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Purpose: To determine the efficacy of apparent diffusion coefficient (ADC) values and 
ratios (lesion/liver tissue, lesion/splenic tissue, lesion/paraspinal muscle) in differentiat-
ing benign from malignant solid liver lesions.
Materials and Methods: This study retrospectively analyzed data from 115 patients 
with solid liver lesions who underwent abdominal magnetic resonance imaging (MRI) at 
a single institution between January 2023 and December 2024. Lesions were classified 
as benign or malignant based on biochemical tests as well as radiographic and/or histo-
pathologic findings. ADC values and ratios were determined using a 1.5 T MRI scanner. 
Quantitative variables are presented as mean ± standard deviation or median (interquar-
tile range). Receiver operating characteristic (ROC) analysis was used to determine the 
cut-off values for ADC value and ratio, for which associated areas under the ROC curve 
were calculated.
Results: The present analysis included 115 lesions—36 benign and 79 malignant. The me-
dian ADC value of the benign lesions was significantly higher than that of malignant le-
sions: 1744.5 × 10-6 mm2/s vs. 1168.0 × 10-6 mm2/s, respectively. The average lesion-to-
liver ADC (rADCl), lesion-to-spleen ADC (rADCsp), and lesion-to-paraspinal muscle ADC 
(rADCm) ratios for the benign lesions were significantly higher than those of malignant 
lesions: 1.79 vs. 1.09, 2.31 vs. 1.44, and 1.19 vs 0.80, respectively. A threshold of 1416 × 
10-6 mm2/s was used to differentiate benign vs. malignant lesions, with a sensitivity of
83.3% and a specificity of 78.5%. The cut-off values for rADCl, rADCsp, and rADCm were
1.55, 1.95, and 0.97, respectively, with sensitivities of 69.4%, 69.4%, and 83.3% and
specificities of 87.3%, 91.1%, and 79.9%, respectively.
Conclusion: ADC metrics obtained from diffusion-weighted MRI effectively distinguished
benign from malignant solid liver lesions.

Keywords: Diffusion-weighted imaging; Apparent diffusion coefficient; Apparent 
diffusion coefficient ratio; Liver lesion, benign, malignant
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INTRODUCTION

The accurate classification of focal liver lesions is crucial 
for management planning and selecting the optimal thera-
peutic approach. Magnetic resonance imaging (MRI) has been 
proven superior to computed tomography in detecting and 
characterizing such lesions, owing to the diversity and speci-
ficity of the various available sequences [1]. One such se-
quence, diffusion-weighted imaging (DWI), is a noninvasive 
and non-contrast-enhanced sequence widely used in the di-
agnosis of hepatic disorders. The mechanism of DWI is based 
on the Brownian motion of water molecules within a tissue 
voxel, which provides data on quantitative tissue cellularity, 
viscosity, and extracellular space and depicts the relationship 
between normal and malignant tissues [2,3]. The magnitude 
of diffusion within the tissue displayed can be quantitatively 
measured from the DWI apparent diffusion coefficient (ADC) 
map [1,4]. 

In addition to its applications in stroke imaging, DWI, which 
was first used for tumor characterization in brain tumors [3], 
provides quantitative and qualitative information on unique 
tumor characteristics, evolution, and treatment response as-
sessment. Tumors are often more densely cellular than normal 
tissue, resulting in restricted diffusion (high signal on DWI). Ma-
lignant lesions exhibit lower ADC values owing to the follow-
ing factors: increased cell density, disrupted tissue structure, 
and increased extracellular space tortuosity, all of which reduce 
the motion of water [3,5]. While ADC values have shown con-
siderable promise in improving the non-invasive characteriza-
tion of liver lesions, their diagnostic performance has not yet 
been elucidated. In fact, there have been conflicting studies re-
garding the efficacy of ADC in discriminating malignant from 
benign focal liver lesions. While some studies observed statis-
tically significant differences in ADC between malignant and 
benign lesions [1,6], others found that using ADC for this task 
is unreliable due to the substantial overlap of ADC values [7,8]. 
ADC values in the same lesion can vary based on the MRI scan-
ner, protocol, and analysis software platform used [9]. The val-
ues within a particular lesion can even vary during separate 
examinations owing to variations in biological factors such 
as vascularity and membrane permeability changes. As such, 
studies aiming to enhance the diagnostic accuracy and robust-
ness of DWI-based assessments are ongoing. Fortunately, nor-
malizing the ADC value of a lesion to that of a reference tissue, 
such as the adjacent normal liver parenchyma, splenic tissue, or 
paraspinal muscle, can overcome the aforementioned limita-
tions and provide a more reliable depiction of diffusion changes 
relative to normal tissue [10,11]. 

