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Abstract

The usefulness of whole-body 18-fluoro-2-deoxyglucose (FDG)-fluorodeoxyglucose positron emission (PET)/computed
tomography (CT) is established for assessment of disease staging, detection of early disease recurrence, therapeutic evalua-
tion, and predicting prognosis in various malignancies; and for evaluating the spread of inflammation. However, the role of
FDG-PET/CT for the liver is limited because CT and magnetic resonance imaging (MRI) can provide an accurate diagnosis
of most tumors. In addition, in other potentially useful roles there are several pitfalls in the interpretation of FDG uptake
in PET/CT imaging. Accurate evaluation demands knowledge of the FDG uptake of each lesion, including potential nega-
tive and positive uptakes, and requires an understanding of the underlying background of the molecular mechanisms. The
degree of FDG uptake is dependent on cellular metabolic rate and the expression of glucose transporter, hexokinase, and
glucose-6-phosphatase, which in turn are closely affected by biological characteristics such as pathological category (e.g.,
adenocarcinoma, squamous cell carcinoma, small cell cancer, transitional cell cancer, neuroendocrine tumor, sarcoma,
lymphoma), tumor differentiation, histological behavior (e.g., solid, cystic, mucinous), and intratumoral alterations (e.g.,
necrosis, degeneration, hemorrhage). Correlation with the CT and MRI findings, which also precisely depict the pathological
findings, is important to avoid misdiagnosis.

Keywords Fluorodeoxyglucose - Positron emission/computed tomography - Hepatic tumors - Glucose transporter -
Glucose-6-phosphatase complex

Introduction

18-Fluoro-2-deoxyglucose (FDG)-positron emission
tomography (PET)/computed tomography (CT) is a clini-
cal molecular imaging modality that elucidates cellular glu-
cose metabolism. The utility of whole-body FDG-PET/CT
is established for the assessment of disease staging, detec-
tion of early disease recurrence, evaluation of therapeutic
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response, and prediction of prognosis in various malignan-
cies, and for evaluating the spread of inflammatory disease.
CT and magnetic resonance imaging (MRI) alone can accu-
rately diagnose a wide range of hepatic tumors and tumor-
like lesions. Although the role of FDG-PET/CT is limited in
this regard, it nevertheless appears to have certain potentially
useful roles.

The majority of primary and secondary malignant hepatic
tumors show high FDG uptake, whereas most benign lesions
have low uptake or that similar to background liver. How-
ever, false-negative and false-positive uptake can occur in
such as low uptake in malignant tumors, and high uptake in
benign tumors and in inflammatory and infectious lesions.
Furthermore, the degree of uptake can differ even among
histologically identical tumors, depending on tumor differ-
entiation; and in certain tumors, the degree of uptake can
predict prognosis and therapeutic response. Because various
factors affect FDG uptake, accurate evaluation of FDG-PET/
CT imaging requires a sound understanding of the underly-
ing molecular background.
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Table 1 Hepatic tumors and tumor-like lesions

Malignant tumor Benign tumor and tumor-like

lesion

Hepatocellular carcinoma Hepatocellular adenoma

Intrahepatic cholangiocarcinoma Hepatic cavernous hemangioma

and sclerosed hemangioma
Combined hepatocellular cholan-
giocarcinoma

Focal nodular hyperplasia

Hepatic angiosarcoma Angiomyolipoma

Malignant lymphoma Inflammatory pseudotumor

Neuroendocrine tumor Pseudolymphoma

Hepatic metastasis Inflammation and infection

Focal sinusoidal obstruction
syndrome

Intratumoral hemorrhage in acute

phase

The aim of this article is to review the FDG-PET/CT
imaging features of various hepatic tumors and tumor-like
lesions (Table 1), and to assess the clinical significance of
FDG-PET/CT imaging in the diagnosis, tumor differentia-
tion, and prognosis.

Mechanism of FDG uptake in hepatocytes
and influencing factors

FDG, an analog of glucose that enables evaluation of glu-
cose metabolism, is the most commonly used PET tracer.
FDG is taken up into cells by glucose transporters (GLUT)
and phosphorylated by hexokinase (HK) to FDG-6-phos-
phate. FDG-6-phosphate is not a substrate for glycolysis and
does not undergo further metabolism, and is dephosphoryl-
ated by glucose-6-phosphatase (G6Pase). Dephosphorylated
FDG is transported outside of cells by GLUT to maintain
glucose homeostasis [1] (Fig. 1). GLUTs are glycoproteins,
of which 12 isoforms have so far been identified in differ-
ent organs [2]. Four mammalian hexokinase isozymes can
occur in a single species, each providing a different func-
tion [3]. In normal hepatocytes, FDG or glucose is taken
into the cytoplasm by GLUT-2, and is phosphorylated by
HK-IV. The specific enzyme G6Pase is found mainly in the
liver and the kidneys [4]. It has a complicated construc-
tion and is associated with the endoplasmic reticulum as
G6Pase Complex, comprising the G6Pase catalytic subunits
of glucose-6-phosphate transporter (G6PT)1, G6PT2, and
G6PT3, which allow to transport FDG-6-phosphate, FDG,
and phosphate, respectively, to cross the membrane of the
endoplasmic reticulum [5] (Fig. 1).

In hepatic lesions, the disorder of one or more glycolytic
pathways traps FDG-6-phosphate within the cell [6]. The
degree of uptake is related to the cellular metabolic rate
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Fig. 1 18-Fluoro-2-deoxyglucose (FDG), an analog of glucose that
enables evaluation of glucose metabolism, is the most commonly
used PET tracer. FDG is taken up into cells by glucose transporters
(GLUT) and phosphorylated by hexokinase (HK) to FDG-6-phos-
phate. FDG-6-phosphate is not a substrate for glycolysis and does
not undergo further metabolism, and is dephosphorylated by glucose-
6-phosphatase (G6Pase). Dephosphorylated FDG is transported out
of the cell by GLUT to maintain glucose homeostasis. GLUT and HK
have several isoforms and isozymes, respectively. In normal hepato-
cytes, FDG or glucose is taken into the cytoplasm by GLUT-2, and is
phosphorylated by HK-IV. G6Pase is a specific enzyme found mainly
in the liver and the kidneys. G6Pase has a complicated construction
and is associated with the endoplasmic reticulum as G6Pase complex.
The G6Pase complex comprises G6Pase catalytic subunit glucose-
6-phosphate transporter (G6PT)1, G6PT2, and G6PT3, which allow
to transfer FDG-6-phosphate, FDG, and phosphate, respectively, to
cross the endoplasmic reticular membrane. Note that the inactivation
of G6PT1 is transcriptionally regulated by hepatocyte nuclear factor
(HNF) 1

and the expression of GLUT, HK, and G6Pase [7], which
have close relationships with biologic characteristics [8, 9],
including the pathological category (e.g., adenocarcinoma,
squamous cell carcinoma, small cell cancer, transitional cell
cancer, neuroendocrine tumor, sarcoma, lymphoma) [10];
histological behavior such as solid, cystic, and mucinous,
tumor differentiation; and intratumoral alterations such as
necrosis, degeneration, and hemorrhage.

