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Abstract Positron emission tomography (PET) is widely

available and its application with 2-[18F] fluoro-2-deoxy-D-

glucose (18F-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 glu-

cose utilization in liver tumors using 18F-FDG and positron

emission tomography/computer tomography (PET/CT) in

order to establish a diagnosis of tumors, assess their bio-

logic characteristics and predict therapeutic effects on

hepatic malignancies. The PET/CT with 18F-FDG may

further enhance the hepatic malignancy diagnostic algo-

rithm by accurate diagnosis, staging, restaging and evalu-

ating its biological characteristics, which can benefit the

patients suffering from primary and metastatic hepatic

tumors such as hepatocellular carcinoma (HCC), cholan-

giocarcinoma (CCC), and metastatic liver tumor.
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Introduction

Positron emission tomography (PET) is a functional

imaging modality that uses positron emitters, such as

fluorine-18. Fluorine-18 has a physical half-life of 110 min

and can be synthesized with a cyclotron or delivered as a

radiopharmaceuticals from a radiopharmaceutical company

to an institute without cyclotron units. While PET has been

used for several decades in research tools, its clinical use

has grown substantially in the past decade. The most

commonly clinically used radiotracer is 2-[18F] fluoro-2-

deoxy-D-glucose (FDG). The FDG-PET has been widely

used not only for detecting and staging malignant tumors

but also for monitoring therapy response and differentiat-

ing malignant from benign lesions. In this review, we

would like to show clinical application of FDG-PET for

The assessment of malignant hepatic tumors.

Metabolic mechanism of FDG in the liver

Tumor imaging using FDG is based on the principle of

increased glucose metabolism of cancer cells. Like glu-

cose, FDG is taken up by cancer cells via facilitative glu-

cose transporters (Gluts). Gluts are glycoproteins, and so

far, 12 isoforms have been identified in different organs.

Normal hepatocytes express Glut2, Glut9, and Glut10 [1].

The expression of Gluts, predominantly Glut1 and Glut3, is

significantly higher in many cancer cells than in normal

cells. Once in the cell, glucose or FDG is phosphorylated

by hexokinase to glucose-6-phosphate or FDG-6-phos-

phate, respectively. The expression of hexokinase and

its affinity for/function of phosphorylation of glucose or

FDG is often higher in cancer cells than in normal cells;

hexokinase II is predominantly expressed in cancer cells.

M. Tsurusaki (&) � M. Okada � M. Matsuki � K. Ishii �
T. Murakami

Department of Diagnostic Radiology, Kinki University,

School of Medicine, 377-2 Ohnohigashi,

Osaka-sayama, Osaka 589-8511, Japan

e-mail: mtsuru@dk2.so-net.ne.jp

H. Kuroda

Department of Radiology,

Izumo Medical Center Hospital, Izumo, Japan

123

J Gastroenterol (2014) 49:46–56

DOI 10.1007/s00535-013-0790-5



Glucose-6-phosphate travels further down the glycolytic or

oxidative pathways to be metabolized, unlike FDG-6-

phosphate, which cannot be metabolized. In normal cells,

glucose-6-phospate or FDG-6-phosphate can undergo

dephosphorylation and can exit the cells. In many cancer

cells, however, the expression of glucose-6-phosphatase is

often significantly low; therefore, glucose-6-phospate or

FDG-6-phosphate are only minimally dephosphorylated

and remain within the cell. On the other hand, because

FDG-6-phosphate cannot be metabolized, it is trapped in

cells as a polar metabolite and can be visualized by PET

(Fig. 1). In normal liver parenchyma, the concentration of

glucose-6-phosphatase is high, which causes rapid clear-

ance of FDG from the liver. This may account for the mild

intensity of the normal liver on whole-body PET, espe-

cially at later imaging times post tracer injection [2]. In

fact, in many publications and clinical routines, the PET

intensity of the liver has often been used as a reference for

background uptake.

