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Abstract: Hepatocellular carcinoma (HCC) is the most common primary liver cancer, which devel-
ops mostly in the setting of chronic liver disease. European Association for the Study of the Liver
(EASL) and European Organization for Research and Treatment of Cancer (EORTC) prepared
guidelines for screening, follow-up and diagnosis of HCC to facilitate decision making and optimize
both diagnostic and therapeutic protocols.

The review briefly describes etiology, epidemiology and histopathology of HCC and presents
EASL-EORTC guidelines for surveillance and diagnosis of HCC. Target population and screening
algorithm is presented in the surveillance section. Ultrasound imaging of HCC and the role of con-
trast enhanced ultrasound are described as well as the value of laboratory tests in screening. Further,
radiological features of HCC in multiphase CT and dynamic contrast enhanced MRI and diagnostic
criteria are presented. Additionally, the advantages of advanced techniques in MRI such as diffusion
weighed imaging and the use of hepatocyte-specific contrast agents are discussed.
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7 Lastly, the EASL-EORTC guidelines are compared with the guidelines of the American Association
for the Study of Liver Diseases and the Japan Society of Hepatology. Also LI-RADS and the Barce-

lona Clinic Liver Cancer classification are mentioned.

In the near future, due to the ongoing advances in imaging a revision of the guidelines may be ex-
pected.

Keywords: Cirrhosis, diagnostic algorithm, hepatocellular carcinoma, magnetic resonance imaging, multidetector computed
tomography, ultrasound.

1. INTRODUCTION

Liver cancer is the third most common cause of cancer-
related death in the world [1] with 746.000 associated deaths
in 2012 [2]. Among liver cancers, the hepatocellular carci-
noma (HCC) is the most common primary liver cancer [1].
Therefore, HCC stays in the spotlight of many medical sub-
specialties.

1.1. Epidemiology

HCC is two to four times more prevalent in men [1],
rarely occurring before the age of 40, with the peak inci-
dence at approximately the sixth to seventh decade of
life. According to the International Agency for Research on
Cancer (IARC) it is the fifth most frequent malignant neo-
plasm in men and the ninth most frequent in women [2]. The
majority of cases (83% in 2012) occur in East Asia and
Mid-Africa, especially in developing areas [2]. In Europe
HCC is most common in southern countries, while it is
less frequently encountered in Scandinavia. Overall progno-
sis is poor with the average mortality to morbidity rate
0f 0,95.
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1.2. Etiology & Risk Factors

Approximately 90% of cases of HCC develop in the set-
ting of chronic liver disease (Fig. 1), most commonly related
to hepatitis B and C virus infection, in circa 54% and 31%
respectively. Hepatitis B virus (HBV) is associated with ap-
proximately 60% of HCC cases in developing countries,
while only up to 20% in developed countries, where the ma-
jority of cases result in due course of chronic hepatitis C
virus (HCV) infection [3]. Other risk factors include alco-
holic cirrhosis, biliary cirrhosis, hepatic fibrosis and inher-
ited metabolic diseases (such as hereditary hemochromato-
sis, Wilson disease, tyrosinemia, alphal-antitrypsin defi-
ciency, porphyria cutanea tarda and glycogen storage dis-
eases) as well as non-alcoholic fatty liver disease, aromatic
compounds toxic poisoning and exposure to aflatoxin [4].
Probability of developing HCC increases with duration of
liver cirrhosis and 1/3 of patients with known cirrhosis will
develop HCC in due life course [S]. Every year approxi-
mately 2% of patients suffering from HBV and 3-8% with
HCV develop HCC [6]. Research conducted on large groups
of patients with a long-term follow-up allowed to distinguish
factors indicative of increased risk of HCC in patients with
liver cirrhosis. In addition to age and gender predilection
(male), presence of esophageal varices [7], low level of
platelets, obesity and diabetes [6,8], increased pressure in the
portal vein [9] and progression of liver fibrosis [10] are in-
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cluded. Smoking is considered an independent risk factor in
development of HCC [8].

1.3. Histopathological Image of HCC

The most commonly encountered form of HCC is a soli-
tary tumor larger than 20 mm in diameter, however HCC
may also present as a multifocal lesion or a diffuse disease
(12%) [11]. An early form of HCC, called small HCC, is
also distinguished. It appears as a single focus equal or less
than 20 mm in diameter and has a good prognosis, with over
90% of five year survival if treated with complete resection
or liver transplant [11]. Tumor stroma is scarce and vascular
spaces are not contained by proper connective tissue bind-
ings, what explains tendency to extravasation and necrosis in
a greater degree than in other malignant tumors of epithelial
origin [12]. HCC is also characterized by a high degree of
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local invasiveness with potential to infiltrate portal vein
branches and, less frequently, biliary tracts, to form abnor-
mal arteriovenous connections and can present with tumor
emboli within vessels, especially in the portal vein system.
Infiltration of the portal vein and formation of tumor emboli
even in early stages of the disease, facilitate intrahepatic me-
tastasis [13]. Extensive damage to a large number of hepato-
cytes caused by a variety of toxic and viral factors is an in-
dependent risk factor of multifocal tumor growth [13].

Development of HCC in cirrhotic liver is a multiphase
process - from a regenerative nodule (RN), though a low
grade dysplastic nodule (LGDN, Fig. 2) and high grade dys-
plastic nodule (HGDN) progressing to HCC focus within a
dysplastic nodule (image of the ‘nodule in nodule’, Fig. 3)
and the early form of HCC. The last stage is a mature form
of HCC (large HCC).

