
International Journal of Radiation Research, July 2024 Volume 22, No 3 

Using conventional contrast-enhanced MRI semi-quantitative 
analysis to distinguish alpha-fetoprotein-negative small 

hepatocellular carcinoma without cirrhosis and small focal 
nodular hyperplasia 

INTRODUCTION 

Hepatocellular carcinoma (HCC) stands as the 
primary malignant liver tumor of highest prevalence, 
ranking as number two or three for mortality derived 
from cancerous diseases (1-3). Focal nodular                 
hyperplasia (FNH) ranks second in terms of benign 
nodular liver lesions (4,5). Remarkably, both                     
conditions exhibit heightened vascularity. HCC is  
distinctive for its rapid contrast agent clearance             
during the phases portal and delayed, distinguishing 
it from the neighboring liver tissue (6), whereas FNH 
exhibits iso-intensity or mild hyper-intensity in the 
venous phase, attributed to its slower washout       
dynamics (7).  

Alpha-fetoprotein (AFP) has the function of a           
biomarker and helps diagnose HCC (3,8). Raised levels 
of AFP in the blood and characteristic imaging               
features make it relatively easy to diagnose                    
AFP-positive HCC. However, approximately 30% of 

individuals with HCC remain AFP-negative (3), and 
thus, diagnosing AFP-negative HCC (ANHC) becomes 
challenging due to the absence of ideal biomarkers, 
primarily relying on imaging (9). The presence of          
fibrotic or cirrhotic livers is a relevant risk indicator 
for HCC, and liver fibrosis has a fundamental part in 
the premalignant environment (PME) of the liver (10). 
Around twenty percent of HCC cases may originate 
cirrhosis-free context, referred to as non-cirrhotic 
HCC (NCHCC) (11-14). Consequently, diagnosing NCHCC 
patients who are both AFP-negative and lack               
cirrhosis presents a complex challenge. 

Specialized liver contrast agents, like gadoxetic 
acid, can furnish more precise diagnostic information 
for these conditions (15-17). Nevertheless, the use of 
such agents can impose an added financial burden on 
patients and may potentially result in delayed                 
diagnoses. At times, HCC and FNH can exhibit             
perplexing or atypical manifestations on imaging, 
particularly in the case of high- or middle-grade       
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ABSTRACT 

Background: Here, we aimed to quantitatively analyze the gray scale value (GSV) of 
conventional triple-enhancement MRI and explore its value in differentiating non-
cirrhosis, alpha-fetoprotein-negative small Hepatocellular carcinoma (SHCC) together 
with Focal nodular hyperplasia (SFNH). Materials and Methods: In this study, 83 cases 
of SHCC-related lesions were observed in 83 individuals, and an additional 35 cases of 
SFNH-associated lesions were examined in a group of 32 patients. These lesions were 
all verified through pathological assessment. The lesions’ MRI GSV of the plain scan 
(GSV-p) and the enhanced MRI scan (GSV-c), and normal liver parenchyma’s GSV 
around the lesion (GSV-n) were all quantified. Subsequently, we computed the GSV-c 
to GSV-n ratio (GSR), and the GSV-c to GSV-p ratio (GSRL). We employed the Wilcoxon 
rank sum analysis and ROC curve analysis with the aim of evaluating significance in 
these ratios. Results: Age and gender distribution in SHCC and SFNH exhibited relevant 
differences, whereas the size did not. During the phases arterial (GSRAP), portal 
(GSRPP), and delayed (GSRDP), the GSR and the GSRL for SHCC and SFNH 
demonstrated a gradual decrease, and all these changes were statistically significant. 
The AUC for GSRDP in SHCC and SFNH was 0.83, which surpassed the performance of 
other metrics. Conclusions: The GSV values obtained from a standard triple-
enhancement MRI were found to be valuable in distinguishing between SHCC and 
SFNH, with the GSRDP showing the best performance. The precise utilization of these 
metrics facilitated the differentiation of SHCC and SFNH, ultimately reducing the need 
for unnecessary interventional procedures and associated trauma. 
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differentiated small HCC (SHCC), causing uncertainty 
and misdiagnosis (18). It is critical to differentiate             
between these two conditions as their treatments 
differ (19,20). In order to evade unnecessary invasive 
procedures or examinations like biopsies, surgical 
interventions, or medical therapies, which have a 
substantial effect on the prognosis and quality of life 
for individuals, it is crucial to establish an accurate 
non-invasive diagnosis before undergoing any             
surgical intervention. 