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) or hepatoma develops via

malignant transformation of hepatocytes and is common in

the settings of chronic liver changes or cirrhosis. The HCC

is the most common primary malignancy of the liver,

accounting for about 80 % of malignant neoplasms of the

liver [3]. The diagnosis is based on screening risk popu-

lations with measurements of tumor marker, such as serum

alpha fetoprotein or PIVKA II, and liver ultrasound. MRI,

CT, and/or lipiodol angiography with follow-up CT are

used in inconclusive cases to establish the diagnosis [4].

Biopsy is only performed on patients in whom the radio-

logical diagnosis cannot be made [5].

Facilitative Gluts do not appear to be overexpressed in

HCC as often as in other malignant tumors. Zimmerman

et al., and Roh et al. [6, 7] reported the expression of Glut1

in 2 of 35 and 1 of 22 examined HCC cases, respectively.

Delbeke et al. [8] examined a series of 23 patients with

HCC. During visual assessment, the tumor-to-liver ratio

was definitely high in 13 patients, equivocal (slightly

increased compared with that of livers) in three patients,

and poor (same or less than that of normal livers) in seven

patients. The sensitivity of FDG-PET for HCC is approx-

imately 50 % [8–10]. There appears to be some association

between the histological differentiation of HCC and FDG

uptake, with poorly differentiated tumors showing higher

intensity on FDG-PET, which may be explained by the

enzymology of HCC (Fig. 2). The concentration of glu-

cose-6-phosphatase is high in normal livers, which causes

rapid clearance of glucose-6-phospate or FDG-6-phosphate

from hepatocytes, with consequent mild appearance of the

liver on PET. The enzymology of well-differentiated HCC

resembles that of the normal liver, which may explain the

mild FDG uptake or nonvisualization of these tumors on

PET (Fig. 3). Moderately to poorly differentiated HCC

tumors have lower levels of glucose-6-phosphatase and

higher levels of hexokinase, which probably causes intense

FDG uptake of these tumors on PET [2, 8, 11, 12]. In

addition, Trojan et al. [13] described that there appears to

be some association between FDG uptake and tumor-vol-

ume doubling time as well as between FDG uptake and

tumor size in a series of 14 HCC tumors. Therefore, FDG-

PET could possibly be used to assess the effect of treatment

in larger and less-differentiated HCC. They also described

the sensitivity of FDG-PET for the imaging of HCC is

approximately 50 %. Nevertheless, in patients with mod-

erately or poorly differentiated HCC, the sensitivity was

88 %, which may contribute to an effective noninvasive

staging. Shiomi et al., and Kong et al. [14, 15] demon-

strated the usefulness of FDG-PET in predicting the out-

come in patients with HCC.

Detection of extrahepatic FDG-avid metastases origi-

nating from HCC has also been reported; especially in

cases of less-differentiated HCC, metastases appear to be

more FDG avid [2, 13, 56]. Sugiyama et al., reported that

the sensitivity of FDG-PET was 83 % for extrahepatic

metastases larger than 1 cm in greatest diameter and 13 %

for lesions less than or equal to 1 cm. There were no false-

positive lesions in all lesions [56]. On the other hand,

another report revealed that the accuracy of chest CT was

significantly superior compared with the accuracy of PET

imaging for detecting lung metastases. The detection rate

of metastatic pulmonary nodules C1 cm was 92.3 %, when

\1 cm was 20 % in PET imaging [57].
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Fig. 1 Uptake of FDG. FDG is a glucose analog that is taken up by

metabolically active cells by means of facilitated transport via glucose

transporters (Glut) in the cell membrane. In the cell cytoplasm, FDG

undergoes phosphorylation to form FDG-6-phosphate (6P), which,

unlike glucose, cannot undergo further metabolism and becomes

trapped within the cell
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Although more data are needed to establish the clinical

role of FDG-PET in HCC, in our experience, it is very

helpful for assessment of the malignant potential of hepatic

lesions of unknown origin through simultaneous visuali-

zation of the liver and extrahepatic tissue and for that of

known HCC with clinically suspected extrahepatic metas-

tasis (Figs. 2, 4). Nonetheless, a negative FDG-PET scan in

patients with a solitary hepatic lesion does not exclude the

possibility of HCC.

Metastatic liver tumor

Metastatic disease accounts for the majority of malignant

lesions in the liver. Often, the presence of liver metastases

is the main determinant of survival and guides the thera-

peutic strategy, particularly in patients with colorectal

cancer [16, 17].