Factors that influence FDG-PET/CT imaging

Before discussing FDG uptake in various hepatic lesions, it
is useful to first consider the potential diagnostic pitfalls in
PET/CT imaging.

Technical pitfalls
The potential technical pitfalls in PET/CT imaging include

misregistration, truncation, attenuation correction, and par-
tial volume effect.
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Anatomic malalignment of the PET and CT datasets is
termed PET/CT misregistration. Incorrect superimposition
of FDG activity onto the anatomic structures demonstrated
in the CT component [11] can result in a false-negative
assessment. Misregistration can be differences in any of res-
piratory motion, patient motion, and bowel motility between
the CT and PET acquisitions [12].

Truncation artifacts on PET/CT are caused by differences
in size between the CT (50 cm) and PET (70 cm) fields of
view, and are seen most frequently in large patients and in
patients scanned with the arms down. When the patient’s
body extends beyond the CT field of view, that part of the
anatomy is truncated and not represented in the recon-
structed CT image. Accordingly, there is no attenuation
correction value for the corresponding region in the PET
emission data; hence, introducing a bias on the PET attenua-
tion corrected images of underestimation in the standardized
uptake values in these regions. Truncation also produces
streaking artifacts at the edge of the CT image, resulting in
an overestimation of the attenuation coefficients used to cor-
rect the PET data, which in turn creates a rim of high activity
at the truncation edge and potential misinterpretation of the
PET examination [12].

In addition, lesions can be missed in parts of the liver
that are affected by CT-based attenuation correction [13].
Attenuation correction can be applied erroneously on PET
at the location of dense objects [14] or where the position
of a transition from low to high photon-attenuating tissue
does not correspond between PET and CT [15, 16]. The
diaphragmatic area is highly susceptible to such errors due
to the combination of the sharp tissue/air transition and the
likelihood of positional differences. The error may be appar-
ent as a change in the hepatic contour on the attenuation-
corrected PET images and a reduced sensitivity for lesions
in the affected area. In addition, the PET signal is no longer
quantitative in regions of attenuation-correction artifacts,
which may compromise follow-up measurements [17].

FDG-PET/CT images are generally assessed qualitatively
and quantitatively for pathologically increased radiotracer
uptake. Standardized uptake value (SUV), a semiquantita-
tive measurement, is widely used for this purpose. Partial
volume effect can cause underestimation of the SUVmax of
small tumors [18].

Lesion size also affects the sensitivity of PET imaging;
those sized < 0.5-1.0 cm cannot be detected reliably [19,
20].

Physiologic pitfalls

The liver is the major producer of nondietary glucose (at
a rate of 2.0 mg/kg/min), which helps maintain glucose
homeostasis [1]. Normal liver parenchyma shows a cer-
tain degree of FDG uptake [21], having a mildly intense,

uniformly mottled appearance. It can be difficult to distin-
guish between increased uptake related to a focal lesion and
background physiological activity.

FDG uptake in tumors and tumor-like lesions is affected
by blood glucose; i.e., SUV is inversely related to blood glu-
cose, and normalization to blood glucose is recommended
[22]. Body mass index affects 18F-FDG uptake to a certain
degree [23-25]. Factors such as age, sex, and diabetes status
can also have a small influence on FDG uptake [23, 24] that
can generally be ignored.

Finally, physiologic colonic activity abutting the margin
of the liver should be taken into consideration [26].

Malignant hepatic tumors

The majority of primary and secondary malignant tumors
show high FDG uptake. However, several tumors can poten-
tially show false-negative uptake; even between tumors that
are identical histologically, the degree of FDG uptake can
differ according to tumor differentiation or proliferation rate
[27-32]. In certain tumors, the degree of FDG uptake can
be used to predict prognosis or therapeutic response [28,
29, 33-37].

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of the liver, and occurs most commonly
in chronic hepatitis and cirrhosis.

FDG accumulation is significantly higher in poorly dif-
ferentiated HCCs than in well- and moderately differentiated
HCCs [27] (Fig. 2), and is correlated with the expression of
GLUT-1/-2 and HK-II, and G6Pase activity. Well- to mod-
erately differentiated HCCs show low expression of GLUT-
1/-2 and high G6Pase activity; poor- and undifferentiated
HCCs show high expression of GLUT-1/-2 and low G6Pase
activity [38]. Therefore, the overall sensitivity of FDG-PET
and FDG-PET/CT in detecting HCC has been relatively lim-
ited, with a reported range of 50-65% [27, 28], because of
poor detection of well- and moderately differentiated HCCs.
In other words, FDG uptake can serve as a predictor of the
grade of HCC differentiation.

The level of glycometabolic activity also has prognostic
importance. High FDG uptake has been reported as an inde-
pendent predictor of recurrence and poor survival after liver
transplantation [33], and of poor response to radiation [34]
and transarterial chemoembolization [35]. Although extra-
hepatic disease is relatively rare in HCC, especially in well-
differentiated tumors, its detection can significantly change
patient management. FDG-PET/CT has been found to have
a high sensitivity for the detection of lymph node and bone
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Fig.2 FDG uptake in hepatocellular carcinoma (HCC) according to
grade of differentiation. Well- to moderately differentiated HCC in
a 63-year-old man with hepatitis B-virus-related cirrhosis. a Arte-
rial phase CT reveals a hypervascular HCC (arrowhead). b Fat-sup-
pressed T2-weighted MRI shows an inhomogeneous hyperintensity
(arrowhead). ¢ The tumor is apparent as an area of hypointensity
(arrowhead) on hepatobiliary phase MRI. d On PET/CT, FDG uptake
in the tumor (arrowhead) is similar to that of background liver. Mod-
erately differentiated HCC of unknown etiology in an 81-year-old
man with cirrhosis. e A hypervascular tumor (arrowhead) is evident
on arterial phase CT. f The tumor shows inhomogeneous hyperinten-

metastases, and unsuspected extrahepatic metastases [39].
Thus, FDG-PET is a useful tool in predicting prognosis in
HCC patients [36].

