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MRI features for predicting the pathological 
grade of HCC in patients undergoing liver 
transplantation
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Abstract 

Background  Contrast-enhanced magnetic resonance imaging (MRI) plays a crucial role in the diagnosis of hepa-
tocellular carcinoma (HCC). This study aims to assess the performance of MRI features for evaluating hepatocellular 
carcinoma (HCC) aggressiveness in living liver transplantation in patients.

Material and methods  This retrospective study included patients who underwent liver transplantation in our hospi-
tal between 2015 and 2020. Abdominal contrast-enhanced MRIs of these patients were reviewed, and clinical, radio-
logical, and histopathological findings of HCCs were recorded. The prognostic features of HCCs as determined by MRI 
were compared with Edmondson-Steiner (E-S) grades. Liver parenchyma fibrosis based on an apparent diffusion 
coefficient (ADC) map was correlated with histological subclassification of cirrhosis using the Laennec staging system.

Results  The study subjects included 37 men and 8 women with a mean age of 59.56 ± 7.81 (range: 25–72). The mean 
tumour size was 37.33 ± 22.27 mm (range: 10–118 mm), and nine tumours (23.1%) involved portal vein tumour throm-
bosis. There was a significant correlation between tumour grade and size (p = 0.007) and intratumoral fat (p = 0.014) 
even though no significant correlations between grade and mean ADC value, capsule appearance, presence of sat-
ellite lesions, smooth margin, imaging of the tumour feeding artery, and corona enhancement of HCC (p > 0.05) 
were found. There was a statistically significant correlation between mild (stage 4A) and moderate (stage 4B) fibrosis 
of non-tumorous liver parenchyma and ADC value (p < 0.001).

Conclusion  Our study found that ADC values can be used to distinguish mild cirrhotic livers from moderate cirrhotic 
livers. Diffusion MRI might be used to diagnose the degree of liver fibrosis without histopathological analysis. Accord-
ing to our results, only intralesional fat and tumour size correlated with tumour grade, and as such, these parameters 
could be used as prognostic MRI biomarkers for HCC.
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Background
Patients who were detected with hepatocellular carci-
noma (HCC) at an early stage can benefit from curative 
treatments as the prognosis for HCC mainly depends on 
the disease stage. Imaging modalities that are repeatable 
and non-invasive can be used to diagnose HCC without 
a biopsy. Biopsy for the diagnosis of HCC is not rou-
tinely recommended because of the risk of tumour seed-
ing, bleeding and sampling error. Additionally, imaging 
plays a critical role in the management of HCC because 
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imaging-based staging is essential for treatment selec-
tion, which includes surgical resection, liver transplanta-
tion or radiofrequency ablation. According to the current 
guidelines, a biopsy is performed for indeterminate nod-
ules [1, 2].

Intralesional fat, smooth margins, small tumour size, 
presence of a fibrous capsule and high apparent diffusion 
coefficient (ADC) values are the favourable findings of 
HCC as discussed in many studies. Unfavourable findings 
of HCC are multifocality, bigger size, non-smooth mar-
gins, corona enhancement and low ADC values on diffu-
sion-weighted images (DWI), with vascular invasion size 
and multifocality being the most important prognostic 
factors [3–5]. Mostly, the histological tumour grade, loca-
tion and stage are the most important aspects for pre-
dicting the treatment outcomes of patients with cancer. 
However, prognosis assessment is complicated because 
of the biological heterogeneity of HCC relative to other 
solid tumours. If imaging findings could directly predict a 
prognosis, they would provide an excellent non-invasive 
alternative for individualized patient management [6, 7].

The goal of magnetic resonance imaging (MRI) is to 
assist a patient by providing them with the best care by 
accurately assessing disease status. In this respect, relat-
ing prognosis to imaging features may be as important as 
making a correct diagnosis using these techniques. Thus, 
the key roles of imaging include not only the screening 
and surveillance of HCC patients at risk but also prog-
nosis determination. This study aimed at investigating 
the association between MRI findings and Edmondson-
Steiner (E-S) grades of HCCs and comparing the ADC 
value of liver parenchyma with liver fibrosis according to 
the Laennec system [8].

