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HCCs, 245 (98 %) were hypointense, one isointense, one 
hyperintense and four iso-hyperintense (2 %). We found a 
Chi-square (χ2) equivalent to 25,082 (p < 0.001).
Conclusion  The percentage of lesions iso/hyper/iso-hyper 
is the same when considering well-differentiated and mod-
erately differentiated HCC; when considering poorly dif-
ferentiated HCC, the percentage of lesions iso/hyper/iso-
hyper is significantly lower. Conversely, the percentage of 
lesions hypointense is significantly more represented in 
poorly differentiated HCC compared to well-differentiated 
and moderately differentiated HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
tumour worldwide and the third most common cause of can-
cer-related death, after lung and stomach cancer [1]. HCC 
is the main cause of death among cirrhotic patients and the 
incidence is predicted to increase in the next two decades 
[2]. According to the American Association for the Study 
of Liver Diseases (AASLD) [3], contrast-enhanced multi-
detector computed tomography (CE-MDCT) and magnetic 
resonance imaging (MRI) are the best imaging modalities 
currently available in the diagnosis and staging of HCC [4]. 
Historically, extracellular gadolinium-based contrast agents 
have played a critical role in MRI of the cirrhotic liver. 
Two combined extracellular and hepato-biliary gadolinium-
based contrast agents are currently available with the aim 
to assess hepatocellular function, in addition to vascularity, 
the gadobenate dimeglumine (Multihance, Bracco, Italy) 
and the gadolinium-ethoxybenzyl-diethylenetriamine-pen-
taacetic acid (Gd-EOB-DTPA), also known as gadoxetate 

Abstract 
Objective  To perform a systematic review of the contrast 
behaviour of HCC on Gd-EOB-DTPA hepato-biliary phase 
MRI.
Materials and methods  This review was completed in 
accordance with the recommendations outlined in the pre-
ferred reporting items for systematic reviews statement. 
In all reports, qualitative analysis of signal intensity (SI) 
of HCC on hepato-biliary phase was performed: the rela-
tive SI of HCC. When available, a quantitative analysis of 
tumour enhancement was evaluated.
Results  A total of 106 studies were retrieved, of which 
41 met the inclusion criteria. The total number of patients 
was 2550, with 3132 HCC. MRI showed 3110 HCC (22 
non-detected). 2692/3110 (87  %) HCC were hypointense 
on Gd-EOB-DTPA-enhanced hepatocyte-phase MRI, 134 
(4  %) isointense; 106 (3  %) hyperintense and 178 (6  %) 
iso-hyperintense. In 26 articles, 1653 HCCs were classified 
as follows: 519 well-differentiated, 883 moderately differ-
entiated, 251 poorly differentiated. Among well-differen-
tiated HCC, 445 (86  %) were hypointense, 12 isointense 
(2  %), 9 hyperintense (2  %), 53 iso/hyperintense (10  %). 
Among moderately differentiated HCC, 774 (88  %) were 
hypointense, 8 isointense (1  %), 27 hyperintense (3  %), 
74 iso/hyperintense (8  %). Among poorly differentiated 
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disodium/gadoxetic acid (Primovist, Eovist, Bayer Schering 
Pharma, Germany). In relation to its more favourable phar-
macokinetic and pharmacodynamic properties [5] and to 
the reported higher sensitivity in identifying hepatocellular 
carcinoma [6], Gd-EOB-DTPA seems to be the most help-
ful diagnostic tool in predicting stepwise carcinogenesis in 
cirrhotic liver. In particular, current literature demonstrated 
that the hepatocyte-specific properties of Gd-EOB-DTPA 
could give some important additional information, especially 
when dynamic MRI or CT imaging shows atypical vascular 
features [7, 8]. In the hepatocyte phase, typical HCCs are 
well described as areas of low signal intensity relative to the 
surrounding liver parenchyma because they do not have the 
ability to take up Gd-EOB-DTPA [9]. Otherwise, it has also 
been shown that some HCCs exhibit iso/hyperintensity on 
hepato-biliary phase imaging compared to the normal paren-
chyma. In particular, Cruite et al. [5] demonstrated that from 
2.5 to 8.5  % of HCCs might show paradoxical uptake of 
Gd-EOB-DTPA in the hepato-biliary phase. Until now, the 
meaning of this atypical signal intensity as well as its clinical 
and prognostic value remains controversial. To our knowl-
edge, there is no systematic report or review about qualita-
tive and/or quantitative analysis of enhancement patterns of 
HCCs on Gd-EOB-DTPA hepato-biliary phase and only lim-
ited data regarding the association with the hepatocyte func-
tion are currently available. Therefore, the aim of the present 
study was to perform a review of previous articles, about the 
contrast behaviour of HCCs on Gd-EOB-DTPA hepato-bil-
iary phase MR imaging, to elucidate whether there is a cor-
relation with histological tumour grading.

