PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World ] Gastroenterol 2007 May 28; 13(20): 2775-2783
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

REVIEW

Positron emission tomography/computer tomography:
Challenge to conventional imaging modalities in evaluating
primary and metastatic liver malignancies

Long Sun, Hua Wu, Yong-Song Guan

Long Sun, Hua Wu, Minnan PET Center, The First Hospital
of Xiamen, Fujian Medical University, Xiamen 316003, Fujian
Province, China

Yong-Song Guan, West China Hospital of Sichuan University,
Chengdu 610041, Sichuan Province, China

Yong-Song Guan, State Key Laboratory of Biotherapy, West
China Medical School, Sichuan University, Gaopeng Street,
Keyuan Road 4, Chengdu 610041, Sichuan Province, China
Correspondence to: Yong-Song Guan, West China Hospital of
Sichuan University, Chengdu 610041,

China. yongsongguan@yahoo.com

Telephone: +86-28-85421008 Fax: +86-28-85538359

Received: 2007-03-21 Accepted: 2007-04-16

Abstract

Computer tomography (CT) and magnetic resonance
imaging (MRI), as conventional imaging modalities,
are the preferred methodology for tumor, nodal and
systemic metastasis (TNM) staging. However, all
the noninvasive techniques in current use are not
sufficiently able to identify primary tumors and even
unable to define the extent of metastatic spread. In
addition, relying exclusively on macromorphological
characteristics to make a conclusion runs the risk of
misdiagnosis due mainly to the intrinsic limitations of
the imaging modalities themselves. Solely based on
the macromorphological characteristics of cancer, one
cannot give an appropriate assessment of the biological
characteristics of tumors. Currently, positron emission
tomography/computer tomography (PET/CT) are more
and more widely available and their application with
F-fluorodeoxyglucose (*°F-FDG) in oncology has become
one of the standard imaging modalities in diagnosing
and staging of tumors, and monitoring the therapeutic
efficacy in hepatic malignancies. Recently, investigators
have measured glucose utilization in liver tumors using
F-FDG, PET and PET/CT in order to establish diagnosis
of tumors, assess their biologic characteristics and
predict therapeutic effects on hepatic malignancies. PET/
CT with ®F-FDG as a radiotracer may further enhance
the hepatic malignancy diagnostic algorithm by accurate
diagnosis, staging, restaging and evaluating its biological
characteristics, which can benefit the patients suffering
from hepatic metastases, hepatocellular carcinoma and
cholangiocarcinoma.
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INTRODUCTION

Positron emission tomography (PET) is a noninvasive

imaging technique that provides a functional or metabolic
1-3]

assessment of normal tissues or diseased conditions!
PET is now widely applied in clinical oncology. The
development of the resolution and sensitivity of PET
have been improved by the availability of newer scanners
with a larger field of view and introduction of integral
PET and computer tomography (CT) systems in 20001’
An additional factor is the decision by the Centers for
Medicare and Medicaid Services to approve reimbursement
for several oncologic clinical indications for PET,
including the staging and restaging of non-small-cell lung,
esophageal, colorectal, breast, and head and neck cancers,
cervical cancer, as well as lymphoma and melanoma, and
the monitoring of the response to treatment of breast
cancer!®,

Asian and Western populations have their own
characteristic disease spectrum and cancer incidence!.
Hepatocellular carcinoma (HCC) and cholangiocarcinoma
(CC) are the major primary hepatic malignancies in the
world. In the United States, about 150000 patients are
diagnosed with colon cancer each year, and more than
50000 of them will develop liver metastases!™. HCC is one
of the most common cancers in Asians and its mortality is
just secondary to lung cancer in urban regions and gastric
carcinoma in rural regions in Chinal. The incidence
of CC is increasing worldwide and CC is a devastating
malignancy with a high mortality that presents late and
is difficult to diagnose!”. At present, PET and PET/CT
with ""F-fluorodeoxyglucose (*F-FDG) have joined the
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team for the workup and management of selected patients
suffering from hepatic colorectal metastases, HCC or
CC"l. This review focuses on the application of PET and
PET/CT with ®F-FDG as a radiotracer in the evaluation
of hepatic malignancies, including their diagnosis, staging
and restaging, evaluation of their biologic characteristics,
making a treatment plan and monitoring their responses,
detection of eatly recurrence and assessment of their
prognosis.

PET AND PET/CT VS CONVENTIONAL
IMAGING MODALITIES

Compared to conventional imaging technologies,
including CT and conventional magnetic resonance
imaging (MRI), PET provides information about
functional or metabolic characteristics for detection of
malignancies, characterization of tumor stage, assessment

of therapeutical response, and tumor recurrence, whereas
CT predominantly shows the anatomical or morphologic
features of tumors (i.e. size, density, and shape, ez)!'>".
Conventional imaging modalities reveal morphology
of lesions with largely nonspecific features. Therefore,
differentiation between malignant and benign lesions could
be improved by PET with its metabolic assessment!'.
Furthermore, PET has a high sensitivity in identifying
areas involving cancer at an early stage. In general,
accelerated radiotracer activity occurs before changes
occur in anatomical structure. In many circumstances,
this specific feature permits more accurate assessment
of treatment and enables early detection of cancerous
lesions!*.

Several radiotracers have been used in detecting
hepatic malignancies by PET ot PET/CT, and provide
insight into their physiologic features, including glucose
consumption (assessed with *F-FDG) and lipid synthesis
("'C-acetate)!'’l) cell-membrane metabolism and tumot
proliferation ("*F-fluorocholine)!'. Of these radiotracets,
"F-FDG is by far the most commonly used in oncologic
PET and the only oncologic PET tracer approved by
the Food and Drug Administration (FDA) for routine
clinical use™. "F-FDG is transported into tumor cells
by glucose transporter proteins on the cell surface and
then phosphorylated by hexokinase to FDG-6-phosphate.
FDG-6-phosphate cannot be further metabolized in
most tumor cells, thereby it selectively accumulates in
cancer tissues. The amount of tumoral "F-FDG uptake
is often expressed as the standardized uptake value (SUV)
with a semiquantitative measure. The SUV is calculated
by dividing the tissue activity by the injected dosage of
radioactivity per unit body weight. The SUV ratio is
expressed as the tumor to non-tumor ratio. Iwata e "
found that the median SUV is significantly lower in HCC
than in metastatic liver cancer or CC, and the median SUV
ratio is significantly lower in HCC than in metastatic liver
cancer or CC and significantly higher in multiple HCC
than in single HCC, while the median SUV and median
SUV ratio are significantly higher in the presence of portal
vein thrombosis than in the absence of such thrombosis.