Methods
Study population and design
This study considers a total of 85 patients who under-
went liver transplantation between 2015 and 2020. Our 
institutional review board approved the study and waived 
the informed consent requirement. Data for all patients 
were freely accessible through an image archive and com-
munication system and electronic clinical records. The 
inclusion criteria for our study are as follows, in order: 
adult patients aged 18 and older, cases diagnosed with 
HCC before live donor liver transplantation but not sub-
jected to any procedures such as hepatic arterial infusion 
chemotherapy, systemic chemotherapy and transarte-
rial chemoembolization for HCC and lesions larger than 
10  mm, and the preoperative MRI was screened within 
4 weeks.

Of these 85 patients, 40 patients who had undergone 
preoperative hepatic arterial infusion chemotherapy, sys-
temic chemotherapy, transarterial chemoembolization, 

lesions smaller than 10  mm, failure of radiological 
retrieval of data and cases with poor image quality due 
to motion artefacts during MRI were excluded from the 
study. The remaining 45 patients were enrolled in this 
study with pathologically confirmed HCC after total 
hepatectomy for liver transplantation. The patients and 
tumour characteristics are summarized in Table 1.

Image acquisition
All patients were examined with a 3.0-T MRI system 
(Skyra; Siemens Medical Solutions, Erlangen, Germany) 
in the transverse plane using a single, dedicated body-
phased array coil with 18 anterior and spine array coils 
posterior with 32 coil channels.

Abdominal MRIs were acquired using the following 
sequences: T2-weighted half-Fourier-acquired single-
shot turbo spin echo (Haste) coronal [repetition time 
(TR)/effective echo time (TE), 2000/91  ms], a matrix of 
256 × 256, 5-mm slice thickness and a 1-mm gap. For 
dynamic MRI, Gd-EOB-DTPA (Gadovist, Bayer Scher-
ing; 1  mmol/kg) was injected as a rapid bolus and was 
immediately followed by a 30-ml saline flush through a 
power injector at a rate of 2 ml/s for both contrast media 
and saline. T1 vibe Dixon fat suppression was performed 
before and after (30–35 s, 65–70 s and 3 min) the injec-
tion of intravenous contrast agent with a delayed phase 
after ten minutes. The MRI parameters included TR/
TE 4.02/1.29, a flip angle of 9°, a 195 × 320 matrix and a 

Table 1  Patients and tumour characteristics

AFP alpha fetoprotein, NASH nonalcoholic steatohepatitis

Values

Mean age (years) 59.56 ± 7.81 (min: 25, max: 72)

Gender
  Men 37

  Women 8

Size of tumour (mm) 37.33 ± 22.27 mm (min: 10, max: 118)

Histopathologic grade
  Grade 1 2

  Grade 2 10

  Grade 3 25

  Grade 4 8

Preoperative AFP (ng/mL) 55.5 ± 92.94 (min: 1.08, max: 293)

Postoperative AFP (ng/mL) 3.64 ± 4.44 (min: 1, max:16.3)

Aetiology (n)
  Hepatitis B virus 17

  Hepatitis C virus 12

  Cryptogenic 10

  NASH 3

  Alcohol 2

  Autoimmune 1
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3-mm slice thickness with a zero intersection gap. The 
DWI parameters were b values of 50, 400 and 800 s/mm2; 
TR/TE 7400/41  ms; two signals; a matrix of 108 × 134; 
6.5-mm slice thickness; and an acquisition time of 
3.5  min. The acquired navigator-triggered T2-weighted 
turbo spin-echo (TSE) sequence had a TR range of 3870–
4000 and TE of 99 ms, matrix of 384 × 202, superior and 
inferior spatial pre-saturation, chemical fat saturation, 
TR/TE 170/1.23–2.46, 6.5-mm slice thickness, 1.3-mm 
gap and a breath-hold, axial fat-saturated T2-weighted 
TSE sequence with TE of 100 ms, a matrix of 320 × 179, 
3.5-mm slice thickness and 1.6-mm gap. The time 
interval between imaging and operation was less than 
1 month.