Materials and methods

This systematic review was completed in accordance with 
the recommendations outlined in the preferred reporting 
items for systematic reviews statement [10]. PUBMED, 
EMBASE, Web of Science, Cochrane Library and the Chi-
nese Biomedical Literature Database were searched using 
the terms “hepatocellular carcinoma or HCC”, “gadoxetic-
acid or Gd-EOB-DTPA or gadoxetate-disodium or pri-
movist/eovist”, “magnetic resonance imaging or MRI or 
contrast-enhanced dynamic MRI”, “hepatobiliary phase 
or hepato specific phase”, “focal liver lesions”, “cirrhotic 
liver or cirrhosis”, “liver specific contrast agents” (last 
search update September 2013). The search involved the 
use of free text words and MESH (medical subject head-
ings) terms for increased sensitivity of the search strategy. 
The search was without restriction to the language and 
on studies conducted on human subjects. Review arti-
cles, abstracts, case reports, letters, comments and unpub-
lished articles were excluded. Two reviewers indepen-
dently searched the databases for eligible studies. They 

independently studied full text copies to make a decision as 
to which studies met the inclusion criteria.

Inclusion and exclusion criteria

Inclusion criteria were: (1) patients suspected of hav-
ing HCC, undergoing hepatic gadoxetic acid disodium-
enhanced MR imaging including the triple dynamic post-
contrast (arterial, portal, venous) phase and hepato-biliary 
phase; (2) patients receiving a diagnosis of HCC based 
on surgical findings (pathological examination or intra-
operative ultrasound), findings at percutaneous/ultrasound 
core-needle biopsy, or on a follow-up period including a 
typical clinical history with tumour marker levels in com-
bination with Lipiodol uptake after transhepatic arterial 
chemoembolization (TACE), or the progression of the dis-
ease as depicted at follow-up diagnostic (CT/MR) imaging 
performed at least 3–6  months after the initial imaging; 
(3) where available hepatocellular carcinoma was histo-
logically classified, according to the definition of the World 
Health Organization [11] on the basis of Edmondson and 
Steiner criteria [12] as follows: well-differentiated, mod-
erately differentiated, poorly differentiated; (4) MR image 
analysis performed in consensus by at least two radiolo-
gists with at least 5 years of abdominal radiological experi-
ence. Studies were excluded if (a) any one of the inclusion 
criteria was not met; (b) multiple reports were published 
for the same study population (in this case, the publica-
tion with the most details and/or most recently published 
was chosen); and (c) the study included patients who had 
previously undergone treatment for liver tumours. All MRI 
examinations were performed using either a 1.5 or 3  T 
imaging system. For dynamic imaging, in all patients a dose 
of 0.1  mL/kg of body weight of Primovist (0.025  mmol/
mL of Gd-EOB-DTPA, Bayer Schering Pharma, Ber-
lin, Germany) was injected intravenously at a flow rate of 
2 mL/s, followed by 20–30 mL saline flush. In all patients 
the hepato-biliary phase was imaged 20 min after the con-
trast agent administration. In all the reports included in our 
work, qualitative analysis of signal intensity (SI) of HCCs 
on hepato-biliary phase was performed: the relative SI of 
HCCs compared with that of the surrounding liver paren-
chyma was graded and recorded as low, iso, and high SI. 
Articles that did not clearly describe the SI of hepatocar-
cinoma nodules on hepato-biliary phase were excluded. 
According to SI characteristics, on hepato-biliary phase 
imaging, lesions were classified into two major groups: 
(a) hypointense lesions; (b) iso/hyper/iso-hyperintense 
lesions. When available, a quantitative analysis of tumour 
enhancement was evaluated. Image analysis was performed 
by two abdominal imaging radiologists, expert in hepato-
biliary MRI, who were blinded to the final histopathologi-
cal results. Signal intensities of the liver parenchyma and 
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hepatic tumour lesion were calculated and measured by 
placing regions of interest (ROIs). The ROI of the tumour 
was determined as the maximum oval/round area at the 
level of the largest diameter of the tumour; a similar-sized 
ROI was set over the adjacent liver parenchyma. The fol-
lowing quantitative parameters were evaluated: (1) the 
relative intensity ratio (RIR) either on pre-contrast (RIR-
pre) and post-contrast (RIRpost) MR images equivalent to 
SInod/SIpar, where SInod is the SI of the nodule, and SIpar 
is the SI of the liver parenchyma; (2) the relative enhance-
ment ratio (RER) equivalent to RIRpost/RIRpre; (3) the 
contrast “enhancement ratio” (ER) of hepatocarcinoma 
nodule equivalent to (post-contrast SI–pre-contrast SI/pre-
contrast SI) × 100.