In this study, standard enhanced magnetic                
resonance imaging (MRI) was employed alongside a 
semi-quantitative analysis approach to differentiate 
between SHCC (lacking cirrhosis and having negative 
AFP) and small FNH (SFNH, with a diameter not             
exceeding 3 cm). This approach potentially enhances 
diagnostic precision, offering potential advantages 
for clinical treatment and patient care. 

 
 

MATERIALS AND METHODS 
 

Approval for this research was granted by the  
Ethics Committee of Hangzhou First People's              
Hospital, which is associated with Zhejiang University 
School of Medicine, under reference number NO. 109 
- 01. The study followed the guidelines set forth in the 
Declaration of Helsinki, and every subject involved 
furnished written informed consent.  

 

Participants 
This retrospective assessment focused on cases of 

SHCC and SFNH (diagnosis period length: January, 
2014, to December, 2019). The enrolled subjects met 
the following criteria: 1) all individuals underwent a 
triple-enhancement MRI scan; 2) the maximum lesion 
diameter was less than 3 cm; 3) serum AFP levels 
were below 10 ng/mL; 4) absence of cirrhosis in all 
patients; and 5) confirmation of SHCC and SFNH         
diagnoses via immunohistochemical analysis. The 
exclusion criterion was the presence of fatty liver in 
patients (21). A total of 83 HCC lesions in 83 patients 
(comprising 74 men and 9 women, ages 52 - 66) and 
35 FNH lesions in 32 patients (consisting of 14 men 
and 18 women, ages: range 24 - 42) were analyzed. 

 

MRI scanning procedure and parameters 
All patients received imaging using a 3.0 Tesla MR 

scanner purchased from Sigma HDxt (GE Medical  
Systems) with a phased-array body coil. The imaging 
protocol encompassed three methods: The                       
T1-weighted (T1WI), the axial T2-weighted (T2WI), 
and the diffusion-weighted (DWI). Subsequently, 
multi-phase T1WI dynamic-contrast-enhanced MRI 
scans were carried out. These comprised non-
enhanced imaging and three post-enhancement  
phases at 15, 60, and 120 seconds after the provision 
of contrast agents based on gadolinium (22).  

The MRI parameters were as follows: T2-
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weighted imaging (TR = 2500 ms; thickness, 6 mm; 
echo time = 80 ms; voxel magnitude = 1.5×1.5×6.0 
mm3; field of view = 380 × 308.94 mm2; turning angle 
= 126 degrees) and T1-weighted image (TR = 3.92 
ms; thickness, 3 mm; echo time = 1.30 ms; voxel size 
= 2.1 × 1.5 × 3.0 mm3; field of view = 380 × 380 mm2; 
turning angle = 9 degrees), followed by axial DWI (TR 
= 6800 ms; thickness, 5 mm; echo time = 70 ms; voxel 
size = 3.5 × 2.7 × 5.0 mm3; field of view = 380 × 
271.32 mm2; ) with b= 0 and 800 s/mm2. 

 

MRI imaging analysis  
Two radiologists independently conducted a blind 

assessment of the MRI images. A circular or elliptical 
region of interest (ROI) with an area ranging from 15 
to 35 mm² and uniform density within the lesion was 
chosen. Gray scale values (GSV) were recorded at the 
corresponding position within the lesion, ensuring 
exclusion of necrotic areas and vascular structures. 
The distance between the ROI in the adjoining 
healthy hepatic parenchyma and the lesion showed to 
be greater than 1.0 cm, and this methodology and size 
alignment adhered to the ROI of the lesion (figure 1) 
(22). 

We quantified the MRI gray scale values (GSV) of 
the lesions in both the unenhanced scan (GSV-p) and 
the contrast-enhanced MRI scan (GSV-c), as well as 
the GSV of the normal liver parenchyma surrounding 
the lesion (GSV-n). Subsequently, we computed the 
GSV-c to GSV-n ratios (GSR) and the GSV-c to GSV-p 
ratios (GSRL) for the phases portal (PP), arterial (AP), 
and delayed (DP). 

