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Abstract: Liver masses are routinely evaluated using ultrasonography (US), computed tomography
(CT), and magnetic resonance imaging (MRI). MRI may be used for further investigation in cases with
atypical findings and difficult diagnoses. Hepatocellular carcinoma (HCC) is a common malignancy,
and it is important to know the exact spread and number of HCCs, as there are numerous treatment
options. In addition, it is important to know how the differentiations of HCCs are reflected on the
images, and what the subtypes of HCCs look like on the images. Elastography with US and MRI
is increasingly used to measure liver stiffness, and non-invasive assessment of liver fibrosis is also
possible. This review describes the diagnosis of HCC on commonly used CT and MRI, and also
touches on the frontiers of imaging diagnosis of liver parenchymal changes such as liver cirrhosis.
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1. Introduction

Hepatocellular carcinoma (HCC) originates from the hepatocytes, and is the most com-
mon type of primary liver cancer. HCC is the fifth most common tumor in the world [1,2].
HCC has a complex pathogenesis, because HCC is induced by these etiologies, and is
influenced by many risk factors. The molecular pathogenesis of HCC is still not completely
understood. HCC is a heterogeneous malignant tumor that arises from a variety of causes
of chronic liver damage, with viral hepatitis being the most common cause. Regardless
of the cause, repeated hepatocellular damage leads to a vicious cycle of cell death and
regeneration, and ultimately genomic instability, which is the final common pathway in
the pathogenesis of HCC [3]. HCC typically develops in individuals with underlying liver
disease, such as chronic hepatitis B or C infection, cirrhosis, non-alcoholic steatohepatitis
(NASH), and long-term alcohol abuse. Thus, medical history, physical examination, and
blood tests, such as alpha-fetoprotein levels and Protein Induced by Vitamin K Absence-
II (PIVKA-II), are helpful in the diagnosis of HCC. Imagings, such as ultrasonography
(US), computed tomography (CT), or magnetic resonance imaging (MRI) are involved in
diagnosing the presence of HCC, differential diagnosis, and determining the efficacy of
post-treatment HCC. US can be sensitive due to a high spatial resolution in detecting HCC,
but this depends on the skill of the operator. Contrast-enhanced ultrasound (CEUS) has
high temporal resolution and can delineate the delicate staining of liver tumors in real time.
One of the characteristics of CEUS imaging is the sensitivity of the tumor enhancement in
the arterial phase [4]. However, it has been suggested that CEUS findings may be confused
with other liver diseases. Therefore, more accurate interpretation of CEUS imaging requires
a combination of clinical information and other imaging findings, such as CT and MRI.
CT is essential for the diagnosis of HCC, because of its high temporal resolution (short
examination time) and ability to image a wide area, although radiation exposure is involved.

Gastroenterol. Insights 2024, 15, 976–997. https://doi.org/10.3390/gastroent15040068 https://www.mdpi.com/journal/gastroent

https://doi.org/10.3390/gastroent15040068
https://doi.org/10.3390/gastroent15040068
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/gastroent
https://www.mdpi.com
https://orcid.org/0000-0002-6896-8419
https://doi.org/10.3390/gastroent15040068
https://www.mdpi.com/journal/gastroent
https://www.mdpi.com/article/10.3390/gastroent15040068?type=check_update&version=2


Gastroenterol. Insights 2024, 15 977

The role of CT for HCC is detecting the tumor, making a differential diagnosis, evaluating
vascular invasion such as portal vein invasion, and evaluating distant metastases. The liver
dynamic CT technique with a bolus injection of contrast media (CM) allows us to evaluate
hemodynamics of the liver tumor and liver parenchyma. Four phases of liver dynamic
CT, such as unenhanced, arterial, portal venous, and equilibrium phases, have substan-
tially important roles in evaluating the hemodynamics of liver tumors compared to liver
parenchyma, because the diagnosis of hypervascular HCC is based on arterial enhancement,
followed by washout in the portal venous and/or equilibrium phase. According to the
American Association for the Study of Liver Diseases (AASLD), a liver nodule larger than
1 cm in size in a cirrhotic liver that demonstrates the typical hemodynamics pattern on
CT and MRI can be diagnosed as HCC without a biopsy. The Liver Imaging Reporting
& Data System (LI-RADS®) is used as a system in patients for developing HCC, and this
algorithm guides radiologists from benign to HCC. It was first published in 2006, and the
latest version, v2018, includes CT/MRI, ultrasound, and treatment response criteria. This
algorithm has been adopted as a diagnostic criterion by the AASLD, and is used in routine
reports in the United States. The LI-RADS is expected to become an international standard
in the imaging diagnosis of liver masses.

Liver cirrhosis (LC) can be evaluated using various imaging techniques. LC is es-
tablished by a process of necrosis and regeneration of hepatocytes, resulting in fibrosis
and capillarization of the hepatic sinusoids. Decreased liver parenchyma, impaired blood
flow due to fibrosis and abnormal reconstruction, and hepatic arterial shunting result in
portal hypertension, ascites, hepatic encephalopathy, lung damage, renal damage, cardiac
damage, and hyponatremia. LC is associated with a high risk of developing HCC [5]. LC
demonstrates less contrast enhancement of the liver than a normal liver, and sometimes
shows inhomogeneous enhancement because of regeneration, fibrosis, and the altered
portal venous flow. In addition, collateral vessels, such as paraumbilical vein, splenorenal
shunt and esophageal varices, are seen due to portal hypertension. Ascites is also seen in
patients with liver cirrhosis. LC is important in determining the strategy of HCC treatment,
because many HCCs present with cirrhosis as the nativity of origin. The most commonly
used imaging modalities to evaluate liver parenchyma are US, CT and MRI. US is non-
invasive and readily available, and can show changes in liver texture, nodularity, and
irregularity of the liver surface. The technique for measuring liver hardness with US, Fi-
broScan, is a specialized ultrasound-based technique that measures liver stiffness to assess
the degree of fibrosis in the liver. CT can show the decrease of liver volume, ascites and col-
lateral blood vessel formation. Various evaluations by measuring liver and spleen volumes
using CT volumetry (CTV) have also been proposed. MR Elastography (MRE) is also a
non-invasive medical imaging technique used to assess the liver stiffness. It is particularly
useful in diagnosing and staging liver diseases such as LC. MRE is used for the prediction
of HCC occurrence and portal hypertension, the differentiation of benign/malignant liver
lesions and HCC pathological grades, the prediction of post-treatment complications, the
biomarker of treatment response, the prediction of HCC recurrence after treatment, the
prediction of post-treatment complications, the biomarker of treatment response, and the
prediction of HCC recurrence after treatment [6].

This review article presents the latest findings in the imaging diagnosis of HCC and
LC, using current advanced CT and MRI to image liver lesions. To search for papers related
to imaging techniques used in the diagnosis and management of HCC and liver cirrhosis,
we used the search keywords HCC and liver fibrosis estimation in pubmed.

