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Purpose: To assess the added value of specific MR im-
aging ancillary criteria used in a comprehensive ra-
diological diagnostic guideline (Valencia multivar-
iate classification, VLC-MV) for the non-invasive 
diagnosis of hepatocellular carcinoma (HCC). 
Material and Methods: Descriptive observational ret-
rospective study of 66 patients diagnosed with HCC. 
MR was performed on different 1.5 and 3T scanners. 
Standard gradient echo chemical shift T1-weighted, 
turbo-spin echo T2-weighted, diffusion-weighted 
with high b-values (800-1,000 s/mm²) and dynamic 
contrast-enhanced spoiled gradient echo T1-weight-
ed (late arterial, portal and equilibrium phases) se-
quences were used. All cases were evaluated using 
the EASL-AASLD, LI-RADS and VLC-MV criteria. The 
VLC-MV classification developed in our center con-
siders the added value of several different ancil-
lary minor criteria (at least one vascular major cri-
teria plus at least two minor criteria: capsule, fatty 
metamorphosis, mosaic pattern, signal changes on 
T1-weighted and T2-weighted sequences, restrict-
ed diffusion and vascular invasion) and  does not in-

clude growth or size in order to minimise difficulties 
and biases. The VLC-MV criteria will be compared to 
the most widely used and established guidelines (EA-
SL-AASL and LI-RADS). 
Results: Mean HCC size was 38.6 ± 26 mm (standard 
deviation), range from 7 to 120 mm. There were 6 
hypovascular tumours (9.1%) and 4 (6.1%) without 
wash-out. Regarding minor ancillary criteria, cap-
sule was observed in 57 cases (86.4%), fatty meta-
morphosis in 11 (16.7%), T1-/T2 slight signal chang-
es in 18 (27.3%), mosaic pattern in 5 (7.6%), diffusion 
hyperintensity in 45 (68.2%) and vascular invasion 
in 6 cases (9.1%). The VLC-MV was the most accu-
rate classification (98.5% positive predictive value), 
followed by LI-RADS (84.8% for LI-RADS-5) and EA-
SL-AASLD (80.3%), the differences being significant 
(Chi-Squared test, p=0.04 and 0.02).
Conclusions: MR imaging VLC-MV classification is a 
very accurate method for the non-invasive diagno-
sis of HCC, with the advantages of not requiring the 
evaluation of growth and not being limited by le-
sion size.
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1. Introduction
In cirrhosis, hepatocarcinogenesis is a complex and mul-
tistep process due to accumulation of genetic and epi-
genetic changes, creating a microenvironment replete 
with carcinogens in the chronically diseased liver, lead-
ing to the development of hepatocellular carcinoma 
(HCC) from dysplastic liver nodules. An appropriate sys-
tem of diagnosis and stratification is currently based on 
the patient’s condition, the Child-Pugh score, the car-
cinogenesis and natural history of the tumour, the avail-
able diagnostic criteria and the defined prognostic phe-
notypes. All of them establish categories of staging that 
correspond with certain treatment options. In this set-
ting, standardised diagnostic and reporting systems im-
prove the quality of communication between radiolo-
gists, clinicians and patients.

It is agreed that HCC in cirrhotic patients allows a nonin-
vasive imaging diagnosis without histologic confirmation 
with nearly perfect specificity and positive predictive val-
ues. There are several guidelines for the noninvasive diag-
nosis of HCC on the cirrhotic liver, such as the European 
Association for the Study of the Liver (EASL), the American 
Association for the Study of Liver Diseases (AASLD) and 
the Liver Imaging Reporting and Data System (LI-RADS) 
[1-3]. They use different imaging criteria based on the size 
of the lesion (larger diameter greater than 1 cm) and en-
hancement after administration of intravenous contrast 
medium (hypervascular in the arterial phase with a wash-
out pattern in the portal and delayed phases after extra-
cellular contrast agent administration). In addition, the 
EASL guidelines include origin of the performed study (if 
it is a center of excellence) and the diagnostic technique 
(CT or MR imaging). The newly developed LI-RADS crite-
ria provide a gradation of diagnostic probability of HCC 
based on the behaviour of the lesion in the arterial phase, 
the presence of contrast wash-out in the portal phase, 
the existence of a capsule appearance, and the evidence 
of tumour growth in serial imaging studies. Recently, the 
EASL-AASLD recommendations have been validated in a 
large multicentre study [4], reinforcing also the role of 
contrast-enhanced ultrasound (CEUS) in the non-invasive 
diagnosis of HCC. 

