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Background: Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver tumor,
and local radiotherapy has a positive effect on patients with an unresectable tumor. Accurate delineation of
gross tumor volume (GTV) is crucial to improve the efficacy of radiotherapy. The purpose of this article was
to evaluate the consistency of CT, diffusion weighted imaging (DWI) and Gadoxetic acid disodium (Gd-
EOB-DTPA)-enhanced MRI on GTV delineation of ICC.

Methods: Fourteen patients with ICC underwent CT (Plain and Portal, CT scans before and 70 s after
the injection of Omnipaque, respectively), DWI, and Gd-EOB-DTPA-enhanced MRI (EOB 70 s and EOB
15 min, mDIXON scans at 70 s and 15 min after the injection of Gd-EOB-DTPA, respectively) examinations
before radiotherapy. Volumes of GTV delineation on CT and MRI images were recorded. Dice similarity
coefficient (DSC) was calculated to evaluate the spatial overlap.

Results: Tumor volume on DWT and EOB 15 min were larger than that on EOB 70 s significantly (both
P=0.004). DSC of DWI was significantly larger than that of other CT and MRI sequences (all P<0.002).
DSC of EOB 15 min tended to be larger than that of other CT sequences and EOB 70 s, however, without
significances (all P>0.005). Significant correlation was found between DSC and tumor volume (R=0.35,
P=0.003).

Conclusions: DWI had significantly higher agreement on GTV delineation of ICC. GTV delineations
of ICC on Gd-EOB-DTPA-enhanced MRI showed excellent inter-observer agreement. Fusion of CT and
MRI images should be considered to improve the accuracy of GTV delineation.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary liver tumor with an increasing
prevalence (1). The reason for the increased prevalence
might be that some adenocarcinomas with unknown
primary are now reclassified as ICC (1). Surgical resection
is a potential curative treatment, with a 5-year survival
rate of 15% to 40% (1,2). However, lesions of ICC in
many patients are beyond resectable criteria. In addition,
some elderly patients cannot undergo curative surgical
resection due to comorbidities (3). For those patients, local
radiotherapy has a positive effect on reducing tumor burden
and improving prognosis (4,5).

Accurate delineation of gross tumor volume (GTV)
is crucial to improve the efficacy of radiotherapy and
reduce radiation-induced complications (6,7). Computed
tomography (CT) remains the gold standard for GTV
delineation, but it has some limitations, such as insufficient
contrast between tumor and adjacent soft tissue (6).
Therefore, it is essential to combine techniques with high soft
tissue contrast to improve the accuracy of GTV delineation.

Magnetic resonance imaging (MRI) is an advanced
tool with high resolution of soft tissue, and has become
the standard imaging method for the detection and
characterization of liver tumors (8). Diffusion weighted
imaging (DWI) reflects the thermally random motion of
water molecule, which is influenced by the obstruction
of cell membranes and macromolecules in tissues (9). In
recent years, DWI has been widely used for the detection,
diagnosis, grading, and therapy response assessment of
liver tumors (10-13). Pathologically, collagen deposition
and fibrosis are the characteristics of ICC (14). Fibrosis in
tumor tissues limits the random motion of water molecules
and improves tumor definition on DWI images. Gadoxetic
acid disodium (Gd-EOB-DTPA) is a liver-specific MRI
contrast agent and has hepatocyte-selective properties.
Therefore, Gd-EOB-DTPA-enhanced MRI can provide
both vascular phase images and hepatocyte-selective phase
images, which has been applied to evaluate several liver
tumors (15,16). ICC originates from the intrahepatic biliary
epithelium (14), which does not demonstrate uptake of Gd-
EOB-DTPA. Therefore, there is theoretically no notable
Gd-EOB-DTPA uptake by ICC in hepatocyte-selective
phase, but the adjacent normal liver tissues would take
in Gd-EOB-DTPA (8). This facilitates the delineation
of ICC. Radiation therapy planning based on Gd-EOB-
DTPA-enhanced MRI has been used to preserve functional
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liver tissues adjacent to hepatocellular carcinoma during
radiotherapy (17). Therefore, we believe that DWI and Gd-
EOB-DTPA-enhanced MRI can contribute to the GTV
delineation of ICC.