Intrahepatic cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver neoplasm after HCC, and arises from
the bile duct epithelium. ICC can be further subclassified
into peripheral type (arising from small bile ducts) and
perihilar type (arising from large bile ducts) based on the
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sity on fat-suppressed T2-weighted MRI (arrowhead). g The tumor is
hypointense in the hepatobiliary phase (arrowhead). h PET/CT, FDG
uptake is low (SUVmax 3.1) in a small portion (arrow) and slightly
higher than background liver in most of the mass (arrowhead). Poorly
differentiated HCC in a 75-year-old man with no history of chronic
liver disease or cirrhosis. i Arterial phase CT reveals a large hyper-
vascular HCC (arrowhead). j The tumor shows clear hyperinten-
sity (arrowhead) on fat-suppressed T2-weighted MRI. k The tumor
shows hypointensity (arrowhead) in the hepatobiliary phase. 1 PET/
CT reveals remarkably high FDG uptake (SUVmax 9.8) in the tumor
(arrowhead) compared with background liver

location of the lesion; and into mass-forming and infiltrating
types, based on the morphology. Therefore, the sensitivity
of FDG-PET/CT in diagnosing ICC depends on both the
location of the lesion and the morphological characteristics.
More than 90% of ICCs show elevated FDG uptake that is
particularly prominent in nodular or mass-forming cholan-
giocarcinoma located in the periphery [40] (Fig. 3a—d), and
mass-forming ICC tends to show ring-like uptake, reflecting
corresponding to peripheral rim enhancement on CT and/
or MRI [41]. The intense FDG uptake is due to increased
expression of GLUT-1 and HK-II [38, 42]. Notably, the
expression of GLUT-1 has a significant association with
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Fig.3 Intrahepatic cholangiocarcinoma (ICC). Mass-forming type
located in the peripheral area in a 75-year-old man (a-d) and infil-
trating type located in the perihilar region in a 73-year-old woman
(e-h). a Portal phase CT shows a moderately enhancing mass (arrow-
head) with a target-like appearance. Capsular retraction is apparent.
b On fat-suppressed T2-weighted imaging, the mass is hypointense
with a peripheral hyperintense rim (arrowhead). ¢ PET/CT reveals
remarkably high FDG uptake (SUVmax 11.1) of the mass (arrow-
head) compared with background liver. d Coronal maximum inten-

FDG uptake, especially in moderately and poorly differen-
tiated ICC [42]. In contrast, perihilar and infiltrating type,
which accounts for about 10% of all ICCs, has been reported
to show lower uptake of FDG than peripheral and infiltrating
type (Fig. 3e-h), and demonstrated increased FDG uptake
of a focal nodular or linear branching appearance [41]. The
finding may be associated with the smaller size and/or higher
mucin content of hilar tumors compared with peripheral
ones [40]. Therefore, FDG-PET/CT is accurate in predict-
ing the presence of nodular type ICC, but less effective for
infiltrating type.

Although FDG-PET/CT imaging has not been shown to
be highly beneficial in terms of detectability of the primary
lesion, it is beneficial in detecting unsuspected or unknown
metastases. Thus, FDG-PET/CT staging has an important
impact on the selection of therapy in 17-30% of patients
[43, 44].

Cholangiolocellular subtype (also called cholangiolo-
cellular carcinoma or bile ductular carcinoma), which had
been classified as a type of combined hepatocellular chol-
angiocarcinoma (cHCC-CC) with stem cell features, is now
classified as small duct type of intrahepatic cholangiocarci-
noma according to World Health Organization classification

sity projection (MIP) PET image shows high FDG uptake in the mass
(arrowhead). The diagnosis of mass-forming ICC was confirmed by
surgical resection. e Equilibrium phase CT shows an ill-defined peri-
hilar mass and thickened bile duct wall (arrowheads). Dilatation of
the peripheral bile duct is also apparent. f The ill-defined mass shows
hypointensity on T2-weighted MRI (arrowheads). g No FDG uptake
is detected in the mass on PET/CT (dotted circle). h No FDG uptake
is detected in the mass on coronal MIP PET (dotted circle). The diag-
nosis of perihilar ICC was confirmed by biopsy and cytology

criteria (2019) [45]. Histologically, cholangiolocellular sub-
type is described as a well-differentiated adenocarcinoma
that forms an anastomosing pattern of antler-like glands in
edematous fine fibrous stroma and resembling a ductular
reaction, that is seen in several acute and chronic liver dis-
eases, including massive hepatic necrosis. Because of its
extreme rarity, few studies have assessed the diagnostic
performance of FDG-PET/CT for this subtype. It is con-
sidered that the biological nature of cholangiolocellular
subtype has potential for false-negative accumulation of
FDG [46] (Fig. 4), although further analysis is required for
confirmation.

Combined hepatocellular
cholangiocarcinoma

Combined hepatocellular cholangiocarcinoma (cHCC-CC)
is a primary liver carcinoma defined by the unequivocal
presence of both hepatocytic and cholangiocytic differen-
tiation within the same tumor [45]. It is rare and has a poor
prognosis, with a reported incidence ranging from 1.0 to
4.7% of all primary hepatic tumors. Because of its rarity, few
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Fig.4 Cholangiolocellular carcinoma in a 69-year-old man. a Arte-
rial phase CT reveals an ill-defined and hypervascular hepatic mass
(arrowhead). b On equilibrium phase CT, the mass is hypodense
compared with background liver, and penetrating vessels are
observed (arrowhead). ¢ The mass shows hyperintensity on fat-sup-
pressed T2-weighted MRI (arrowhead). d In the hepatobiliary phase,

studies have evaluated the accumulation of FDG and none to
date has assessed the diagnostic performance of FDG-PET/
CT in cHCC-CC, although one has reported pretreatment
tumor-to-normal liver SUV ratio as an independent predic-
tor of survival in these patients [47]. As far as we know, the
degree of FDG uptake depends on the respective histology.
In other words, areas of hepatocytic component show vari-
ous degrees of FDG uptake depending on differentiation,
and areas of cholangiocytic component show high FDG
uptake (Fig. 5).

Hepatic angiosarcoma

Primary hepatic angiosarcoma is a rare tumor originating
from hepatic endothelial cells, and is characterized by its
highly malignant nature and rapid progression. These tumors
account for ~ 1% of all primary hepatic carcinomas, but are
the most common mesenchymal malignancy of the liver;
metastatic hepatic angiosarcomas occur more frequently.
Hepatic angiosarcomas are classified based on morphology
as single mass, mixed massive mass, multiple nodules, and
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the mass shows hypointensity (arrowhead). e No FDG uptake is
detected in the mass on PET/CT (dotted circle). f No FDG uptake is
detected in the region of the mass on coronal MIP PET (dotted cir-
cle). The diagnosis of cholangiolocellular carcinoma was confirmed
by percutaneous liver biopsy

diffuse nodule types, and it is common for more than one
type to coexist. Most types of hepatic angiosarcoma share
characteristic CT and MRI features of indistinct border,
heterogeneous density, and frequent intratumoral hemor-
rhage; and typical centripetal heterogeneous enhancement
on enhanced imaging. In addition, highly malignant angio-
sarcoma shows no enhancement due to intratumoral hemor-
rhage, cystic degeneration, and necrosis [48].

Single mass and mixed massive mass types of hepatic
angiosarcoma generally show high FDG uptake [49, 50],
which is considered to be related to overexpression of
GLUT-1 [48]; and diffuse nodule type sometimes shows a
false-negative accumulation of FDG due to lower cellular
density, because of intratumoral hemorrhage and necrosis
[51].