Statistical analysis

Statistical differences in percentage of tumour uptake of 
Gd-EOB-DTPA on hepato-biliary MR imaging among the 
tumour differentiation degree were determined using a c2 
test (SPSS statistical analysis). Post hoc analysis was per-
formed using analysis of residuals that allows to find dif-
ferences among the percentages. A p value of less than 0.05 
was considered statistically significant.

Results

A total of 106 studies were retrieved, of which 56 articles 
potentially met the inclusion criteria. Individual study char-
acteristics are summarized in Table 1. Fifteen articles were 
excluded because they studied the added value of gadoxetic 
acid MRI imaging without clarifying the SI of hepatocarci-
noma on hepato-biliary phase Gd-EOB-DTPA MRI. In 20 
out of 41 studies included [6, 8, 13–16, 18, 20, 21, 26–28, 
30, 32, 34, 35, 37, 53, 55, 57], MRI was performed with a 
1.5 T scanner; a 3 T whole-body system was employed in 14 
out of 41 studies [9, 17, 19, 22, 29, 31, 45–49, 52, 54, 56], 
both 1.5 and 3 T scanners in the remnant 7 out of 41 studies 
[23–25, 33, 36, 50, 51]. The number of patients ranged from 
11 to 192 patients per study, with a total of 2550 patients 
evaluated in all included studies (1908 male patients). A total 
number of 3132 HCCs were diagnosed. The diagnosis was 
achieved based on pathological specimens in 2528 malignant 
nodules, respectively, through surgical resection (n = 2182) 
and core-needle biopsy, percutaneous or ultrasound guided 
(n = 346). The other 604 lesions were diagnosed on radio-
logical features as HCCs on the basis of definite charac-
teristics revealed on a follow-up period, as mentioned in 
“Materials and methods” section. MRI showed 3110 nodular 
lesions consistent with HCC (22 non-detected). 2692 out of 
3110 (87 %) of HCCs were hypointense on Gd-EOB-DTPA-
enhanced hepatocyte-phase MR imaging, whereas 134 out of 

3110 (4 %) lesions were isointense; 106 out of 3110 (3 %) 
lesions were hyperintense and 178 out of 3110 (6 %) were 
iso-hyperintense.

