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Abstract

Objective To evaluate the clinical usefulness of positron
emission tomography (PET) using '®F-fluorodeoxyglucose
(FDG) in patients with follow-up or suspected recurrent
biliary cancer in a multicenter study.

Methods We performed a retrospective review of 50
patients who underwent FDG-PET (either integrated PET/
CT or manual fusion of dedicated PET and CT) scans for
post-treatment surveillance of biliary cancer. Recurrence
was suspected in 40 of these patients on the basis of tumor
marker levels, and/or findings of conventional imaging
(group A). Clinical findings in the remaining 10 patients
showed them to be disease-free (group B). The diagnostic
performance and clinical impact of PET were analyzed.
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Results Recurrence was confirmed in 28 out of the 40
patients in group A, and 1 of the 10 patients in group
B. Patient-based analysis showed that the sensitivity,
specificity, and accuracy of PET for detecting recurrence
were 86% (25/29), 91% (19/21), and 88% (44/50),
respectively. The one patient with recurrence in group B
was correctly interpreted by PET. Positive test likelihood
ratio and negative test likelihood ratio were increased from
1.69 to 9.05, and 0.08 to 0.32, respectively, after PET
study. The findings of PET resulted in a change of man-
agement for 10 out of the 50 patients (20%) by initiating an
unplanned treatment strategy (n = 7), by obviating the
need for planned diagnostic procedures (n = 2), or by
changing the treatment plan (n = 1).
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Conclusion FDG-PET/CT or PET with CT yielded
helpful information in patients with suspected recurrent
biliary cancer.

Keywords Biliary cancer - Recurrence - '*F-FDG -
PET - PET/CT

Introduction

Despite continuing advances in surgical and non-surgical
therapeutic strategies, cancer recurrence and distant metas-
tasis after initial treatment continue to be a major problem
for patients with biliary cancer. Early and accurate detection
of recurrence and distant metastasis has an important influ-
ence on therapy, and selection of appropriate treatment
strategies can be expected to have a significant impact on
overall survival. In devising therapeutic strategies taking
into consideration patients’ quality of life, more accurate
diagnosis acquired by recent imaging techniques is indis-
pensable. Conventional morphological imaging modalities,
including radiography, ultrasonography, computed tomog-
raphy (CT), and magnetic resonance (MR) imaging are
widely used to diagnose recurrent lesions. However, when
used alone, these conventional imaging modalities are poor
at visualizing small disseminated lesions, small lymph node
metastases, and differentiating residual or recurrent tumor
from scarring after therapy.

Positron emission tomography (PET) with '®F-fluoro-2-
deoxy-p-glucose (FDG), which is based on the increased
utilization, and thereby high uptake, of glucose by malig-
nant cells, has opened a new field in clinical imaging.
FDG-PET has been used successfully for the detection,
staging, re-staging, and therapy monitoring of a large
spectrum of various malignant tumors. Recently, integrated
PET/CT, in which a full-ring-detector clinical PET scanner
and multidetector row helical CT scanner are combined,
makes it possible to acquire both metabolic and anatomic
imaging data using a single device in a single diagnostic
session and provides precise anatomic localization of sus-
picious areas of increased FDG uptake [1]. It is possible to
diagnose cancer recurrence and distant metastasis by PET
in the preclinical stage before it becomes evident by con-
ventional imaging modalities in various malignancies
[2—4]. Several studies describing the usefulness of FDG-
PET for the differential diagnosis and initial diagnosis of
biliary cancer have been published [5-10]. However, few
studies have described the usefulness of FDG-PET for
post-treatment evaluation [9-12].

The purpose of the present study was to assess the
diagnostic accuracy of FDG-PET/CT or PET with CT in
the diagnosis of recurrent biliary cancer and to assess its
clinical impact in making decisions.
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Materials and methods
Study population

We performed a multi-center (Dokkyo Medical University
Hospital, Hokkaido University Hospital, Tohoku Univer-
sity Hospital, Hitachi General Hospital, National Cancer
Center Hospital East, National Cancer Center Hospital,
International Medical Center of Japan, and Kyoto Uni-
versity Hospital) retrospective observation study.Inclusion
criteria were (1) post-operative state of biliary cancer, and
(2) PET scans (either integrated PET/CT or manual fusion
of dedicated PET and CT) were performed for surveillance
of recurrent biliary cancer with or without suspicion of
recurrence.If patients had repeated PET scans, we only
analyzed the results of the first PET study after the initial
surgery for biliary cancer.