This study aimed to assess the efficacy of using ADC values 
of liver lesions and ADC value ratios (lesion/liver tissue, lesion/

splenic tissue, lesion/paraspinal muscle) in differentiating be-
nign from malignant liver lesions. 

MATERIALS AND METHODS

Study Population
The protocol for this study was approved by the institutional 

review board of Hue University of Medicine and Pharmacy 
(number 01/22) and informed consent was obtained from all 
patients.

This retrospective study involved a cross-sectional analysis 
of 115 patients with focal liver lesions who underwent ab-
dominal MRI between January 2023 and March 2024 at our 
institution. All patients ≥18 years of age who had at least one 
hepatic lesion >10 mm in maximal diameter were included in 
this analysis. The exclusion criteria were as follows: ongoing 
chemotherapy, history of liver resection or splenectomy, and 
MRI contraindicated. Patients with simple hepatic cysts were 
also excluded from the analysis.

Based on imaging findings as well as biochemical and/or 
histologic test results, the target lesions were categorized into 
seven distinct types under two primary categories, as follows: 
benign (hemangioma, focal nodular hyperplasia [FNH], adeno-
ma, and focal inflammatory lesion) and malignant (liver me-
tastasis, intrahepatic cholangiocarcinoma [ICC], and hepato-
cellular carcinoma [HCC]). 

Diagnostic Criteria
HCC was diagnosed based on the European Association for 

the Study of the Liver (EASL) 2018 practice guidelines, whereas 
ICC was confirmed histologically [12]. Liver metastasis was di-
agnoses based on imaging findings in the setting of known 
primary malignancy, with or without histopathologic confir-
mation. Metastases typically appear hypointense on non-con-
trast T1-weighted (T1W) and mildly-to-moderately hyperin-
tense on T2-weighted (T2W) MRI sequences, with a frequent 
targetoid pattern on DWI. On contrast-enhanced MRI, enhance-
ment behavior varies according to vascularity: hypovascular 
metastases typically show persistent hypoenhancement, while 
hypervascular lesions demonstrate peripheral rim enhancement 
during the arterial phase. This rim often reflects viable tumor 
tissue, with central non-enhancement indicating necrosis or 
cystic change—hallmarks of advanced metastatic progression 
[13,14]. Typical benign lesions were confirmed radiographically 
and diagnosed according to the EASL guidelines [15]. Other 
lesions were deemed benign if they remained stable in size on 
dynamic imaging follow-up obtained ≥6 months after the ini-
tial imaging; otherwise, percutaneous biopsy was required to 
confirm the diagnosis.
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Liver MRI Protocol
Liver MRIs were performed on a 1.5 T MRI scanner (Amira; 

Siemens). A respiratory-triggered fat-suppressed single-shot 
echoplanar DWI sequence was obtained in the axial plane with 
three diffusion gradient directions. Table 1 shows the detailed 
parameters of this pulse sequence. Our institutional routine 
liver MRI protocol also included T2W single-shot fast spin echo 
axial/coronal, T2W fat sat axial, and gradient-recalled echo 
T1W in- and out-of-phase axial/coronal acquisitions before and 
after the injection of gadolinium. 