Malignant lymphoma
Malignant lymphoma, divided broadly into Hodgkin’s and

non-Hodgkin’s lymphoma, encompasses a wide range of
malignant diseases with differing histologic characteristics,
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Fig.5 Combined hepatocellular cholangiocarcinoma in an 81-year-
old man with a history of sigmoid colon cancer. a Arterial phase
CT shows a large mass comprising hypervascular (arrowhead) and
hypovascular (arrow) components. The border between the two com-
ponents is indistinct. b Portal phase CT reveals areas of persistent
enhancement (arrowhead) and hypovascularity (arrow). ¢ On fat-sup-
pressed T2-weighted MRI, the area of persistent enhancement shows
hyperintensity (arrowhead), whereas the hypovascular area shows
hypointensity (arrow). d The areas of persistent enhancement (arrow-
head) and hypovascularity (arrow) are apparent on portal phase MRI.

behavior patterns, imaging appearances, and treatment
options. Non-Hodgkin’s and Hodgkin’s lymphomas rank
as the 13th and 28th most frequent cancers worldwide,
respectively; in 2018, an estimated 509,590 and 79,990 new
cases were diagnosed and there were 248,724 and 26,167
deaths due to the respective lymphomas. From the clini-
cal viewpoint, clinicopathologic grading of cases into indo-
lent, aggressive, or highly aggressive is a useful system that
broadly correlates with the management approach and FDG
avidity [29] (Fig. 6). The most common of the aggressive
and highly aggressive non-Hodgkin’s lymphomas is diffuse
large B-cell lymphoma; indolent (low grade) lymphomas
include mucosa-associated lymphoid tissue, chronic lympho-
cytic leukemia/small lymphocytic lymphoma, marginal zone
lymphoma, and peripheral T-cell lymphoma [30].
Secondary hepatic involvement by lymphoma is
not uncommon, especially in patients with non-Hodg-
kin’s lymphoma; whereas primary hepatic lymphoma is
extremely rare, accounting for approximately 0.016% of

e In the hepatobiliary phase, the whole mass displays hypointensity.
f PET/CT reveals no uptake in the area of persistent enhancement
(arrowhead), and high FDG uptake in the hypovascular area (SUV-
max 8.7) (arrow). The diagnosis of combined hepatocellular cholan-
giocarcinoma was confirmed by surgical resection. Histologically, the
area of persistent enhancement comprised mainly cells with hepato-
cytic differentiation and cholangiolocellular-type cells, whereas cells
in the hypovascular area showed characteristics of cholangiocytic dif-
ferentiation

all non-Hodgkin’s lymphoma [52], and the most common
subtype is diffuse large B-cell lymphoma [53]. Primary
hepatic lymphoma can be classified morphologically into
two distinct patterns, nodular (more frequent) and diffuse
liver infiltration (less frequent), and generally presents as
a solitary nodular lesion [53]. In a previously undiagnosed
homogeneous solitary hepatic mass, extremely high FDG
uptake in the lesion is suggestive of lymphoma, especially
diffuse large B-cell lymphoma (Fig. 6a—d). In addition, in the
case of diffuse infiltration of primary hepatic lymphoma, the
CT and MRI findings are similar to those of acute hepatitis
[54], and high FDG uptake in the whole liver indicates lym-
phoma; in this situation, the FDG-PET findings are useful
in deciding whether percutaneous liver biopsy should be
performed and in indicating an appropriate biopsy location
for the higher activity of the lesions (Fig. 7).

FDG-PET/CT imaging is used in staging, assessment of
therapeutic response, and early detection of disease recurrence
in malignant lymphoma. The degree of FDG uptake correlates
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Fig.6 Primary hepatic diffuse large B-cell lymphoma (aggres-
sive lymphoma) in a 50-year-old man, and hepatic involvement of
mucosa-associated lymphoid tissue lymphoma (indolent lymphoma)
in a 61-year-old man. a Equilibrium phase CT reveals a solitary hypo-
vascular hepatic mass (arrowhead). b The mass is hyperintense on
diffusion-weighted MRI (value of b 800) (arrowhead). ¢ The mass is
also hyperintense on fat-suppressed T2-weighted MRI (arrowhead). d
PET/CT reveals extremely high FDG uptake (SUVmax 21.4) in the
mass (arrowhead). There was no other area of abnormal uptake in the
whole body. The diagnosis of diffuse large B-cell lymphoma was con-

with the level of aggressiveness. In general, high FDG uptake
is seen in aggressive lymphoma, whereas indolent lymphoma
is associated with lower FDG uptake [55]. Furthermore, there
is strong evidence that increased FDG avidity correlates with
poor prognosis and poor response to treatment [56, 57]. The
presence of high FDG uptake in a patient with known low-
grade lymphoma indicates high-grade transformation (termed
Richter’s transformation) [58].

Regarding the molecular background, GLUT-1 and
GLUT-3 contribute to FDG uptake in diffuse large B-cell
lymphoma and in extranodal natural Killer/T-Cell lymphoma.
SUV max and GLUT-3 may have a relationship with the prog-
nosis of diffuse large B-cell lymphoma. In patients with Hodg-
kin’s lymphoma, high expression of GLUT-1 is related to FDG
uptake [59-61].
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firmed by percutaneous liver biopsy. e Arterial phase CT reveals mul-
tiple homogeneous and hypovascular hepatic masses (arrowheads). f
The masses also appear homogeneous and hypovascular on equilib-
rium phase CT (arrowheads). g PET/CT shows relatively high FDG
uptake (SUVmax 7.4) in the masses (arrowheads). h FDG uptake
in multiple hepatic masses (arrowheads), multiple lymph nodes,
and bone marrow is apparent on coronal MIP PET. The diagnosis
of mucosa-associated lymphoid tissue lymphoma was confirmed by
lymph node biopsy

Primary and metastatic neuroendocrine
tumors

Neuroendocrine neoplasms are rare; they have great het-
erogeneity and can originate from peptidergic neurons
and neuroendocrine cells throughout the body. The most
common sites of these tumors include the gastrointestinal
tract, lung, adrenal gland, and thyroid gland. The most
common sites of metastasis are the lymph nodes, liver,
spleen, and bone.

Primary hepatic neuroendocrine tumors are extremely
rare, and liver metastasis commonly develops in gastro-
enteropancreatic neuroendocrine tumors. According to
the grade of differentiation based on proliferation index
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Fig.7 Diffuse type of hepatic involvement of diffuse large B-cell
lymphoma in an 84-year-old man. a Equilibrium phase CT reveals
no obvious abnormalities such as hepatomegaly or areas of abnormal
enhancement. b Coronal MIP PET shows diffuse uptake of FDG in
the liver, spleen, and bone marrow. An adequate sample of bone mar-
row was obtained by biopsy prior to the PET examination. ¢ PET/

(Ki-67), neuroendocrine tumors are classified as fol-
lows: well- or moderately differentiated neoplasms are
defined as G1 (Ki-67 <2%), G2 (Ki-67 3%-20%), or G3
(Ki-67 >20%); and poorly differentiated neoplasms are
defined as neuroendocrine carcinoma (Ki-67 > 20%) [62].