However, the published comparative analyses of these 
guidelines show some discrepancies in the radiological 
diagnosis of HCC [5]. According to a meta-analysis, the 
overall per-lesion sensitivity of MR imaging was signifi-
cantly higher than that of multidetector CT (80% vs 68%, 
p=0.0023), both sensitivities being significantly lower for 
tumours smaller than 1 cm [6]. In a different meta-analy-
sis, pooled direct comparison of test performance in the 
detection of HCC showed similar overall sensitivities of 
71% and 81% for CT and MRI, respectively [7]. On the oth-
er hand, according to the AASLD revised guidelines, the 
specificity in the detection of small HCC, less than 2 cm, 
decreases to 44% with both techniques [8]. Furthermore, 
using the LI-RADS criteria, the HCC diagnosis cases were 
0% for LI-RADS-1 (definitely benign), 25% for LI-RADS-2 
(probably benign), 69% for LI-RADS-3 (intermediate prob-
ability), 96% for LI-RADS- 4 (probably HCC) and 98% for LI-
RADS-5 (definitely HCC) [9]. However, although the ap-
pearance of the capsule and the establishment of lesion 
growth, are extremely relevant for the diagnosis of HCC, 
these criteria are only explicitly contemplated in the LI-
RADS classification. In addition, the evaluation of growth 
of the lesion in the follow-up of these patients is a parame-
ter that can be misleading due to aspects such as extreme-
ly slow growing in small lesions, variability that may exist 
between readers, the use of different imaging techniques 
or the absence of previous examinations available at the 
time of the report.

The aim of our study is to assess the reliability of a 
comprehensive radiological diagnostic guideline for the 
non-invasive MR imaging identification of HCC in cir-
rhotic livers. The guideline developed in our center con-
siders the added value of several different ancillary mi-
nor criteria and does not include growth or size in order 
to minimise difficulties and biases. This criterion will be 
compared to the most widely used and established guide-
lines (EASL-AASL, LI-RADS).

2. Material and Methods

2.1 Design and Population
This descriptive observational retrospective study in-
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cludes 77 consecutive patients diagnosed with HCC great-
er than 5 mm in a 24 months’ period (from January 2012 
to February 2014). All cases had liver cirrhosis except for 
two with chronic hepatitis C viral infection. Eleven pa-
tients were finally excluded because of lack of verifica-
tion. The remaining 66 cases had confirmation obtained 
by pathologic analysis (36 tumours, 54.5%, including the 
2 HCC cases smaller than 1 cm), or by the combination 
of all these criteria (30 cases, 45.5%): standard imaging, 
analytical (alpha-fetoprotein greater than 20 ng/ml) and 
follow-up (malignant behaviour) [1]. From pathology re-
ports, there were 15 cases without defined pathologic 
grade, 5 HCC grade I, 6 HCC grade II, 5 HCC grade III, 2 fi-
brolamellar HCC, and 3 bi-phenotypic HCC-CCC (hepato-
cellular-cholangiocellular carcinoma). The fibrolamel-
lar tumours were present in patients with viral chronic 
hepatitis, aged 28 and 51 years. For the groups, mean age 
was 62 years (range, 23 to 83 years). Most patients (57 
cases, 86.4%) were men, with a mean age of 62 years; the 
remaining 9 patients were women (13.6%) with a mean 
age of 60 years.

