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Hepatocellular carcinoma (HCC) is the most common primary liver malignancy, and represents 
a significant global health burden with rising incidence rates, despite a more thorough 
understanding of the etiology and biology of HCC, as well as advancements in diagnosis 
and treatment modalities. According to emerging evidence, imaging features related to 
tumor aggressiveness can offer relevant prognostic information, hence validation of imaging 
prognostic features may allow for better noninvasive outcomes prediction and inform the 
selection of tailored therapies, ultimately improving survival outcomes for patients with HCC.  
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INTRODUCTION

Primary liver cancer is the sixth most prevalent cancer 

worldwide and the fourth leading cause of cancer-related 

mortality, with a 5-year survival rate of 18%.1 Hepatocellular 

carcinoma (HCC), which accounts for about 90% of primary 

liver cancers,2 typically arises in the setting of chronic liver 

disease and cirrhosis. Clinical practice guidelines such as that 

published by the Barcelona Clinic Liver Cancer (BCLC) in-

corporate tumor stage, underlying liver disease severity, po-

tential transplant candidacy, and patient functional status as 

important factors to define management strategies, which 

range from curative options like transplantation or resection 

for early-stage disease to noncurative options like systemic 

therapy for advanced stage disease.3,4

Despite treatment being selected based on tumor stage, the 

prognosis of HCC is heterogenous and remains poor with a 

median survival of 6-10 months and an average 5-year sur-

vival rate of 18% in the United States.1,5,6 Poor outcomes are 

attributed to challenges with early detection that lead to later 

stage at presentation, the scarcity of available transplant or-

gans, and considerable tumor molecular heterogeneity.7 For-

tunately, growing evidence suggests that imaging features re-

lated to tumor aggressiveness can provide prognostic 

information and might aid in the selection of tailored thera-

pies.8 Currently, pathomolecular features are measurable 

only through biopsy or resection/transplantation. Biopsy is 

prone to sampling error and histopathology from surgery is 

unavailable at the time of initial treatment selection. While 

evidence is emerging that prognostic imaging features may 
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hold value, further validation and understanding of the clini-

cal utility of prognostic imaging features is needed. This re-

view will focus on potential imaging prognostic features and 

their association with histological findings. Before delving 

into the imaging features, it is important to review the patho-

logical and molecular phenotypes of HCC that form the cur-

rent basis of our understanding of prognosis. 

SUBTYPES OF HEPATOCELLULAR  
CARCINOMA

A major driver of biological heterogeneity in HCC is mo-

lecular heterogeneity. HCC demonstrates substantial molec-

ular heterogeneity, both intertumorally and intratumorally. 

Intratumoral heterogeneity can lead to the development of 

tumor subpopulations with distinct risks of recurrence, met-

astatic capacity, and sensitivity to different therapies.9 Several 

reports have established a molecular and immune categoriza-

tion of HCC based on genomic, epigenomic, histopathologi-

cal, and immunological assessments.10-12 The most extended 

HCC molecular classification distinguishes between the pro-

liferative class and the non-proliferative class and depending 

on the degree of immune cell infiltration there’s two main 

classes; inflamed or hot tumors and non-inflamed or cold 

tumors.

Although we now have a better grasp of the molecular 

drivers of disease pathophysiology, there remains much to be 

discovered and clinical application of this information is yet 

to be achieved. While the most prevalent mutations (e.g., 

mutations in the TERT promoter, CTNNB1, and TP53) are 

not clinically actionable, 25% of HCCs contain potentially 

targetable driver changes (e.g., VEGF/VEGFR, GPC-3 ), 

which can be identified by next-generation sequencing stud-

ies.13-15 The use of these markers to predict response remains 

elusive however, for example studies show that the presence 

of programmed cell death protein 1 (PD-1)/programmed 

cell death ligand 1 (PD-L1) is not predictive of response to 

PD-1/PD-L1 checkpoint inhibition. 