Zimmerman et al. [6] studied the expression of Glut1 in

hepatic metastases originating from different primaries

and reported that Glut1 was overexpressed in hepatic

metastases from 3 of 5 lung primaries, 7 of 11 pancreatic

primaries, 7 of 9 colon primaries, 2 of 7 breast primaries, 2

of 2 squamous cell primaries, 1 of 3 biliary tract primaries,

and none of the neuroendocrine primaries that were

examined. To our knowledge, expression of other Gluts,

such as Glut3, in hepatic metastases has not previously

been reported.

The FDG-PET has been proven to be highly sensitive in

detecting hepatic metastases from different primaries. Del-

beke et al. [8] studied the diagnostic value of FDG-PET in

hepatic metastases measuring 1 cm and more and detected

all 66 metastatic lesions originating from various primaries,

such as the colon, pancreas, esophagus, sarcoma, and par-

otid. Similar results that showed the overall greater sensi-

tivity of PET, compared with that of spiral computed

tomography (CT), have been reported by other groups, par-

ticularly for CT findings that were indeterminate [11, 12, 18].

In cases of known solitary hepatic metastasis diagnosed

using CT, several groups have reported the discovery of

additional hepatic metastases using FDG-PET [19–21]. This

is of particular importance in preoperative evaluation of

solitary hepatic metastasis because detection of additional

lesions often changes the management. Retrospective data

Fig. 2 A 83-year-old woman who had HCC that detected a huge

hepatic mass by contrast-enhanced CT (a, arrow). PET markedly

revealed FDG avidity of the hepatic mass (b, arrow) as well as FDG

avid deposits along multiple bones (ribs, vertebra, humerus, and

pelvis) and mediastinal lymph nodes (c, d, arrow head). Core-needle

biopsy of liver mass indicated undifferentiated HCC
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by Fernandez et al., have shown that using FDG-PET to

assess patients with colon cancer liver metastases considered

for partial hepatectomy was associated with long-term sur-

vival. The survival of such patients was superior to that of

patients with the same condition for whom only standard

anatomical imaging methods were used in the selection of

surgery. Presumably, PET was used to select those patients

who did not have extrahepatic metastases and thus, were

most likely to benefit from partial hepatectomy [22]. Addi-

tionally, in cases of suspected recurrent colorectal cancer,

FDG-PET is more sensitive than CT for discovering hepatic

metastases and has the potential of detecting disease earlier

than CT when metastatic disease is more amenable to cura-

tive resection [21, 23]. The FDG-PET should be especially

considered in settings of increased carcinoembryonic anti-

gen levels to assess hepatic metastases because it has proven

to be more sensitive than CT for this purpose [25].

Yang et al., reviewed PET and magnetic resonance

imaging (MRI) studies of 30 patients with histopathologi-

cally proven (n = 27) or clinically suspected (n = 3)

hepatic metastases from non-hepatic primaries. The sensi-

tivity, specificity, positive predictive values, and negative

predictive values on MRI were 85.7, 100, 100, and 89 %,

respectively, compared with 71, 93.7, 90.9, and 79 %,

respectively, on PET. The differences in the results

between the two methods were not statistically significant

[24]. Bohm et al. [11] demonstrated similar results.

Besides, another meta-analysis of the literature on

detection of hepatic metastases from colorectal, gastric,

and esophageal cancers using ultrasonography (US), CT,

MRI, and PET found that in studies with a specificity

higher than 85 %, the mean weighted sensitivity was 55 %

(95 % CI 41, 68) for US, 72 % (95 % CI 63, 80) for CT,

76 % (95 % CI 57, 91) for MRI, and 90 % (95 % CI 80,

Fig. 3 A 38-year-old man who had HCC resection 4 years before had

an intrahepatic HCC recurrence and received transarterial infusion

therapy. No metabolically active lesion compared with background of

the liver was detected by PET/CT fused images (a, b, arrows). CT

hepatic arteriography showed multiple hypervascular nodules in each

lobe of the liver (c, d, arrows)

J Gastroenterol (2014) 49:46–56 49

123



97) for PET. The conclusion was that at equivalent speci-

ficity, PET is the most sensitive noninvasive imaging

modality for diagnosing hepatic metastases from colorec-

tal, gastric, and esophageal cancers [25]. The CT can

achieve higher sensitivity, but at the expense of specificity.