MR was performed on different 1.5 and 3T scanners. 
Standard gradient echo chemical shift T1-weighted, tur-
bo-spin echo T2-weighted, diffusion-weighted with high 
b-values (800-1,000 s/mm²) and dynamic spoiled gradi-
ent echo T1-weighted sequences (late arterial, portal 
and equilibrium phases after 0.1 mmol/Kg body weight 
of gadobenate dimeglumine –MultiHance, Bracco, Italy 
at 2 ml/s rate injection) were used. Hepatobiliary phase 
images were not obtained in this study because this is the 

gadolinium-based contrast agent available in our center 
and in the first patients of the study this phase was not 
included in our protocol.

All cases were evaluated by two radiologists (5 and 8 
years of experience in abdominal MR) in consensus, us-
ing the EASL/AASLD, LI-RADS and our own multivariate 
classification (Valencia multivariate, VLC-MV). The com-
parison was made between the percentage of patients 
correctly diagnosed according to the diagnostic crite-
ria of the different classifications (EASL/AASLD, LI-RADS 
2014 and VLC-MV), and the gold-standard, considered as 
the pathological confirmation or the presence of estab-
lished diagnostic criteria including imaging, analytical 
and follow-up data.

All classifications considered the typical vascular be-
haviour as homogeneous enhancement in the late arteri-
al phase (20 seconds delay time after the initial enhance-
ment of the lower thoracic aorta) and wash-out in the 
portal phase (50 seconds after initial aorta enhancement) 
and/or in the equilibrium phase (at least 120 seconds af-
ter initial contrast enhancement).

In the EASL/AASLD criteria for excellence centers, 
the following parameters were considered diagnostic: 
lesion diameter greater than 1 cm, enhancement in the 
arterial phase and portal phase wash-out, and the pos-
sibility of a positive diagnosis both with CT and MRI 
[1, 2]. LI-RADS criteria (2014) consider either hypo or 
isoenhancing or hyperenhancing lesions in the arteri-
al phase, then classify them according to their size, the 
presence of none, one or two imaging criteria (wash-

Table 1: Summary of the diagnostic criteria used in the evaluated diagnostic classifications in our study

EASL-AASLD LI-RADS VLC-MV

CT or MR images 

Diameter > 1 cm. Arterial phase 
enhancement and wash-out in the 
portal phase.

CT or MR images

Arterial phase: hypo or isoenhancing 
and hyperenhancing lesions.

Other main imaging criteria: 
size, wash-out in the portal and 
equilibrium phases, pseudocapsule.

Ancillary findings till LR-4:  
mild-moderate T2 hyperintensity, 
restricted diffusion, distinctive 
rim, corona enhancement, mosaic 
architecture, nodule-in-nodule 
architecture, intra-lesional fat, 
lesional iron sparing, lesional fat 
sparing, blood products.

MR images

Major criteria: arterial phase 
hyperenhancement; wash-out  
in portal or equilibrium phases.

Minor criteria: pseudocapsule,  
fatty metamorphosis, mosaic 
pattern, signal changes on T1- 
and T2-weighted images, vascular 
invasion, and restricted diffusion.
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out in the portal phase and pseudocapsule) and thresh-
old growth [3]. 

The VLC-MV criteria have been developed in our 
center and have been in use for the last 15 years in the 
diagnosis and management of HCC with MR imaging. For 
the diagnosis of HCC using the VLC-MV classification, 
the lesion has to present at least one vascular major cri-
terion (hyperenhancement in the arterial phase and/or 
wash-out in the portal phase) plus at least two minor cri-
teria (pseudocapsule, fatty metamorphosis, mosaic pat-
tern, signal changes on T1-weighted and T2-weighted 
sequences, restricted diffusion, and vascular invasion). 
Fatty metamorphosis was evaluated using fat suppres-
sion T2-weighted and T1-weighted in/out sequences. Re-
striction in difussion-weighted imaging was assessed as 

a hyperintensity in high b value imaging (800 or 1,000) 
corresponding to a hypointensity in the ADC map. As this 
was planned as a single reading accuracy criterion, nei-
ther tumour growth (as control studies were not always 
present) nor hepatocellular phase data (as hepatobiliary 
images were not acquired in this series) were considered 
in this analysis. 

