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Introduction

Hepatocellular carcinoma (HCC) is the most prevalent form
of liver cancer and thefifthmost common cancer worldwide.
It is a leading cause of cancer mortality with a dismal 5-year
survival rate of less than 10%.1,2

To date, hepatitis B and C related chronic liver disease
(CLD) remains the major risk factors for the development
of HCC. With hepatitis B vaccination and better pharma-
cologic management of both hepatitis B and C, the inci-
dence of viral infection–related CLD and HCC is likely to
fall in the coming years. However, due to their rising
incidence, obesity, metabolic syndrome, and nonalcoholic
fatty liver disease (NAFLD) are set to become major risk
factors for the development of CLD and HCC in the fore-
seeable future.3,4 In the majority of cases (80%), HCC
develops in a cirrhotic liver. Chronic liver inflammation
due to hepatitis B or C and steatohepatitis are also risk
factors for the development of HCC in a morphologically
normal liver in a minority of cases.5,6

As discussed, the 5-year survival of HCC is low at approxi-
mately 10%with amedian survival of 1 year.2,5Due to the poor
prognosis, early detection is key for effective management.
Curative options for HCC include liver transplant and liver
resections, apart from various noninvasive interventions.

Imaging of HCC has developed over the years and can now
offer specificity of over 95%.7 The Liver Imaging Reporting
and Data System (LI-RADS) group has created an easily
replicable standardized reporting format that can be fol-
lowed by radiologists and clinicians alike. LI-RADS is now
accepted by the American Association for the Study of Liver
Diseases (AASLD) as well as the Organ Procurement and
Transplantation Network (OPTN) as an optimum and stan-
dard reporting system. Patients can undergo medical, non-
surgical therapeutic procedures as well as surgery and
transplant based on an LR-5 imaging category without a
pathological diagnosis.

With the use of LI-RADS, liver biopsy for HCC can be
obviated in the LR-5 category. Other categories may need a
biopsy. Biopsy may also be needed in any LI-RADS category
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Abstract Hepatocellular carcinoma (HCC) is the most prevalent form of liver cancer with major
risk factors being chronic liver disease (CLD) including chronic liver inflammation,
steatohepatitis and certain viral infections (Hepatitis B and C). Due to the poor
prognosis, early detection is key for effective management. Imaging of HCC has
developed over the years with specificity as high as 95%. The Liver Imaging Reporting
and Data System (LI-RADS) provides a standardized reporting format that can be
followed by radiologists and clinicians alike. This article focuses on the pathological
basis of imaging observations described in the LI-RADS lexicon. A clear understanding
of the pathological basis of imaging will help the radiologist to be more confident to
resolve unequivocal observations apart from achieving a high degree of specificity in
the diagnosis of HCC.
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for clinical trials, prior to the use of novel immunotherapy
and targeted drugs that continue to be developed. Biopsy
may also be required to determine grade and molecular
characterization of any liver malignancy including HCC.

This article focuses on the pathological basis of imaging
observations, which form the basis of the LI-RADS lexicon. A
clear understanding of the pathological basis of imaging will
help the radiologist to bemore confident to resolve unequiv-
ocal observations apart from achieving a high degree of
specificity in the diagnosis of HCC.

Hepatocarcinogenesis

HCC is an epithelial tumor, the cells of which are very similar
to a normal hepatocyte. The process of transition of a normal
hepatocyte to HCC happens over several complex steps that
are influenced by genetic and environmental processes.5 It is
said that “genetics loads the gun and the environment pulls
the trigger.” The development of HCC epitomizes this
concept.

Hepatocarcinogenesis is described here under the follow-
ing subheadings:

• Genetic and molecular changes.
• Cellular changes.

