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Abstract

Purpose To determine the differential features of inflammatory myofibroblastic tumor (IMT) and intrahepatic cholan-
giocarcinoma (ICC) manifesting as target appearance on gadoxetic acid-enhanced MRI.

Methods Twenty-seven patients with 36 IMTs (1.2-6.0 cm) and 34 patients with 34 ICCs (1.5-6.0 cm) who underwent
gadoxetic acid-enhanced MRI were enrolled in this study. Two reviewers evaluated morphology, signal intensity, and
enhancement features of tumors on T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), diffusion-weighted
imaging (DWI), and gadoxetic acid-enhanced imaging.

Results As for 32 IMTs with target appearance, IMTs most commonly demonstrated early target appearance characterized
by a peripheral hypointense rim on unenhanced TIWI (n = 27, 84.4%), central enhanced area with a hypointense rim on
arterial phase (AP) and portal venous phase (PVP) (n =29, 90.6%), and transitional phase (TP) (n = 28, 87.5%).
Meanwhile, most of the ICCs showed homogeneous hypointensity on TIWI (100%), a hyperenhancing rim on AP, late
target appearance on TP (n = 32, 94.1%) and HBP (n = 32, 94.1%). Target appearance on DWI appearing as hyperin-
tensity with central hypointense area was seen in 2 IMTs and 32 ICCs. On T2WI, 24 IMTs (n = 24, 75.0%) displayed
central iso- and peripheral hyperintensity and 27 ICCs (84.4%) showed layered hyperintensity with either brighter or darker
area in center. The remaining six IMTs with no target were observed as cystic appearing nodules (n = 3) or ill-defined
hypovascular nodules (n = 2) and fibrotic mass (n = 1).

Conclusion IMTs often show early target appearance on unenhanced T1WI, and early dynamic phases of gadoxetic acid-
enhanced MRI. Target appearance on later phases, such as TP and HBP, and DWI target appearance were commonly in
ICCs, but rare in IMTs.
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Introduction

Inflammatory myofibroblastic tumors (IMTs) of the liver
are rare benign tumors composed of myofibroblastic
mesenchymal spindle cells accompanied by infiltration of
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Samsung Medical Center, Sungkyunkwan University School inflammatory cells [1]. According to the World Health
of Medicine, 50, lwon-Dong, Kangnam-Ku, Seoul 135-710, Organization classification, they are considered as inter-
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mediate-grade tumors which have the potential for
recurrence after treatment and although rare even distant
metastasis can occur. The etiology and pathogenesis of
hepatic IMT are poorly documented, but IMT has been
reported to be associated with various comorbid
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conditions, such as viral or parasitic infections [2], gall-
stones [3], chronic cholangitis, biliary obstruction, and
autoimmune diseases [4].

Several reports have described the imaging findings of
IMTs [5-9]. However, these reports seem to be somewhat
inconsistent and the characteristic radiological features
remain unclear. As a result, on imaging assessment IMTs
can be easily mistaken for other benign and malignant
lesions, including but not limited to mass-forming intra-
hepatic cholangiocarcinoma (ICC), hepatocellular carci-
noma, or a hepatic abscess [5-8].

Gadoxetic acid (Gd-EOB-DTPA; Primovist ® Bayer
Healthcare) is a widely used magnetic resonance (MR)
contrast agent, serving as both an extracellular agent and
hepatobiliary agent. In general, ICC is known to appear
hypointense on hepatobiliary phase (HBP). But in typical
cases the HBP imaging features can be further detailed as
an overall hypointense mass demonstrating a relatively
hyperintense center (or relatively less hypointense cen-
ter) surrounded by a truly hypointense rim. This pre-
sentation frequently called as the “targetoid appearance”
which is considered as an ancillary feature highly
specific for ICC [10]. This concept also has been
embedded in the Liver Imaging Reporting and Data
System (LI-RADS) v2017 which describes about targe-
toid dynamic enhancement and targetoid appearance on
transitional phase (TP) or HBP or diffusion-weighted
imaging (DWI) [10].