Between June 2006 and December 2007, 50 consecutive
patients (age range 4782 years; median age 62 years) who
had undergone surgery for histopathologically proven bil-
iary cancer (gallbladder in 6 patients, cholangiocarcinoma
in 12 patients, and bile duct cancer in 32 patients) entered
into this study, which was approved by the respective
institutional review boards. Informed consent was obtained
from each patient after the nature of the procedures had
been fully explained. Thirty patients had undergone only
surgery, 19 had undergone chemotherapy after surgery, and
1 had undergone chemoradiotherapy after surgery
(Table 1). The time interval between the initial surgery and
PET examination ranged from 8 months to 7 years (med-
ian, 20 months), and the interval between the last treatment
and PET examination ranged from 5 months to 6 years
(median, 13 months).

Recurrence and distant metastasis of biliary cancer was
suggested in 40 patients (group A) by elevated levels
of tumor markers (CA 125 > 35 units/ml, or CA
19-9 > 35 units/ml) (n = 25 patients), abnormal findings
in conventional morphological imaging modalities, such as
ultrasonography, CT, or MR imaging studies (n = 10), and
both elevated tumor marker levels and conventional
imaging finding (n = 5). The remaining 10 patients were
all clinically considered disease-free (group B). In this
group, there were no abnormal findings in terms of tumor
marker levels or conventional imaging findings. PET
studies were performed at the request of physicians or the
patients themselves.

FDG-PET or PET/CT study

Whole-body FDG-PET/CT (n = 30) or PET (n = 20)
scans were performed after patients had fasted for at least
4 h. At 60 min after the intravenous administration of 250—
370 MBq FDG, imaging of trajectory upper thigh to skull
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Table 1 Patient and tumor characteristics Table 2 Lesion location-based analysis
Characteristics Value Location No. of cases with No. of PET
confirmed recurrence positive cases
Age (years)
Median 62 Local recurrence 10 9 (90%)
Range 47-82 Lymph node 10 8 (80%)
Tumor origin (no. of patients) Peritoneum 8 7 (87.5%)
Gallbladder 6 Liver 4 3.(75%)
Cholangiocarcinoma 12 Lung 1 1 (100%)
Bile duct cancer 32 Bone 1 1 (100%)
Treatment (no. of patients)
Surgery 30 liver, and lung and peritoneal dissemination). A lesion on
Surgery plus chemotherapy 19 PET was considered suspicious if the metabolic activity
Surgery plus chemoradiotherapy 1 was higher than background activity allowing for the nor-
Indications for PET study (no. of patients) mal biodistribution. Semiquantitative analysis using stan-
Abnormal serum tumor marker 5 dardized uptake value (SUV) was not done in this study,
Abnormal conventional imaging study 10 and no cut-off values for SUV were set for differentiating
Abnormal conventional imaging study 5 lesions in interpreting PET images. Lymph nodes with
and serum tumor marker increased FDG uptake were deemed positive for metastatic
Request of physicians or the patients themselves 10 spread, even if they were smaller than 1 cm in short-axis
Time since last treatment to PET study (months) diameter.Lung metastasis was mostly interpreted by CT
Median 13 and not PET, because small lung metastases show little or
Range 5.72 no FDG uptake. Peritoneal dissemination was considered

base was performed using a dedicated full ring BGO-based
dedicated PET scanner (Advance, GE Healthcare), an LSO
PET/CT scanner (Biograph Duo, CTI/Siemens), a BGO
PET/CT scanner (Discovery LS/ST, GE Healthcare), and a
GSO PET/CT scanner (Gemini, Philips Medical System).
PET images were reconstructed with attenuation correction
by an ordered-subsets expectation maximization algorithm,
but specific parameters for image reconstruction depended
on each institution’s method. All PET studies were con-
ducted under the guidelines issued by the Japanese Society
of Nuclear Medicine.