Image Interpretation
All MRIs were performed by a senior radiologic technologist 

with >10 years of experience in MRI. Regions of interest (ROIs) 
were placed in target lesion, background liver, spleen, and para-
spinal muscle tissues, avoiding cystic or necrotic appearing re-
gions adjacent to the vessels. For lesions with a heterogeneous 
signal on DWI sequences, ROIs were placed at the most hypo- 
and hyperdense areas within the enhanced solid components. 
Conversely, for lesions with a homogeneous appearance, ROIs 
were placed at different axial slices within the lesion. The ADC 
values for each anatomic location were calculated as the av-
erage of the relevant ROIs, as follows: hepatic ADC values were 
derived from four ROIs placed in the lateral, medial, anterior, 
and posterior segments of the liver, while spleen and bilateral 
paraspinal muscle ADC values were derived from two ROIs placed 
in each structure. The average ADC value from all of the ROIs 
in each anatomic structure was used for the subsequent anal-
ysis. All ROI measurements had a 5–10-mm radius on DWI im-
ages, and parametric MRI (www.parametricmri.com) was used 
for image post-processing and analysis. ADC values were cal-

culated based on linear and non-linear exponential fits. Two 
abdominal radiology fellows placed all of the ROIs and were 
responsible for verifying image quality and obtaining ADC val-
ue measurements. Two abdominal radiologists with >15 years 
of experience each were responsible for image analysis and 
interpretation, evaluating the contour, border, signal charac-
teristics, and qualitative DWI features of the lesions.

Statistics
Continuous data are presented as mean ± standard devia-

tion if the variables were normally distributed, in which case 
Student’s t-test was utilized to ascertain the difference be-
tween the independent samples (benign vs. malignant). If the 
variables were not normally distributed, however, the data are 
presented as median with interquartile range (IQR), and the 
Mann–Whitney U test was utilized accordingly. Categorical 
data are presented as counts and percentages. Levene’s test 
was used to evaluate whether the variances across the ADC 
values of two or more groups were equal. The receiver operat-
ing characteristic (ROC) curve was analyzed to determine the 
cut-off threshold for the differential diagnosis of benign vs. 
malignant liver lesions, and the area under the ROC curve (AUC) 
was used to determine the threshold value, which was catego-
rized as follows: excellent (≥90%), considerable (81%–90%), 
fair (71%–80%), poor (61%–70%), and fail (50%–60%) [16]. 
All analyses were performed using SPSS 20.0 (IBM Corp.) soft-
ware. A p-value < 0.05 indicated statistical significance for all 
comparisons. 

RESULTS

A total of 115 patients were included in the analysis. The me-
dian age was 56.2 ± 14.1 years (range, 25–89 years) and male/
female ratio was 1.74. There were 36 benign and 79 malignant 
lesions, with an average maximal transverse diameter of 44.2 
± 31.4 mm (range, 12–165 mm). Table 2 summarizes the im-
aging characteristics of all of the lesions.

The median (IQR) ADC value across all lesions was 1280.0 
(529) × 10-6 mm2/s. The highest and lowest ADC values ob-
served for hemangiomas (Fig. 1) and HCCs, at 3235 × 10-6 mm2/s 
and 650 × 10-6 mm2/s, respectively. The median (IQR) ADC val-
ue of the benign lesions was higher than that of the malig-
nant lesions, at 1744.5 (818) × 10-6 mm2/s and 1168.0 (387) × 
10-6 mm2/s, respectively (p < 0.001). Additionally, the benign 
lesions had higher average lesion-to-liver ADC (rADCl), lesion-
to-spleen ADC (rADCsp), and lesion-to-paraspinal muscle ADC 
(rADCm) ratios than the malignant lesions, at 1.79 vs. 1.09, 2.31 
vs. 1.44, and 1.19 vs. 0.80, respectively (p < 0.001) (Table 3 
and Fig. 2).

Table 1. Diffusion-weighted imaging acquisition parameters

Parameters Values
Repetition time (ms) 7900 
Echo time (ms) 70 
Base resolution 134
Field of view (mm) 380 
Phase encoding direction Anterior to posterior
Slice thickness (mm) 4.0 
Distance factor (%) 20
b-values (s/mm2) 50, 400, 800

Number of averages b = 50 (1 average)
b = 400 (3 averages)
b = 800 (5 averages)

Fat suppression technique Spectral Attenuated Inversion  
  Recovery

Parallel imaging technique Generalized autocalibrating partial  
  (acceleration factor 2)

Scan time (min) 4 
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The diagnostic thresholds for differentiating benign from ma-
lignant lesions were as follows: ADC value, 1416 × 10-6 mm2/s 
(sensitivity, 83.3%; specificity, 78.5%; AUC, 84.5%); rADCl ra-
tio, 1.55 (sensitivity, 69.4%; specificity, 87.3%; AUC, 82.5%); 
rADCsp ratio, 1.95 (sensitivity, 69.4%; specificity, 91.1%; AUC, 
85.0%); and rADCm ratio, 0.97 (sensitivity, 83.3%; specificity, 
79.9%; AUC, 84.4%) (Fig. 3).

