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Figure 2. Technical steps of the creation of an extraanatomic splenoportal shunt. (a) Transhepatic portography and simultaneous
transsplenic splenic venography. Occlusion of splenic vein and portal vein with collateral vessels forming (arrows) are demonstrated.
Catheters in the aorta and vena cava, placed in case of massive bleeding, are seen. (b) Coaxial technique was employed to puncture the
splenic vein from the right portal vein. A 17-gauge needle was advanced to the occlusion point of the portal vein {arrowhead), and the
splenic vein was successfully punctured with a 21-gauge needle (arrow) from the 17-gauge needle. (¢) Two covered stents and two bare
metal stents were deployed, traversing the extraanatomic shunt route between the right portal and splenic veins. (d) Mesenteric
venography after the third procedure. Stents in a TIPS route placed between the right hepatic and right portal veins during the second
procedure are seen. Residual varices were embolized. Both bypass route and intrahepatic portal veins are patent.

to maintain the flow in the branch vessels. Balloon
angioplasty was performed to dilate the unexpanded
stents with a 10-mm X 4-cm balloon catheter (PowerFlex
P3; Cordis, Bridgewater, New Jersey). As stagnation in the
stents was seen, presumably as a result of insufficient
outflow from the splenoportal shunt, a TIPS was created
between the right hepatic and right portal veins with the
use of a Rosch-Uchida Transjugular Liver Access Set
(Cook) and an 8-mm x 4-cm bare metal stent (Zilver).
Percutaneous catheters were removed, and tract emboli-
zation was performed.

After the procedure, bleeding decreased significantly;
however, a small amount of melena with mild anemia
was observed and residual varices were seen on CT.
Therefore, embolization of the residual varices with

n-butyl-2-cyanoacrylate (Histoacryl; B. Braun, Bethle-
hem, Pennsylvania) and Lipiodol (B. Braun) mixed at a
1:6 ratio was performed from the surgically exposed
ileocecal vein 20 days after creation of the splenoportal
shunt (Fig 2d). After these procedures, the variceal
bleeding was stopped and transfusions were no longer
required. Endoscopy and CT demonstrated the shrink-
age of varices. Contrast-enhanced CT (Fig 3) and
Doppler US at 10 and 12 months demonstrated patent
splenoportal and portosystemic shunts. No anticoagu-
lants were administered. The patient has remained well,
without episodes of variceal bleeding at 14 months after
the procedures.

Ectopic varices arising in the small intestine are often
inaccessible by an endoscope. Therefore, the diagnosis and
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Figure 3. Axial contrast-enhanced CT at 10 months after the
procedure. Stents in the splenoportal shunt are patent {arrow)
and varices are decreased in size.

treatment methods are determined on a case-by-case basis.
A 2013 literature review by Saeki et al (1) identified 13
cases, from 11 reports, of bleeding ectopic varices at the
sites of previous choledochojejunostomies. In that series,
interventional radiologic techniques were employed in eight
patients, including dilation and stent implantation of the
portal vein (n = 5) and embolization of varices (n = 3).
None of these cases involved percutaneous creation of an
extraanatomic shunt as performed in the present case.
Decompression of splenic outflow with an extraanatomic
shunt was effectively established in the patient described
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here; however, attempts at recanalization of the portal and
splenic veins may have caused fatal complications such as
massive abdominal bleeding and should be considered
carefully.

Transsplenic access to the splenic vein in patients with
an occluded portal vein is a recognized technique (2.3).
Because bleeding from the soft and fragile spleen could
be a lethal complication, embolization of the puncture
tract should be performed. In the present case, both
transsplenic approach sessions were uneventful with
tract embolization. In addition, successful recanalization
of occluded portal veins via a transsplenic approach has
been reported (2,3) as in the present case.

In summary, the present case illustrates extraanatomic
splenoportal shunt creation in a patient with bleeding
jejunal varices after a choledochojejunostomy. This techni-
que may serve as a treatment option for patients with
ectopic varices caused by extrahepatic portal venous occlu-
sion associated with difficult portal vein recanalization.
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interventional radiology among medical students; how-
ever, it has been shown that students continue to have a
limited understanding of interventional radiology con-
cepts and its scope of practice (1). Of 103 responses from
542 medical students surveyed from a Canadian university’s
medical program, a total of 18% reported being inter-
ested in interventional radiology as a career, but 54% of
students were unclear about the duties of an interventional
radiologist in the hospital (1). Moreover, nearly 75% of
students expressed concerns with regard to limited
interventional radiology exposure and supported a pro-
posed mandatory interventional radiology rotation (1).
Although this supports the notion that new approaches
to interventional radiology education are required, current
academic literature has not identified effective and practical
means of approaching interventional radiology education.
An evening symposium entitled Imagine IR 2.0 was
implemented in October 2013 and included small-group
workshops and problem-based learning sessions aimed
at introducing the subspecialty of interventional radiol-
ogy to undergraduate medical students. Short lectures
and hands-on demonstrations were also elements of
the program. The event was a collaborative and inter-
professional undertaking by interventional radiologists,
a radiological technologist, and a diagnostic imaging
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Figure.

A 32-year-old woman presenting with frequent vomiting
and jaundice was referred to our hospital. Twelve years
previously, she had been diagnosed with cholangiocarci-
noma associated with congenital bile duct dilation (¥ig a,
shows preoperative cholangiography). At that time, the
extrahepatic bile duct was resected, and gastrojeju-
nostomy was performed. Computed tomography re-
vealed obstruction of the choledochojejunostomy and
gastrojejunostony anastomotic sites by recurrent tumors
(Fig b, arrows). An esophageal self-expandable silicon-
covered metallic stent—with a wide aperture and flared

structures at both ends to prevent stent migration—
was placed percutaneously to relieve biliary obstruction
(Fig ¢, arrowheads). To improve food passage, the same
type of stent was placed via her mouth at the gas-
trojejunostomy stricture (Fig ¢, arrows). The jaundice
and vomiting improved following stent placement (Fig d).
Both stents were functioning 10 months later, and she
has remained well. Metallic stents are designed for use
in multiple anatomic locations. Proper metallic stent
selection and placement can dramatically ameliorate
symptoms.
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Background and purpose: The aim of this study was to compare the accumulation of

4-borono-2-'®F-fluoro-phenylalanine (*®F-BPA) with that of '®F-fluorodeoxyglucose (*®F-FDG) in head

and neck cancers, and to assess the usefulness of '*F-FDG PET for screening candidates for boron neutron

capture therapy (BNCT).

Material and methods: Twenty patients with pathologically proven malignant tumors of the head and
neck were recruited from March 2012 to January 2014. All patients underwent both whole-body

Keywords: 18F_BPA PET/CT and '®F-FDG PET/CT within 2 weeks of each other. The uptakes of '3F-BPA and '8F-FDG

BPA . RV . . N

FDG at 1 h after injection were evaluated using the maximum standardized uptake value (SUVmax).

PET/CT Resuits: The accumulation of ®F-FDG was significantly correlated with that of '*F-BPA. The SUVmax of

Head and neck tumor 18E_FDG >5.0 is considered to be suggestive of high "®F-BPA accumulation.

BNCT Conclusions: '®F-FDG PET might be an effective screening method performed prior to '8F-BPA for

selecting patients with head and neck cancer for treatment with BNCT.
© 2014 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 113 (2014) 193-197

Boron neutron capture therapy (BNCT) is a targeted radiother-
apy technique developed to treat patients with selected malignant
tumors. It has been tested in brain tumors, head and neck cancers
and melanoma which are radioresistant with infiltrative growth
pattern [1-4].

