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Hepatocellular carcinoma (HCC) is the sixth most common
cancer worldwide and the third most common cause of death
from cancer.' Asia is an endemic area of HCC. It is estimated
that approximately 75%-80% of the HCC cases worldwide de-
velop in Asia.” The primary etiological factor in Asia is the hepa-
titis B virus; however, the proportion of hepatitis C virus—related
HCC has been increasing.” In chronic hepatitis B or C, multi-
step hepatocarcinogenesis, in which dysplastic nodules progress
to early HCC and eventually advanced HCC, is widely accepted
as the main mechanism of HCC development.*

Knowledge of the mechanism of hepatocarcinogenesis is im-
portant, as it may contribute to improved detection of HCC at
an early stage and more successful therapeutic outcomes. In fact,
the 5-year survival rate for patients with HCC has improved
over the past several decades, and the early detection of HCC is
one of the most important contributing factors.” In particular,
the nationwide surveillance for HCC among high-risk individ-
uals has allowed small HCCs less than 2 cm in diameter to be
easily detected.” Furthermore, the rapid development of nonin-
vasive imaging technology, including the rapidly developing,
high-quality magnetic resonance (MR) techniques using new,
cell-specific contrast agents, may allow further improvement of
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Understanding the important alterations during hepatocarcinogenesis as well as the characteris-
tic magnetic resonance imaging (MRI) and histopathological features will be helpful for managing
patients with chronic liver disease and hepatocellular carcinoma. Recent advances in MRI tech-
niques, such as fat/iron quantification, diffusion-weighted images, and gadoxetic acid-enhanced
MRI, have greatly enhanced our understanding of hepatocarcinogenesis.
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the detection and characterization of small nodules in cirrhotic
livers.® As a result, we are currently able to diagnose more early-
stage HCCs. Pathologists and radiologists should be aware of
the variable imaging features of these early-stage HCCs, as they
frequently show different characteristics than advanced HCC.
In this study, we review the important changes in magnetic res-
onance imaging (MRI) and histopathologic features during mul-
tistep hepatocarcinogenesis as well as the recent developments
in MRI technology for detecting and characterizing hepatocel-
lular nodules.

MULTISTEP HEPATOCARCINOGENESIS:
HISTOLOGIC CHANGE

Multistep hepatocarcinogenesis is characterized by progressive
dedifferentiation of phenotypically abnormal nodular lesions in
the liver and the emergence of successively more advanced pre-
cancerous, early cancerous, and overtly cancerous lesions (Fig.
1).”® Chronic inflammation causes repeated injury to liver cells
and regeneration of injured tissue, both of which promote accu-
mulation of genetic and epigenetic alterations.”'” These altera-
tions begin from the early preneoplastic phase and progress par-
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Fig. 1. Schematic view of multistep hepatocarcinogenesis. Unpaired arterial supply replaces portal supply progressively from regenerative
nodules to progressed hepatocellular carcinoma (yellow, nodules with portal supply; red, nodules with unpaired arterial supply). Degrees of
various pathologic components are depicted as gradient bars. DN, dysplastic nodule; HCC, hepatocellular carcinoma; HG, high grade; LG,

low grade; RN, regenerative nodule.

allel to the evolution of hepatic fibrosis or cirrhosis."!*

This linear, repetitive, and successive process of the expansion
and development of less differentiated, aberrant clonal popula-
tions of hepatocytes causes their evolution over time.” These de-
differentiated clonal populations eventually completely replace
those of the more differentiated environment. Repetitive clonal
growth and expansion ultimately generates nodules of the ma-
lignant phenotype. The dedifferentiated evolution process occurs
in serial order as a biologic continuum 7z vive; however, these
processes are divided into discrete steps for clinical use.'®