2. CT and MR Examinations of Liver Tumors
2.1. HCC Imaging on CT

CT is now widely available and represents an important modality to diagnose HCC
and plan HCC therapy. Dynamic CT of the liver is performed by a bolus injection of iodine
CM. A four-phase (unenhanced CT, arterial phase, portal venous, and equilibrium phase)
protocol should be used to diagnose HCC. The arterial phase is divided into two phases [7],
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an early arterial phase and a late arterial phase, in order to determine the preoperative
vascular anatomy. The three dimensional (3D) image using the early arterial phase is useful
to have as a strategy of preoperative anatomical evaluation for surgeons and as preoperative
explanations for patients [8]. An intravenous bolus injection of contrast medium (CM) is
essential for liver CT to diagnose HCC [9,10]. The diagnostic essential points for HCC are
based on the hemodynamics pattern of dynamic CT, such as arterial hypervascularity (early
stain) and washout at portal venous and/or equilibrium phases (Figure 1, Figure 2a). Up
to the last 20 years, multidetector-row computed tomography (MDCT) has been playing
an important role on HCC imaging because of higher spatial resolution, time resolution,
reduced scan time, reduced motion artifact, and reduced radiation exposure. Diagnostic
accuracy of the liver tumors has improved, because MDCT has higher spatial and temporal
resolutions by the increase of both gantry rotation speed and the number of detector rows.
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Figure 1. Hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced phase, (B) CT, arterial
phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. The intrahepatic tumor in liver
segment 4/8, which shows low attenuation at the unenhanced phase, shows early stain in the arterial
phase (arrow) and washout in the portal to the equilibrium phase (arrows). The tumor is surrounded
by a capsule showing delayed enhancement with low attenuation in the arterial phase and high
attenuation in the equilibrium phase.

Moreover, an advanced CT technology of dual energy CT has a high potential for liver
imaging, including monochromatic images and CT dose reduction of radiation exposure.
Photon counting CT [10–13] is one of the newest diagnostic imagings and is characterized
by its ability to detect with high precision the X-ray energy change that occurs when X-rays
penetrate a material, and to generate images based on that detection. High-energy reso-
lution, low exposure, multi-energy imaging, low-contrast detection and reduced artifacts
have been achieved. However, photon counting CT has just been clinically applied and is
expected to develop in the future.
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Figure 2. (a). Hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced phase, (B) CT, ar-
terial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. The intrahepatic tumor in liver 
segment 7, which shows low attenuation at the unenhanced phase, shows early stain in the arterial 
phase (arrow) and washout in the portal to the equilibrium phase (arrows). The tumor is surrounded 
by a capsule showing delayed enhancement with low attenuation in the arterial phase and high 
attenuation in the equilibrium phase. (b). Hepatocellular carcinoma. EOB-MRI: (A), T1WI (in-
phase), (B) T1WI (opposed phase), (C) DWI (b = 1000), (D) T2WI (fat saturation), (E) unenhanced 

Figure 2. (a). Hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced phase, (B) CT,
arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. The intrahepatic tumor in
liver segment 7, which shows low attenuation at the unenhanced phase, shows early stain in the
arterial phase (arrow) and washout in the portal to the equilibrium phase (arrows). The tumor is
surrounded by a capsule showing delayed enhancement with low attenuation in the arterial phase
and high attenuation in the equilibrium phase. (b). Hepatocellular carcinoma. EOB-MRI: (A), T1WI
(in-phase), (B) T1WI (opposed phase), (C) DWI (b = 1000), (D) T2WI (fat saturation), (E) unenhanced
phase, (F) arterial phase, (G) portal venous phase, (H) hepatocyte phase. On T1WI, the signal inside
the intrahepatic tumor in liver segment 7 is slightly reduced from the in-phase to the opposed phase,
suggesting fat content. DWI shows diffusion abnormality, and T2WI includes areas of high signal and
areas of signal close to the liver parenchyma within the tumor. The intrahepatic tumor, which shows
low attenuation at the unenhanced phase, shows early stain in the arterial phase (arrow), washout in
the portal venous phase (arrow), and lower uptake of EOB in the hepatocyte phase (arrow).
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2.2. HCC Imaging on MRI

Three major types of CMs used as liver-specific MRI are gadolinium-DTPA (Gd-DTPA),
superparamagnetic iron oxide (SPIO) and gadoxetic acid (EOB) [14]. SPIO shows a high
liver tumor detection capability because of its iron component, which shows the uptake into
hepatic Kupffer cells and sinusoids. However, it is used less frequently in liver-specific MRI
than EOB-MRI, because T2 weighted image (T2WI) sequences have a thicker slice thickness
than 3D-T1WI under breath-hold imaging [15]. EOB-MRI has an important role for HCC
diagnosis because of the evaluation of tumor vessels in the arterial phase and the uptake of
hepatocytes in the hepatocyte phase [16]. HCC shows arterial phase hyperenhancement
and washout. EOB-MRI is used to evaluate focal liver lesions, such as HCC, and HCC is
normally hypointense to background liver on T1 weighted images (T1WI). EOB-MRI has a
higher spatial resolution at the hepatocyte phase, because liver parenchymal enhancement
by hepatocytes is obtained at 3D T1WI with a thinner slice thickness. EOB-MRI allows for
superior lesion detection in early-stage HCC [15]. In EOB-MRI, there is no equilibrium
phase in CT because of the distribution of the CM in the extracellular fluid and hepatocytes,
although there is a time lag from the administration of the CM, which is referred to as the
late phase at about 2 min after the start of the contrast. Thereafter, whether 5 or 15 min after
the contrast has passed, it is called the hepatocyte phase, where the CM is distributed to the
hepatocytes. EOB-MRI has similar imaging findings to CT in the arterial and portal phases
for HCC imaging, but in the hepatocyte phase, HCC usually has a lower signal compared
to the surrounding liver due to reduced hepatocyte function (Figure 2b). The uptake into
HCC at the hepatocyte phase is seen when Organic anion-transporting polypeptide 8 or 1B3
(OATP8 or OATP1B3) is overexpressed (Figure 3), although many HCCs substantially show
decreased uptake in the hepatocyte phase on EOB-MRI. The OATP8 or OATP1B3 expression
and enhancement degree in hepatocellular nodules on EOB-MRI are correlated [17,18]. The
expression of OATP8 or OATP1B3 determines the uptake of EOB-MRI in the hepatocyte
phase in HCCs.
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Figure 3. Hepatocellular carcinoma. EOB-MRI: (A) T1WI (in-phase), (B) T1WI (opposed phase),
(C) DWI (b = 1000), (D) T2WI (fat saturation). (E) unenhanced phase, (F) arterial phase, (G) portal
venous phase, (H) hepatocyte phase. T1WIs (in-phase and opposed phase) show no signal loss
inside the intrahepatic tumor in liver segment 1 from the in-phase to the opposed phase. DWI shows
diffusion abnormality, and T2WI includes areas of high signal and areas of signal close to the liver
parenchyma within the tumor. The intrahepatic tumor, which shows low signal at the unenhanced
phase, shows early stain in the arterial phase (arrow) and higher uptake of EOB in the hepatocyte
phase (arrow).