This particular radiation therapy is based on the combined use
of thermal neutrons and one of the two stable isotopes of boron
(1°B) to destroy tumor cells via the °B(n,o)’Li neutron capture
reaction. Thermal neutrons cause the boron neutron capture reac-
tion. Epithermal neutrons are slowed down in the body and are
especially needed if deep seated tumors are intended to be treated.
It requires a high-intensity epithermal neutron beam and a '°B car-
rier that accumulates in target tumor cells. Interaction of neutrons
with '°B nuclei releases alpha particles and recoiling lithium-7
nuclei with very short range (<10 pm) that should kill the cell.
The selectivity of the therapy is based on the fact that only tumor
cells containing '°B are destroyed, preserving normal tissues due to
their low affinity for the boron drug [1,2,5]. The success of BNCT is
dependent on the sufficient accumulation of '°B in cancer tissue
relative to adjacent tissues, with preferably a 3- to 5-fold greater
concentration in the former [1,2]. Therefore, estimation of '°B con-
tent in tumor and normal tissue helps predict the therapeutic
potential of BNCT. Since ‘°B accumulation varies by tumor type,
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and even tumors of the same grade may differ in their biochemical
properties, it would be highly desirable to determine °B concen-
trations prior to performing BNCT.

The most frequently used '°B carrier compound today is 4-'°B-
borono-L-phenylalanine (1°BPA). An 'F-labeled analog of '°BPA, 4-
borono-2-8F-fluoro-phenylalanine (*®F-BPA) has been developed
to predict '°B concentrations in tumors [6]. Imahori et al. designed
a method for quantitative measurement of '°B concentrations
using '8F-BPA positron emission tomography (PET) [7.8]. ®F-BPA
PET is generally used to anticipate the therapeutic effects of BNCT
performed using °BPA [5-9]. However, only certain hospitals have
the capability to synthesize '®F-BPA [9]. Synthesis of '*F-BPA from
18F, gas is limited because of low radio yield, low specific activity,
and high cost. Therefore, the amount of '8F-BPA, which can reason-
ably be synthesized is not sufficient to screen all potential BNCT
candidates. Because of these limitations, it is often not easy to
assay the '°B concentrations in tumor and normal tissues using
1SE_BPA PET.

18F_fluorodeoxyglucose ('®F-FDG) is the most popular PET tra-
cer and is available in many hospitals. '®F-FDG PET is a highly sen-
sitive tool capable of yielding considerable information on glucose
metabolism [10]. It has been used in the assessment of various
cancers, as several malignant tumors consume large amounts of
glucose [11]. The use of '®F-FDG PET as a surrogate marker for
18E_BPA could have wider applicability. Thus far no reports have
directly compared 'F-FDG with '3F-BPA.
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Though the majority of patients undergoing BNCT have brain
tumors such as high-grade gliomas and cerebral metastasis {1,2],
the role of '®F-FDG in brain tumors is limited because of high gray
matter uptake. Recently, however, use of BNCT has extended to
head and neck cancers | 12~ 14]. In this study, we used PET to exam-
ine the uptake of both '®F-BPA and '®F-FDG in head and neck can-
cers. Our aim was to compare the accumulation of "®F-BPA with
that of '®F-FDG in head and neck cancers, and to evaluate the use-
fulness of ®F-FDG PET for screening potential candidates for BNCT.

Materials and methods

General

All chemical reagents were obtained from commercial sources.
The study protocol was approved by the institutional review board
and independent ethics committee of our hospital. All patients
signed written informed consent before inclusion in the trial.

Subjects

Patients included in this study had histologically confirmed
head and neck tumors, at least 1 site of disease measurable via
PET, Eastern Cooperative Oncology Group performance status (PS)
of 0-1, adequate organ function (neutrophil count >1500/uL,
platelet count >75,000/uL, hemoglobin concentration >9.0 g/dL,
serum bilirubin 1.5 mg/dL, AST and ALT <100 IU/L, serum creati-
nine <1.5 mg/dL, baseline left ventricular ejection fraction (LVEF)
>60%), and were over 20 years old. The main exclusion criteria were
congestive heart failure, uncontrolled angina pectoris, arrhythmia,
symptomatic infectious disease, severe bleeding, pulmonary fibro-
sis, obstructive bowel disease or severe diarrhea, and symptomatic
peripheral or cardiac effusion.

Radiosynthesis of "SF-BPA and "®F-FDG

18E_BPA was synthesized by direct electrophilic radiofluorina-
tion of BPA (Sigma-Aldrich, St. Louis, MO, USA) using '®F-acetyl
hypofluorite as described previously [15]. Purification of 'SF-BPA
was performed by HPLC using a YMC-Pack ODS-A column
(20 x 150 mm; YMC, Kyoto, Japan) eluted with 0.1% acetic acid at
a flow rate of 10 mL/min. The radiochemical purity of '®F-BPA,
determined by HPLC, was >99.5%, and its specific activity was
25MBq/umol. '®F-FDG was prepared using an automated
18E_FDG-synthesis system (E-200, Sumitomo Heavy Industries, Ltd.).

PET/CT scanner and protocol

The examination schedule is shown in Fig. 1. Images were
acquired with Discovery 600 scanner (GE Healthcare, Milwaukee,
WI, USA). A whole-body '®F-FDG PET/CT image was obtained 1 h after
the injection of "*F-FDG (ca. 4 MBq/kg). For the ®F-FDG PET/CT stud-
ies, patients were requested to fast for at least 4 h before the sched-
uled '®F-FDG injection. Whole-body '8F-BPA PET/CT imaging was
also carried out within 2 weeks. 'SF-BPA PET/CT images were
acquired 1 h after the injection of *®F-BPA (ca. 4 MBq/kg).

For whole-body PET/CT imaging, a scout image was acquired to
determine the scanning field ranging from head to pelvis, using set-
tings of 10 mA and 120 kV. Next, whole-body 16-slice helical com-
puted tomography (CT) and whole-body 3D PET were performed.
PET images were acquired in 7-8 bed positions with a 2 min acqui-
sition period per bed position, so that the imaging covered the same
field as that of whole-body CT. The acquired data were recon-
structed as 192 x 192 matrix images (3.65 x 3.65 mm) using a 3D
ordered subsets-expectation maximization (3D OS-EM) algorithm.

| I8F-FDG PET/CT| | I8F-FBPA PET/CT |

one hour later

!

’ _imaging ]

_ FDG injection _ FBPA injection

\_YJ

at least 48 hours later
within 2 weeks

on¢ hour later

_imaging

Fig. 1. Schedule of PET/CT examinations.

Tumor uptake of '*F-BPA and "*F-FDG

PET image evaluation and quantification of the standardized
uptake value (SUV) were performed using AW Volume Share 4.5
software (GE Healthcare, Milwaukee, WI, USA). Regions of interest
(ROIs) were delineated on the PET/CT images, and the maximum
SUV in each ROI (SUVmax) was determined. Tumor ROIs were
defined as the areas of highest activity. SUV was defined as the
regional radioactivity divided by the injected radioactivity normal-
ized to the body weight. Both the ®F-BPA and '®F-FDG uptake 1 h
after injection were evaluated using SUVmax. At the corresponding
level on '8F-BPA PET, ROIs were then placed onto the normal tissue
region surrounding the tumor to calculate the lesion to normal
ratio (L/N) of ®F-BPA. Clinically, dose planning was performed
based on L/N ratio prior to initiation of BNCT. Tumor sizes were
also measured on CT.

Statistical analysis

A linear regression analysis was performed for the correlation
study. As previously reported, patients were determined eligible
for BNCT when the L/N ratio of 'F-BPA was more than 2.5
[1,8,16], so we used a L/N ratio of ®F-BPA >2.5 to differentiate
positive from negative. We then performed a receiver operating
characteristic (ROC) analysis for SUVmax of '®F-FDG to determine
the optimal threshold values for quantitative discrimination. The
area under the curve (AUC) was also calculated. For estimating con-
cordance of cutoff value of the 2 tracers, Fisher’s exact test was per-
formed. Probability values of P < 0.05 were considered significant.