In 31 out of 41 articles, the final histological classifica-
tion of HCCs was systematically reported, but only in 26 
out of 41 of them [15–18, 21–23, 25, 28, 31–37, 45–47, 
51–57] a specific correlation between histological tumour 
grading and signal intensity on Gd-EOB-DTPA hepato-
biliary phase was expressed. In these 26 articles, the total 
amount of HCCs was 1653, classified as follows, according 
to Edmondson and Steiner criteria [12]: 519 well-differen-
tiated, 883 moderately differentiated, 251 poorly differenti-
ated (Fig. 1: summary of study design and final histological 
classification of HCC). Among well-differentiated HCCs, 
445 (86  %) were hypointense on Gd-EOB-DTPA hepato-
biliary phase, 12 isointense (2  %), 9 hyperintense (2  %), 
53 iso/hyperintense (10 %). Among moderately differenti-
ated HCCs, 774 (88 %) were hypointense on hepato-biliary 
phase MR imaging, 8 isointense (1  %), 27 hyperintense 
(3  %), 74 iso/hyperintense (8  %). Among poorly differ-
entiated HCCs, 245 (98  %) were hypointense on hepato-
specific phase, one isointense, one hyperintense and four 
iso-hyperintense (2  %). Grouping the HCCs lesions in 
hypointense or isointense (isointense, hyperintense or iso-
hyperintense) we found a statistical significant difference 
in the percentage of isointense lesions among the lesion 
classification (p  <  0.001). In particular, the percentage of 
lesions classified as iso/hyper/iso-hyper was the same when 
considering well-differentiated and moderately differenti-
ated HCCs; when considering poorly differentiated HCCs, 
the percentage of lesions iso/hyper/iso-hyper was signifi-
cantly lower. Conversely, the percentage of lesions classi-
fied as hypointense was significantly more represented in 
poorly differentiated HCCs compared to well-differentiated 
and moderately differentiated HCCs (Fig. 2).

In 9 out of 41 articles [9, 15, 32–34, 36, 47, 51, 56] a 
quantitative analysis for tumour enhancement at hepato-
biliary phase imaging was performed and related to the 
histological grade of HCCs, but it was expressed through 
different quantitative parameters (Table  2). In particular, 
Kogita [15] and Okada [32], in a total of, respectively, 83 
and 37 HCCs, showed that the “relative intensity ratio” 
(RIRpost) on hepato-biliary phase images of well-differen-
tiated HCCs were significantly higher than those of mod-
erately and poorly differentiated HCCs. In agreement with 
these data, Kim et al. [47] demonstrated that the degree of 
tumour enhancement, which included the RIRpre, the RIR-
post, and the RER for well-differentiated HCCs was signif-
icantly higher than the degree of tumour enhancement for 
moderately differentiated and poorly differentiated HCCs. 
The contrast enhancement ratio (ER) compared with back-
ground liver has also been used as a quantitative parameter 
of tumour enhancement on Gd-EOB-DTPA hepato-biliary 
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phase imaging, showing a correlation with the differentia-
tion degree of HCCs. In particular, Kitao et al. [33] showed 
that after excluding those atypical HCCs which were iso-
hyperintense on hepato-biliary phase imaging, the mean 
values of contrast ER, significantly decreased as the tumour 
differentiation declined, varying from 1.33  ±  0.53 for 
well-differentiated HCCs, to 0.76 ± 0.36 and 0.54 ± 0.23, 
respectively, for moderately HCCs and poorly HCCs. In 
agreement with these data, Inoue et al. [51] demonstrated 
that the contrast ERs decreased in parallel with the degree 
of tumour differentiation. On the other hand, Frericks et al. 
[9] showed that, when considering all the tumours, hypo 
and iso-hyperintense within the same quantitative analysis, 
the ERs did not differ significantly for the different tumour 
grades.

Discussion

We reviewed the signal intensity of HCCs on Gd-EOB-
DTPA hepato-biliary phase MR imaging, in 41 published 
articles, focusing either on qualitative or quantitative analy-
sis. Accurate and early detection of HCC is crucial in cir-
rhotic patients and investigating about non-invasive diag-
nostic imaging modalities has a noteworthy impact in terms 
of prognosis and therapy.

Our review demonstrates that 87 % of 3110 HCCs were 
hypointense on Gd-EOB-DTPA hepato-biliary phase.

It has been well established that the hypointensity of 
HCCs is due to diminished normal function of hepatocytes 
in the tumour [9, 16], whereas the uptake of hepatocyte-
selective agents occurs in normal liver parenchyma and in 
focal liver lesions of hepato-cellular origin. In addition, it 
has also been demonstrated that the hepatocyte-specific 
properties of Gd-EOB-DTPA could contribute to early 
HCC detection and characterization [8, 57] with reported 
increasing sensitivities when hepato-biliary images are 
obtained [14].