The diffusion weighted image (DWI) of HCC with the apparent diffusion coefficient
(ADC) is also characteristic and shows diffusion limitation, because abnormal diffusion in
HCC causes high cell density, which restricts the movement of hydrogen protons in the
extracellular fluid.
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2.3. Liver Imaging Reporting and Data System (LI-RADS)

The LI-RADS® [19] was designed to standardize the interpretation and reporting
of observations seen on studies performed in patients at risk of developing HCC. The
LI-RADS® scale (LR-1, definitely benign; LR-2, probably benign; LR-3, intermediate prob-
ability of malignancy; LR-4, probably hepatocellular carcinoma [HCC]; LR-5, definitely
HCC; LR-M, probably malignant but not HCC specific; and LR-TIV, tumor in vein) is a
standardized system in patients for developing HCC [19].

The LI-RADS® also defines imaging time phases for CT and MRI. The arterial phase
consists of early and late arterial phases [5]. The early arterial phase is a subtype in which
the portal vein is not yet enhanced, whereas the late arterial phase is a subtype in which
the portal vein is enhanced. The extracellular phase is a postcontrast phase in which liver
enhancement is attributable mainly to the extracellular distribution of CM; both dynamic
CT and EOB-MRI have this phase. The portal venous phase is the phase in which portal
veins are fully enhanced, although hepatic veins are enhanced by antegrade flow. The
delayed phase is acquired 2 to 5 min after the injection of CM, and portal and hepatic
veins are enhanced but less than in the portal venous phase. The delayed phase is used
for extracellular agents, but the transitional phase is used for EOB-MRI, typically acquired
2 to 5 min after the injection of CM. The hepatocyte phase is typically acquired about
15–20 min after the injection of CM. EOB-MRI is an imaging technique with a high capacity
of small HCC detection, compared to liver dynamic CT [20], because Onishi et al. stated
that EOB-MRI results in significantly improved sensitivity and diagnostic accuracy for the
detection of hypervascular HCC, compared to liver dynamic CT. Images reflect pathology,
and thus we should understand the findings of the intranodular blood supply of hepatic
nodules on CT and MRI as references of multi-step hepatocarcinogenesis and multi-step
change. The intranodular blood supply of hepatic nodules reflects the balance between the
arterial flow and portal flow of the nodule [21].

Major imaging features of the LI-RADS® shows non-rim arterial phase hyperenhance-
ment (APHE) in the arterial phase and non-peripheral washout in the portal venous or
delayed phase. In addition, the enhancing capsule is visible as the enhancing rim in the
portal venous phase, delayed phase, or transitional phase. Tumor size is also important in
the diagnosis of HCC, and the LI-RADS® is only indicated as a major imaging feature for
malignancy if the tumor is definitely a tumor and the size of a mass increases by ≥50% in
≤6 months.

2.4. American Association for the Study of Liver Diseases (AASLD)

The diagnostic algorithm for suspected HCC by the American Association for the
Study of Liver Diseases (AASLD) guideline states that an imaging diagnosis of HCC should
be made if a lesion larger than 1 cm shows a typical hypervascular enhancement pattern
on a single dynamic imaging study (Figure 4) [22]. For hepatic nodules smaller than 1 cm,
repeated sonography at 3 months is recommended to investigate the nodular size. Four-
phase MDCT and dynamic contrast-enhanced MRI are recommended in this algorithm
as imaging modalities to detect arterial hypervasculaity and washout at portal venous
and/or equilibrium phases for hepatic nodules larger than 1 cm. Therefore, confirmation
of arterial enhancement and the corresponding washout in the portal and equilibrium
phases on dynamic CT is important to diagnose HCC after sonographic detection of hepatic
nodules on the screening program. A biopsy is not needed to confirm the diagnosis of
HCC if certain imaging criteria are met. Unfortunately, typical findings of HCC, such as
arterial hypervascularity and washout at portal venous and/or equilibrium phases on
liver dynamic CT, could not be obtained; other contrast-enhanced imagings or a biopsy of
hepatic nodules are recommended.
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Figure 4. Hepatocellular carcinoma. EOB-MRI: (A) T1WI (in-phase), (B) T1WI (opposed phase),
(C) DWI (b = 1000), (D) T2WI (fat saturation), (E) arterial phase, (F) portal venous phase,
(G) hepatocyte phase. The intra-tumoral signal intensity decreased between in-phase and op-
posed phase (arrow) of T1WI. This patient received liver tumor biopsy, and the diagnosis of well-
differentiated hepatocellular carcinoma was made.

3. Imaging Evaluation Methods for Cirrhosis and Other Diseases That Cause
Liver Dysfunction
3.1. CT and MR Features of Liver Cirrhosis (LC)

In cirrhosis, irregularities of the hepatic margins may be seen, and splenomegaly may
be present. Ascites and collateral veins may be seen, as well as a decrease in parenchymal
contrast effect according to the progression of hepatic fibrosis, both in CT and MR.

A major problem in patients with LC is the increased susceptibility to HCC. One
common hypothesis of hepatocarcinogenesis is that it is a “multi-step” process [23].

This mechanism envisages that HCC develops from cirrhotic or regenerative nodules
(RNs) composed of proliferating hepatocytes. The increase in cell proliferation predisposes
them to carcinogenic ‘hits’, thereby giving rise to cellular atypia (dysplastic foci). These
RNs containing cellular or architectural atypia have been referred to as adenomatous
hyperplasia, macroregenerative nodules, or dysplastic nodules (DNs). The diagnosis of
these liver nodules may differ among pathologists. However, a hepatic nodule that has
become hypervascularized is often considered a hepatic nodule to be treated in actual
clinical practice.

3.2. Ultrasonography (US) and Magnetic Resonance Elastography (MRE)

Liver cirrhosis (LC) is one of the most important factors that leads to hepatocarcino-
genesis. Cirrhotic liver shows limbal irregularity (Figure 5). LC leads to liver dysfunction,
and various attempts have been made to perform liver function imaging. CT and MR
studies are useful as additional information in the evaluation of liver function, but must
be combined with other laboratory tests for a comprehensive evaluation. Liver function is
affected by many factors and is not appropriate to be used alone.