For significance, the Chi-Squared test was used with a 
p<0.05 considered as significant.

3. Results
Mean HCC size was 38.6 ± 26 mm (standard deviation), 
with a range from 7 to 120 mm. There were 6 hypovascu-
lar tumours (9.1%) and 4 (6.1%) others without wash-out. 
No case presented with hypovascularity and no wash-

Fig.1. 67-year-old man with cirrhosis (hepatitis C virus) and surgically verified HCC in segment V. MR images show no enhance-
ment in the arterial phase (a) but tumour wash-out in the portal phase (b). Note the arterial phase has no contrast in the small 
portal veins, and this technical aspect might explain the absence of enhancement of the tumour. The lesion shows slight hypoin-
tensity on T1-weighted image (c), hyperintensity on T2-weighted image (d) and restriction on diffusion-weighted image (e) (1 ma-
jor and 2 minor VLC-MV diagnostic criteria)

Magnetic Resonance Widened Diagnostic Criteria for Hepatocellular Carcinoma, p. 19-26
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out. Regarding minor ancillary criteria, pseudocapsule 
was observed in 57 cases (86.4%), fatty metamorphosis 
in 11 (16.7%), T1-/T2 slight signal changes in 18 (27.3%), 
mosaic pattern in 5 (7.6%), and diffusion hyperintensity 
in 45 (68.2%). Vascular invasion was observed in 6 cas-
es (9.1%). 

All the evaluated guidelines had a large positive pre-
dictive value, over 93%. The VLC-MV was the most ac-
curate classification (98.5% of positive predictive val-
ue, 65/66), followed by LI-RADS (84.8% for LI-RADS-5, 
56/66; 6 of them with venous vascular invasion LI-
RADS-5V). The typical appearance, considered as the 
EASL/AASLD evaluated jointly, had a slightly worse pos-
itive predictive value (80.3%, 53/66). The differences be-
tween VLC-MV with LI-RADS and EASL-AASLD were sta-

tistically significant (Chi-Squared test, p=0.04 and 0.02).
There were 11 patients properly diagnosed with VLC-

MV but undiagnosed in the EASL-AASLD classifications. 
Two of them had a diameter smaller than 10 mm, being 
excluded because of size in the EASL-AASLD classifica-
tions. The other 9 HCCs did not show either arterial en-
hancement or wash-out in the portal phase. These 11 
patients were classified as LI-RADS-4 in 9 cases and LI-
RADS 5 in 2 cases. All of them had at least 1 major and 2 
or more minor criteria, fulfilling the VLC-MV guideline. 
The most common ancillary criteria were hyperintensi-
ty on T2-weighted images, pseudocapsule and restric-
tion on diffusion-weighted images. These cases were 
proven by pathology (Fig. 1 and 2). The case failed by 
the VLC-MV analysis was a fibrolamellar HCC.

Figure 2. 63-year-old man with cirrhosis (hepatitis B virus), and biopsy-proven HCC. MR images show the tumour with arterial 
hyperenhancement (a) but no wash-out on portal venous phase (b). The HCC shows hypointensity on T1 (c), hyperintensity on T2 
(d) and restriction on diffusion weighted images (e) (1 major and 2 minor VLC-MV diagnostic criteria) 
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4. Discussion
According to clinical guidelines, the HCC diagnosis is 
based on the development of unpaired arteries and de-
creased portal blood supply during the hepatocarcino-
genesis process, from regeneration node to the HCC [10, 
11]. CT but mainly MR dynamic studies with extracellu-
lar contrast agents allow the non-invasive characterisa-
tion of HCC based on the arterial hyperenhancement and 
portal-equilibrium phase wash-out. 