In 1995, after the stepwise development of HCC from regen-
erating nodules of liver cirrhosis was proposed, the International
Working Party IWP) of the World Congress of Gastroenterol-
ogy defined regenerative nodules (RNs), low-grade dysplastic
nodules (DNGs), high-grade DNs, and HCC as steps from regen-
eration to cancer.”'® In addition, the IWP defined small HCCs
as tumors less than 2 cm in diameter. However, there had been
debate regarding the definition of small HCC, as these tumors
can be divided into early HCGs, i.e., an early stage of hepato-
carcinogenesis, and progressed HCCs, i.e., advanced HCC less
than 2 cm in diameter. In addition, the accurate pathological
definition of early HCCs differentiated from DNs was not es-
tablished until recently. Finally, in 2009 the International Con-
sensus Group for Hepatocellular Neoplasia ICGHN) reached a
consensus regarding the pathological criteria of early HCCs, as
discussed below."” These international efforts have contributed
greatly to the standardization of the nomenclature regarding
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nodules during hepatocarcinogenesis.

Regenerative nodules

A RN, also known as a cirrhotic nodule, is a well-defined nod-
ular region surrounded by fibrotic/scar tissue, which has emerged
from the regenerative process of the injured liver tissue. In RNs,
the cells are histologically normal and lack clonal features.”® A
RN is considered a benign hepatocellular nodule.

Dysplastic nodules

DN are small nodules which are in the precancerous stage
between benign RNs and malignant HCC. DN usually differ
from the surrounding liver parenchyma in color, texture, and
cellular change."” DN are subdivided into low-grade DN and
high-grade DN.

Low-grade DNs show features suggestive of a clonal cell pop-
ulation without significant architectural or cellular atypia (Fig.
2A). Occasionally, low-grade DNs demonstrate large cell change,
although they do not show small cell change. Low-grade DNs can
show a mild increase in cell density with a monotonous pattern.
A nodule-in-nodule pattern is not present in low-grade DNs."**

In contrast, high-grade DNs show cytological and architec-
tural atypia, although those changes are insufficient for a diag-
nosis of malignancy." Small cell change is the most frequently
seen cytological atypia. The architectural atypia observed in
high-grade DN includes the thick cell plates up to three cells
thick and/or pseudoglandular structures (Fig. 2B). The cell den-
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Fig. 2. Representative pathologic images of multistep hepatocarcinogenesis. (A) Low-grade dysplastic nodule (right of the dashed line)
shows increased cellularity, and residual portal tracts (arrow) are easily identifiable within the nodule. (B) High-grade dysplastic nodule (left of
the dashed line) shows further increased cellularity and frequent unpaired arteries (arrow). (C) Early hepatocellular carcinoma (below the
dashed line) is poorly demarcated but shows unequivocal cytological atypia and stromal invasion (arrow). (D) Advanced hepatocellular carci-

noma is well demarcated by a thick capsule and shows overt features of malignancy.

sity of these lesions is usually 1.3-2 times greater than that of
the adjacent cirrhotic parenchyma."

Early HCC

In 2009, the ICGHN made a consensus for the definition of
early HCC." Early HCCs are considered “/n situ carcinoma”
showing well-differentiated proliferation.'”’ Early HCCs are
referred to as ‘small HCC of the vaguely nodular type.” The most
important histologic feature that distinguishes early HCCs
from high-grade DN is stromal invasion, defined as the pres-
ence of tumor cells invading the portal tracts or fibrous septa
(Fig. 2C). Early HCC:s also show various combinations of the
following histologic features: “(1) increased cell density more
than two times that of the surrounding liver parenchyma and
with an increased nuclear/cytoplasm ratio and irregular, thin
trabecular pattern; (2) varying numbers of portal tracts within
the nodule (intratumoral portal tracts); (3) a pseudoglandular
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pattern; (4) diffuse fatty change; and (5) various numbers of un-
paired arteries.”"”

There may be confusion regarding the terminology of early
HCC and small HCC. By the definition of the IWP consensus
in 1995, small HCC is a tumor less than 2 cm, whereas early
HCC refers to well-differentiated HCC of the vaguely nodular
type during the hepatocarcinogenesis process. The question has
remained for small HCCs with moderate or poor differentia-
tion. After much debate, such tumors are now termed “small
progressed HCC” or “small HCC of the distinctively nodular
type.” In Table 1, the terminology and histologic characteristics
of these small, hepatocellular lesions are summarized.

