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Objective: To investigate the value of diffusion-weighted imaging (DWI) combined with
the hepatobiliary phase (HBP) Gd-BOPTA enhancement in differentiating intrahepatic
mass-forming cholangiocarcinoma (IMCC) from atypical liver abscess.

Materials and Methods: A retrospective analysis was performed on 43 patients with
IMCCs (IMCC group) and 25 patients with atypical liver abscesses (liver abscess group).
The DWI signal, the absolute value of the contrast noise ratio (│CNR│) at the HBP, and
visibility were analyzed.

Results: A relatively high DWI signal and a relatively high peripheral signal were presented in
29 patients (67.5%) in the IMCC group, and a relatively high DWI signal was displayed in 15
patients (60.0%) in the atypical abscess group with a relatively high peripheral signal in only
one (6.7%) patient and a relatively high central signal in 14 (93.3%, 14/15). A significant
(P<0.001) difference existed in the pattern of signal between the two groups of patients. On
T2WI, IMCC was mainly manifested by homogeneous signal (53.5%), whereas atypical liver
abscesses were mainly manifested by heterogeneous signal and relatively high central
signal (32%, and 64%), with a significant difference (P<0.001) in T2WI imaging presentation
between the two groups. On the HBP imaging, there was a statistically significant difference
in peripheral │CNR│ (P< 0.001) and visibility between two groups. The sensitivity of the
HBP imaging was significantly (P=0.002) higher than that of DWI. The sensitivity and
accuracy of DWI combined with enhanced HBP imaging were significantly (P=0.002 and
P<0.001) higher than those of either HBP imaging or DWI alone.

Conclusion: Intrahepatic mass-forming cholangiocarcinoma and atypical liver abscesses
exhibit different imaging signals, and combination of DWI and hepatobiliary-phase enhanced
imaging has higher sensitivity and accuracy than either technique in differentiating
intrahepatic mass-forming cholangiocarcinoma from atypical liver abscesses.

Keywords: intrahepatic mass-forming cholangiocarcinoma, atypical liver abscess, DWI, hepatobiliary phase,
enhanced imaging
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INTRODUCTION

Biliary tract cancer (BTC) encompasses a group of rare,
heterogeneous, and highly aggressive hepatobiliary malignancies,
including ampulla of Vater cancer, gallbladder cancer, extrahepatic
cholangiocarcinoma, and intrahepatic cholangiocarcinoma (1). A
significant proportion of patients with BTC were found to be
unresectable during exploratory laparotomy, and potentially
curative surgical resection is possible only in approximately 25%
of these patients, for which the recurrence rates are extremely high
even after radical surgical resection (2). Intrahepatic mass-forming
cholangiocarcinoma (IMCC) is the most common subtype of
intrahepatic cholangiocarcinoma. Liver abscesses with a central
area of necrotic liquefaction, a peripheral “ring-target sign”, and
focal intrahepatic gas on computed tomography (CT) images are
referred to as the typical liver abscess (3, 4), whereas others without
these typical imaging features are atypical ones (5). IMCC may
present with fever as the first clinical symptom, similar to that of
liver abscesses, whereas atypical liver abscesses may have no clinical
manifestations or symptoms, similar to those of a liver tumor (3).
Because both IMCCs and atypical liver abscesses may have the
following characteristics of a single lesion, edge ring enhancement,
and continuous enhancement on conventional CT imaging, it is
very difficult to distinguish these two disease entities (5). High signal
on T2WI, enhancement degree of edge parenchyma at the arterial
phase, enhancement speed of central parenchyma at a late
enhancement phase, and dynamic enhancement patterns on
conventional magnetic resonance imaging (MRI) may have some
values in differentiation of the two diseases (5–7). However, the two
diseases have varied imaging morphology, density, signal,
enhancement mode, and prognoses (8), necessitating
different treatments.

IMCCs may exhibit a high signal on MRI diffusion-weighted
imaging (DWI), whereas atypical liver abscesses have a high
signal in the cystic region (9). In areas around the IMCC lesions,
tumor tissue is rich with limited diffusion of water molecules,
whereas in the central region, tumor cells are sparse and are
primarily fibrostromal and fibroblast cells (9, 10). IMCCs may
present with an overall high signal on DWI (6), but when the
tumor lesion is simultaneously infected with bacteria, the lesion
may display heterogeneous signals which can be easily confused
with atypical liver abscesses (11). On the contrary, an atypical
liver abscess with less or no necrosis, especially at the early stage
of development, may present with a high signal or heterogeneous
signal, similar to that of a tumor (11, 12).