Over the last decade, global efforts in HCC genetic subtyp-

ing along with examinations of the associated clinical, etio-

logical, and histological aspects have greatly enhanced the 

sub-categorization of HCC, resulting in the identification of 

specific molecular classes. Specifically, HCCs are divided into 

two broad classes, the proliferative and non-proliferative 

classes, each of which includes various subclasses previously 

identified across multiple studies.16-19 These two classes are 

associated with distinct liver disease etiologies, clinical and 

pathological features, and patient outcomes, and so may be 

useful in prognostication.11

Along with molecular classes, HCCs can be categorized 

into pathological subtypes. Approximately 35% of HCC can 

be classified into one of eight distinct pathological subtypes 

(i.e., macrotrabecular massive, steatohepatitic, scirrhous, fi-

brolamellar, chromophobe, lymphocyte-rich, clear cell and 

neutrophil-rich), while the remainder referred to as not-oth-

erwise specified HCC. In previous World Health Organiza-

tion classifications, combined hepatocellular-cholangiocarci-

noma was also considered a subtype of HCC; however, this is 

now recognized as a distinct entity. Though the relationship 

between these classification systems is not well established, 

generally the clear cell, sarcomatoid, pleomorphic, scirrhous, 

and macrotrabecular tumors are considered to belong to the 

proliferative class, while steatohepatitic and microtrabecular 

tumors belong to the non-proliferative class.20 Assigning an 

HCC to a particular pathological subtype may be advanta-

geous for selection of specific therapies, for example those 

that enhance the immune to tumors.

1. Proliferative class

Proliferative tumors account for approximately 50% of 

HCCs and are diverse, with considerable abundance in pro-

liferation-related signaling pathways such as PI3K-AKT-

mTOR, RAS-MAPK, and MET cascades.17,18,21,22 Chromo-

somal instability appears to be a driving factor in these 

tumors, with TP53 inactivation and FGF19  and/or CCND1 

amplifications being particularly prevalent.23,24 This class also 

includes the majority of gene expression patterns linked to 

tumor recurrence,25 decreased survival time,26 and poor clini-

cal outcomes. Several studies11,27,28 have suggested that there 

are two major subclasses within the proliferative class: a 

WNT-TGF β group (also known as S1 tumors) characterized 

by activation of non-canonical WNT; and a progenitor cell 
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group (also known as S2 tumors) characterized by overex-

pression of epithelial cell adhesion molecule (EpCAM), al-

pha-fetoprotein (AFP), and insulin like growth factor-2, as 

well as a distinct DNA hypermethylation signature.29 Clini-

cally, tumors of the proliferative class are more prevalent in 

hepatitis B virus-linked HCC, associated with higher levels of 

serum alpha-fetoprotein, increased aggressiveness, and a 

poorer prognosis.22

A newly identified morphological variation of proliferative 

HCC is the macrotrabecular-massive HCC (MTM-HCC) 

subtype, which accounts for 5-15% of HCC and has poor 

prognosis due to increased invasiveness and metastatic dis-

semination.30-33 MTM-HCC is associated with substantial 

necrosis, low apparent diffusion coefficient (ADC) values, 

large size,34-36 and the vessel encapsulated tumor clusters pat-

tern (VETC). VETC is a process through which tumors may 

enclose cells that have drifted and are in the blood stream in 

order to shield them from immune response and apoptosis. 