Genetic and Molecular Changes
The changes at the genetic level determine the metabolic
pathway alterations that can lead to the development of HCC
(►Fig. 1). Risk factors contribute to the epigenetic mecha-
nisms that are responsible for the formation of a neoplastic
cell from a normal hepatocyte. The genetic mutations in-
volved in hepatocarcinogenesis are tabulated in ►Table 1.8

The above genetic mutations alter several metabolic path-
ways as mentioned in ►Table 2.8

Varied permutations and combinations of mutations
and signaling pathways lead to the development of differ-
ent genotypic variants of HCC. The resulting phenotypes
exhibit different biologic and clinical behavior that influ-
ences prognosis and survival. The genetic and molecular
susceptibility is aided by several epigenetic risk factors in
hepatocarcinogenesis. Most HCC develop in a cirrhotic

liver, which in turn results from hepatitis B and C infec-
tion. Many other risk factors are responsible for the
development of CLD.4,9–11 Lists of risk factors are enumer-
ated in ►Table 3.

Cellular Changes
Cellular development of HCC is from two types of cells2,12:

• Hepatocytes undergo dedifferentiation to form HCC.
• Intrahepatic stem cells located in the canals of herring can

undergo oncogenic stimulation due to chronic liver injury.
HCC can develop as a result of oncogenic stimulation. It is
of note that intrahepatic cholangiocarcinoma (IHCC) is
also a result of such oncogenic stimulation.

Chronic inflammation due to infections (hepatitis B and C)
or other insults (heavy alcoholism, etc.) lead to cellular
changes of fibrosis and cirrhosis. The chronically inflamed
liver develops regenerative and cirrhotic nodules.

Fig. 1 Schematic diagram showing the relation between mutations
and risk factors in hepatocarcinogenesis. HCC, hepatocellular
carcinoma).

Table 1 Mutations associated with hepatocellular carcinoma
(HCC)

Key genetic mutations in HCC8

TERT

β-catenin

TP-53

Abbreviations: TERT, telomerase reverse transcriptase; TP53, tumor
protein p53.

Table 2 Cell signal pathways in hepatocarcinogenesis

Altered cell signaling pathways in the development of
hepatocellular carcinoma (HCC)

Telomerase maintenance

Cell cycle regulation

B-catenin/Wnt signal pathway

mTOR (mammalian target of rapamycin) pathway

MAPK (mitogen-activated protein kinase) pathway

Table 3 Risk factors for chronic liver disease

Risk factors for chronic liver disease

Hepatitis B

Hepatitis C

Nonalcoholic steatohepatitis

Heavy alcoholism

Obesity

Diabetes

Hereditary hemochromatosis

Aflatoxin consumption

Family history
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With repeated injury, the cirrhotic nodule develops small
clones of dysplastic changes within the primary cirrhotic
nodule. These subsets of clones progress through early and
late dysplastic changes to form early and progressed HCC.
The clonal subset replaces the cells of the cirrhotic nodule
through progress from benignity to malignancy (►Fig. 2).
Imaging may or may not be reliable in differentiating these
precursor stages.

HCC may develop de novo without transitioning through
the precursor stages as well.13 Patients with sustained
virologic response after curative medication may develop
de novo HCC as well, although they carry a better prognosis
and survival.14

HCC may be multicentric in the liver with the process of
carcinogenesis progressing at different rates in each different
site at a given time point.

Although chronic inflammation is a trigger for cirrhosis
and the development of HCC, the two processes are mutu-
ally exclusive and run in parallel to each other. Since the
neoplastic process is much slower than the changes of
fibrosis, HCC is nearly always found in cirrhotic livers.
Hence, cirrhosis should not be considered a premalignant
condition.

Pathogenesis and Pathology of Precursor
Nodules

The spectrum of precursor nodules that precede the devel-
opment of a full-fledged malignant lesion (HCC) and their
pathological characteristics are tabulated in ►Table 4. The
precursor nodules give rise to early and progressed HCC.
Progressed HCCmay occur in a late dysplastic nodule as well.
A comparative of the pathological features of early and
progressed HCC are enumerated in ►Table 5.

Multiple HCC may develop in the liver separated by
normal noncancerous liver parenchyma. There are two
causes for the same (►Fig. 3).