Progressed HCC

Progressed HCCs are overtly malignant hepatocellular le-
sions. Small lesions with a maximum diameter less than 2 cm
usually have distinctly nodular macroscopic features," while
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Table 1. Terminology and histologic characteristics of these small (less than 2 cm) hepatocellular lesions

Terminology Feature Histologic characteristic
Regenerative nodules Gross Well-defined rounded regions of the cirrhotic parenchyma surrounded by scar tissue
Microscopic Phenotypically normal cells
Dysplastic nodules Gross Distinctly nodular lesions which differ from adjacent cirrhotic parenchyma with regard to size,
color, texture, and degree of bulging at the cut surface
Microscopic Divided into low-grade DNs and high-grade DNs
— Low-grade DN: a clonal cell population without significant architectural atypia and with a mild
increase in cell density
— High-grade DN: a clonal cell population with cytological and architectural atypia although not
sufficient for a diagnosis of malignancy
Early HCCs (=small HCCs Gross Vaguely nodular lesions with indistinct margins

of the vaguely nodular type) Microscopic

Well-differentiated histology of HCC with increased cell density and an irregular, thin-trabecular

pattern; the stromal invasion is the most helpful feature to differentiate early HCC from

high-grade DN
Distinctly nodular lesions
Well (G1) to moderately (G2) differentiated histology of HCC

Progressed HCCs (=small HCCs Gross
of the distinctly nodular type) Microscopic

DN, dysplastic nodule; HCC, hepatocellular carcinoma.

large lesions greater than 2 cm in diameter, which are termed
“large HCCs,” have variable macroscopic features. Although
three common macroscopic patterns of large HCCs have been
proposed,”’ six macroscopic patterns, which were proposed by
the Korean Liver Cancer Study Group, are more widely accepted
in Korea.”* Briefly, expanding nodular pattern is defined by one
single, dominant mass and is the most common type. In these
tumors, mosaic architecture is frequently observed, characterized
by the multiple sub-nodules separated by fibrous septations and
foci of hemorrhage or necrosis.”> Nodular and perinodular exten-
sion type and infiltrative pattern show a dominant mass with in-
filtration into adjacent hepatic parenchyma along < 50% of tu-
mor border in the former and 250% in the latter. Those tumors
are usually associated with poorly differentiated cancer cells that
spread into the surrounding sinusoids and cell plates.'”** Cir-
rhotomimetic pattern represents widespread infiltration by in-
numerable small nodules that frequently replace the whole liver.”'
In addition, multinodular confluent type and pedunculated type
have also been described.”” These progressed HCCs with both
small and large lesions frequently show macroscopic vascular
invasion with involvement of portal veins and less frequently
hepatic veins. Sometimes, bile duct invasion may be seen mac-
roscopically.

On histology, the main hallmark of HCC is that the malig-
nant cells resemble the normal liver, both in architecture and cy-
tology. Progressed HCCs can show different degrees of hepato-
cellular differentiation ranging from well-differentiated to poorly
differentiated. Based on the degree of nuclear anaplasia, the Ed-
mondson and Steiner system was proposed and is widely used to
divide HCC into four grades from I to IV.""* The common his-
tological patterns include (1) trabecular pattern, where tumor
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cells with hepatocellular differentiation are arranged in plates of
various thickness, separated by sinusoid vascular spaces (Fig. 2D);
(2) pseudoglandular pattern, where gland-like dilatation of the
canaliculi are present between tumor cells forming the lumen;
(3) compact pattern, which is composed of thick trabeculae com-
pressed into a compact mass; (4) scirrhous pattern, where des-
moplastic stroma divides tumor cell masses into smaller nests;
and (5) fibrolamellar pattern, which shows characteristic lamel-
lar collagen bundles running between large glassy tumor cells.

RECENT ADVANCES IN MAGNETIC
RESONANCE IMAGING TECHNIQUES

Recently, the diagnosis of hepatocellular carcinoma has be-
come primarily based on imaging.” In clinical practice, com-
puted tomography (CT) is the most widely used imaging mo-
dality to diagnose HCC. With the dramatic technical advances
in MR, it is currently more useful than other imaging modali-
ties for diagnosing HCC because it provides better soft-tissue
contrast and information regarding cellularity, tissue compo-
nents, and hemodynamic changes of the hepatocellular nodules.
In the recent past, the spatial resolution and scan speed were
generally better on CT than on MRI;”** however, recently de-
veloped MRI units have fast scanning with high spatial resolu-
tion, comparable to CT scanning. Therefore, the use of MRI for
the diagnosis of HCC has greatly increased.