However, PET lacks anatomical landmarks for
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Table 1 Characteristics of PET and its novel sister modalities in

detecting liver malignancies

Modalities Characteristics

PET By detecting *F-FDG uptake, producing functional images
but with very poor anatomical details

PET/CT Integrated PET and CT system, locate "*F-FDG in specific

anatomical sites
PET/MDCT  Best to monitor response to treatment, especially early ones
with fine details

topographic orientation, and it is difficult to identify the
abnormal glucose metabolic activity in regions close to
organs with variable physiological ""F-FDG uptake. Thus
combination with some other forms of imaging, such as
CT, is desirable for differentiating normal from abnormal
radiotracer uptake. PET/CT is an integral combination
of the cross-sectional anatomic information provided
by CT and the metabolic information provided by PET.
Anatomical and metabolic information is acquired during
a single examination and images of the two series can be
fused. ""F-FDG PET/CT has several advantages over PET
alone, the most important one is the ability to accurately
localize increased ""F-FDG activity to specific normal or
abnormal anatomic locations, which can be difficult or
even impossible with PET alone?l. The main commercially
available PET/CT systems in the wotld are PET with
multi-detector computed tomography (MDCT), so that
its most units can perform full dose diagnostic CT scan
for selected patients who need additional CT scan after
conventional ""F-FDG PET/CT imaging. Compatison of
several PET-derived imaging modalities with their features
in detecting liver malignancies is shown in Table 1.

EVALUATION OF HEPATIC MALIGNANCIES

Diagnosis of hepatic metastases

PET has emerged as an important diagnostic tool in
22-26

the evaluation of metastatic liver diseases™?. A greater
metabolic activity in malignant tissue is accompanied with
a greater glucose uptake than that in surrounding normal
tissue. This greater focal glucose uptake can be identified
with "®F-FDG PET, which allows for the identification of
malignant tumor foci. Wiering e a/*"! reported the results
of a meta-analysis of the current literature about the
usefulness of "F-FDG PET for the selection of patients
to undergo resection of colorectal liver metastases. The
sensitivity and specificity of "F-FDG PET in hepatic
metastatic diseases were 79.9% and 92.3%, respectively,
and 91.2% and 98.4% in extrahepatic diseases, respectively.
The pooled sensitivity and specificity of CT wete 82.7%
and 84.1% in hepatic lesions, respectively, and 60.9%
and 91.1% in extrahepatic lesions, respectively. *F-FDG
PET results led to changes in clinical management from
the first decision, with a percentage of 31.6% (range,
20.0%-58.0%). The combination of sensitivity with
specificity in ""F-FDG PET indicated that ""F-FDG PET
has an added value in the diagnostic workup of patients
with colorectal liver metastases. ""F-FDG PET can be
considered as a useful tool in preoperative staging by
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Figure 1 A 33-year-old man undergoing ascending colon cancer resection two
years ago. Coronal PET image (A) also showing recurrent lesion (arrow head)
at the root of mesentery, *F-FDG PET (B) and PET/CT fused imaging (D)
demonstrating multiple hepatic metastases (arrow), and non-enhanced CT (C)
detecting fewer lesions than PET/CT fused imaging (D).

producing supertior results compared with conventional
diagnostic modalities, especially in excluding or detecting
extrahepatic metastatic disease.

Conventional PET scanning is associated with several
shortcomings. The major drawback relates to its poor
resolution and lack of concise anatomic illustration of
PET images, making exact localization of ""F-FDG uptake
difficult. For example, a right adrenal gland metastasis
might be misinterpreted as a liver metastasis**?’.
Additionally, confirmation of a positive "F-FDG PET
uptake by histology is sometimes impossible because of
the lack of morphologic information. The new PET/
CT technique allows exact identification of the lesions,
which enables accurate biopsies and targeted surgery to
be performed. Compared with contrast-enhanced CT,
PET/CT provides comparable findings for the detection
of primary liver metastases. However, PET/CT is
more helpful than contrast-enhanced CT for detection
of recurrent intrahepatic tumors after hepatectomy,
extrahepatic metastases, and local recurrence at the site
of the initial colorectal surgery™. Information provided
by PET/CT results in a change from the initial decision
on therapeutic strategies in about a fifth of the patients.
Routinely petrforming PET/CT on all patients being
evaluated for liver resection for metastatic colorectal
cancet is recommended (Figute 1)P. To the patients with
metastatic colorectal cancer, a routine PET/CT scan is
recommended for making therapeutic decisions, such as
liver resection.

Diagnosis of HCC

PET is an imaging technique reflecting cellular metabolism.
However, the feasibility of PET in diagnosis of HCC is
limited because of its vague images and high cost. Several
investigators have reported controversial conclusions
telling an inadequate sensitivity of PET (50%-55%)"2.
Shin ez aP? reported a group of 32 HCC patients vetified

by surgical pathology or clinical course using imaging
studies (CT, MRI or angiography) within 3 mo after PET.
The sensitivity and specificity of "F-FDG PET were
65.5% and 33.3% respectively. The positive predictive
value was 90.5%. The diagnostic accuracy was 62.5%.
Chen ef a reported that the sensitivity, specificity and
accuracy were 73.3%, 100% and 74.2%, respectively for
detecting recurrence with ""F-FDG PET in patients with
unexplained rise of serum alpha-fetoprotein (AFP) levels
after the treatment of HCC. Hanajiri® and Beadsmoote
et alP’" found that ""F-FDG PET is more sensitive than
conventional CT and MRI in detecting suspected vein
tumor thrombus in patients with HCC. The reported
positive rate of perihepatic lymph node involvement in
patients undergoing hepatic resection is approximately 5%
for hepatocellular carcinoma. "F-FDG PET is useful in
detecting distant metastases from a variety of malignancies
and shows superior accuracy to conventional CT and
MRI in identification of perihepatic lymph nodes and
distant metastases””. ""F-FDG PET could provide addi-
tional information and contribute to the management of
HCC patients who are suspected of having extrahepatic
metastases.

Of the noninvasive imaging techniques for studying
HCC, triple-phase MDCT and contrast enhanced MRI
have been widely applied?”*l. PET/CT combines the
advantages of CT with the functional studying ability of
PET, through the fusion of PET and CT images acquired
at the same time that may help accurately localize the focal
metabolic activity. Currently available data indicate that
PET/CT is more sensitive and specific than either of its
constituent imaging methods alone and probably more
so than images obtained separately from PET and CT
and viewed side by side (Figure 2). However, ""F-FDG
PET/CT cannot replace separate diagnostic CT for HCC.
Additional full dose enhanced triple-phase MDCT scan
at the same time followed by "F-FDG PET/CT whole
body scan may be needed to take in some suspected HCC
patients, especially those at high risk!*!l.