In our experience, PET is of particular benefit in cases of

indeterminate CT findings (Fig. 5). This was shown by

Marom et al. [26] in metastatic lung cancer, where in a

prospective study of 100 patients, nearly twice as many

lesions in the liver were identified using CT than PET;

however, all of the incremental lesions identified on CT

were false positives.

False-negative PET results for hepatic metastases due to

the lower image resolution of PET compared with that of

spiral CT and MRI has been reported [11, 27, 28]. It should

be considered, however, that these publications were based

on non-attenuation corrected images, which may have had

lower sensitivity, especially deeper in the abdomen because

the deeper areas of the abdomen generally appear much

fainter on non-attenuation corrected than on attenuation-

corrected PET images. Generally, the role of PET in

detecting sub centimeter lesions should be redefined, con-

sidering the sophisticated image correction, reconstruction

algorithms, and higher image resolution of current PET

machines. Nonetheless, detection is limited by the sensi-

tivity and resolution of the scanner as well as the back-

ground tissue radioactivity levels in the normal tissue.

Further improvements in image resolution from the current

1-cm reconstructed resolution to a few millimeters can be

expected with the development of small surface area

crystal elements in combination with alternative position-

sensitive photomultiplier tubes and the implementation of

Fig. 4 A 58-year-old woman with hepatitis C infection who had been

detected as having a right hepatic nodule on contrast-enhanced CT (a,

arrow). PET was requested for further assessment, and revealed FDG

avidity of the hepatic mass (b, arrow) as well as FDG avid deposits

below the anterior abdominal wall (c, arrow head). Contrast-

enhanced CT showed hypervascular mass in the peritoneum at the

same portion (d, arrow head). Image characteristics of the left hepatic

mass on CT and Alpha Fetoprotein level of 897 ng/ml indicated HCC

as the primary, and the peritoneal mass seems to be extrahepatic

metastasis
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depth of interaction measurements [29, 30]. However, it is

still rare for the reconstructed scanner resolution in patient

imaging to match the optimal resolution of the scanner

because there often are not enough photon events to depict

the true resolution. Thus, at present, the structural resolu-

tion of anatomical imaging remains superior to that of PET.

Nonetheless, the diagnostic accuracy of PET is generally

superior to that of anatomical imaging because of its

physiological basis for lesion detection. Another approach

to increase detectability of liver metastases is through

acquisition of dynamic PET and the formation of

parametric images of the influx constant as described by

Zasadny and Wahl [31]; this approach increases the tumor-

to-background signal ratio and potentially may improve

detectability of small lesions, but requires more time than

standard imaging. False-negative FDG-PET findings due to

underestimation of uptake, misregistration of foci, and

recent completion of chemotherapy has also been reported

[32, 33]. The latter is likely associated with microscopic

remnant disease at the completion of chemotherapy that

grows and increases in volume, with subsequent visuali-

zation on PET once chemotherapy has been terminated.

However, no information is available in the literature on

the time interval after completion of chemotherapy during

which PET can give false negative results. On basis of the

authors’ experience, this time interval is about 4–6 weeks.

Underestimation of the uptake of malignant lesions that

cause false-negative findings on PET can occur because of

physiological movements of the liver during emission

scans. The liver is an upper abdominal organ that moves

with respiratory movement of the diaphragm. Emission

scans are acquired over several minutes during which

hepatic lesions, especially those at the dome, are in a

repetitive craniocaudal pendulous movement. The respira-

tory excursion of the liver has been estimated to be

10–25 mm [34, 35]. Therefore, it is conceivable that cra-

nial and caudal portions of small lesions are registered only

for half of the acquisition time, and hence, their uptake is

underestimated so that they appear less intense on images

than they really are. The degree of this underestimation is

variable, and particularly in the case of a subcentimeter

lesion, this may even lead to non-visualization of the

lesion, as reported by Rohren et al. [32]. One way to

overcome this problem is to increase the target-to-back-

ground count ratio by increasing the acquisition time. This

can be done by increasing the acquisition time of the

middle and upper abdomen emission frames while

acquiring the whole-body scan, if possible, on the PET

machine. A different approach to solve this problem would

be respiratory gating, in which emission data collected

during certain phases of the respiratory cycle are used for

image reconstruction. This approach results in better

visualization of small lesions with the disadvantage of

longer acquisition time [30, 36].