Meanwhile the concept of targetoid appearance can be
quite confusing when it comes to the differentiation
between IMT as ICC because both disease entities may
present with targetoid appearance on MRI [6, 8, 11-13].
Not surprisingly, IMTs frequently reach the correct
diagnosis only after the patient underwent surgical
resection [5-7]. Given that IMT can spontaneously
regress without treatment, differentiation between IMT
and ICC has clinical impact to avoid unnecessary surgery
or delayed treatment of ICC with dismal prognosis [14].
Although biopsy could be reliable tool for diagnosis of
IMT, it carries sampling error and a risk of complications
[15]. To that end, it is worthwhile to elucidate reliable
imaging findings that can precisely distinguish between
IMT and ICC, and therefore guide to establish optimal
strategies for diagnosis and treatment. To the best our
knowledge, there has not yet been a study comparing the
imaging features between IMT and ICC based on
gadoxetic acid-enhanced magnetic resonance imaging
(MRI). This study aimed to compare the imaging features
of IMT and ICC on gadoxetic acid-enhanced MRI, and
therefore elucidate the imaging features that will aid the
differential diagnosis.
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Materials and methods
Patients

This retrospective study was approved by our institutional
review board. Informed consent was waived. We searched
our hospital’s pathological database between November
2011 and December 2017 using search terms of “inflam-
matory myofibroblastic tumor.” A total of 29 patients were
identified. Among these patients, we selected 27 IMT
patients (16 men and 11 women; age range, 40-71 years;
mean, 56.5 years) who had undergone gadoxetic acid MRI.
The remaining 2 patients were excluded as they had no
MRI examinations. We also searched our hospital’s
pathological database for patients diagnosed with mass-
forming ICC. This query yielded 130 patients. Ninety-six
patients were excluded either because (1) the tumor lesions
were large (range: 6.2 cm—14.0 cm) and necrotic change
seemed to be extensive leading to an overall imaging
presentation not typical of targetoid appearance on HBP or
DWI (i.e., large central cystic portion) or (2) other ICC
features such as peritumoral biliary dilatation, lymph node
metastasis, and satellite nodules were obvious. Finally, we
included 34 patients (24 men and 10 women; age range,
36-78 years; mean, 61.2 years) with 34 ICCs measuring
6.0 cm or less in diameter. Table 1 shows the size of
tumors included in the study. Tumor diameters ranged from
1.2 to 6.0 cm (mean £ SD, 2.83 & 1.24 cm) in 36 IMTs,
and from 1.5 cm to 6.0 cm (mean + SD, 3.69 4+ 1.30 cm)

Table 1 Summary of patient characteristics

IMT (n = 27) ICC (n = 34)
Age
Mean (year) 56.5 61.2
Range (year) 40-71 36-78
Sex
Male 16 24
Female 11 10
Size
Range (cm) 1.2-6.0 1.5-6.0
Mean £ SD (cm) 2.83 £ 1.24 3.69 £+ 1.30
Number
Single 20 34
Multiple 7 0
CA 19-9 (U/ml)* 4.0 (1.2-65.0) 17.0 (1.2-177.0)
Symptom Fever (n = 2) Fever (n = 1)
Weight loss (n = 2)
IMT inflammatory myofibroblastic tumor, ICC intrahepatic

cholangiocarcinoma

“Data are medians, with the range in parentheses
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in 34 ICCs. To be more specific, 26 IMTs and 20 ICCs
were smaller than 3 ¢cm in diameter.

Reference standard

The histopathologic diagnosis of IMT was confirmed with
surgical specimens in 4 lesions of 3 patients, and by per-
cutaneous biopsy in the remaining 24 patients. All 34 ICCs
were confirmed on surgical specimens. The average time
interval between MR examination and surgery was 15 days
(range, 7-25 days). The patients who received surgery
underwent segmentectomy (n =7), bisegmentectomy
(n = 10) or lobectomy (n = 20).