 

Statistical analysis 
Statistical analyses of clinical variables were            

carried out utilizing SPSS software (version 22).           
Continuous variables, such as age and lesion size,         
appeared as mean ± standard deviation. Gender            
variances between groups underwent comparisons 
through the chi-square test. Diagnostic performance 
was evaluated through metrics including the area 
under the receiver operating curve (AUC), specificity, 
sensitivity, and accuracy. The Cohen kappa coefficient 
was employed to gauge how the two radiologists 
agreed in their resolution. 
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Figure 1. The diagram of delineate the ROI of the SHCC and 
SFNH. A.B.C.D representation the plain, AP, PP and DP of the 
SHCC respectively; E.F.G.H representation the plain, AP, PP 

and DP of the SFNH respectively. ROI: region of interest, SHCC: 
small Hepatocellular carcinoma, SFNH: small Focal nodular 

hyperplasia. 
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RESULTS 
 

Demographic and clinical data 
This study comprised 83 HCC patients (74        

women, 9 men) with a mean age of 58 (range: 52 - 
66), as well as 32 FNH patients (14 women, 18 men) 
with a mean age of 29 (range: 24 to 42). Among the 
83 HCC patients, there were a total of 83 SHCC             
lesions, while the 32 FNH patients presented a total 
of 35 FNH lesions. The FNH patients had varying          
lesion counts: 30 subjects had 30 lesions, 1 subject 
had 2, and 1 subject had 3. The size of SHCC lesions 
averaged 2.4 cm (range:1.8 to 2.8 cm), and SFNH          
lesions averaged 2.2 cm (range: 1.8 to 2.6 cm) (P = 
0.172) (table 1). 

The GSR of AP, PP, and DP  
The GSR values in the phases arterial (GSRAP), 

portal (GSRPP), and delayed (GSRDP) for SHCC and 
SFNH were as follows: 1.46 (ranging from 1.34 to 
1.80) vs 1.92 (ranging from 1.67 to 1.80) (Z = -3.945, 
P < 0.01) for GSRAP, 0.95 (ranging from 0.87 to 1.03) 
vs. 1.11 (ranging from 1.01 to 1.19) (Z = -4.681, P < 
0.01) for GSRPP, and 0.92 (ranging from 0.80 to 0.97) 
vs. 1.02 (ranging from 1.00 to 1.09) (Z = -5.624, P < 
0.01) for GSRDP, respectively (table 2). 

The GSRL values in the phases arterial (GSRLAP), 
porta (GSRLPP), and delayed (GSRLDP) for SHCC and 
SFNH were as follows: 2.55 (ranging from 2.00 to 
3.14) vs. 3.25 (ranging from 2.60 to 3.85) (Z = -3.921, 
P < 0.01) for GSRLAP, 2.32 (ranging from 2.02 to 
2.76) vs. 2.89 (ranging from 2.36 to 3.16) (Z = -3.456, 
P < 0.01) for GSRLPP, and 1.92 (ranging from 1.78 to 

2.33) vs. 2.40 (ranging from 1.98 to 2.68) (Z = -1.365, 
P < 0.01) for GSRLDP, respectively (see table 2). 

 
Diagnostic Performances 

The AUC values for GSRAP, GSRPP, and GSRDP in 
distinguishing SHCC from SFNH were 0.73, 0.77, and 
0.83, respectively. The corresponding outcomes for 
sensitivity and specificity were 74.3% and 73.5%, 
91.4% and 67.5%, 82.9% and 85.5%. The positive 
likelihood and negative likelihood ratios (+LR and -
LR, correspondingly) were 2.80 and 0.35, 2.81 and 
0.13, 5.72 and 0.20, respectively. The optimal              
threshold values for GSRs showed to be 1.70, 0.99, 
and 0.99, and the highest Youden indexes were 0.48, 
0.59, and 0.68, correspondingly (figure 2, table 3).     

 

The AUCs for GSRLAP, GSRLPP, and GSRLDP in 
differentiating SHCC from SFNH were 0.70, 0.70, and 
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Characteristic SHCC SFNH P 
No. of nodules 83 35 NA 
No. of patients 83 32 NA 

Sex, no. of patients     0.001 
Male 74 14 NA 

Female 9 18 NA 
Age (y), mean (range) 58(52~66) 29(24~42) 0.001 

Size(cm) mean (range) 
2.4

(1.8~2.8) 
2.2

(1.8~2.6) 
0.172 

Table 1. Clinical features of patients with SHCC or SFNH. 

GSR GSRL 
        

AP PP DP AP PP DP 

SHCC 83 
1.46 

(1.34~ 
1.80) 

0.95 
(0.87~ 
1.03) 

0.92 
(0.80~ 
0.97) 

2.55 
(2.00~ 
3.14) 

2.32 
(2.02~ 
2.76) 

1.92 
(1.78~ 
2.33) 

SFNH 35 
1.92 

(1.67~ 
2.18) 

1.11 
(1.01~ 
1.19) 

1.02 
(1.00~ 
1.09) 

3.25 
(2.60~ 
3.85) 

2.89 
(2.36~ 
3.16) 

2.40 
(1.98~ 
2.68) 

Z   -3.945 -4.681 -5.624 -3.921 -3.456 -1.365 
P   0.001 0.001 0.001 0.001 0.001 0.001 

Table 2. The GSR and GSRL of the AP, PP, and DP of the 
SHCC and SFNH. 