False-positive findings for malignancy on PET due to

intrahepatic abscess; penetrating gallbladder empyema; or

benign inflammatory lesions, such as regenerative nodules

in a cirrhotic liver, have also been reported [8, 11, 19].

Given the higher sensitivity of PET in detecting hepatic

and especially extrahepatic metastasis, it is conceivable

that PET will be increasingly employed for preoperative

staging of malignant tumors.

Fig. 5 A 73-year-old man who underwent sigmoidectomy for colon

cancer 2 years ago. Contrast-enhanced CT could not clearly indicate a

solid lesion in segment VI of the liver (a, arrow). PET was requested

for further assessment, and revealed FDG avidity at the same portion

in the segment VI of the liver (b, arrow). Surgical specimen indicated

metastatic adenocarcinoma
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Cholangiocellular carcinoma

Cholangiocarcinoma (CCC) originates from the epithelial

cells of the biliary tract. Next to HCC, it is the second most

common primary tumor of the liver, accounting for about

5–30 % of primary hepatic malignancies [3]. Biliary

obstruction with jaundice is the most common clinical

feature in hilar CCC, whereas it is uncommon in peripheral

CCC. The diagnosis of CCC has been based on the clinical

picture, laboratory data, radiological imaging, and histol-

ogy, although the latter is often inconclusive in differen-

tiating CCC from metastatic adenocarcinoma. Currently,

workup generally consists of MRI including magnetic

resonance cholangiopancreatography (MRCP), CT, endo-

scopic retrograde cholangiopancreatography (ERCP), and

percutaneous transhepatic cholangiography (PTC). Overall,

the prognosis of this tumor is dismal, with a 5-year survival

as low as 17 %; however, improved survival of 22–32 % at

5 years has been reported with portal or arterial emboli-

zation followed by trisegmentectomy [37, 38]. Therefore,

preoperative assessment for hepatic and extrahepatic

metastases probably has prognostic value.

Glut1 is not expressed in normal bile ducts but has been

described to be strongly expressed in CCC [7, 39]. Overall,

CCC appears to be highly FDG avid and can be visualized

on PET if sufficient tumor volume is present (Fig. 6).

Delbeke et al. [8] evaluated eight patients with CCC, and

all lesions demonstrated intense FDG uptake. Hilar and

extrahepatic CCC, however, have been reported to be less

intense on FDG-PET than on the peripheral CCC, which

may be associated with the smaller size and/or higher

mucin content of the hilar tumors than those of the

peripheral ones [40–42]. Peripheral CCC accounts for

about 10 % of all CCC and often has a characteristic

central photopenia on FDG-PET, which corresponds to the

central core of fibrotic tissue and desmoplastic reaction

provoked by the neoplastic cells; on contrast-enhanced CT

or MRI, this is evident by early moderate peripheral

enhancement followed by progressive and concentric fill-

ing [42, 43]. In assessing the ability of FDG PET to detect

and diagnose CCC, in a prospective study, Kim et al. [58]

found overall values for sensitivity, specificity, PPV, NPV,

and accuracy of FDG PET/CT in primary tumor detection

were 84.0, 79.3, 92.9, 60.5, and 82.9 %, respectively.

Otherwise, a recent study investigating FDG PET/CT by

Jadvar et al. [59] found sensitivity and specificity to be 94

and 100 %, respectively. These results lead to the appear-

ance of not so many false-positive cases, therefore, it may

not so important that the influence of secondary changes by

CCC such as bile duct obstruction or infection. Kato et al.,

reported 100 % specificity for regional nodal involvement

on FDG-PET [39]. Especially in cases of peripheral CCC,

PET should be considered to evaluate patients for extra-

hepatic metastases; peripheral CCC usually attains a large

size before it becomes clinically apparent because it does

not obstruct the central biliary system.