DISCUSSION

The results of the present study demonstrated that ADC quan-
tification was effective in differentiating benign from malig-
nant liver lesions. Previous studies have proposed a range of 
ADC thresholds, largely owing to the various parameters used 

to obtain ADC maps and the measurement techniques involved. 
Additionally, the accuracy of lesion detection and character-
ization varies depending on the patient population and lesion 
type [9]. However, it has been generally acknowledged that 
benign liver lesions have higher ADC values than their malig-
nant counterparts, despite the significant overlap for specific 
lesions [6,17]. Cell density is an essential histologic feature 
that substantiates the use of ADC values to differentiate be-
nign from malignant lesions. Theoretically, water molecules can 
move more freely in structures with a lower cell density, result-
ing in a less progressive signal with increased b-values, which 
corresponds to high ADC values that are often associated with 
benign lesions. Meanwhile, dense cellularity is a hallmark of ag-
gressive malignancies (Fig. 4), such as HCC, ICC, and metastasis, 
indicative of rapid proliferation and invasion into surrounding 
tissues, often with little-to-no surrounding stroma [18,19].

The disparity among ADC value cut-offs can be explained 
by the different imaging techniques (such as the choice of b-
values and other acquisition parameters) and MRI scanners 
utilized in clinical practice. ADC values may exhibit up to 10% 
inter-center variability, primarily attributable to differences in 
DWI sequence parameters [20]. In one study, when obtaining 
MRIs with identical parameters on the same group of patients, 
separated by a 15-min interval, the ADC value in liver tumors 
can varied by up to 30% between the two scans [21]. 

Prior studies have highlighted significant discrepancies in 
ADC values between abdominal tumors and adjacent normal 
tissues. Consequently, normalized ADC values are considered 
more robust than raw measurements to reduce the variability 
in ADC value calculations. Both the spleen and paraspinal mus-
cles have been proposed as potential reference tissues, as while 
hepatic parenchymal ADC values are influenced by sex, age, 
and iron overload, splenic ADC values remain consistent and 
are minimally influenced by patient-related factors or concom-
itant liver pathologies [22]. Paraspinal muscle tissue, however, 
has demonstrated greater stability, supporting its role as a more 
reliable internal reference for the differentiation of benign from 
malignant tumors on abdominal imaging [20,23]. Therefore, in 
this study we used the ADC ratio analysis method to minimize 
heterogeneity caused by these confounding factors. rADCl, 
rADCsp, and rADCm are easily calculated and can be readily ap-
plied without requiring designated software or formulas. These 
ratios have been proven to neutralize potential confounding 
factors, allowing for an accurate differentiation between le-
sions [10,22].

The findings of the present study are in agreement with pre-
viously published data. Benign lesions had significantly higher 
ADC values than malignant lesions. Of note, hemangiomas had 
the highest ADC value (3235 × 10-6 mm2/s) among the lesions 
evaluated. We also established a cut-off point of 1416 × 10-6 

Table 2. Patient demographics and MRI morphological characteris-
tics of all lesions

Parameters
Benign 
(n = 36)

Malignant 
(n = 79)

Total 
(n = 115) 

p

Age (yr) 46.7 ± 13.6 60.5 ± 12.2 56.2 ± 14.1

Sex
Male
Female

20 (17.4)
16 (13.9)

53 (46.1)
26 (22.6)

73 (63.5)
42 (36.5)

>0.05

Transverse diameter 
  (mm)

32.9 ± 18.5 49.4 ± 34.6 44.2 ± 31.4

Outer contour
Regular
Irregular

21 (18.3)
15 (13.0)

46 (40.0)
33 (28.7)

67 (58.3)
48 (41.7)

>0.05

Border
Well-defined
Poorly defined

35 (30.4)
1 (0.9)

74 (64.4)
5 (4.3)