Data analyses
Preoperative MRI features were retrospectively ana-
lysed on a picture archiving and communication system 
(PACS, Centricity, General Electric, USA). An abdomi-
nal radiologist with 10  years of experience, who was 
blind to the pathological data, qualitatively evaluated all 
MRI sequences. A total of 94 HCCs were detected and 
recorded. Capsule appearance, smooth margin, intral-
esional fat, macrovascular invasion, visualization of the 
feeding artery, corona enhancement, size, multifocality 
and mean ADC values were noted for each lesion. The 
ADC of each HCC was measured using an oval region 
of interest (ROI) on the ADC map. The largest ROI was 
placed on the nonnecrotic/solid portion of the tumour 
where the previously assessed vascularity was deter-
mined by dynamic imaging or by referring to DW T1 and 
T2 sequences.

Histological grading was performed by a senior 
pathologist with 20  years of experience in liver pathol-
ogy according to the E-S criteria, which is the most com-
monly adopted grading system for HCC [2]. All lesions 
were divided into E-S grade groups (grade 1 = 2 lesions, 
grade 2 = 10 lesions, grade 3 = 25 lesions, and grade 4 = 8 
lesions). Cirrhotic severity was rated according to the 
Laennec staging system as follows: no cirrhosis (combi-
nation of F0–F3), mild cirrhosis (F4A, marked septation 
with rounded contours), moderate cirrhosis (F4B, at least 
two broad septa) or severe cirrhosis (F4C, at least one 
very broad septum or many minute nodules). The degree 
of liver fibrosis, histopathologic tumour features, E-S 
grade and microvascular invasion were recorded.

Statistical analyses
All statistical analyses were performed using the R ver-
sion 2.15.3 software (R Foundation for Statistical Com-
puting, R core team 2013), and p < 0.05 was considered 
significant. The numerical variables were expressed as 
mean and standard deviation if they were distributed 

normally and median and minimum–maximum values if 
they were not. The causes of liver fibrosis, preoperative 
and postoperative AFP values, age, gender and tumour 
recurrence were noted.

Capsule presence, tumour size, corona enhancement, 
smooth margin presence, tumour feeding artery, intral-
esional fat, mean tumour ADC value and the liver paren-
chyma, macrovascular invasion and satellite nodules 
were recorded by a radiologist blinded to the pathology 
report.

According to E-S, grade 1 and 2 lesions were included 
in the low-grade group and grade 3 and 4 lesions were 
included in the high-grade group. The differences 
between the two groups were evaluated with a Mann-
Whiney U test if they were not distributed normally. 
Pearson’s chi-squared and Fisher’s exact tests were used 
to investigate histopathological grade and size and the 
mean ADC value of HCC on DWI, smooth margin, visu-
alization of the feeding artery, intratumoral fat appear-
ance, corona enhancement, macro-invasion and capsule 
appearance were noted. The degree of liver parenchyma 
fibrosis was also compared based on Laennec staging 
with histopathological confirmation with the mean ADC 
value of liver parenchyma on DWI.

Results
Of the included patients, 37 (85.3%) were men and 8 were 
women with a median age of 59.56 ± 7.81  years (range: 
25–72). The mean tumour size was 37.33 ± 22.27  mm 
(range: 10–118 mm), and nine tumours (23.1%) involved 
portal vein tumour thrombosis.

Underlying conditions included 17 patients with viral 
hepatitis B, 12 patients with viral hepatitis C, 2 with viral 
hepatitis D, 5 with the cryptogenic disease, 4 with NASH, 
4 with alcoholic cirrhosis and 1 with autoimmune hepati-
tis. Whole liver specimens revealed that 53.3% of patients 
had one tumour while 28.8% had two tumours and 17.7% 
had ≥ 3 tumours.

The mean preoperative AFP level was found to be 
55.5 ± 92.94 ng/ml (range: 1.08–293), and the mean post-
operative AFP level was 3.64 ± 4.44 ng/ml (range: 1–16.3).

The mean tumour size was 37.33 ± 22.27  mm 
(range: 10–118). The mean ADC value of HCCs was 
1040.33 ± 210.41 × 10−3 (range: 616–1450 × 10−3). The 
degree of liver parenchyma fibrosis was mild in 25 
patients and moderate in 20 patients. A recurrence 
of HCC happened in three patients after 6, 13 and 
15 months of transplantation.