MR examination

All MRI scans were acquired using an Intera Achieva 3.0-T
whole-body MR system (Philips Healthcare, Best, The
Netherlands) equipped with a dual-source parallel
radiofrequency transmission system and a 16-channel
phased-array coil used as the receiver coil. Baseline MRI
included T1-weighted turbo field-echo in-phase and
opposed sequence (TR/first echo TE, second echo TE,
10/2.3 [in-phase], 3.45 [opposed-phase]; flip angle, 15°
matrix size, 256 x 194; bandwidth, 434.3 Hz/pixel),
breath-hold multishot T2-weighted sequence with an
acceleration factor of 2 (1796/70; flip angle, 90°; matrix
size, 324 x 235; bandwidth, 258.4 Hz/pixel), and respira-
tory-triggered single-shot heavily T2-weighted sequence
with an acceleration factor of 2 (1802/160; flip angle, 90°;
matrix size, 252 x 254; bandwidth, 420.9 Hz/pixel) with
5 mm section thickness and 32-38-cm field of view.

For gadoxetic acid-enhanced imaging, unenhanced,
arterial phase (AP, 20-35 s), portal venous phase (PVP,
60 s), 3-min transitional phase (TP), and 20-min HBP were
obtained using T1-weighted 3D turbo field-echo sequence
(enhanced T1 high-resolution isotropic volume examina-
tion; eTHRIVE, Philips Healthcare) (3.1/1.5; flip angle,
10°; matrix size, 256 x 256; bandwidth, 724.1 Hz/pixel)
with a 2 mm section thickness and 32-38 cm field of view.
Measured voxel size was 1.5 x 1.5 x 4.0 mm and recon-
structed voxel size was 1.17 x 1.17 x 2.0 mm. Contrast
agent was automatically administered intravenously at a
rate of 1 mL/s for a dose of 0.025 mmol/kg body weight
using a power injector, followed by a 20-mL saline flush.

Diffusion-weighted single-shot echo planar imaging
with simultaneous respiratory triggering was performed
using TR/TE of 1600/70 ms. Scanning parameters were as
follows: b value 0, 100, and 800 s/mmz; spectral presatu-
ration with inversion recovery for fat suppression; matrix
size, 100 x 100; acceleration factor of SENSE, 2.0; field
of view, 35 x 35 cm; number of excitations, 4; slice
thickness, 5 mm; slice gap, | mm; and axial slices, 33. The

apparent diffusion coefficient was calculated by a mono-
exponential function using b values of 100 and 800 s/mm”.

Image analysis

Two gastrointestinal radiologists (@ and @, with 11 and
18 years of experience in liver MRI, respectively)
reviewed MRIs on a picture archiving and communication
system (Pathspeed, GE Medical Systems Integrated Imag-
ing Solutions, Mt. Prospect, IL, USA). The two observers
independently evaluated (1) the shape of tumors, (2) signal
intensity of tumors relative to liver parenchyma on pre-
contrast T1-weighted imaging (TIWI), T2-weighted
imaging (T2WI), (3) enhancement pattern or signal inten-
sity focusing on targetoid appearance on gadoxetic acid-
enhanced imaging including AP, PVP, TP, and HBP, and
b-800 diffusion-weighted imaging (DWI) [11]. After
independently evaluating the images, the two observers
then jointly evaluated the results with discrepancy until a
consensus was reached.

Results
Baseline clinical characteristics

Table 1 shows the clinical features of study populations
and tumors included in the study. Four patients had chronic
hepatitis associated with viral hepatitis B. In case of the 27
IMT patients, two patients had four lesions, five patients
had two lesions, and the remaining 20 patients each had
one lesion. All patients with ICCs had a single tumor.
Twenty-four ICCs (70.6%) were considered to be moder-
ately differentiated, while 10 (29.4%) were poorly differ-
entiated. Thirty ICC (88.2%) lesions presented with more
or less necrosis (range 5-55%), with a median value of
20% necrosis.

