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Abstract 
The incidence of hepatocellular carcinoma (HCC) has been constantly increasing over the last years mainly due to hepatitis C infection and 
cirrhosis. The new developments in imaging technology, including magnetic resonance imaging (MRI) and computed tomography (CT), allow a 
better diagnosis of HCC. Cirrhosis is characterized by formation of nodules from regenerative nodules to dysplastic nodules, followed by 
HCC. Thus, the differential diagnosis of hypervascular hepatic lesions is important, especially in the nodules smaller than 2 cm, although 
their characterization may be difficult even when histopathology is used. A multistep approach with the comparison of clinical data, pathological 
findings and imaging features is useful for a more accurate diagnosis. MRI has the ability to assess the same lesions features as CT and to 
better characterize the enhancement patterns of nodules combined with the lack of irradiation. Moreover, new liver specific contrast agents 
and imaging techniques as diffusion-weighted (DWI) sequences are available. Regenerative and low-grade dysplastic nodules demonstrate 
contrast enhancement similar to that of surrounding liver parenchyma, compare to high-grade dysplastic nodules, which may show arterial 
enhancement similar to that seen in HCC. We present a review of the MR imaging and histopathological features of hypervascular nodules 
in the cirrhotic liver, with reference to the transition from dysplasia to HCC. 
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 Introduction 

Hepatocellular carcinoma (HCC) is one of the most 
common tumor in the world and is the third most common 
cause of death by cancer, following lung and stomach 
cancer [1, 2]. 

Chronic hepatitis B and C are recognized as the major 
factors, which increase the risk of HCC [3]. Cirrhosis  
is another risk factor for HCC, with an annual risk of 
developing HCC between 1% and 6% [4]. 

The screening of high-risk groups of developing HCC 
is useful for detection of early stage tumors and for 
initiation of curative therapy [5]. The current screening 
tests used for patients with cirrhosis are alpha-fetoprotein 
(AFP) level testing and ultrasonography (US) with a 
sensitivity of 50–60% [6]. Magnetic resonance imaging 
(MRI) or computed tomography (CT) are the best imaging 
techniques currently available for the diagnosis of HCC, 
in the event of abnormal US and AFP [7]. 

Liver cirrhosis is characterized by a distorted hepatic 
architecture with bridging fibrosis and a spectrum of 
hepatocellular nodules [8]. Most are benign regenerative 
nodules; however, they may progress to become dysplastic 
nodules or HCCs [9]. Therefore, imaging evaluation of 
these hepatocellular nodules is important for an optimal 
management and evaluation. 

 Evaluation of liver nodules 

Currently, there are several morphological evaluation 
criteria that together can differentiate between regenerative 

nodules, dysplastic nodules and HCC; these include macro-
scopic criteria (size, growth pattern, capsular invasion), 
microscopic (mitotic activity, presence of necrosis, vascular 
invasion, tumor heterogeneity and growth pattern), criteria 
based on immunohistochemistry including the quantifi-
cation of the sinusoidal capillarization and tumor neo-
angiogenesis [10]. However, some of these criteria can be 
assessed accurately only on surgical resection specimens 
that are not always available and morphological study of 
lesions in the context of imaging analysis, is an important 
step for improving the prognosis and therapeutic mana-
gement [11]. 

The transition from dysplastic nodules to HCC is a 
continuous process due to histopathological changes that 
nodules undergo which encompasses different MR features. 

A 1.5- or 3.0-T MRI system with an abdominal coil 
is used for liver evaluation in most medical establishments. 
The standard technique can include unenhanced T1, T2 
and T2 gradient-weighting sequences with multiple pulse 
sequences and variable parameters. 

The use of diffusion-weighted imaging (DWI) sequences 
with apparent diffusion coefficient (ADC) mapping are 
useful to evaluate hepatocellular nodules [12–14]. There 
are several studies that demonstrated the superiority of 
DWI over T2-weighted MR imaging for detection of 
liver lesions [15, 16]. The DWI sequence should always be 
concurrently interpreted with conventional MR imaging 
findings, with the main disadvantage of a lack of standar-
dization [14]. 

The contrast agents used in enhanced acquisition are 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Ioana-Andreea Gheonea et al. 

 

926 

gadolinium chelates with low molecular weight, hepato-
cellular agents, and superparamagnetic iron oxide (SPIO) 
particles. The most widely available contrast agents are 
represented by gadolinium-based extracellular contrast 
agents [17–21]. 

Information about tissue vascularity are provided by the 
first class of contrast agents, respectively the gadolinium 
chelates, using T1-weighted images acquired before and 
in multiple phases after the administration. The most 
used hepatocellular agents are gadobenate dimeglumine 
(Gd–BOPTA) and gadoxetic acid disodium (Gd–EOB–
DTPA) [22]. Other MR imaging contrast agents are SPIO 
agents. The use of dynamic and static T1 and T2 MR 
imaging sequences appears to provide clinically more 
useful patterns of enhancement [23–25]. 

Several studies showed the useful of double contrast-
enhanced MR imaging in which both SPIO particles and 
a gadolinium chelate are administered in the same exami-
nation with increase in detection of hepatic tumors [26, 27]. 

 Regenerative nodules 

A permanent injury to the liver parenchyma is the 
trigger for the appearance of regenerative nodules, which 
are benign nodules surrounded by fibrous septa [28, 29]. 

For MR images, the signal intensity is variable in T1-
weighted images and iso-/hypointense on T2-weighted 
images (Figure 1A). The signal of these lesions may be 
high in T1 sequences, when it contains a substantial 
amount of proteins or lipids (Figure 1B). Because of 
normal hepatocellularity and function of phagocytes, the 
regenerative nodules enhance similar or slightly less than 
surrounding parenchyma after contrast administration [30, 
31]. A result of fat deposition is the appearance of steatotic 
nodules, which are usually plurifocal with high signal on 
in-phase gradient images and low signal intensity in out-of-
phase sequences [31, 32]. Another type of regenerative 
lesions are siderotic nodules, which are the effect of iron 
deposition with hypointensity in both T1- and T2-weighted 
images [33]. 

The gross pathologic appearance aspect of regenerative 
nodules usually indicates 1–3 cm in size, being round, 
prominent and well defined, green (bile impregnation) or 
yellow-brown (steatosis). Usually, these nodules are larger 
than typical cirrhotic nodules and lesions are considered 
reactive rather than pre-neoplastic [34]. 

The microscopic aspect revealed hepatocytes close to 
normal, with variations in size, bile stasis, iron and copper 
deposits, vacuolar degeneration and micro- or macro-
vesicular steatosis (Figure 1C). 

Also, in regenerative nodules, although the reticulin 
network is preserved, the liver architecture is disordered 
with the presence of portal spaces and centrilobular veins 
insides nodules and also of fibrous tracts with well repre-
sented bile ductular reaction. 

In our experience, the immunohistochemical analysis 
of sinusoidal capillarization with pan-endothelial markers 
as CD34 or CD31 indicated the higher microvascular 
density (MVD) in the periphery of regenerative nodule 
(Figure 1D). This immunohistochemical pattern of CD34 
in regenerative nodules is indicated also by other literature 
studies and is considered useful for the differential 
diagnosis with high-grade dysplasia and HCC [34, 35]. 

 Dysplastic nodules 

The dysplastic lesions refer to the presence of atypical 
hepatocytes with abnormal histological characters and 
growth and without fulfilling the criteria for malignancy 
[34]. Dysplastic nodules are classified in low and high-
grade dysplastic nodules [36]. 