Diagnosis of CC

Surgical resection is considered the only curative strategy
for intrahepatic CC at present. Accurate staging is essential
for appropriate management of patients with CC. MRI or
CT combining endoscopic ultrasound and PET provide
useful diagnostic information in certain patients!"l. In
diagnosing malignant diseases in patients with biliary
stricture, ""F-FDG PET may give better sensitivity and
specificity than CT, and is more sensitive than cytological
examination of bile in sensitivity!™. *F-FDG PET could
be useful in cases of suspected hilar CC by radiological
findings with non-confirmatory biopsy*). Anderson
et al*! reported that the sensitivity of *F-FDG is 85% in
detecting nodular morphology, 65% in detecting metastases
of CC, 78% in detecting gallbladder carcinoma, and 50%
in detecting extrahepatic metastases. PET is accurate in
predicting the presence of nodular CC (mass > 1 cm) but
may be not helpful for the diagnosis of infiltrating type of
CC. PET is also helpful for detecting residual gallbladder
carcinoma following cholecystectomy and has led to a
change in management of 30% of patients with CC.
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Figure 2 A 68-year-old male undergoing HCC resection 28-mo ago. Multiples
bone metastases (arrow) on the image of whole body PET (A), non-enhanced CT
(C) detecting no recurrence lesion in the liver, "*F-FDG PET (B) and PET/CT fused
imaging (D) showing a high metabolism recurrent lesion (arrow head).

The number of metastatic lymph nodes is a significant
prognostic factor for CC. The reported positive rate of
perihepatic lymph node involvement ranges 30%-50%
in patients with hilar CC*!, and 47%-58% in those with
intrahepatic CC*l. The involvement of paraaortic and
regional nodes in advanced hilar cholangiocarcinoma
is 14.4%. There is no consensus regarding the optimal
technique for evaluating the status of perihepatic lymph
nodes at the time of liver resection for intrahepatic CC.
Some have advocated routine nodal sampling before
resection, while others have advocated routine subhilar
lymphadenectomy. Without liver resection, the optimal
decision to sample lymph nodes can be only guided by
information gathered from preoperative imaging studies
and the intraoperative assessment of perihepatic nodest*’.

Petrowsky ez al*¥ reported that "F-FDG-PET/CT and
contrast-enhanced CT may provide a comparable accuracy
for the primary intra- and extra-hepatic CC. Regional
lymph node metastases were detected with PET/CT and
contrast-enhanced CT in only 12% »s 24%. All distant
metastases were detected with *F-FDG PET/CT, while
only 25% were detected with contrast-enhanced CT.
PET/CT findings resulted in a change of management
in 17% of patients deemed resectable after standard
work-up. PET/CT is particularly valuable in detecting
unsuspected distant metastases which have not been
diagnosed with standard imaging. Thus, PET/CT staging
has an important impact on selection of adequate therapy.
However, false positive rates have been found in patients
with inflammatory disease, such as primary sclerosing
cholangitis and cholecystitis. Therefore, a multidisciplinary
diagnostic approach using "F-FDG PET or PET/CT in
conjunction with conventional modalities seems essential
to a precise differential diagnosis.
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Figure 3 A 68-year-old female complaining of uncomfortable left upper abdomen
for one month with increasing of CA19-9 (> 700 w/L) (A), non-enhanced CT (C)
detecting a low density lesion in the left lobe of the liver (white arrow), °F-FDG PET
(B) and fused imaging of PET/CT (D) showing necrosis (arrow head) in the center of
the mass with a satellite lesion (black arrow). CC was confirmed by liver biopsy.

EVALUATION OF HEPATIC MALIGNANT
BIOLOGICAL CHARACTERISTICS

There is a dilemma that the five-year survival rate (ranging
from 30% to 50%) of patients after curative resection
of HCC almost does not increase in the past decade.
The treatment procedures of cancer must face the
core biological characteristics of cancer-aggressiveness
and metastasis'. The diagnosis, treatment, prognosis
standardizations of hepatic malignancies rely exclusively
on the macromorphological characteristics, which is
not enough to evaluate the biological characteristics of
such malignancies. Molecular imaging in oncology is the
noninvasive imaging of the key molecules and molecule-
based events that are characteristic of the genotype and
phenotype of human cancer. Since tumors with increased
E-FDG uptake are more metabolically active and more
biologically aggressivel®™, PET and PET/CT with
"E-FDG would play a key role in evaluating the biological
characteristics of hepatic malignancies (Figure 3).

It has been reported that the higher the glucose
metabolism seen on "F-FDG PET imaging, the worse
the prognosis of tumors, especially untreated tumorsP>*.
It is clear that a great deal of biological information is
contained within the *F-FDG PET SUV that reflects
the level of glycolysis, and strongly correlates to an
adverse patient prognosis*”. Although HCC accumulates
YF-FDG to various degrees, a high positive rate of
"E-FDG accumulation has been reported in patients with
high-grade HCCP" and in those with markedly elevated
AFP levels. Preoperative ""F-FDG uptake reflects tumor
differentiation and P-glycoprotein expression and may be
a good predictor of outcome in HCCP. The SUV ratio
is related significantly to disease-related deaths as well as
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other predictive factors, including the number, size and
stage of tumors, involvement of vessels and the capsule,
and provides information of prognostic relevance in
patients with HCC before surgery®?. A significant survival
benefit is correlated with low "F-FDG uptake in patients
with metastases of colotectal cancer?’.

Approximately 50% of patients with resected hepatic
malignancy may have a tumor recurrence. Thus, it is of
importance to predict the relapse and to tackle it with
additional treatment. A better understanding of biological
characteristics of hepatic malignancy could lead to
adequate use of adjuvant surgical treatments and hopefully
better treatment outcomel®. For example, if patients
at high risk of tumor recurrence could be identified
before the resection, they would benefit from additional
treatments, such as neoadjuvant and adjuvant therapy,
biotherapy, or the three. It is not necessary for patients
at a low risk of tumor recurrence to receive the above
therapies.