MRI features

MRI features of IMTs and ICCs manifesting as target
appearance are summarized in Table 2. In addition, the
representative signal intensity patterns of tumors at each
MR sequence are also shown in Fig. 1. Of the tumors, 33
IMTs (86.8%) and 33 ICCs (97.1%) showed lobulated or
wavy contours, while the contours of the other tumors were
smooth.

MRI features of IMTs with target appearance
IMTs most commonly had an early target appearance

characterized by central isointensity and a peripheral
hypointense rim on unenhanced TIWI (n = 27, 84.4%),
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Table 2 Summary of imaging characteristics of IMT and ICC showing targetoid appearance

IMT (n = 32) ICC (n = 34)

TIWI

Hypointensity 5% 34

Target 27 0
T2WI

Moderate hyperintensity (central brightness) 8 7

Layered 24 Central brightness (7), darkness (12), both (8)
AP

Hyperintense rim 3 34

Target 29 (5, 24) 0
TP

Hypointensity 4 2

Target 28 32
HBP

Hypointensity 30 2

Target 2 32
DWI

Hyperintensity 30 2

Target 2 32
Central dot 18 0

IMT inflammatory myofibroblastic tumor, /CC intrahepatic cholangiocarcinoma, AP arterial phase, TP transitional phase, HBP hepatobiliary

phase

Target appearance on pre-and postcontrast TIWI (AP, TP, and HBP) consisted of central enhancement and peripheral hypointense rim. Target
appearance on DWI consisted of central hypointense area within hyperintensity. Data in parentheses represent number of lesion with central

hyperintensity and lesion with central isointensity, respectively
“Hypointensity in IMTs is not clear as in ICCs

(a)

Unenhanced Arterial phase Portal venous phase
Transitional phase Hepatobiliary phase T2-weighted image

Diffusion weighted imaging

J//iix )
S S
\

v

/’/7 4/
Unenhanced Arterial phase Portal venous phase
Transitional phase Hepatobiliary phase T2 weighted image

Diffusion weighted imaging

Fig. 1 Schematic picture explaining the image patterns of inflammatory myofibroblastic tumor (a) and intrahepatic cholangiocarcinoma (b) on

gadoxetic acid-enhanced MRI

central enhancement and a peripheral hypointense rim on
AP, PVP (n=29, 90.6%), and TP (n =28, 87.5%)
(Fig. 2), respectively. Consequently, the thin hypointense
rim responsible for the target appearance was persistently
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seen in 27 IMTs (84.4%) from unenhanced T1WI to TP.
On AP imaging, the degree of enhancement of the central
portion was comparable to that of the background liver in
24 IMTs (Fig. 2), while five IMTs showed relatively
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Fig. 2 A 3.5-cm inflammatory myofibroblastic tumor in a 63-year-old
man. On axial fat-suppressed T1-weighted 3D gradient echo images
obtained during a unenhanced phase, b arterial phase, ¢ portal venous
phase, and d 3-min transitional phase (d), a tumor with a mildly
lobulated contour (arrows) shows an early target appearance (a central
isointense area with a peripheral hypointense rim relative to the liver

stronger enhancement than that of the liver (Fig. 3). On TP
imaging, rim-like enhancement was seen in the remaining
four IMTs including three lesions with rim enhancement
that was identifiable from AP to TP (Fig. 4). On HBP
imaging, most IMTs (n =30, 93.8%) presented as
hypointense but still two lesions showed a target appear-
ance consisting of central enhancement with a peripheral
hypointense rim. On T2WI, 24 IMTs (n =24, 75.0%)
showed central isointensity similar to that of the back-
ground liver parenchyma and peripheral hyperintensity
(Figs. 2, 3). A tiny central dot was frequently observed

parenchyma). e On 20-min HBP, the tumor (arrow) appears as a
hypointense mass. f On T2-weighted imaging, the tumor (arrow) also
shows a layered appearance consisting of an inner isointense area
(black arrow) and a hyperintense outer rim relative to the liver
parenchyma. Note the tiny dot in the center of the tumor

which appeared hypointense on TIWI in 18 IMTs and on
T2WTI hyperintense in 15 IMTs (Figs. 2, 3).