The capsule was histologically evident in 16 patients. 
Out of the 19 patients who were reported to have the 
appearance of a capsule on MRI, three cases were that of 
pseudocapsules, which accounted for false-positive MRI 
results. Intralesional fat was described in 11 patients, 
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corona enhancement in 9 and the feeding artery of the 
tumour was visualized in 28 cases on MRI after contrast 
administration. Satellite nodules were reported in MRI 
reports for 21 patients but were only found in 24 patients 
by postoperative gross examination.

There was a significant correlation between tumour 
grade and tumour size (p = 0.007) and intratumoral fat 
(p = 0.014). However, there was no significant correla-
tion between the grade and the mean ADC value, cap-
sule appearance, satellite lesion, smooth margin, feeding 
artery or corona enhancement of HCC (p > 0.05). The 
MRI characteristics of HCC are summarized in Table 2.

The number of patients with liver specimens at fibro-
sis stage F4A was 28, and at F4B, it was 17. Our study 
demonstrated a significant statistical correlation between 
mild (F4A) and moderate (F4B) fibrosis and ADC values 
[p < 0.001 (Table 3)]. The ADC values of mild (4A) paren-
chyma fibrosis ranged from 1200 to 1400 × 10−3  s/mm2 
while for moderate (4B) fibrosis, it ranged from 962.5 to 
1150 × 10−3 s/mm2.

Discussion
The most preferred guidelines for diagnosis and manage-
ment of HCC are the European Association for the Study 
of the Liver (EASL) and the American Association for 
the Study of Liver Disease (AASLD). Besides, AASLD 
reported another guideline for the non-invasive diagno-
sis of HCC referred to as Liver Imaging Reporting and 
Data System (Li-RADS) [4]. About these guidelines, the 
present study addressed the efficacy of MRI for the prog-
nosis of HCC associated with predicting differentiation.

One of the findings of the present study indicated that 
the presence of intratumoral fat is related to the tumour 
grade. Although there are studies which reported that the 
benign regenerative nodules may contain intratumoral 
fat [9, 10], the fat-containing tumours are usually consid-
ered HCC in the literature [11].

Moreover, the fatty change in HCC is assumed to be 
a sign of well-differentiation in most of the studies [4, 
11]. When a dysplastic nodule evolves to HCC, transient 
hypoxia occurs that results in fatty changes during hepa-
tocarcinogenesis. Our results related to intratumoral fat 
presence were similar to the literature.

Tumour size is another important feature of HCC 
affecting the histological grade. Small or the so-called 
early tumours are mostly related to well-differentiated 
HCCs [4, 11]. However, numerous studies have suggested 
that tumour size alone is not enough to predict this differ-
entiation [11–13]. Our findings showed that tumour size 
is significantly associated with the grade of the tumour. 
The mean tumour size was found to be 37.33 mm in our 
study, and the rate of microvascular invasion (MIV) was 
44.4%. As widely known, the tumour size is also related to 
the increased risk of MIV [14, 15]. Considering this rela-
tionship may explain our results.

Many studies have demonstrated that encapsulated 
HCCs have a better prognosis than nonencapsulated 
HCCs because of a lower incidence of direct liver inva-
sion, fewer tumour microsatellites and less vascular 
invasion [6, 7]. However, our results are in contrast with 
these studies. We could not find a significant correlation 
between tumour capsule and tumour grade, which may 
be because the capsule appearance on imaging does not 

Table 2  Features of HCC lesions on MRI according to groups

HCC hepatocellular carcinoma, ADC apparent diffusion coefficient

Low-grade group (E-S 1 and E-S 2), median 
(Q1, Q3)

High-grade group (E-S 3 and E-S 4), median 
(Q1, Q3)

p

Size of HCC (mm) 20 (11.5, 33.5) 38 (28, 50) 0.007

ADC value of HCC (mm2/s) 996 × 10−6 (940.5, 1302.5) 984 × 10−6 (890, 1190) 0.534

n (%) n (%)
Smooth margin 9 (75) 15 (46.9) 0.095

Capsule appearance 8 (66.7) 12 (36.4) 0.070

Intralesional fat 4 (33.3) 1 (3.0) 0.014

Multifocality 5 (41.7) 11 (34.4) 0.732

Feeding artery 3 (25) 14 (42.4) 0.488

Corona enhancement 4 (33.3) 19 (57.6) 0.150

Table 3  Liver parenchyma fibrosis degree and ADC value according 
to parenchyma fibrosis degree

