IMC, and central hyperintensity
results from contrast material retention in the
central fibrotic stroma. Among the 85 cases
with typical imaging features on HBP images,
46 cases (46/85, 54.1%) exhibited target
appearance with central hyperintensity and
peripheral hypointensity in the delayed phase.
Lacomis et al. [21] believe that the retention of
contrast material in the delayed phase occurs
primarily in well-differentiated IMCs as opposed
to poorly differentiated IMCs. Notably, on the
Gd-BOPTA-enhanced MR images, the target
appearances of IMCs on HBP images were dif-
ferent from the appearances on Gd-EOB-DTPA-
enhanced images. Most of the IMCs exhibit
homogeneous or inhomogeneous hypointensi-
ties on HBP on Gd-EOB-DTPA-enhanced images
[25, 27]. Compared with Gd-BOPTA-enhanced
images, this finding might because of the more
rapid hepatocellular uptake of Gd-EOB-DTPA on
HBP, and it results in greater enhancement of
the liver parenchyma [31, 32], which results in
relative lesion hypointensity. Of course, on
Gd-BOPTA-enhanced images, the typical target
appearance on HBP images generally suggests
the diagnosis of IMC, but we should note that
this is not a specific feature of IMCs on HBP, it
is also common to metastatic adenocarcinoma
[30].

In our study, we evaluated the conspicuities of
IMCs on MR images. We found that the tumors
exhibited the greatest conspicuity on HBP
images, that was because that the degree of
enhancement of the liver parenchyma on HBP
was not significantly decreased, and the periph-
eral rim hypointensity provided good contrast
between the lesion and the adjacent liver
parenchyma. Therefore, the lesions were more
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clearly illustrated. The conspicuities of IMCs on
Gd-EOB-DTPA-enhanced images has previously
been studied [25, 27], and the same conclu-
sion was obtained. Because the IMCs exhibited
the greatest conspicuity on HBP images, this
phase should be used to better depict the bor-
der of the mass better and observe its delinea-
tion to aid the surgeon’s operative planning.
Satellite nodules are commonly found in IMCs
[22, 23]. Of the 93 cases in our study, 39 cases
(41.9%) were found to have satellite nodules
around the tumors. Due to the high conspicuity
on HBP, we observed satellite nodule near the
lesion on HBP images in 2 cases (2/39, 5.1%),
and these 2 satellite nodules were not observed
on unenhanced T1WI, T2WI and dynamic
enhancement phase images. With the excep-
tion of the two cases mentioned above, the sat-
ellite nodules of the other 26 cases were
observable in each phase. Satellite nodules
around IMCs are generally considered indica-
tors of poor prognoses [22, 23].

We also evaluated the degree of enhancement
of IMCs on HBP images. We found that the
degree of enhancement of the moderately dif-
ferentiated IMCs (48.2% + 15.6%) was greater
than that of the poorly differentiated IMCs
(35.5% + 18.9%) on HBP, and the degree of
enhancement of the IMCs without lymph node
metastases (47.6% + 18.8%) were greater than
those with lymph node metastases (33.7% *
19.6%). Few studies have examined the
degrees of enhancement of lesions on HBP
images [25]. Some researchers believe that the
degree of enhancement is related to the
amount of fibrous stroma [33], and some schol-
ars have suggested that well-differentiated
IMCs are more likely to exhibit contrast material
retention in delayed phase [21] and thus that
the relative degree of enhancement of well-dif-
ferentiated IMCs is higher. Poor differentiation
and lymph node metastasis have both been
related to poor prognoses [34, 35].