Fig. (1). MRI, axial T2-weighted fat-suppressed images. Features of cirrhosis are visible: nodular surface, enlargement of caudal lobe, hyper-
intense bands within the liver as result of proliferation of fibrotic tissue, peritoneal effusion.

Fig. (2). MRI, axial image of low grade dysplastic nodule in segment VII (arrow). Nodule is hypointense in T1-weighted (a) and T2-
weighted fat-suppressed images (b), shows isointensity to the surrounding liver parenchyma in hepatic arterial phase (¢) and in consecutive
phase (d); no diffusion restriction in diffusion weighted imaging (b value of 800s/mm?, e) is seen.

Fig. (3). MRI - nodule-in-nodule sign — an early stage of HCC. The lesion (arrow) is hyperintense in T2-weighted images in coronal plane
without fat saturation (a) and in axial plane with fat saturation (b). The early HCC shows intense enhancement in hepatic arterial phase (c)
with washout in equilibrium phase (d) and diffusion restriction in diffusion weighted imaging (b=800s/mm?, e).
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Carcinogenesis coexists with angiogenesis, necessary to
support the rapid growth of HCC and leading to formation of
a rich network of defective arteries. As a result gradual pre-
dominance of arterial vascularization over portal venous is
seen, clearly visible in HGDN and further forms of HCC.
Typically enhancement corresponding to the extent of neo-
plastic vascularization is seen within 40 seconds after intra-
venous administration of contrast agent with subsequent
washing out. Enhancement visible in the portal venous phase
is characteristic of benign nodules associated with cirrhosis.

Approximately 10% of HCC develop in an unchanged
liver parenchyma. These lesions are often single, usually
significantly larger and detected in a more advanced stage
[14,15].

One of the histological variants of primary liver cancer
not associated with chronic liver disease is fibrolamellar car-
cinoma (FLC, Fig. 4). FLC shows no gender predilection and
develops predominantly in young adults (the average age of
onset at 30 years old), most commonly in Western Europe
and North America. FLC is accompanied by an increase in
serum AFP levels [16] and has a good prognosis.

2. GUIDELINES

Guidelines for diagnostic imaging and early detection of
HCC, including issues of prophylaxis and screening, are a
part of a strategy implemented to ensure effective treatment
and reduced mortality in high risk patients. Though, not to be
regarded as firmly established protocols of conduct, they
constitute the diagnostic and therapeutic algorithm facilitat-
ing and optimizing decision making in everyday clinical
practice. The following guidelines have been adapted after
recommendations of the European Association for the Study
of the Liver (EASL) and the European Organization for Re-
search and Treatment of Cancer (EORTC) on the treatment
of HCC published in 2012 [3].

2.1. Surveillance
2.1.1. Target Populations

According to the EASL-EORTC recommendations
screening and structured follow-up are recommended in the
following groups of patients: /1/ patients with cirrhosis -
Child-Pugh A and B, /2/ patients with cirrhosis - Child-Pugh
C and awaiting liver transplants, /3/ patients, who do not
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suffer from liver cirrhosis but are infected with HBV and/or
family history of HCC, /4/ patients, who do not suffer from
liver cirrhosis but present with chronic hepatitis C and ad-
vanced liver fibrosis.

Follow-up should be extended to patients receiving anti-
viral therapy, especially for chronic hepatitis B, and patients
with chronic hepatitis C virus who have developed cirrhosis,
irrespective of obtained permanent virologic response in the
course of treatment [3].

2.1.2. Screening and Follow-up

The purpose of screening and both clinical and radiologi-
cal follow-up of high-risk patients is to reduce mortality by
early detection of HCC and implementation of effective
therapy. The aim is to detect single HCC foci measuring less
than 20 mm in diameter, characterized by a better prognosis
and exhibiting less than 20% risk of hematogenous spread.
In case of larger lesions the risk of hematogenous spread
increases with the size of the focus to 30-60% in lesions of
20-50 mm and to 60-90% in foci larger than 50 mm, respec-
tively [17]. Detection of cancer in the advanced stage sig-
nificantly reduces or even excludes the possibility of effec-
tive therapy.

2.1.3. Imaging in HCC Screening

Ultrasonography (US) is most frequently the first imag-
ing modality used in evaluation of parenchymal organs of
the abdomen due to its relative low cost, wide availability
and non-invasiveness.

Efficacy of detection of HCC in US varies widely and in
cirrhotic patients presents with sensitivity of 33 - 96% [18]
while specificity reaches over 90% [19]. Detection of small
HCC foci in cirrhotic liver may present as a challenge, espe-
cially in the presence of regenerative nodules. Therefore, it is
of the highest significance, that US should be performed by
qualified and experienced personnel using optimal equip-
ment, preferably in dedicated centers. In gray-scale US low-
differentiated HCC foci measuring less than 30 mm present
typically as hypoechoic lesions (Fig. 5a), some may show
increased echogenicity due to inclusion of fatty tissue (Fig.
5b and c). Heterogeneous lesions may correspond to HCC
with degenerative changes, while a hyperechoic focus within
a larger hypoechoic mass is suggestive of development of
HCC within a dysplastic nodule (tumor in tumor phenome-

Fig. (4). MRI, fibrolamellar carcinoma (FLC) in axial T1-weighted images pre-contrast (a), with heterogenic enhancement in hepatic arterial
phase (b) and equilibrium phase (d). The mass in coronal plane presents no enhancement in hepatobiliary phase, other foci of FLC are visible

(c). Post-operative image of the large mass (e).
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non) [20]. Large lesions often show tendency to impress on
adjacent vessels and infiltrate portal vein and its branches,
they may present with hypoechoic halo suggestive of expan-
sive growth or blurred, poorly defined margins when infil-
trating the surrounding parenchyma.