Application of a hepatocyte specific contrast agent, such as
Gadobenate dimeglumine (Gd-BOPTA), has a certain value in
the diagnosis of liver lesions. Low signal at the hepatobiliary
phase (HBP) is a comparative characteristic and an independent
sign of malignant liver lesions (13). At the HBP, IMCCs may
demonstrate a low peripheral signal and a high central signal,
which was referred to as the “target sign” (9, 14–18), whereas the
peripheral part of an atypical liver abscess exhibits continuous
enhancement (8). However, the target ring sign may not always
be demonstrated on the image of IMCCs, and in cases of
cirrhosis or abnormal liver function, IMCCs may have a low
signal (19).
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DWI and imaging at the HBP may thus have some values in
differentiating IMCCs from atypical liver abscesses, but the
correct diagnosis may be missed for either single imaging
method. It was thus speculated that the combination of the
two would be effective in differentiating the two diseases. This
study was consequently performed to investigate the value of
DWI combined with the imaging at the HBP of Gd-BOPTA
enhancement for the diagnosis of IMCCs and atypical
liver abscesses.
MATERIALS AND METHODS

Subjects
This retrospective cohort study was approved by the ethics
committee of our hospital (201710281), and all patients had
provided signed informed consent to participate. Patients with
IMCCs or atypical liver abscesses were enrolled from October
2017 to May 2020. For the IMCC group, the inclusion criteria
were patients with IMCCs confirmed by surgery or percutaneous
biopsy and with complete pre-operative liver contrast enhanced
MRI. The exclusion criteria were patients with liver metastasis,
coexistence of hepatocellular carcinoma confirmed by pathology,
and poor image quality precluding analysis. Forty-three patients
with IMCCs were enrolled including 25 males and 18 females
with a mean age 63 ± 10 years (Figure 1). For the atypical liver
abscess group, the inclusion criteria were patients with liver
abscesses confirmed by reduced lesion volume on reexamination
imaging after surgery, percutaneous biopsy or treatment, and
patients who had undergone MRI examination before pathology.
The exclusion criteria were patients with typical liver abscesses
(3, 4) and poor image quality precluding analysis. Twenty-five
patients with atypical liver abscesses were enrolled including 12
males and 13 females with a mean age 59 ± 11 years (Figure 1).
Among the 25 cases with atypical liver abscesses, two were
confirmed as inflammatory lesions by biopsy pathology,
whereas the remaining 23 patients had lesions which shrank or
disappeared on ultrasound or CT follow-up imaging.

MRI Examination
GE Discovery MR 750 3.0T scanning equipment (GE Medical
Systems, Milwaukee, WI, USA) and Philips Achieva 1.5T MR
scanning equipment (Amsterdam, The Netherlands) were used.
Axial fat suppression T2WI (Figures 2A, 3A), in-phase T1WI
and out-phase T1WI (Figures 2B, 3B), axial DWI (Figures 2C,
3C), axial VIBE mask (pre-scan T1WI), axial VIBE phase III
dynamic enhanced scan, and HBP scan (Figures 2D, 3D) were
performed. The scanning parameters for GE Discovery MR 750
3.0T scanner were: (1) T2WI: TR 8000ms, TE 68.90ms, NEX 2,
layer thickness 5.0mm, layer spacing 6mm, matrix 320×320, and
FOV 40cm×40cm; (2) T1WI: TR 3.70ms, TE 2.23ms, NEX 0.70,
layer thickness 5.0mm, layer spacing 2.5mm, matrix 260×224,
and FOV 40cm×40cm; (3) DWI: TR 7500 ms, TE 80 ms, NEX 6,
layer thickness 5.0mm, layer spacing 6mm, matrix 128×130, and
FOV 40cm×40cm; (4) VIBE scanning: TR 3.70ms, TE 1.67ms,
NEX 0.70, layer thickness 5.0mm, layer spacing 2.5mm, matrix
May 2022 | Volume 12 | Article 723089
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260×224, and FOV 40cm×40cm. The scanning parameters for
Philips Achieva 1.5T MR scanner were: (1) T2WI: TR 334ms, TE
65ms, NEX 2, layer thickness 5.0mm, layer spacing 6mm, matrix
220×252, and FOV 40.2cm×40.2cm; (2) T1WI: TR 175 ms, TE 4
ms, NEX 1, layer thickness 7.0 mm, layer spacing 8.0mm, matrix
260×202, and FOV 37.5cm×37.5cm; (3) DWI: TR 1574 ms, TE
64 ms, NEX 6, layer thickness 7.0 mm, layer spacing 8.0 mm,
matrix 124×124, and FOV 37.5cm×37.5 cm; (4) VIBE scanning:
TR 3.96 ms, TE 1.87 ms, NEX 1, layer thickness 7.0 mm, layer
spacing 8.0mm, matrix 192×192, and FOV 34.7cm×34.7cm.

Gd-BOPTA was used as the contrast agent and injected
through the cubital vein, with a dose of 0.1 mmol/kg and an
injection flow rate of 2ml/s, followed by a wash with at least 20ml
physiological saline at the same rate. Early and late arterial stages
and portal and equilibrium phase scans were performed at 15–
20s, 35–40s, 60 s and 180 s, respectively, after contrast injection.
A 90-minute delay was required for the hepatobiliary scan.