Data interpretation and image analysis

At least two experienced radiologists/nuclear medicine
physicians interpreted the PET, CT, and fused images of
integrated PET/CT examination visually by consensus. In
dedicated PET studies, after making image fusion between
PET and CT images manually on a workstation (Aquari-
usNetStation, TeraRecon), PET, CT, and fused images
were read by at least two experienced radiologists/nuclear
medicine physicians. In interpreting these images, all
readers had knowledge of the clinical findings, including
tumor markers, and of the results of all the available
imaging studies. Diagnostic ability was determined on a
patient basis and also on a lesion location basis (local,
various sites of metastasis, such as lymph nodes, bone,

positive when there was peritoneal, mesenteric, or intesti-
nal thickness or mass formation with increased FDG uptake
(Table 2).

The final diagnosis was obtained from the results of
histopathological examination (n = 15), or clinical follow-
up (n = 35) for periods longer than 6 months on the basis
of tumor marker levels, CT or MR imaging findings, and
PET/CT findings.

PET/CT or PET with CT was considered to be of value
if it provided additional information that led to cancellation
of previously planned diagnostic procedures or if it resulted
in the initiation of previously unplanned treatment or
changed the previously planned therapeutic approach.

Statistical analysis

We performed a patient-based analysis of the PET/CT or
PET or with CT results based on the consensus verdict in
general. Sensitivity, specificity, and accuracy were calcu-
lated using standard statistical formulas. The change of
positive test likelihood ratio and negative test likelihood
ratio after PET study were calculated. In addition, the
clinical impact obtained by FDG-PET/CT or PET with CT
for therapeutic strategy was also quantified.

Results

Recurrence was confirmed in 28 out of the 40 patients in
group A, and 1 of the 10 patients in group B. In group A
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comprising 40 patients with suspected recurrence, PET/CT
or PET with CT correctly diagnosed 24 out of 28 patients
with recurrent disease and 10 out of 12 patients without
recurrence. In group B comprising 10 patients suspected to
be disease-free, PET/CT or PET with CT correctly diag-
nosed 1 of 1 patient with recurrent disease and 9 of 9
patients without recurrence. Positive test likelihood ratio
and negative test likelihood ratio were increased from 1.69
to 9.05, and 0.08 to 0.32, respectively, after PET study.
Patient-based analysis showed that the sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy of PET/CT or PET or with CT
in groups A and B were 86.2, 90.5, 92.2, 82.6, and 88.0%,
respectively, whereas those in group A were 85.7, 83.3,
92.3, 71.4, and 85.0%, respectively, and those in group B
were 100, 100, 100, 100, and 100%, respectively. Some
representative cases are shown in Figs. 1, 2. Four false
negative PET results were, a missed tiny local recurrence, a
missed lymph node metastasis, a missed tiny liver metas-
tasis, and a missed tiny peritoneal dissemination. Two false
positive PET results were, over-diagnosed cholangitis and
post-surgical change.

PET/CT or PET with CT resulted in a change of treat-
ment management for 9 out of the 40 patients in group A
by initiating an unplanned treatment strategy (n = 6), by
obviating the need for planned diagnostic procedures
(n = 2), or by changing the treatment plan (n = 1). PET/
CT or PET with CT resulted in a change of treatment

Fig. 1 A 47-year-old male
postoperative
cholangiocarcinoma patient
with local recurrence. Although
axial contrast-enhanced CT
taken 3 weeks ago (a) showed
no abnormal findings, axial PET
(b), CT (c), and fused-image (d)
showed local recurrence beside
the resected region (arrow)
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management for 1 out of the 10 patients in group B by
initiating an unplanned treatment strategy.

Discussion

The diagnostic performance of PET with CT and PET/CT
was reasonably high in our series, and was comparable to
that in previously reported series. Four groups have inves-
tigated the usefulness of FDG-PET or PET/CT for postop-
erative surveillance of patients with biliary cancer and
reported a sensitivity of 89-100% and specificity of
93-100% [9-12]. Two authors demonstrated that PET or
PET/CT showed better diagnostic accuracy for recurrence
than CT [11, 12]. Corvera et al. [10] performed FDG-PET
scans in 33 postoperative patients with biliary cancer
(gallbladder in 10 patients and cholangiocarcinoma in 23
patients) and found that the sensitivity and specificity of
PET for recurrence were 89% and 100% and the findings of
PET influenced management in 9% of 33 patients. Jadvar
et al. [12] performed FDG-PET or PET/CT scans in 24
postoperative patients with biliary cancer and reported that
the sensitivity and specificity of PET or PET/CT for
recurrence were 94% and 100% while the respective figures
for CT were 82% and 43%. Chikamoto et al. [11] per-
formed FDG-PET scans in 18 postoperative patients with
hilar bile duct cancer and reported that the sensitivity and
specificity of PET for recurrence were 100% and 93% and
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Fig. 2 A 76-year-old female
postoperative
cholangiocarcinoma patient
with LN metastasis and
peritoneal dissemination.
Although axial contrast-
enhanced CT taken one month
ago (a) showed no abnormal
findings, axial PET (b), CT (c),
and fused-image (d) showed
tiny LN metastasis in the
hepatic portal region (arrow).
Although axial contrast-
enhanced CT taken one month
ago (e) showed no abnormal
findings, axial PET (f), CT (g),
and fused-image (h) showed
tiny peritoneal dissemination at
the hepatic surface (arrow)