SELECTION OF LIVER TRANSPLANTATION
CANDIDATES

Liver transplantation is the only option capable of
simultaneously curing both HCC and the underlying liver
disease. Prevention of postoperative tumor recurrence
to improve the patients’ long-term survival remains the
primary concern as well as the major difficulty in liver
transplantation for HCCP. The key problem is thus
the selection of patients who can benefit from liver
transplantation, so that it is necessary to identify patients
at low risk of recurrence. The stringent morphologic
critetia (solitary nodule < 5 cm, 3 nodules < 3 cm each)
have been implemented to list HCC patients for liver
transplantation, leading to a big improvement in survival
rate of transplanted HCC patients in the last 10 years.
Nevertheless, several recent studies have shown the
limitations of such critetia in prediction of prognosis!® .
All conventional imaging modalities in current use with the
common HCC staging procedures (TNM, Milan criteria)
have their own limits to identify primary tumors and may
be even more limited in their ability to define the extent
of metastatic spread®”. Furthermore, relying exclusively
on the macromorphological characteristics of tumors may
result in misdiagnosis mainly due to the limits of imaging
techniques. The macromorphological characteristics of
cancer also give an imprecise estimate of the tumot's
aggressivenessl®,

With the advantages of whole-body scanning and
high sensitivity in tumot detection, ""F-FDG PET/
CT can be instrumental in preoperative evaluation of
liver transplantation for HCC (such as modification of
clinical staging) and early detection of postoperative
recurrent tumors. Histological grade of differentiation
and macroscopic vascular invasion are strong predictors
of both survival and tumor recurrence in patients with
cirrhosis who receive transplants because of HCC. Cillo
et al* reported that candidates for liver transplantation
can be selected using HCC grades (G1 and G2) based
on preoperative fine needle aspiration biopsy, which is

associated with an extremely low rate of tumor recurrence,
comparable with that of incidentally detected HCC.
Histological examination using percutaneous needle biopsy
may be the most definite assessment of HCC grades.
However, it is invasive and the specimen retrieved does
not always represent the entire lesion owing to sampling
errorsl®. Histological grade and vascular invasion cannot
be determined preoperatively. PET and PET/CT with
"F-FDG imaging could also be a good preoperative tool
for estimating the post-liver transplantation risk of tumor
recurrence, importantly, tumor recurrence can be highly
anticipated for PET-imaging-positive HCC patients who
satisfy the Milan criteria. Yang ef a/*?! supported that
PET-imaging-positive HCC patients should be selected
cautiously for liver transplantation.

SELECTION OF PATIENTS WITH HEPATIC
COLORECTAL METASTASES FOR
HEPATECTOMY

Hepatic resection, a potentially curative approach for
patients with liver metastases from colorectal carcinoma,
carries a 5-year survival rate of 30%-50%. The resection
rate of hepatic metastases from colorectal carcinoma
varies from 20% to 50%°". Some clinical and pathological
factors have been identified as important prognostic
determinants of survival after surgical resection of
colorectal liver metastases, including sex and age of the
patients, stage of tumor, the number and size as well as
distribution of hepatic metastatic lesions, presence of
extrahepatic distant metastases, type of hepatectomy, and
adjuvant chemotherapy, ez4*. Antoniou ez al* reported
that a repeated hepatectomy is safe and may provide
survival benefit equal to that of the first liver resection
based on their results from a meta-analysis of repeated
hepatectomy for patients with colorectal cancer metastases.

"F-FDG PET is a useful tool in preoperative staging,
It may be better than conventional diagnostic modalities,
especially for staging and re-staging after hepatectomy™.
Kinkel e a/™ teported that the mean weighted sensitivity
of ultrasonography, CT, MRI, and "F-FDG PET is 55%,
72%, 76% and 90% respectively, in the detection of
hepatic metastases from colorectal, gastric, and esophageal
cancers. Results of pair wise comparison between imaging
modalities demonstrated a greater sensitivity of "F-FDG
PET than ultrasonography, CT and MRI. At equivalent
specificity, "F-FDG PET is the most sensitive noninvasive
imaging modality for the diagnosis of hepatic metastases
from colorectal, gastric, and esophageal cancers.

"F-FDG PET/CT provides important additional
information in patients with presumed resectable
colorectal metastases to the liver, leading to a change of
therapy in one fifth of patients™. The most significant
additional information relates to the accurate detection
of extrahepatic spread of tumor. "F-FDG PET/CT is
particularly valuable in detecting local recurrence at the
margin of a previous liver resection and at the site of the
primary colorectal surgery?. It also increases the accuracy
and certainty of locating lesions in colorectal cancer. More
definitely normal and abnormal lesions could be identified
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with PET/CT than with PET alone with an improved
staging and restaging accuracy of 78%-89%!. This test
should be used for patients at high risk for extrahepatic
disease and evaluated prospectively for all patients under
consideration for liver resection.

VIABLE TUMORS VS NECROSIS OR
FIBROSIS AFTER TREATMENT

Less than 20% of patients with hepatic metastases, HCC
and CC have been treated surgically. Palliative treatment
of inoperable hepatic metastases, HCC and CC has
been reported. Despite initial resection or remission
of hepatic malignancy, the survival benefits are not
satisfactory because of frequent recurrences following
the treatment!™. Eatly detection of a residual ot locally
recurrent tumor after palliative treatment is critical to eatly
successful retreatment. Conventional CT and MRI are
disadvantageous in early evaluation of the local treatment
efficacy and recurrent diseases!"".

An important contribution of restaging with PET
among patients without any other clinical or biochemical
evidence of disease is the possibility of distinguishing
between viable tumors and necrosis or fibrosis in residual
masses that may be present after treatment!™. PET and
PET/CT with ""F-FDG are not affected by scar tissue
and artificial materials. "*F-FDG PET and PET/CT
accurately monitor the local efficacy of radiofrequency
ablation (RFA) for treatment of liver metastases and
can recognize early incomplete tumor ablation, which
may not be detectable on contrast-enhanced CT alone.
Conversely, CT and MRI may be false-positive at the rim
of the lesions because of hyperperfusion after RFAI1,
Zhao et al’™ reported that ""F-FDG PET/CT is better
than CT in judging tumor residue of HCC after treatment
with transcatheter arterial chemo-embolization (TACE)
combined with RFA or surgery and in guiding further
treatment of HCC. Furthermote, integrated PET/CT can
provide a value especially for the postoperatively distorted
liver with scar tissue and artificial materials, where the
sensitivity and specificity CT and MRI are relatively low.