Image Analysis
Images were reviewed by two imaging diagnostic physicians with
ten years of experience without knowledge of the pathological
Frontiers in Oncology | www.frontiersin.org 3
results. In the case of disagreement, consensus was reached
through consultation. The MRI findings were described
according to the following characteristic parameters. (1) General
conditions: morphology regularity, boundary clarity, capsule
existence, necrotic cystic degeneration, steatosis, and existence of
bleeding. (2)DWI signal pattern: homogeneous or heterogeneous
high signal, relatively high central or peripheral signal (compared
with the central signal, the peripheral higher signal is defined as
the relatively high peripheral signal; compared with the peripheral
signal, the central higher signal is defined as the relatively high
central signal). (3)T2WI signal pattern: homogeneous or
heterogeneous high signal, relatively high central or peripheral
signal. (4) HBP signal pattern: homogeneous or heterogeneous
high signal, homogeneous low signal, high or low central or
peripheral signal. Lesions’ signal intensity (SIlesion), normal liver
parenchyma performance (SIliver), and background signal intensity
(SIbackground) were measured. The measurement methods were as
follows: first, the lesions suspected to have bleeding were removed
from the mask. The region of interest (ROI) was placed both
peripherally and centrally. The signal of surrounding normal liver
parenchyma was measured on the same liver lobe at the maximal
FIGURE 1 | Process of patient enrollment in different groups.
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level of the lesion, within a radius of 40mm from the lesion.
Hepatic vessels and biliary tract were avoided as much as possible.
All data were measured three times and averaged. The SIbackground
was measured in the right anterior area of the abdominal wall with
the standard deviation of SIbackground set as the calculated value
(SD.SIbackground). According to the data obtained, the absolute
value of the contrast to noise ratio (CNR) for hepatobiliary lesions
was calculated from the formula: │CNR│ = │SIlesion – SIliver│/
SD.SIbackground× 100%. (5) Assessment of visibility of hepatobiliary
lesions was performed based on how clearly the edges and
contours of the lesion appeared on the MRI image, with scores
on a 5-point scale: 1 = completely invisible, 2 = very obscure or
hard to see, 3 = fair, 4 = good display, and 5 = very good.

Statistical Methods
The SPSS 25.0 statistical software (IBM, Chicago, IL, USA) was
used. Measurement data were presented as mean ± standard
deviation (SD). The independent sample t test was used to
compare the measurement data between groups. Classified data
were presented as numbers and frequency and analyzed with the
Chi square test or Fisher’s exact probability method. The P values of
multigroup Chi square were corrected by Bonferroni. The
significant P value was set as <0.05.
Frontiers in Oncology | www.frontiersin.org 4
RESULTS

There were no statistically significant (P>0.05) differences in
gender, age, lesion location, maximal diameter, morphology, and
boundary between patients with IMCCs and liver abscesses,
however, a significant (P<0.05) difference existed in the cystic
degeneration characteristic (Table 1).

A relatively high DWI signal was presented in 29 patients
(67.5%, 29/43) in the IMCC group (Figures 2A–E) and in 15
patients (60.0%, 15/25) in the atypical liver abscess group
(Figures 3A–E), with no significant (P=0.54) differences between
the two groups (Table 2). However, all these 29 patients (100.0%)
with a relatively high DWI signal in the IMCC group presented with
a relatively high peripheral signal with no one having a relatively
high central signal, whereas only one (6.7%, 1/15) of the 15 patients
with a relatively high DWI signal in the atypical liver abscess group
exhibited a relatively high peripheral signal with the other 14
(93.3%, 14/15) showing a relatively high central signal (Table 3
and Figure 3C). A significant (P<0.001) difference existed in the
proportion of patients presenting with this pattern of central and
peripheral signal between the two groups (Table 3).

In the IMCC group, 23 (53.5%, 23/43) patients presented with
a homogeneous high signal, five (11.6%, 5/43) exhibited
A B

D E

C

FIGURE 2 | Imaging of intrahepatic mass-forming cholangiocarcinoma. A 66-year-old woman had cholangiocarcinoma with fatigue, no obvious cause of poor
appetite, and laboratory examination of CA19-9 13455 U/mL. (A, B) (T2WI and T1WI) showed a lobulated mass with a long T1 and slightly longer T2 signal with
clear boundaries. (C) The lesion showed a peripheral relatively high signal on DWI image. (D) On the hepatobiliary-phase enhanced imaging, the peripheral signal
was low, whereas the central signal was high. The │CNR│ was 34.92 in the peripheral region but 20.94 in the central. The visibility score was 5. (E) Pathological
sections showed heterogeneous epithelial cells in the fibrous tissues, some of which were glandular and in cords, with mucinous degeneration in the interstitial
fibrous tissues. The pathologic diagnosis was cholangiocarcinoma (medium–poorly differentiated).
May 2022 | Volume 12 | Article 723089
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heterogeneous high signals, five (11.6%, 5/43) showed a relatively
high peripheral signal, and ten (23.3%, 10/43) displayed a
relatively high central signal in T2WI sequence. In the atypical
liver abscess group, one (4%, 1/25) patient presented with a
homogeneous high signal, eight (32%, 8/25) exhibited
heterogeneous high signals, no patients showed a relatively
Frontiers in Oncology | www.frontiersin.org 5
high peripheral signal, and sixteen (64%, 16/25) displayed a
relatively high central signal in T2WI sequence. A significant
(P=0.000) difference existed in the proportion of patients
presenting with the four signals. The IMCC group was mainly
characterized by uniform high signal in T2WI sequence (53.5%),
while the atypical liver abscess group was mainly characterized
TABLE 1 | Demography and clinical information.

group tl c2 P
IMCC atypical liver abscess

sex male 25 12 0.801 0.426
female 18 13

age
(years, mean ± SD)

63±10 59±11 1.569 0.121

location left 13 6 0.704 0.703
right 18 13
left and right 12 6

largest diameter
(cm,mean ± SD)