109 (94.8)
6 (5.2)

>0.05

Signal intensity  
  pattern

Homogeneous
Heterogeneous

24 (20.9)
12 (10.4)

33 (24.7)
46 (40.0)

57 (49.6)
58 (50.4)

<0.05

T1W
Hyperintense
Hypointense
Isointense

3 (2.6)
28 (24.3)
5 (4.3)

3 (2.6)
70 (60.9)
6 (5.3)

6 (5.2)
98 (85.2)
11 (9.6)

>0.05

T2W
Hyperintense
Hypointense
Isointense

32 (27.8)
1 (0.9)
3 (2.6)

68 (59.1)
3 (2.6)
8 (7.0)

100 (87.0)
4 (3.5)

11 (9.6)

>0.05

DWI
Hyperintense
Hypointense
Isointense

33 (28.7)
0 (0)
3 (2.6)

74 (64.3)
1 (0.9)
4 (3.5)

107 (93.0)
1 (0.9)
7 (6.1)

>0.05

Values are presented as mean ± standard deviation or number (%).
*p-values show a significant difference between two groups. 
T1W, T1-weighted; T2W, T2-weighted; DWI, diffusion-weighted imaging.
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mm2/s to differentiate between benign and malignant hepatic 
lesions, with a sensitivity of 83.3%, specificity of 78.5%, and 
AUC of 84.5%. Furthermore, the average rADCl, rADCsp, and 
rADCm were significantly higher for benign than malignant le-
sions. The optimal cut-off values for rADCl, rADCsp, and rADCm 
to differentiate between benign and malignant lesions were 

1.55, 1.95, and 0.97 respectively, with sensitivities of 69.4%, 
69.4%, and 83.3%; specificities of 87.3%, 91.1%, and 79.7%; 
and AUCs of 82.5%, 85.0%, and 84.4%, respectively. These cut-
off thresholds demonstrated considerable AUCs, ranging be-
tween 80% and 90%, indicating good diagnostic performance. 
Relative ADC values typically exhibit greater specificity than 

A

D

B

E

C

Fig. 1. Apparent diffusion coefficient (ADC) quantification of a hepatic hemangioma. A–C: The tumor (arrow) demonstrates high signal in-
tensity on diffusion-weighted imaging (DWI) at a b-value of 50, with a decrease in intensity at b-values of 400 and 800, respectively. D: 
Medium-to-high signal intensity was observed on the ADC map, consistent with no restricted diffusion. E: The tumor has a heterogeneous 
signal on DWI images, regions of interest (ROIs) were positioned at the most hypo- and hyperintense areas within the enhanced solid com-
ponents. The tumor (red ROI) ADC value and lesion-to-liver (blue ROI), lesion-to-spleen (green ROI), lesion-to-muscle (yellow ROI) ADC ra-
tios are 2486 × 10-6 mm2/s, 2.23, 2.52, and 1.56, respectively. Dynamic enhancement was typical for hemangiomas. The lesion remained sta-
ble in size and enhancement pattern at the 1-year follow-up. 

Table 3. ADC parameters and ADC ratios of all lesions

Type of lesion n (%)
ADC value (×10-6 mm2/s) rADCl (lesion/liver) rADCsp (lesion/spleen) rADCm (lesion/muscle)

Median 
(IQR)

Mean ± SD
Median 
(IQR)

Mean ± SD
Median 
(IQR)

Mean ± SD
Median 
(IQR)

Mean ± SD

Benign lesion 36 (29) 1744.5 (818) 1821.1 ± 525 1.79 (0.93) 1.85 ± 0.63 2.31 (1.15) 2.36 ± 0.71 1.19 (0.56) 1.24 ± 0.36
Hemangioma 25 (21.7) 1896 (738) 2036.6 ± 452 1.92 (0.82) 2.03 ± 0.52 2.71 (0.94) 2.59 ± 0.62 1.33 (0.47) 1.38 ± 0.31
Adenoma 1 (0.9) 1339 1339 1.25 1.25 1.71 1.71 0.83 0.83
FNH 6 (5.2) 1294.5 (184) 1383.0 ± 186 1.17 (0.31) 1.30 ± 0.24 1.60 (0.37) 1.83 ± 0.37 0.90 (0.16) 0.94 ± 0.16
Inflammatory lesion 4 (3.4) 1414.5 (462) 891.3 ± 270 1.57 (1.71) 1.80 ± 0.92 1.68 (1.09) 1.80 ± 0.49 1.02 (0.33) 1.03 ± 0.18