The purpose of this study was to detect the inter-
observer agreement of GTV delineation on CT, DWI and
Gd-EOB-DTPA-enhanced MRI in ICC. Values of DWI
and Gd-EOB-DTPA-enhanced MRI in GTV delineation
of ICC was evaluated.

Methods
Patients

The ethical committee of Nanjing Drum Tower Hospital
approved this prospective study, and all patients gave
written informed consents. Fourteen patients (7 males and
7 females) affected by ICC were recruited between March
2017 and February 2019. Multiple liver lesions were found
in three patients, and single liver lesion was found in the
other eleven patients. The inclusion criteria were: (I) age
>18 years old; (II) pathologically confirmed ICC (needle
biopsy, abdominal laparotomy, or postoperative pathology);
(III) scheduled to undergo radiotherapy and receive CT
and MRI follow-ups in our hospital. The exclusion criteria
were: (I) patients with hilar cholangiocarcinoma or distal
cholangiocarcinoma; (II) the recurrent lesions that had
unclear boundary with the postoperative changes; (IIT) Gd-
EOB-DTPA-enhanced or iodinated contrast-enhanced
contraindications (e.g., GFR <30 mL/min or combined with
severe cardiovascular disease); (IV) MRI contraindications
(e.g., artificial cochlea or cardiac pacemaker implantation).

CT and MRI examinations

CT and MRI examinations for all patients were performed
before radiotherapy, and the interval between CT and
MRI scans was less than 2 weeks. All patients fasted for
4-8 hours before examinations. CT images were obtained
using a 64-multi-detector CT scanner (LightSpeed VCT,
GE Healthcare, Waukesha, USA), with supine position
and head-first. The time points for the arterial, portal,
and delayed CT scans were 35, 70 and 180 s after the
injection of Omnipaque (350 mgl/mL, GE Healthcare,
Shanghai, China), respectively. 80-100 mL omnipaque was
intravenously injected at a rate of 3.0 mL/s followed by
50 mL saline flush using a power injector (Medrad Stellant
CT Injector System; One Medrad Drive Indianola, PA,
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Figure 1 GTV delineation for ICC. (A) The location of ICC; (B) the delineation of GTV slice by slice; (C,D) exhibited the GTV

delineation on sagittal and coronal views, respectively.

USA). Plain and Portal were defined as CT scans before
and 70 s after the injection of Omnipaque, respectively. The
slice thickness for CT images was 5 mm.

MRI images were acquired using a 3.0-T MRI scanner
(Ingenia, Philips Medical Systems, Best, the Netherlands)
with a 16-channel phased-array body coil in supine position
and head-first. mDIXON sequence (water, fat, in-phase,
and out-phase images) with 2 mm slice thickness was used
to obtain T'1-weighted images. Gd-EOB-DTPA (Primovist;
Bayer HealthCare, Berlin, Germany) was used for enhanced
MRI protocol. Three-arterial-phase images (early arterial
phase, middle arterial phase, and late arterial phase) were
acquired at 20 s after the intravenous administration of Gd-
EOB-DTPA (0.025 mmol/kg), and each arterial phase was
6 s. Gd-EOB-DTPA was injected at a rate of 1.0 mL/s,
followed by 15 mL saline flush with a same speed using a
power injector (Medrad Spectris Solaris EP MR Injector
System; One Medrad Drive Indianola, PA, USA). Portal
phase images (EOB 70 s), delayed phase images, and
hepatobiliary phase images (EOB 15 min) were acquired
using mDIXON sequence at 70 s, 180 s, 15 min after the
injection of Gd-EOB-DTPA, respectively. A single shot
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echo-planar imaging (SS-EPI) DWI with b values of 0, 800,
and 1,000 s/mm’ was acquired, and the slice thickness was

6 mm. DWI image with b value of 1,000 s/mm’ was used
for GTV delineation.