MRI features of IMTs without target appearance

Out of six IMTs that showed no targetoid appearance, three
had wide area of central brightness on T2WI mimicking
cavity or cystic component that showed no enhancement.
They had peripheral rind that was nearly isointense on
unenhanced TIWI, AP, and PVP and hypointense on TP
and HBP compared to signal intensity of background liver.

@ Springer
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«Fig. 3 A 6.0-cm inflammatory myofibroblastic tumor in a 57-year-old
man. On axial fat-suppressed T1-weighted 3D gradient echo images
obtained during a unenhanced phase, b arterial phase, and ¢ portal
venous phase after gadoxetic acid administration, a tumor with mildly
lobulated contour (arrows) shows an early target appearance of (a
central iso- or hyperintense area with a peripheral hypointense rim
relative to the liver parenchyma). d On transitional phase imaging, the
tumor (arrow) is seen as an iso- or hypointense inner zone with a
hyperintense outer rim. e On 20-min HBP, the tumor (arrow) is seen
as a hypointense mass. f On T2-weighted and g diffusion-weighted
imaging at b = 800 s/mm?, the tumor (arrow) shows inner isointense
area (asterisk) and a hyperintense outer rim relative to the liver
parenchyma. Note the tiny dot (black arrow) in the center of the tumor

Two IMTs were seen as ill-defined irregular shaped
nodular lesion that showed subtle hypointensity on unen-
hanced and enhanced T1WIs and subtle hyperintensity on
T2WI and DWI with no obvious enhancement. The
remaining one was observed as round fibrotic mass that
showed dark signal intensity on T2WI and hypointensity on
unenhanced and enhanced T1WIs.

MRI features of ICCs

All ICCs showed homogeneous hypointensity on precon-
trast TIWI and a hyperenhancing peripheral rim with
various thicknesses on AP imaging (Fig. 5). Late target
appearance was observed in 32 ICCs (94.1%) on TP and
HBP imaging (Fig. 6) In addition, a non-enhancing defect
was present in the center of tumors which seemed to cor-
respond to a region of extensive tumor necrosis in 25 ICCs
(73.5%) (Fig. 4). On T2WI, 27 ICCs (84.4%) showed
layered hyperintensity accompanying a central brighter or
darker area that seemed to reflect the presence of fibrous
stroma accompanying varying degrees of necrosis.

On DWI, 32 ICCs (94.1%) showed target appearance
presenting with a relatively darker area in the central
portion of an overall hyperintense tumor (Fig. 5). Mean-
while, only two IMTs had a target appearance on DWIL.

Interobserver agreement for MRI findings

The x values between the two observers in assigning target
appearance were 0.938 for TIWI, 0.908 for AP, 0.626 for
TP, 0.817 for HBP, and 0.770 for DWI, indicating sub-
stantial to excellent degree of agreement.

Discussion

The reported imaging findings of IMTs in the literature
appears to be inconsistent and non-specific, and consider-
able overlap exists with those of ICCs, HCCs, or even
abscesses [16]. In this study, we focused on IMTs which

demonstrate targetoid appearance on gadoxetic acid-en-
hanced MRI, for such feature can closely mimic the
imaging presentation of ICC. The most prominent finding
in our study was that IMTs had a tendency to demonstrate
target appearance at the early part of dynamic study
(unenhanced T1WI and dynamic phases from AP to TP,
but not the HBP). Meanwhile, target appearance of ICCs
usually appeared only on TP and HBP.