Nonradiologist physicians may not be familiar with MRI se-
quences and the information that can be obtained from those
sequences. Indeed, there are many sequences of liver MRI which
may cause confusion. In addition, the interpretation of MRI
largely depends on which contrast agent is used. We summarize
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the commonly used sequences in Table 2 and illustrate the rep-
resentative images of such sequences in Fig. 3.

T2-weighted images
T2-weighted imaging (T2-WI) highlights the differences in
the T2 relaxation time of tissues. Sequences for T2-W1 are the

Table 2. Commonly used MRI sequences for liver imaging

basic components of MRI, and are quite helpful for the differ-
ential diagnosis of liver tumors. For example, hepatic cysts and
hemangiomas show very high T2 hyperintensity, while HCCs
show intermediately high T2 hyperintensity (Fig. 3A).”

For routine liver MRI, two kinds of T2-WI sequences are
used: sequences moderately weighting T2, including fast spin-

MRI sequences

Information

T2-weighted images

T1-weighted dual gradient-echo images
(in-phase and opposed-phase)

Multiphasic dynamic imaging (arterial phase, portal-venous phase, and
three-minute equilibrium phase)

Hepatobiliary phase imaging (i.e., 20-minute delayed image)

Diffusion-weighted imaging

Helpful for differential diagnosis

Hepatic cysts and hemangiomas show very high T2 hyperintensity, while HCCs
show intermediately high T2 hyperintensity

Helpful for detecting the intralesional fat component

Evaluate the hemodynamic pattern of hepatic tumors

HCCs typically show arterial enhancement and delayed washout

When gadoxetic acid is used as a contrast agent, the hepatobiliary phase is used
to improve the detection and characterization of hepatocellular nodules

Helpful for the detection and characterization of hepatocellular nodules

MRI, magnetic resonance imaging; HCC, hepatocellular carcinoma.

Fig. 3. Routine magnetic resonance imaging sequences. (A) T2-weighted imaging is helpful for the differential diagnosis of liver tumors. He-
patocellular carcinoma (HCC) usually shows intermediate high-signal intensity (arrowheads on the left), whereas hepatic cysts show bright
high-signal intensity (arrow on the right). (B) In-phase and opposed-phase images provide information regarding the fat or iron content of he-
patocellular nodules. The fat component of a nodule is seen as high-signal intensity on in-phase imaging (arrowhead on the left) and as low-
signal intensity on opposed-phase imaging (arrow on the middle). On histology of the resected specimen, the nodule is confirmed as a fat-

containing HCC.
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Fig. 3. (Continued) (C) Multiphasic dynamic images and hepatobiliary-phase images. After contrast injection, T1-weighted images are ob-
tained in the arterial phase (AP), portal-venous phase (PVP), three-minute, delayed equilibrium phase (EP), and 20-minute, delayed hepatobi-
liary phase (HBP) to provide hemodynamic information regarding liver tumors. An HCC (arrowheads) shows typical hemodynamic features,
including enhancement on AP, and washout on PVP and EP. On HBP, the HCC is seen as a hypodense mass. (D) Diffusion-weighted imag-
ing (DWI) and the apparent diffusion coefficient (ADC) map are helpful for evaluating the cellularity of a liver tumor. HCC mostly shows high
signal intensity on DWI (arrow on the left) and low signal on the ADC map (arrowheads on the right).

echo or turbo spin-echo, and sequences exaggerating T2 of tis-
sues, including single-shot fast spin-echo or half-Fourier acquisi-
tion single-shot turbo spin-echo.”