LC is a late stage of the liver fibrosis caused by various factors, such as chronic
alcohol abuse, viral hepatitis, and non-alcoholic fatty liver disease. Liver biopsy is the
gold standard for diagnosing liver fibrosis, although it is invasive, and can be up to a
33% error in the diagnosis of LC [24]. This scarring disrupts the various functions of the
liver. Imaging of LC refers to the use of various medical imaging techniques to visualize
and assess the condition of the liver in individuals suspected or diagnosed with cirrhosis.
Imaging plays an important role in diagnosing, staging, and monitoring the progression
of LC. Ultrasonography (US) has a non-invasive character and FibroScan or Transient
Elastography show an excellent ability of liver stiffness, such as the sensitivity of 96.2% and
the specificity of 92.2% for fibrosis stage ≥ 4 [25]. MR Elastography (MRE) is also a non-
invasive medical imaging technique used to assess the liver stiffness (Figure 6). MRE is used
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for the prediction of HCC occurrence [26] and portal hypertension [27], the differentiation
of benign/malignant liver lesions and HCC pathological grades, the prediction of post-
treatment complications, the biomarker of treatment response, the prediction of HCC
recurrence after treatment, the prediction of post-treatment complications, the biomarker
of treatment response, and the prediction of HCC recurrence after treatment [6].
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Figure 5. Liver cirrhosis. Liver dynamic CT: (A) unenhanced CT, (B) arterial phase CT, (C) portal venous
phase CT, MRI, (D) equilibrium phase CT. An irregularity is seen at the hepatic margin (arrow). Less
contrast enhancement of the liver is seen compared to normal liver. In this case, a hepatocellular carcinoma
(arrowhead) is present as a protrusion from the caudate lobe of the liver. Splenomegaly is seen.
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Figure 6. MR elastography (MRE). (A): Wave images reflecting phase differences (wave map),
(B): monochrome display stiffness map (elastogram map). A 3.0-T-system (Discovery 750 W; GE
Medical Systems) with a 32-channel-system (maximum gradient strength, 44 mT/m; peak slew rate,
200 T/m/s) and a phased-array coil is used for MRE in this case. For acquisition, low-frequency (60 Hz)
mechanical shear waves (70% wave amplitude) are applied to the liver with a proprietary passive driver
placed over the right upper quadrant of the abdominal wall. A two-dimensional spin-echo echo-planar
imaging (SE-EPI) sequence (TR/TE 800/58.9 ms; matrix, 64 × 64; flip angle, 90 degrees; slice thickness,
7 mm; 80-Hz magnetization encoding gradient; bandwidth, 250 kHz; acquisition time, 22 s; number of
slices, 4; field of view, 42 cm) was used to acquire magnitude and unwrapped phase difference wave
images. Axial wave and elastogram map images were obtained to evaluate LSM using MR Touch
software® device version (DV) 26.0 (GE Medical Systems). LSM was assessed by drawing freehand
ROIs on the elastogram referring to the magnitude and wave images. The ROI was placed in the right
lobe rather than the left lobe to avoid cardiac motion artifacts. Cross-hatching is an area where ROI
should not be placed.
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3.3. Technetium99mgalactosyl-Serum-Albumin (99mTc-GSA) Scintigraphy
99mTc-GSA scintigraphy, which can assess liver function, is compared to spleen vol-

umetry for the assessment of liver fibrosis by Nakazawa et al. [28]. They state that both
splenic volume to body surface area and GSA index have a high area under the curve (AUC,
0.83 for splenic volume to body surface, and 0.84 for GSA index) of the ROC analysis for
severe fibrosis (≥F3–4). In addition, combined splenic volume to body surface, liver-to-
spleen ratio on gadoxetate enhanced MRI, and hyaluronic acid correctly estimated severe
LF, with an AUC of 0.91, which was significantly larger than the AUCs of the GSA index
and the liver-to-spleen ratio or the liver-to-spleen ratio alone.

3.4. Extracellular Volume Fraction (ECV)

While these US and MRE techniques are certainly useful, there is renewed interest in
liver and spleen volumetry [29–32], which is highly versatile and can be easily obtained
with advances in workstations. These diagnostic methods are used to evaluate and monitor
the progression of LC and provide a non-invasive way to assess the condition of the liver.
The latest technological advances allow for a more accurate and sensitive estimation of
LC [29]. Tago et al. [33]. stated that 90 consecutive patients were undergoing hepatectomy
with CT volumetry (CTV) of the liver and spleen and extracellular volume fraction (ECV)
of the liver in order to compare their ability to predict liver fibrosis (Figure 7). Results
showed that splenic volume to body surface area (SV/BSA) was the better method in
predicting liver fibrosis. ECV is also a promising candidate for estimating severe liver
fibrosis. These results are expected to contribute to the safe operational management of liver
resection surgery.
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Figure 7. CT volumetry (CTV). CTV is generated from CT images by a workstation and semi-
automatically measures liver and spleen volumes. An example is shown of the creation of liver and
spleen volumetry using SYNAPSE VINCENT® version 5.5 (Fujifilm Medical).

3.5. Extracellular Volume Fraction (ECV)

Extracellular volume fraction (ECV) is the volume ratio of the extracellular fluid lumen
in the tissue (Figure 8). The assessment of liver fibrosis to estimate ECV has been attempted
utilizing the equilibrium phase on CT. ECV could be a reliable biomarker of liver fibrosis,
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and an equilibrium phase delay time was set at 240 s after the CM injection [33,34], because
liver fibrosis occurs in the extracellular space.
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Figure 8. Extracellular volume fraction (ECV). ECV is calculated as ECV (%) = (1 − Hct) ×
(∆HUliver/∆HUaorta), where ∆HU = subtraction of unenhanced phase from equilibrium phase.
To ensure a sufficient equilibrium phase, patients with significant differences between ∆HUaorta and
∆HUportal > 10 HU are excluded.

Tago et al. showed that splenic volume to body surface area is a better method for
estimating LC grades, although manual-ECV has the ability to estimate cirrhosis (≥F4) [33].
In this paper, the authors compare the estimation ability of liver volume and spleen volume
for liver fibrosis, and show that the spleen volume had a higher estimation ability for
fibrosis, especially cirrhosis (≥F4). According to Tarao et al. [35], the patients with alcoholic
liver fibrosis have increased liver volume because of the ballooning of hepatocytes along
with an increased fibrotic component. Liver volume is affected by both hepatocyte changes
associated with fibrosis and fibrosis of the liver parenchyma, which may differ from the
perspective of liver stiffness.

3.6. Gadoxetic Acid Enhanced MRI (EOB-MRI)

Biochemical factors associated with liver enhancement on EOB-MRI were identified,
with the goal of predicting the optimal time of the hepatobiliary phase in various clinical
situations [36]. Study results revealed that the prothrombin (PT) activity, total bilirubin level,
and total cholesterol level were associated with liver enhancement. It was also suggested
that a PT activity of 86.9% or higher may reduce the examination time for EOB-MRI. EOB-
MRI is a liver-specific contrast agent and can reflect liver function (Figure 9) [37,38]. The
choice of imaging modality depends on factors such as the patient’s overall health, the
severity of cirrhosis, and the specific information needed by the healthcare provider to
make clinical decisions.