The etiology and pathogenesis of hepatic IMT are not
fully understood. A fundamental question in the patho-
genesis of IMT is whether this disease entity is inflam-
matory or neoplastic in nature. Matsubara et al. [17]
proposed to categorize pulmonary inflammatory pseudo-
tumors into 3 major histologic subtypes: (1) organizing
pneumonia type, (2) fibrohistiocytoma type, and (3) lym-
phoplasmacytic type. Such concept is similar in line with
the view point that hepatic IMTs are associated with dif-
ferent underlying comorbidities, such as viral or parasitic
infections [2], gallstones [3], chronic cholangitis, biliary
obstruction, and autoimmune diseases [4]. We have spec-
ulated that the IMT cases in our study are more likely
inflammatory lesions and not neoplasms for a few reasons.
First, with the exception of three patients who underwent
surgical resection, spontaneous regression of the mass
occurred within 2 months even without any treatment. This
implies that the lesions were inflammatory lesions. Second,
even with the use of gadoxetic acid-enhanced MRI, the
image findings of our cases overlap with those of solid
organizing abscesses which also demonstrate early target
appearance: central enhancement and a peripheral
hypoattenuated or hypointense rim on AP of computed
tomography (CT) or MRI, followed by central low atten-
uation or a hypointense area with an enhancing peripheral
rim on 3-min delayed-phase imaging [8, 18, 19]. However,
the TP partly possess features of HBP and therefore is
distinct from the equilibrium phase of CT or MRI which
uses extracellular contrast agent. The wider inner portion of
solid organizing abscess could be interpreted as a granu-
lation tissue with hypervascularity that is seen as enhancing
area which is hyperintense or isointense relative to liver
parenchyma [18]. In addition, given that granulation tissue
approximates normal liver tissue during the healing pro-
cess, the signal intensity on unenhanced T1- and T2WI are
similar to that of normal liver parenchyma as shown in
most of our cases [18]. In addition, a central tiny cystic
space was noted in some cases of IMT as well as solid
organizing abscess, which probably represents remnant
necrotic space [18].

Three IMTs in our study were observed as wavy-con-
toured masses that showed early rim-like enhancement
followed by progressive gradual enhancement that retained
the rim-like enhancement pattern on PVP and TP. Inter-
estingly, on unenhanced T1WI, these cases were almost
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isointense without hypointense rim and not clearly delin-
eated, which are features that are not frequently observed
in typical ICC. Meanwhile, it has been reported that
inflammatory conditions more often appear as isointense
on unenhanced T1WI [20]. Such features along with the
fact that IMT lacks late target appearance and DWI target
appearance may be exploited to differentiate IMT from
ICC. The target appearance on DWI is now considered to
be an ancillary feature for ICC. In our study, only two
IMTs had a target appearance on DWI. Due to the inherent
T2 characteristics in DWI (T2 shine-through or T2 black

Fig. 5 A 4.0-cm intrahepatic cholangiocarcinoma in a 62-year-old»
man. On axial fat-suppressed T1-weighted 3D gradient echo images
obtained during a unenhanced phase, b arterial phase, ¢ portal venous
phase, d transitional phase, and e hepatobiliary phase after gadoxetic
acid administration, a tumor with a wavy contour (arrows) shows
early peripheral hyperenhancement followed by a late target appear-
ance (central enhancement and a hypointense rim on transitional
phase and hepatobiliary phase). Note the central hypointense area
representing necrosis. f On T2-weighted imaging, a central darker
area indicating fibrosis is observed. g On diffusion-weighted imaging
at b = 800 s/mm?, the tumor (arrow) also shows a target appearance
consisting of a central darker area and a hyperintense periphery

Fig. 4 A 3.5-cm inflammatory myofibroblastic tumor in a 75-year-old
woman. On axial fat-suppressed T1-weighted 3D gradient echo
images obtained during a unenhanced phase, b arterial phase,
c¢ transitional phase, and d hepatobiliary phase after gadoxetic acid
administration, a tumor with a wavy contour (arrows) shows early