Results

Patient and tumor characteristics are summarized in Table 1. A
total of 20 patients (17 male, 3 female, age range 30-76 years,
mean age 62 years) with pathologically proven head and neck
malignant tumors were enrolled in this study from March 2012
to January 2014. All patients had unresectable advanced or recur-
rent head and neck tumors. The majority of primary tumor sites
were the pharynx or parotid gland. Tumor histological types var-
ied: 9 patients had squamous cell carcinoma, 5 had adenoid cystic
carcinoma and the remaining 6 had other types of malignant
tumors. Fourteen of the 20 patients had local recurrent tumors, 5
had metastatic tumors and one had a newly diagnosed tumor.

Typical PET/CT images of '®F-BPA and '®F-FDG are shown in
Fig. 2. SUVmax and L/N ratio of '®F-BPA, SUVmax of '*F-FDG and
measured tumor size are summarized in Table 1. The tumor SUV-
max of '8F-BPA ranged from 1.79 to 8.19 (average, 4.13), whereas

_26__



H. Tani et al./Radiotherapy and Oncology 113 (2014) 193-197 195

Table 1
Patient and tumor characteristics.
Gender Age Location of Histology Prior Disease presentation FBPA FBPAL/N FDG Size
primary tumor therapy SUVmax ratio SUVmax (mm x mm)
1 M 75 Gingiva Squamous cell carcinoma Postop/RT Local recurrence 3.85 2.69 7.40 61 x35
2 M 76 Epipharynx Squamous cell carcinoma RT Local recurrence 7.05 5.78 1230 42 x 21
3 F 30 Parotid gland Adenoid cystic carcinoma RT Local recurrence 3.70 294 9.90 64 x 53
4 M 63 Maxillary sinus  Adenoid cystic carcinoma RT Local recurrence 1.79 135 1.90 24 x 10
5 M 57 Oropharynx Squamous cell carcinoma CRT Local recurrence 523 463 15.60 47 x 23
6 M 72 Palpebra Basal cell carcinoma CRT Local recurrence 3.46 270 9.80 67 x 26
7 M 65 Hypopharynx Squamous cell carcinoma CRT LN metastasis 8.19 5.98 12.70 48 x 44
8 M 46 Epipharynx Neuroendocrine cell carcinoma  CRT LN metastasis 4.06 344 8.50 27 x22
9 M 61 Parotid gland Adenoid cystic carcinoma Postop/RT LN metastasis 3.92 3.11 12.00 68 x 41
10 M 61 Maxillary sinus  Adenocarcinoma Postop/CRT  Local recurrence 199 1.75 4.40 x1
11 M 75 Elbow skin Adenoid cystic carcinoma Postop Parotid gland metastasis  3.32 253 5.10 19x 16
12 F 70 Hypopharynx Squamous cell carcinoma CRT Local recurrence 2.00 143 4.60 12x 11
13 M 66 Maxillary sinus  SQUAMOUS cell carcinoma Postop/CRT  Local recurrence 5.09 421 20.71 59 x 27
14 M 66 Hypopharynx Squamous cell carcinoma CRT Local recurrence 6.78 4,08 14.10 33x22
15 M 63 Oropharynx Squamous cell carcinoma Postop/CRT  Local recurrence 3.15 2.58 9.83 23 x 15
16 M 47 Parotid gland Salivary duct carcinoma Postop Local recurrence 5.56 4.71 11.55 37 x29
17 F 66 Parotid gland Pleomorphic adenoma Postop Local recurrence 578 448 5.01 38 x 32
18 M 69 Oral cavity Adenoid cystic carcinoma No Newly diagnosed tumor  2.81 227 10.44 41 % 32
19 M 47 Nasal cavity Esthesioneuroblastoma RT LN metastasis 319 217 9.94 36 x 19
20 M 68 Oropharynx Squamous cell carcinoma CRT Local recurrence 1.82 1.54 226 28 x 11

Abbreviations: Postop = postoperative; RT = radiotherapy; CRT = chemoradiation therapy; LN = lymph node.

Fig. 2. Typical '®F-BPA and "®F-FDG PET/CT images at 1 h after injection (Patient No. 5: 75 year-old man with epipharyngeal carcinoma). A: '®F-BPA PET/CT image at 1 h after
injection (SUVmax = 7.1). B: '8F-FDG PET/CT image at 1 h after injection (SUVmax = 11.8). Upper panel: maximum intensity projection image; lower panel: PET/CT fusion
image.
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that of "®F-FDG ranged from 1.90 to 20.71 (average, 9.40). In 19 0f 20
cases, the SUVmax of '®F-FDG was higher than that of '®F-BPA. A
significant correlation was observed between uptake of '*F-BPA
and "®F-FDG (Fig. 3; r=0.72, P<0.01). ROC analysis revealed that
the AUC of SUVmax of '®F-FDG was 0.87 and the cutoff value was
5.01 (Fig. 4). We then determined positive and negative uptake of
18F_BPA and '|F-FDG using the following cutoffs: an L/N ratio of
18E_BPA »2.5 and an SUVmax of '*F-FDG 5.0. With these param-
eters, 14 patients were classified as positive for both **F-BPA and
8E_FDG, 4 were negative both for **F-BPA and '®F-FDG, and 2 were
positive for '®F-FDG and negative for '®F-BPA. The association

FBPA

0 T T T T 1
0 5 10 15 20 25

FDG

Fig. 3. Relationship between '®F-BPA uptake and '*F-FDG uptake in 20 head and
neck cancers. A significant correlation was observed between 'SF-BPA uptake and
T8E.FDG uptake (r=0.72, P<0.01).
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Fig. 4. ROC analysis of SUVmax of '®F-FDG when the L/N ratio of '®F-BPA >2.5 was
used. The AUC of SUVmax of '®F-FDG was 0.87 and the cutoff value was 5.01.

between the positive/negative classifications of '8F-FDG and
18F.BPA was statistically significant (Fisher exact test, P < 0.01).

Discussion

Used with a variety of tracers and a multidisciplinary approach,
PET can provide qualitative and quantitative data to serve as a
prognostic and therapeutic indicator. The aim of this study was
to compare the accumulation of '®F-BPA and '®F-FDG in head
and neck cancers and to assess the usefulness of 8F-FDG PET for
screening BNCT candidates. A significant correlation between
18F.BPA and '"*F-FDG tumor uptake was observed in head and neck
cancers. Our results suggested that an SUVmax of "®F-FDG >5.0 is
considered to be the optimal threshold value for prediction of an
L/N ratio of '8F-BPA >2.5.

'8E_BPA is an amino acid PET tracer, while '®F-FDG is a known
tracer of glycolysis [9-10]. While the mechanism of *®F-BPA accu-
mulation is thought to depend on amino acid transport systems,
there are few reports on the in vivo kinetics of 'F-BPA derivatives
in tumors. A previous study reported that '®F-BPA is a system L-
specific imaging agent [9]. System L is a primary contributor to
18E_BPA uptake; this uptake correlates with total L-amino acid
transporter (LAT) expression but more specifically with that of
LAT1 and LAT4. Many tumors overexpress LAT1 or LAT4 {17-19],
and phenylalanine is a substrate for both of these [20].

In contrast to '®F-BPA, '®F-FDG has been used to measure glu-
cose metabolism in vivo, and is taken up and retained by cancer
cells because of the presence of glucose transporters (glut-1) and
other molecules {10]. High '®F-FDG uptake in tumor cells has been
reported to reflect increased activity of either glucose transport or
hexokinase {21] and to correlate with tumor growth rates {22} and
cell density {23].

Though the accumulation mechanisms of these 2 tracers are dif-
ferent in vitro, tumor uptake of both molecules is thought to be
associated with the viability of cancer cells in vitro and that of
tumor tissue in vivo. Correlation between the uptake of '*F-BPA
and 'SF-FDG might be due to factors such as proliferation, meta-
bolic activity, viability of tumor cells, and cell density within the
tumor. However, these are hypothetical factors and not proved in
this study. Further studies are needed for correlation between
the histopathologic examination and uptake of both tracers.

In this study, we found that '®F-FDG uptake tended to be higher
than 'SF-BPA uptake. This may suggest that '®F-BPA distribution in
tumor tissue could be more specific for viable cancer cells com-
pared with '8F-FDG, whereas high '®F-FDG uptake can be seen in
activated macrophages and young granulation tissue as well as
cancer cells {24].