the sensitivity of enhanced CT was 25%. Anderson et al. [9]
performed FDG-PET examinations in 5 postoperative
patients with biliary cancer and reported that the sensitivity
and specificity of PET for recurrence were 100% and 100%.
Our results are consistent with their data, and the number of
patients in our series was relatively large.

In our series, the positive test likelihood ratio and neg-
ative test likelihood ratio were increased from 1.69 to 9.05,
and 0.08 to 0.32, respectively, after PET/CT or PET study.
This means that PET/CT or PET demonstrates a much
greater incremental diagnostic value to the conventional
and clinical diagnostic information if the PET is positive.
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Several studies describing the usefulness of FDG-PET
for the differential diagnosis and initial diagnosis of biliary
cancer have demonstrated that the detection rate of FDG-
PET in the nodular type of the biliary tumor was superior to
that of the infiltrating type and PET/CT can be helpful to
detect unsuspected distant metastasis, but may offer only
modest accuracy for regional lymph node staging [5-10].

Although integrated FDG-PET/CT is an accurate com-
plementary modality for providing good anatomic and
functional localization, even PET/CT could not detect tiny
lesions, tiny local recurrence, lymph node metastases, or
peritoneal dissemination in our series. PET and PET/CT
can only detect lymph nodes that have a certain volume of
malignant cells sufficient to change the observed glucose
metabolism, and neither of these modalities can detect
micrometastasis. The spatial resolution of PET scans is
insufficient for detection of microscopic metastases to
lymph nodes [13]. With a given spatial resolution of
4-6 mm with currently available PET and PET/CT
systems, the detection of microscopic lesions remains
challenging. Improving the spatial resolution and sensi-
tivity of PET and PET/CT scanners and developing new,
more specific radioactive tracers may help to overcome this
limitation in the future.

The liver represents one of the main targets of metastatic
spread of biliary cancer, and PET or PET/CT is a useful
modality to detect liver metastasis with a certain volume
[14]. However PET/CT is unable to detect tiny liver
metastasis. Recently contrast-enhanced MRI is widely
accepted and Squillaci et al. demonstrated that the Gd-
enhanced MRI had a better sensitivity to detect tiny liver
metastasis than PET/contrast enhanced CT [15]. Moreover,
a new contrast medium of MRI, gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) may
replace ultrasound or enhanced CT and become the pre-
ferred contrast agent for detecting liver metastases [16].
When liver metastasis is highly suspected, contrast-
enhanced MRI should be recommended.

This study had certain limitations. The gold standard for
any analysis is histological confirmation of the findings.
However, clinical follow-up is also a valid way to evaluate
diagnostic accuracy and response to therapy, and it would
have been unethical to investigate all PET/CT-detected
lesions by invasive procedures. Positive findings are easy
to confirm, but negative findings only mean that we were
unable to acquire positive findings during the follow-up
period, making it uncertain whether the findings were truly
negative. Second, not all data were based on PET/CT, and
40% of them are from PET studies. If they were conducted
by PET/CT, the sensitivity or accuracy might have been
different. However, in this investigation, all PET images
were manually fused on a workstation. Although misreg-
istration can happen, it is expected that higher diagnostic
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accuracy would be obtained than PET only interpretation.
Third, conventional morphological imaging modalities,
such as radiography, ultrasonography, CT, and MR imag-
ing, which were used to detect recurrent lesions were not
performed in all patients and were variable in individual
patients.

In conclusion, FDG-PET/CT yielded helpful informa-
tion in patients with suspected recurrent biliary cancer, like
in cases of various other cancers.
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