FDG uptake is correlated with neuroendocrine tumor
aggressiveness, and GLUT-1 expression has a significant
relation to FDG accumulation [63]. The sensitivity of
PET/CT can differ according to the grade of differentia-
tion, which is relatively low in G1 or G2 neoplasms and
higher in poorly differentiated neuroendocrine carcino-
mas. Thus, the overall sensitivity of PET/CT in detect-
ing whole-body primary and metastatic neuroendocrine
tumors that include the liver has been shown to be rela-
tively limited, with a reported range of only 36-52% [31,
32] (Fig. 8). However, PET/CT can provide prognostic
information [31]. Previous studies have reported that
PET/CT is a predictor of progression-free survival [37],
and multivariate analysis revealed that SUVmax > 3 is an
independent predictor of progression-free survival [32].

CT reveals diffuse uptake of FDG in the liver and spleen. In addition,
the uptake of the liver is heterogeneous, and the uptake in the right
lobe is higher than that in left lobe. PET images clarify the hepatic
involvement and can guide the appropriate biopsy location. The diag-
nosis of diffuse large B-cell lymphoma was confirmed by percutane-
ous liver biopsy from the right lobe

Hepatic metastasis

The liver is involved more often with metastatic disease
than primary liver tumors, being a common site of metas-
tasis of tumors arising from such as the gastrointestinal
tract, lung, breast, pancreas, as well as sarcoma. The accu-
rate detection and characterization of hepatic metastases
are crucial because they decide the treatment strategy.

Although several studies have reported the superior-
ity of PET/CT over CT in the detection of untreated or
unexpected hepatic metastases from various primary
cancers [64, 65], gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid (Gd-EOB-DTPA)-enhanced MRI
has superiority over both dynamic contrast-enhanced CT
and combined FDG-PET/CT [66, 67], especially in detect-
ing small lesions. However, FDG-PET/CT has the advan-
tage of simultaneous detection of extra-hepatic lesions,
and is widely used in the assessment of various malignant
tumors.
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Fig.8 FDG uptake in primary neuroendocrine tumor according to
grade of differentiation. Primary neuroendocrine tumor (G2, Ki-67
5%) in a 73-year-old man. a Fat-suppressed T2-weighted MRI
reveals a hyperintense mass (arrowhead). b The mass is also hyper-
intense on diffusion-weighted MRI (value of b 800) (arrowhead). ¢
PET/CT shows no FDG uptake in the mass (arrowhead). d Coronal
MIP PET also shows no FDG uptake in the mass (dotted circle).
Primary neuroendocrine tumors (G2, Ki-67 10%) in an 80-year-old
man. e Arterial phase CT reveals a hypervascular mass (arrowhead).
f The mass is hypodense compared with background liver on portal
phase CT (arrowhead). g On PET/CT, the mass (arrowhead) shows
high FDG uptake (SUVmax 7.6). h Coronal MIP PET reveals high

Metastases generally present with a similar biologi-
cal nature to that of the primary tumor, and most hepatic
metastasis show high uptake of FDG [66, 67], which is
related to the overexpression of GLUT-1 in primaries in
such as the lung, pancreas, colorectum, breast, and biliary
tract [68]. The degree of FDG uptake depends fundamen-
tally on the differentiation or histopathologic characteris-
tics of the tumor [69, 70]. It is important to note that some
of these tumors may show low uptake or false-negative
uptake of FDG.

@ Springer

FDG uptake in multiple hepatic masses (arrowheads). Primary poorly
differentiated neuroendocrine tumor (neuroendocrine carcinoma,
Ki-67 index 50%) in a 62-year-old man. i Portal phase CT reveals a
mass with peripheral dominant enhancement. The central hypovas-
cular area indicates degeneration of the tumor (arrowhead). j Arte-
rial phase MRI also shows peripheral dominant enhancement of the
mass (arrowhead). k The mass shows hypointensity in the hepatobil-
iary phase (arrowhead). 1 On PET/CT, the mass (arrowhead) shows
moderate FDG uptake (SUVmax 4.1). Note that the FDG uptake is
relatively low due to severe degeneration of the neuroendocrine car-
cinoma.

Low-glucose-metabolizing tumors due
to well-differentiated tumor

Some tumors have low glucose metabolism, particularly
those that are well differentiated, including pancreatic ade-
nocarcinomas [71], prostate cancer [72], and lung adeno-
carcinoma [73]; bronchioloalveolar carcinoma of the lung
[74], and neuroendocrine tumor (G1) [31, 37]. Hepatic
metastases of these tumors can have relatively low FDG
uptake as with the primary tumor, and their FDG uptake
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can be masked by the mottled appearance of background
liver uptake.

Low cellularity due to mucin, cystic component,
degeneration, and intratumoral hemorrhage

In cystic tumors, and in those with mucin, degeneration,
or cystic change within the tumor, there are fewer viable
cancer cells, which can yield low FDG uptake due to their
low cellularity [74].

The tumor most likely to metastasize to the liver is muci-
nous carcinoma, commonly found in the gastrointestinal
tract and accounting for approximately 17% of colonic
tumors, and also found in the ovary. These tumors contain
clear, gelatinous fluid (mucin) that can be intracellular or
extracellular. FDG uptake directly correlates with the num-
ber of viable cancer cells; therefore, mucinous tumors with
few viable cancer cells may not demonstrate increased FDG
avidity. PET/CT is limited in the evaluation of mucinous
tumors (Fig. 9), particularly in hypocellular lesions with
abundant mucin, for which PET/CT has been reported to
have sensitivity of 59% [75].

Adenoid cystic carcinoma (ACC) is an uncommon form
of adenocarcinoma that arises within secretory glands,
most commonly the major and minor salivary glands of the
head and neck, accounting for 5-10% of all salivary gland
tumors. ACC tends to invade the nerves and cause distant
hematogenous metastasis, the preferential sites of which are
the lung and bone, followed by the brain and liver. PET/CT
has limited ability to detect metastases from adenoid cystic
carcinoma for the same reasons as for mucinous carcinoma
[76] (Fig. 10).

Degeneration or intratumoral hemorrhage in any tumor
can yield low FDG uptake (Fig. 11).

Renal cell carcinoma

Renal cell carcinoma (RCC) is one of the most prevalent
tumors worldwide. Clear cell RCC (ccRCC) is the most
common histologic type. CT is considered the gold standard
for characterization of renal tumors, although MRI can be
used to characterize renal tumors that are indeterminate on
US or CT. In contrast, FDG-PET/CT can detect fewer than
half of all primary and metastatic RCCs [77]. SUVmax is
significantly lower in low-grade ccRCC than in high-grade
ccRCC [77]. FDG uptake in RCC is associated with the
expression of GLUT-1 [78, 79], and there is a positive asso-
ciation between SUVmax and GLUT-1 expression in ccRCC
[79]. Low G6Pase activity due to decreased expression of
the G6Pase catalytic subunit would cause low uptake of
FDG in RCC; however, the expression of G6PTs is reported
to vary, and no general trend has been found between tumor-
ous and non-tumorous tissues [80] (Fig. 1).