The major limitations of the present study were the small patient
population and limited histological variety. It should also be kept in
mind that '®F-FDG may not reflect '°B concentrations or activity of
amino acid transport systems. Even so, our findings suggest that the
accumulation of '8F-FDG may predict the accumulation of '8F-BPA.
Since *®F-BPA synthesis is limited by low yield and high cost, it is not
currently realistic to regularly use '®F-BPA PET to screen all BNCT
candidates, even in major hospitals. These constraints suggest that
18F_FDG PET may have a role as an acceptable screening examina-
tion prior to '®F-BPA PET for BNCT candidates with head and neck
cancers. However, further research is called for, using a larger num-
ber of participants with selection of particular histological diagnos-
tic criteria.

In conclusion, the accumulation of '®F-FDG was correlated with
that of '®F-BPA in head and neck cancers. ®F-FDG, which is the
most popular tracer in PET studies and is available in many hospi-
tals, may serve as an accessible way of predicting '®F-BPA accumu-
lation. "®F-FDG PET might be an acceptable screening method prior
to '8F-BPA PET for BNCT candidates with head and neck cancers.
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Abstract

Objectives To compare diagnostic performance in the detec-
tion of colorectal liver metastases between 64-detector-row
contrast-enhanced CT (CE-CT) alone and the combination of
CE-CT and gadoxetic acid-enhanced MRI (EOB-MRI) at
3.0T, and to assess whether EOB-MRI in addition to CE-CT
results in a change to initially planned operative strategy.
Methods A total of 39 patients (27 men, mean age 65 years)
with 85 histopathologically confirmed liver metastases were
included. At EOB-MRI, unenhanced (T1- and T2-weighted),
dynamic, and hepatocyte-phase images were obtained. At CE-
CT, four-phase dynamic contrast-enhanced images were ob-
tained. One on-site reader and three off-site readers indepen-
dently reviewed both CE-CT alone and the combination of
CE-CT and EOB-MRI. Sensitivity, positive predictive value,
and alternative free-response receiver operating characteristic
(AFROC) method were calculated. Differences in therapeutic
strategy before and after the EOB-MRI examination were also
evaluated.
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Results Sensitivity and area under the AFROC curve with the
combination of CE-CT and EOB-MRI were significantly su-
perior to those with CE-CT alone. Changes in surgical therapy
were documented in 13 of 39 patients.

Conclusions The combination of CE-CT and EOB-MRI may
provide better diagnostic performance than CE-CT alone for
the detection of colorectal liver metastases, and EOB-MRI in
addition to CE-CT resulted in changes to the planned opera-
tive strategy in one-third of the patients.

Key Points

* Accurate preoperative imaging is essential for surgical
planning and successful hepatic resection.

« Combination of CE-CT and EOB-MRI is useful to detect
colorectal liver metastases.

e EOB-MRI combined with CE-CT contributes to determine

the correct therapeutic strategy.

Keywords Colorectal liver metastases - Gadoxetic
acid-enhanced magnetic resonance imaging -
Contrast-enhanced computed tomography - Diagnostic
performance - Therapeutic strategy

Introduction

Metastasis to the liver is the most common site of
haematogenous spread in patients with colorectal cancer, with
40 % of stage IV patients having only liver metastatic disease
[1]. Hepatic resection has emerged as a promising treatment
option to improve long-term survival, and resectability criteria
include complete resection of metastatic lesions while pre-
serving future liver remnants as much as possible [2, 3].
Therefore, accurate assessment with preoperative imaging,
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including the number, size, and location of the lesions as well
as the number of involved liver segments, is essential for
adequate surgical planning and successful hepatic resection
[2,3].

Multidetector computed tomography (MDCT), using intra-
venous contrast agents, is routinely employed for the staging
of follow-up of patients, and it provides robust and rapid
imaging of the chest, abdomen, and pelvis for the detection
of liver and exftrahepatic metastases. In addition, major ad-
vances in liver magnetic resonance imaging (MRI) include the
development of high-resolution volumetric imaging ap-
proaching the resolution of MDCT, parallel imaging to reduce
imaging time, and higher magnetic field strength using a 3.0T
system [4].

Gadoxetic acid is a liver-specific MR contrast agent that
offers dynamic and static hepatocyte imaging to improve the
detection and characterization of focal liver lesions [5], in-
cluding liver metastases [6—8]. Some studies have compared
gadoxetic acid-enhanced MRI (EOB-MRI) and contrast-
enhanced MDCT [9, 10], although only two studies have
compared EOB-MRI at 3.0T with contrast-enhanced 64-row
MDCT for the detection of colorectal liver metastases [11,
12]. And while EOB-MRI has been clinically performed after
CT examination for preoperative imaging of colorectal liver
metastases, no studies have assessed the diagnostic perfor-
mance of EOB-MRI combined with contrast-enhanced
MDCT to determine the best therapeutic strategy.

The present study compared the diagnostic performance of
the 64-detector-row CE-CT alone and in combination with
EOB-MRI at 3.0T for the detection of colorectal liver metas-
tases, and assessed whether the combination findings resulted
in a change to the initially planned operative strategy.

Materials and methods
Patient populations

Forty-seven consecutive patients suspected of having liver
metastases on the basis of their history of colorectal cancer
and previous ultrasound findings and/or elevation of
carcinoembryonic antigen (CEA) were examined by CE-CT
followed by EOB-MRI at our institution in order to acquire
additional information prior to surgical liver resection. EOB-
MRI was performed within four weeks prior to surgery, and
the interval between the CE-CT and EOB-MRI was two
weeks or less. All patients had previously undergone surgery
at the primary site and had histopathological confirmation of
colorectal cancer. Eight of the 47 patients were excluded from
our study because they had received previous chemotherapy
for liver metastases. The remaining 39 patients (27 men and
12 women) were included. The mean age of the patients was
65 years (range, 4579 years).

Thirty-seven of these 39 patients had a total of 85 liver
metastases, which were diagnosed by histopathological exam-
ination of surgical specimens and intraoperative ultrasound
(US) in 34 patients and on the basis of tumour growth ob-
served during follow-up examinations in three patients who
were not candidates for liver resection. In the remaining two
patients, it was confirmed that liver metastases were not
evident from imaging examinations and CEA levels during
>6 months of follow-up. The institutional review board of our
institution approved the study, and informed consent was
obtained from each patient before enrolment. This study was
conducted in accordance with the amended Helsinki
Declaration.

CT imaging protocol

CT images were obtained using 64-detector-row MDCT in-
struments (Aquilion 64; Toshiba Medical System, Tokyo,
Japan) with a 0.4-s rotation time and exposure factors of
120 kV and 160 mAs for all images. A total of 100 ml of the
contrast material (TIopamiron 300/370; Bayer Schering
Pharma, Osaka, Japan) was injected into an antecubital vein
atarate of 3.3 ml/s using an automatic power injector (Mark V
ProVis; Medrad, Indianola, PA). An iodine concentration of
300 mg I/ml (Iopamiron 300) was used when the patient’s
body weight was <50 kg, and 370 mg I/ml (Iopamiron 370)
was used when body weight was >50 kg. The examinations
were performed in a cephalocaudal direction, starting at the
top of the liver, and each examination included non-enhanced
and contrast-enhanced imaging.

After non-enhanced imaging was performed in the trans-
verse section, CE-CT was performed for 35 s (arterial phase),
70 s (portal phase), and 120 s (equilibrium phase), after
intravenous administration of the contrast material. The fol-
lowing imaging parameters were used: collimation of 32x
I mm, pitch factor of 0.656, rotation time of 0.5 s, and 5-mm
reconstruction interval (slice thickness). A standard algorithm
was used for all image displays.