Fibrolamellar carcinoma is usually a large, solitary focus
within unchanged liver parenchyma, often showing central
fibrous scar and calcifications.

In comparison to conventional gray-scale US contrast-
enhanced ultrasonography (CEUS) provides higher diag-
nostic efficacy in differentiation of benign and malignant
focal liver lesions (FLLs), often comparable to that
achieved in magnetic resonance imaging (MRI). The main
feature differentiating benign lesions from malignancies is
their level of enhancement in the late phase of the study -
benign lesions are usually hyper- or isoechoic to the sur-
rounding liver parenchyma, while malignant lesions show
hypoechogenicity (Fig. 6) [21]. Although the enhancement
pattern of FLLs may be analyzed in CEUS in real time in
consecutive arterial, portal venous, delayed and postvascu-
lar phases, similarly to computed tomography (CT) or MRI,
recently, many authors discuss that different pharmacoki-
netic features of contrast agents used for CEUS limit the
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value of the examination. Sonographic contrast agents are
blood pool agents, confined to the vascular space, while the
majority of contrast agents used in routine CT and MRI
are extracellular space agents [21]. Other limitations in-
clude the possibility of overlooking subdiaphragmatic le-
sions and lesions smaller than 3 mm, reduced detectability
of lesions located deep in the liver parenchyma, especially
in steatosis and misinterpretation of falciform ligament as a
FLL [21].

2.1.4. Screening Algorithm

According to the EASL-EORTC recommendations the
most effective screening tool in HCC is US. Evaluation of
serum alpha-fetoprotein (AFP) levels allows detection of
additional 6-8% of tumors, however the gain in detection
frequency, does not balance the increase in number of false
positive results and the subsequent rise of diagnostic costs
[3]. Abdominal US should be performed every 6 months in
high-risk patients [3]. In case of detection of a nodule
smaller than 10 mm and during follow-up after resection or
loco-regional treatment the interval between consecutive
US examinations should be reduced to 4 months [3] (Figs.
7 and 8).

Fig. (5). Different features of HCC in ultrasound examination. Small, typically hypoechoic lesion (a), larger lesions with mixed echogenicity

(b and ¢).

Fig. (6). Two different HCC lesions (arrows) in gray-scale ultrasound (a,c) and in late phase of contrast-enhanced ultrasound (b,d).
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Patients with cirrhosis:
Child-Pugh A and B

Patients with cirrhosis:
Child-Pugh Cand
awaiting liver transplants

Patients, who do not suffer
from liver cirrhosis but
are infected with HBV and/or
family history of HCC

Patients, who do not suffer
from liver cirrhosis but present
with chronic hepatitis C
and advanced liver fibrosis

T

Abdominal ultrasonography
every 6 months

—

Exceptions: detection of
a nodule smaller than 10 mm
- see figure 8

Patients after resection
or
loco-regional treatment

\
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Abdominal ultrasonography
every 4 months

Fig. (7). Screening algorithm in HCC in high risk patients according to EASL-EORTC.

Nodule in US
4 + +
<10 mm 10 - 20 mm >20 mm
+ + +
US every CE-CT CE-CT
4 months and DCE-MRI or DCE-MRI
3 > -
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Growth or 5 - e
morfology change Stable image I;InCﬂC‘m one é)rlbpth _of HCC in one
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- e T
Further diagnostics
depend on No Yes No Yes
size of nodule
- - > >
Biopsy HCC Biopsy HCC
Ambiguous Ambiguous
<+ result HCC HCC result 1

US follow-up
after 4 months

US follow-up
after 4 months

Fig. (8). Diagnostic algorithm in nodules detected in US in high risk patients according to EASL-EORTC.
CE-CT - contrast-enhanced computed tomography, DCE-MRI - dynamic contrast-enhanced magnetic resonance imaging, US - ultrasound.

2.1.5. Laboratory Tests in HCC Screening

Serum AFP is the most widely used tumor biomarker in
diagnosis of HCC, however its value is often considered in-
sufficient. An increase of serum AFP levels in cirrhotic pa-
tients is non-specific for development of HCC - it is encoun-
tered only in 10 to 20% of tumors in the early stage and may
be also seen in cases of advanced cirrhosis without HCC,
exacerbation of HBV or HCV and in other neoplasms, such
as cholangiocarcinoma, gastric cancer and germ cell tumors

[22]. Therefore, AFP levels are mainly evaluated in follow-
up after the treatment. Serum AFP value below 20 ng/mL is
considered normal, the cut-off value for malignancy is estab-
lished at the level 200 ng/mL (high specificity, sensitivity of
22%) [23]. Up to 40% of patients with early stage of HCC
show normal AFP values [24].

AFP can be divided during electrophoresis into different
isoforms. One of the isoforms, lectin-bound AFP (AFP-L3),
is related to development of HCC. Using relative increase of
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AFP-L3 in percentage in relation to AFP level, improves
sensitivity to 37%-60% and specificity to 85%-92% for de-
tection of HCC [25]. Elevated fraction of AFP-L3 over 10%
identifies patients with HCC. Moreover, patients with ele-
vated APF serum level but with no HCC, have low fraction
of AFP-L3 [26]. AFP-L3 is particularly useful when serum
levels of AFP vary between 10 and 200 ng/mL [27].