PREDICTORS OF POSTOPERATIVE
RECURRENCE IN ASYMPTOMATIC
PATIENTS

An unexplained rise of tumor markers (e.g., among
patients with colorectal cancer and elevated levels of
serum carcinoembryonic antigen (CEA) or HCC patients
with elevated serum AFP levels after the treatment) after
the treatment of hepatic malignancy is an early indicator
of tumor recurrence or extrahepatic metastases!”’.
However, conventional imaging techniques have a limited
sensitivity for detecting recurrent disease in such patients.
"F-FDG PET has been proved to be an effective whole-
body imaging technique that detects metabolic changes
preceding structural findings. Several studies have
persuasively demonstrated that tumor restaging with PET
can detect and localize disease recurrence among patients
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Table 2 Comparison between PET/CT and conventional

imaging modalities of their values in examination of liver
malignancies

Modalities Specificity Sensitivity Accuracy
18F-FDG-PET/CT ot ot o
Ultrasound + ++

CT ++ et B

MRI ++ ++ ++

- poor; + fair; ++ good; +++ excellent.

with no or mild symptoms and elevated tumor marker
level. PET also can provide information about whether the
detected disease is resectable*8!],

Flamen e a/** have reported the results of *F-FDG
PET for unexplained rising CEA in postoperative
colorectal cancer patients, showing that a patient-based
analysis revealed that the sensitivity of "F-FDG PET
in detecting tumor recurrence is 79%, and the positive
predictive value is 89%, while a lesion-based analysis
displayed that the sensitivity of ""F-FDG PET in detecting
tumor recurrence is 75%, and the positive predictive
value is 79%. "*F-FDG PET whole-body scan also
provides a valuable imaging tool for detecting extrahepatic
metastasis and contributes to the management of HCC
patients suspected of having extrahepatic metastases™.
"F-FDG PET/CT provides fused images demonstrating
the complementary role of functional and anatomic
assessment in the diagnosis of cancer recurrence through
the precise localization of suspected "F-FDG uptake
foci and their charactetization as malignant or benign®".
"F-FDG PET/CT is better than common CT in judging
tumor residue of HCC after treatment, and in guiding
further treatment of HCC.

EVALUATION OF PROGNOSIS OF HEPATIC
MALIGNANCIES

At present, despite careful preoperative staging with
conventional imaging modalities and colonoscopy, most
patients with colorectal liver metastases have recurrence
after liver resection. The overall 5-year survival rate is
30%, ranging 12%-41%. These results have not steadily
improved over time®*l. Accordingly, to reduce the
frequency of futile hepatic resections, more effective
staging tools ate needed. *F-FDG PET appeats to define
a new cohort of patients in whom tumor grade is a
very important prognostic variable. The current study
focused on the prognostic value of pretreatment metabolic
activity in metastases measured with "*F-FDG PET, which
was investigated as an indicator of survival in colorectal
cancer.

The overall 5-year survival in patients screened with
"F-FDG PET befote hepatic tesection for metastatic
colorectal cancer is 58.6%, which is a substantial improve-
ment in overall survival when compared with the results
from a large number of historical seties in which *F-FDG
PET was not used®™. A significant survival benefit has
been shown in patients with low ""F-FDG uptake in
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metastases of colorectal cancer. F-FDG PET is
useful not only for the evaluation of malignancy of
hepatocellular carcinoma but also for the prediction of
outcome in patients with hepatocellular carcinomal™. The
SUV of "F-FDG PET in high-grade HCCs is significantly
higher than that in low-grade HCCs. The SUV ratio is
related significantly to disease-related deaths as well as
other predictive factors, including the number, size and
stage of tumors, and involvement of vessels as well as
capsule!”l. Evaluation of examination results from these
imaging modalities is illustrated in Table 2.

CONCLUSION

"F-FDG PET has advantages ovet conventional imaging
techniques in designing and evaluating managements of
hepatic malignancies with biological characteristics for
an optimal patient outcome. With combined functional
and anatomical image, PET/CT is more and more widely
applied in clinical practice. It is more sensitive and specific
than PET, with a lower false-positive and false-negative
rate. Multiple avenues of investigation that can be used to
improve the ability of PET and PET/CT with *F-FDG to
enhance the diagnostic algorithm of hepatic malignancies,
which can benefit the patients suffering from hepatic
metastases, HCC and CC by more accurate diagnosis,
staging, restaging and further evaluation of their biologic
characteristics.

REFERENCES
1  Weissleder R. Molecular imaging in cancer. Science 2006; 312:
1168-1171

2 Juweid ME, Cheson BD. Positron-emission tomography and
assessment of cancer therapy. N Engl | Med 2006; 354: 496-507

3 Maisey MN. Overview of clinical PET. Br | Radiol 2002; 75
Spec No: S1-55

4 Beyer T, Townsend DW, Brun T, Kinahan PE, Charron M,
Roddy R, Jerin J, Young J, Byars L, Nutt R. A combined
PET/CT scanner for clinical oncology. ] Nucl Med 2000; 41:
1369-1379

5 Blodgett TM, Meltzer CC, Townsend DW. PET/CT: form and
function. Radiology 2007; 242: 360-385

6  Iglehart JK. The new era of medical imaging--progress and
pitfalls. N Engl ] Med 2006; 354: 2822-2828

7 Ho CL. Clinical PET imaging-an Asian perspective. Ann Acad
Med Singapore 2004; 33: 155-165

8 Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun
MJ. Cancer statistics, 2006. CA Cancer | Clin 2006; 56: 106-130

9  Qin LX, Tang ZY. Hepatocellular carcinoma with obstructive
jaundice: diagnosis, treatment and prognosis. World |
Gastroenterol 2003; 9: 385-391

10 Khan SA, Thomas HC, Davidson BR, Taylor-Robinson SD.
Cholangiocarcinoma. Lancet 2005; 366: 1303-1314

11 von Schulthess GK, Steinert HC, Hany TF. Integrated PET/
CT: current applications and future directions. Radiology 2006;
238: 405-422

12 Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A,
Ascher NL, Roberts JP. Liver transplantation for hepatocellular
carcinoma: expansion of the tumor size limits does not
adversely impact survival. Hepatology 2001; 33: 1394-1403

13 Kitagawa Y, Nishizawa S, Sano K, Ogasawara T, Nakamura
M, Sadato N, Yoshida M, Yonekura Y. Prospective comparison
of 18F-FDG PET with conventional imaging modalities
(MRI, CT, and 67Ga scintigraphy) in assessment of combined
intraarterial chemotherapy and radiotherapy for head and
neck carcinoma. | Nucl Med 2003; 44: 198-206

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Adams S, Baum RP, Stuckensen T, Bitter K, Hor G. Prospective
comparison of 18F-FDG PET with conventional imaging
modalities (CT, MRI, US) in lymph node staging of head and
neck cancer. Eur | Nucl Med 1998; 25: 1255-1260

Avril NE, Weber WA. Monitoring response to treatment in
patients utilizing PET. Radiol Clin North Am 2005; 43: 189-204
Ho CL, Yu SC, Yeung DW. 11C-acetate PET imaging in
hepatocellular carcinoma and other liver masses. | Nucl Med
2003; 44: 213-221

Talbot JN, Gutman F, Fartoux L, Grange JD, Ganne N, Kerrou
K, Grahek D, Montravers F, Poupon R, Rosmorduc O. PET/
CT in patients with hepatocellular carcinoma using (18)F
fluorocholine: preliminary comparison with (18)F FDG PET/
CT. Eur | Nucl Med Mol Imaging 2006; 33: 1285-1289