MR imaging protocol

A superconducting magnet system in a 3.0T (Magnetom Trio;
Siemens Medical Solutions, Erlangen, Germany) using an
eight-channel body phased-array coil was used to perform
EOB-MRI. A 45 mT/m gradient field strength and slew rate
of 200T/nv/s were used to actively shield the magnet. After
breath-hold, double-echo T1-weighted gradient-echo (GRE)
images (in-phase and opposed-phase images) and navigator-
triggered fat-suppressed T2-weighted turbo spin-echo (TSE)
images using prospective acquisition correction (PACE) were
obtained, and dynamic images using fat-suppressed T1-
weighted GRE images with a three-dimensional volumetric
interpolated breath-hold examination (3D-VIBE) sequence

@ Springer



2534

Eur Radiol (2014) 24:2532-2539

were obtained before (pre-contrast) and 14-30 s (arterial
phase), 70 s, and 3 min afler intravenous administration of
gadoxetic acid (Primovist; Bayer Schering Pharma, Osaka,
Japan), which was injected as a bolus (2.0 ml/s) at a dose of
0.025 mmol/kg of body weight, followed by 20 ml of a saline
flush. Hepatocyte-phase images were obtained 20 min after
the injection of gadoxetic acid.

The following parameters were used to acquire
breath-hold Tl-weighted GRE images: repetition time
(TR), 120 ms; echo time (TE), 2.46 m; flip angle,
66°; matrix, 320x180; number of signals acquired,
one; section thickness, 7 mm; intersectional gap,
1.4 mm; and acquisition time, 28 s. PACE using the
following parameters was used to acquire navigator-
triggered fat-suppressed T2-weighted TSE images: TR
(effective), 3865-5534 ms; TE (effective), 71 ms; flip
angle, 120° echo train length, 12; matrix, 384x202;
number of signals acquired, one; section thickness,
7 mm; intersectional gap, 1.4 mm; and acquisition time,
approximately 90 s. A 3D-VIBE sequence with the
following parameters was used to acquire fat-
suppressed Tl-weighted GRE images: TR, 3.68; TE,
1.22; flip angle, 10°; matrix, 256x192; number of sig-
nals acquired, one; section thickness, 3 mm; intersec-
tional gap, 0.6 mm,; and acquisition time, 21 s.

Standard of reference

In this study, a single radiologist (12 years of experience as a
radiologist) and a single surgeon (13 years of experience as a
surgeon) determined the presence or absence of liver metas-
tases on the basis of findings obtained at definitive surgery
that involved intraoperative US or an increase in size on the
imaging examinations over a six-month follow-up period.
Hepatic resection and intraoperative US for the non-resected
segments were performed by surgeons who were aware of the
preoperative MRI findings. The resected specimens at 5-mm
intervals in the transverse plane were sectioned by a single
pathologist, and the radiologist and pathologist compared the
findings with those of EOB-MRI.

Liver metastases were measured on resected specimens and
EOB-MRYI, and their mean tumour size along the long axis
was 2.5 cm (range, 0.5-14.0 cm). Twenty-six of the 85 lesions
were <10 mm in diameter (mean, 0.68 mm; range, 0.4~
1.0 cm). Seventeen patients had 42 benign hepatic lesions.
Of'these, 15 patients had a total of 30 cysts (mean size, 1.7 cm;
range, 0.8-4.7 cm). Five of these 17 patients had a total of 12
haemangiomas (mean size, 0.9 cm; range, 0.8-2.8 cm). The
cysts and haemangiomas were diagnosed on the basis of
typical radiological examination findings and by the fact that
the lesions demonstrated no change in size on the follow-up
examinations performed over a period of >12 months (range,
12-31 months).

@ Springer

Image analysis

Image evaluation was performed as an on-site assessment by
one clinical investigator (12 years of experience as a radiolo-
gist at the institution) and separately as blinded reading by
three investigators (19, 13, and 11 years of experience as
radiologists) who were not involved in the clinical investiga-
tion (off-site readers). In the on-site evaluation, the reader was
not blinded to any imaging, pathological or laboratory results
relevant to the patient’s care. Meanwhile, three off-site readers
were aware of the overall goal of the study before the reading
session but were unaware of any other information.

Image evaluation in the clinical part of the study (on-site
assessment) included a separate assessment of CE-CT images
and the combination of CE-CT and EOB-MR images. Image
evaluation in the blinded reading of each patient (off-site
assessment) was performed in random order. Each reader
independently interpreted the CE-CT images, and the readers
then viewed EOB-MRI for the patient and re-evaluated and
recorded their findings on the combination of CE-CT and
EOB-MRI in a similar manner.

In the on-site and off-site evaluations, the readers recorded
the presence, location, and size of all focal liver lesions at the
segment on schematic drawings of transverse sections of the
whole liver to avoid confusion in data analysis. Following
this, they assigned a confidence level to each lesion on a four-
point scale: 1, probably not liver metastasis; 2, possibly liver
metastasis; 3, probably liver metastasis; and 4, definitely liver
metastasis. All images were reviewed on a 1536 %2048 picture
archiving and communication system (PACS) monitor
(RadICS, Nihon IBM, Tokyo, Japan).

The criteria for the radiological diagnoses of liver metasta-
sis on CE-CT were described as an ill-defined heterogeneous
nodule with higher attenuation than that of bile with some
degree of enhancement. The criteria for liver metastasis on
EOB-MRI were focal discrete nodular lesions showing high
signal intensity relative to the liver parenchyma on T2-
weighted FSE images (and lower signal intensity than the
gallbladder or cerebrospinal fluid) and low signal intensity
relative to the liver parenchyma on T1-weighted GRE images
obtained at 70 s and 3 min after gadoxetic acid injection, and
more conspicuous on the hepatocyte-phase images. The diag-
nosis of liver metastases was more definitive when
perilesional enhancement was detected on the T1-weighted
GRE images obtained 30 s after gadoxetic acid injection.

Change in therapeutic strategy

In the on-site evaluation, the indications for surgical therapy
and the planned surgical procedure were provided at two
different time points by the clinical radiologist and a surgeon,
before and after EOB-MRI examination. The potential
planned surgical procedures were hemihepatectomy,
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segmentectomy, atypical segmentectomy, and
metastasectomy. In addition, watchful waiting was adopted
when no liver metastases were evident, and chemotherapy or
conservative therapy was performed when surgical interven-
tion was impossible. The planned therapies before and after
EOB-MRI examination were compared with the surgical pro-
cedure ultimately performed.

Statistical analysis

The sensitivities and positive predictive values (PPVs) of CE-
CT alone and the combination of CE-CT and EOB-MRI for
the detection of liver metastases were calculated in the on-site
evaluation by one reader, and were assessed in the off-site
evaluation by each reader using the number of lesions
assigned a confidence score of 3 or 4 (i.e., probably liver
metastasis or definitely liver metastasis) from the total number
of liver metastases. McNemar’s test and Fisher’s exact test
were utilized to compare the sensitivities and PPVs for CE-CT
alone and the combination of CE-CT and EOB-MRI among
the composite data.

A maximum-likelihood estimation program (ROCKIT
0.9B; C.E. Metz, University of Chicago, Chicago, Ill, 1998)
was used to calculate the alternative free-response receiver
operating characteristic (AFROC) curve for each reader and
each image set in the off-site evaluation. The area under each
AFROC curve (Az) indicated the overall diagnostic accuracy
of each image set and each reader. A univariate z score test
was utilized to test differences between the mean Az values for
statistical significance.

Interobserver variability in the off-site evaluation was
assessed by calculating the k statistic for multiple observers
using non-weighted k statistics with binary data defined by the
presence or absence of liver metastases. k values of 0.01-0.20
were considered to indicate poor agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, good
agreement; and 0.81-1.0, excellent agreement.

For all tests, a p value <0.05 was considered to indicate
statistical significance. A software package (SPSS 12.0 for
Windows, SPSS (IBM), Chicago, IL) was used to perform
statistical analyses.