VETC is a negative prognostic factor associated with high 

AFP, larger size, worse grade, high rate of microvascular in-

vasion (MVI) and few inflammatory infiltrates with a detri-

mental influence on survival.37

The typical imaging appearance of other subtypes, such as 

scirrhous and neutrophil-rich HCC, remains poorly charac-

terized. These HCCs may be distinguished by a greater prev-

alence of targetoid dynamic enhancement pattern (of the 

LR-M classification according to the Liver Imaging Report-

ing and Data System [LI-RADS] criteria), pronounced hepa-

tobiliary phase (HBP) hypointensity, low ADC values, and 

non-smooth tumor margins.38-40

2. Non-proliferative class

The non-proliferative class of HCC accounts for 50% of 

HCC.11,21 These tumors maintain hepatocyte-like character-

istics, including activation of the canonical WNT signaling 

pathway, mostly through mutations in CTNNB1  (encoding 

β-catenin),11,41 and a greater rate of TERT  promoter muta-

tions. Within this molecular subgroup, CTNNB1 -mutated 

HCCs are a homogeneous subtype with cholestasis, micro-

trabecular, and pseudoglandular architectural features. Clini-

cally, non-proliferative class tumors are associated with spe-

cific etiologies of underlying liver disease including alcohol 

use, hepatitis C virus and nonalcoholic steatohepatitis.22 In 

comparison to the proliferative class, the non-proliferative 

class generally consists of less aggressive, well-differentiated 

tumors associated with lower levels of serum alpha-fetopro-

tein and better clinical outcomes. For instance, steatohepatit-

ic HCC (SH-HCC), the most prevalent subtype (5-20% of 

HCCs), is characterized by smaller size and often contains 

fat.SH-HCC has a generally less aggressive character and has 

been associated with distinct molecular characteristics, in-

cluding frequent IL-6-JAK-STAT pathway activation without 

changes in CTNNB1, TERT and TP53  pathways, lower his-

tologic grade, less frequent MVI, fewer metastasis, as well as 

background nonalcoholic fatty liver disease and the metabol-

ic syndrome.20,36,42,43

PROGNOSTIC IMAGING FEATURES

There is growing evidence suggesting that certain imaging 

features have prognostic value and are correlated with histo-

logical factors that impact survival outcomes (Table 1). Inte-

gration of imaging prognostic features in clinical manage-

ment algorithms may help tailor treatment strategies for 

patient with HCC. For example, patients with early-stage 

HCC and imaging features portending a good prognosis may 

be candidates for less aggressive curative-intent treatment 

options, while those with poor prognostic features may ben-

efit from more aggressive treatments (e.g., surgery over abla-

tion or wide-margin over narrow-margin resection). Thus, 

prognostic imaging features have the potential to serve as 

non-invasive decision-making biomarkers for optimizing 

treatment selection for HCC patients. The following sections 

describe several novel prognostic imaging features and the 

current evidence. 

1. Tumor margin

Tumor margin refers to the outer contour of the mass or 

lesion of interest. Tumor margin may be described as either 

smooth or irregular. Tumors with smooth margins are well-

circumscribed about the entirety of the tumor, lacking irreg-

ularities or projections. These tumors are typically histologi-
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Table 1. Summary of the imaging prognostic features and their respective implications

Imaging feature Definition Pathomolecular associations and outcomes References 

Better prognosis

Smooth tumor  
margin

Tumor margin, in its entirety, is uninterrupted, 
free from irregularities or projections, and 
well-defined

Nonproliferative subtypes
Encapsulated tumors, lower frequency of invasion into 

the surrounding liver parenchyma

44, 45, 101

HBP iso/hyper 
intensity 

HBP isointensity, when lesion intensity in the 
HBP is nearly identical to liver

HBP hyperintensity, when lesion intensity in 
the HBP is higher than that of the liver

Well to moderately-differentiated tumors, lower rates of 
MVI 

Less likely to show infiltrative or scirrhous patterns on 
histology

Increased expression of beta-catenin, which increases 
expression of OATP1B3; increased production of HNF4-
alpha, which suppresses hepatocyte proliferation and 
HCC expansion

8, 69-76

Worse prognosis 

Non-smooth tumor 
margins

Tumor margin, at least in part, is irregular and/
or has areas of bulging, nodular projection, 
or infiltration into adjacent tissues

MVI, proliferative subtypes, particularly progenitor and 
MTM subtypes

Infiltrative growth pattern, tumor in vein, and 
extrahepatic metastasis

CK19 positivity

39, 40, 46-53, 102

HBP hypointensity Mild HBP hypointensity, when lesion intensity 
in the HBP is lower than that of liver but 
higher than that of vessels

Marked HBP hypointensity when lesion 
intensity in the HBP is lower than that of 
liver and similar to or lower than the vessels 
in the liver

MVI, higher AFP levels, higher likelihood of tumor in vein
Degree of HBP hypointensity is related to tumor 

differentiation;  mild HBP hypointensity associated 
with better tumor differentiation marked HBP 
hypointensity associated with poorly-differentiated 
tumors and progenitor type HCC

8, 39, 52, 78, 79

Tumor in bile duct Presence of tumor in bile duct lumen MVI, advanced stage at presentation, poor histologic 
differentiation

Capsular invasion, intrahepatic metastasis, and tumor  
in vein

80, 82, 83

HBP peritumoral 
hypointensity 

Non mass like hypointensity of liver adjacent 
to a mass in the hepatobiliary phase

MVI
Higher recurrence rates after treatment, poorer overall 

survival

54-56, 60, 61

Peritumoral 
hyperenhancement 

Non-mass like area of liver adjacent to a mass 
with hyperenhancement in the arterial 
phase and fade in the postarterial phases