The low-grade dysplastic nodules (LGDNs) have 
variable signal intensity on T1-weighted MR images, 
and are usually iso- or hypointense on T2-weighted MR 
images with enhancement similar to that of surrounding 
parenchyma after administration of gadolinium-based 
contrast material [31–33, 36]. 

The gross pathological appearance of LGDN is indis-
tinguishable from those of regeneration, being similar  
to cirrhotic lesions, with low malignant potential. The 
presence of atypical hepatocytes groups, only visible 
microscopically, and that usually designates a lesion less 
than 1 mm is considered a dysplastic focus, and when 
the macroscopic or radiological lesion is visible and has 
over 1 mm, it is regarded as dysplastic nodule [34]. 

Microscopically, in the case of dysplastic nodules 
may be present large cell changes (visible nucleoli, hyper-
chromasia, increased sized nuclei, multiple nuclei, abundant 
cytoplasm) and small cell changes (reduced size, the higher 
nucleus to cytoplasm ratio, nuclear hyperchromasia) [37]. 

LGDNs are characterized by an intact reticulin frame-
work, the hepatocytes have unremarkable cytology or 
low-grade atypia, portal tracts present in the nodules, 
and an increase in the number of unmatched arterioles. 

In clinical practice, in the absence of clear criteria for 
histological high-grade dysplasia, any LGDN is considered 
a regenerative nodule [36]. There is no difference between 
the angiogenic immunohistochemical profile of regenerative 
nodules and LGDN [38]. 

The high-grade dysplastic nodules (HGDNs) are 
premalignant lesions and difficult to distinguish from well-
differentiated HCC [31–33, 36]. 

In MR images, the signal intensity is variable on T1-
weighted images, depends on their content, and usually 
iso- or hypointense on T2-weighted images. After contrast 
administration, they can show arterial enhancement similar 
to that seen in HCC, but usually they are hypovascular 
[31, 36, 39] (Figure 2A). Low- and high-grade dysplastic 
nodules and well-differentiated HCCs enhance after 
hepatobiliary and SPIO contrast agents, thus these contrast 
agents are not useful for the assessment of these lesions 
[22, 30]. Using DWI, approximately 80% of dysplastic 
nodules are iso- or hypointense, whereas a high percentage 
of HCCs are hyperintense [15] (Figure 2B). 

Usually, the gross pathological appearance of HGDN 
is represented by nodules with imprecise edges and less 
then 1.5 cm in size [36]. 

The microscopic appearance of HGDN is represented 
by the presence of small cell changes, which along with 
the moderate increase of hepatocyte nuclear density, 
absence of atypical mitosis, reduced numbers of portal 
tracts, gradual sinusoidal capillarization, and chaotic 
arteries may be considered criteria for diagnosis and 
differentiation by HCC. In addition, the decrease of 
reticulin network, cellular cords thickness increase and 
pseudoglandular architecture can be seen in LGDN [34] 
(Figure 2C). 
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The immunohistochemical analysis of sinusoidal 
capillarization with pan-endothelial markers indicated 
the higher microvascular density (MVD) in the central 
compartment of HGDN (Figure 2D). The location of 
immunosignal and the higher CD34 MVD values compared 
with regenerative nodule is indicated by literature data 

[38] and in our experience, this aspect is useful for 
differential diagnosis. Literature data indicate the utility 
of immunohistochemical markers in differentiating HGDN 
by early hepatocellular carcinoma (eHCC) and well-
differentiated hepatocarcinoma as heat shock protein 70, 
glutamine synthetase, glypican-3 and β-catenin [34]. 

 

Figure 1 – 3T MRI in a cirrhotic liver with regenerative nodules hyperintense in T1 (A), hypointense in T2 (B); 
Hematoxylin–Eosin (HE) staining, ×100 (C); CD34 immunostaining, ×100 (D). 

 

Figure 2 – 3T MRI with gadoxetate disodium showing dysplastic nodule in segment II and early inhomogeneous HCC 
in segment IV with high signal in T1 (A), low signal in T2 with fat suppression (B). 
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Figure 2 (continued) – HGDN, HE staining, ×100 (C); HGDN, CD34 immunostaining, ×100 (D). 
 

 Hepatocellular carcinoma 

The MR imaging features in hepatocellular carcinoma 
depending on grade, size, and biological properties and 
can be divided in two types, respectively small and large 
[40–42]. 

The size of small HCC is less than 2 cm, and in these 
cases, we talk about early small HCC, a relative new 
entity and MR features represented by a high signal in 
T1-weighted images, and hypo- or isointense on T2-
weighted images. After contrast administration, the signal 
is hypo- or isointense in arterial phase and hypointense 
in portal phase. The recent developments in contrast agents 
specificity has increase the HCC diagnosis of all sizes 
[43, 44] (Figure 3A). Some well-differentiated small HCC 
may display a hepatobiliary enhancement because of 
residual hepatocyte, and this is one of the causes for false 
negative cases. After SPIO contrast agents administration 
these early lesions enhance similar to the surrounding 
parenchyma. 

The prognostic for early HCC is very good, with no 
metastatic disease or vessel invasion, a rate of survival 
of 89% and recurrence after resection of only 8% [45]. 

The progressed small HCCs are similar with large HCCs 
as MRI features. The imaging features are round/oval 
lesions, with smooth contour, different signal intensity 
on T1-weighted images, and moderately hyperintense on 
T2-weighted images. After contrast administration, the 
enhancement is high in the arterial phase with washout 
in the delayed phases, becoming less intense than the 
surrounding parenchyma [41]. Metastases are present 
and the rate of survival is around 48% [36, 46]. 

The new guidelines recommend the diagnosis of small 
HCCs larger than 1 cm based on imaging findings (CT 
or MRI) when they have typical features, respectively 
hypersignal on arterial phase and washout in portal and 
delayed phase [39]. The lesions less than 1 cm in diameter, 
which are usually cirrhotic and stable, needs follow-up 
every three months with the same imaging method that 
was used to depict [39]. 

Recently, a classification of liver lesions was brought 
up-to-date (Liver Imaging Reporting and Data System/LI–
RADS). The five classes are LR1 and LR5, definitely 
benign, respectively malign, LR2 and LR4, which can be 
used for lesions probably benign or malignant and LR3 
for indeterminate nodules [47]. LI–RADS criteria provide 

a systematic approach to image analysis and reporting 
of insights in patients with cirrhosis or other risk factors 
for HCC. The implementation and continued adjustments 
of LI–RADS will enhance the care of patients with or at 
risk for HCC, lighten research and improve the field [47]. 

The rate of false negative results is relative high due 
to continuous morphologic and histopathological changes 
that produces inside high-grade dysplastic nodules or early 
HCC. Size is an important feature, the nodules smaller 
than 1 cm are probably benign and lesions larger than 
2 cm are probably malignant, the difficulty is to classify 
the nodules between 1 and 2 cm. The high signal in T1- 
and T2-weighted images is suspicions for malignancy, as 
well as the arterial and capsular enhancement, internal 
mosaic structure and fatty transformation [48]. 