5.96±2.9 5.98±3.2 -0.023 0.981

morphology regular 28 21 2.800 0.094
irregular 15 4

boundary clear 38 18 2.916 0.088
fuzzy 5 7

necrotic or cystic degeneration yes 0 20 – 0.002
no 43 5
May 2022 |
 Volume 12 | Article 7
The statistical method was the Fisher exact probability method, without specific test value. IMCC, intrahepatic mass-forming cholangiocarcinoma; SD, standard deviation.
A B

D E

C

FIGURE 3 | Imaging of hepatic abscess. A 60-year-old female patient was admitted to our hospital mainly due to a fever for 4 days with the white blood cell count
of 9.38×109/L and the percentage of neutrophils of 83.1%. (A, B) T2WI and T1WI showed a round mass shadow in the left lobe with a clear boundary, slightly
longer T1 and slightly longer T2 signal. (C) The DWI image showed multiple high spotted signals in the center, and the central signal was higher than the peripheral
signal. (D) On the hepatobiliary-phase enhanced imaging, the lesion showed a slightly high peripheral signal and patchy low signal in the center. The │CNR│ was
17.17 in the peripheral region but 13.21 in the central. The visibility score was 3. (E) Pathological sections showed fibrocystic wall tissue with acute and chronic
inflammatory cell infiltration, but no clear lining epithelium. Some small vessels were dilated and congested, which was consistent with the wall of a liver abscess. The
pathologic diagnosis was a hepatic abscess.
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by relatively high central signal in T2WI sequence
(64%) (Table 4).

In the IMCC group, there were five cases (11.6%, 5/43) with a
lesion of low signal and 38 cases (88.4%, 38/43) with a lesion of low
signal in the peripheral region but high signal in the center on the
enhanced images at the HBP (Figure 2D). The │CNR│ was 42.76
± 3.93 in the peripheral region but 25.81 ± 2.89 in the center. The
visibility was 3.9 ± 0.7. In the atypical liver abscess group, 21 cases
(84%, 21/25) had a lesion with slightly higher peripheral signal but
uneven and low central signal (Figure 3D), and four cases (16%, 4/
25) had a lesion with low peripheral signal but uneven central
signal. The │CNR│ was 21.70 ± 3.88 in the peripheral region but
21.54 ± 4.75 in the center. The visibility was 2.7 ± 0.7. A significant
(P < 0.05) difference was detected in the values of peripheral
│CNR│ and visibility between the two groups (Table 5).

The diagnosis of IMCC (the positive group, n=43) and
atypical liver abscesses (the negative group, n=25) was shown
in Table 6 using the approaches of DWI, hepatobiliary-stage
imaging, DWI combined with the enhanced HBP imaging,
surgical pathology (Figures 2E, 3E), and follow-up. The
Frontiers in Oncology | www.frontiersin.org 6
sensitivity of the HBP imaging was significantly (P=0.002)
higher than that of DWI. The sensitivity and accuracy of DWI
combined with the HBP imaging were significantly higher
(P=0.002 and P<0.001, respectively) than those of either the
HBP imaging or DWI alone (Table 7). No significant (P>0.05)
difference was found in the specificity of different approaches.
DISCUSSION

In our study, 67.5% (29/43) of the IMCC lesions presented with
relatively high signals, all of which exhibited a relatively high
peripheral signal (100.0%) on DWI images, whereas 60.0% (15/
25) of the atypical liver abscess group demonstrated a relatively
high signal, with only one displaying homogeneous high
peripheral signal but 14 (93.3%, 14/15) showing a relatively
high signal in the center. The lower the degree of
differentiation of an IMCC lesion, the greater the probability of
a target ring (20).The high signal in the center of an atypical liver
abscess is caused by denatured and necrotic neutrophils and
TABLE 2 | Relative, homogeneous and heterogeneous high DWI signal between IMCCs and atypical liver abscess.

group relatively high signal homogeneous or heterogeneous high signal

IMCC (n=43) 29 (67.5%) 14
atypical liver abscess (n=25) 15 (60.0%) 10
c2 0.383
P 0.536
IMCC, intrahepatic mass-forming cholangiocarcinoma; DWI, diffusion-weighted imaging.
TABLE 3 | Relative, peripheral and central high DWI signal between IMCC and atypical liver abscess.

Group (relatively high signal) relatively high peripheral signal relatively high central signal

IMCC (n=29) 29 (100%) 0 (0.0%)
atypical liver abscess (n=15) 1 (6.7%) 14 (93.3%)
c2 —

P <0.001
May 2022
The statistical method was the Fisher exact probability method, without specific test value. IMCC, intrahepatic mass-forming cholangiocarcinoma; DWI, diffusion-weighted imaging.
TABLE 4 | T2WI signal characteristics between IMCCs and atypical liver abscesses.

group relatively high peripheral signal relatively high central signal homogeneous high signal heterogeneous high signal

IMCC (n=43) 5 (11.6%) 10 (23.3%) 23 (53.5%) 5 (11.6%)
atypical liver abscess (n=25) 0 (0%) 16 (64%) 1 (4%) 8 (32%)
c2 —

P 0.000
The statistical method was the Fisher exact probability method, without specific test value. IMCC, intrahepatic mass-forming cholangiocarcinoma. T2WI, T2-Weighted imaging.
TABLE 5 | Comparation of IMCCs and atypical liver abscess in │CNR│.