Evaluation of response after local and systemic

treatment

For selective treatment of liver tumors, techniques such as

radiofrequency ablation (RFA), transcatheter chemoemb-

olization, and arterial chemotherapy infusion have been

increasingly used. Despite improvements, these techniques

are hampered by limitations in monitoring the effect of

treatment. Especially, because the rate of residual disease

in tumors larger than 3 cm appears to be as high as 48 %,

short-term follow-up and repeat of the local ablation would

be of great benefit. Incomplete ablation because of the

close proximity of a tumor to major vessels and the

resulting so-called heat-sink effect has been reported as

well [44, 45].

Fig. 6 A 55-year old man who had been detected pathological proven CCC in the posterior right hepatic lobe. Contrast-enhanced CT shows

minimal enhancement with unclear margin (a, arrow) and PET reveals hypermetabolism (b, arrow)

52 J Gastroenterol (2014) 49:46–56
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In the first month after RFA, the ability of CT and MRI to

detect residual tumors is limited because of the presence of

ablation-induced necrosis, edema, and hyperemia in and

around the ablated lesion. Therefore, CT or MRI at 1 month

are typically performed to assess for residual tumors [44,

45]. There has been increasing evidence that PET is capable

of detecting residual tumors earlier than CT and MRI. So

far, it has been documented that PET is capable of visual-

izing residual disease as early as 7 days after RFA. Donc-

kier et al., compared PET and CT in 28 metastatic liver

lesions 1 week, 1 month, and 3 months after RFA. In all 28

lesions, CT scans at all time points revealed large nonen-

hancing regions at the sites of ablation, without indication

of residual tumors. The PET performed 1 week after RFA,

however, detected residual disease in four lesions, which

was confirmed by either histology (n = 3) or CT at

6 months (n = 1). In the remaining 24 lesions, complete

ablation was visualized on PET at 1 week as total pho-

topenia, which was subsequently confirmed on follow-up

CT or PET with a median follow-up time of 11 months [46].

Again, this is based on the simple fact that cell death is

followed by an immediate decrease in FDG uptake of the

tumor mass on PET (Fig. 7).

Besides, the multi-targeted tyrosine kinase inhibitor

sorafenib was studied in HCC on the basis of tumor responses

and stable disease seen during the early development of the

Fig. 7 A 61-year-old man with HCC in the posterior right hepatic

lobe, who underwent RFA. Thirty days after RFA, gadoxetic acid-

enhanced MRI indicated contrast-enhancement in early phase

surrounding the ablation site (a, arrow) with high signal on T2

weighted image (b, arrow). It was diagnosed that there was viable

residual tumor on MRI. However, PET indicated photopenia in that

location without evidence for residual uptake consistent with

complete ablation (c, d, arrow). Six months later, there was still

complete photopenia indicating no presence of viable residual tumor.

It confirmed the correct assessment of differential diagnosis between

residual tumor recurrence and false positive lesion after ablation by

PET
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drug [47]. Sorafenib can be considered standard of care for