T1-weighted, dual gradient-echo sequence (in-phase and
oppposed-phase)

A T1-weighted, dual gradient-echo sequence is composed of

http://dx.doi.org/10.4132/jptm.2015.04.15

an in-phase image and an opposed-phase image. These images
are routine components of the liver MRI protocol, as they can
evaluate the fat content of tissues.”” They are primarily used to
identify diffuse or focal hepatic steatosis or to detect the fatty
component of liver tumors, such as fat-containing, dysplatic
nodules or HCC. When comparing the signal intensity (SI) be-

tween in-phase and opposed-phase images, the fatty component

http://jpatholtm.org/
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of tissue shows a signal drop in the opposed-phase (Fig. 3B).

This sequence is also helpful for detecting the iron compo-
nent of tissues using the dual-echo approach. In contrast to the
fatty component, the iron component shows a signal drop on in-
phase images compared to opposed-phase images. Therefore, the
pathological conditions, such as hemochromatosis or hemosider-
osis, can be identified.” It is also helpful to detect iron-contain-
ing liver tumors, such as siderotic nodules or iron-containing he-
patocellular lesions.

Multiphasic dynamic imaging

In liver MRI, contrast agents have crucial roles in the detec-
tion and characterization of HCC, based on evaluation of the he-
modynamic pattern of liver tumors and liver parenchyma. Mul-
tiphasic dynamic imaging consists of repeated acquisition of T1-
weighted images (T1-WIs) after contrast agent injection and is
composed of the arterial phase, portal-venous phase, and three
minutes of the equilibrium phase (Fig. 3C). Enhancement in the
arterial phase and washout in the portal or equilibrium phase is
regarded as a characteristic feature of HCC on both dynamic CT
and dynamic MRIL.”'

Hepatobiliary phase images

The hepatobiliary phase refers to a 20-minute delayed phase
following injection of gadoxetic acid (Fig. 3C). Therefore, the
hepatobiliary phase is only performed when gadoxetic acid is
used as the contrast agent. Gadoxetic acid is a dual-function
agent allowing both dynamic imaging and hepatobiliary-phase
imaging. It has characteristics like extracellular contrast agents
and can be used in dynamic MRI within three minutes after
contrast agent injection. In the hepatobiliary phase, gadoxetic
acid is taken up by cells that express the OATP receptor. Nor-
mal hepatocytes usually express abundant OATP receptors,
while HCCs or liver metastases lack OATP receptors. This re-
sults in improved lesion-to-liver contrast because normal liver
parenchyma shows high SI while liver tumors show dark SI in
the hepatobiliary phase of gadoxetic-acid—enhanced MRI.*

Gadoxetic acid is excreted into the biliary system. In the hep-
atobiliary phase it is possible to observe the biliary excretion of
gadoxetic acid, which thus allows functional biliary imaging. In
liver tissue in which the bile duct is obstructed, biliary excretion
is not observed. Regarding liver tumor evaluation, the hepato-
biliary phase is sometimes helpful for obtaining a differential
diagnosis. For example, focal nodular hyperplasia (FNH) has a
functioning, hepatocyte-expressing OATP receptor, although it
has no biliary excretion system. Therefore, gadoxetic acid is re-

http://jpatholtm.org/

tained for a long time within an FNH nodule. FNH shows high
SI in the hepatobiliary phase, which is helpful for differentiat-
ing FNH from HCC*

Diffusion-weighted imaging

Diffusion-weighted imaging is a sequence to map the diffu-
sion process of molecules, primarily water molecules, in biolog-
ical tissues. Diffusion is a random motion of water molecules.
In tissues or cells, diffusion of water molecules is restricted due
to the interactions of molecules.”” The degree of diffusion restric-
tion varies across tissues, thus reflecting the microscopic details
of biological tissues. The apparent diffusion coefficient (ADC) is
a quantitative parameter of diffusion restriction calculated from
diffusion-weighted images. The ADC map, together with diffu-
sion-weighted images, is quite helpful for visual assessment and
quantitative analysis of a liver tumor (Fig. 3D).

The diffusion of water molecules is highly restricted in dense
cellular tissue such as HCC, compared to that of normal liver
parenchyma, whereas necrosis or nonviable tumor tissues cause
increased membranous permeability allowing free diffusion of
water molecules.”* Therefore, diffusion-weighted images are
helpful for detecting highly cellular tumors and for differentiat-
ing malignant lesions from benign lesions.