group peripheral│CNR│(�x  ±  s) center│CNR│(�x  ±  s) visibility

IMCC 42.76±3.93 25.81±2.89 3.9±0.7
atypical liver
abscess

21.70±3.88 21.54±4.75 2.7±0.7

P 0.001 0.421 <0.001
| Volume 12 | Articl
IMCC, intrahepatic mass-forming cholangiocarcinoma; │CNR│, absolute value of the contrast noise ratio.
e 723089
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necrotic dissolved tissue debris (5, 6). Joo et al. (21) found that
detection of IMCC in the DWI sequence had a probability of
68.5%, consistent with our results. However, Park et al. (20) and
Min et al. (14) found that the probability of detecting the target
sign of IMCC in the DWI sequence was 75% and 83.5%,
respectively, much higher than that in our study. This may be
caused by lower differentiation of the lesion in the cases collected
in the study by Park et al, thus leading to a high probability of
detecting the target sign. In addition, the DWI signal intensity is
affected by T2WI signal intensity changes (T2 penetration effect
and T2 darkening effect). Dense collagen or coagulative necrosis
in the focal center of IMCC reduces T2WI signal intensity, which
can be directly transformed into the central dark area on DWI
(14). Areas containing loose fibrous tissue or necrosis can result
in increased diffusivity and central dark areas with high b-value
(14). The ADC (apparent diffusion coefficient) values of IMCC
lesions at different b values were lower than those of atypical liver
abscesses (22).

On the HBP imaging, an IMCC lesion is more likely to
present with (about 88.4%, 38/43) a low peripheral signal but a
high central signal (target sign), which is due to accumulation of
contrast agent in the fibrous tissue. The edge of the tumor lesion
lacks normal functioning liver cells and is unable to absorb the
liver cell specific contrast agent (9, 14–18, 23, 24). Atypical liver
abscess lesions (about 84%,21/25) may present with a peripheral
slightly higher signal and a low and uneven central signal.
Because the peripheral part of an atypical liver abscess is
mainly composed of hepatocytes with a zone of inflammatory
edema and granulation tissue, which has some normal
hepatocyte function, the contrast agent can be taken up (8).
The boundary between an IMCC lesion and the liver
parenchyma on the HBP imaging was clear, which was more
striking in the IMCC lesion than that of an atypical liver abscess.
The IMCC lesion is most clearly displayed on the HBP imaging
Frontiers in Oncology | www.frontiersin.org 7
(25). The peripheral signal of an atypical liver abscess was slightly
higher than that of the liver parenchyma, and the lesion seems to
have signs of reduction in size. Some CT-related research had
found that the atypical liver abscess lesions showed peripheral
equal density at the delayed stage and seemed to decrease in size
compared with those seen on plain CT imaging, which is referred
to as a shrinkage sign (26–28). The shrinking sign of the liver
abscess lesion reflects the inflammatory reaction of suppurative
inflammation or residual liver tissue, caused by slow infiltration
and clearance of contrast agent in pyogenic granulation tissue
(26, 28). Based on these findings, the atypical liver abscess lesion
may also have a mass shrinkage sign on the HBP imaging, with
equal or slightly higher signal boundaries.

There have been few reports on the differential diagnosis
between IMCCs and atypical liver abscesses using DWI
combined with the HBP enhanced imaging of Gd-BOPTA. In
our study, it was found that the sensitivity of the HBP imaging
was significantly higher than that of DWI. The sensitivity and
accuracy of DWI combined with the HBP imaging were
significantly higher than those of either the HBP imaging or
DWI alone. Chen et al. (22) found that the sensitivity, specificity,
and accuracy of DWI in the diagnosis of intrahepatic
cholangiocarcinoma were 98.15%, 100%, and 98.82%,
respectively, higher than those in our study. A possible reason
is that Chen et al. used DWI signal analysis of the lesion as a
whole. In their study (22), DWI signals were subdivided into a
relatively high peripheral signal and a relatively high central
signal, which were more distinguishable, according to the signal
characteristics of the lesions. Therefore, combination of DWI
and HBP imaging has significantly higher sensitivity and
accuracy than those of a single technique alone.

In the pathological study, IMCC lesions mainly presented with
heterogeneous epithelial cells in the fibrous tissue which may
demonstrate mucinous degeneration, whereas atypical liver
TABLE 6 | Diagnostic results of different modes.

methods Surgical pathology or follow-up results

positive negative total

DWI positive 29 1 30
negative 14 24 38
Total 43 25 68

Hepatobiliary-stage imaging positive 38 4 42
negative 5 21 26
Total 43 25 68

DWI and hepatobiliary- stage imaging positive 39 0 39
negative 4 25 29
total 43 25 68
May 2022 | Volume 12 | Arti
DWI, diffusion-weighted imaging.
TABLE 7 | Comparison of diagnostic sensitivity, specificity, and accuracy between different modes (%).