Food and Drug Administration (FDA): Positron Emission
Tomography (PET) for Oncologic Applications. 1999, first
edition, page 18

Iwata Y, Shiomi S, Sasaki N, Jomura H, Nishiguchi S, Seki S,
Kawabe ], Ochi H. Clinical usefulness of positron emission
tomography with fluorine-18-fluorodeoxyglucose in the
diagnosis of liver tumors. Ann Nucl Med 2000; 14: 121-126
Fanti S, Franchi R, Battista G, Monetti N, Canini R. PET and
PET-CT. State of the art and future prospects. Radiol Med
(Torino) 2005; 110: 1-15

Czernin J, Allen-Auerbach M, Schelbert HR. Improvements in
cancer staging with PET/CT: literature-based evidence as of
September 2006. | Nucl Med 2007; 48 Suppl 1: 785-88S
Strasberg SM, Dehdashti F, Siegel BA, Drebin JA, Linehan
D. Survival of patients evaluated by FDG-PET before hepatic
resection for metastatic colorectal carcinoma: a prospective
database study. Ann Surg 2001; 233: 293-299

Ruers TJ, Langenhoff BS, Neeleman N, Jager GJ, Strijk S,
Wobbes T, Corstens FH, Oyen WJ. Value of positron emission
tomography with [F-18] fluorodeoxyglucose in patients with
colorectal liver metastases: a prospective study. | Clin Oncol
2002; 20: 388-395

Wiering B, Ruers TJ, Oyen W]. Role of FDG-PET in the
diagnosis and treatment of colorectal liver metastases. Expert
Rev Anticancer Ther 2004; 4: 607-613

Kantorova I, Lipska L, Bélohlavek O, Visokai V, Truba¢ M,
Schneiderova M. Routine (18)F-FDG PET preoperative staging
of colorectal cancer: comparison with conventional staging
and its impact on treatment decision making. | Nucl Med 2003;
44:1784-1788

Arulampalam TH, Francis DL, Visvikis D, Taylor I, Ell PJ.
FDG-PET for the pre-operative evaluation of colorectal liver
metastases. Eur | Surg Oncol 2004; 30: 286-291

Wiering B, Krabbe PF, Jager GJ, Oyen W], Ruers TJ.
The impact of fluor-18-deoxyglucose-positron emission
tomography in the management of colorectal liver metastases.
Cancer 2005; 104: 2658-2670

Rohren EM, Paulson EK, Hagge R, Wong TZ, Killius ], Clavien
PA, Nelson RC. The role of F-18 FDG positron emission
tomography in preoperative assessment of the liver in patients
being considered for curative resection of hepatic metastases
from colorectal cancer. Clin Nucl Med 2002; 27: 550-555

Teague BD, Morrison CP, Court FG, Chin VT, Costello SP,
Kirkwood ID, Maddern GJ. Role of FDG-PET in surgical
management of patients with colorectal liver metastases. ANZ
J Surg 2004; 74: 646-652

Selzner M, Hany TF, Wildbrett P, McCormack L, Kadry
Z, Clavien PA. Does the novel PET/CT imaging modality
impact on the treatment of patients with metastatic colorectal
cancer of the liver? Ann Surg 2004; 240: 1027-1034; discussion
1035-1036

Veit P, Antoch G, Stergar H, Bockisch A, Forsting M, Kuehl
H. Detection of residual tumor after radiofrequency ablation
of liver metastasis with dual-modality PET/CT: initial results.
Eur Radiol 2006; 16: 80-87

Yang SH, Suh KS, Lee HW, Cho EH, Cho JY, Cho YB, Yi NJ,
Lee KU. The role of (18)F-FDG-PET imaging for the selection
of liver transplantation candidates among hepatocellular
carcinoma patients. Liver Transpl 2006; 12: 1655-1660

www.wjgnet.com



2782 ISSN 1007-9327

CN 14-1219/R  World J Gastroenterol

May 28, 2007  Volume 13 Number 20

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Shin JA, Park JW, An M, Choi JI, Kim SH, Kim SK, Lee W],
Park SJ, Hong EK, Kim CM. Diagnostic accuracy of 18F-FDG
positron emission tomography for evaluation of hepatocellular
carcinoma. Korean | Hepatol 2006; 12: 546-552

Chen YK, Hsieh DS, Liao CS, Bai CH, Su CT, Shen YY, Hsieh
JF, Liao AC, Kao CH. Utility of FDG-PET for investigating
unexplained serum AFP elevation in patients with suspected
hepatocellular carcinoma recurrence. Anticancer Res 2005; 25:
4719-4725

Hanajiri K, Mitsui H, Maruyama T, Kondo Y, Shiina S, Omata
M, Nakagawa K. 18F-FDG PET for hepatocellular carcinoma
presenting with portal vein tumor thrombus. | Gastroenterol
2005; 40: 1005-1006

Beadsmoore CJ, Cheow HK, Sala E, Lomas DJ, Gibbs P, Save
V, Alison ME, Balan KK. Hepatocellular carcinoma tumour
thrombus in a re-canalised para-umbilical vein: detection
by 18-fluoro-2-deoxyglucose positron emission tomography
imaging. Br | Radiol 2005; 78: 841-844

Sugiyama M, Sakahara H, Torizuka T, Kanno T, Nakamura F,
Futatsubashi M, Nakamura S. 18F-FDG PET in the detection
of extrahepatic metastases from hepatocellular carcinoma. |
Gastroenterol 2004; 39: 961-968

Wudel LJ, Delbeke D, Morris D, Rice M, Washington
MK, Shyr Y, Pinson CW, Chapman WC. The role of 18F
fluorodeoxyglucose positron emission tomography imaging in
the evaluation of hepatocellular carcinoma. Am Surg 2003; 69:
117-124; discussion 124-126

Lee KH, O'Malley ME, Haider MA, Hanbidge A. Triple-phase
MDCT of hepatocellular carcinoma. AJR Am | Roentgenol 2004;
182: 643-649

Kim YK, Kim CS, Chung GH, Han YM, Lee SY, Chon SB,
Lee JM. Comparison of gadobenate dimeglumine-enhanced
dynamic MRI and 16-MDCT for the detection of hepatocellular
carcinoma. AJR Am ] Roentgenol 2006; 186: 149-157

Kuehl H, Veit P, Rosenbaum SJ, Bockisch A, Antoch G. Can
PET/CT replace separate diagnostic CT for cancer imaging?
Optimizing CT protocols for imaging cancers of the chest and
abdomen. | Nucl Med 2007; 48 Suppl 1: 455-57S