The MRI features of large HCC are characteristic, 
with hypointensity on T1-weighted images and hetero-
geneous hyperintensity on T2-weighted images. The 
heterogeneous appearance is due to presence of fat, 
hemorrhage or necrosis. The fat feature is signal loss in 
out-of-phase and fat saturated sequences. The hemorrhage 
has high signal on T1 images and low signal on T2-
weighted images. Intralesional necrosis is characterized 
by hypointensity on T1-weighted images and hyper-
intensity on T2-weighted images. Another component is 
the HCC capsule that appears as a thin contour around 
the tumor, usually with low signal in T1- and T2-weighted 
images, and late enhancement after gadolinium adminis-
tration [41, 42] (Figure 3B). 

The HCC enhancement is in arterial phase with washout 
on portal and delayed phases. In rare cases, a large HCC 
may be hypovascular and in such cases is necessary biopsy 
for diagnosis. The enhancement of large HCC after hepato-
biliary and SPIO contrast media is different, the poorly 
differentiated HCCs do not enhance, and thus contrast-
enhanced sequences are useful. The uptake of well-
differentiated HCCs is similar with the surrounding liver 
parenchyma, and may not be visible on contrast-enhanced 
sequences [49, 50]. 

The typical feature of HCC on DWI is a lesion with 
high signal intensity and b-values with restricted diffusion 
(dark) on ADC (apparent diffusion coefficient) image. The 
accuracy of differential diagnosis between dysplastic 
nodule and HCC increase by adding DWI to contrast 
enhanced sequences [51]. 
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A large dysplastic or regenerative nodule may contain 
a focus of HCC a feature that characterize a nodule-in-
nodule appearance. The signal intensity differs with no 
enhancement of dysplastic and regenerative lesion and 
enhancement of carcinomatous nodule. With the use of 
SPIO contrast media, the signal is high for carcinoma 
and low for regenerative and dysplastic nodule [52, 53]. 

The satellite lesions are common findings in hepato-
cellular carcinomas, and they appear as multiple infra-
centimeter nodules (Figure 3C). In addition, the invasion 
of the portal a hepatic veins with thrombosis is another 
feature of large HCCs, and the alterations of flow signal 
intensity is suggestive for the diagnosis. The malign 
thrombus enhance in the early phases compared to a 
benign thrombus, which does not enhance. A diffuse infil-
trating cancer with high risk of hematogenous spread may 
be diagnosed by the presence of tumor thrombus [54]. 

The differential diagnosis of hypervascular lesions 
includes transient arterial enhancing lesions, zones of con-
fluent fibrosis or hemangiomas. An arterioportal shunting, 
pseudoaneurysm, the neovascularity, compression or throm-
bosis of portal veins are the main cause for transient 
arterial enhancing lesions. The usually appearance is that 
of an wedge shaped area of enhancement, isointense on 
T1- and T2-weighted images, peripheral in the case of 
arterioportal hunting or pseudoaneurysm, and segmental 
or lobar in portal thrombosis or compression. The neo-
vascularity is revealed by an ill-defined area of enhan-
cement around the malignancy [55]. The focal fibrosis 
appears as a wedge-shaped area, usually in the anterior 
and medial segments of liver, with low signal on T1-
weighted images and high signal on T2-weighted images, 
and without enhancement in arterial phase but with 
delayed enhancement. It may mimic HCC in the case of 
arterial enhancement or when SPIO contrast is used. In 
the cirrhotic liver, the presence of hemangiomas is atypical, 
and the MR features are of a nodular mass with fibrosis, that 
does not wash out and is isointense in multiple phases [56]. 

Other rare conditions that may mimic HCC are focal 
nodular hyperplasia, hepatic adenoma, hypervascular 
metastases or intrahepatic cholangiocarcinoma, based on 
imaging and clinical history [57]. 

The gross appearance of the HCC depends on the size, 
presence of necrosis and hemorrhage, venous thrombus 
presence and intrahepatic metastasis [58] as well as liver 
cirrhosis and can be classified into diffuse, nodular and 
massive types [59–63]. Nodular type consists in the 
presence of one or more visible, well-defined nodules, 
while massive type is described as a tumor mass that 
replace volumes of hepatic parenchyma, infiltrative and 
poorly delimited [64]. In addition, the diffuse growth 
pattern appears as small nodules that can replace the entire 
liver parenchyma [64, 65]. 

The Japanese Study Group dedicated to HCC proposed 
a sub-classification of nodular type to introduce small 
tumors and the presence or absence of cirrhosis [66]. This 
classification of the nodular forms, which also are the most 
common forms, includes small nodular type, simple 
nodular type, simple nodular type with extranodular 
growth, and confluent multinodular type [60, 66]. Also, 
small nodular type, in which the size do not exceed 2 cm, 
it was distinguished as vague nodular and nodular distinct 
types [36]. 

These classifications have been found to have a 
prognostic impact, so that the nodular type appears to be 
less aggressive compared to the diffuse and massive types 
[64]. At the same time, the existence of a capsule in 
solitary nodules gives a better prognosis compared with 
those with parenchymal or blood vessel invasion, or 
microsatellite metastatic tumor formation, characteristic 
aspects for massive, diffuse and extranodular growth 
gross types [67–69]. 

There are described particular macroscopic aspects of 
HCC, as pedunculated form which appears as an extra-
hepatic tumoral mass linked (subtype I) or not (subtype II) 
through a pedicle by the liver surface [62, 63, 70]. Other 
HCC macroscopic particular aspects are present in scirrhous 
HCC (stellate fibrosis), fibrolamellar HCC (fibrous tracts 
forming central scar), peliosis hepatis-like HCC (hemor-
rhagic nodular areas) [60, 71]. In these cases, imaging 
investigations may be difficult to interpret due to fibrosis 
and hemorrhagic areas. Such changes may be present after 
chemotherapy, irradiation and chemoembolization, or in 
case of intrahepatic cholangiocarcinoma or metastatic 
carcinoma [63]. 

On the contrary, imaging investigations are absolutely 
necessary for particular forms, as is the case with HCC 
with intraductal biliary growth pattern, which is difficult 
to assess even in the case macroscopic analysis on hepat-
ectomy specimens [71, 72]. 

The microscopic aspects of small eHCC indicate 
well-differentiated HCC with normal cells replaced by 
neoplastic cells. The early HCC (macroscopic corres-
ponding to small vague nodule) and characterized by 
stromal invasion, respectively the presence of hepatocytes 
groups in the portal tracts, fibrous septa or liver paren-
chyma and in which the ductular reaction is absent [73]. 
In addition, the portal tracts are reduced in number; there 
are insufficient arteries that produce low blood supply and 
a cellular concentration, which concur to hypoxia [46]. 
The relative hypoxia induced can be the explanation of 
steatotic transformation that occurs in a high percentage 
of people with early HCC [45]. 

On the contrary, progressed HCC, it is typically a 
malignant moderately differentiated lesion, being capable 
of vascular invasion and metastasis [36, 64]. 

In the case of HCC, the histopathological evaluation 
criteria are primarily the architectural and cytological 
aspects that are essential for HCC tumor differentiation 
degree. The reticulin network is destroyed. The microscopic 
appearance of HCC malignant cells keeps the features 
of hepatocytes (in most cases the appearance of the cords 
of hepatocytes is preserved) [63]. However, these basic 
features can only be found in certain areas of the tumor, 
architecture varying significantly between different tumors, 
and even within the same HCC (Figure 3D). 

Cytoarchitectonic variants 
Classic pathology describes several forms of cyto-

architectonics for conventional HCC. These include the 
trabecular pattern (sinusoidal), the pseudoglandular (acinar 
or adenoid) pattern, the solid (compact) pattern, and the 
scirrhous pattern [63]. 