Results
Image analysis of on-site data

At the on-site evaluation, the detection sensitivity of liver
metastases with the combination of CE-CT and EOB-MRI
was significantly higher than that of CE-CT alone, and there
was no significant difference in PPVs between CE-CT alone
and the combination of CE-CT and EOB-MRI (Table 1).

Table 1 Sensitivity and positive predictive value for the detection of
liver metastases on contrast-enhanced CT and gadoxetic acid-enhanced
MR imaging by on-site readers

CECT alone CECT and EOB-MRI p value
Mean Sensitivity (%)

78.8 (67/85) 92.9 (79/85) 0.006
Mean Positive Predictive Value (%)

91.8 (67/73) 94.0 (79/84) 0.408

Note: Data in parentheses are numbers used to calculate sensitivity and
positive predictive value.

CECT contrast-enhanced CT
EOB-MRI gadoxetic acid-enhanced enhanced MR images

Image analysis of off-site data

In the off-site evaluation, the detection sensitivity of the
combination of CE-CT and EOB-MRI was significantly
higher than that of the CE-CT alone for each of the three
readers (Table 2). No significant differences were found in
PPVs between CE-CT alone and the combination of CE-CT
and EOB-MRI for any of the three observers.

For the three readers, 16 false-positive lesions were record-
ed on CE-CT alone and 10 were recorded on the combination
of CE-CT and EOB-MRI. On CE-CT alone, six cysts and four
haemangiomas were diagnosed as liver metastases (all
<1.0 cm), three false-positive findings were attributed to
thrombosed vessels (one, 1.2 cm; two, <1.0 cm), two were
attributed to partial volume averaging (<1.0 cm), and the
remaining one was unexplained. On the combination of CE-
CT and EOB-MRI, two cysts and two haemangiomas were
misdiagnosed as metastases (all <1.0 cm), four false-positive
findings were attributed to intrahepatic vasculature (one,
<1.5 cmy; five, <1.0 cm), and the remaining two were unex-
plained sub-centimetre areas on the hepatocyte-phase images.

With regard to the false-negative lesions, none of the
readers detected five lesions in three patients on either CE-
CT alone or the combination of CE-CT and MRI (all were
<1.0 cm). Two of these five lesions were detected by intraop-
erative US, one was detected by surgical palpation, and one
was detected only by histopathological inspection. Using CE-
CTalone, 11 lesions in eight patients were not detected with a
high confidence level by any of the readers. On the other hand,
six of these lesions in five patients were detected by at least
one reader using the combination of CE-CT and EOB-MRI
(Fig. 1).

Statistically significant differences in the Az values
for CE-CT alone and the combination of CE-CT and
EOB-MRI were demonstrated in the off-site evaluation
by each of the three readers (mean Az values for Gd-
EOB-DTPA-enhanced MR images, 0.948; mean Az
values for CE-CT, 0.859; p=0.034) (Table 3).
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Table 2 Sensitivity and positive predictive value for the detection of
liver metastases on contrast-enhanced CT and gadoxetic acid-enhanced
MR imaging by off-site readers

Table 3 Az values for the detection of hepatic metastases on contrast-
enhanced CT and Gd-EOB-DTPA enhanced MR imaging by off-site
readers

CECT alone CECT and EOB-MRI p value CECT alone CECT and EOB-MRI P value®
Sensitivity (%) Reader | 0.843 0.916 0.03
Reader | 77.6 (66/85) 91.8 (78/85) 0.008 Reader 2 0.832 0.902 0.042
Reader 2 76.5 (65/85) 87.1 (74/85) 0.014 Reader 3 0.879 0.948 0.024
Reader 3 83.5(71/85) 94.1 (80/85) 0.035 Mean 0.853 0.929 0.034
Mean 79.2 (202/255) 91.0 (232/255) 0.026
Positive Predictive Value (%) CECT contrast-enhanced CT
Reader | 90.4 (66/73) 95.1 (78/52) 0.108 LEOB-MRI gadoxetic acid-enhanced enhanced MR images
Reader 2 92.9 (65/70) 96.1 (74/77) 0.626
Reader 3 94.7 (71/75) 96.3 (80/83) 0.288 . . . .
Mean 927 (202218) 05.8 (232242) 0473 Change in therapeutic strategy of on-site data (Fig. 2)

Note: Data in parentheses are numbers used to calculate sensitivity and
positive predictive value.

CECT contrast-enhanced CT

EOB-MRI gadoxetic acid-enhanced enhanced MR images

The « values for the three readers were 0.62 for CE-CT
alone and 0.70 for the combination of CE-CT and EOB-MRI.
These results indicated good interobserver agreement with
regard to the presence of liver metastases.

The following surgical procedures were performed: right
lobectomy in two patients, right lobectomy and
metastatectomy in three, right anterior segmentectomy in five,
right anterior segmentectomy and metastatectomy in two,
right posterior segmentectomy in three, right posterior
segmentectomy and metastatectomy in one, left lobectomy
in one, left lobectomy and metastatectomy in three, left lateral
segmentectomy in four, and left lateral segmentectomy and
metastatectomy in one patient.

Fig. 1 Surgically-proved liver metastases from colon cancer in a 67-
year-old man. A 16 mm diameter liver metastasis could be detected in
segment 5 on both portal phase of CE-CT images (a) and hepatocyte-
phase of gadoxetic acid-enhanced T1-weighted GRE images (b). On
hepatocyte-phase (d) of gadoxetic acid-enhanced T1-weighted GRE im-
ages, additional sub-centimetre metastasis was identified in segment 7

@ Springer

(white arrow), although the lesion was not detected on portal phase of CE-
CT images (¢). Before the EOB-MRI examination, the planned surgical
procedure was right anterior partial segmentectomy. After the EOB-MRI
examination, the planned therapeutic strategy was changed to right ante-
rior partial segmentectomy and metastatectomy
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CECT was performed because liver metastases were suspected
on US findings and/or elevation of CEA (n=39)

|

] EOBI-MRI |
] 1

Suspected of liver metastasis
(n=37)
+ Surgical procedures were not changed (n=26)
« Surgical procedures were modified  (n=11)
additional segments were resected (n=8)
reduced segments were resected  (n=1)
resection could not be performed  (n=2)

Suspected of benign tumor
(n=2)

Fig. 2 Flow diagram shows changing diagnosis and therapy of a patient
who was suspected of having liver metastasis from colorectal cancer, and
underwent both CE-CT and EOB-MRI

In 13 of the 39 patients (33.3 %), the planned therapeutic
strategy was changed after EOB-MRI examination at the on-
site assessment. In 11 of these 13 patients, planned surgical
procedures were ultimately modified on the basis of the com-
bination of CE-CT and EOB-MRI findings. Additional
segmentectomy or metastatectomy was performed in eight
patients; additional lesions excluding the possibility of resec-
tion were detected and reduced segments were resected in one
patient; and no surgical resection was performed due to mul-
tiple liver metastases in bilateral liver lobes and peritoneal
dissemination at surgery in one each. In the remaining two of
these 13 patients, each suspected liver metastasis on CE-CT
was confirmed as a liver cyst by EOB-MRI findings. Watchful
waiting was adopted for these patients, and the lesions dem-
onstrated no change in size at follow-up examinations 15 and
18 months later.

In 26 of the 39 patients, the planned therapeutic
strategy prior to EOB-MRI was unchanged after EOB-
MRI. Of these 26 patients, although two had an addi-
tional lesion on EOB-MRI, a change in therapeutic
strategy was unnecessary because the location of the
missed lesions on CE-CT did not result in alteration
of the surgical procedure.

Discussion

The results of this study demonstrate that the combination of
CE-CT and EOB-MRI showed significantly higher detection
of liver metastases than CE-CT alone. Moreover, the planned
therapeutic strategy was changed in one-third of the patients
after EOB-MRI examination. These findings indicate that,
with the use of state-of-the-art 64-row MDCT and 3.0T MR
system, EOB-MRI can provide information in addition to that
provided by CE-CT for preoperative evaluation of colorectal
liver metastases, frequently resulting in a change in therapeu-
tic strategy.