Another HCC marker is protein induced by vitamin K
absence-1I (PIVKA-II), also known as des-gamma carboxy
prothrombin (DCP). The protein is a product of abnormal
carboxylation of prothrombin precursor. The efficacy of
PIVKA-II depends on accepted cut-off value. For cut-off
value of 40 mAU/mL sensitivity and specificity ranges
from 28%-89% and 87%-96% accordingly [28]. For cut-off
value of 125 mAU/mL sensitivity reaches 89% and speci-
ficity 95% for differentiating HCC from cirrhosis and
chronic hepatitis [29]. It is noteworthy that increased
PIVKA-II level occurs in patients with vitamin K defi-
ciency and in patients treated with vitamin K antagonists
(e.g. warfarin).

Other markers are also investigated, for example Golgi
protein 73 (GP73) [30].

In meta-analysis by Hu et al., who included 40 studies
into the analysis, the area under curve reached 0.748 for
combination of APF and AFP-L3, 0.874 for AFP and
PIVKA-II and 0.932 for APF and GP73. Areas under curve
for the second and the third combination of markers were
significantly higher than for single markers [28].

At the time, rather a combination of laboratory tests than
a single marker, should be treated more as a guidance for
further diagnostics, not as a stand-alone screening test. As-
sessment of serum AFP level for HCC screening is not rec-
ommended by EASL- EORTC guidelines.

2.2. Diagnosis of HCC

According to the EASL-EORTC recommendations diag-
nosis of HCC is based on results of a histopathological ex-
amination report or on non-invasive criteria [3].

Histopathological report should be constructed according
to the International Consensus Group for Hepatocellular
Neoplasia guidelines [31].

Non-invasive diagnostic criteria, which can be applied
only in cirrhotic patients, have been first established in 2001
in Barcelona [32]. They allowed to diagnose HCC in a pa-
tient with known cirrhosis if a lesion of more than 20 mm in
diameter showed typical, strong enhancement after intrave-

Table 1.
criteria apply only to cirrhotic patients.
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nous contrast agent administration in hepatic arterial phase
(HAP) in two out of four subsequent imaging modalities:
multiphase CT, dynamic contrast-enhanced MRI (DCE-
MRI), angiography and CEUS or in one imaging modality if
the AFP serum levels exceeded 400 ng/mL. Non-invasive
criteria were revised in 2005 in cooperation with American
Association for the Study of Liver Diseases (AASLD) with
introduction of a new radiological enhancement pattern char-
acteristic of HCC, which includes a strong uptake of contrast
agent in HAP and its subsequent wash-out in the portal ve-
nous phase (PVP) and equilibrium phase (EP) [33]. The lat-
ter results directly from previously mentioned neovasculari-
zation process within developing HCC lesions, with a pre-
dominance of arterial over portal venous blood supply. Ac-
cording to the altered recommendations diagnosis of HCC
required confirmation of the typical enhancement pattern in
one of two imaging modalities (multiphase CT or DCE-
MRI) in nodules larger than 20 mm and in both imaging mo-
dalities in case of lesions measuring 10 to 20 mm; evaluation
of serum AFP levels has been removed from the diagnostic
algorithm [33].

2012 brought further revisions of the non-invasive crite-
ria of diagnosis of HCC with exclusion of CEUS from diag-
nostic algorithm due to its different pharmacokinetic features
in comparison to contrast agents administered in CT and
MRI (see: Imaging in HCC screening) and a significant
number of false-positive results observed in primary biliary
cancer [3]. The 2012 recommendations confirmed the effi-
cacy and maintained the other criteria for the diagnosis of
HCC in imaging studies [3].

Non-invasive criteria in the diagnosis of HCC and subse-
quent revisions of recommendations are summarized in Ta-
bles 1 and 2, respectively. Today, HCC is the only tumor for
which non-invasive diagnosis is accepted.

2.2.1. Multiphase CT

Imaging of FLLs in CT requires the use of a multi-
phase study protocol, including a phase prior to the in-
travascular administration of contrast agent (native phase)
and phases obtained after intravascular administration of
contrast medium - HAP, PVP and EP, obtained routinely
40, 60 and 180 seconds post contrast administration respec-
tively in a multi-row CT unit (Fig. 9). EP may be also re-
ferred to as an early delay phase in comparison to the late
delay phase, obtained after 10 to 15 minutes after admini-
stration of contrast medium, acquired if the imaging proto-
col is extended to detect lesions with a high content of fi-
brous tissue, such as e.g. cholangiocarcinomas. An early

Diagnostic criteria of HCC in examinations with intravenous administration of contrast agents. Non-invasive diagnostic

Tumor 10 - 20 mm in diameter

Hypervascular lesion confirmed in multiphase CT or DCE-MRI:
Strong enhancement in hepatic arterial phase

‘Wash-out in portal venous and/or equilibrium phases

Tumor larger than 20 mm

Hypervascular lesion confirmed in multiphase CT or DCE-MRI.

DCE-MRI — dynamic contrast-enhanced magnetic resonance imaging, CT — computed tomography.
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Table 2.

Nowicki et al.

EASL-EORTC recommendations with further revisions of non-invasive diagnostic criteria of HCC.

Diagnosis of HCC larger than 20 mm on basis of strong enhancement after intravenous contrast agent administration in HAP
2001 in two out of four following imaging modalities: multiphase CT, DCE-MRI, angiography and CEUS or in one mentioned
imaging modality if the AFP serum levels exceeded 400 ng/mL.

sequent wash-out in PVP/EP,

2005 (multiphase CT, DCE-MRI and CEUS),

* Introduction of a new radiological enhancement pattern of HCC - a strong uptake of contrast agent in HAP and its sub-

+ Diagnosis of HCC measuring 10 to 20 mm required confirmation of the typical enhancement pattern in two imaging modalities

» Diagnosis of HCC larger than 20 mm - confirmation in one imaging modality,

* Removal of evaluation of serum APF level from diagnostic algorithm.