According to our systematic review, 418 out of 3110 
(13  %) of HCCs show uptake of Gd-EOB-DTPA in the 
hepatocyte phase; appearing as iso-hyperintense lesions 
relative to the surrounding parenchyma on qualitative 
analysis. Our results emphasize that relevant uptake of 
“liver-specific” contrast agents does not always exclude 
malignancy, as already revealed by Huppertz et al. [16]; in 
particular, an iso-hyperintense nodule on Gd-EOB-DTPA 
hepato-biliary phase images may not be a benign nodule, 
especially in patients with evidence of risk of HCCs. How-
ever, the critical issue in cirrhotic patients is that an iso-
hyperintense nodule might be either an HCC or a regenera-
tive/dysplastic nodule. Up to now, there are no definite and 
accurate guidelines for differentiating between these two 
entities. Suh et al. [29] attempted to define imaging features Ta
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that may help to characterize hyperintense lesions seen in 
the hepato-biliary phase of Gd-EOB-DTPA-enhanced MR 
examination and concluded that hyperintense HCCs more 
commonly present focal defects in uptake, nodule-in-nod-
ule appearance, absence of a central scar, internal septation 
and a hypointense rim in comparison to benign lesions. 
Further studies should be performed to clarify this issue; 
however, it is clear that pre-contrast and vascular post-
contrast MR sequences are needed for the final differential 
diagnosis.

In our systematic review, we observed that on qualitative 
analysis of hepato-biliary phase images, well-differentiated 
and moderately differentiated HCCs showed a similar per-
centage of hypointensity (respectively, 86 and 88  %) and 
iso-hyperintensity (14 and 12 %); only poorly differentiated 
HCCs showed higher incidence (98 %) of hypointensity on 
delayed phase images, compared with 2 % of iso-hyperin-
tense nodules. We have not found any review in the litera-
ture concerning the correlation between the enhancement 
pattern of HCCs on hepato-biliary phase and histological 

classification. Early studies performed on experimental 
liver tumours and on induced HCCs in rats demonstrated 
that the hepatocyte-selective uptake of Gd-EOB-DTPA 
reflects tumour differentiation grade [38, 40, 41]. In agree-
ment with these data, Huppertz et  al. [16] demonstrated 
that two out of four well-differentiated HCCs, in patients 
with liver cirrhosis exhibited an exceeding or equal uptake 
in comparison to the surrounding parenchyma, whereas no 
uptake was depicted in four moderately or poorly differenti-
ated HCC. Later additional experimental and clinical stud-
ies have not confirmed a correlation between HCC grade 
and Gd-EOB-DTPA uptake [21, 39, 42, 43]. As a result, it 
must be supposed that other molecular mechanisms might 
be involved in the paradoxical contrast uptake Gd-EOB-
DTPA by HCCs. Several human studies have performed 
a correlation between diagnostic imaging and molecular 
mechanisms, to compare different enhancement patterns 
of HCCs. It has been suggested that in human hepato-
cytes organic anion-transporting polypeptide 8 (OATP8) is 
the most probable uptake transporter for Gd-EOB-DTPA, 

Fig. 1   Summary of study design and final histological classification of HCC
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which is subsequently excreted into bile secretions by 
MRP3, a multidrug resistance protein [25, 44]. Narita et al. 
[23] investigated the enhancement ratios (ERs) and expres-
sion levels of the organic anion transporter OATP1B3 (that 
is a synonymous of OATP8) in 22 confirmed HCCs, six 
of which, all moderately differentiated, accumulated Gd-
EOB-DTPA in the hepato-biliary phase and showed high 
ER. They showed that HCCs with Gd-EOB-DTPA uptake 
overexpressed OATP1B3 compared with HCCs without Gd-
EOB-DTPA uptake, consequently concluding that expres-
sion of OATP1B3 determines the hyperintensity of HCCs 
in hepato-biliary phase, rather than tumour differentiation or 
bile production. These results were confirmed by Tsuboy-
ama et al. [36] and by Kitao in two later works including a 
wider patient population, respectively, 32 HCCs [25] and 70 
HCCs [33], in which it was clearly underlined the correla-
tion between the uptake of Gd-EOB-DTPA of focal lesions 
in hepato-biliary phase images and the OATP8 expression. 
In addition, these authors also showed that the immunohis-
tochemical expression of OATP8 significantly decreased, 
from well-differentiated HCCs to poorly differentiated 
HCCs and so they suggested OATP8 might be considered as 
a marker of the multi-step hepato-carcinogenesis.