• Development of multiple foci of carcinogenesis. The dif-
ferent foci then show different grades and differentiation.

• Development ofmetastatic foci from a primary lesion. The
lesions are of the same grade and differentiation.

Iron, Chronic Liver Disease, and HCC

Iron has an intriguing relation with CLD and HCC. Whereas
iron overload can cause CLD and cirrhosis that can further
lead to HCC, neoplastic clones of cells that eventually form

Fig. 2 Schematic diagram showing the development of progressed hepatocellular carcinoma (HCC) from dysplastic nodule. Blue cells¼
hepatocytes. Red cells¼developing dedifferentiation.

Table 4 Pathological features of precursor nodules

Cirrhotic nodules Dysplastic foci Low-grade dysplasia High-grade dysplasia

Background Develop in a cirrhotic liver Develop within a
cirrhotic nodule

Develop within a
cirrhotic nodule

Develop within a
cirrhotic nodule

Size 1–1.5 cm <1mm 1–1.5 cm 1–1.5 cm

General
macroscopy/phenotype

Similar looking nodules
in cirrhotic liver
surrounded by scars

Cannot be seen
macroscopically

Appear different from
both background
parenchyma and
cirrhotic nodules

Appear different from
both background
parenchyma and
cirrhotic nodules

Microscopy Normal hepatocyte Small cell change
in hepatocytes

No atypia, unpaired
arteries, no
architectural distortion

Cellular atypia

Genotype No change No change Changes Changes

Clonality None Possible beginning
of clonality

Yes. Iron, fat, and
copper containing cells

Yes

Benign/malignant Benign Benign Mild risk of malignant
transformation

High risk of malignant
transformation
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HCC are devoid of iron. Again iron overload can cause HCC in
a morphologically normal liver.

Cirrhotic nodules may store iron and are then called
siderotic nodules, which pathologically are early dysplastic
nodules.15,16 Once these nodules undergo neoplastic change
through early and progressed HCC, the neoplastic clone
becomes devoid of iron. This is because the neoplastic cells
use up iron, making them appear iron free on imaging. The
neoplastic cells may also appear iron free due to rapid
turnover of cells and apparent lack of available iron for
accumulation within the cells.17 On imaging, a siderotic
nodule in a cirrhotic liver is likely to be a dysplastic nodule.
Development of an iron-free nodule within this siderotic
nodule signals the development of a neoplastic clone. Iron
overload can cause chronic hepatocyte injury leading to CLD
and cirrhosis. This condition of the liver can cause HCC in a
mechanism as described earlier.18

HCC can also arise de novo in iron overload conditions
such as hereditary hemochromatosis and chronic blood
transfusion. The de novo development of HCC in an appar-
ently normal liver can be attributed to free radical–induced

oxidative stress injury followed by direct DNA damage as
well as suppression of tumor suppressor genes and P53
gene18 (►Table 6).

Fat, Chronic Liver Disease, and HCC

Fat may be detected in HCC on pathology and imaging. There
are different causes for the development of fat in HCC.
Steatotic livers can develop HCC. In such cases, fat is found
in the HCC nodules, both early and progressed as well as
dysplastic nodules.5,19,20

Table 5 Pathological features of early and progressed hepatocellular carcinoma (HCC)

Early HCC Progressed HCC

Size <2 cm >2 cm. If <2 cm, they are called small and progressed
and have a better prognosis

Capsule Absent Present; if absent, they are called infiltrative HCC and
have poor prognosis

Vascular invasion No Yes

Metastasis No Yes

Mosaic architecture No Yes, pathologically multiple nodules with septa,
hemorrhage, necrosis, and fat

Growth pattern Replaces liver parenchyma Expands, compresses, displaces, and destroys
liver parenchyma

Develop from High-grade dysplastic nodule Early HCC or high-grade dysplastic nodule

Distinction from
precursor

Early HCC shows stromal invasion,
not seen in dysplastic nodule

Size, vascular invasion, ability to metastasize

Table 6 Development of hepatocellular carcinoma (HCC) in
iron overload conditions