Singh P, Patel T. Advances in the diagnosis, evaluation and
management of cholangiocarcinoma. Curr Opin Gastroenterol
2006; 22: 294-299

Kim YJ, Yun M, Lee W], Kim KS, Lee JD. Usefulness of
18F-FDG PET in intrahepatic cholangiocarcinoma. Eur | Nucl
Med Mol Imaging 2003; 30: 1467-1472

Anderson CD, Rice MH, Pinson CW, Chapman WC, Chari
RS, Delbeke D. Fluorodeoxyglucose PET imaging in the
evaluation of gallbladder carcinoma and cholangiocarcinoma.
] Gastrointest Surg 2004; 8: 90-97

Kitagawa Y, Nagino M, Kamiya J, Uesaka K, Sano T, Yamamoto
H, Hayakawa N, Nimura Y. Lymph node metastasis from hilar
cholangiocarcinoma: audit of 110 patients who underwent
regional and paraaortic node dissection. Ann Surg 2001; 233:
385-392

Yamamoto M, Takasaki K, Yoshikawa T. Lymph node
metastasis in intrahepatic cholangiocarcinoma. Jpn | Clin Oncol
1999; 29: 147-150

Grobmyer SR, Wang L, Gonen M, Fong Y, Klimstra D,
D'Angelica M, DeMatteo RP, Schwartz L, Blumgart LH,
Jarnagin WR. Perihepatic lymph node assessment in patients
undergoing partial hepatectomy for malignancy. Ann Surg
2006; 244: 260-264

Petrowsky H, Wildbrett P, Husarik DB, Hany TF, Tam S,
Jochum W, Clavien PA. Impact of integrated positron emission
tomography and computed tomography on staging and
management of gallbladder cancer and cholangiocarcinoma. |
Hepatol 2006; 45: 43-50

Tang ZY. Hepatocellular carcinoma surgery--review of the
past and prospects for the 21st century. | Surg Oncol 2005; 91:
95-96

Larson SM. Positron emission tomography-based molecular
imaging in human cancer: exploring the link between hypoxia
and accelerated glucose metabolism. Clin Cancer Res 2004; 10:
2203-2204

www.wjgnet.com

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Larson SM, Schwartz LH. 18F-FDG PET as a candidate for
"qualified biomarker": functional assessment of treatment
response in oncology. | Nucl Med 2006; 47: 901-903
Miyamoto J, Sasajima H, Owada K, Mineura K.
Surgical decision for adult optic glioma based on 18F
fluorodeoxyglucose positron emission tomography study.
Neurol Med Chir (Tokyo) 2006; 46: 500-503

Jeong HJ, Min J], Park JM, Chung JK, Kim BT, Jeong JM,
Lee DS, Lee MC, Han SK, Shim YS. Determination of the
prognostic value of (18)F fluorodeoxyglucose uptake by using
positron emission tomography in patients with non-small cell
lung cancer. Nucl Med Commun 2002; 23: 865-870

Hatano E, Ikai I, Higashi T, Teramukai S, Torizuka T, Saga
T, Fujii H, Shimahara Y. Preoperative positron emission
tomography with fluorine-18-fluorodeoxyglucose is predictive
of prognosis in patients with hepatocellular carcinoma after
resection. World | Surg 2006; 30: 1736-1741

Seo S, Hatano E, Higashi T, Hara T, Tada M, Tamaki N,
Iwaisako K, Ikai I, Uemoto S. Fluorine-18 fluorodeoxyglucose
positron emission tomography predicts tumor differentiation,
P-glycoprotein expression, and outcome after resection in
hepatocellular carcinoma. Clin Cancer Res 2007; 13: 427-433
Kong YH, Han CJ, Lee SD, Sohn WS, Kim M], Ki SS, Kim
J, Jeong SH, Kim YC, Lee JO, Cheon GJ, Choi CW, Lim
SM. Positron emission tomography with fluorine-18-
fluorodeoxyglucose is useful for predicting the prognosis of
patients with hepatocellular carcinoma. Korean | Hepatol 2004;
10: 279-287

de Geus-Oei LF, Wiering B, Krabbe PF, Ruers TJ, Punt CJ,
Oyen W]J. FDG-PET for prediction of survival of patients with
metastatic colorectal carcinoma. Ann Oncol 2006; 17: 1650-1655
Arriagada R, Bergman B, Dunant A, Le Chevalier T, Pignon
JP, Vansteenkiste J. Cisplatin-based adjuvant chemotherapy in
patients with completely resected non-small-cell lung cancer.
N Engl ] Med 2004; 350: 351-360

Cha C, Dematteo RP, Blumgart LH. Surgical therapy for
hepatocellular carcinoma. Adv Surg 2004; 38: 363-376

Shetty K, Timmins K, Brensinger C, Furth EE, Rattan S, Sun W,
Rosen M, Soulen M, Shaked A, Reddy KR, Olthoff KM. Liver
transplantation for hepatocellular carcinoma validation of
present selection criteria in predicting outcome. Liver Transpl
2004; 10: 911-918

Leung JY, Zhu AX, Gordon FD, Pratt DS, Mithoefer A,
Garrigan K, Terella A, Hertl M, Cosimi AB, Chung RT. Liver
transplantation outcomes for early-stage hepatocellular
carcinoma: results of a multicenter study. Liver Transpl 2004;
10: 1343-1354

Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl | Med 1996; 334:
693-699

Kirimlioglu H, Dvorchick I, Ruppert K, Finkelstein S, Marsh
JW, Iwatsuki S, Bonham A, Carr B, Nalesnik M, Michalopoulos
G, Starzl T, Fung ], Demetris A. Hepatocellular carcinomas
in native livers from patients treated with orthotopic liver
transplantation: biologic and therapeutic implications.
Hepatology 2001; 34: 502-510

Zavaglia C, De Carlis L, Alberti AB, Minola E, Belli LS,
Slim AO, Airoldi A, Giacomoni A, Rondinara G, Tinelli C,
Forti D, Pinzello G. Predictors of long-term survival after
liver transplantation for hepatocellular carcinoma. Am |
Gastroenterol 2005; 100: 2708-2716

Cillo U, Vitale A, Bassanello M, Boccagni P, Brolese A, Zanus
G, Burra P, Fagiuoli S, Farinati F, Rugge M, D'Amico DF.
Liver transplantation for the treatment of moderately or well-
differentiated hepatocellular carcinoma. Ann Surg 2004; 239:
150-159