The assessment of liver function by EOB-MRI showed that the use of the T1 relaxation
time can be used to estimate liver function [37]. In this study, pre- and post-T1 relaxation
times of the liver were measured to assess liver function through hepatocyte uptake
and biliary excretion of EOB-MRI. Patients with cirrhosis showed significantly longer
measurements before and after the T1 relaxation time compared to normal patients. It was
also found that the rate of reduction in T1 relaxation time decreased with the progression
of cirrhosis. These results suggest that T1 mapping using EOB is useful for assessing
liver function.
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Figure 9. Gadoxetic acid enhanced MRI (EOB-MRI). In this example, four ROIs are placed within
the liver parenchyma and the average value is calculated. The average signal value of the liver divided
by the signal of the spleen is the liver–spleen ratio. The average signal value of the liver divided by the
erector spinae signal is the liver–muscle ratio. The liver signal is considered to reflect liver function
as it reflects the uptake of EOB into hepatocytes. Mean liver signal: (836 + 789 + 814 + 775)/4 = 803.5.
Liver–spleen ratio: 803.5/266 = 3.02. Liver–muscle ratio: 803.5/409 = 1.96.

4. Hepatocellular Carcinoma (HCC) Imaging
4.1. Hepatocellular Carcinoma (HCC)

As the dysplastic nodule (DN), well-differentiated HCC (well-HCC), and moderately
differentiated HCC (moderately differentiated HCC) portal venous blood flow decreases,
the number of unpaired arteries increases [21]. However, the arterial blood supply decreases
as poorly differentiated HCC (poorly HCC) in the late stage of HCC de-differentiation.
Liver dynamic CT and EOB-MRI allow us to obtain the information regarding tumor
vascularization, washout, and the capsule around the tumor. It can help to confirm the
diagnosis of HCC. The appearance of HCC on CT depends on the tumor size and histologic
tumor grades. The degree of uptake of CM in liver tumors on EOB-MRI is useful for
estimating the degree of differentiation of HCC [39]. As the tumour dedifferentiates from
DN, arterial blood flow temporarily decreases within the nodule, but then increases. On
the other hand, portal blood flow decreases as the tumour dedifferentiates within the
nodule. Early-stage hepatocellular carcinoma is a concept that differs from the pathological
histological type, and the pathological image showing stromal infiltration is useful for
diagnosis (Figure 10).

4.2. Early Hepatocellular Carcinoma (Early-HCC)

Early-HCCs refer to the initial stages of liver cancer when the tumor is localized and
has not spread to distant parts of the liver or other organs. It means biologically early-stage
cancer, which is a different concept from the classification of HCC according to the degree
of differentiation as described below. Tumor cells of early-HCC grow in a replacing fashion,
and portal tracts may be present in these lesions. The invasion into intralesional portal
tracts, which is called a “stromal invasion”, is important for the diagnosis of early HCC.
Stromal invasion of early HCC has the active matrix metalloproteinase-1 (MMP-1) [40].
A decrease or disappearance of the ductalar reaction is also useful for the differentiation
between early HCC from fibrosis with chronic hepatitis [41].
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Figure 10. (a). Early hepatocellular carcinoma. Liver dynamic CT. (A); CT, unenhanced phase,
(B); CT, arterial phase, (C); CT, equilibrium phase, (D); EOB-MRI hepatocyte phase. CT shows a
low density tumor at unenhanced, arterial and equilibrium phase (arrows), and hepatocyte phase
of EOB-MRI shows a lower intensity tumor (arrow), compared to surrounding liver parenchyma.
(b). Early hepatocellular carcinoma. Contrast enhanced ultrasonography (CEUS). (A); Ultrasonog-
raphy, B-mode, (B); CEUS, arterial phase, (C); CEUS, post-vascular phase (low MI), (D); CEUS,
post-vascular phase (high MI), A small tumor in the liver segment 7 showed low-echoic mass at
B-mode and iso-vascularity at arterial phase (arrow), and iso-echoic appearance at post-vascular
phase (both low and high MI) (arrows). This patient received liver tumor biopsy, and the diagnosis
of early hepatocellular carcinoma was made. Note; CEUS, contrast enhanced ultrasonography; MI,
mechanical index.

Treatment of early-stage HCC is a potentially curative therapy with 5-year survival
rates of 50–70% [42,43]. Early HCC substantially shows hypovascular tumors and slightly
washouts on liver dynamic CT (Figure 10a). Hypovascular, iso-vascular, and hypervascular
enhancements were observed in 50.0%, 17.3%, and 32.7% of early HCCs, respectively, at the
arterial phase of CEUS (Figure 10b) [4].

Angiogenesis, isoangiogenesis, and hyperangiogenesis were observed in 50.0%, 17.3%,
and 32.7% of early-stage HCCs, respectively. Contrast-enhanced US was more sensitive than
contrast-enhanced CT in detecting hyperangiogenesis in early-stage HCC. It may be difficult
to differentiate early HCC from other benign lesions, such as RN and DN. A US-assisted
biopsy of the lesion can be used to differentiate neoplastic lesions from non-neoplastic lesions.
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4.3. Well-Differentiated Hepatocellular Carcinoma (Well-HCC)

The term “well-differentiated” indicates that the cancer cells closely resemble normal liver
cells in terms of their structure and organization. Well-differentiated hepatocellular carcinomas
(well-HCCs) have relatively low malignant potential, but rarely invade vessels or metastasis
to other sites [44]. Microscopic invasion of stroma and portal tracts is the primary diagnostic
feature to pathologically differentiate well-HCCs from DNs [45]. The diagnosis of well-HCC
can be difficult, commonly requiring examination by several imaging modalities [46,47]. Fatty
changes of tumor tissue were occasionally observed (Figure 11). Minimal enhancement of the
tumor is substantially seen in well-differentiated HCC. Even though HCC is usually considered
to be a hypervascular tumor, well-differentiated tumors can be hypovascular tumors.
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Figure 11. (a). Well-differentiated hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced
phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. There are no
apparent areas of early staining in the arterial phase, and the delayed enhancement is mainly on the
capsule of the margins in the portal to the equilibrium phase (arrows). The internal structure of the
tumor in liver S5 is heterogeneous, with areas of fat components (arrowheads). This patient received
liver tumor biopsy, and the diagnosis of well-differentiated hepatocellular carcinoma was made. (b).
Well-differentiated hepatocellular carcinoma. EOB-MRI: (A) T1WI (in-phase), (B) T1WI (opposed
phase), (C) DWI (b = 1000), (D) T2WI (fat saturation), (E) unenhanced phase, (F) arterial phase,
(G) portal venous phase, (H) hepatocyte phase. On T1WI, the signal inside the intrahepatic tumor
in liver segment 5 is reduced from the in-phase to the opposed phase, suggesting fat components
(arrows). DWI shows diffusion abnormality, and T2WI includes areas of high signal area within the
tumor. The intrahepatic tumor, which shows high and low signals at the unenhanced phase, shows
no apparent early stain in the arterial phase and uptake of EOB in the hepatocyte phase (arrow).
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4.4. Moderately Differentiated Hepatocellular Carcinoma (Moderately HCC)