MVI, higher pathologic grade, MTM subtype
High rates of early recurrence post-treatment

52, 54, 62, 63, 65, 67

Tumor ischemia and 
necrosis

Slowly enhancing (ischemia) or non-
enhancing (necrosis) area in a solid mass, 
not attributable to cystic component, prior 
treatment or intralesional hemorrhage

MVI, proliferative subtypes especially MTM
Increased metastatic potential, poorer sensitivity  

to radiotherapy and chemotherapy

8, 34, 87,  

89-91

Diffusion restriction 
and low ADC value

Signal intensity higher than that of liver on 
high b-value diffusion-weighted images 
(e.g., b≥400 s/mm2), not caused only by T2 
shine-through

ADC value lower than or similar to liver, 
synonymous with diffusion restriction

Increased cellularity, increased nucleus-to-cytoplasm 
ratio, and decreased extracellular matrix

MVI, poor differentiation, tumor in vein, increased 
metastatic potential

Low ADC associated with early recurrence after 
resection

8, 40, 52, 66, 86, 92-95

Multifocal HCC Multiple observations in the liver that, in 
aggregate, are interpreted as advanced HCC

Increased extrahepatic metastatic potential, MVI
CK19 positivity, worse grade, early recurrence

40, 52, 66, 92, 96-99, 

103

HBP, hepatobiliary phase; MVI, microvascular invasion; OATP1B3, organic anion transport polypeptide 1B3; HNF, hepatocyte nuclear factor; HCC, 
hepatocellular carcinoma; CK19, cytokeratin 19; AFP, alpha-fetoprotein; MTM, macrotrabecular massive; ADC, apparent diffusion coefficient.
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cally encapsulated with lower frequency of invasion into the 

surrounding liver parenchyma.44 Previous work has found 

that smooth tumor margins are associated with non-prolifer-

ative subtypes of HCC.45 In contrast, irregular tumor mar-

gins, which are at least partially nodular or infiltrative, have 

been associated with proliferative HCCs, particularly the 

progenitor as well as the macrotrabecular-massive (MTM) 

subtypes.46 The irregular margins are thought to be a conse-

quence of the aggressive growth pattern characteristic of pro-

liferative HCCs.39,45,47 Poorly differentiated HCC can display 

stem cell markers such cytokeratin 19 or EpCAM.48 Choi et 

al.40 observed that irregular margin on gadoxetic acid–en-

hanced HBP images is associated with cytokeratin 19 positiv-

ity, which portends early recurrence rates and high mortality. 

Further, irregular tumor margins on pre-operative computed 

tomography (CT) and magnetic resonance imaging (MRI) 