Our results revealed that, for all readers, the combined
reading of CE-CT and EOB-MRI yielded significantly higher
detection sensitivity and resulted in better diagnostic perfor-
mance for liver metastases than CE-CT alone. Moreover, the
detection sensitivity of the combination of CE-CT and EOB-
MRI for liver metastases in the present study was higher than
that reported in several previous studies that used 1.0T-1.5T
MRI [8]. The higher detection sensitivity in this study can be
explained by the fact that 3.0T MRI provides a higher signal-
to-noise ratio (SNR), and the increased SNR and contrast-to-
noise ratio on hepatocyte-phase 3D-GRE images allowed us
to obtain higher spatial resolution, such as thinner-slice im-
ages, than can be obtained at a lower field strength, resulting
in improvement of the conspicuity and detectability of liver
metastases [13, 14]. However, a potential drawback of EOB-
MRI is the lack of an equilibrium phase in the real sense of the
term, which makes it difficult to distinguish liver metastases
from haemangiomas, particularly in sub-centimetre lesions
that do not show peripheral globular enhancement on
arterial-phase images [15, 16]. The shortcomings of EOB-
MRI can be overcome by multiphase CE-CT [16], which also
supports our result that PPV with the combination of CE-CT
and EOB-MRI in this study was superior to that of EOB-MRI
in previous reports [11-13]. However, in contrast to the find-
ings of previous studies (Table 4), we did not clearly demon-
strate the superiority of EOB-MRI at 3.0T over 1.5T or the
superiority of the combination of CE-CT and EOB-MRI over
EOB-MRI alone. Further studies are needed to elucidate the
superiority of 3.0T EOB-MRI or the combination of CE-CT
and EOB-MRI for the detection of colorectal liver metastases
as compared to 1.5T EOB-MRI or EOB-MRI alone.

In our study, the planned therapeutic strategy was changed
in 13 of the 39 patients (33.3 %) on the basis of the EOB-MRI
examination findings, a rate that is higher than that in a
previous report [8]. This discrepancy may be due to the fact
that some patients in the previous study had hepatocellular
carcinoma with chronic liver disease, which may have caused
less hepatocyte uptake of gadoxetic acid than in the case of a
non-cirrhotic liver, resulting in a lower tumour-to-liver con-
trast [17]. Another possible explanation is that Hammerstingl
et al. [8] used 1.0T-1.5T MRI, whereas we used 3.0T MRI,
and MRI with a 3.0T field provided a higher contrast-to-noise
ratio than lower-field-strength MRI [14]. Furthermore, the
combination of CE-CT and EOB-MRI could minimize
residual liver metastases by detecting the number of
lesions more precisely, and could avoid redundant sur-
gery by differentiating liver metastases from benign
lesions. These findings indicate that EOB-MRI, with a
state-of-the-art 64-detector-row CE-CT and 3.0T MR
system, can provide information beyond that of CE-CT
for preoperative evaluation of colorectal liver metastases and
can improve the accuracy of the therapeutic strategy, including
preoperative planning of liver resection.
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Table 4 Comparison with previous articles on CE-CE and EOB-MRI for the detection of colorectal liver metastases

Article CTand MRI unit CE-CT EOB-MRI
Sensitivity Specificity PPV Sensitivity Specificity PPV

Hammerstingl R, et al. [8] CT; unknown 77.1 % 88.5 % None 87.4 % 90.1 % None
MRL 1.0-1.5T

Muhi A, et al. [9] CT; 16-detector row 63 % None 96 % 95 % None 98 %
MRI; 15T

Kim YK, et al. [10] CT; 16-detector row 75 % 96 % None 96 % 98 % None
MRI; 15T

Scharitzer M, et al. [11] CT; 64-detector row 82.8 % 96.5 % None 91.2 % 97.1 % None
MRI; 3.0T

Berger-Kulemann V, et al. [12] CT; 64-detector row 72.1 % None None 97.1 % None None
MRI, 3.0T

Sofue K, et al. [13] CT; not examined None None None 92.0 % None 94.2 %
MRI; 3.0T

Present study CT; 64-detector row 79.2 % None 92.7 % 91.0 % None 95.8 %
MRI; 3.0T

Note: None indicates that data were not expressed in the paper.
CECT contrast-enhanced CT
EOB-MRI gadoxetic acid-enhanced enhanced MR images

This study had several limitations. First, it was conducted
in a highly selected population of patients with colorectal
cancer scheduled for surgery, which resulted in a higher level
of suspicion on image analysis among the readers. However,
image evaluation was performed by on-site and off-site
blinded readers who were unaware of any information regard-
ing tumour burden. Second, the findings of true-positive le-
sions were not completely accurate, as the exact number of
liver metastases in non-resected liver segments could not be
determined and specificity could not be calculated. However,
we performed intensive evaluation of the non-resected liver
segments by intraoperative US, and follow-up examinations
were available for all lesions in the non-resected segments to
minimize the number of false-negative lesions. Third,
diffusion-weighted imaging (DWI) pulse sequences and
positron emission tomography (PET) were not used in
the analyses. DWI and PET may have additional value
for the detection of liver metastases and differentiation
from cysts and haemangiomas [18-20]. DWI and PET
in addition to EOB-MRI may lead to improvement in
diagnostic performance for detecting small liver metas-
tases. Fourth, the number of sub-centimetre liver metas-
tases was small. Further studies in a larger series should
be performed to evaluate the detectability of tiny liver
metastases. Finally, only liver metastases were assessed
in image analysis, and extrahepatic metastases were not
evaluated and compared between CE-CT and EOB-MRI.
Extrahepatic metastases preclude surgical resection of
liver metastases and affect the prognosis and survival
of patients [20]. Further validation studies are needed to
clarify the role of EOB-MRI for the detection of metastases in
patients with colorectal cancer.

_@ Springer

In conclusion, our study showed that the combination of
CE-CT and EOB-MRI provided significantly higher sensitiv-
ity, and thus better diagnostic performance, than CE-CT alone
for the detection of colorectal liver metastases in a preopera-
tive setting. Indeed, the initially planned surgery was altered in
one-third of the patients after EOB-MRI examination. EOB-
MRI combined with CE-CT contributed to improved determi-
nation of appropriate therapeutic strategies, which may lead to
better prognosis and survival of patients.
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Abstract A 68-year-old man with cholangiocarcinoma
underwent percutancous transhepatic portal embolization
to expand the indication for hepatic resection. Selective
right posterior portography revealed an intrahepatic por-
tosystemic venous shunt (IPSVS) connecting the segment
VII branch to the right hepatic venous branch. An infusion
of 50 % glucose solution was given to occlude the shunt.
This is novel management for IPSVSs when they are
numerous, small, or torturous, and makes the subsequent
procedures simpler, shorter, and less expensive.

Keywords Percutaneous transhepatic portal
embolization - Intrahepatic portovenous shunt -
Glucose solution

Introduction

Percutaneous transhepatic portal embolization (PTPE) is
performed to expand the indications for major hepatic
resection. Various embolic agents are used to achieve this
and include gelatin sponge, fibrin glue, polyvinyl alcohol
particles, cyanoacrylate and ethiodized oil, and absolute
ethanol [1, 2].

Intrahepatic portosystemic venous shunts (IPSVS) can
be congenital or may develop secondary to portal hyper-
tension or trauma [3, 4]. For patients with an IPSVS, the
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therapeutic effect of PTPE is insufficient because of
overflow of the embolic agent into the systemic circulation,
potentially resulting in non-targeted embolization of the
pulmonary artery. In this situation, blood flow through the
portosystemic shunt must be stopped. An IPSVS is usually
embolized with microcoils or particles [3, 5]; however, this
can be difficult when there are numerous shunts or the
shunt is small or torturous.

We report a case of PTPE coexisting with an IPSVS
which was successfully occluded with an infusion of 50 %
glucose solution.