Iron overload—chronic liver disease—cirrhosis—HCC

Iron overload—free radical related oxidative injury—direct
DNA damage—HCC

Iron overload—free radical related oxidative injury—
suppression of tumor suppression gene and P53—HCC

Fig. 3 Two different conditions for multicentric hepatocellular carcinoma (HCC). (A) Development of multiple foci of carcinogenesis. (B)
Development of metastatic foci from a primary lesion.
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Inflammation-induced metaplastic processes (which in-
clude steatohepatitis) can cause the development of fat within
HCC. This inflammatory response may be due to an ischemic
change during transition of arterial supply to HCC (early
through progressed) from the paired to the unpaired artery.
In such cases, fat is present in late dysplastic nodules and early
HCC. As the unpaired arterial supply to the HCC resolves the
ischemic change, fat within the HCC disappears.21,22

On imaging as we progress from early dysplastic nodules,
through late dysplasia and early HCC, the fat content
increases either diffusely or within a subnodule. With in-
creasing size and grade, the fat content of the nodule
decreases.5

The third cause of fat in HCC is its development from an
intermediate fat-containing lesion, for example, steatohepa-
titic adenoma, inflammatory hepatocellular adenoma, and
sonic hedgehog hepatocellular adenoma.21 Unlike the above
condition, both early and progressed HCC developing from
intermediate fat-containing lesions retain fat throughout
grades and size (►Table 7).

HCC Appearance and Morphology on
Contrast-Enhanced MRI

Arterial Phase
The arterial phase referred to on imaging of a cirrhotic liver is
a late arterial phasewhere the acquisition is at approximate-
ly 25 to 30 seconds after injection of the contrast medium.

Generally, only about 20% of the blood flow to the liver is
contributed by the hepatic artery. Hence, in the arterial
phase, due to low contribution from the hepatic artery, the
liver appears hypointense/hypodense.

HCC typically shows aheterogeneous andmosaic pattern of
enhancement on the arterial phase in contrast to the
hypodensity/hypointensity of the background liver (►Figs. 4

and 5). This type of enhancement is called arterial phase
hyperenhancement (APHE) and should be differentiated
from peripheral rimlike arterial hyperenhancement, which
is named rimlike APHE. Differentials can be based on different
types of arterial phase enhancement as enumerated
in ►Table 8 (►Figs. 6,7,8,9).

Over its development, a cirrhotic nodule grows into a low-
grade dysplastic nodule, high-grade dysplastic nodule, early
HCC, and progressed HCC. In the course of this spectrum, the
portal venous contribution to the nodule withers away and
unpaired arterial supply takes precedence. In fact, the portal
triads reduce in number as the lesion progresses from a

benign nodule to a malignant one and the contribution from
the paired arteries also diminishes.

The unpaired arterial contribution to the nodule across its
journey froma cirrhotic nodule to a progressedHCC is akin to
neovascularization. An important feature of the neo-vessels
is the lack of order and pattern. They are also unpaired,
meaning they are not accompanied by bile ducts or portal
veins as is the norm. The neo-vessels grow in a bizarre
fashion and once they are perfused by the hepatic artery in
the late arterial phase, the pattern is as bizarre—mosaiclike
and heterogeneous. There is no fixed pattern of vessels and
hence there is no fixed pattern of enhancement. This hall-
mark imaging feature defines APHE.

The enhancement of the HCC ismore in comparison to the
background liver, which is being fed by the regular hepatic
artery contributing only 20%. Hence, APHE is more correctly
referred to as a phenomenon, in contrast to the background
liver parenchymal attenuation/intensity.

