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Abstract

We discuss various imaging features that have been re-
ported to be associated with the prognosis of hepato-
cellular carcinoma (HCC) but not included in the current
staging systems: findings related with microvascular
invasion, tumor encapsulation, intratumoral fat, pres-
ence of satellite nodules, peritumoral hypointensity on
hepatobiliary phase images of gadoxetic-acid enhanced
MRI, restricted diffusion, and irregular rim-like hyper-
enhancement. Current evidence suggests that larger
(> 2 cm) tumor size, presence of satellite nodules,
presence of irregular rim-like hyperenhancement of a
tumor, peritumoral parenchymal enhancement in the
arterial phase, and peritumoral hypointensity observed
on hepatobiliary phase images are independent imaging
features to portend a worse prognosis in patients with
hepatocellular carcinoma.
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The goal of medical imaging studies such as computed
tomography (CT) or magnetic resonance imaging (MRI)
is to assist in providing a patient with the best care by
accurately assessing the patient’s disease status. In this
respect, relating the prognosis or clinical outcome to
imaging features may be as important as making a cor-
rect diagnosis by imaging.

When we encounter a hepatic mass in a patient at risk
of developing primary hepatic malignancy, we may try to
decide whether it is hepatocellular carcinoma (HCC) or
another malignancy, whether it is well or poorly differ-
entiated, and whether it shows vascular invasion or not,
because we consider these factors important for planning
treatment and predicting prognosis. However, one of the

problems with this approach is that primary liver cancer
has a diverse spectrum [1], and distinguishing between
different types of hepatic carcinoma is often difficult.
The criteria for classification of hepatic carcinomas
advocated by experts have been continuously evolving
even in the pathology literature [2–4]. In addition, we
observe substantial disagreement among pathologists
themselves in both grading histologic differentiation and
evaluating vascular invasion [5, 6]. Although biopsy is
frequently used to define histologic or molecular char-
acteristics when imaging features are inconclusive, biopsy
results can differ significantly from the results of
pathologic examination after surgery [7]. Therefore, if we
could directly utilize imaging findings to predict prog-
nosis, this would be a good non-invasive alternative for
individualized management of a patient.

Various imaging features have been reported to be
associated with the prognosis of HCC. Among them,
tumor size, number, and the presence or absence of
vascular invasion are included in existing staging systems
[8–12]. However, there are other potentially useful
imaging features that are not included in the staging
systems (Fig. 1). In this article, we will discuss imaging
features that may be useful for predicting the prognosis
of HCC. We hope that the awareness of those prognostic
imaging features can be useful for radiologists to help
communicate with hepatologists and surgeons in the
multidisciplinary discussion for better planning the
management and treatment.

Imaging features related
with vascular invasion

Vascular invasion is one of the most important radio-
logic and histologic features associated with the prog-
nosis of HCC [13]. Identification of gross vascular
invasion is usually not difficult. However, microvascular
invasion (MVI) is generally considered difficult to
determine on imaging studies [14]. In fact, reliable
determination of the presence or absence of MVI is dif-
ficult even on histologic examination, because of wideCorrespondence to: Myeong-Jin Kim; email: kimnex@yuhs.ac
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interobserver variability and difficulty in examining the
entire tumor [5].

Nonetheless, several imaging features have been
proposed as predictors of MVI, including multifocality
[15], large tumor size and elevation of tumor markers
[16–18], non-capsulation or irregular tumor margin [19–
21], peritumoral hemodynamic alteration (i.e., peritu-
moral parenchymal enhancement) [22, 23], peritumoral
parenchymal hypointensity in the hepatobiliary phase of

gadoxetate-enhanced MRI [24], low apparent diffusion
coefficients (ADCs) or high mean kurtosis value on dif-
fusion-weighted imaging (DWI) [25–27], and expression
of certain radiogenomic biomarkers [28]. Conversely,
isointensity or hyperintensity of the tumor on gadoxe-
tate-enhanced MRI has been associated with a low
probability of MVI [29].

Radiogenomic venous invasion (RVI), a CT bio-
marker, is considered present when internal arteries and

Fig. 1. Description and schematic drawings of prognostic imaging features of hepatocellular carcinoma.
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tumor-liver differences are observed in the absence of a
hypodense halo [30]. Positive RVI showed accuracy,
sensitivity, and specificity of 89%, 76%, and 94% for the
prediction of MVI, respectively, and was also associated
with shorter overall survival and recurrence-free survival
(Fig. 2) [30]. Recently, three worrisome features – non-
smooth margin, peritumoral enhancement, and two-trait
predictor of venous invasion (a modified version of RVI;
positive if internal arteries are present in the absence of a
hypodense halo)–have been shown to predict histologic
MVI on CT or MRI with positive predictive values
greater than 95% [31].