SHCC, small Hepatocellular carcinoma; SFNH, small focal nodular 
hyperplasia. 

GSR, MRI grayscale ratio between the lesion and the surrounding 
normal liver parenchyma; GSRL, MRI grayscale ratio between the 
enhance-lesion and the plain scan-lesion; SHCC, small Hepatocellular 
Carcinoma; SFNH, small Focal nodular hyperplasia; AP, arterial phase; 
PP, portal phase; DP, delayed phase. 

Figure 2. ROC curve generated according to GSRAP, GSRPP 
and GSRDP values. ROC: receiver operating curve, GSR: MRI 

grayscale ratio between the lesion and the surrounding normal 
liver parenchyma, AP: arterial phase, PP: portal phase, DP: 

delayed phase, GSRAP: GSR in the AP, GSRPP: GSR in the PP, 
GSRDP: GSR in the DP. 

Phase AUC YD max Sen(%) Spe (%) +LR -LR 
GSRAP 0.73 0.48 74.3 73.5 2.80 0.35 
GSRPP 0.77 0.59 91.4 67.5 2.81 0.13 
GSRDP 0.83 0.68 82.9 85.5 5.72 0.20 
GSRLAP 0.73 0.37 68.6 68.7 2.19 0.46 
GSRLPP 0.70 0.38 51.4 86.7 3.86 0.56 
GSRLDP 0.70 0.34 62.9 71.1 2.18 0.52 

Table 3. The sensitivity, specificity, +LR, and -LR of GSR and 
GSRL of AP, PP and DP of SHCC and SFNH when the Youden 

index was maximum. 

+LR, positive likelihood ratio; -LR, negative likelihood ratio; GSR, MRI 
grayscale ratio between the lesion and the surrounding normal liver 
parenchyma; GSRL, MRI grayscale ratio between the enhance-lesion 
and the plain scan-lesion; SHCC, small Hepatocellular Carcinoma; 
SFNH, small Focal nodular hyperplasia; AP, arterial phase; PP, portal 
phase; DP, delayed phase; GSRAP, GSR in the AP; GSRPP, GSR in the 
PP; GSRDP, GSR in the DP; GSRLAP, GSRL in the AP; GSRLPP, GSRL in 
the PP; GSRLDP, GSRL in the DP. 
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0.78, respectively. The respective sensitivity and 
specificity showed to be 68.6% and 68.7%, 51.4% 
and 86.7%, 62.9% and 71.1%. The +LR and -LR ratio 
were 2.19 and 0.46, 3.86 and 0.56, 2.18 and 0.52,  
correspondingly. The optimal threshold values for 
GSRLs were 2.98, 2.89, and 2.27, and the maximum 
Youden indexes were 0.37, 0.38, and 0.34,                     
respectively (figure 3, table 3). 

Interobserver consistency analysis 
A strong consensus was detected between the two 

radiologists for GSRAP (Kappa = 0.91), GSRPP (Kappa 
= 0.89), GSRDP (Kappa = 0.95), GSRLAP (Kappa = 
0.89), GSRLPP (Kappa = 0.90), and GSRLDP (Kappa = 
0.92). 

 
 

DISSCUTION 
 

In our prior research, we utilized CT-Values to 
differentiate between SHCC and SFNH (22). However, 
in the current study, we focused on the conventional 
triple-enhancement MRI, leading to the following 
findings: 1) Statistically significant differences were 
observed in the GSR and GSRL values across the 
three enhancement phases when comparing SHCC 
and SFNH, with a gradual decrease. 2) In each              
respective phase, the parameters for SFNH were  
consistently higher than those for SHCC. 3) The AUC 
values for GSRPP and GSRDP exceeded those of 
GSRLPP and GSRLDP, while the AUC for GSRAP was 
equivalent to that of GSRLAP. 

HCC exhibits a significant global incidence;                

however, it often remains latent in its early stages, 
leading to diagnosis in the intermediate or advanced 
stages and the potential for recurrence post-resection 
treatment (2,3,23). Notably, the majority of HCC patients 
are elderly men, highlighting male gender as a          
prominent risk factor for HCC (2,3,24,25). Conversely, 
patients with FNH are typically young women. The 
precise etiology of FNH remains unknown but could 
be associated with hormonal therapy and prolonged 
use of oral contraceptives (5,26). While SFNH primarily 
affects female patients, it is interesting to note that 
male patients comprised 43.8% of the SFNH cohort 
(6,7). This could be attributed to the fact that all SFNH 
patients included in this study underwent               
pathological confirmation. 