MAGNETIC RESONANCE IMAGING
OF ALTERATIONS DURING
HEPATOCARCINOGENESIS

During multistep hepatocarcinogenesis, the important chang-
es in hepatocellular nodules are neo-angiogenesis, cellular dif-
ferentiation and density, fat or iron accumulation, and biliary
drainage dysfunction (Fig. 1). Recent advances in MR technolo-
gy allow the evaluation of these pathological and functional

changes.*”

Alteration of hepatic vasculature

During hepatocarcinogenesis, hemodynamic change occurs in
hepatocellular nodules and can be visualized by radiologic im-
aging and histopathology.”® The blood flow of RN is supplied
from both the portal vein (75%-80%) and the hepatic artery
(20%-25%), as with normal liver parenchyma. As the hepato-
cellular nodules evolve from low-grade DN through high-grade
DN to early HCC, both the intranodular portal blood supply
and the hepatic arterial blood supply tend to decrease.”” The ma-
jority of these nodules are still hypovascular on dynamic MRI.
As the grade of HCCs increases, i.e., Edmondson grade II or
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greater, the intranodular portal supply definitely decreases,
whereas the intranodular arterial supply tends to progressively
increase. This increased intranodular arterial input is due to neo-
angiogenesis of the unpaired artery in the lesion." Therefore, the
majority of advanced HCCs show typical hemodynamic features
of arterial enhancement and portal/delayed washout (Fig. 3C).

Cellular change in hepatocellular nodules

As hepatocellular nodules evolve from DNs to HCCs, several
cellular changes occur, including small cell change, increased
cell density, and nodule-in-nodule growth. These cellular chang-
es can be detected in T2-W1 and diffusion-weighted images.”

First, cell density can be evaluated by diffusion-weighted im-
aging and T2-WI. Low-grade DNs show a mild increase in cell
density, and high-grade DNs show a moderate increase in cell
density, i.e., as much as twice that of the surrounding liver pa-
renchyma.'' However, these cellular changes of DNs are usually
insufficient to show overt high SI on diffusion-weighted images
and T2-WT1. In contrast, in HCCs, an increase in cell density is
usually sufficiently detectable on diffusion-weighted images or
T2-WIs.” Small cell change is frequently observed in HCC and
may also contribute to diffusion restriction of water molecules in
the malignant cells seen on diffusion-weighted images (Fig. 3D).

Secondly, the nodule-in-nodule pattern is one of the typical
histologic and imaging features of HCC, although it is uncom-
mon. Usually, cirrhotic nodules and low-grade DN are seen as
distinct single nodules, while some high-grade DNs contain
sub-nodules which are usually HCC foci, i.e., clones of malig-
nant-transformed cells from DNs during hepatocarcinogenesis.
The nodule-in-nodule pattern can be depicted by either T2-W1

Pathology and MRI for Hepatocarcinogenesis ® 225

or dynamic MRL” If the sub-nodule within the DN shows arte-
rial enhancement, it is easily detected in the arterial phase of dy-
namic MRI (Fig. 4).

Thirdly, the tumor capsule is a characteristic feature of pro-
gressed HCCs.” It is usually seen as a thin rim of low SI on non-
contrast T1-W1. On contrast-enhanced MRI, the tumor capsule
can be progressively enhanced following injection of gadolinium
contrast agent, as the tumor capsule is generally composed of fi-
brous tissue containing compressed vessels (Fig. 5)."” On T2-
W1, the tumor capsule may show variable SI as either low SI or
high SI. Although the tumor capsule is regarded as a character-
istic finding of progressed HCCs, it may be present in large
DN and may not be seen in small HCCs. For the diagnosis of
HCC, the presence of a tumor capsule is helpful, although not
essential.

Alterations of the fat/iron composition in hepatocellular
nodules

During hepatocarcinogenesis, iron may accumulate in low-
grade DNs and in some high-grade DNs. These nodules con-
taining an iron deposit are referred to as ‘siderotic nodules’ (Fig.
6). In hepatocytes of siderotic nodules, the iron-transporter sys-
tem, such as the transferrin transporter, are upregulated.”* How-
ever, as these nodules progress into HCCs, the iron-transporta-
tion system also alters, and iron utilization increases, thus causing
iron deficiency in HCCs." Therefore, with progtession to HCC,
iron usually decreases.