Surprisingly, additional information routinely evalu-
ated in hepatic MRI studies are not considered in most 
guidelines. These provide data on the lesion structure, 
composition and cellularity [12]. The ancillary signs are 
also characteristics of HCC and include the following: i) 
diffusion restriction caused by hypercellularity; ii) pres-
ence of intratumoural fat; iii) moderate signal signal 
changes on T1- and/or T2-weighted images compared 
to the surrounding liver; iv) inner mosaic pattern with 
homogeneous areas separate by thin septa; v) presence 
of pseudocapsule with a delayed enhancement; vi) ab-
sence of ferric content in the presence of liver iron over-
load; vii) vascular tumoural invasion; and viii) the nod-
ule-within-nodule appearance [13]. In addition, growth 
of the nodule also supports the diagnosis of malignancy 
in a liver lesion. All these criteria should be recognised in 
order to increase the radiologists’ diagnostic confidence. 

Special mention should be made to small nodules de-
tected on ultrasound screening in cirrhotic patients. In 
these cases, the sensitivity and specificity of imaging 
techniques such as CT and MRI to confirm or rule out the 
presence of HCC are considered lower than in larger nod-
ules [14, 15], especially when CT is used [16]. These small 
nodules, either high-grade dysplastic or early HCC, may 
not exhibit the typical vascular behaviour of established 
HCC (arterial phase hyper enhancement and portal-ve-
nous phase wash-out) due to the moderate development 
of unpaired arterial vascularisation with preservation of 
the portal flow. Therefore, the ability of imaging to char-
acterise them is generally weak, but possible. Pahwa et 
al., in a cohort of 156 risk patients with new-onset hepat-
ic nodules analysed with the AASLD, obtained 21% of his-
tologically proven small HCC which could not be correct-
ly diagnosed according to these criteria [17]. However, 
alternatively, it can be argued that even in these small 
nodules imaging can reach the diagnosis in 79% of cas-
es without biopsy.

Recently, the American College of Radiology developed 

the LI-RADS system for stratifying the probability of HCC, 
in which, in addition to the vascularisation of the nod-
ule, it also considers other characteristics such as growth 
rate and the contrast uptake pattern by the capsule [3]. 
Our VLC-MV approach fully agrees with the use of these 
minor criteria to improve diagnostic accuracy.

Several publications have evaluated the increased 
sensitivity, specificity and diagnostic accuracy incor-
porating the diffusion weighted sequences and the an-
cillary diagnostic findings such as signal hyperintensi-
ty in T2-weighted sequences, or the presence of fat or 
iron. The use of new hepatospecific contrast agents also 
impacted the diagnostic accuracy of imaging. The hepa-
tocarcinogenesis process reveals an alteration in the 
pharmacokinetics of currently available hepatospecific 
contrast agents, such as gadoxetic acid and gadobenate 
dimeglumine, due to the loss of certain hepatocyte mem-
brane transporters in their dedifferentiation cascade, 
specifically with the gradual decrease in the expression 
of OATP8 in these cells. As a consequence, most HCCs are 
hypointense in the hepatocellular phase [18]. The KLCSG-
NCC and JSH guidelines contemplate the nodule signal 
with respect to the rest of the liver parenchyma in the 
hepatocellular phase, and the latter also considers the 
behaviour on sonography with Sonazoid® contrast [19, 
20]. We did not consider these images as most cases were 
evaluated without this hepatobiliary phase.