Malignant melanoma

Malignant melanoma, which develops from pigment-con-
taining melanocytes, typically occurs in the skin, but may
occur rarely in the mouth, intestines, or eye. It has a noto-
riously poor prognosis due to the high rates of nodal and
distant metastases and recurrence. The lymph nodes are
the most common site of metastasis (73.6%), followed by
the liver (58.3%), brain (54.6%), bone (48.6%), and adre-
nal glands (46.8%). In uveal melanoma, however, the liver
is the most common (and often the only) site of systemic
metastasis, due to the different biological behaviors between
cutaneous and uveal melanoma.

PET/CT imaging is established as sensitive and accurate
method for diagnosing primary and metastatic lesions of

Fig.9 Hepatic metastasis of advanced rectal mucinous adenocarci-
noma in a 77-year-old man. a Equilibrium phase CT reveals a hypo-
vascular hepatic mass (arrowhead). b On fat-suppressed T2-weighted
MRI, the mucinous component of the mass shows obvious hyperin-

tensity (arrowhead). ¢ No uptake of FDG is seen on PET/CT (arrow-
head). The diagnosis of hepatic metastasis of mucinous adenocarci-
noma was confirmed by surgical resection. Abundant mucin within
the tumor can yield low FDG uptake due to low cellularity
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Fig. 10 Multiple metastases of submandibular adenoid cystic carci-
noma in a 52-year-old woman. a Fat-suppressed T2-weighted MRI
depicts multiple hyperintense hepatic masses (arrowheads). b Pre-
contrast T1-weighted MRI of a dynamic contrast study reveals mul-
tiple hypointense hepatic masses (arrowheads). ¢ The masses show

cutaneous melanoma [81], but does not appear to be sensi-
tive enough to detect uveal melanoma [82, 83].

The expression of GLUT-1 is related to the FDG uptake
of melanoma; however, 60% of hepatic metastases of uveal
melanoma show negative uptake of FDG, and there is no
obvious difference in expression of GLUT-1 between
hepatic metastases from cutaneous and uveal melanoma [84]
(Fig. 12). The reason for this discrepancy is unclear, but the
low FDG uptake may be related to an unknown mechanism
of glycometabolic disorder.

Benign hepatic tumors and tumor-like
lesions

The majority of benign tumors and non-tumorous lesions
show no FDG uptake, or uptake similar to that of back-
ground liver [85]; however, benign tumors and inflamma-
tory and infectious lesions can show false-positive uptake
[86—89]. In the case of equivocal CT and MRI findings, low

@ Springer

moderate enhancement in the portal phase of the dynamic contrast
study (arrowheads). d The masses show hypointensity in the hepato-
biliary phase (arrowheads). e PET/CT shows no FDG uptake in the
masses. f Coronal MIP PET also shows no FDG uptake in the masses.
The diagnosis of metastasis was confirmed by surgical resection

or no FDG uptake can assist in differentiating benign tumor
from malignancy [85, 90].

Hepatocellular adenoma

Hepatocellular adenoma (HCA) is rare benign liver neo-
plasm that occurs predominantly in women of reproductive
age. It is classified into the following molecular subgroups
that are linked with certain risk factors, clinical behaviors,
histological features, and imaging: hepatocyte nuclear
factor (HNF)-1 a-inactivated HCA, inflammatory HCA,
CTNNB 1-mutated HCA in exon 3, CTNNB 1-mutated HCA
in exon 7 or 8, sonic hedgehog HCA, and unclassified HCA.
CTNNB1-mutated HCA in exon 3 and sonic hedgehog HCA
have been linked with high risk of malignant transformation
and bleeding, respectively [91]. Characteristic imaging find-
ings, especially those of EOB-enhanced MRI, may clarify
the subtype and enable distinction of HCA from other hyper-
vascular hepatic tumors [92, 93].
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Fig. 11 Multiple metastases of gastric gastrointestinal stromal tumor
(GIST) in a 55-year-old man. a Arterial phase CT reveals a hypovas-
cular nodule (arrowhead). b The nodule shows obvious hyperinten-
sity on fat-suppressed T2-weighted MRI (arrowhead). ¢ The nodule
can be seen on arterial phase MRI (arrowhead). d No FDG uptake
is detected in the nodule on PET/CT (arrowhead). e Arterial phase
CT reveals another hypovascular mass (arrowhead). f The mass

In general, HCA other than HNF-1 a-inactivated type
shows similar accumulation of FDG to that of background
liver [85, 87, 94] because HCA is composed of cells that
function similarly to normal hepatocytes: FDG is taken
into the cytoplasm by GLUT-2 and is phosphorylated by
HK-IV. FDG-6-phosphate is dephosphorylated by G6Pase
as in normal hepatocytes. Dephosphorylated FDG is trans-
ported out of the cell by GLUT to maintain an equilibrium
state.

However, it is noteworthy that HNF-1 «-inactivated
HCA shows high FDG uptake (Fig. 13) [88, 89]. In this
subtype, GLUT-2, HK-IV, and G6Pase are expressed as
in other subtypes of HCA and normal hepatic tissue. The
inactivation of G6PT1, which is transcriptionally regulated
by HNF1la [95], prevents the uptake of phosphorylated
FDG into the endoplasmic reticulum; accordingly, phos-
phorylated FDG is not dephosphorylated and is instead
retained in HNF-1 a-inactivated HCA cells, although
G6Pase expression does not decrease [88] (Fig. 1).

To the best of our knowledge, no previous reports have
described FDG uptake in the other HCA subtypes. FDG-
PET could possibly have clinical value in enabling the dis-
crimination of HNF-1 a-inactivated HCA from other HCA
subtypes and other fat-containing hypervascular tumors.

shows obvious hyperintensity on fat-suppressed T2-weighted MRI
(arrowhead). g The mass appears hypovascular on arterial phase
MRI (arrowhead). h No FDG uptake is observed in most of the mass
(arrowhead), except in a small portion (SUVmax 4.6) (arrow). Percu-
taneous liver biopsy confirmed the diagnosis of severely degenerated
metastasis of GIST. Degeneration of the tumor can yield low FDG
uptake due to its low cellularity

Hepatic cavernous hemangioma
and sclerosed hemangioma

Cavernous hemangioma is the most common benign
hepatic tumor, with a reported incidence as high as 20%.
These tumors contain vascular channels of various sizes
that are lined by a single layer of endothelial cells and
supported by a collagenous wall. In most hemangiomas,
the typical imaging findings (particularly those of MRI)
are highly reliable for diagnosis [96] and remain stable on
follow-up imaging [98].

Hemangiomas show similar uptake of FDG to back-
ground liver [85, 90, 98]. In patients with a history of
malignant tumor, the finding of remarkable enlargement of
a hemangioma showing poor uptake of FDG differentiates
the lesion from metastatic disease [85, 90].