have been repeatedly shown to be strong indicators of 

MVI.44,46,49 Patients with MVI have higher recurrence rates 

and lower survival after resection compared to those without 

MVI.39,46,47,50,51 Tumors with irregular margins and parenchy-

mal infiltration at imaging are more likely to demonstrate 

histologically infiltrative growth, tumor in the vein, and ex-

trahepatic metastasis.52,53

2. Hepatobiliary phase peritumoral hypointensity

HBP peritumoral hypointensity, a “wedge-shaped” or 

“flame-like” region of low signal intensity outside the tumor 

margin on HBP MRI, has been associated with poor patient 

outcomes.54,55 Previous work has shown that HBP peritu-

moral hypointensity is highly correlated with MVI.55,56 Kim 

et al.55 suggested that HBP peritumoral hypointensity with-

out associated signal intensity changes on non-HBP se-

quences represents the change in function of hepatocytes 

surrounding the tumor. This explains why this imaging find-

ing has a high specificity yet low sensitivity for MVI, as al-

tered hepatocyte function is thought to occur later in the 

course of MVI development and expansion.55 Chen et al.57 

showed that hemodynamic alterations due to tumoral ob-

struction of portal venules lead to decreased organic anion 

transport polypeptide 1B3 (OATP1B3), a contributor to car-

cinogenesis and poor prognostic indicator. OATP1B3 is a 

transport ion involved in the uptake of bile salts and aids in 

the uptake of hepatocellular contrast agents.52 Accordingly, 

reduced expression of OATP1B3 is associated with decreased 

intensity in the HBP. Previous studies have shown that pa-

tients with tumors demonstrating HBP peritumoral hypoin-

tensity had higher recurrence rates after treatment and poor-

er overall survival than those without peritumoral HBP 

findings.58,59 Kang et al.60 demonstrated that rate of local tu-

mor progression was higher in patients with HBP peritu-

moral hypointensity after radiofrequency ablation, likely due 

to the presence of MVI.60,61

3. Peritumoral arterial phase hyperenhancement 

Hyperenhancement of liver parenchyma adjacent to a tu-

mor in the arterial phase with fade (isointensity or near 

isointensity) in the later post-contrast phases has been shown 

to be an independent risk factor for higher pathological 

grade.62 When occurring in the early arterial phase, this find-

ing is associated with MVI (Fig. 1).52,54,62,63 Though the patho-

physiology of this phenomenon is unclear, it is hypothesized 

to be due to tumor obstruction of venules leading to direct 

connections between tumor and hepatic sinusoids, or alter-

natively compensatory arterial supply from reduced venous 

flow.52,64 Regardless, patients with early peritumoral hyperen-

hancement have a worse prognosis with higher rates of early 

recurrence.65 

When peritumoral hyperenhancement occurs in the late 

arterial phase, it is described as “coronal enhancement” and 

has been linked to early draining of contrast from the tumor 

sinusoids or portal venules (Fig. 2).54 These drainage path-

ways carry contrast to the peritumoral liver parenchyma, re-

sulting in enhancement seconds after initial enhancement of 

the tumor itself.66 Tumors demonstrating corona enhance-

ment are typically hypervascular, and the finding is a poor 

prognostic indicator most closely associated with the macro-

trabecular massive subtype of HCC.52,67 Large or irregularly 

shaped corona enhancement is also associated with MVI and 

recurrence in the form of satellite nodules after resection or 

ablation.66 Li et al.67 showed that in non-metastatic tumors 

with corona enhancement, liver resection provided greater 

survival benefit over transcatheter arterial chemoemboliza-
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tion (TACE), showing the clinical implications of this imag-

ing finding. 

4. Hepatobiliary phase intensity

In primary hepatocellular tumors, hepatobiliary contrast 

agent uptake is related to the number and function of organ-

ic anion transport polypeptide (OATP) receptors and has 

Figure 2. HCC in a 53-year-old man with chronic hepatitis B. Axial dynamic pre-contrast (A), late arterial phase (B), portal venous phase (C), and 
delayed phase (D). MRIs show a 4.7 cm mass (orange arrow) with late arterial phase peritumoral hyperenhancement (yellow arrow) which fades in 
the later phases. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

A

C

B

D

A

C

B

D

Figure 1. HCC in a 54-year-old man with chronic hepatitis B. Axial dynamic pre-contrast (A), early arterial phase (B), portal venous phase (C), and 
delayed phase (D). MRIs show an 8.3 cm mass (orange arrow) with early arterial phase peritumoral hyperenhancement (yellow arrow) that fades in 
the later phases. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.
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been correlated with the degree of tumor differentiation.68 

HCC may be hypointense or iso/hyperintense compared to 

the liver parenchyma in the HBP.

Specifically, HCCs with HBP iso/hyperintensity tend to be 

well-differentiated and are associated with favorable survival 

outcomes.69 HBP hyperintensity has been associated with in-

creased expression of beta-catenin, which increases expres-

sion of OATP1B3, as demonstrated by Kitao et al.70 HBP hy-

perintense HCCs have also been associated with increased 

production of hepatocyte nuclear factor 4-alpha, which sup-

presses hepatocyte proliferation and HCC expansion.71,72 

Histologically, these tumors are well to moderately differen-

tiated.71 Kim et al.73 also showed that hyperintense tumors on 

HBP have lower rates of MVI and less likely to show infiltra-

tive or scirrhous patterns on histology. According to the LI-

RADS 2018, lesions that appear isointense relative to the liver 

are likely to be benign.74 Approximately 8% of HCCs appear 

isointense on HBP imaging, primarily those of the non-pro-

liferative subtypes.52,75 Park et al.76 demonstrated that like hy-

perintense lesions, isointense lesions are associated with low-

Figure 3. HCC in a 47-year-old female with chronic hepatitis B. Axial dynamic pre-contrast (A), early arterial phase (B), portal venous phase (C), 
and delayed phase (D) as well as coronal delayed post-contrast (E) and T2-weighted (F). MRIs show a 6.7 cm mass (orange arrow) with tumor in 
bile duct (yellow arrow) and upstream ductal dilation. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

A

E

C

B

D

F
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er histological grade and typically well-differentiated.