methods Sensitivity specificity accuracy

DWI 67.4 (29/43) 96.0 (24/25) 77.9 (53/68)
Hepatobiliary-stage imaging 88.4 (38/43)* 84.0 (21/25) 86.8 (59/68)
Combination of two 90.7 (39/43)** 100.0 (25/25) 94.1 (64/68)**
*P<0.05 between hepatobiliary-stage imaging and DWI. **P<0.01 between DWI combined with hepatobiliary-phase imaging and DWI alone and between DWI combined with
hepatobiliary-phase imaging and hepatobiliary-phase imaging alone. DWI, diffusion-weighted imaging.
cle 723089
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abscesses have acute and chronic inflammatory cell infiltration but
no lining epithelial cells. In the atypical liver abscess, the small
vessels are dilated and congested. Interactions and crosstalk between
malignant tumor cells and surrounding vessels are one of the pivotal
physiological events in the expansion and dissemination of
neoplastic cells (29). Antitumor immunity plays a very important
role in this process (29). The imaging presentations of both IMCCs
and atypical liver abscesses may reflect the constant crosstalk and
interactions between the neoplastic cells and surrounding tissues as
well as the process of neoplastic expansion. The changes of vascular
structures and inflammatory cell infiltration may have some values
in the differentiation of IMCCs from atypical hepatic abscesses on
imaging presentations, and strategies combining anti-angiogenic
therapy and immunotherapy have the potential to change the
vascular structure and inflammatory cell infiltration in the
neoplastic microenvironment, thus improving the treatment
response and effects. Ultimately, the imaging presentations of
IMCCs may be changed with use of these treatment strategies.

The results of this study can provide a theoretical basis for
differentiating IMCC from atypical liver abscess and improve the
diagnostic rate. At the same time, our study outcomes can also
provide a basis for wide application of the liver specific contrast
agent Gd-BOPTA. The relationship of different pathological types
and different pathological grades of IMCCs with the image
manifestations of MRI scanning sequences is still poorly
investigated, and more data of patients are necessary for such
studies. Hepatocyte specific contrast agents will be widely used in
the next five years. Their characteristic imaging manifestations,
such as target sign andmulti-layer target sign, are of great values in
the differentiation of liver neoplastic and non-neoplastic lesions.
Moreover, the study of these liver lesions will be more detailed,
including pathological type and grade as well as interaction
between the lesion and the surrounding microenvironment.

Some limitations existed in our study, including the
retrospective and one-center design, a small cohort of patients,
and Chinese patients enrolled only. Moreover, the IMCCs of
different pathological types and liver abscesses caused by
different pathogens were not further divided and analyzed.
These limitations may affect the generalization of this study. In
order to achieve a better outcome, future studies should be
designed and performed with a large cohort of patients,
prospective and multi-center design, patients of different races
being enrolled, and analyses of IMCCs of different pathological
types and live abscesses caused by different pathogens.

In conclusion, IMCCs exhibit a relatively high peripheral signal
on DWI, a homogeneous high signal on T2WI, and a typical “target
Frontiers in Oncology | www.frontiersin.org 8
sign”, with a clear boundary on the hepatobiliary-phase imaging.
However, atypical liver abscesses display a relatively high central
signal on DWI, a relatively high central signal on T2WI, a slightly
high peripheral signal but an uneven low central signal, with no
clear boundary on the hepatobiliary-phase imaging. Combination of
DWI and hepatobiliary-phase enhanced imaging has higher
sensitivity and accuracy than those of either technique in
differentiating IMCCs from atypical liver abscesses.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Affiliated Hospital of Hebei
University. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

Study design: L-HX, X-PY, and B-LG. Data collection: L-HX,
L-YZ, YZ, XM, Z-PM, and Y-JZ. Data analysis: L-HX, X-PY, and
B-LG. Supervision: Y-JZ. Writing of the original version: L-HX.
Revision of the paper: B-LG. All authors contributed to the
article and approved the submitted version.
FUNDING

Hebei Provincial Science and Technology Project (192777131D);
Hebei Provincial Health Commission (G2019041). Key Science and
Technology Research Program of Hebei Province (20210789), the
study of IVIM-DWI combined with Gd-BOPTA in hepatobiliary
stage in the identification of Intrahepatic cholangiocarcinoma and
atypical liver abscess; Baoding Science and Technology Bureau
project (2041ZF176), study on the differential value of IVIM-DWI
combined with Gd-BOPTA in hepatobiliary stage for intrahepatic
mass-forming cholangiocarcinoma and atypical liver abscess.
REFERENCES
1. Rizzo A, Ricci AD, Brandi G. Recent Advances of Immunotherapy for Biliary

Tract Cancer. Expert Rev Gastroenterol Hepatol (2021) 15(5):527–36. doi:
10.1080/17474124.2021.1853527

2. Rizzo A, Brandi G. Pitfalls, Challenges, and Updates in Adjuvant Systemic
Treatment for Resected Biliary Tract Cancer. Expert Rev Gastroenterol
Hepatol (2021) 15(5):547–54. doi: 10.1080/17474124.2021.1890031

3. Zeng B, Yu H. ImagingFindings and Differential Diagnosis of Atypical Liver
Abscess. Med Rev (2017) 23:4342–6. doi: 10.3969/j.issn.1006-2084.
2017.21036
4. Sudanke, Xie D, Liang S. CT Diagnosis of Atypical Liver Abscess (Analysis of
10 Cases). Clin Radiol (1998) 06:342–4. doi: 10.13437/j.cnki.jcr.1998.06.010

5. Qi Y, Guo J, Zhou X, Fan X. Differential Diagnosis of Intrahepatic Bile Duct
Cell Carcinoma and Atypical Liver Abscess by CT and MRI. J Med Imaging
(2020) 30:1433–6. doi: cnki:sun:xyxz.0.2020-08-029