Image analysis

All CT and MRI images were transferred to I'TK-SNAP
software (version 3.4.0, www.itksnap.org) for analysis.
GTV of ICC was independently delineated on CT and
MRI images by one radiation oncologist (with 4 years
of clinical experience in liver tumor radiotherapy) and
three radiologists (with 3, 5 and 8 years of experience in
liver imaging, respectively). GTV delineation included
the visible tumor area as shown in Figure 1. For multiple
hepatic lesions, only the largest one was chosen for GTV
delineation. None of the four observers knew any clinical
information of patients. Tumor volume was automatically
calculated after GTV delineation. The average tumor
volume delineated by the four observers was set as the final
tumor volume. Delineation of GTV by the four observers

via consensus was considered as the benchmark (18). Dice
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Table 1 Volumes and DSCs of GTV on different CT and MRI
sequences

Parameters Mean (standard deviation) = Median (range)

Volume (cm®)

Plain 92.1 (112.0) 69.5 (3.2-442.8)
Portal 79.3 (82.5) 64.4 (1.8-312.8)
DWI 117.8 (120.1) 97.1 (1.4-441.1)
EOB70s 80.5 (77.7) 66.9 (0.6-279.1)
EOB 15 min 105.6 (117.2) 84.7 (3.2-443.1)

DSC
Plain 0.78 (0.24) 0.89 (0.00-0.97)
Portal 0.82 (0.19) 0.88 (0.00-0.97)
DWI 0.90 (0.09) 0.92 (0.51-0.97)
EOB70's 0.84 (0.14) 0.89 (0.37-0.96)
EOB 15 min 0.85 (0.11) 0.89 (0.37-0.96)

DSC, dice similarity coefficient; GTV, gross tumor volume; Plain,
CT scan before the injection of Omnipaque; Portal, CT scan
at 70 s after the injection of Omnipaque; EOB 70 s, mDIXON
scan at 70 s after the injection of Gd-EOB-DTPA; EOB 15 min,
mDIXON scan at 15 min after the injection of Gd-EOB-DTPA.

similarity coefficient (DSC) is the measurement for the
spatial overlap between two delineations A and B (19). DSC
was calculated using the following equation with an in-
house program based on Matlab software (MathWorks Inc.,
Natick, MA, USA):

_2lans

DSC=
|4]+|8]

where A was the volume of GTV for an observer and B was
the volume of GTV for the benchmark. DSC >0.8 indicated
almost perfect agreement (20).

Statistical analysis

SPSS18.0 software (SPSS Inc., Chicago, IL, USA) was used
for all statistical analyses. Continuous data was showed as
median and range. Nonparametric paired-sample Wilcoxon
signed-rank test was used to test the differences of tumor
volumes and DSC among each sequence, and P<0.005
was considered to be statistically significant (Bonferroni
corrected). Spearman rank correlation test was used to
evaluate the relationship between DSC and tumor volume
delineated by each observer, and P<0.05 was considered a
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significant difference.

Results

Tumor volumes and DSCs of each CT or MRI sequence
were shown in Tiable 1, and the differences of tumor volumes
and DSCs are shown in Tuble 2.

Tumor volumes on DWI and EOB 15 min were
significantly larger than that on EOB 70 s. But tumor
volume delineated on other CT or MRI sequences had no
significant differences.

DSC of DWI was significantly larger than that of other
CT and MRI sequences. DSC of EOB 15 min tended to
be larger than that of Plain, Portal and EOB 70 s, however,
without significant differences.

In addition, significant correlation was found between
DSC and tumor volume on all CT and MRI sequences
(R=0.35, P=0.003).

Discussion

Tumor volume on DWI was the largest and significantly
larger than that on EOB 70 s. ICC always showed a non-
encapsulated mass with irregular contour and ill-defined
margin (21,22). In addition, some daughter nodules could
be found around the primary tumor (23). Therefore, it was
difficult to clearly delineate the margin of the tumor, and
some peripheral tumor tissues were excluded from GTV
delineation. Pathologically, ICC always shows peripheral
hypercellularity and central hypocellularity with fibrous
component (24). This causes peripheral hyperintensity and
central hypointensity on DWI images with high #-value (25).
Therefore, we considered that the margin of ICC on
DWI could display more clearly than other CT and MRI
sequences, and more peripheral tumor tissues could be
included on GTV delineation. Tumor volume on EOB
15 min is the second largest. This might be due to the
relatively clear tumor margin secondary to the absorption
of Gd-EOB-DTPA by the adjacent normal liver tissues.
However, the definite mechanism remains to be confirmed
by comparative study on imaging and pathology. Clinically,
Portal phase CT can increase the visualization of ICC than
non-contrast CT. Previous study has shown that a phase
with the best tumor visualization may not correspond to the
phase with the largest tumor volume (26). Because perfusion
abnormalities can complicate GTV identification and lead
to contour heterogeneity. So, we considered that the larger
tumor volume on “plain” CT than portal phase CT might
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Table 2 Differences of tumor volume and DSC on different CT