2012

* Exclusion of CEUS from diagnostic algorithm,

» Confirmation of the efficacy and maintenance the other criteria for the diagnosis of HCC in multiphase CT, DCE-MRL

AFP - alpha-fetoprotein, CEUS - contrast enhanced ultrasonography, CT - computed tomography, DCE-MRI - dynamic contrast-enhanced magnetic resoanace imaging, EP - equilib-
rium phase, HAP - hepatic arterial phase, HCC - hepatocellular carcinoma, PVP - portal venous phase.

Fig. (9). Multiphase CT. Native examination (a), hepatic arterial phase with contrast agent in hepatic arteries and slight enhancement of por-

tal vein (b), portal venous phase (¢) and equilibrium phase (d).

arterial phase, acquired 20 to 30 seconds after contrast
agent administration may also be performed for CT angi-
ography reconstructions.

Iodine contrast agents (CAs) eliminated mainly though
kidneys and showing a half-life time of 1 to 2 hours, in case
of normal renal function, are administered in CT in everyday
practice. Routinely CAs are administered into the median
cubital vein at a dose of 1 to 2.5 mL/kg body weight at the
rate of 3-4 mL/sec. This is however, subject to change de-
pending on the imaging protocol and available equipment.

The value of radiation attenuation coefficient of the liver
is set between 50 to 60 Hounsfield Units (HU). Liver paren-
chyma uniformly absorbs radiation. In non-enhanced liver
vessels present with lower density in comparison to sur-
rounding parenchyma. Liver parenchyma consists of ap-

proximately 80% hepatocytes, 16% mononuclear phagocytes
and 4% biliary epithelial cells. Proteins, fats, ferritin, lipo-
fuscin and organelles are suspended within the hepatocyte
cytoplasm. Glycogen, iron and fat determine the degree of
radiation absorption. Generally, an increase of intracellular
water content is observed within liver tumors, accompanied
by reduction of iron and glycogen content, which leads to
decrease in radiation attenuation coefficient and typically
manifests as an area of low density in imaging prior to CAs
administration (Fig. 10). However, small foci of HCC may
also present as isodense and/or very rarely as hyperdense
areas, similar to regenerative and dysplastic nodules due to
their high content of copper or iron.

As mentioned previously, HCCs enhance strongly in the
HAP, depending on the size of the tumor and the presence of

Fig. (10). Two examples of hypodense HCC foci in non-enhanced CT.
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regressive changes homo- or heterogeneously. Large tumors
will typically present with heterogeneous enhancement, of-
ten with so-called mosaic pattern as opposed to small, early
forms of hepatocelullar carcinomas. While planning the ex-
amination, attention should be payed to the delay of the arte-
rial phase of approximately 10 - 15 seconds to the enhance-
ment of the aorta.

If tumor pseudo-capsule is present, it is more clearly
visible in the PVP and EP than in HAP, with delayed en-
hancement in EP (Fig. 11). Tumors with pseudo-capsule
show better prognosis.

Fig. (11). CT axial images. HCC in hepatic arterial phase (a) and
equilibrium phase (b). Wash-out feature and enhancing tumor
pseudo-capsule is visible in the latter.

Native examination HAP

Current Medical Imaging Reviews, 2017, Vol. 13, No. 2 147

Washing-out of the contrast agent in PVP (the phase of
the strongest enhancement of the liver parenchyma) or/and
EP is a sine qua non for diagnosing HCC with specificity of
95-96% [34]. As shown in (Fig. 12), the focus presenting
with washing-out is of lower density that the surrounding
liver parenchyma.

About 20% of hepatocellular cancers are hypovascular
and exhibit poorer enhancement than adjacent liver paren-
chyma in HAP, PVP and/or EP (Fig. 13) [35]. As those foci
do not meet the non-invasive diagnostic criteria of HCC, a
further confirmation by means of biopsy is required [34]. If,
however, a biopsy cannot verify the diagnosis, a wait and
close follow-up strategy with repeat imaging is recom-
mended [36].

2.2.2. Magnetic Resonance Imaging

A standard MRI protocol consists of /1/ pre-contrast and
dynamic post-contrast T1-weighted 3D gradient echo se-
quences with fat-suppression, /2/ multishot or single-shot
fast spin-echo T2-weighted sequences with and without fat-
suppression /3/ chemical shift imaging (in- and opposed-
phase) and /4/ diffusion weighted imaging (DWI). Addi-
tional sequences like delayed post-contrast T1-weighted se-
quence may be included. MRI examination must cover the
whole liver and multi-planar acquisition is preferred.

In conventional, pre-contrast MRI sequences the majority
of large HCCs show decreased signal intensity in TI-
weighted and increased signal intensity in T2-weighted im-
ages (Fig. 14). However, small lesions tend to remain isoin-
tense to the adjacent liver parenchyma in T1-weighted im-

PVP EP

Fig. (12). Schematic presentation of pattern of enhancement of HCC lesion with strong enhancement in HAP (bright, hyperdense lesion in
comparison to surrounding liver parenchyma) and wash-out of contrast agent in subsequent PVP and EP (dark, hypodense lesion).
HAP - hepatic arterial phase, EP - equilibrium phase, PVP - portal venous phase.