6. Li BR, Xiao Y, Luo X, Lei L, Zhao X, Zhong Y, et al. Differential Diagnosis
of Intrahepatic Bile Duct Cell Carcinoma and Atypical Liver Abscess by
MRI. Chin J Radiol (2019) 53:370–4. doi: 10.3760/cma.j.issn.1005-
1021.2019.05.008

7. Talati K, Lee KS. Magnetic Resonance Imaging of Hepatic Abscesses. Semin
Roentgeno (2017) 52(2):73–82. doi: 10.1053/j.ro.2016.05.014
May 2022 | Volume 12 | Article 723089

https://doi.org/10.1080/17474124.2021.1853527
https://doi.org/10.1080/17474124.2021.1890031
https://doi.org/10.3969/j.issn.1006-2084.2017.21036
https://doi.org/10.3969/j.issn.1006-2084.2017.21036
https://doi.org/10.13437/j.cnki.jcr.1998.06.010
https://doi.org/cnki:sun:xyxz.0.2020-08-029
https://doi.org/10.3760/cma.j.issn.1005-1021.2019.05.008
https://doi.org/10.3760/cma.j.issn.1005-1021.2019.05.008
https://doi.org/10.1053/j.ro.2016.05.014
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Xing et al. Medical Imaging for Cholangiocarcinoma
8. Wang LS, Tang HM, Chen B, Li A. Application of Enhanced MRI
in Differential Diagnosis of Peripheral Cholangiocarcinoma and Liver
Abscess. Radiol Pract (2019) 6:646–50. doi: 10.13609/j.cnki.1000-0313.
2019.06.010

9. Xu CC, Tang YF, Ruan XZ, Huang QL, Sun L, Li J. The Value of Gd-BOPTA-
Enhanced MRIs and DWI in the Diagnosis of Intrahepatic Mass-Forming
Cholangiocarcinoma. Neoplasma (2017) 64:945–53. doi: 10.4149/
neo_2017_619

10. Aishima S, Oda Y. Pathogenesis and Classification of Intrahepatic
Cholangiocarcinoma: Different Characters of Perihilar Large Duct Type
Versus Peripheral Small Duct Type. J Hepatobi Pancreat Sci (2015) 22:94–
100. doi: 10.1002/jhbp.154

11. Zhang Y, Wang X, Peng J, Huang J-B. Intrahepatic Cholangiolithiasis
Accompanied by Cholangiocellular Carcinoma and Hepatic Abscess: A
Case of Misdiagnosis. Guangdong Med Med (2017) 38:2105. doi: 10.13820/
j.cnki.gdyx.017.13.042

12. Song A, Bao Y. Application Value of Diffusional Weighted Imaging in the
Diagnosis of Liver Abscess. Imaging Res Med Appl (2018) 2(23):90–2.

13. Masatoshi K. Will Gd-EOB-MRI Change the Diagnostic Algorithm in
Hepatocellular Carcinoma? Oncology (2010) 78:87–93. doi: 10.1159/
000315235

14. Min JH, Kim YK, Choi SY, Jeong WK, Lee WJ, Ha SY, et al. Differentiation
Between Cholangiocarcinoma and Hepatocellular Carcinoma With Target
Sign on Diffusion-Weighted Imaging and Hepatobiliary Phase Gadoxetic
Acid-Enhanced MR Imaging: Classification Tree Analysis Applying Capsule
and Septum. Eur J Radiol (2017) 92:1–10. doi: 10.1016/j.ejrad.2017.04.008

15. Haradome H, Unno T, Morisaka H, Toda Y, Kwee TC, Kondo H, et al.
Gadoxetic Acid Disodium-Enhanced MR Imaging of Cholangiolocellular
Carcinoma of the Liver: Imaging Characteristics and Histopathological
Correlations. Eur Radiol (2017) 27:4461–71. doi: 10.1007/s00330-017-4811-2

16. Mamone G, Marrone G, Caruso S, Carollo V, Gentile G, Crino’ F, et al.
Intrahepatic Mass-Forming Cholangiocarcinoma: Enhancement Pattern on
Gd-BOPTA-MRI With Emphasis of Hepatobiliary Phase. Abdom Imaging
(2015) 40:2313–22. doi: 10.1007/s00261-015-0445-5

17. You MW, Yun SJ. Differentiating Between Hepatocellular Carcinoma and
Intrahepatic Cholangiocarcinoma Using Contrast-Enhanced MRI Features: A
Systematic Review and Meta-Analysis. Clin Radiol (2019) 74:9–18. doi:
10.1016/j.crad.2018.12.016

18. Jeong HT, Kim MJ, Chung YE, Choi JY, Park YN, Kim KW.
Gadoxetate Disodium-Enhanced MRI of Mass-Forming Intrahepatic
Cholangiocarcinomas: Imaging-Histologic Correlation. AJR Am J
Roentgenol (2013) 201:W603–611. doi: 10.2214/AJR.12.10262

19. Abdominal Group, Radiology Society of Chinese Medical Association. Expert
Consensus on Magnetic Resonance Imaging Contrast Agent Gadolinium
Becumeglumine Liver Application. Chin J Hepatobi Surg (2017) 23:577–84.