HBP hypointensity has been shown to be a sensitive diag-

nostic feature of HCC.77 HBP hypointense HCCs have a 

worse prognosis and increased likelihood for post-surgical 

tumor recurrence compared with the HBP iso/hyperintense 

ones.78 As with peritumoral HBP hypointensity, tumor hy-

pointensity has also been associated with MVI.52 The degree 

of HBP hypointensity can also provide insight into the ag-

gressiveness of HCC. Mild hypointensity is present when le-

sion intensity in the HBP is lower than that of liver but higher 

than that of vessels and a sign of better tumor differentiation. 

Marked hypointensity, where lesion intensity in the HBP is 

lower than that of liver and similar to or lower than that of 

intrahepatic vessels, associated with poorly-differentiated tu-

mors or the progenitor-type HCC.39,52 Moreover, patients 

with HBP hypointense lesions typically have higher levels of 

AFP and a higher likelihood of portal venous invasion than 

those with HBP hyperintense lesions.79

5. Tumor in bile duct

The presence of tumor within bile duct can be secondary 

to HCC, intrahepatic cholangiocarcinoma, or combined tu-

mors (Fig. 3). In HCC, bile duct invasion is less common 

than vascular invasion and is not well characterized in the lit-

erature.52 Even the specific constellation of imaging findings 

that define the presence of tumor in bile duct (including en-

hancing soft tissue within a bile duct and ductal dilation) 

have not been precisely defined. Jang et al.80 demonstrated 

that bile duct invasion most frequently occurred in the pres-

ence of MVI and is associated with higher mortality. Howev-

er, bile duct invasion remains controversial as a prognostic 

indicator, with some studies suggesting that prognosis is 

similar between those with and without bile duct involve-

ment.81 Jang et al.80 described that the finding of bile duct in-

vasion may be best used as a prognostic indicator in early-

stage HCC. Navadgi et al.82 conducted a systematic review 

which showed that patients with bile duct involvement had 

more advanced stage HCC with poor histologic differentia-

tion and inferior survival following resection. It has been 

previously demonstrated that capsule infiltration, intrahe-

patic metastasis, and portal venous invasion were associated 

with bile duct invasion, showing the infiltrative tendency of 

these tumors.83

Multiple hypotheses have been proposed to explain the 

relatively poor prognosis associated with bile duct invasion, 

though with little known about the molecular pathways driv-

ing this process, there is little consensus in the literature.80,82 

Qin et al.84 demonstrated the utility of detecting this finding, 

as early detection and intervention can improve patient out-

comes. Additionally, appropriate treatment selection may 

benefit from differentiating HCC from cholangiocarcinoma 

as the source of tumor in bile duct. Despite sharing some im-

aging features, HCC bile duct invasion tends to exhibit arte-

rial phase hyperenhancement with early washout in the por-

tal venous phase on CT, while cholangiocarcinoma shows 

irregular wall thickening and narrowing of the bile duct lu-

men.83,85

6. Tumor ischemia and necrosis 

The imaging finding ischemia describes as an area within a 

solid mass that enhances slowly or not at all, when compared 

to the rest of the mass (Fig. 4). This should not be confused 

with intralesional hemorrhage or hypoenhancement follow-

ing treatment of a lesion. When present in HCC, ischemia is 

associated with MVI.36 However, this finding can be difficult 

to assess in lesions with nodule-in-nodule or mosaic appear-

ance, as various compartments/nodules may enhance differ-

ently in the absence of ischemia.86 Ischemia can also be diffi-

cult to assess in lesions containing substantial amounts of fat 

or iron due to attendant signal intensity or attenuation alter-

nations, particularly if imaging was performed in a single or 

limited dynamic phase. Further, differentiation of ischemia 

from fibrosis within a mass may not be possible on imaging 

alone and may require histologic assessment.