These alterations of the fat composition in DNs and HCCs
are often helpful for characterizing hepatocellular nodules on
MRI. On T2-WI or T2*-WI, the iron component is seen as

Fig. 4. Nodule-in-nodule pattern of hepatocellular carcinoma (HCC). On a multiphasic, dynamic magnetic resonance imaging of a 50-year-
old patient with HCC, there is a large mass without arterial hypervascularity (arrowheads on the left) and a sub-nodule with strong arterial hy-
pervascularity (asterisk on the left) on the arterial-phase image, i.e., the so-called nodule-in-nodule pattern. The central sub-nodule shows
washout on the portal-venous phase (asterisk in the middle). After the patient was treated with transarterial chemoembolization, lipiodol was
taken up only in the sub-nodule (asterisk on the right). These findings suggest the presence of HCC as a sub-nodule arising from a large

dysplastic nodule.

http://dx.doi.org/10.4132/jptm.2015.04.15
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dark SI. On T1-weighted, dual gradient-echo images, the iron
component shows a signal drop in in-phase images compared to
that of opposed-phase images. Iron-containing, hepatocellular
nodules are usually DN and are unlikely to be HCCs. The de-
velopment of an iron-deficient sub-nodule within a siderotic
nodule indicates HCC foci arising from the DN. Likewise, if a
siderotic nodule is seen to be iron-free on a follow-up study, it
may suggest its transformation into HCC."

Fat accumulation within hepatocellular nodules is also altered
during hepatocarcinogenesis. In low-grade DNs, high-grade
DN, and early HCGs, fat can accumulate focally or diffusely in
the nodules. The intralesional fat accumulation peaks in the ear-
ly HCC stage and regresses according to the increasing size and
grade of HCCs. Usually, poorly differentiated HCCs or large
HCCs >3 cm rarely show intralesional fat accumulation.” The

fat component can be evaluated on T1-weighted, dual gradient-

echo images. The fatty component of tissue shows a signal drop
in opposed-phase images compared to in-phase images (Fig. 3B).

MAGNETIC RESONANCE IMAGING FINDINGS
OF HEPATOCARCINOGENESIS

Regenerative nodules

On MRI, most RN are imperceptible and isointense on un-
enhanced T1-WIs and T2-W1s. Some of these nodules may be
differentiated by unusual imaging features, such as hyperinten-
sity on T1-W1s and hypointensity on T2-W1Is. When enhanced
with contrast material, most RNs demonstrate a similar degree
of enhancement with that of the adjacent parenchyma, although
occasionally mild, delayed-phase hypoenhancement or hepato-

biliary phase hyperintensity may be seen.”*

Fig. 5. Tumor capsule of the hepatocellular carcinoma (HCC). The tumor capsule (arrowheads) is seen as a hypointense rim on the arterial-
phase (AP) image (left) and as an enhancing rim on the portal-venous phase (PVP) image (middle), indicating a delayed and persistent en-
hancement pattern. On T2-weighted imaging (T2-WI), the tumor capsule is seen as a hyperintense rim (right).

Fig. 6. Siderotic nodule. A 60-year-old patient with liver cirrhosis underwent liver magnetic resonance imaging. On in-phase images, there
are many nodules with low signal intensity (arrowheads on the left), which are not clearly demonstrable on opposed-phase images (right).
This signal drop of nodules on the in-phase image suggests that these nodules contain an iron component (so-called siderotic nodules).

http://jpatholtm.org/
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Dysplastic nodules

Common imaging findings of DN are hyperintensity on T1-
WIs and isointensity or hypointensity on T2-W1Is.”"*' The T1
hyperintensity can be explained by the fact that DNs accumu-
late copper or iron, which are paramagnetic materials leading to
T1 hyperintensity depending on the concentration. Such intra-
nodular copper or iron accumulation may lead to T2 hypoin-
tensity due to the T2-shortening effects. Some DN, especially
high-grade DNs, may show fatty change manifested as T'1 hy-
perintensity on MRI.