Fig. (13). Atypical hypovascular HCC focus (arrow) in patient after right hemihepatectomy. The lesion shows no enhancement and is invisi-
ble in hepatic arterial phase in axial CT (a). Hypovascular HCC is hypodense in portal venous phase in axial CT (b) and hypointense in por-
tal venous phase in axial fat-suppressed T1-weighted image (d). The lesion is hyperintense in axial T2-weighted image (c).
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ages. Focal or diffuse areas of high signal intensity may be
observed in lesions containing fat, glycogen, copper, melanin
and methemoglobin, as well as in those containing high con-
centration of protein or presenting with slow blood flow or
thrombosis. Presence of intracellular fatty components may
be easily confirmed in phase and out of phase sequences,
while fat saturation sequences are used to detect extracellular
fat. T1-weighted images depict hyperintense areas of bleed-
ing (methemoglobin) and fat, both important features in dif-
ferential diagnosis, present in HCCs and hepatic adenomas
(more frequently). Decrease in signal intensity in T2-
weighted images is seen in case of fibrous tissue, while areas
of necrosis present especially within large foci cause an in-
crease in signal intensity and lead to heterogenous enhance-
ment. Copper deposits lead to a slight reduction in signal
intensity, while iron deposits significantly decrease signal
intensity in both T1- and T2-weighted images. Low signal
intensity of regenerative nodules in T2-weighted images
resulting from characteristic iron deposits, facilitate differen-
tial diagnosis with usually hyperintense HCC foci. Pseudo-
capsule is hypointense in T2-weighted images and shows
delayed enhancement in EP, similarly to CT.

Signal intensity of proliferative lesions results from their
histological and cytological features, dynamic examination
after intravascular administration of contrast medium allows
differentiation of lesions according to their vascularity.
DCE-MRI shows a similar enhancement pattern in majority
of HCCs as observed in multiphase CT with early strong
enhancement in HAP and washing-out in the following
phases (Fig. 15), however it is advantageous due to a higher
contrast between lesions and adjacent liver parenchyma and
lack of exposure to ionizing radiation.
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Paramagnetic gadolinium chelates are the most com-
monly used contrast agents in MRI in everyday practice.
They possess properties of extracellular space contrast media
and therefore penetrate from intravascular space through the
capillaries, into the extracellular, interstitial space, resulting
in contrast enhancement of abdominal parenchymal organs,
including the liver. The recommended dose of gadolinium
chelates in liver imaging is 0.1 mmol/kg or 0.2 mL/kg at
flow rate of 2-3 mL/sec. CAs are excreted in the mechanism
of glomerular filtration; the plasma half-life is approximately
90 minutes and increases in patients with renal failure. Gado-
linium chelates are generally considered safe in low doses
applied clinically. Potential adverse reactions include tran-
sient headache, nausea and vomiting, as well as pain at the
injection site.

In some cases of small lesions, however, the washing-out
of the contrast agent may not be observed as clearly as in
mature forms of HCCs. In such cases diagnosis of hypovas-
cular HCCs and differentiation with arteriovenous shunts
and FNH-like lesions may be facilitated by MRI with hepa-
tocyte-specific contrast agents (HSCAs). Moreover, ap-
proximately 20% to 40% of lesions smaller than 20 mm in
diameter do not show typical enhancement in HAP [3, 37].
In such cases DCE-MRI with HSCAs should be considered,
as most of HCCs are hypointense in hepatobiliary phase
(HBP). Administration of HSCAs increases the efficacy and
diagnostic accuracy of MRI (Fig. 16). More and more com-
monly used in recent years HSCAs combine pharmacologi-
cal features of extracellular space agents, allowing imaging
in HAP, PVP and EP with delayed uptake by hepatocytes
and excretion into biliary tracts resulting in obtaining an ad-
ditional imaging phase, called the HBP. HSCAs cause an

Fig. (14). Small isointense HCC focus in T1-weighted axial image (a). Another HCC focus slightly hypointense in T1-weighted coronal fat-
suppressed image (b). Same lesion in T2-weighted image is hyperintense (¢). Regulative nodules (siderotic) in T2-weighted image (d) in

comparison.

Fig. (15). Small (arrow) and large HCC foci in T1-weighted fast-suppressed axial images: pre-contrast (a), in hepatic arterial phase (b) and
equilibrium phase (c¢). Both lesions show enhancement in arterial phase and wash-out in equilibrium phase. Large lesion presents with en-

hancing pseudo-capsule in equilibrium phase.



Diagnostics of HCC

Current Medical Imaging Reviews, 2017, Vol. 13, No. 2 149

Ambiguous lesion in
CE-CT and/or DCE-MRI
Biopsy not possible

DCE-MRI
+ HSCAs

Native sequencesl‘

+ DWI
Hepatobiliary
phase
h 2 L 4
Hypointense Isointense Hyperintense
focus focus focus
v v
US follow-up US follow-up
HCC according to according to
EASL guidelines| |EASL guidelines
Treatment

Fig. (16). Diagnostic algorithm in ambiguous liver nodules in imaging and/or in case of contradictions to biopsy.