Necrosis is characterized by the complete lack of contrast 

enhancement within a solid mass and marked T2 hyperin-

tensity not attributable to cystic change (Fig. 5). Previous 

studies have shown that necrosis in the absence of prior 

treatment or hemorrhage is associated with larger, prolifera-

tive forms of HCC, specifically the MTM subtype.8,34,87 Mulé 

et al.34 showed that the presence of substantial necrosis, de-

fined as necrosis occuping ≥20% of the tumor, was associat-
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ed with both early (within 2 years) and overall likelihood of 

HCC recurrance after resection. These regions of necrosis 

can be found in rapidly expanding tumors due to hypoxia, as 

described by Tohme et al.88 Extensive cellular hypoxia has 

been associated with increased metastatic potential and 

poorer sensitivity to radiotherapy and chemotherapy.89 Wang 

et al.90 demonstrated that tumor micronecrosis (tumor ne-

crosis that can only be observed histologically) can indepen-

dently predict decreased recurrance free and overall survival 

after liver transplantation, indicating the need for close fol-

low up after treatment. Moreover, the histologic subtype of 

necrosis (e.g., neutrophil-rich, scirrhous and lymphocyte-

Figure 4. HCC in a 49-year-old man with chronic hepatitis B. Axial dynamic pre-contrast (A), early arterial phase (B), portal venous phase (C), and 
delayed phase (D). MRIs show a 8.5 cm mass (orange arrow) with slow, progressive enhancement in the periphery (yellow arrows) consistent with 
ischemia. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.
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Figure 5. HCC in a 46-year-old man with chronic hepatitis B. Axial dynamic pre-contrast (A), early arterial phase (B), portal venous phase (C), and 
delayed phase (D). MRIs show a 13.9 cm mass (orange arrow) with central non-enhancement on all post-contrast images (yellow arrow) and 
marked T2 hyperintensity on T2WI (E), consistent with an area of necrosis. HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.
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rich) has been shown to influence prognosis after TACE, 

with liquefactive necrosis associated with increased rate of 

recurrence and metastasis.91

7. Diffusion restriction and low ADC value

Diffusion restriction is characterized by increased intensity 

of the tumor in comparison to the surrounding liver paren-

chyma on high b-value (≥800 s/mm2) diffusion-weighted 

imaging that is not caused by T2 the shine-through effect 

(Fig. 6). Diffusion restriction may be mild-moderate, where 

the mass is of higher signal intensity than the surrounding 

liver but less than that of the non-iron-overloaded spleen, or 

marked, where the mass is of higher signal intensity than 

both the liver and non-iron-overloaded spleen.8,52,66 Diffu-

sion restriction is typically related to increased cellularity, in-

creased nucleus-to-cytoplasm ratio, and decreased extracel-

lular matrix, all of which lead to decreased random water 

diffusion at the molecular scale.52 When present in a focal le-

sion, diffusion restriction can be suggestive of malignancy. 

However, it lacks specificity for HCC as some HCCs do not 

restrict diffusion, particularly those that are well-differentiat-

ed, and other tumor types such as cholangiocarcinoma may 

restrict diffusion.40,66 Despite this, Jiang et al.86 previously 

demonstrated that marked diffusion restriction on MRI was 

associated with MVI. However, caution should be exercised 

as a recent meta-analysis showed that differences in the 

strength of association between diffusion restriction and 

MVI can be attributed at least in part to variability in field 

strength, MRI system manufacturer, and model.92 Generally, 

a clear consensus has not emerged in the literature regarding 

prognostic differences between mild-moderately vs. marked-

ly restricted diffusion.

Quantitative analysis of diffusion restriction can be per-

formed using ADC values. On this basis, a mass with an 

ADC value lower than that of the liver parenchyma is said to 

restrict diffusion. A mildly-moderately low ADC value is 

lower than that of the liver but higher than that of the spleen, 

while a markedly low ADC value is lower than that of both 

organs.8 Previous studies have shown that poorly differenti-

ated tumors have lower ADC value than well-differentiated 

Figure 6. HCC in a 35-year-old man with chronic hepatitis B. (A) Axial DWI (b=0), (B) DWI (b=50), (C) DWI (b=1,000), and (D) ADC map. MRIs show a 
8.1 cm mass (arrow) with greater intensity of the tumor than the surrounding liver parenchyma and lower intensity than the spleen, and with ADC 
value less than the liver but greater than the spleen, consistent with mild-moderate restricted diffusion. DWI, diffusion-weighted imaging; ADC, 
apparent diffusion coefficient; MRI, magnetic resonance imaging.
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lesions.52,92-94 Chang et al.94 demonstrated that ADC value 

alone was able to accurately identify HCC histologic grade 

with a specificity of 89.8%. Furthermore, Mori et al.93 showed 

that tumors with lower ADC values were more likely to dem-

onstrate portal vein invasion with increased metastatic po-

tential. Lee et al.95 confirmed this theme by showing that low 

ADC was correlated with increased MVI and early recurrence 

after surgical resection. It remains unclear whether ADC val-

ue has greater prognostic value than categorical assessment 

of the presence or absence or restricted diffusion.