Trabecular type is composed of well-differentiated 
trabeculae consisting of five to eight cell layers, being 
covered by flattened endothelial cells and the features of 
small cell change are present (Figure 3E). Occasionally, 
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trabeculae composed of eight cell layers (macrotrabecular 
type) can be seen. The aspect in this case is most often 
cavernous vascular spaces filled with blood. Usual, the 
reticulin framework and Kupffer cells are absent. 

The pseudoglandular (acinar, adenoid) type consists 
of gland-like spaces or acini lined by tumoral hepatocytes, 
formed by the dilatation of the bile ducts, which may 
contain bile or dense eosinophilic material representing 
inflammatory debris (Figure 3F). Sometimes sinusoidal 
and the pseudoglandular types can coexist and gland-like 
spaces may occur through the trabecular structures cystic 
degeneration [63]. These first two types of HCC are the 
most common models of well-differentiated HCCs. 

The compact type is usually observed in the case of 
a poorly differentiated HCC; trabeculae are still present, 
but are poorly represented and often disorganized. The 
tumor appears to be composed of layers of small cells of 
the vascular space adjacent to the compressed cellular 
material (Figure 3G). 

Scirrhous type is an uncommon HCC type. It presents 
fibrous septa marked by compact groups of malignant cells. 
The fibrosis can be focal or diffuse and this HCC type can 
be associated with sinusoidal, pseudoglandular or solid 
types [63]. Although this variant is usually seen post-
irradiation or chemotherapy, it can occur in the absence 
of these factors. It is also described the HCC sclerosing 
variant, in which the fibrosis is marked [63]. 

Other special HCC histological types, some recognized 
by the WHO (World Health Organization) as cytological 
forms, includes fibrolamellar, lymphoepithelioma-like, 
sarcomatoid and undifferentiated types [34]. 

The fibrolamellar type presents large polygonal cells 
with abundant eosinophilic granular cytoplasm, nuclei 
with macronucleoli and thin hyalinized collagen fibrosis 
deposits; tumor cells or small cords are arranged in 
trabeculae. Malignant cells show abundant mitochondria, 
eosinophilia giving them specific and clear cytoplasm 
with dense inclusions. 

Lymphoepithelioma-like HCC is a rare subtype with 
syncytial growth pattern, pleomorphism, lymphocyte infil-
tration in the tumor and implication of Epstein–Barr virus 
in etiology [34]. Sarcomatoid type of HCC presents an 
epithelial component and a component of malignant 
spindle cells that cannot be distinguished from a sarcoma, 
with transition areas between the two components, 
immunohistochemistry for cytokeratin and vimentin being 
usually positive [34]. 

Some of the issues described may be present after 
chemotherapy or transchemoarterial embolization, which 
of can cause phenotypic changes. 

Cytological variants 
Various cytological aspects of HCC are described. 

Cells showed predominantly classic aspects with similar 
morphology of hepatocytes, polygonal, vesicular, round 
nuclei and prominent nucleoli. The ratio between the 
nucleus and the cytoplasm, as well as the degree of pleo-
morphism and hyperchromatism varies with the degree 
of differentiation of the tumor. 

Along with small cell changes, may be present large 
cell changes and giant or pleomorphic cells. The granular 
appearance of cytoplasm due to the number of mitochondria 
and decreased basophilia compared with normal hepato-
cytes are characteristic issues (Figure 3H). 

Pleomorphic variants contain cells, which are usually 
larger and contain multiple nuclei of bizarre shapes, some-
times with osteoclast-like appearance. These cells rarely 
form compact masses, are discohesive and characteristic 
for poorly differentiated HCC (Figure 3I). 

Clear cell variants of HCC show abundant, clear cyto-
plasm, due to abundant deposits of glycogen, fat or water 
(Figure 3J). The nuclei are usually centrally located. Clear 
cells predominate in the tumor, and usually grow on trabe-
cular cords. Sometimes this appearance can be mistaken 
for with metastatic clear cell carcinoma [34, 63]. Although 
this type of cell was associated with a better prognosis, 
there is no convincing evidence for this theory [68, 69]. 
Focally aspects of small cell, giant cell, sarcomatoid, onco-
cytoid or rhabdoid appearance may be present in the case 
of conventional HCC. 

Cytoplasmic inclusions 
HCC tumor cells present several cytoplasmic inclusions. 

Triglyceride cytoplasmic inclusions are visible especially 
for tumors less than 2 cm in size [63]. 

Mallory bodies are PAS-negative masses of inter-
mediate filaments, visible in electron microscopy. Pale 
bodies are frequent in fibrolamellar hepatocarcinomas 
and contain fibrinogen, representing fibrillar structures 
within dilated endoplasmic reticulum [74]. PAS-positive 
granular hyaline bodies of different sizes can be seen in 
about 15% of HCCs, with both intra- and extracellular 
locations. Following immunohistochemical analysis, it 
was demonstrated that they contain liver products such 
as albumin, alpha-fetoprotein, alpha-1 antitrypsin, bile 
or ferritin [75]. Mallory bodies, by content of abnormal 
keratins, ubiquitin, and heat shock proteins differs of 
intra- and extracellular hyaline bodies, although their co-
existence is demonstrated in HCC [76]. Although HBsAg 
within hepatocytes confers a characteristic “ground-glass” 
aspect, this is not a characteristic for HCC being considered 
tumoral entrapped HBsAg hepatocytes [34, 63]. Sometimes 
was described in the cytoplasm of tumor cells the presence 
of a melanin-like, dark brown pigment, similar to Dubin–
Johnson syndrome [34]. 

HCC grading takes into account the cytological and 
architectural aspects. Thus, in well-differentiated HCC, 
the pattern is usually trabecular or acinar, sizes less than 
3 cm and steatosis is present. By comparison, in the case 
of moderately differentiated HCC, the trabecular aspect 
is weak, with trabeculae thicker and increased cytological 
atypia. In poorly differentiated and undifferentiated tumors, 
the solid infiltrative growth pattern with sarcomatoid 
differentiation, pleomorphism and marked atypia are 
characteristic. 

HCC heterogeneity in regarding the degree of differ-
entiation and the impossibility of objective evaluation on 
biopsy fragments, makes this histological parameter do 
not always provide essential information about prognosis 
[64]. The main morphological prognostic parameters for 
HCC remain tumor stage (size and number of tumors, 
vascular and extrahepatic invasion) [64]. 

Immunohistochemical markers in HCC are useful for 
the differential diagnosis both with dysplastic nodules  
in case of well HCC and other tumors (hepatocellular 
neoplasms, adenocarcinomas, and metastasis) in case of 
poorly differentiated HCC. 

Heat shock protein 70, glutamine synthetase, glypican-3 
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and β-catenin expression shows differences in regenerative/ 
dysplastic lesions compared with early and well-differ-
entiated HCC, and can be used for differential diagnosis 
[34, 63]. From our experience, we observed that CD34 
MVD can differentiate between regenerative nodules/LGDN 
and HGDN/HCC through both immunostaining pattern 
(peripheral vs. central) and the values significantly higher 
in high-grade dysplasia lesions and HCC (Figure 3K). 
Furthermore, new methods were used to characterize the 
liver tumor vasculature. Thereby, some methods of fractal 

analysis of primary and metastatic liver tumor vasculature, 
as well as in non-tumor lesions, can be used in order to 
differentiate lesions [77]. 