However, it is still difficult to predict MVI in small
tumors, as imaging predictors such as internal arteries
and hypodense halo are not frequently observed in the
case of small tumors. In a study, one-third of small
(1–2 cm) HCCs had MVI [32]. According to the results
of that study, while all small HCCs with MVI displayed a
typical dynamic pattern (arterial hyperenhancement and
washout appearance), T2 hyperintensity, and diffusion
restriction, those without MVI tended to show atypical
imaging features, such as isointensity on T2-weighted
images, often without diffusion restriction or arterial
hyperenhancement [32]. Thus, the presence of typical
imaging features not only suggests a diagnosis of HCC
but may also suggest a higher probability of MVI in
small HCCs. However, this result also implies that HCC
without MVI tends to show atypical imaging features
and thus is difficult to diagnose by imaging alone in the
first place.

Size threshold may have a similar prognostic signifi-
cance to that of MVI in early-stage HCC. An et al. [33]
devised a staging system based on MRI that used a size
threshold of 2 cm (instead of vascular invasion) to dif-
ferentiate between tumor stages 1 and 2 (T1: single tu-

mor < 2 cm; T2: single tumor ‡ 2 cm). They compared
it with the 7th American Joint Committee on Cancer
(AJCC) staging system and showed that the pre-opera-
tive MRI staging system could predict the prognosis of
HCC after surgical resection as accurately as the 7th
AJCC TNM staging system [33]. In another recent study
of 1109 patients with solitary HCC £ 2 cm, MVI did not
have a significant impact on long-term survival [34]. In
accordance with the results of these studies, the 8th
AJCC staging system divides T1 disease into two sub-
categories: T1a, for patients with solitary HCC £ 2 cm
irrespective of MVI, and T1b, for patients with solitary
HCC > 2 cm without MVI. Patients with solitary
HCC > 2 cm with MVI are classified into the T2 cate-
gory, along with those with multiple HCCs £ 5 in the 8th

AJCC staging system [35].

Imaging features related
with prognosis

Several imaging features that are not incorporated in
staging systems also have been reported to be associated
with the prognosis of HCC. These include gross tumor
type, encapsulation, intratumoral fat, dynamic
enhancement pattern, and findings on DWI, perfusion
MRI, or hepatobiliary phase images [19, 36–47].

Tumor encapsulation, defined as the presence of a
fibrous sheath around the tumor on gross inspection, has
been suggested as a good prognostic indicator (Fig. 3)
[19, 41, 45, 48]. A study showed that disease-free and
overall survival rates were significantly higher for
encapsulated tumors, especially in HCCs > 5 cm [45].
The presence of intratumoral fat was also suggested as a
favorable prognostic factor; in a study, fatty change
observed on MRI in HCC was associated with less

Fig. 2. Hepatocellular carcinoma with positive radiogenomic
venous invasion in a 65-year-old man. An 11-cm mass in right
liver displays internal arteries in the arterial phase of dynamic
contrast-enhanced CT (arrows) (A) and tumor-liver difference

(focal or circumferential sharp transition in attenuation
between the tumor and the adjacent liver parenchyma) in
the absence of a hypodense halo in the delayed phase
(arrowheads) (B).
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common metastasis and longer time to progression [44].
On gadoxetate-enhanced MRI, it was shown that tumor
hyperintensity produced by uptake of hepatocyte-specific
contrast material in the hepatobiliary phase may indicate
better differentiation, less frequent portal vein invasion,
less expression of tumor markers in serum and tumors,
lower recurrence rate, and better survival [29, 40, 47].

On the other hand, irregular rim-like arterial phase
hyperenhancement and an irregular (or non-smooth)
tumor margin have been suggested as indicators of
aggressive behavior and a worse prognosis for HCC
(Fig. 4) [38, 39, 49, 50]. In an MRI study, rapidly pro-
gressive HCC, defined as a lesion < 3 cm showing an
increase in tumor size > 3 cm within one year or > 2
cm in 6 months, frequently manifested a rim-like
enhancement pattern on initial MRI [39]. Similarly, in a
CT study, a rim-like enhancement pattern was associated
with a higher recurrence rate after radiofrequency abla-

tion [38]. Histologically, irregular rim-like enhancement
seems to be related to higher expression of various
characteristics of tumor hypoxia and stem/progenitor
cell features, including cytokeratin-19 and carbonic
anhydrase [51–53].

According to studies examining quantitative prog-
nostic features, lower values of mean or minimum ADC
on DWI are associated with poor differentiation and a
higher rate of early recurrence [42]. HCCs with higher
peak values on perfusion MRI showed better responses
to systemic therapy and longer survival [36].

Efforts to identify the independent prognostic
imaging features

Since many imaging features have been identified as
potential prognostic markers, it is imperative to identify
independently valid prognostic predictors. To address

Fig. 3. Hepatocellular carcinoma with capsule appearance
in a 72-year-oldman.On arterial phase of extracellular contrast
material-enhancedMRI (A), a well-demarcated 2.2 cmmass in
S6 of liver shows diffuse hyperenhancement. A peripheral rim

of smooth hyperenhancement surrounding the tumor appears
and becomes thicker and more prominent from early portal
phase (B) to late dynamic phase (C), which is defined as a
capsule appearance (arrow).