Guan YS, Sun L, Zhou XP, Li X, Zheng XH. Hepatocellular
carcinoma treated with interventional procedures: CT and
MRI follow-up. World | Gastroenterol 2004; 10: 3543-3548
Okano K, Maeba T, Ishimura K, Karasawa Y, Goda F,
Wakabayashi H, Usuki H, Maeta H. Hepatic resection for



Sun L et a/. Application of PET/CT in liver cancer

2783

68

69

70

71

72

73

74

75

76

77

78

79

80

81

metastatic tumors from gastric cancer. Ann Surg 2002; 235: 86-91
Hirai I, Kimura W, Fuse A, Isobe H, Hachiya O, Moriya T,
Suto K, Mizutani M. Surgical management for metastatic liver
tumors. Hepatogastroenterology 2006; 53: 757-763

Antoniou A, Lovegrove RE, Tilney HS, Heriot AG, John
TG, Rees M, Tekkis PP, Welsh FK. Meta-analysis of clinical
outcome after first and second liver resection for colorectal
metastases. Surgery 2007; 141: 9-18

Joyce DL, Wahl RL, Patel PV, Schulick RD, Gearhart SL, Choti
MA. Preoperative positron emission tomography to evaluate
potentially resectable hepatic colorectal metastases. Arch Surg
2006; 141: 1220-1226; discussion 1227

Kinkel K, Lu Y, Both M, Warren RS, Thoeni RF. Detection of
hepatic metastases from cancers of the gastrointestinal tract
by using noninvasive imaging methods (US, CT, MR imaging,
PET): a meta-analysis. Radiology 2002; 224: 748-756

Nakamoto Y, Sakamoto S, Okada T, Senda M, Higashi T, Saga
T, Togashi K. Clinical value of manual fusion of PET and CT
images in patients with suspected recurrent colorectal cancer.
AJR Am ] Roentgenol 2007; 188: 257-267

Cohade C, Osman M, Leal J, Wahl RL. Direct comparison
of (18)F-FDG PET and PET/CT in patients with colorectal
carcinoma. | Nucl Med 2003; 44: 1797-1803

Donckier V, Van Laethem JL, Goldman S, Van Gansbeke D,
Feron P, Ickx B, Wikler D, Gelin M. F-18 fluorodeoxyglucose
positron emission tomography as a tool for early recognition
of incomplete tumor destruction after radiofrequency ablation
for liver metastases. | Surg Oncol 2003; 84: 215-223

Veltri A, Moretto P, Doriguzzi A, Pagano E, Carrara G,
Gandini G. Radiofrequency thermal ablation (RFA) after
transarterial chemoembolization (TACE) as a combined
therapy for unresectable non-early hepatocellular carcinoma
(HCC). Eur Radiol 2006; 16: 661-669

Torizuka T, Nakamura F, Kanno T, Futatsubashi M,
Yoshikawa E, Okada H, Kobayashi M, Ouchi Y. Early therapy
monitoring with FDG-PET in aggressive non-Hodgkin's
lymphoma and Hodgkin's lymphoma. Eur | Nucl Med Mol
Imaging 2004; 31: 22-28

Blokhuis TJ, van der Schaaf MC, van den Tol MP, Comans
EF, Manoliu RA, van der Sijp JR. Results of radio frequency
ablation of primary and secondary liver tumors: long-term
follow-up with computed tomography and positron emission
tomography-18F-deoxyfluoroglucose scanning. Scand |
Gastroenterol Suppl 2004; 93-97

Zhao M, Wu PH, Zeng YX, Zhang FJ, Huang JH, Fan W],
Gu YK, Zhang L, Tan ZB, Lin YE. Evaluating efficacy of
transcatheter arterial chemo-embolization combined with
radiofrequency ablation on patients with hepatocellular
carcinoma by 18FDG-PET/CT. Ai Zheng 2005; 24: 1118-1123
Liu FY, Chen JS, Changchien CR, Yeh CY, Liu SH, Ho KC, Yen
TC. Utility of 2-fluoro-2-deoxy-D-glucose positron emission
tomography in managing patients of colorectal cancer with
unexplained carcinoembryonic antigen elevation at different
levels. Dis Colon Rectum 2005; 48: 1900-1912

Park YA, Lee KY, Kim NK, Baik SH, Sohn SK, Cho CW. Prognostic
effect of perioperative change of serum carcinoembryonic antigen
level: a useful tool for detection of systemic recurrence in rectal
cancer. Ann Surg Oncol 2006; 13: 645-650

Israel O, Mor M, Guralnik L, Hermoni N, Gaitini D, Bar-

82

83

84

85

86

87

88

Shalom R, Keidar Z, Epelbaum R. Is 18F-FDG PET/CT useful
for imaging and management of patients with suspected
occult recurrence of cancer? | Nucl Med 2004; 45: 2045-2051
Flamen P, Hoekstra OS, Homans F, Van Cutsem E, Maes A,
Stroobants S, Peeters M, Penninckx F, Filez L, Bleichrodt RP,
Mortelmans L. Unexplained rising carcinoembryonic antigen
(CEA) in the postoperative surveillance of colorectal cancer:
the utility of positron emission tomography (PET). Eur | Cancer
2001; 37: 862-869
Anderson GS, Brinkmann F, Soulen MC, Alavi A, Zhuang
H. FDG positron emission tomography in the surveillance of
hepatic tumors treated with radiofrequency ablation. Clin Nucl
Med 2003; 28: 192-197
Israel O, Kuten A. Early detection of cancer recurrence:
18F-FDG PET/CT can make a difference in diagnosis and
patient care. | Nucl Med 2007; 48 Suppl 1: 285-355
Metcalfe MS, Mullin EJ, Maddern GJ. Choice of surveillance
after hepatectomy for colorectal metastases. Arch Surg 2004;
139: 749-754
Takahashi S, Inoue K, Konishi M, Nakagouri T, Kinoshita T.
Prognostic factors for poor survival after repeat hepatectomy
in patients with colorectal liver metastases. Surgery 2003; 133:
627-634
Fernandez FG, Drebin JA, Linehan DC, Dehdashti F, Siegel
BA, Strasberg SM. Five-year survival after resection of hepatic
metastases from colorectal cancer in patients screened by
positron emission tomography with F-18 fluorodeoxyglucose
(FDG-PET). Ann Surg 2004; 240: 438-447; discussion 447-450
Shiomi S, Nishiguchi S, Ishizu H, Iwata Y, Sasaki N, Tamori
A, Habu D, Takeda T, Kubo S, Ochi H. Usefulness of positron
emission tomography with fluorine-18-fluorodeoxyglucose for
predicting outcome in patients with hepatocellular carcinoma.
Am | Gastroenterol 2001; 96: 1877-1880

S- Editor LiuY L-Editor Wang XL E- Editor Wang HF

www.wjgnet.com