HepPar 1 has a high sensitivity for HCC and is the 
most used marker, although it can be negative in poorly 
differentiated HCC and scirrhous forms, and positive in 
some digestive or lung adenocarcinomas [34, 78, 79]. 

Another useful marker is polyclonal CEA, indicating a 
canalicular pattern in case of HCC, cytoplasmic in other 
carcinomas and usually negative for HGDN [34] (Figure 3L). 

 

 

 

 

 

Figure 3 – (A) 3T MRI Ax T2, using Gd–EOB–DTPA and revealing a small hypovascular HCC in segment VII;  
(B) 3T volume reconstruction large HCC with inhomogeneous internal appearance with necrosis and thin capsule; 
(C) A satellite nodule hyperintense in ax T2 with fat suppression; (D) HCC, trabecular and pseudoglandular mixed 
pattern, HE staining, ×100; (E) HCC, trabecular type, HE staining, ×100; (F) HCC, pseudoglandular type, HE staining, 
×100; (G) HCC, compact type, HE staining, ×100; (H) Hepatic residual parenchyma and carcinoma with trabecular 
pattern, HE staining, ×100; (I) HCC, pleomorphic variant, HE staining, ×100; (I) HCC, clear cell variant, HE staining, 
×100; (K) HCC, CD34 immunostaining, ×100; (L) HCC, CEA-specific canalicular immunostaining pattern, ×100. 
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Literature data also indicate α-fetoprotein as specific 
but less sensitive for HCC, MOC1 negativity and CAM 5.2, 
CK7, CK19, CK20 positivity useful for the differential 
diagnosis of HCC [34]. Arginase-1, HepPar 1 and glypican-
3 seem to be the best markers for distinguishing HCC 
from metastatic tumors [80]. 

Panels of immunohistochemical markers along with 
the morphological and imaging features of regenerative 
nodules, dysplastic nodules and HCC are required for 
assessing prognosis and therapeutic management of the 
lesions (Table 1). 
 

Table 1 – Comparative diagnosis features for the hepatic nodular lesions 

Parameter/Lesion Regenerative nodules LGDN HGDN HCC 

MRI     

T1 weighted 
variable (high for 

protein/lipids content) 
variable variable 

▪ high (small early HCC) / 
variable (small progressed
HCC) / hypointense (large 
HCC). 

T2 weighted iso-/hypointense iso-/hypointense iso-/hypointense 

▪ iso-/hypointense (small 
early HCC) / hetero-
geneous hyperintense 
(small progressed HCC 
and large HCC); 
▪ hyperintense. 

DWI   iso-/hypointense  

Macroscopy 
▪ 1–3 cm, well defined; 
▪ green or yellow-brown. 

▪ 1–3 cm, well defined; 
▪ green or yellow-brown. 

<1.5 cm, imprecise  
edges 

▪ variable in size, well 
defined or imprecise 
edges; 
▪ diffuse, nodular and 
massive types; 
▪ necrosis, hemorrhage. 

Microscopy 

▪ reticulin network 
preserved; 
▪ hepatocytes close to 
normal; 
▪ liver architecture 
disordered; 
▪ ductular reaction. 

▪ reticulin network 
preserved; 
▪ hepatocytes close to 
normal; 
▪ liver architecture 
disordered; 
▪ ductular reaction. 

▪ decrease of reticulin 
network; 
▪ small and large cell 
changes; 
▪ liver architecture 
disordered; 
▪ ductular reaction. 

▪ reticulin network 
destroyed; 
▪ stromal invasion; 
▪ malignant cytology; 
▪ no ductular reaction. 

Immunohistochemistry     

Sinusoidal capillarization 
CD34 peripheral staining, 

low MVD values. 
CD34 peripheral staining, 

low MVD values. 
CD34 central staining, 

high MVD values. 
CD34 diffuse staining, 

high MVD values. 
Malignant vs. non-

malignant 
Heat shock protein 70, glutamine synthetase, glypican-3, β-catenin 

Malignant vs. metastasis HepPar 1, polyclonal CEA, arginase-1, glypican-3, CAM 5.2, CK7, CK19, CK20 

LGDN: Low-grade dysplastic nodule; HGDN: High-grade dysplastic nodule; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance 
imaging; DWI: Diffusion-weighted imaging; MVD: Microvascular density; HepPar 1: hepatocyte paraffin 1; CEA: Carcinoembryonic antigen; 
CAM 5.2: Anti-cytokeratin (CAM 5.2) mouse monoclonal primary antibody; CK: Cytokeratin. 
 

Highlighting and analyzing these differences can be 
the basis of further classification of nodular lesions in 
the liver. For instance, a prognostic factor for the future, 
may be represented by determining the molecular classi-
fication of HCC, which may be the gateway to a targeted 
and effective treatment; today were identified two target 
groups based on etiology, genes and proteins involved 
in HCC, one of these with predominantly proliferative 
mechanisms, and another with a central role of β-catenin 
[81, 82]. 

The characterization of liver lesions in the progression 
of tumor, it is important for the understanding of liver 
carcinogenesis both in the imaging and histopathological 
analysis [83]. Imagistic-pathological studies are important 
to standardize criteria in non-invasive diagnostic imaging, 
especially for small HCC or in case of particular aspects 
[83–85]. 

 Conclusions 

Hypervascular nodules in cirrhotic liver are a group of 
lesions that may be classified histologically as regenerative 
(benign) or as dysplastic or neoplastic (premalignant or 
malignant). For an accurate diagnosis, a correlation between 

the clinical, pathological and imaging features is necessary. 
Moreover, a comprehensive familiarity with specific features 
at unenhanced and contrast-enhanced MR imaging may 
help distinguish benign lesions from premalignant and 
malignant ones, for a better management and follow-up 
of HCC. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Acknowledgments 
This paper was published under the frame of European 

Social Fund, Human Resources Development Operational 
Programme 2007–2013, Project No. POSDRU/159/1.5/ 
S/136893 and Partnership Project No. 2011–3.2–0503, 
VIPsystem. 

References 
[1] Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 

2002. CA Cancer J Clin, 2005, 55(2):74–108. 
[2] Howlader N, Noone AM, Krapcho M, Garshell J, Neyman N, 

Altekruse SF, Kosary CL, Yu M, Ruhl J, Tatalovich Z, Cho H, 
Mariotto A, Lewis DR, Chen HS, Feuer EJ, Cronin KA. 
SEER Cancer Statistics Review, 1975–2009 (Vintage 2009 
Populations). National Cancer Institute, Bethesda, MD, 2012. 



MRI and pathology aspects of hypervascular nodules in cirrhotic liver: from dysplasia to hepatocarcinoma 

 

933

[3] Chiaramonte M, Stroffolini T, Vian A, Stazi MA, Floreani A, 
Lorenzoni U, Lobello S, Farinati F, Naccarato R. Rate of 
incidence of hepatocellular carcinoma in patients with com-
pensated viral cirrhosis. Cancer, 1999, 85(10):2132–2137. 

[4] Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular 
carcinoma in cirrhosis: incidence and risk factors. Gastroen-
terology, 2004, 127(5 Suppl 1):S35–S50. 

[5] Marrero JA. Screening tests for hepatocellular carcinoma. 
Clin Liver Dis, 2005, 9(2):235–251, vi. 

[6] Bruix J, Sherman M; Practice Guidelines Committee, American 
Association for the Study of Liver Diseases. Management of 
hepatocellular carcinoma. Hepatology, 2005, 42(5):1208–1236. 