Park et al. achieved a greater sensitivity and diagnos-
tic accuracy in the detection and characterisation of he-
patic nodules smaller than 2 cm with the combination of 
the diffusion sequence and the hepatocellular phase af-
ter the administration of gadoxetic acid. The improve-
ment was enhanced when the two sequences were used 
in combination rather than separately [21]. Rimola et al. 
did not find substantial differences in diagnostic accu-
racy when fat metamorphosis or T2 hyperintensity are 
considered as ancillary criteria in the diagnosis of HCC in 
nodules smaller or equal to 2 cm, although the presence 
of pseudocapsule was highly specific in lesions with typ-
ical vascular HCC behaviour [22].

In our series, the VLC-MV guideline presented a high 
accuracy in the diagnosis of HCC, higher than the other 
classifications assessed in this study. According to the 
results of this study there were 11 patients that the EA-
SL-AASLD guidelines could not diagnose. This is due, in 
our opinion, to two fundamental reasons: the first is that 
in the EASL-AASLD classifications the two vascular crite-

Magnetic Resonance Widened Diagnostic Criteria for Hepatocellular Carcinoma, p. 19-26
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ria, arterial enhancement and portal wash-out must be 
met in order to establish the definitive diagnosis of HCC. 
In our classification, only one of these vascular criteria 
can be enough to establish the diagnosis of HCC in the 
presence of two minor criteria. The accuracy of the VLC-
MV classification is greater because it does not discrim-
inate lesions according to their size, improving thus the 
positive predictive value. In this study, two of the lesions 
were less than 1 cm and therefore were excluded from 
the EASL-AASLD classifications. In our classification, if 
the lesions meet the major and minor criteria they are 
not excluded by size, thus increasing the diagnostic per-
formance of imaging.

The only case that our classification did not accurately 
diagnose was a fibrolamellar hepatocarcinoma, because 
these tumours occur in young patients without cirrhosis 
but can also complicate chronic hepatitis viral infection. 
The imaging behaviour of these tumours is different from 
the typical HCCs that occur in cirrhotic livers, and the cri-
teria used might not be valid.

The minor criteria most often found in our study were 
contrast uptake pattern of the capsule, hyperintensity in 
T2-weighted sequences and restriction in the diffusion 
sequence. As previously mentioned [22], the presence of 
pseudocapsule is treated as a highly specific finding.

Limitations of this study have to be considered. As only 
HCC cases were included in the study, and other lesions 
can be encountered in patients with chronic liver dis-
eases mimicking HCC, specificity could not be evaluat-
ed. The behaviour of a lesion in the hepatobiliary phase 
is an important diagnostic criterion that has not been 
included in this series as the used MR protocol did not 

include the delayed hepatobiliary phase in most cases. 
The observed improvement in accuracy, even without 
the use of the hepatobiliary phase information or avail-
ability of previous studies to demonstrate lesion growth, 
reinforced the value of the VLC-MV criteria and the need 
to evaluate further improvements with these added cri-
teria. Therefore, we have demonstrated the utility of in-
tegrating some of these ancillary findings in the diag-
nostic process even when the typical vascular criteria 
of HCC have not been demonstrated. Even more, as we 
evaluated the radiological findings in consensus between 
two radiologists, interobserver agreement could not be 
demonstrated. Another limitation is that the overall ac-
curacy of the VLC-MV criteria should be evaluated in sur-
gical series that include HCC and other non-HCC lesions. 
In future studies, the specificity of the VLC-MV classi-
fication will be assessed with an exclusively patholog-
ic reference pattern, such as liver explants due to HCC, 
including all different pathologic lesions in a prospec-
tive manner. This new study will prove useful to evalu-
ate false positive (patients diagnosed with HCC follow-
ing this classification but without pathological evidence 
of malignancy or having other pathologic diagnosis) and 
false negative (patients having been diagnosed with oth-
er non-HCC tumour).

In conclusion, the MR imaging VLC-MV classification 
is an accurate method for the non-invasive diagnosis of 
HCC, having the advantage of not requiring the evalua-
tion of growth and not being limited by lesion size. R
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