The APHE is not only because of unpaired hepatic arterial
contribution. Sinusoidal capillarization also contributes to
APHE. Sinusoids appear like systemic arteries due to base-
ment membrane formation and loss of fenestration of the
endothelium.23

The key differential for an arterial phase enhancing nod-
ule in a cirrhotic liver is an IHCC. The usual enhancement
pattern in IHCC is a rimlike APHE. The typical enhancement
pattern is, as the name suggests, in a rimlike peripheral
pattern encompassing a poorly enhancing core. The rim that
enhances is densely cellular and is the reason for enhance-
ment. The rim shows restriction on diffusion weighted
imaging, confirming its cellularity.

Portal Venous Phase
The portal venous phase is typically acquired between 70 and
90 seconds after injection of contrast. The liver is perfused
mainly by the portal vein that contributes 80% of the entire
flow to the liver. The rest of the blood flow to the liver is by
the hepatic artery. In the portal venous phase, the liver
appears hyperintense/hyperdense due to high portal venous
flow.

An early or progressed HCC will appear hypointense/
hypodense in comparison to the background liver, where
the portal venous contribution is 80%. This is called the
washout phenomenon (►Fig. 10).

The washout phenomenon is a result of drainage of blood
from the nodule by the portal vein. The early and progressed
HCC are drained by the portal vein. In the progressed HCC,
the hepatic veins also help drain blood from the nodule. The
resultant effect of portal vein feeding the background liver
rendering it hyperintense/hyperdense and on the contrary
draining blood away from the HCC results in the washout
phenomenon.

As a result of drainage of blood from the nodule by the
portal vein and to a lesser extent the hepatic vein, tumor
thrombi are also prone to traverse into the portal and hepatic
veins from the respective nodules, resulting inwhat is known
as “tumor in vein” (TIV) in the LI-RADS lexicon.

Table 7 Causes of fat in hepatocellular carcinoma (HCC)

Liver steatosis

Ischemia-induced inflammation and metaplasia during
transition of arterial supply from paired to unpaired artery

Development of HCC in fat-containing intermediate lesions,
e.g., steatohepatitic adenoma, inflammatory hepatocellular
adenoma, and sonic hedgehog adenoma
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Fig. 4 Schematic depiction of the interplay of hepatic arterial and portal venous flow in precursor nodules and hepatocellular carcinoma (HCC).
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Hepatic Venous Phase
A hepatic venous phase may not be routinely acquired on
imaging for HCC. This phase is acquired approximately
120minutes after injection of the contrast medium.

In the hepatic venous phase, the HCC nodule appears
hypointense to the background liver parenchyma. In this
phase, the liver is still being perfused by portal venous blood.
Since the HCC is being drained by the portal and hepatic
veins, it stands out as a hypodense/hypointense nodule in the
hepatic venous phase. As mentioned earlier, hepatic venous
drainage of blood from HCC facilitates tumor thrombus
within the hepatic vein as well.

Capsule is a feature of progressed HCC that is best
observed on the venous phase. The capsule does not contain
hepatocytes or malignant cells, but consists of a fibrous and a
vascular layer. On contrast administration, the vascular layer
enhances first. There is delayed enhancement of the fibrous
layer and, hence, on the delayed scans after administration of
contrast, the capsule is better appreciated (►Figs. 11 and 12).

The corona phenomena are a feature of progressed HCC.
Small portal venules carry blood away from the tumor
through the capsule into the adjoining sinusoids, best seen
on the delayed arterial phase of the portal venous phase
(►Figs. 13 and 14).

In the portal venous phase, tumors that have infiltrated
the venules show enhancement. This leads to an appearance
of nodules adjoining the main nodule, also called satellite

nodule (►Fig. 15). Satellite nodules are in actuality intra-
hepatic metastasis and a feature of progressed HCC.

Delayed Hepatobiliary Phase on MRI
The delayed hepatobiliary phase is obtained after 1 to
3hours in case gadobenate dimeglumine (Gd-BOPTA) is

Fig. 5 Axial contrast-enhanced magnetic resonance imaging (MRI;
arterial phase) of the liver showing an arterial phase hyperenhance-
ment (APHE) nodule (yellow arrow) in the right lobe.