Malignant lesion 79 (71) 1168.0 (387) 1258.6 ± 372 1.09 (0.41) 1.19 ± 0.37 1.44 (0.54) 1.55 ± 0.42 0.80 (0.24) 0.86 ± 0.24
HCC 49 (42.6) 1174.0 (343) 1206.4 ± 273 1.07 (0.42) 1.14 ± 0.30 1.39 (0.48) 1.51 ± 0.36 0.79 (0.23) 0.83 ± 0.18
Cholangiocarcinoma 10 (8.7) 1175.5 (446) 1259.2 ± 238 1.05 (0.46) 1.16 ± 0.26 1.72 (0.64) 1.64 ± 0.37 0.81 (0.31) 0.83 ± 0.16
Metastasis 19 (16.5) 1168.0 (502) 1141.2 ± 75 1.16 (0.65) 1.22 ± 0.38 1.45 (0.65) 1.54 ± 0.32 0.81 (0.27) 0.86 ± 0.20
Hepatoblastoma 1 (0.9) 1004 1.0 1.0 1.29 1.29 0.71 0.71

p <0.001* <0.001* <0.001* <0.001*
Total 115 (100) 1280.0 (529) 1424.8 ± 496 1.25 (0.67) 1.38 ± 0.55 1.63 (0.69) 1.79 ± 0.64 0.87 (0.41) 0.97 ± 0.32
*p-values show a significant difference in ADC values and ratios of ADC between benign and malignant lesions (Mann–Whitney U test).
ADC, apparent diffusion coefficient; IQR, interquartile range; SD, standard deviation; rADCl, lesion-to-liver ADC; rADCsp, lesion-to-spleen ADC; rADCm, lesion-
to-paraspinal muscle ADC; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma.
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Fig. 2. Histogram and overlap of ADC values and ratios by lesion type (benign vs. malignant). The ADC value and lesion-to-liver ADC (rADCl), 
lesion-to-spleen ADC (rADCsp), and lesion-to-muscle ADC (rADCm) ratios, respectively. 
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ADC values, with rADCsp showing the highest specificity among 
all of the ratios evaluated.

Several previous studies have explored the role of ADC and 
rADC values in the diagnostic process. A meta-analysis of 14 
prior studies found that ADC threshold values for differenti-
ating malignant from benign solid liver lesions varied from 810 
to 1600 × 10-6 mm2/s, with a pooled sensitivity of 78%, pooled 
specificity of 74%, and AUC of 82% [6]. Gelebek Yılmaz and 
Yıldırım [24] reported that a cut-off ADC value of 1260 × 10-6 
mm2/s  and ADC ratio of 0.90 were useful in distinguishing 
benign from malignant lesions, with sensitivities of 92% and 
85% and specificities of 94% and 92%, respectively. Addition-
ally, the ADC ratio of benign lesions was 1.50 ± 0.53, signifi-
cantly higher than that of malignant lesions, which was 0.80 
± 0.20. They also speculated that the ADC ratio for lesion/liv-
er parenchyma achieved higher diagnostic accuracy in dif-
ferentiating metastases from benign solid lesions than the 
ADC value alone [24]. Another study, which included 39 be-
nign and 36 malignant lesions, documented an ADC value of 
1260 × 10-6 mm2/s and ADC ratio for lesion/liver of 1.1 as the 
optimal cut-off values, with sensitivities of 92% and 82%, 
specificities of 80% and 86%, and overall accuracies of 89% 
and 92%, respectively [10]. Sharma et al. [25] proposed that 
malignant lesions had a mean ADC of 1130 × 10-6 mm2/s, while 
that for benign lesions was 1630 × 10-6 mm2/s. They also found 
that a threshold of 1350 × 10-6 mm2/s served as an adjunct to 
other MRI parameters for characterizing focal liver lesions as 