After contrast agent injection, most DNs are usually isoin-
tense to the liver parenchyma in the hepatic arterial, portal ve-
nous, and hepatobiliary phases. As some DNs show washout or
capsular enhancement in the delayed phase and hypointensity
in the hepatobiliary phase, these findings may be good predic-
tors of pre-malignancy.”

Early HCC

Most early HCCs are either isointense or hyperintense on T1-
W1s and are mostly isointense on T2-W1s.* In addition, most
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early HCCs are hypovascular, and only 5% of the early HCCs
show arterial hypervascularity on dynamic MRI. These charac-
teristics are nonspecific, suggesting that it is difficult to accu-
rately diagnose early HCC using conventional MRI.

In particular, differentiating early HCC from high-grade DN
on MRI is quite challenging. There are a few differential points.
First, high SI on diffusion-weighted images almost always indi-
cates early HCC. DNs are almost never hyperintense on T2-W1
and diffusion-weighted images."” Second, nodule hypointensity
on the hepatobiliary phase of gadoxetic-acid-enhanced MRI fa-
vors early HCC rather than high-grade DN as a substantial num-
ber of such hypointense nodules show hypervascularity during
the follow-up period (Fig. 7).

Progressed HCC

The typical MRI findings of HCC, which have been exten-
sively investigated in numerous research studies, mostly apply
to progressed HCC rather than early HCC. The hallmarks of
HCC are arterial hypervascularity and washout on the portal-
venous phase and/or equilibrium phase of multiphasic dynamic

Fig. 7. A 65-year-old patient with a liver nodule. (A) On the initial magnetic resonance imaging (MRI), there is a 1.4 cm, hypointense nodule
on the portal-venous phase (PVP, arrowhead) without arterial hypervascularity (arrow) on the arterial phase (AP). This nodule was regarded
as a high-grade dysplastic nodule or early hepatocellular carcinoma (HCC). (B) On the one-year follow-up MRI, the nodule had increased in
size. The nodule showed hypointensity on the hepatobiliary phase (HBP, arrowheads) and arterial hypervascularity on the AP (arrow), which

suggests development of HCC.

http://dx.doi.org/10.4132/jptm.2015.04.15
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CT or MRL*"" This finding is due to the predominant vascular
supply to HCCs from unpaired hepatic arteries and the absence
of the portal vein supply. These hemodynamic changes are ap-
parent in the progressed HCC rather than the early HCC.
Therefore, it is very helpful to differentiate small progressed
HCC from early HCC. In addition, the nodule margin seen on
MRI is also helpful to differentiate small, progressed HCC, be-
cause it is more distinctly nodular than early HCC with its in-
distinct margin. Indeed, the tumor capsule is a characteristic
feature of progressed HCCs and is seen as a persistent enhanc-
ing rim at the periphery of the tumor.”

Progressed HCCs can present as infiltrative masses as well as
expansile nodules/masses. In infiltrative masses, the tumor cells
may infiltrate through the tumor capsule into the surrounding
parenchyma.” These infiltrative HCCs frequently show vascular
invasion or biliary invasion, thus leading to a poor patient prog-
nosis.

Vascular invasion is common in progressed HCCs, including
portal vein invasion or hepatic vein invasion. As vascular inva-
sion is rarely observed in other types of liver malignancies, this is
a helpful characteristic for diagnosing HCC. Vascular invasion
generally indicates a poor prognosis for the patients, as it is a
route of tumor spread through the liver and of systemic metas-
tasis.”

CONCLUSION

The incidence of small HCCs has recently been increasing
due to a nationwide surveillance program and advances in im-
aging techniques. It is difficult to correctly diagnose such small
HCCs during histological and radiological examinations. Un-
derstanding the important alterations during hepatocarcinogen-
esis as well as the characteristic MRI and histopathological fea-
tures will be helpful for managing patients with chronic liver
disease and HCC. There is no doubt that special MRI tech-
niques, such as fat/iron quantification, diffusion-weighted imag-
es, and gadoxetic-acid-enhanced MRI, have greatly enhanced
our understanding of hepatocarcinogenesis.
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