Fig. 4. Hepatocellular carcinoma with irregular rim-like
enhancement in a 46-year-old man. Precontrast (A), arterial
(B), portal (C), and hepatobiliary (D) phase images of

gadoxetate-enhanced MRI, a 2.4-cm mass in right inferior
liver shows irregular rim-like peripheral enhancement with
central hypointense areas in the arterial phase (arrow).
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this question, a study investigated various qualitative and
quantitative MRI features to determine their relative
significance in predicting prognosis after surgical resec-

tion of HCC [54]. According to that study, a nomogram
based on arterial phase rim-like enhancement, arterial
phase peritumoral parenchymal enhancement, the pres-

Fig. 5. Hepatocellular carcinoma with peritumoral arterial
phasehyperenhancement ina64-year-oldwoman. In thearterial
phase of gadoxetate-enhanced MRI (A), a 4.5-cm mass in right
liver shows diffuse hyperenhancement along with peritumoral

parenchymal enhancement (arrows). In the portal phase (B), the
peritumoral enhancement fades into isoenhancement. Note the
multifocal areas of hypointensity in the surrounding liver in the
hepatobiliary phase (arrowheads) (C).

Fig. 6. Hepatocellular carcinoma with a satellite nodule in a
68-year-old woman. A 5.4-cm hepatic mass shows arterial
phase hyperenhancement (A) and washout appearance
(B) on dynamic gadoxetate-enhanced images, and

intermediate hyperintensity on T2-weighted image (C).
Another 1.2-cm nodule is noted close to the main tumor
(arrows), which shows the same dynamic enhancement
pattern and T2 intensity.

Fig. 7. Hepatocellular carcinoma with peritumoral
hypointensity in the hepatobiliary phase in a 53-year-old
man. Gadoxetate-enhanced MRI reveals a 4-cm mass with
diffuse arterial phase hyperenhancement (A) and washout

appearance (B) in right liver. On hepatobiliary phase
image (C), irregular peritumoral hepatobiliary hypointensity
is seen in the adjacent liver (arrows).
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ence of satellite nodules, and tumor size was useful for
predicting early recurrence after curative resection of
single HCC (Figs. 4, 5, 6). Similarly, Lee et al. [55] re-
ported that the presence of two or more of the three
imaging features indicating MVI (namely arterial peri-
tumoral enhancement, non-smooth tumor margin, and
peritumoral hypointensity on hepatobiliary phase ima-
ges) could be used as a pre-operative imaging biomarker
for predicting microvascular invasion with a speci-
ficity > 90%, and was associated with early recurrence
after curative resection of single HCC (Fig. 7). In com-
parison, in a study conducted on patients who underwent
radiofrequency ablation, irregular tumor margin, and
peritumoral hypointensity on hepatobiliary phase images
were identified as factors related to an increased rate of
local tumor progression after the ablation [49]. Similar
imaging criteria defined on pre-operative hepatobiliary
MRI (either satellite nodule or peritumoral hypointensity
on hepatobiliary phase images) were demonstrated to be
useful for identifying a higher risk of tumor recurrence in
patients who underwent transplantation, either within or
outside the Milan criteria [56].

Caveats for the interpretation of prognostic
imaging features

However, there are several caveats with respect to the
interpretation of these imaging features associated with
poor outcome after surgical or locally ablative treatments.
First, irregular rim-like enhancement is commonly asso-
ciated with irregular or non-smooth tumor margins. It is
plausible that one of these two imaging findings might be
equivalent to the other. Therefore, further studies may be
warranted to determine whether these two findings should
be considered together or separately evaluated. Similarly,
arterial peritumoral hyperenhancement is frequently
accompanied by peritumoral hypointensity in the hepa-
tobiliary phase (Fig. 5). Therefore, it should also be
determined whether combining these two findings could
improve the ability to predict the presence of MVI or the
prognosis. Second, irregular rim-like enhancement should
be differentiated from the capsular appearance that is
typically seen in late dynamic phases but may begin to
appear in earlier phases (Figs. 3 and 4). Another imaging
feature that should be distinguished from rim-like
enhancement is corona enhancement, which is a phe-
nomenon attributed to early drainage of contrast material
from a hypervascular tumor surrounding sinusoids or
portal venules [57, 58]. As the corona enhancement results
from perfusion alteration rather than morphologic alter-
ation, it usually fades to isointense in the portal venous or
delayed phase. In contrast, rim-like tumor enhancement
represents tumor vascularity confined within the tumor
periphery, and usually persists or becomes hypointense in
the delayed phase, showing an appearance of peripheral
wash-out (Fig. 3).

Conclusions

In summary, current evidence suggests that larger
(> 2 cm) tumor size, presence of satellite nodules,
presence of irregular rim-like hyperenhancement of a
tumor, peritumoral parenchymal enhancement in the
arterial phase, and peritumoral hypointensity observed
on hepatobiliary phase images are independent imaging
features that portend a worse prognosis in HCC patients.
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