either benign or malignant, achieving a sensitivity of 85.7%, 
specificity of 88%, positive predictive value of 88%, and neg-
ative predictive value of 85.7%. Jahic et al. [26] reported av-
erage ADC values of 1880 (range, 1326–2480) × 10-6 mm2/s 
for benign lesions, and 1150 (range, 1024–1343) × 10-6 mm2/s 
for malignant lesions, with a cut-off value of 1341 × 10-6 mm2/s. 
Caraiani et al. [1] further emphasized that decreased ADC val-
ues and ratios (compared to liver parenchyma) were an accu-
rate method for differentiating benign from malignant lesions. 
Most of the proposed thresholds are close to the upper limit of 
1600 × 10-6 mm2/s, similar to our results. Therefore, further 
investigation with a larger population is warranted to narrow 
this cut-off range.

One study showed that the renal medulla was an effective 
reference organ—the ADC ratio for liver lesions aided in dif-
ferential diagnosis with high sensitivity (95%) and specificity 
(72%) [27]. Occasionally, ADC values can be utilized in the dif-
ferential diagnosis of some specific lesions [17]. Thanks to their 
remarkably high ADC values, atypical hemangiomas can be dif-
ferentiated from malignant lesions when signal intensity and 
enhancement characteristics are otherwise inconclusive. 

Additionally, the differentiation of smaller lesions can pres-
ent a challenge, owing to partial volume effects and less-than-
ideal ROI measurements, potentially skewing ADC values. Al-
though ADC quantification appears useful in distinguishing 
benign from malignant solid hepatic lesions, further catego-
rization into specific entities is unreliable since current data 
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Fig. 4. Apparent diffusion coefficient (ADC) quantification of a pathologically confirmed hepatocellular carcinoma. A–C: The tumor (arrow) 
shows markedly increased signal intensity on diffusion-weighted imaging at b-values of 50, 400, and 800, respectively. D: Decreased signal 
intensity is observed on the ADC map, consistent with restricted diffusion. E: Regions of interest (ROIs) were placed in different axial slices 
within the lesion. The tumor ADC (red ROI), lesion-to-liver (blue ROI), lesion-to-spleen (green ROI), and lesion-to-muscle (yellow ROI) ADC 
values are 935 × 10-6 mm2/s, 0.91, 1.17, and 0.65, respectively. 
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are scarce and heterogeneous. Radiographically, some benign 
lesions (adenomas, FNHs) might exhibit restricted diffusion 
(Fig. 5), similar to that of malignant lesions (HCCs, ICCs, me-
tastases) owing to their cell-rich nature [17,19]. Conversely, 
malignant lesions with cystic necrosis can have decreased ADC 
values [10,17], representing a critical limitation of using ab-
solute ADC values alone for characterizing hepatic lesions. At 
present, therefore, ADC values provide supplementary diag-
nostic information alongside conventional imaging charac-
teristics.

There are some limitations of this study, which include: small 
sample size, single institution, and the fact that some of the 
lesions were not confirmed pathologically. Therefore, future 
studies would benefit from including a larger study population.

In conclusion, benign solid liver lesions have significantly 
higher ADC values (threshold, 1416 × 10-6 mm2/s), rADCl ratio 
(cut-off, 1.55), rADCsp ratio (cut-off, 1.95), and rADCm ratio 
(cut-off, 0.97) than malignant lesions. Both ADC value and 
ratio are effective in distinguishing benign from malignant 
lesions, with the lesion-to-spleen and lesion-to-paraspinal 
muscle ADC ratios showing the best specificity. 
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Fig. 5. Apparent diffusion coefficient (ADC) quantification of a pathologically confirmed hepatic adenoma. A–C: The tumor (arrow) shows 
increased signal intensity on diffusion-weighted imaging at b-values of 50, 400, and 800, respectively. D: Intermediate signal intensity was 
observed on the ADC map. E: Regions of interest were placed at three different anatomic locations: within the lesion (red), liver parenchyma 
(blue), spleen (green), and paraspinal muscle (yellow). The tumor ADC value and lesion-to-liver ADC, lesionto-spleen ADC, and lesion-to-
paraspinal muscle ADC are 1339 × 10-6 mm2/s, 1.25, 1.71, and 0.83, respectively.
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