[7] Colli A, Fraquelli M, Casazza G, Massironi S, Colucci A, 
Conte D, Duca P. Accuracy of ultrasonography, spiral CT, 
magnetic resonance, and alpha-fetoprotein in diagnosing 
hepatocellular carcinoma: a systematic review. Am J Gastro-
enterol, 2006, 101(3):513–523. 

[8] Popper H. Pathologic aspects of cirrhosis. A review. Am J 
Pathol, 1977, 87(1):228–264. 

[9] Coleman WB. Mechanisms of human hepatocarcinogenesis. 
Curr Mol Med, 2003, 3(6):573–588. 

[10] Taouli B, Vilgrain V, Dumont E, Daire JL, Fan B, Menu Y. 
Evaluation of liver diffusion isotropy and characterization of 
focal hepatic lesions with two single-shot echo-planar MR 
imaging sequences: prospective study in 66 patients. Radio-
logy, 2003, 226(1):71–78. 

[11] Tada T, Kumada T, Toyoda H, Ito T, Sone Y, Okuda S, Ogawa S, 
Igura T, Imai Y. Diagnostic accuracy for macroscopic classi-
fication of nodular hepatocellular carcinoma: comparison of 
gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-
enhanced magnetic resonance imaging and angiography-
assisted computed tomography. J Gastroenterol, 2015, 50(1): 
85–94. 

[12] Kanematsu M, Goshima S, Watanabe H, Kondo H, Kawada H, 
Noda Y, Moriyama N. Diffusion/perfusion MR imaging of the 
liver: practice, challenges, and future. Magn Reson Med Sci, 
2012, 11(3):151–161. 

[13] Qayyum A. Diffusion-weighted imaging in the abdomen and 
pelvis: concepts and applications. Radiographics, 2009, 29(6): 
1797–1810. 

[14] Taouli B, Koh DM. Diffusion-weighted MR imaging of the liver. 
Radiology, 2010, 254(1):47–66. 

[15] Parikh T, Drew SJ, Lee VS, Wong S, Hecht EM, Babb JS, 
Taouli B. Focal liver lesion detection and characterization with 
diffusion-weighted MR imaging: comparison with standard 
breath-hold T2-weighted imaging. Radiology, 2008, 246(3): 
812–822. 

[16] Bruegel M, Gaa J, Waldt S, Woertler K, Holzapfel K, Kiefer B, 
Rummeny EJ. Diagnosis of hepatic metastasis: comparison 
of respiration-triggered diffusion-weighted echo-planar MRI 
and five T2-weighted turbo spin-echo sequences. AJR Am J 
Roentgenol, 2008, 191(5):1421–1429. 

[17] Campos JT, Sirlin CB, Choi JY. Focal hepatic lesions in Gd-
EOB-DTPA enhanced MRI: the atlas. Insights Imaging, 2012, 
3(5):451–474. 

[18] Bartolozzi C, Battaglia V, Bozzi E. Hepatocellular nodules in 
liver cirrhosis: contrast-enhanced MR. Abdom Imaging, 2011, 
36(3):290–299. 

[19] Cereser L, Furlan A, Bagatto D, Girometti R, Como G, 
Avellini C, Orsaria M, Zuiani C, Bazzocchi M. Comparison of 
portal venous and delayed phases of gadolinium-enhanced 
magnetic resonance imaging study of cirrhotic liver for the 
detection of contrast washout of hypervascular hepatocellular 
carcinoma. J Comput Assist Tomogr, 2010, 34(5):706–711. 

[20] Yoo HJ, Lee JM, Lee JY, Kim SH, Kim SJ, Han JK, Choi BI. 
Additional value of SPIO-enhanced MR imaging for the non-
invasive imaging diagnosis of hepatocellular carcinoma in 
cirrhotic liver. Invest Radiol, 2009, 44(12):800–807. 

[21] Frericks BB, Loddenkemper C, Huppertz A, Valdeig S, Stroux A, 
Seja M, Wolf KJ, Albrecht T. Qualitative and quantitative 
evaluation of hepatocellular carcinoma and cirrhotic liver 
enhancement using Gd-EOB-DTPA. AJR Am J Roentgenol, 
2009, 193(4):1053–1060. 

[22] Gandhi SN, Brown MA, Wong JG, Aguirre DA, Sirlin CB. MR 
contrast agents for liver imaging: what, when, how. Radio-
graphics, 2006, 26(6):1621–1636. 

[23] Chung J, Yu JS, Kim DJ, Chung JJ, Kim JH, Kim KW. Hyper-
vascular hepatocellular carcinoma in the cirrhotic liver: diffusion-

weighted imaging versus superparamagnetic iron oxide-enhan-
ced MRI. Magn Reson Imaging, 2011, 29(9):1235–1243. 

[24] Zheng WW, Zhou KR, Chen ZW, Shen JZ, Chen CZ, Zhang SJ. 
Characterization of focal hepatic lesions with SPIO-enhanced 
MRI. World J Gastroenterol, 2002, 8(1):82–86. 

[25] Goshima S, Kanematsu M, Matsuo M, Kondo H, Kako N, 
Yokoyama R, Hoshi H, Moriyama N. Malignant hepatic tumor 
detection with ferumoxide-enhanced magnetic resonance 
imaging: is chemical-shift-selective fat suppression necessary 
for fast spin-echo sequence? J Magn Reson Imaging, 2004, 
20(1):75–82. 

[26] Kubaska S, Sahani DV, Saini S, Hahn PF, Halpern E. Dual 
contrast enhanced magnetic resonance imaging of the liver 
with superparamagnetic iron oxide followed by gadolinium 
for lesion detection and characterization. Clin Radiol, 2001, 
56(5):410–415. 

[27] Ward J, Guthrie JA, Scott DJ, Atchley J, Wilson D, Davies MH, 
Wyatt JI, Robinson PJ. Hepatocellular carcinoma in the cirrhotic 
liver: double-contrast MR imaging for diagnosis. Radiology, 
2000, 216(1):154–162. 

[28] Lencioni R, Crocetti L, Della Pina MC, Cioni D. Guidelines for 
imaging focal lesions in liver cirrhosis. Expert Rev Gastro-
enterol Hepatol, 2008, 2(5):697–703. 

[29] Efremidis SC, Hytiroglou P. The multistep process of hepato-
carcinogenesis in cirrhosis with imaging correlation. Eur Radiol, 
2002, 12(4):753–764. 

[30] Seale MK, Catalano OA, Saini S, Hahn PF, Sahani DV. 
Hepatobiliary-specific MR contrast agents: role in imaging the 
liver and biliary tree. Radiographics, 2009, 29(6):1725–1748. 

[31] Hanna RF, Aguirre DA, Kased N, Emery SC, Peterson MR, 
Sirlin CB. Cirrhosis-associated hepatocellular nodules: correlation 
of histopathologic and MR imaging features. Radiographics, 
2008, 28(3):747–769. 

[32] Willatt JM, Hussain HK, Adusumilli S, Marrero JA. MR 
imaging of hepatocellular carcinoma in the cirrhotic liver: 
challenges and controversies. Radiology, 2008, 247(2):311–
330. 

[33] Zhang J, Krinsky GA. Iron-containing nodules of cirrhosis. 
NMR Biomed, 2004, 17(7):459–464. 