Table 8 Differentials of lesions showing arterial phase hyperenhancement in liver

Mosaic APHE (►Fig. 6) Hepatocellular carcinoma (HCC), fibrolamellar HCC, conglomerated metastasis

Rimlike APHE (targetoid
enhancement; ►Fig. 7)

Intrahepatic cholangiocarcinoma (IHCC)/metastasis, atypical HCC

Diffuse enhancement (►Fig. 8) Flash filling hemangioma, focal nodular hyperplasia (FNH), hepatic adenoma, small
metastasis

Ring enhancement (►Fig. 9) Metastasis, HCC (atypical), IHCC, postinfection/inflammation, ablation

Abbreviations: APHE, arterial phase hyperenhancement.

Fig. 6 Mosaic pattern of enhancement in hepatocellular carcinoma
(HCC).

Fig. 7 Rim arterial phase hyperenhancement in intrahepatic chol-
angiocarcinoma (yellow arrow).
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administered, since only 5% of this contrast media shows
biliary excretion. Gadoxetate disodium has 50% biliary ex-
cretion and hence if this is the contrast administered, the
hepatobiliary phase is obtained at 15 to 30minutes after
administration.

The appearance of any lesion on the hepatobiliary phase
depends on the expression of the organic anionic trans-
porting peptide (OATP) receptor on the lesion. As a nodule
progresses from an early dysplastic nodule to a progressed
HCC, the OATP expression falls. Hence, the progressed HCC
appears as a hypointense nodule (lack of OATP receptor
expression) on the background of a liver that is hyperintense
(due to normal expression of OATP receptors of normal
hepatocytes; ►Fig. 16).

OATP receptor expression is inversely related to the grade
of HCC. Hence, low expression of OATP resulting in a hypo-

Fig. 8 Flash filling hemangioma in the right lobe of liver (yellow oval)
showing diffuse enhancement.

Fig. 9 Differential diagnosis of arterial phase hyperenhancement
(APHE). A metastatic nodule in the left lobe of the liver (yellow arrow)
showing rim enhancement.

Fig. 10 Portal venous washout phenomenon in hepatocellular car-
cinoma (HCC; yellow arrow).

Fig. 11 Schematic diagram of the capsule in hepatocellular carcinoma (HCC) showing underlying histopathology. Arrow¼ inner fibrous layer.
Arrowhead¼ outer vascular layer.
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intense HCC nodule in thehepatobiliary phase indicates poor
prognosis24,25 (►Fig. 17).

The above-mentioned hepatocyte-specific contrast
agents cannot produce a good hepatobiliary phase imaging
in case of jaundice, where bilirubin is above 2mg/dL. This is
because the intracellular uptake of contrast by the diseased
hepatocytes is suboptimal and as a result excretion into
biliary channels is inadequate.

Gadoxetate disodium is not available in India. Since this
contrast has a 50% excretion through the biliary system and
the hepatobiliary phase is obtained between 15 and
30minutes after injection of contrast, an overlap with the
portal and hepatic venous phase is evident, also called the
transitional phase.

A comparative table of the appearance of the precursor
nodules and early and progressed HCC on different phases of
contrast study is as tabulated in ►Table 9.

HCC Appearance and Morphology on
Noncontrast MRI

Diffusion Weighted Images
Cellularity is the basis of diffusion restriction for any neo-
plastic lesion including HCC. HCC is a slow-growing tumor
with lowcellularity.Moreover, the background cirrhotic liver
has a higher diffusion restriction due to fibrosis and as a
result the diffusion signal of HCC does not stand out in the

Fig. 12 Hepatocellular carcinoma (HCC) capsule. Portal venous and
hepatic venous phases show progressive prominence of the capsule
(yellow arrow).

Fig. 13 Schematic diagram showing pathological basis of corona enhancement. Black arrowhead¼ hepatic artery. Blue arrows¼blood flow
through portal venules.White arrowhead¼ capsule. Small portal venules are seen to carry blood away from the tumor (red shaded region) through
the capsule into the adjoining sinusoids, giving rise to corona enhancement (blue shaded region).