ADC apparent diffusion coefficient

Parenchyma ADC (mm2/s), 
median (Q1, Q3)

p

Parenchyma fibrosis 
degree

 < 0.001

  Mild 1340 × 10−6 (1200, 1408)

  Moderate 1065 × 10−6 (962.5, 1150)
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always represent a true tumour capsule and may instead 
represent a pseudocapsule. We reported 19 patients 
with capsule appearance; however, only 16 were proven 
by histological analysis. Ishigami et  al. [16] reported 
that approximately 14% of HCCs [15 of 106] revealed a 
pseudocapsule, an enhanced rim in the delayed phase of 
dynamic MRI, despite it being negative for a histologic 
fibrous capsule.

Despite some recent studies suggesting that ADC value 
can predict histopathologic tumour grade, microvascu-
lar invasion or early recurrence [11–13], we found no 
significant correlation between ADC value and tumour 
grade (Fig.  1). Diffusion-weighted signal intensity and 
the ADC values particularly depend on selected b val-
ues and magnetic field strength. In addition, MRI scan-
ner diffusion-weight-based prediction thresholds may 
not be generalized. Similar to our study, Nasu et al. [17] 
reported that HCC histopathologic grades did not corre-
late with ADC values due to the considerable overlap of 
ADC among the different histopathologic grades.

The pathological severity of liver fibrosis in the non-
tumorous tissue was evaluated according to the Laennec 
staging system [18]. Our findings showed a significant 
difference in the ADC values of mild and moderate fibro-
sis. Moreover, information about liver parenchyma fibro-
sis degree could be determined with DWI. Several studies 

reported observing a significant correlation [19–21], and 
the ADC values of mild [4A] parenchyma fibrosis ranged 
from 1200 to 1400 × 10−3 s/mm2 [median 1340 × 10−3 s/
mm2], while moderate [4B] fibrosis ranged from 962.5 to 
1150 × 10−3 s/mm2 [median 1065 × 10−3 s/mm2] (Fig. 2). 
However, it should be noted that steatosis and iron depo-
sition might affect ADC values.

The limitations of our study include the limited num-
ber of patients evaluated, the interpretation of the images 
by a single radiologist, the lack of long-term follow-up 
and the retrospective design. Moreover, as this study 
was conducted at a single institution, multi-centre stud-
ies are necessary to validate the findings of this research. 
Interpretation by a single radiologist could potentially 
impact the objectivity and reliability of the results, as 
interpretations by two radiologists may provide more 
comprehensive and diverse assessments. The study could 
benefit from mentioning this limitation to acknowledge 
the potential bias that might arise from relying on a sin-
gle radiologist’s interpretation and to provide a more 
comprehensive perspective on the findings.

Conclusion
This study showed that ADC values could only be used 
to distinguish mild cirrhotic livers from moderate cir-
rhotic livers. Diffusion MRI, a reliable imaging method, 

Fig. 1  A 56-year-old male with grade 4 hepatocellular carcinoma on T2-weighted (A). B Diffusion-weighted images (DWI) of the tumour show 
diffusion restriction and hyperintense signal with unclear margin. The mean apparent diffusion coefficient (ADC) value is 1273 × 10−3 mm2/s 
in the region of interest (C). After contrast administration, the lesion has inhomogeneous contrast enhancement in the portal (D) and venous (E) 
phases
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can be used to diagnose liver fibrosis degree without 
histopathological analysis. Contrast-enhanced MRI 
plays a crucial role in the diagnosis of HCC. Accord-
ing to our study results, only intralesional fat and 
tumour size are imaging features prognostic for HCC. 
MRI is an excellent tool for diagnosing HCC; however, 
patients’ prognoses can be estimated using a combina-
tion of imaging and clinical features. This indicates that 
clinical data and other relevant information should be 
taken into account when estimating patient outcomes.

The integration of imaging and clinical features can 
enhance the accuracy and reliability of prognostic 
assessments, enabling healthcare professionals to make 
more informed decisions regarding patient manage-
ment and treatment strategies.

As with any study, it is important to acknowledge the 
limitations and consider the specific context in which 
the research was conducted. Further validation and 
replication of findings across diverse patient popula-
tions can strengthen the significance and generalizabil-
ity of the results.
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