Our results are in agreement with previous articles based 
on smaller patient population about the higher incidence of 
moderately differentiated HCCs among iso-hyperintense 
HCCs. The reason why this happens is still not clear; in 

particular, Kitao et al. [25] showed that moderately differ-
entiated HCCs might have a different cellular origin from 
the ordinary type of HCCs or that they might undergo to 
a genetic reversion to their original hepatocyte nature dur-
ing hepato-carcinogenesis. On the basis of our results, we 
can state that the percentage of lesions classified as iso/
hyper/iso-hyper is the same if we consider well-differen-
tiated and moderately differentiated HCCs. When we take 
into account poorly differentiated HCCs, the percentage 
of lesions iso/hyper/iso-hyper is significantly lower. Con-
versely, the percentage of lesions classified as hypointense 
is significantly more represented in poorly differentiated 
HCCs compared to well-differentiated and moderately 
differentiated HCCs. Hence, a quantitative approach and 
analysis of tumour enhancement might be considered as a 
useful tool for estimating malignancy grade. There are few 
articles in the literature considering the correlation between 
the histological tumour grade and the quantitative analysis 
and, in addition, they employ different quantitative parame-
ters; as a consequence, it is hard to evaluate their statistical 
significance. On the basis of our literature review, in a small 
subset of nine articles, we have found discordant results 
regarding the correlation between either the relative inten-
sity ratio (RIRpost) on hepato-biliary phase or the contrast 
enhancement ratio (ER) with tumour differentiation grade 
[15, 32, 33, 36, 47, 51, 56]. In particular, Frericks et al. [9] 
in a small group of 25 patients with HCCs, showed that, 
when considering all the tumours, hypo and iso-hyperin-
tense within the same quantitative analysis, the ERs did not 
differ significantly for the different tumour grades. Con-
versely, in a more recent paper, Kitao et  al. [33] used the 
static T1 value for measurement of the contrast enhance-
ment ratio, because it has linearity with contrast agent con-
centration and is more reliable for quantitative evaluation. 
The variable flip angle method used in their study has been 
proven to be useful for calculating the enhancement ratio 
in Gd-EOB-DTPA contrast-enhanced MR imaging. They 
found that, when excluding those atypical HCCs showing 
iso-hyperintensity on hepato-biliary phase imaging, the ER 
significantly decreased in comparison to the background 
liver, as the tumour differentiation declined. They also con-
firmed a significative positive correlation between the ER 
and the grade of immunohistochemical OATP8 expres-
sion, showing a decrease from well-differentiated HCCs to 
poorly differentiated HCCs. Therefore, according to these 
results, the contrast enhancement ratio might be considered 
a useful tool to evaluate multi-step hepato-carcinogenesis, 
if we consider as exception 10 % of HCCs which are iso-
hyperintense on hepato-biliary phase images and show a 
higher contrast enhancement ratio. Although these hypoth-
eses need to be confirmed in further studies and in larger 
patient population; it is possible that standardizing the 
quantitative measurement of the enhancement ratio could 

Fig. 2   Graph shows the percentage of signal intensity of HCC on 
Gd-EOB-DTPA hepato-biliary phase, in relation to the histological 
tumour differentiation
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help to obtain a more homogeneous and accurate analysis 
of Gd-EOB-DTPA hepato-biliary phase on MRI.