Fig. 14 Corona enhancement. Axial contrast-enhanced magnetic
resonance imaging (MRI) showing corona phenomenon on the portal
venous phase.
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background of cirrhosis. Diffusion restriction is thus not a
consistent imaging feature for HCC. Diffusion weighted
imaging (DWI) is placed as an ancillary feature in the LI-
RADS lexicon (►Figs. 18 and 19).

T2 Signal
HCC appears to be an intermediate signal on T2. The lesions
are more cellular than the background liver and, along with
cellular edema, show an intermediate signal on T2-weighted
imaging (T2WI).

A nodule-in-nodule appearance is found in HCC in
contrast imaging as well as T1 and T2 sequences. They

Fig. 15 Schematic diagram of satellite nodules in hepatocellular
carcinoma (HCC). Arrows¼ satellite nodules. Black arrowhead¼portal
venules, through which tumor cells are carried to adjacent hepatic
tissue, forming satellite nodules.

Fig. 16 Schematic diagram showing gradual reduction of organic anion transporting polypeptide (OATP) expression as precursor nodules
dedifferentiate into hepatocellular carcinoma (HCC).

Fig. 17 Focal retention of contrast in hepatocellular carcinoma (HCC)
on the hepatobiliary phase (yellow arrow).

Table 9 Contrast-enhanced magnetic resonance imaging (MRI) features of precursor nodules and hepatocellular carcinoma (HCC)

Arterial phase Portal venous phase Hepatobiliary phase

Cirrhotic nodule Isointense Iso-/hypointense Iso-/hyperintense

Low-grade dysplasia Iso-/hypointense Iso-/hypointense Isointense

High-grade dysplasia Iso-/hypointense Iso-/hypointense Iso-/hypointense

Early HCC Iso-/hypointense Iso-/hypointense Iso-/hypointense

Progressed HCC APHE Hypointense Hypointense, rarely hyperintense

Abbreviations: APHE, arterial phase hyperenhancement.

Fig. 18 Axial diffusion weighted imaging (DWI) and apparent diffu-
sion coefficient (ADC) images of hepatocellular carcinoma (HCC) in
the right lobe of the liver (yellow arrow) showing restricted diffusion.
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may also be appreciated on DWI. Pathologically, the larger
nodule is a cirrhotic nodule within which there is clonal
proliferation of a dysplastic nodule or an early/progressed
HCC (►Fig. 19).

In- and Opposed-Phase Images
Fat-containing HCC does occur especially in the background
of a fatty liver. NAFLD is themost common risk factor for HCC
in thewesternworld. CLD as a result of NAFLDmay showHCC
with fat contents. This fat may appear as a signal drop in the
opposed-phase images (►Fig. 20). Fat in HCC may also be a
result of inflammation-induced metaplastic phenomenon,
where fat is producedwithin the tumor. Intermediate lesions
like fat-containing adenomas may convert to HCC and show
fatty contents. The fat (macro- and microscopic) signals on
MRI and CT are tabulated in ►Table 10.

A comparative table of the signals of the precursor
nodules and early and progressed HCC is presented
in ►Table 11.

T1 Signal
The T1 signal in HCC can be usually isointense or marginally
hyperintense. Since the HCC cell is phenotypically similar to

Fig. 19 Nodule within nodule appearance on T2 corresponding with diffusion restriction on diffusion weighted imaging (DWI) and apparent
diffusion coefficient (ADC) images (yellow arrows).

Fig. 20 Drop in signal on the T1 opposed-phase image (yellow arrow)
suggestive of microscopic fat within the lesion. Note the drop in signal
of the background liver on T1 opposed-phase images suggestive of
diffuse hepatic steatosis.