Case report

A 68-year-old man with cholangiocarcinoma underwent
preoperative PVE to induce selective hypertrophy and
expand the indication for extended right hepatic resection.
Contrast-enhanced computed tomography of the abdomen
did not reveal an anomalous portovenous shunt. The right
anterior branch of portal vein was punctured percutane-
ously with a 21-gauze needle (Top, Tokyo, Japan) under
ultrasonographic guidance. A 5-French (F) sheath (Intro-
ducer set; Medikit, Tokyo, Japan) was advanced into the
portal vein using the Seldinger technique under fluoro-
scopic guidance. A reverse-curved 5-F balloon catheter
with a tip hole (Selecon balloon catheter; Terumo-Clinical
Supply, Gifu, Japan) was also inserted into the posterior
branch of the portal vein.

Selective right posterior portography was done with
balloon occlusion, revealing an IPSVS connecting the
segment VII branch to the right hepatic venous branch
(Fig. 1). We decided to embolize the portovenous shunt to
prevent overflow of the embolic agent into the systemic
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Fig. 1 Selective right posterior portogram with balloon occlusion
revealed an intrahepatic portovenous shunt connecting the segment
VII branches to the right hepatic venous branch (arrow)

Fig. 2 Right posterior portogram with balloon occlusion after the
infusion of 10 ml of 50 % glucose solution confirmed disappearance
of the intrahepatic portovenous shunt

circulation and to occupy the right posterior branch of the
portal vein with embolic agent exclusively.

First, we infused 10 ml of 50 % glucose solution from
the catheter, keeping the balloon inflated. Repeated selec-
tive right posterior portography showed disappearance of
the portovenous shunt (Fig. 2). We injected 5 ml of abso-
lute ethanol to embolize the right posterior branch of the
portal vein, and 6 ml of absolute ethanol with balloon
occlusion to embolize the right anterior branch of the portal
vein. Finally, post-embolization portography confirmed
complete occlusion of the right portal branches (Fig. 3).

He was followed-up for 20 days after the procedure
using computed tomography, and the left lobe of the liver
became hypertrophic with a hypertrophy rate of 151.7 %

Fig. 3 Direct portogram obtained after embolization of right portal
vein revealed no residual flow in the right portal venous branch or
intrahepatic portovenous shunt

Fig. 4 Coronal image of contrast-enhanced computed tomography
obtained 20 days after portal vein embolization shows sufficiently
thrombosed right portal branches without right hepatic vein
embolization

without recanalization of right portal vein, right hepatic
vein embolization, and unexpected pulmonary emboliza-
tion (Fig. 4). He underwent extended right hepatectomy
24 days after the procedure, and his postoperative course
was uneventful.

Discussion

Percutaneous transhepatic portal embolization (PTPE) is
widely accepted as an effective method for inducing
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atrophy of the embolized lobe to be resected and com-
pensatory hypertrophy of the contralateral lobe [1, 2]. The
technical considerations for PTPE are that the portal vein is
securely occluded, stagnating the embolic agents such as
liquid or microparticles, without recanalization and non-
target embolization [1, 6].

An IPSVS is a rare vascular anomaly which communi-
cates persistently between the portal vein and the hepatic
vein [3]. Two theories have been proposed to explain the
cause of IPSVSs: congenital origin, suggesting a persistent
embryonic venous anastomosis; and acquired origin, sug-
gesting the formation of a shunt following portal hyper-
tension or trauma [3, 4]. Typical contrast-enhanced CT
findings of IPSVS are a dilated portal branch directly
communicating with the hepatic vein through a dilated
venous aneurysm [7]. Treatment of IPSVSs should be
considered for patients with symptoms of hepatic enceph-
alopathy. However, the IPSVS must be occluded before the
PTPE, because it may cause insufficient occlusion of the
portal vein and unexpected embolization of the pulmonary
artery due to overflow of the embolic agent through the
shunt. The embolic agents used for IPSVS should be
selected according to the shunt size and morphology. Coils,
gelatin sponge, n-butyl cyanoacrylate, and an amplatzer
vascular plug have all been used [3, 5, 8].

We decided to use 50 % glucose solution to occlude
the small shunt in our patient. Previous reports proposed
the embolic mechanism of 50 % glucose for patients with
esophageal or gastric varices treated endoscopically, as
the endothelial cells of the vessel are injured by its high
osmolarity, blood flow stagnates, and thrombus formation
[9, 10]. Several investigators have also reported the
utility of hypertonic solution injected into the vessels
directly during balloon-occluded retrograde transvenous
obliteration and sclerotherapy of the varicose leg veins
[11, 12]. The advantages of 50 % glucose are that it is
easy to inject repeatedly without significant risk and it is
less expensive than other embolic materials. We aimed to
decrease the blood flow of the IPSVS, thereby allowing
the injected absolute ethanol to occupy the portal vein
sufficiently. This experiment was similar to that of the
50 % glucose solution infusion to occlude collateral
vessels before the injection of ethanolamine oleate to
treat gastric varices [11]. The shortcoming of 50 % glu-
cose solution infusion would be that a large IPSVS is not
occluded and remains after the injection, and emboliza-
tion using coils or an amplatzer vascular plug may be
required. An additional disadvantage is that injecting a
large amount of the agent may induce hyperglycemia.
Further experience or studies are warranted to clarify the
embolic efficacy of 50 % glucose infusion for IPSVS,

@ Springer

because this study is only case report and not fully
supported theoretically.

In summary, we reported a case of percutaneous tran-
shepatic portal embolization coexisting with an IPSVS,
which was successfully occluded with an infusion of 50 %
glucose solution. This is novel management for IPSVSs
that are numerous, small, or torturous, and makes the
accompanying procedures simpler, shorter, and less
expensive, reducing the need for coils or an amplatzer
vascular plug.
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Abstract

Background The efficacy of sorafenib for hepatocellular
carcinoma (HCC) patients refractory to transcatheter arte-
rial chemoembolization (TACE) has not yet been clarified.
We investigated the efficacy of sorafenib in HCC patients
who were refractory to TACE (sorafenib group) and ret-
rospectively compared the results with those of patients
treated with hepatic arterial infusion chemotherapy using
cisplatin (cisplatin group).

Methods We evaluated the anti-tumor effect, the time to
progression, and the overall survival in 48 patients in the
sorafenib group and 66 patients in the cisplatin group.
Results The disease control rate to sorafenib was 60.4 %,
the median time to progression was 3.9 months, and the
median survival time was 16.4 months in patients who were
refractory to TACE. When compared with the cisplatin group,
significant differences in the patient characteristics were
not observed between the two groups with the exception of
patient age; however, the disease control rate (cisplatin group
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28.8 %, P = 0.001), time to progression (cisplatin group:
median 2.0 months, hazard ratio 0.44, P < 0.01), and overall
survival (cisplatin group: median 8.6 months, hazard ratio
0.57, P < 0.001) were significantly superior in the sorafenib
group. The multivariate analysis also showed the sorafenib
treatment to be the most significant factor contributing to
prolongation of time to progression and overall survival.
Conclusions Sorafenib showed favorable treatment results
in patients refractory to TACE. When compared with hepatic
arterial infusion chemotherapy using cisplatin, sorafenib
demonstrated a significantly higher disease control rate, a
longer time to progression and increased overall survival.

Keywords Hepatocellular carcinoma - Sorafenib -
Cisplatin - Chemotherapy - Hepatic arterial infusion
chemotherapy

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide. HCC is highly prevalent in
African and Asian countries, and its incidence has recently
been increasing in western countries [1, 2]. For patients with
unresectable HCC who are not candidates for curative
treatments, such as resection, transplantation, or local
ablation, transcatheter arterial chemoembolization (TACE)
is the main therapeutic option 1, 2]. A clear survival benefit
for patients with unresectable HCC who are treated with
TACE has been shown in several randomized controlled
trials and a meta-analysis {3, 4]. Chemotherapy has been
recognized as a palliative treatment option for patients with
highly advanced HCC in whom TACE is not indicated.
Sorafenib is a multikinase inhibitor of Raf kinase, which
is involved in cancer cell proliferation, as well as vascular
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