and MRI sequences
Parameters Z P
Volume (cm®)
Plain
Portal -1.475 0.140
DWI -2.040 0.041
EOB 70 s -1.664 0.096
EOB 15 min -1.036 0.300
Portal
DWI -2.668 0.008
EOB 70 s -0.534 0.594
EOB 15 min -1.726 0.084
DWI
EOB 70 s -2.856 0.004*
EOB 15 min -1.977 0.048
EOB 70 s
EOB 15 min -2.919 0.004*
DSC
Plain
Portal —-1.683 0.092
DWI -4.152 <0.001*
EOB 70 s -1.705 0.088
EOB 15 min —-1.485 0.138
Portal
DWI -3.744 <0.001*
EOB 70 s -0.457 0.648
EOB 15 min -0.555 0.579
DWI
EOB 70 s -3.026 0.002*
EOB 15 min -3.418 0.001*
EOB 70 s
EOB 15 min -0.106 0.916

DSC, dice similarity coefficient; Plain, CT scan before the
injection of Omnipaque; Portal, CT scan at 70 s after the
injection of Omnipaque; EOB 70 s, mDIXON scan at 70 s after
the injection of Gd-EOB-DTPA; EOB 15 min, mDIXON scan at
15 min after the injection of Gd-EOB-DTPA. *, P<0.005 with

nonparametric paired-sample Wilcoxon signed-rank test.
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be due to the heterogeneous enhancement of ICC on portal
phase.

DSC of DWI was significantly larger than that of other
CT and MRI sequences. Peripheral hyperintensity and
central hypointensity on DWI images with high /-value
of ICC has been confirmed (25). This might cause the
relatively clear boundary of ICC on DWI, which led to
better inter-observer repeatability. DSC of EOB 15 min
tended to be larger than that of Plain, Portal and EOB 70 s,
however, without significant difference. The potential value
of EOB-DTPA in improving the repeatability of GTV
delineation on ICC needs further investigation. We also
found that DSC was significant positively correlated with
tumor volume. This might indicate that larger tumors had
better inter-observer agreement on GTV delineation.

DWI and Gd-EOB-DTPA-enhanced MRI showed
perfect inter-observer agreements. To our knowledge, ICC
on non-contrast CT is usually quite difficult to visualize.
Péporté et al. showed that T1-weighted images in the
hepatobiliary phase had the highest lesion conspicuity,
which was significantly higher than the lesion conspicuity of
plain and venous T'1-weighted images (8). Xu ez a/. reported
that the detectable rate of ICC on DWI was 100% (27). In
addition, Lewis e 4/. found that the signal intensity of all
ICC lesions increased on DWI with high b-value compared
to the normal liver, with diffuse hyperintensity or target
appearance (11). Therefore, we considered that the margins
might be better seen on DWI and Gd-EOB-DTPA-
enhanced MRI compared to CT. Compared to CT, MRI
allows for better estimation of tumor volume, which can
improve the treatment effect of radiotherapy.

"This current study has some limitations. First, for a more
detailed investigation of the advantage of MRI on GTV
delineation, more patients are required. Yet the sample
size was comparative to that of a similar investigation of
16 patients and enough for an initial study (28). Second,
primary, and recurrent ICCs were not distinguished.
Further study is needed to determine whether there is
any difference in the GTV delineation between these two
groups. Third, though interobserver agreement of GTV
is important, whether DWI can more usefully reflect the
accurate volume determination is unknown due to the
absence of pathological results, which should be further
investigated.

Conclusions

In conclusion, DWT has a significantly higher agreement
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on GTV delineation of ICC. GTV delineations of ICC on
Gd-EOB-DTPA-enhanced MRI showed excellent inter-
observer agreement. Therefore, fusion of CT and MRI
images should be considered to improve the accuracy of
GTV delineation and reduce radiation-induced liver injury.
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