Table 10 Fat signals on magnetic resonance imaging (MRI)

Microscopic fat in
hepatocellular carcinoma (HCC)

Drop in signal in T1 opposed-phase images

Macroscopic fat in HCC Hyperintense signal on T1
Drop in fat-saturated images

Hypodensity (fat density) on computed
tomography (CT)

Table 11 Magnetic resonance imaging (MRI) features of precursor nodules and hepatocellular carcinoma (HCC)

T1 in-phase T1 opposed phase T2 Diffusion weighted
imaging (DWI)

Cirrhotic nodule Isointense No signal drop Iso/hypointense No restriction

Low-grade dysplasia Hyper-/isointense Signal drop only for fat Iso-/hypointense No restriction

High-grade dysplasia Hyper-/isointense Signal drop only for fat Iso-/hypointense No restriction

Early HCC Hyper-/isointense Signal drop only for fat Iso-/hypointense Restriction �
Progressed HCC Hyper-/iso-/

hypointense
Signal drop only for fat Hyper-/iso-/

hypointense
Restriction �
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a normal hepatocyte, the HCC cell and the background liver
appear similar in T1 signal. This is contrary to a hepatic
metastasis that appears markedly hypointense to the back-
ground liver, since the metastatic cells are not of liver
origin. The marginal hyperintensity of HCC may be attrib-
uted to mineral or fatty contents. Hemorrhage is not
uncommon in HCC and can also contribute to T1 hyper-
intensity (►Fig. 21).

Newer Variants of HCC

Several new variants of HCC have been described in the
World Health Organization Classification System revised in
2019,26 of which the steatotic variant has already been
described earlier. Nearly a third of all HCC can be classified
under these new variants and there are prognostic implica-
tions26,27 and imaging differences as well (►Table 12).

Proliferative and Nonproliferative HCC

Genetic and molecular analyses classify HCC into a prolifer-
ative variety with poor prognosis and a nonproliferative
variety with good prognosis. Both genetic/molecular and
imaging biomarkers can aid in this classification process and
are enumerated in ►Table 13.

Conclusion

Diagnosis of HCC has achieved significant specificity after
incorporation of the LI-RADS system of standardized report-
ing. Understanding the pathological basis of the observation
of LI-RADS is important for the radiologist to communicate
effectively with pathologists and clinical colleagues for bet-
ter diagnosis and management of HCC.
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Fig. 21 Intralesional signal drop on the T1 in-phase image (yellow
arrows) suggestive of mineral/iron content.

Table 12 Features of newer variants of hepatocellular carcinoma (HCC)

Pathology AFP levels Imaging features Prognosis

Steatohepatitic HCC Fatty liver Signal drop on opposed-phase
images, T2 hyperintense

Good

B-catenin-mutated HCC Iso- to hyperintense on
hepatobiliary phase

Good

Macrotrabecular
massive HCC

Macrotrabecular
pathological pattern

High Large with mostly necrosis. Arterial
enhancement at the periphery

Poor

Scirrhous HCC >50% fibrotic component Rim APHE with central hypointense
area

Poor

Clear cell HCC Cellular glycogen with
clear cell morphology

Normal Similar to classic HCC Good

Fibrolamellar HCC Normal Central scar and calcification. The
scar is hypointense, and the rest of
the lesion is hyperintense on T2

Good

Abbreviations: AFP, alpha fetoprotein; APHE, arterial phase hyperenhancement.

Table 13 Features of proliferative and non-proliferative HCC

Nonproliferative Proliferative

Grade/
differentiation

Well
differentiated

Moderately or
poorly differentiated

Mutations CTNNB1/JAK/
STAT pathways

TP53 mutation,
VEGF activation

Size Small Large

Number Single Multiple

Necrosis Low Extensive

Fat Yes No

Satellite nodules No Yes

Internal arteries No Yes

Rim APHE No Yes

ADC Higher Lower

Biliary invasion No Yes

Hepatobiliary
phase

Hyperintense Hypointense

Abbreviations: APHE, arterial phase hyperenhancement; ADC, apparent
diffusion coefficient; CTNNB1, catenin beta 1; JAK/STAT, Janus kinase /
signal transducers and activators of transcription; TP53, tumor protein
53; VEGF, vascular endothelial growth factor
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