patients with advanced and metastatic HCC who are not

candidates for curative or locoregional therapies such as

TACE for the results of SHARP study [48]. Some investi-

gators have reported that FDG uptake monitored tumor

response to sorafenib in HCC, or the degree of FDG uptake, is

an independent prognostic factor in patients with HCC who

undergo sorafenib treatment in patients with positive FDG-

PET scans at baseline [49, 50], however, there are not so

many investigations. Therefore, it is still controversial what is

the role of monitoring response to sorafenib in HCC. Com-

pared with HCC, there are many previous reports that the

evaluation of response for the systemic treatment with hepatic

colorectal metastasis, particularly in anti-cancer molecular

agents such as bevacitumab that is an antiangiogenic agent

causing normalization of the tumor microvasculature,

potentiates the effect of cytotoxic agents on colorectal liver

metastases. De Bruyne et al., reported that some parameters

of FDG-PET were better predictors for bevacizumab for

colorectal liver metastases [51], in addition, other reports

concluded early changes in PET/CT seem to be predictive of

longer progression free survival in the patients with FOL-

FOX6 and bevacizumab in non-optimally resectable liver

metastases from colorectal cancer [52]. In the future, it seems

to be expected that early monitoring of response to treatment

is one of the cornerstones of personalized treatment for the

liver metastasis from more additional results of prospective

studies. The SUV has been considered by some to be a useful

tool for differentiating between malignant and benign etiol-

ogies of FDG foci [9, 10]. However, this view remains con-

troversial. Recently, Israel et al. [11] found that there was no

statistical difference between the SUV of premalignant,

malignant, benign, and physiologic lesions in an evaluation of

unexpected gastrointestinal foci of FDG detected by PET/CT.

Although widely available and convenient to use, stan-

dardized uptake value (SUV) measurements can be influ-

enced by a variety of biologic and technologic factors such

as scanner, reconstruction parameters, serum glucose, and

other some factors. Scanner and reconstruction parameters

can significantly affect SUV measurements. When using

serial SUV measurements to assess early response to

therapy, imaging should be performed on the same scanner

using the same image acquisition and reconstruction pro-

tocols. In addition, attention to detail is required for

accurate determination of the administered radiopharma-

ceutical dose. Although widely available for SUV mea-

surements, Seo et al., reported the tumor to nontumor SUV

ratio (TNR) was more useful than SUV that was calculated

as follows: TNR = tumor SUV/nontumor SUV, where the

nontumor SUV was defined as the average of SUVs at five

points in nontumor liver tissues. They also described that

the overall and disease-free survival rates in the high TNR

(C2.0) group were significantly lower than in the low TNR

(\2.0) group. In multivariate analysis, a high a-fetoprotein

level (risk ratio, 5.46; P = 0.003; risk ratio, 8.78;

P = 0.006) and high TNR (risk ratio, 1.3; P = 0.03; risk

ratio, 1.6; P = 0.02) were independent predictors of post-

operative recurrence and overall survival in theirs HCC

cases [53].

Some previous reports appear to show that acute hepa-

titis such as radiation-induced hepatitis or acute on chronic

hepatitis caused by viral infection or drug can be a

potential cause of false-positive findings of malignancy on

FDG PET scans, and PET images should carefully be

compared with the distribution change of hepatitis.

Future prospect

The FDG-PET has been shown to have limited sensitivity

for the detection of some HCC tumors because of their

variable FDG uptake, 11C-acetate-PET has been used to

complement FDG-PET in a dual-tracer PET scan. Ho et al.

[54] found that well-differentiated HCCs preferentially

accumulate 11C-acetate, whereas poorly differentiated

tumors tend to preferentially accumulate FDG. Delbeke

et al. [55] suggest that different uptake or tracers by lesions

can narrow down a differential diagnosis. On the basis of

tracer avidity to different types of HCC lesions, dual-tracer

PET (11C-acetate and FDG) could lead to increased sen-

sitivity in detecting all HCC. Ho et al. [53] found that none

of 23 HCC lesions in their study population had 100 %

sensitivity using both tracers.

Recently, MR imaging with a liver specific contrast

agent such as Gd-EOB-DTPA, is one of the most useful for

detection and characterization of hepatic tumors. New PET

equipment such as PET/MRI scanners are now available in

selected departments also in Japan, however, there are few

reports that evaluate the clinical values of the liver using

PET/MRI scanner. Future studies will show whether hybrid

PET/MRI is of greater clinical value than PET/CT and

retrospective image fusion techniques.

Conclusion

The FDG-PET imaging has an important role in deter-

mining if metastases are present in the liver and also

whether the disease has spread beyond the liver. Such

information is critical for planning surgical resections of

liver metastases. While FDG-PET can fail to detect many

HCCs, it does detect many of the moderately to poorly

differentiated ones, and other PET tracers are showing

promise for detecting better differentiated HCCs. While

low-volume CCCs can escape detection on FDG-PET,

54 J Gastroenterol (2014) 49:46–56
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higher volume lesions are well detected. Thus, with

increasingly broad indications for FDG-PET imaging, it is

expected that FDG-PET (and PET/CT) of the liver will

play a bigger and increasingly important role in detecting

and monitoring the treatment of tumors of the liver.
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