[34] Ferrell L, Kakar S. Tumors of the liver, biliary tree, and gall-
bladder. In: Fletcher CDM (ed). Diagnostic histopathology of 
tumors. 4th edition, Elsevier–Saunders, Philadelphia, 2013, 
485–499.  

[35] Roncalli M, Roz E, Coggi G, Di Rocco MG, Bossi P, Minola E, 
Gambacorta M, Borzio M. The vascular profile of regenerative 
and dysplastic nodules of the cirrhotic liver: implications for 
diagnosis and classification. Hepatology, 1999, 30(5):1174–
1178. 

[36] International Consensus Group for Hepatocellular Neoplasia. 
Pathologic diagnosis of early hepatocellular carcinoma: a 
report of the International Consensus Group for Hepatocellular 
Neoplasia. Hepatology, 2009, 49(2):658–664. 

[37] International Working Party. Terminology of nodular hepato-
cellular lesions. Hepatology, 1995, 22(3):983–993. 

[38] Gligorijević J, Djordjević B, Petrović A, Radirević A, Stojanović S. 
Expression of CD34 in cirrhotic liver – reliance to dedifferent-
iation. Vojnosanit Pregl, 2010, 67(6):459–462. 

[39] Bruix J, Sherman M; American Association for the Study of 
Liver Diseases. Management of hepatocellular carcinoma: 
an update. Hepatology, 2011, 53(3):1020–1022. 

[40] Bolondi L, Gaiani S, Celli N, Golfieri R, Grigioni WF, Leoni S, 
Venturi AM, Piscaglia F. Characterization of small nodules 
in cirrhosis by assessment of vascularity: the problem of 
hypovascular hepatocellular carcinoma. Hepatology, 2005, 
42(1):27–34. 

[41] Ayuso C, Rimola J, García-Criado A. Imaging of HCC. Abdom 
Imaging, 2012, 37(2):215–230. 

[42] Albiin N. MRI of focal liver lesions. Curr Med Imaging Rev, 
2012, 8(2):107–116. 

[43] Jeong WK, Byun JH, Lee SS, Won HJ, Kim KW, Shin YM, 
Kim PN, Lee MG. Gadobenate dimeglumine-enhanced liver 
MR imaging in cirrhotic patients: quantitative and qualitative 
comparison of 1-hour and 3-hour delayed images. J Magn 
Reson Imaging, 2011, 33(4):889–897. 

[44] Kim TK, Lee KH, Jang HJ, Haider MA, Jacks LM, Menezes RJ, 
Park SH, Yazdi L, Sherman M, Khalili K. Analysis of gado-
benate dimeglumine-enhanced MR findings for characterizing 



Ioana-Andreea Gheonea et al. 

 

934 

small (1-2-cm) hepatic nodules in patients at high risk for 
hepatocellular carcinoma. Radiology, 2011, 259(3):730–738. 

[45] Roncalli M, Park YN, Di Tommaso L. Histopathological 
classification of hepatocellular carcinoma. Dig Liver Dis, 2010, 
42(Suppl 3):S228–S234. 

[46] Andreana L, Burroughs AK. Treatment of early hepatocellular 
carcinoma: how to predict and prevent recurrence. Dig Liver 
Dis, 2010, 42(Suppl 3):S249–S257. 

[47] American College of Radiology. LI-RADS concepts: conceptual 
descriptions of categories. http://www.acr.org/SecondaryMain 
MenuCategories/quality_safety/LI-RADS/LiRads-Definitions. 
aspx. Updated: March 1, 2011; Accessed: May 31, 2014. 

[48] Forner A, Vilana R, Ayuso C, Bianchi L, Solé M, Ayuso JR, 
Boix L, Sala M, Varela M, Llovet JM, Brú C, Bruix J. Diagnosis 
of hepatic nodules 20 mm or smaller in cirrhosis: prospective 
validation of the noninvasive diagnostic criteria for hepato-
cellular carcinoma. Hepatology, 2008, 47(1):97–104. 

[49] Kelekis NL, Semelka RC, Worawattanakul S, de Lange EE, 
Ascher SM, Ahn IO, Reinhold C, Remer EM, Brown JJ,  
Bis KG, Woosley JT, Mitchell DG. Hepatocellular carcinoma 
in North America: a multiinstitutional study of appearance on 
T1-weighted, T2-weighted, and serial gadolinium-enhanced 
gradient-echo images. AJR Am J Roentgenol, 1998, 170(4): 
1005–1013. 

[50] Ito K. Hepatocellular carcinoma: conventional MRI findings 
including gadolinium-enhanced dynamic imaging. Eur J Radiol, 
2006, 58(2):186–199. 

[51] Goshima S, Kanematsu M, Kondo H, Yokoyama R, Kajita K, 
Tsuge Y, Watanabe H, Shiratori Y, Onozuka M, Moriyama N. 
Diffusion-weighted imaging of the liver: optimizing b value for 
the detection and characterization of benign and malignant 
hepatic lesions. J Magn Reson Imaging, 2008, 28(3):691–697. 

[52] Kojiro M. ‘Nodule-in-nodule’ appearance in hepatocellular 
carcinoma: its significance as a morphologic marker of de-
differentiation. Intervirology, 2004, 47(3–5):179–183. 

[53] Goshima S, Kanematsu M, Matsuo M, Kondo H, Kato H, 
Yokoyama R, Hoshi H, Moriyama N. Nodule-in-nodule appea-
rance of hepatocellular carcinomas: comparison of gadolinium-
enhanced and ferumoxides-enhanced magnetic resonance 
imaging. J Magn Reson Imaging, 2004, 20(2):250–255. 

[54] Pawlik TM, Poon RT, Abdalla EK, Ikai I, Nagorney DM, 
Belghiti J, Kianmanesh R, Ng IO, Curley SA, Yamaoka Y, 
Lauwers GY, Vauthey JN. Hepatectomy for hepatocellular 
carcinoma with major portal or hepatic vein invasion: results 
of a multicenter study. Surgery, 2005, 137(4):403–410. 

[55] Motosugi U, Ichikawa T, Sou H, Sano K, Tominaga L, Muhi A, 
Araki T. Distinguishing hypervascular pseudolesions of the 
liver from hypervascular hepatocellular carcinomas with gado-
xetic acid-enhanced MR imaging. Radiology, 2010, 256(1): 
151–158. 

[56] Sun HY, Lee JM, Shin CI, Lee DH, Moon SK, Kim KW, Han JK, 
Choi BI. Gadoxetic acid-enhanced magnetic resonance imaging 
for differentiating small hepatocellular carcinomas (< or =2 cm 
in diameter) from arterial enhancing pseudolesions: special 
emphasis on hepatobiliary phase imaging. Invest Radiol, 2010, 
45(2):96–103. 

[57] Brancatelli G, Federle MP, Baron RL, Lagalla R, Midiri M, 
Vilgrain V. Arterially enhancing liver lesions: significance of 
sustained enhancement on hepatic venous and delayed phase 
with magnetic resonance imaging. J Comput Assist Tomogr, 
2007, 31(1):116–124. 

[58] Giuşcă SE, Căruntu ID, Amălinei C, Avădănei ER. Prognostic 
significance of MMP-9 and TIMP-1 in liver metastases. Rom 
J Morphol Embryol, 2015, 56(2):357–364. 

[59] Streba LA, Streba CT, Săndulescu L, Vere CC, Mitruţ P, 
Cotoi BV, Popescu LN, Ion DA. Dendritic cells and hepato-
cellular carcinoma. Rom J Morphol Embryol, 2014, 55(4): 
1287–1293. 