Dynamic CT substantially reveals a basket pattern which means hypervasculality of
moderately differentiated hepatocellular carcinomas (moderately HCCs) (Figure 12). A
peak of enhancement is usually seen at the arterial phase, followed by a rapid decrease
of enhancement at the portal venous and equilibrium phases, because moderately HCC
has a greater arterial blood supply [21]. Lesions larger than 3 cm show an often hetero-
geneous appearance, with a mosaic or mixed pattern arising from intra-tumoral necrosis,
hemorrhage, fatty deposit, and interstitial fibrosis.
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Figure 13. Moderately differentiated hepatocellular carcinoma. Liver dynamic CT: (A) CT, unen-
hanced phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. The 
intrahepatic tumor in liver segment 8, which shows iso attenuation at the unenhanced phase, shows 
early stain in the arterial phase (arrow) and washout in the portal to the equilibrium phase (arrows). 
The tumor is surrounded by a capsule showing delayed enhancement with low attenuation in the 
arterial phase and high attenuation in the equilibrium phase. 
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CT during hepatic angiography (CTHA) [48]. Poorly HCCs often already have washout in 
the portal phase, and the timing of washout is earlier than well-HCCs or moderately HCCs 
because of the larger size of the sinusoids and the faster blood flow through the sinusoids 
of poorly HCCs (Figure 14) [49]. Poorly HCCs contain fat more frequently than moder-
ately HCCs due to hypoxia caused by reduced arterial blood flow [50]. 

Figure 12. Moderately differentiated hepatocellular carcinoma. Liver dynamic CT: (A) CT, unen-
hanced phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. The
intrahepatic tumor in liver segment 8, which shows iso attenuation at the unenhanced phase, shows
early stain in the arterial phase (arrow) and washout in the portal to the equilibrium phase (arrows).
The tumor is surrounded by a capsule showing delayed enhancement with low attenuation in the
arterial phase and high attenuation in the equilibrium phase.

4.5. Poorly Differentiated Hepatocellular Carcinoma (Poorly HCC)

The arterial blood supply of poorly HCCs is lower than that of moderately HCCs by
CT during hepatic angiography (CTHA) [48]. Poorly HCCs often already have washout in
the portal phase, and the timing of washout is earlier than well-HCCs or moderately HCCs
because of the larger size of the sinusoids and the faster blood flow through the sinusoids
of poorly HCCs (Figure 13) [49]. Poorly HCCs contain fat more frequently than moderately
HCCs due to hypoxia caused by reduced arterial blood flow [50].

4.6. Fibrolamellar Hepatocellular Carcinoma (FL-HCC)

FL-HCC is a very rare tumor that occurs in young adults with non-cirrhosis and is
estimated to account for approx. 0.8% in a large retrospective cohort study with HCC [51].
It is distinct from the more common HCC in terms of its clinical and pathological features.
FL-HCC is a solitary mass with a fibrous capsule that is clearly distinguished from the
surrounding liver. Furthermore, FLHCC is considered to have a better prognosis in com-
parison to HCC and intrahepatic cholangiocarcinoma [52]. Imaging findings may show
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the central scar as hypoattenuation on CT, with hyperattenuation indicating calcification
within the scar (Figure 14).
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Figure 14. (a). Poorly differentiated hepatocellular carcinoma. Liver dynamic CT: (A) CT, unen-
hanced phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase. Dy-
namic CT of the liver shows a hypovascular tumor (arrow) in the liver segment S3. The tumor shows 
hypoattenuation compared to the surrounding liver, even in portal and equilibrium phases (ar-
rows). (b). Poorly differentiated hepatocellular carcinoma. EOB-MRI: (A) T1WI (in-phase), (B) 
T1WI (opposed phase), (C) DWI (b = 1000), (D) T2WI (fat saturation), (E) unenhanced phase, (F) 
arterial phase, (G) hepatocyte phase. The arterial phase shows a hypovascular tumor (arrow), and 
the hepatocyte phase has a more prominent low signal than the surrounding liver (arrow). DWI 
shows strong diffusion abnormality (arrow), and T2WI shows high signal (arrow). 

4.6. Fibrolamellar Hepatocellular Carcinoma (FL-HCC) 
FL-HCC is a very rare tumor that occurs in young adults with non-cirrhosis and is 

estimated to account for approx. 0.8% in a large retrospective cohort study with HCC [51]. 
It is distinct from the more common HCC in terms of its clinical and pathological features. 
FL-HCC is a solitary mass with a fibrous capsule that is clearly distinguished from the 

Figure 13. (a). Poorly differentiated hepatocellular carcinoma. Liver dynamic CT: (A) CT, un-
enhanced phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase.
Dynamic CT of the liver shows a hypovascular tumor (arrow) in the liver segment S3. The tumor
shows hypoattenuation compared to the surrounding liver, even in portal and equilibrium phases
(arrows). (b). Poorly differentiated hepatocellular carcinoma. EOB-MRI: (A) T1WI (in-phase),
(B) T1WI (opposed phase), (C) DWI (b = 1000), (D) T2WI (fat saturation), (E) unenhanced phase,
(F) arterial phase, (G) hepatocyte phase. The arterial phase shows a hypovascular tumor (arrow),
and the hepatocyte phase has a more prominent low signal than the surrounding liver (arrow). DWI
shows strong diffusion abnormality (arrow), and T2WI shows high signal (arrow).



Gastroenterol. Insights 2024, 15 991

Gastroenterol. Insights 2024, 15, FOR PEER REVIEW 19 
 

 

surrounding liver. Furthermore, FLHCC is considered to have a better prognosis in com-
parison to HCC and intrahepatic cholangiocarcinoma [52]. Imaging findings may show 
the central scar as hypoattenuation on CT, with hyperattenuation indicating calcification 
within the scar (Figure 15). 