@ Springer

peripheral hyperenhancement followed by a late target appearance on
HBP. Note that the lesion is not clearly seen on unenhanced T1-
weighted imaging. e On diffusion-weighted imaging at b = 800 s/
mm?, the tumor (arrow) does not show a target appearance
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Fig. 6 A 2.0-cm intrahepatic cholangiocarcinoma in a 68-year-old
woman. On axial fat-suppressed T1-weighted 3D gradient echo
images obtained during a unenhanced phase, b arterial phase, ¢ portal
venous phase, d transitional phase, and e hepatobiliary phase after
gadoxetic acid administration, a tumor with a wavy contour (arrows)
shows early peripheral hyperenhancement followed by a late target

@ Springer

appearance (central enhancement and a hypointense rim on transi-
tional phase and hepatobiliary phase). f On T2-weighted imaging, a
central darker and bright area indicating fibrosis are observed. g On
diffusion-weighted imaging at b = 800 s/mm?, the tumor (arrow) also
shows a target appearance consisting of a central darker area and a
hyperintense periphery
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out), two IMTs exhibit a target appearance on DWI due to
the inherent layered appearance on T2WI [21].

The central fibrotic component of ICC can exhibit
variable signal intensity on T2WI according to the matu-
ration and amount of collagen, of which component is
responsible for the central enhancement within the mass
contributing to the late target appearance on HBP and TP
[22, 23]. Meanwhile, the peripheral cellular area of ICC
exhibits rim enhancement on AP due to rich tumor vas-
cularity which later converts to become a hypointense rim
which consequently produces the late target appearance on
HBP. Smaller ICCs tend to have less fibrotic components
and higher cellular areas which in turn appear as hyper-
vascular tumors on AP mimicking HCC [23] or IMTs. This
is the main reason why we have chosen relatively smaller
ICCs for comparison. When using extracellular contrast
agent, central enhancement within ICC is usually seen at
the ultradelayed phase acquired at 5 min or later [24].
However, in our study most ICCs (n = 32) demonstrated a
late target appearance on 3-min TP as well as HBP. We
believe that this phenomenon reflects the short blood half-
life of gadoxetic acid.

This study is descriptive in nature and did not examine
the diagnostic performance on differentiation between IMT
and ICC. However, the results of our study present a clear
contrast between the two disease entities that both present
with target appearance at slightly different phases on
gadoxetic acid-enhanced MRI. For differentiating between
IMTs and ICCs with target appearance, when we apply
early target appearance, we can achieve 90.6% (n = 29/32)
of sensitivity and 100% specificity for identifying IMTs.
As for three lesions showing early rim-enhancing pattern,
application of nearly isointensity on unenhanced TIWI and
lack of DWI target and late target appearance can lead to
correct diagnosis of IMTs.

Several limitations of this study should be noted. First,
because this was a retrospective study, it may have some
inherent selection bias. As previously described since we
focused on tumors with targetoid appearance while focus-
ing on the possible effects of tumor size, we included
relatively smaller ICCs. Second, our study is descriptive
for a selected case series and thereby compared the imag-
ing features of two disease entities. Thus, we provided no
statistical data regarding the diagnostic performance of the
differential features. Third, we did not include other types
of hepatic tumors. The binary distinction between IMT and
ICC might oversimplify the clinical scenario. Nevertheless,
in clinical practice, accurate differentiation between IMT
and ICC is a concern. Fourth, we did not address the
question of whether IMT is an inflammatory lesion or a
true neoplasm. The pathological comparison between IMT
and solid organizing abscesses should be studied in the

future. Fifth, this study shares the intrinsic limitations of
any consensus review.

In conclusion, IMTs often show early target appearance
on unenhanced TIWI and early dynamic phases of
gadoxetic acid-enhanced MRI. Meanwhile, ICCs tended to
demonstrate late target appearance on TP and HBP, and
target appearance on DWI.
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