Slow blood flow within a hemangioma can cause degen-
erative change such as thrombus, necrosis, fibrosis, calci-
fication, and scar formation, and hemangioma with these
features is termed sclerosed hemangioma. These patho-
logical changes can mask the typical imaging findings on
CT and MRI; thus, sclerosed hemangioma can be misdiag-
nosed as malignant tumor such as ICC, hepatic metastases,
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Fig. 12 Hepatic metastasis of uveal melanoma in a 71-year-old man
(a—d) and in a 68-year-old man (e-h). a Fat-suppressed T2-weighted
MRI shows multiple hyperintense masses (arrowheads) and a
hypointense lymph node (arrow) in the hepatic portal region. b On
fat-suppressed T1-weighted MRI, the masses appear mixed hyper-
and hypointense (arrowheads) and the lymph node is hyperintense
(arrow). ¢ No FDG uptake is detected in the masses (arrowhead) or
lymph node (arrow) on PET/CT. d No FDG uptake is detected in the

and HCC. FDG imaging can differentiate atypical sclero-
sed hemangioma, which shows poor accumulation of FDG,
from malignant tumor [90] (Fig. 14).

Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) is the second most com-
mon benign hepatic tumor and is believed to be the result of
a hyperplastic response of hepatocytes to the presence of a
preexisting vascular malformation.

On contrast-enhanced CT and MRI, FNH shows homog-
enous hyperenhancement in the arterial and portal venous
phases, and isoenhancement in the delayed or equilibrium
phases. As FNH is usually treated conservatively, it must
be distinguished from HCC. The majority of FNHs show
iso- or hyperintensity relative to surrounding liver in the
hepatobiliary phase of EOB-MRI [71, 99], and the overall
diagnostic performance of hepatobiliary phase imaging in
differentiating benign from malignant lesions is reported as
having sensitivity of 96.6%, specificity 87.6%, and positive
predictive value of 85% [93].

FDG-PET/CT has uncertain value in the imaging diag-
nosis of FNH, which commonly exhibits a similar (or even
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masses or the lymph node on coronal MIP PET. e Fat-suppressed
T2-weighted MRI reveals a mass of hypointensity with hyperintense
with rim (arrowhead). f The mass is hyperintense on fat-suppressed
T1-weighted MRI (arrowhead). g The mass is also hyperintense
on arterial phase MRI (arrowhead). h On PET/CT, the mass shows
moderate FDG uptake (SUVmax 11.1) (arrowhead). Sixty percent of
hepatic metastases of uveal melanoma show no uptake of FDG, the
reason for which is unclear

lower) FDG uptake and retention pattern compared with
normal liver tissue as they share the same metabolic mech-
anism [85, 100]. It is of note that FNH is a hypervascular
lesion that does not have accelerated glucose metabolism.

Angiomyolipoma

Angiomyolipoma (AML)/primary hepatic perivascular
epithelioid cell tumor is a benign mesenchymal tumor
composed of blood vessels, smooth muscle cells, and a
varying amount of fat. AML containing a large amount
of fat can be easily diagnosed on CT and MRI, but the
imaging diagnosis is challenging if the fat component is
relatively small. AML is often hypervascular in the arterial
phase and shows washout, mimicking HCC. The imaging
findings of presence of early draining vein and the absence
of tumor capsule are useful for differentiating AML from
HCC.

FDG accumulation in AML is similar to that in the nor-
mal part of the liver (Fig. 15) [101, 102], although the mech-
anism has not been elucidated. It is important to consider the
possibility of hepatic AML exhibiting FDG uptake [103].
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Fig. 13 Hepatocyte nuclear factor (HNF)-1 a-inactivated hepato-
cellular adenoma (HCA) in a 67-year-old woman. a An incidentally
detected nodule is hypervascular on arterial phase CT (arrowhead). b,
¢ A fat deposit is observed within the mass on opposed-phase (b) and
in-phase (¢) MRI (arrowheads). d The nodule shows hypointensity

on hepatobiliary phase MRI (arrowhead). ¢ On PET/CT, the nodule
shows obvious FDG uptake (SUVmax 5.2) (arrowhead). f The nodule
shows obvious FDG uptake on coronal MIP PET (arrowhead). The
diagnosis of HNF-1 a-inactivated HCA was confirmed by surgical
resection

Fig. 14 Sclerosed cavernous hemangioma in a 72-year-old man. a
An incidentally detected hepatic nodule (arrowhead) is hypovascu-
lar on equilibrium phase CT. b On fat-suppressed T2-weighted MRI,
the nodule (arrowhead) is hyperintense to background liver and is

Inflammatory pseudotumor

Inflammatory pseudotumor is a rare condition that can
present anywhere in the body, including the liver. Its
incidence in the liver is reported to be ~0.7% of all focal
liver lesions, and is characterized by chronic infiltration of

hypointense to cerebrospinal fluid. ¢ No enhancement is observed on
arterial phase MRI (arrowhead). d PET/CT shows similar uptake in
the mass to background liver (dotted circle). The diagnosis of sclero-
sed hemangioma was confirmed by percutaneous liver biopsy

inflammatory cells and an area of fibrosis that can mimic
malignant tumor. The etiology and pathogenesis remain
unknown. Biologically, it has nonspecific symptoms and
laboratory abnormalities such as fever, abdominal pain,
abdominal discomfort, and leukocytosis. The radiological
findings of ultrasound, CT, and MRI are also nonspecific,
and it can be difficult to differentiate this pseudotumor
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Fig. 15 Angiomyolipoma in a 34-year-old woman. a An incidentally
detected hepatic nodule (arrowhead) is hypervascular, and no focal fat
deposits are observed within the nodule on arterial phase CT. b The
nodule (arrowhead) shows slight hyperintensity on fat-suppressed

T2-weighted MRI. ¢ PET/CT shows no FDG uptake in the mass
(dotted circle). d Coronal MIP PET also shows no FDG uptake in
the mass (dotted circle). The diagnosis of angiomyolipoma was con-
firmed by surgical resection

Fig. 16 Inflammatory pseudotumors in a 62-year-old man. a Por-
tal phase CT reveals multiple hypovascular masses (arrowheads). b
The masses (arrowheads) show ill-defined hyperintensity on fat-sup-
pressed T2-weighted MRI. ¢ Another slice position with the same
sequence shows multiple ill-defined hyperintense masses of various
sizes (arrowheads). d The masses show hypointensity on hepatobil-

from hepatic space-occupying lesions such as HCC, ICC,
metastasis, and hepatic abscess. Furthermore, it is striking
that this pseudotumor shows high FDG uptake [104, 105]
(Fig. 16), which increases the difficulty of distinguishing
it from malignancy.
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iary phase MRI (arrowheads). e The masses show high FDG uptake
on PET/CT (arrowheads). f On coronal MIP PET, the masses show
high FDG uptake (arrows). The diagnosis of inflammatory pseudo-
tumors was confirmed by percutaneous liver biopsy, and the masses
disappeared without treatment after 3 months