 
Figure 15. Fibrolamellar hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced phase 
(enlargement), (B) CT, unenhanced phase, (C) CT, arterial phase, (D) CT, portal venous phase, (E) 
CT, equilibrium phase, (F) DWI, (G) unenhanced phase, (H) arterial phase, (I) portal venous phase, 
(J) hepatocyte phase, (K) T2WI (fat saturation). A non-contrast CT shows a small calcification within 
the tumor (arrow). Dynamic contrast-enhanced CT shows early staining and heterogeneous wash-
out of the tumor (arrows). The tumor shows diffusion abnormality (arrow) on MRI and a mild high 
signal on T2WI (arrow); EOB contrast-enhanced MRI shows early staining and reduced uptake (ar-
row) in the hepatocyte phase. 

4.7. Combined Hepatocellular and Cholangiocarcinoma (cHCC-CCA) 
Combined hepatocellular and cholangiocarcinoma (cHCC-CCA) is a rare type of pri-

mary liver cancer that exhibits features of both hepatocellular carcinoma (HCC) and chol-
angiocarcinoma (CCA). Age, gender, viral hepatitis status, and cirrhosis of cHCC-CCA 
are similar to HCC rather than CCA [53,54]. 

They are classified into the following categories: intermediate type of cells that are 
immunohistologically positive for both hepatocyte and cholangiocyte markers, hepatic 
stem-cell-like cells expressing c-kit, and cholangiocarcinoma-like cells, but they may be 
mixed. The 2019 edition of the World Health Organization (WHO) [55] for HCC is based 
on the 2010 edition, in which cHCC-CCA in the WHO 2019 edition was defined as a typical 
subtype in the classical type, subtypes with stem-cell features in the WHO 2010 edition. 
The intermediate-cell subtype in subtypes with stem-cell features in the WHO 2010 edi-
tion is the same as in the 2019 edition. The cholangiocellular subtype in the WHO 2010 
edition is classified in the 2019 edition as cHCC-CCA if there is a component of HCC, and 
small duct intrahepatic cholangiocarcinoma (iCCA), if there is no component of HCC. 

Imaging of cHCC-CCA shows both HCC and intrahepatic cholangiocarcinoma find-
ings within a single tumor, with the hepatocellular carcinoma component showing early 
staining with peritumoral enhancement and washout on dynamic contrast-enhanced CT 

Figure 14. Fibrolamellar hepatocellular carcinoma. Liver dynamic CT: (A) CT, unenhanced phase
(enlargement), (B) CT, unenhanced phase, (C) CT, arterial phase, (D) CT, portal venous phase,
(E) CT, equilibrium phase, (F) DWI, (G) unenhanced phase, (H) arterial phase, (I) portal venous phase,
(J) hepatocyte phase, (K) T2WI (fat saturation). A non-contrast CT shows a small calcification within
the tumor (arrow). Dynamic contrast-enhanced CT shows early staining and heterogeneous washout
of the tumor (arrows). The tumor shows diffusion abnormality (arrow) on MRI and a mild high signal
on T2WI (arrow); EOB contrast-enhanced MRI shows early staining and reduced uptake (arrow) in
the hepatocyte phase.

4.7. Combined Hepatocellular and Cholangiocarcinoma (cHCC-CCA)

Combined hepatocellular and cholangiocarcinoma (cHCC-CCA) is a rare type of
primary liver cancer that exhibits features of both hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CCA). Age, gender, viral hepatitis status, and cirrhosis of cHCC-CCA
are similar to HCC rather than CCA [53,54].

They are classified into the following categories: intermediate type of cells that are
immunohistologically positive for both hepatocyte and cholangiocyte markers, hepatic
stem-cell-like cells expressing c-kit, and cholangiocarcinoma-like cells, but they may be
mixed. The 2019 edition of the World Health Organization (WHO) [55] for HCC is based
on the 2010 edition, in which cHCC-CCA in the WHO 2019 edition was defined as a typical
subtype in the classical type, subtypes with stem-cell features in the WHO 2010 edition.
The intermediate-cell subtype in subtypes with stem-cell features in the WHO 2010 edition
is the same as in the 2019 edition. The cholangiocellular subtype in the WHO 2010 edition
is classified in the 2019 edition as cHCC-CCA if there is a component of HCC, and small
duct intrahepatic cholangiocarcinoma (iCCA), if there is no component of HCC.

Imaging of cHCC-CCA shows both HCC and intrahepatic cholangiocarcinoma find-
ings within a single tumor, with the hepatocellular carcinoma component showing early
staining with peritumoral enhancement and washout on dynamic contrast-enhanced CT or
MRI (Figure 15), while the cholangiocarcinoma component is delayed enhancement [56].
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or MRI (Figure 16), while the cholangiocarcinoma component is delayed enhancement 
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Figure 16. Combined hepatocellular and cholangiocarcinoma. Liver dynamic CT: (A) CT, unen-
hanced phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase, (E) 
DWI, (F) T2WI, (G) arterial phase, (H) hepatocyte phase. In the arterial phase, the margin of the 
tumor was stained in a ring shape (arrow). In the portal and equilibrium phase, the tumor is lower 
than that of the surrounding liver. The tumor shows diffusion abnormality and a mild high signal 
on T2WI (arrows); EOB contrast-enhanced MRI shows early staining and reduced uptake in the 
hepatocyte phase (arrow). 

4.8. Steatohepatitic HCC (SH-HCC) 
Steatohepatitic hepatocellular carcinoma (SH-HCC) is recognized as an HCC sub-

type, in the WHO Classification 2019. Pathologically, it is a steatohepatitic deposition [57]. 
Clinical features are the background metabolic syndrome and fatty hepatitis with heavy 
alcohol consumption. The tumor cells have similar features to those of fatty hepatitis, as 
histological features. SH-HCC contains a low attenuation suggestive of fat on non-en-
hanced CT and shows early staining and washout in the arterial phase, resulting in an 
image that resembles moderately differentiated hepatocellular carcinoma, with fat (Figure 
17). A single-center retrospective study including 297 surgically resected HCCs found 5-
year survival rates to be similar for SH-HCC and non-SH-HCC. The proportion of SH 
component recurrence-free survival (RFS) and 5-year overall survival (OS) did not affect 
OS and RFS [58]. 

Figure 15. Combined hepatocellular and cholangiocarcinoma. Liver dynamic CT: (A) CT, unenhanced
phase, (B) CT, arterial phase, (C) CT, portal venous phase, (D) CT, equilibrium phase, (E) DWI, (F) T2WI,
(G) arterial phase, (H) hepatocyte phase. In the arterial phase, the margin of the tumor was stained in a ring
shape (arrow). In the portal and equilibrium phase, the tumor is lower than that of the surrounding liver.
The tumor shows diffusion abnormality and a mild high signal on T2WI (arrows); EOB contrast-enhanced
MRI shows early staining and reduced uptake in the hepatocyte phase (arrow).