DWI has been proven to be an important func-
tional imaging sequence due to its ability to dif-
ferentiate tissues based on cellular density and
architectural changes. Currently DW imaging is
a standard MR protocol for detecting and char-
acterizing focal liver disease [36, 37]. Some
studies have reported the characteristics of
focal liver lesions on DW images [38, 39], but
few reports the features of intrahepatic cholan-
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giocarcinomas, particularly IMCs, on DW imag-
es [40, 41]. In the present study, we analyzed
the characteristics of 93 lesions on DW images
and measured the ADC values of both the
tumors and adjacent liver parenchyma. All of
the lesions were observable on DW images,
and most of the lesions (80, 86.0%) exhibited
peripheral hyperintensity with central inhomo-
geneous hypointensity or mixed signal. Park et
al. [41] reported that the target sign of small
IMCs (£3 cm in diameter) on DW images is a
reliable imaging feature for the differentiation
of IMCs from small HCCs. However, the target
appearance of larger IMCs (>3 cm) on DW imag-
es has not yet been reported. The ADC value is
a measure of water mobility that can be calcu-
lated based on ROIs in DW images. In ADC mea-
surements the value of b is a very important
source of variability. Zhang et al. [42] reported
that higher b values are associated with more
accurate ADC values. Cui et al. [43] believed
that lesions exhibit higher CNR, SIR and SNR
values at b=800 sec/mm?, which facilitates the
clear identification of masses. Therefore, we
select a b value of 800 sec/mm? for this study.
The ADC values of the tumors we measured
(0.9x10° mm?/s + 0.33x10° mm?/s) were sig-
nificantly lower than those of the surrounding
normal liver tissue (1.48x10° mm?/s *
0.19x10°mm?/s), which is consistent with the
results of a previous study that found that the
ADC values of malignancies are lower than
those of the liver parenchyma [44]. We also
been observed that the ADC values of poorly
differentiated tumors (0.75x10° mm?/s +
0.18x10° mm?/s) were lower than those of
moderately differentiated tumors (0.98x103
mm?/s + 0.22x10° mm?/s) because as the
degree of malignancy of the lesion increases,
high levels of cell proliferation lead to increased
cell density and increased intracellular macro-
molecular organelle densities in poorly differ-
entiated tumors. Thus, the extracellular space
is narrowed, which restricts the mobility of
water molecules and results in decreases in
ADC values [43]. Because poorly differentiated
tumors lead to poor prognoses, the ADC values
can be measured on MR images to predict the
degree of tumor differentiation prior to surgery
to make better therapeutic plans and improve
prognoses.

Our study also has some limitations. First, this
was a retrospective study, and patient selec-
tion bias might have been present. Second, we
did not directly compare the enhanced MR fea-
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tures of IMCs that resulted from conventional
extracellular contrast materials (such as
Gd-DTPA) and Gd-BOPTA. Third, we did not
directly compare IMCs and other tumors of the
liver (e.g., HCC). Fourth, because the lesions in
our study were all treated with surgical resec-
tion, and multiple distant metastases from the
liver was a contraindication for surgery, we did
not evaluate the features of the intrahepatic
metastases of IMC.

In conclusion, we evaluated the features of
IMCs on Gd-BOPTA-enhanced MR images and
found that the typical enhancement pattern of
IMCs involved a peripheral rim enhancement in
the arterial phase and a gradual enhancement
in the portal venous and delayed phases. The
majority of IMCs exhibited target appearances
involving a peripheral rim-like hypointensity on
the delayed phase and HBP images, and this
target appearance was also observed on DW
images, which also included the characteristic
of peripheral rim-like hyperintensity. On HBP
images, the majority of the lesions exhibited
central hyperintensity with peripheral rim-like
hypointensity. Moreover, the IMCs exhibited
greater conspicuities on HBP, which may help
to improve surgical treatment by providing bet-
ter delineation of tumors and satellite nodules.
Additionally, we found that the degrees of
enhancement of the moderately differentiated
lesions and the lesions without lymph node
metastasis were be higher than those of the
poorly differentiated lesions and the lesions
with lymph node metastases on HBP images.
The ADC values of the poorly differentiated
IMCs were lower than those of the moderately
differentiated tumors, and this difference is sig-
nificant for the prediction of the degree of
tumor differentiation prior to surgery to improve
the therapeutic plan.
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