20. Quaia E, Angileri R, Arban F, Gennari AG, Cova MA. Predictors of
Intrahepatic Cholangiocarcinoma in Cirrhotic Patients Scanned by
Gadobenate Dimeglumine-Enhanced Magnetic Resonance Imaging:
Diagnostic Accuracy and Confidence. Clin Imaging (2015) 39:1032–8. doi:
10.1016/j.clinimag.2015.06.013
Frontiers in Oncology | www.frontiersin.org 9
21. Park HJ, Kim YK, Park MJ, Lee WJ. Small Intrahepatic Mass-Forming
Cholangiocarcinoma: Target Sign on Diffusion-Weighted Imaging for
Differentiation From Hepatocellular Carcinoma. Abdom Imaging (2013)
38:793–801. doi: 10.1007/s00261-012-9943-x

22. Joo I, Lee JM, Lee SM, Lee JS, Park JY, Han JK. Diagnostic Accuracy of Liver
Imaging Reporting and Data System (LI-RADS) V2014 for Intrahepatic Mass-
Forming Cholangiocarcinomas in Patients With Chronic Liver Disease on
Gadoxetic Acid-Enhanced MRI. J Magn Reson Imaging (2016) 44:1330–8. doi:
10.1002/jmri.25287

23. Kim R, Lee JM, Shin CI, Lee ES, Yoon JH, Joo I, et al. Differentiation of
Intrahepatic Mass-Forming Cholangiocarcinoma From Hepatocellular
Carcinoma on Gadoxetic Acid-Enhanced Liver MR Imaging. Eur Radiol
(2016) 26:1808–17. doi: 10.1007/s00330-015-4005-8

24. Koh J, Chung YE, Nahm JH, Kim HY, Kim KS, Park YN, et al. Intrahepatic
Mass-Forming Cholangiocarcinoma: Prognostic Value of Preoperative
Gadoxetic Acid-Enhanced MRI. Eur Radiol (2016) 26:407–16. doi: 10.1007/
s00330-015-3846-5

25. Chen X, Bai J. MRI, CT and DWI Differential Diagnosis of Intrahepatic
Cholangiocarcinoma and Atypical Liver Abscess. Clin Res Pract (2020) 5:111–3.
doi: 10.19347/j.cnki.2096-1413.202016042

26. Kang Y, Lee JM, Kim SH, Han JK, Choi BI. Intrahepatic Mass-Forming
Cholangiocarcinoma: Enhancement Patterns on Gadoxetic Acid-Enhanced
MR Images. Radiology (2012) 264:751–60. doi: 10.1148/radiol.12112308

27. Wang H, Yang G. CT Features and Differential Diagnosis of Cystic
Intrahepatic Cholangiocarcinoma and Hepatic Abscess. Radiol Pract (2013)
28:424–7. doi: 10.13609/j.cnki.1000-0313.2013.04.034

28. Zhang Y. The Clinical Value of 128-Slice Spiral CT in the Diagnosis of Liver
Abscess. Chin Foreign Med (2019) 38:178–80. doi: 10.16662/j.cnki.1674-
0742.2019.31.178

29. Solimando AG, De Summa S, Vacca A, Ribatti D. Cancer-Associated
Angiogenesis: The Endothelial Cell as a Checkpoint for Immunological
Patrolling. Cancers (Basel) (2020) 12(11):3380. doi: 10.3390/cancers12113380

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Xing, Zhuo, Zhang, Ma, Ma, Zhao, Yin and Gao. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2022 | Volume 12 | Article 723089

https://doi.org/10.13609/j.cnki.1000-0313.2019.06.010
https://doi.org/10.13609/j.cnki.1000-0313.2019.06.010
https://doi.org/10.4149/neo_2017_619
https://doi.org/10.4149/neo_2017_619
https://doi.org/10.1002/jhbp.154
https://doi.org/10.13820/j.cnki.gdyx.017.13.042
https://doi.org/10.13820/j.cnki.gdyx.017.13.042
https://doi.org/10.1159/000315235
https://doi.org/10.1159/000315235
https://doi.org/10.1016/j.ejrad.2017.04.008
https://doi.org/10.1007/s00330-017-4811-2
https://doi.org/10.1007/s00261-015-0445-5
https://doi.org/10.1016/j.crad.2018.12.016
https://doi.org/10.2214/AJR.12.10262
https://doi.org/10.1016/j.clinimag.2015.06.013
https://doi.org/10.1007/s00261-012-9943-x
https://doi.org/10.1002/jmri.25287
https://doi.org/10.1007/s00330-015-4005-8
https://doi.org/10.1007/s00330-015-3846-5
https://doi.org/10.1007/s00330-015-3846-5
https://doi.org/10.19347/j.cnki.2096-1413.202016042
https://doi.org/10.1148/radiol.12112308
https://doi.org/10.13609/j.cnki.1000-0313.2013.04.034
https://doi.org/10.16662/j.cnki.1674-0742.2019.31.178
https://doi.org/10.16662/j.cnki.1674-0742.2019.31.178
https://doi.org/10.3390/cancers12113380
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	DWI Combined With Hepatobiliary-Phase Enhanced Imaging Can Better Differentiate Cholangiocarcinoma From Atypical Liver Abscesses
	Introduction
	Materials and Methods
	Subjects
	MRI Examination
	Image Analysis
	Statistical Methods

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