AFP was initially introduced in the 1960s as a  
serological and conventional biomarker for HCC          
surveillance in clinical settings. However, despite  
setting a low-level cutoff, its diagnostic performance 
was suboptimal. Additionally, serum AFP levels           
remain within the typical range in 15-30% of             
advanced HCC cases (27), and nearly 30% of HCC cases 
in initial instances evade detection via AFP analysis 
(28), resulting in delays in treatment initiation. Plenty 
of evidence has established cirrhosis as the primary 
risk condition for HCC (29,30). 

Real-time shear-wave elastography was harnessed 
to differentiate between HCC and FNH, revealing that 
FNH displayed greater rigidity compared to HCC (1). 
Nevertheless, these distinctions could not be                
precisely quantified. It was reported that the contrast 
ratio between the lesion and the liver in HCC, exhibit-
ing paradoxical uptake during the hepatobiliary 
phase, did not show any significant difference when 
compared to the group of nodules resembling FNH (7). 
Conversely, this assessment was confined to the 
hepatobiliary phase, and the sample size was limited, 
possibly introducing some deviation.  

The manifestation of washout in the portal venous 
and/or transitional instances was identified as the 
most dependable characteristic for distinguishing 
HCC-paradoxical from FNH-like nodules (7). T1                
mapping was employed to quantitatively assess         
Gd-EOB-DTPA uptake in liver focal lesions, revealing 
substantial variations in T1E, T1P, T1D, and T1D% 
between FNH and HCC, with T1D% regarded as the 
premier diagnostic indicator (31). Nonetheless,                 
specialized liver contrast agent examinations are time
-intensive and expensive, rendering them                      
unaffordable for a considerable number of patients.  

The IVIM-derived extravascular effects of passive 
diffusion (IVIM derived D) and apparent diffusion 
coefficient (ADC) were suggested to be potentially 
adequate for distinguishing HCC from FNH (AUC 
showed to be 0.76 and 0.75, respectively) (18),              
although the sample size was low (32). Interestingly, 
the effectiveness of preoperative differentiation           
between HCC and FNH was demonstrated by utilizing 
the ADC value and parameters derived from DKI,      

628 Int. J. Radiat. Res., Vol. 22 No. 3, July 2024 

Figure 3. ROC curve generated according to GSRLAP, GSRLPP 
and GSRLDP values. ROC: receiver operating curve. GSRL: MRI 
grayscale ratio between the enhance-lesion and the plain scan

-lesion, AP: arterial phase, PP: portal phase, DP: delayed 
phase, GSRLAP: GSRL in the AP, GSRLPP: GSRL in the PP, 

GSRLDP: GSRL in the DP. 
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including diffusivity (D) and kurtosis (K) results (33). 
Nevertheless, in comparison to our study, the           
diagnostic effectiveness was reduced, and DKI was 
not a conventional sequence.  

The diagnosis of hyperintense HCC as distinct 
from FNH relied on features such as AP                    
enhancement, washout patterns in active CT, and the 
decrease of the ADC ratio, although these could not 
be precisely quantified (34). Prior investigations have 
shown that enhancement in the AP and PP can              
differentiate HCC from FNH, with the AP serving as 
the superior distinguishing indicator (24). While the 
diagnostic accuracy of these prior studies exceeded 
that of the current one, they did not include DP in 
their comparisons, and the number of cases was             
limited. It is crucial to note that the potential          
influence of AFP and cirrhosis on the results was not 
taken into account in those aforementioned studies. 

 
 

CONCLUSION 
 

In this research, semi-quantitative analysis of  
enhanced MRI proved effective in distinguishing         
between SHCC and SFNH, enhancing diagnostic          
accuracy. Notably, among the parameters, GSRDP 
emerged as the most reliable indicator. The precise 
identification of SHCC and SFNH using these metrics 
has the potential to significantly minimize                
unwarranted intervention-related trauma. 

 

Limitations 
Nevertheless, the present work had some               

limitations. Variations in the physical conditions of 
the patients, including issues like cardiopulmonary 
insufficiency, may have resulted in different scanning 
timeframes across the three phases. Additionally, 
being a retrospective study, it was susceptible to  
selection bias. Furthermore, the investigation        
encompassed a relatively modest sample volume and 
was performed exclusively at one facility. In           
subsequent endeavors, our goal is to augment the 
sample size and undertake a multicenter exploration 
to enhance the generalizability of our findings. Lastly, 
we excluded patients with fatty liver as it could        
potentially cause significant fluctuations in GSV. We 
aim to address this challenge in future research. 
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