[60] Kai K, Miyoshi A, Kitahara K, Miyazaki K, Noshiro H, Tokunaga O. 
Usual and unusual gross appearance of hepatocellular carci-
nomas. In: Lau JWY (ed). Hepatocellular carcinoma – clinical 
research. InTech, Rijeka, Croatia, 2012, 155–180. 

[61] Eggel H. Über das primäre Carcinom der Leber. Beitr Pathol 
Anat Allg Pathol, 1901, 30:506–604. 

[62] Tzouliadis L, Hulin SJ, Shaw I, Rees M. Image of the month – 
pedunculated hepatocellular carcinoma. Arch Surg, 2007, 
142(1):95. 

[63] Bosman FT, Carnerio F, Hruban RH, Theise ND (eds). WHO 
Classification of Tumours of the Digestive System. IARC 
Press, Lyon, 2010. 

[64] Paradis V. Histopathology of hepatocellular carcinoma. Recent 
Results Cancer Res, 2013, 190:21–32. 

[65] Liu S, Zhang Y, Zhao G, Liu Y. Complete remission of diffuse 
hepatocellular carcinoma in a young adult after GSP-TACE: 
a case report. World J Surg Oncol, 2014, 12:300. 

[66] Liver Cancer Study Group of Japan. The general rules for 
the clinical and pathological study of primary liver cancer. 
Jpn J Surg, 1989, 19(1):98–129. 

[67] Izumi R, Shimizu K, Ii T, Yagi M, Matsui O, Nonomura A, 
Miyazaki I. Prognostic factors of hepatocellular carcinoma in 
patients undergoing hepatic resection. Gastroenterology, 1994, 
106(3):720–727. 

[68] Henderson JM, Sherman M, Tavill A, Abecassis M, Chejfec G, 
Gramlich T. AHPBA/AJCC consensus conference on staging 
of hepatocellular carcinoma: consensus statement. HPB 
(Oxford), 2003, 5(4):243–250. 

[69] Vauthey JN, Lauwers GY, Esnaola NF, Do KA, Belghiti J, 
Mirza N, Curley SA, Ellis LM, Regimbeau JM, Rashid A, 
Cleary KR, Nagorney DM. Simplified staging for hepatocellular 
carcinoma. J Clin Oncol, 2002, 20(6):1527–1536. 

[70] Karatzas T, Smirnis A, Dimitroulis D, Patsouras D, Evaggelou K, 
Kykalos S, Kouraklis G. Giant pedunculated hepatocellular 
carcinoma with hemangioma mimicking intestinal obstruction. 
BMC Gastroenterol, 2011, 11:99. 

[71] Kai K, Miyoshi A, Egashira Y, Kubo H, Kitahara K, Isoda H, 
Mizuta T, Irie H, Noshiro H, Tokunaga O. A case of pelioid 
type of hepatocellular carcinoma composed of the two different 
nodules. Kanzo, 2011, 52(2):112–119. 

[72] Wang JH, Chen TM, Tung HD, Lee CM, Changchien CS, Lu SN. 
Color Doppler sonography of bile duct tumor thrombi in 
hepatocellular carcinoma. J Ultrasound Med, 2002, 21(7):767–
772; quiz 773–774. 

[73] Park YN, Kojiro M, Di Tommaso L, Dhillon AP, Kondo F, 
Nakano M, Sakamoto M, Theise ND, Roncalli M. Ductular 
reaction is helpful in defining early stromal invasion, small 
hepatocellular carcinomas, and dysplastic nodules. Cancer, 
2007, 109(5):915–923. 

[74] Lauwers GY, Terris B, Balis UJ, Batts KP, Regimbeau JM, 
Chang Y, Graeme-Cook F, Yamabe H, Ikai I, Cleary KR, 
Fujita S, Flejou JF, Zukerberg LR, Nagorney DM, Belghiti J, 
Yamaoka Y, Vauthey JN; International Cooperative Study 
Group on Hepatocellular Carcinoma. Prognostic histologic 
indicators of curatively resected hepatocellular carcinomas: a 
multi-institutional analysis of 425 patients with definition of a 
histologic prognostic index. Am J Surg Pathol, 2002, 26(1): 
25–34. 

[75] Lau WY (ed). Hepatocellular carcinoma. World Scientific 
Publishing Co. Pte. Ltd., London, UK, 2008.  

[76] Stumptner C, Fuchsbichler A, Zatloukal K, Denk H. In vitro 
production of Mallory bodies and intracellular hyaline bodies: 
the central role of sequestosome 1/p62. Hepatology, 2007, 
46(3):851–860. 

[77] Streba CT, Pirici D, Vere CC, Mogoantă L, Comănescu V, 
Rogoveanu I. Fractal analysis differentiation of nuclear and 
vascular patterns in hepatocellular carcinomas and hepatic 
metastasis. Rom J Morphol Embryol, 2011, 52(3):845–854. 

[78] Kakar S, Muir T, Murphy LM, Lloyd RV, Burgart LJ. Immuno-
reactivity of Hep Par 1 in hepatic and extrahepatic tumors 
and its correlation with albumin in situ hybridization in hepato-
cellular carcinoma. Am J Clin Pathol, 2003, 119(3):361–366. 

[79] Kakar S, Gown AM, Goodman ZD, Ferrell LD. Best practices 
in diagnostic immunohistochemistry: hepatocellular carcinoma 
versus metastatic neoplasms. Arch Pathol Lab Med, 2007, 
131(11):1648–1654. 

[80] Timek DT, Shi J, Liu H, Lin F. Arginase-1, HepPar-1, and 
Glypican-3 are the most effective panel of markers in distin-
guishing hepatocellular carcinoma from metastatic tumor on 
fine-needle aspiration specimens. Am J Clin Pathol, 2012, 
138(2):203–210. 

[81] van Malenstein H, van Pelt J, Verslype C. Molecular classifi-
cation of hepatocellular carcinoma anno 2011. Eur J Cancer, 
2011, 47(12):1789–1797. 

[82] Zucman-Rossi J. Molecular classification of hepatocellular 
carcinoma. Dig Liver Dis, 2010, 42(Suppl 3):S235–S241. 



MRI and pathology aspects of hypervascular nodules in cirrhotic liver: from dysplasia to hepatocarcinoma 

 

935

[83] Huh J, Kim KW, Kim J, Yu E. Pathology–MRI correlation of 
hepatocarcinogenesis: recent update. J Pathol Transl Med, 
2015, 49(3):218–229. 

[84] Bialecki ES, Di Bisceglie AM. Diagnosis of hepatocellular 
carcinoma. HPB (Oxford), 2005, 7(1):26–34. 

[85] Chung YE, Park MS, Park YN, Lee HJ, Seok JY, Yu JS, Kim MJ. 
Hepatocellular carcinoma variants: radiologic-pathologic corre-
lation. AJR Am J Roentgenol, 2009, 193(1):W7–W13. 

 
 
 
 
 
 
 
Corresponding author 
Costin Teodor Streba, MD, PhD, MSc, Research Center of Gastroenterology and Hepatology, University of Medicine 
and Pharmacy of Craiova, 66 1 May Avenue, 200639 Craiova, Dolj County, Romania; Phone +40722–389 906,  
e-mail: costinstreba@gmail.com 
 
 
 
 
 
 
Received: October 24, 2014 

Accepted: November 16, 2015 
 
 