4.8. Steatohepatitic HCC (SH-HCC)

Steatohepatitic hepatocellular carcinoma (SH-HCC) is recognized as an HCC subtype, in
the WHO Classification 2019. Pathologically, it is a steatohepatitic deposition [57]. Clinical
features are the background metabolic syndrome and fatty hepatitis with heavy alcohol
consumption. The tumor cells have similar features to those of fatty hepatitis, as histological
features. SH-HCC contains a low attenuation suggestive of fat on non-enhanced CT and
shows early staining and washout in the arterial phase, resulting in an image that resembles
moderately differentiated hepatocellular carcinoma, with fat (Figure 16). A single-center
retrospective study including 297 surgically resected HCCs found 5-year survival rates to
be similar for SH-HCC and non-SH-HCC. The proportion of SH component recurrence-free
survival (RFS) and 5-year overall survival (OS) did not affect OS and RFS [58].
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Figure 17. Steatohepatitic HCC (SH-HCC): (A) CT, unenhanced phase, (B) CT, arterial phase, (C) 
CT, portal venous phase, (D) CT, equilibrium phase, (E) T2WI, (F) T2WI (fat saturation), (G) T1WI 
(in-phase), (H) T1WI (opposed phase). Tumor in liver S8 contains low attenuation suggestive of fat 
on unenhanced CT (arrow), shows early staining in arterial phase (arrow) and washout is seen at 
portal venous phase and equilibrium phase (arrows); MRI of T2WI (arrow) shows reduced tumor 
(suggesting fat component) at fat-suppressed T2WI (arrow). T1WI shows that the signal reduction 
(suggestive of fat component) from in-phase (arrow) to opposed phase (arrow). 

5. Conclusions 
The imaging findings of HCC and liver parenchymal changes, including cirrhosis, 

were described. It should be understood that liver tumors and liver parenchyma are in-
terrelated and that the contrast between liver tumors with and without parenchymal 
changes is variable. 

The most appropriate and effective approach for the diagnosis of liver tumors is to 
make an individualized decision for each case. First, the patient’s clinical information is 
evaluated, taking into account the patient’s history, symptoms, and blood test results. 
Next, the imaging findings of CT and MRI are compared with and complemented by the 
results of other imaging studies to make a more accurate diagnosis. 

Additional testing and evaluation may also be necessary if the imaging studies (e.g., 
MRI or CT) can be confused with other liver diseases. This may include a liver biopsy. 
These additional tests and evaluations are important to make a more definitive diagnosis 
[28,29, ,59–61]. 

When considering the cost of medical care, the optimal approach to HCC imaging 
diagnosis is to perform the minimum necessary tests. In addition, as a future research 
direction, it is important to establish imaging diagnosis of liver function necessary for 
treatment intervention, while performing imaging evaluation of the liver parenchyma to-
gether with tumour diagnosis. Familiarity with these specific CT and MRI features of liver 
tumors is beneficial to radiologists, as appropriate diagnoses can help avoid unnecessary 
invasive treatments. At present, it seems that the artificial intelligence (AI) diagnosis of 
HCC and cirrhosis is not yet at a level that can be used in daily clinical practice, but we 
are looking forward to future developments. 

Author Contributions: Conceptualization, M.O. and K.N.; methodology, M.O.; software, M.O.; val-
idation, M.O.; formal analysis, M.O.; investigation, M.O., R.A., K.T., Y.N. K.N.; resources, M.O. K.N.; 
data curation, M.O., R.A., K.T., Y.N. K.N.; writing—original draft preparation, M.O.; writing—

Figure 16. Steatohepatitic HCC (SH-HCC): (A) CT, unenhanced phase, (B) CT, arterial phase, (C) CT,
portal venous phase, (D) CT, equilibrium phase, (E) T2WI, (F) T2WI (fat saturation), (G) T1WI (in-phase),
(H) T1WI (opposed phase). Tumor in liver S8 contains low attenuation suggestive of fat on unenhanced
CT (arrow), shows early staining in arterial phase (arrow) and washout is seen at portal venous phase
and equilibrium phase (arrows); MRI of T2WI (arrow) shows reduced tumor (suggesting fat component)
at fat-suppressed T2WI (arrow). T1WI shows that the signal reduction (suggestive of fat component)
from in-phase (arrow) to opposed phase (arrow).
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5. Conclusions

The imaging findings of HCC and liver parenchymal changes, including cirrhosis,
were described. It should be understood that liver tumors and liver parenchyma are
interrelated and that the contrast between liver tumors with and without parenchymal
changes is variable.

The most appropriate and effective approach for the diagnosis of liver tumors is to
make an individualized decision for each case. First, the patient’s clinical information is
evaluated, taking into account the patient’s history, symptoms, and blood test results. Next,
the imaging findings of CT and MRI are compared with and complemented by the results
of other imaging studies to make a more accurate diagnosis.

Additional testing and evaluation may also be necessary if the imaging studies (e.g., MRI or
CT) can be confused with other liver diseases. This may include a liver biopsy. These additional
tests and evaluations are important to make a more definitive diagnosis [28,29,59–61].

When considering the cost of medical care, the optimal approach to HCC imaging
diagnosis is to perform the minimum necessary tests. In addition, as a future research
direction, it is important to establish imaging diagnosis of liver function necessary for
treatment intervention, while performing imaging evaluation of the liver parenchyma
together with tumour diagnosis. Familiarity with these specific CT and MRI features of liver
tumors is beneficial to radiologists, as appropriate diagnoses can help avoid unnecessary
invasive treatments. At present, it seems that the artificial intelligence (AI) diagnosis of
HCC and cirrhosis is not yet at a level that can be used in daily clinical practice, but we are
looking forward to future developments.
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Abbreviations

ADC apparent diffusion coefficient
APHE arterial phase hyperenhancement
BSA body surface area
CEUS contrast-enhanced ultrasound
CM contrast media
cHCC-CCA combined hepatocellular and cholangiocarcinoma
CT computed tomography
CTV CT volumetry
DN dysplastic nodule
DWI diffusion weighted image
FL-HCC fibrolamellar hepatocellular carcinoma
ECV extracellular volume fraction
EOB gadoxetic acid
HCC Hepatocellular carcinoma
LC liver cirrhosis
LI-RADS Liver Imaging Reporting & Data System
MMP-1 matrix metalloproteinase-1
Moderately HCC moderately differentiated HCC
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MRI magnetic resonance imaging
MRE MR Elastography
OATP8 Organic anion-transporting polypeptide 8
OATP1B3 Organic anion-transporting polypeptide 1B3
OS overall survival
Poorly HCC Poorly differentiated HCC
RN regenerative nodule
RFS recurrence-free survival (RFS)
SPIO superparamagnetic iron oxide
SH-HCC steatohepatitic HCC
SV splenic volume
T1WI T1 weighted image
T2WI T2 weighted image
US ultrasonography
WHO World Health Organization
99mTc-GSA Technetium 99 mg alactosyl-serum-albumin
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