CE-CT - contrast-enhanced computed tomography, DCE-MRI - dynamic contrast-enhanced magnetic resonance with intravenous, non-
hepatocyte-specific contrast agent administration, DCE-MRI + HSCA - contrast-enhanced magnetic resonance imaging with hepatocyte-
specific contrast agents, DWI - diffusion weighted imaging, US - ultrasound

increase in signal intensity of biliary tracts and structures
containing functioning hepatocytes in T1-weighted images.
Currently, there are two commercially available gadolinium-
based hepatocyte-specific contrast agents - gadoxetic acid
(Gd-EOB-DTPA; under the trade name Primovist in the
countries of the European Union and Eovist in United States
of North America, Bayer, Germany) and gadobenate di-
meglumine (Gd-BOPTA; MultiHance, Bracco, Italy). HBP
is obtained after 10 to 20 min. post intravenous administra-
tion of Gd-EOB-DTPA and after approximately 60 minutes
after administration of Gd-BOPTA. Lack of enhancement
after HSCAs administration is suggestive of presence of non-
functioning or degenerative hepatocytes or cells other than
hepatocytes. The majority of HCCs show low signal inten-
sity in comparison to the surrounding liver parenchyma in
HBP (Fig. 17-19) [38] as confirmed in our studies [39],
while lesions such as arteriovenous shunts and/or FNH-like
tumors remain iso- or hyperintense. Less than 5% of well-
differentiated HCCs, however, show uptake of HSCAs [40].
Multiple theories are being investigated in order to explain
the uptake of Gd-EOB-DTPA in liver cells. Some authors
claim that it may be related to the excessive expression of
organic anion transporting polypeptide (OATP) [41], usu-
ally blocked in malignancies [42, 43]. Others suggest corre-

lation between histological malignancy of the tumor [44] and
the possibility of CAs uptake in well differentiated lesions.

When HBP is included in the MRI protocol, the examina-
tion may begin with chemical shift imaging and pre-contrast
T1-weighted sequence with fat-suppression, followed by
HSCA administration and dynamic post-contrast T1-
weighted sequence, also with fat-suppression. Before HBP is
acquired, T2-weighted imaging and DWI can be performed
to save time and shorten MRI examination.

Conventional liver imaging protocols are more frequently
extended with diffusion weighted sequences. DWI refers to
the motion of molecules of water in intra- and extracellular
spaces as well as in intravascular compartment. In reference
to focal liver lesions it reflects their cellular density. DWI is
used to optimize tissue characterization, including differen-
tiation of benign lesions from malignancies, in follow-up of
response to treatment and in detection of recurrence. In
reference to DWI sequences, apparent diffusion coefficient
(ADC) maps are calculated. ADC, expressed in mm?/s,
is a measure of water molecules motion - when diffusion
is unimpeded ADC is larger. Lesions suspected of
malignancy present with diffusion restriction - an increasing
signal intensity in DWI and low values of ADC
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Fig. (17). Diffused form of HCC with invasion of portal vein in CT (a-d) and MRI (e-l) in axial images. Strong enhancement is visible in
hepatic arterial phase (b, i) with subsequent wash-out in portal venous (¢, j) and equilibrium phase (d, k). Dynamic contrast-enhanced MRI
was performed after administration of hepatocyte-specific contrast agent - HCC is typically hypointense in hepatobiliary phase (1). The lesion
shows diffusion restriction with high signal in diffusion weighted imaging (g) and low signal in ADC map (h). T1-weighted (e) and T2-
weighted images with fat saturation (f).

Fig. (18). Small HCC in dynamic contrast-enhanced MRI with administration of hepatocyte-specific contrast agent. Pre-contrast examination
(a), hepatic arterial phase (slightly hyperintense, b), equilibrium phase (¢) and hepatobiliary phase (d) in T1-weighted images in axial plane.
In hepatobiliary phase HCC focus is hypointense.

Fig. (19). Large HCC with degenerative changes in coronal T1-weighted image with fat saturation (a) and in coronal T2-weighted image (b).
Dynamic contrast-enhanced sequences in axial T1-weighted images with fat saturation after administration of hepatocyte-specific contrast
agent in hepatic arterial phase (¢), portal venous phase (d) and hepatobiliary phase (e). Heterogenous enhancement of the lesion is seen with
areas of non-enhancing focal necrosis (¢) with subsequent washing out of the contrast agent (d). Lesion shows low signal intensity in com-
parison to adjacent liver parenchyma in hepatobiliary phase (e).
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(which corresponds to low signal intensity on ADC map)
(Fig. 20). Introduction of additional imaging feature, describ-
ing signal intensity of a lesion, to standard diagnostic criteria
of HCCs, increases the efficacy of MRI in patients with
chronic liver diseases [45] and facilitates differentiation of
HCCs from dysplastic nodules - the latter do not show diffu-
sion restriction [46]. However, one must remain careful
while interpreting DWI in patients with severe cirrhosis -
advanced fibrosis may restrict diffusion throughout the liver
parenchyma to a degree comparable with the HCC focus,
thus not allowing its distinction.

Radiological features of arterioportal shunts (A-P
shunts), RN, LGDN, HGDN and HCC in CT and MRI are
further summarized in Table 3.

2.3. Staging

Diagnostic imaging plays an important role not only in
detection of the disease but also in its staging, therefore in-
fluencing prognosis and treatment. In reference, the EASL-
EORTC guidelines recommend The Barcelona-Clinic Liver
Cancer Classification (BCLC), which are also included into
the AASLD guidelines in management in HCC [23]. BCLC
Classification focuses on prognostic variables associated
with the tumor (number and size of lesions, presence of ves-
sel infiltration and extrahepatic dissemination), liver function
(Child-Pugh Score) and general health. Published first in
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1999 and up-to-date frequently revised, it divides patients
into 5 prognostic groups guiding optimal therapeutic ap-
proach.