8. Multifocality

Multifocal HCC occurs in approximately one-third of pa-

tients and can reflect multicentric disease (multiple tumors 

arising independently of one another) or metachronous in-

trahepatic metastases from a single dominant tumor.52,96 Tu-

mors of multicentric origin tend to respond well to locore-

gional therapy while those that arise metachronously tend to 

recur earlier after curative resection.97 Patients with intrahe-

patic metastases also have a poorer prognosis.96 This is sus-

pected to be due to each tumor having increased metastatic 

potential and likelihood of vascular invasion.52,92 Choi et al.40 

found that multifocal HCC is associated with cytokeratin 19 

positivity, worse histologic grade, and early recurrence. Yue 

and Zhou98 determined that the extent of tumor involvement 

of the liver or nearby organs, elevated AFP, and large size 

were each independent predictors for worse prognosis in pa-

tients with multifocal HCC.

Currently, imaging methods for differentiating the two 

types of multifocal HCC have not been validated.66 However, 

some imaging characteristics can be useful for distinguishing 

between subtypes. Multicentric HCCs tend to have a nodule-

in-nodule appearance or nodules with different imaging 

characteristics.52 In contrast, intrahepatic metastatic disease 

tends to have satellite nodule pattern and similar imaging 

characteristics between the dominant lesion and smaller le-

sions.52,66 Satellite nodules indicate tumor capsular invasion 

and are typically seen in progressed HCCs.66 Overall, multi-

focal HCC presents a challenge regarding treatment, as sur-

gery requires wide resection margins or multiple surgeries to 

achieve complete tumor removal, increasing the risk for liver 

failure.99 Despite this, Risaliti et al.99 found that hepatic resec-

tion is a viable option in patients with multifocal disease, 

providing longer disease-free survival than TACE though 

similar overall survival. Supporting this, Yue and Zhou98 

found that hepatic resection provided improved long-term 

survival when compared with radiofrequency ablation. Mul-

tifocal HCC has a negative prognostic value and is associated 

with more aggressive disease and a higher risk of tumor re-

currence and metastases.

CHALLENGES AND FUTURE DIRECTIONS

Although there is a burgeoning body of literature support-

ing the use of prognostic imaging features, a number of limi-

tations must be acknowledged. First, consensus definitions 

for the types and levels of these features are only now emerg-

ing, creating challenges in identifying patterns between prior 

works. In addition, most of the existing literature is retro-

spective and single-center in nature, and the repeatability 

and reproducibility in determining the presence of these fea-

tures has not been thoroughly assessed. Many publications 

lack rigorous radiologic-pathologic correlation, and correlate 

these features with short-term pathological outcomes such as 

MVI and tumor grade, rather than more clinically relevant 

survival outcomes. Nonetheless, even with experienced radi-

ologists, there is a notable inter-reader inconsistency in the 

evaluation of imaging prognostic features such as MVI.100

Despite these limitations, the fact that imaging features 

have been associated with a variety of outcomes at different 

centers provides encouraging evidence that these features 

may be generalizable. The poor prognosis for HCC and 

emergence of new therapies underscores the need for new 

tools to enable patient-specific treatment selection. Given 

this need, more rigorous multi-center investigations are 

needed into the potential role for prognostic imaging fea-

tures to fill this role.

CONCLUSION

Prognosis of HCC, mainly limited to tumor stage, is criti-

cal for treatment selection. Noninvasive imaging techniques 
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are essential for surveillance, diagnosis, characterization and 

staging of HCC tumors. Nevertheless, prognostic pathomo-

lecular features correlated to biological aggressiveness are 

currently only assessed through invasive exams. Emerging ef-

forts are pointing towards validation of imaging prognostic 

features as non-invasive driver of outcomes. These findings 

may lead to translating our current understanding of the bi-

ology of HCC into clinical use, enhancing precision medi-

cine for patients with this highly aggressive tumor.
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