Pseudolymphoma

Pseudolymphoma, also termed “reactive lymphoid hyper-
plasia” or “nodular lymphoid lesion”, is a benign nodular
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Fig. 17 Pseudolymphoma in a 44-year-old woman. a An incidentally
detected hepatic nodule is hypovascular with perinodular enhance-
ment on arterial phase CT (arrowhead). b The nodule shows hyper-
intensity on fat-suppressed T2-weighted MRI (arrowhead). ¢ The

nodule shows hypointensity on hepatobiliary phase MRI (arrowhead).
d The nodule shows obvious uptake of FDG on PET/CT (SUVmax
12.8) (arrowhead). The diagnosis of pseudolymphoma was confirmed
by percutaneous liver biopsy

Fig. 18 Intrahepatic cholangitis in 56-year-old man with a history of
intrahepatic cholangiocarcinoma. a PET/CT shows nodular uptake of
FDG (arrowhead) that is suggestive of recurrence. b No lesion cor-
responding with the area of FDG uptake (arrow) is visualized on

arterial phase CT. ¢ T2-weighted MRI is also unable to depict a cor-
responding lesion (arrow). d Arterial phase MRI is also unable to
depict a corresponding lesion (arrow)

Fig. 19 Benign lymphoproliferative disorder with unknown etiol-
ogy in 59-year-old man with pyrexia of unknown origin. a A hepatic
lesion is not apparent on unenhanced CT. b Coronal MIP PET depicts
hepatic and mediastinal lesions (arrows). Biopsy by mediastinoscopy
could not obtain an adequate sample of any of the mediastinal lesions.

¢ PET/CT reveals high FDG uptake (SUVmax 8.2) in the region of
hepatic involvement (arrowhead) and was used to identify the biopsy
site. The diagnosis of lymphoproliferative disorder of unknown eti-
ology (not IgG4-related disease or malignant lymphoma) was con-
firmed by percutaneous liver biopsy
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lesion characterized histopathologically by marked pro-
liferation of nonneoplastic, polyclonal lymphocytes that
form follicles with an active germinal center [106]. It can
occur in various organs, including the skin, orbit, lung,
and gastrointestinal tract, but is rare in the liver, where it
occurs predominantly in middle-aged females with hepatic
tumor who also have autoimmune disease, malignant
tumors, or chronic liver disease.

The preoperative diagnosis of hepatic pseudolymphoma
is difficult because the findings of noninvasive radiologi-
cal examinations such as ultrasonography, CT, and MRI are
usually equivocal and have few specific features that can dif-
ferentiate it from other malignant hepatic tumors. However,
the lesions show FDG uptake (Fig. 17) (median SUV max
4.3; range 3.4-7.2) [107, 108].

Inflammation and infection
The broad spectrum of inflammatory and infectious liver

diseases includes hepatic abscess, intrahepatic cholangitis,
lymphoproliferative disorders including immunoglobulin

G4-related systemic disease, sarcoidosis; and tuberculosis,
fungal, and parasitic infection [109].

FDG-PET/CT also has clinical utility in imaging sus-
pected infection and inflammation (Fig. 18) to identify the
source, map the extent and severity of disease, identify
sites for tissue sampling (Fig. 19), and assess therapeutic
response [86, 110], although its application for this pur-
pose is controversial. FDG uptake in nonmalignant inflam-
matory conditions can produce false-positive results, par-
ticularly in patients with known or suspected malignancy
[111], and correlation with the CT and MRI findings is
important to avoid misdiagnosis.

Increased FDG uptake in inflammation and inflamma-
tion is due, at least in part, to an increase in GLUT, as with
malignant cells [112]. Activated inflammatory cells also
demonstrate overexpression of GLUT-1 and/or GLUT-3
[113-115]. In addition, in inflammatory conditions, the
affinity of GLUT for deoxyglucose is apparently increased
by various cytokines and growth factors, a phenomenon
that has not been observed in tumors [116].

Fig.20 Focal sinusoidal obstruction syndrome during chemotherapy
(oxaliplatin+TS-1) in a 41-year-old woman with a history of rectal
adenocarcinoma. a Arterial phase CT reveals a new hypovascular
nodule (arrowhead) in the medial segment of the liver. b The nodule
shows hyperintensity on T2-weighted MRI (arrowhead). ¢ The nod-
ule is hypovascular to normal liver on the arterial phase of dynamic
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contrast MRI (arrowhead). d The nodule shows hypointensity in the
hepatobiliary phase (arrowhead). These findings are slightly different
from those of metastasis, but could not exclude metastasis. e The lack
of FDG uptake on PET/CT indicates focal sinusoidal obstruction syn-
drome rather than metastasis, and liver biopsy confirmed the diagno-
sis of sinusoidal obstruction syndrome
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Focal sinusoidal obstruction syndrome

Sinusoidal obstruction syndrome (SOS), also termed
toxic sinusoidal injury, veno-occlusive disease, or “blue
liver syndrome”, is a commonly seen vascular pattern of
drug-induced liver injury that has been associated most
frequently with oxaliplatin-based chemotherapy, which is
mainly used in gastrointestinal malignancy [117].

SOS is characterized by the histologic findings of sinu-
soidal dilatation and congestion, centrilobular vein fibrosis
and obstruction, and perisinusoidal fibrosis. These changes
are generally distributed irregularly and diffusely within
the whole hepatic parenchyma, and have the highly specific
imaging appearance of diffuse and reticular hypointensity on
hepatobiliary phase EOB-enhanced MRI [118]. SOS has no
glycometabolism and thus shows no uptake of FDG, which
is obvious considering the pathological findings. Uncom-
monly, SOS appears as a nodular lesion [119,120], in which
case FDG-PET/CT imaging is useful to distinguish focal
SOS from hepatic metastases combined with CT and MR
images (Fig. 20), especially in patients who are contraindi-
cated for percutaneous liver biopsy.

Intratumoral hemorrhage in the acute phase

Increased FDG uptake in response to hemorrhage has been
reported in numerous diseases, including hepatic tumor,
adrenal hemorrhage, peri-renal hemorrhage, aortic wall
hematoma, pelvic hematoma, and subarachnoid hemorrhage.
In the acute phase, FDG uptake in the hematoma is due to
extravasation of activated macrophages; however, uptake
weakens in the healing phase, suggesting that the procallus
itself is associated with elevated glycolytic metabolism.
Because the accumulation of FDG due to intratumoral
hemorrhage could occur in any hepatic tumor, it is impor-
tant to review the FDG-PET/CT imaging findings along
with conventional CT and MRI to prevent a misdiagnosis.

Conclusion

FDG-PET/CT imaging has proved invaluable in diagnosis,
detection, assessment of differentiation, staging, response
to treatment, and prediction of prognosis in a wide vari-
ety of hepatic lesions. Knowledge of the degree of FDG
uptake in each lesion type is essential for accurate image
interpretation and to enable selection of an appropriate
therapeutic strategy. An understanding of the underlying
molecular background is also valuable in this regard.
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