Our study has several limitations. First of all, this is a 
review of published articles and, therefore, heterogeneity 
among studies is present. Not all lesions were confirmed by 
final histopathologic examination. In addition, we included 
patients with different grades of liver cirrhosis, varying from 
early to advanced stages. This factor could affect our final 
results because it is well known that in patients with impaired 
liver function the contrast agent uptake by liver parenchyma 
is reduced and lesion-to-liver contrast may result lower; as 
a consequence, the signal intensity on hepato-biliary phase 
may be conditioned by these circumstances. It should also 
be noted that the majority of patients included in this review 
were affected by chronic hepatitis/cirrhosis due to hepatitis 
C/B virus infection; other types of chronic hepatitis or cir-
rhosis, may show different enhancement pattern with gadox-
etate disodium. Moreover, the acquisition imaging sequences 
for the hepato-biliary phase are not characterized by the 
same parameters TE and/or TR for all the studies as well 
as there may be potential for criticism regarding the use of 

either a 1.5 or a 3.0 T MR system. Furthermore, although 
dynamic images and T2-weighted images are essential part 
of Gd-EOB-DTPA-enhanced MRI, these image traits were 
not included for the analysis. For example, hypervascular 
HCCs not showing washout may have the similar results 
with the hyperenhancing tumours on hepato-biliary phase 
of Gd-EOB-DTPA-enhanced MRI. Therefore, adding the 
results of incidence of washout on dynamic phase imaging to 
the manuscript would increase the clinical value of this sys-
tematic review. Finally, the results of the quantitative analy-
sis are based on a small and not significant subset of nine 
articles; therefore, more quantitative studies are necessary, 
to better clarify the potential role of a quantitative analysis, 
in addition to a qualitative assessment for prediction of the 
degree of malignancy, in patients with HCC.

Conclusion

The results of this systematic review confirm the value of 
gadoxetic acid-enhanced hepato-biliary phase MR imaging 

Table 2   Quantitative analysis of tumour enhancement at hepato–biliary phase imaging inrelation to the histological grade of HCCs

The numbers in the table represent the mean values ± SD of tumour enhancement ratios

w HCC well-differentiated hepato-cellular carcinoma, mHCC moderately differentiated hepato-cellular carcinoma, pHCC poorly differentiated 
hepato-cellular carcinoma, RER relative enhancement ratio, RIRpost relative intensity ratio on hepato-biliary phase, ER enhancement ratio
a  No significant difference is seen between wHCC and m/p HCC
b  Significant difference is seen between wHCC and m/p HCC
c  Significant difference is seen between wHCC and m/p HCC, after excluding iso-hyperintense HCCs (p < 0.0001)
d  Statistical significance not reported
e  Significant difference is seen between wHCC and benign hepatic nodules

References RER RIRpost Contrast ER

Frericks et al. [9] No significant differencea

Kogita et al. [15] wHCC: 0.8 ± 0.18
mHCC: 0.7 ± 0.21
pHCC: 0.67 ± 0.1a

wHCC: 0.79 ± 0.19
mHCC: 0.6 ± 0.27
pHCC: 0.49 ± 0.1b

Okada et al. [32] wHCC: 0.76 ± 0.15
m/pHCC: 0.59 ± 0.27b

Kitao et al. [33] wHCC: 1.33 ± 0.53
mHCC: 0.76 ± 0.36
pHCC: 0.54 ± 0.23c

Chou et al. [34] Values not reportedd

Tsuboyama et al. [36] wHCC: 1.39
mHCC: 0.86
pHCC: 0.72b

Kim et al. [47] wHCC
mHCC
pHCCb

Inoue et al. [51] wHCC: 0.82 ± 21
mHCC: 0.75 ± 20
pHCC: 0.69 ± 0.06b

Lee et al. [56] wHCC: 0.76 ± 0.23
Benign hepatic nodules: 0.25 ± 0.97e
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in the evaluation of hepato-cellular carcinoma. The per-
centage of lesions classified as iso/hyper/iso-hyper is the 
same when considering well-differentiated and moderately 
differentiated HCCs; when considering poorly differenti-
ated HCCs, the percentage of lesions iso/hyper/iso-hyper 
is significantly lower. Conversely, the percentage of lesions 
classified as hypointense is significantly more represented 
in poorly differentiated HCCs compared to well-differenti-
ated and moderately differentiated HCCs.

Further studies are necessary to clarify the potential role 
of a quantitative analysis, as a possible adjunct to the stand-
ard qualitative evaluation to accurately predict the degree 
of malignancy, in patients with HCC.
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