3. AASLD AND JSH GUIDELINES

Diagnostic criteria and treatment guidelines recom-
mended by AASLD [23] do not significantly differ from the
EASL-EORTC guidelines [3]. The authors agree that US is
the method of choice in screening for HCC in high risk pa-
tients and should be performed every 6 months. It is advised,
however, to follow-up nodules smaller than 10 mm in diame-
ter every 3 to 6 months in first two years with a subsequent
increase of the interval up to 6 months in stable lesions.
Nodules larger than 10 mm in diameter should be verified in
either multiphase CT or DCE-MRI and in equivocal cases
assessed with the second imaging modality and biopsy [23].

The Japan Society of Hepatology (JSH) guidelines differ
from the EASL-EORTC and AASLD guidelines both in
terms of screening and non-invasive diagnostic criteria of
HCC [47]. Main differences concern the screening algo-
rithm, which includes assessment of serum tumor markers
and the use of CEUS with Sonazoid (Daiichi Pharmaceuti-
cal, Japan) as contrast agent, CT angiography and CT arterial
portography in diagnostic imaging in reference centers. High
risk patients are divided into two subgroups. The subgroup A
(very high risk) consists of patients with chronic hepatitis B

Fig. (20). Large HCC with signs of diffusion restriction - increased signal intensity in DWI b=500 s/mm’ (a) confirmed with low signal in-

tensity on ADC map (b).

Table3. Pattern of enhancement of nodules in hepatocarcinogenesis.
Imaging feature RN LGDN A-P shunts HGDN HCC
NE-CT hyper hyper iso hyper hypo (iso, hyper)

TIW iso to hyper iso to hyper iso iso to hyper hypo

T2W hypo iso to hyper iso iso hyper

Enhancement in HAP iso iso hyper hyper hyper

Wash-out none none none none present +/- pseudocapsule
HBP iso to hyper iso to hyper iso to hyper iso hypo
DWI iso iso iso iso hyper

A-P SHUNTS - arterio-portal shunts, DWI - diffusion weighted imaging, HAP - hepatic arterial phase, HBP - hepatobiliary phase, HCC - hepatocellular carcinoma, HGDN - high
grade dysplastic nodule, LGDN - low grade dysplastic nodule, NE-CT - non-enhanced computed tomography, RN - regenerative nodule, TIW - T1-weighted image, T2W - T2-

weighted image.
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and C who developed cirrhosis, the subgroup B (high risk)
includes patients with chronic hepatitis B and C and patients
with cirrhosis of origin other than HBV and HCV related. In
the subgroup A US follow-up every 3 to 4 months and mul-
tiphase CT or DCE-MRI (with or without HSCAs) every 6-
12 months are recommended. In the subgroup B US exami-
nation every 6 months is advised. In both subgroups US
screening is followed by assessment of tumor markers, inter
alia serum AFP-L3 levels.

Diagnosis of HCC is based on three factors: background
of chronic liver disease, tumor markers and imaging studies.
In case of liver cirrhosis related to HBV and/or HCV infec-
tion, increase in serum tumor markers and presence of typi-
cal enhancement pattern in multiphase CT / DCE-MRI /
CEUS diagnosis of HCC is certain. In the absence of those
criteria, further investigation according to specific FLLs dif-
ferential algorithms is recommended, separate for both hypo-
and hypervascular lesions [47]. In ambiguous lesions biopsy
remains the golden reference.

4. LI-RADS

LI-RADS was first introduced in March 2011 by the
American College of Radiology to standardize CT and MRI
liver examination reports in high risk patients. The current
version from 2014 evaluates arterial enhancement, wash-out,
presence of tumor pseudo-capsule and nodule growth to de-
termine the degree of probability that assessed nodule is
HCC. LI-RADS gives five major categories from ‘definitely
benign’ to ‘definitely HCC’ and three additional categories.
The additional categories stand for HCC with portal veins
invasion, treated HCC and other probably malignant lesions
but not HCC. LI-RADS also incorporates a number of ancil-
lary features that may favor HCC or benign lesion, among
which nodule intensity in HBP and DWI are mentioned [48].

CONCLUSION

Overall prognosis in HCC is poor, with a rising number
of new cases diagnosed annually and high mortality rate. In
90% HCC develops in the setting of cirrhosis. Detection and
differentiation of early forms of HCCs from dysplastic nod-
ules in cirrhotic liver is still perceived as a challenge, espe-
cially in reference to the fact that HCC foci larger than 2 cm
statistically carry a greater risk of treatment failure. There-
fore, guidelines on screening and diagnostic algorithm of
HCC including recommendations on treatment and follow-
up are of the highest significance. Among patients included
in screening by EASL-EORTC guidelines are these with
cirrhosis and patients who do not suffer from cirrhosis but
are infected with HBV and HCV. According to guidelines,
screening and follow-up is based on US examinations
whereas diagnosis of HCC in possible either by histopa-
thological assessment or non-invasive by statement of typi-
cal pattern of enhancement in multiphase CT or DCE-MRI
examination. Evaluation of HCC serum markers in not in-
cluded in screening algorithm. For staging purposes BCLC
system is applied.

However, EASL-EORTC guidelines do not incorporate
in screening algorithm new blood markers of HCC, which
show high efficacy in recent studies (e.g. GP73). Use of
HSCAs and DWI sequence in MRI examination is not rec-
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ommended even in case of ambiguous lesions in multiphase
CT or DCE-MRI. These radiological tools could be very
helpful in distinguishing HGDN and early HCC. Also CEUS
is not included in second-line diagnosis. It is worth noticing,
that all above mentioned diagnostic tools are implemented
by JSH guidelines.

It has been over four years since the last EASL-EORTC
guidelines update and due to ongoing advances and new evi-
dences their revision may be expected in the near future.
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