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Abstract
PURPOSE Diffusion-weighted imaging (DWI) is a MRI technique that, although relatively recent, has
shown promise for the evaluation of focal hepatic lesions, providing information both on qualitative and
quantitative parameters. The present study was designed to analyze the role of DWI, particularly the ADC
(apparent diffusion coe�cient), in differentiating benign solid liver lesions from malignant ones in a
sample of noncirrhotic patients. 

METHODS We conducted a retrospective analysis of MRI scans performed at a tertiary hospital in Porto
Alegre, Rio Grande do Sul, Brazil, from 2015 to 2018. The distribution of lesions into benign vs. malignant
groups was determined by imaging criteria and/or histological analysis. ADC were obtained for each
lesion.

RESULTS Overall, 118 focal liver lesions were evaluated, with 78 benign and 40 malignant. The mean
ADC value was 1.420×10−3 mm2/s for benign lesions versus 1.130×10−3 mm2/s for malignant lesions
(p<0.001). ROC curve analysis showed an area under the curve of 0.79, optimal cutoff point of 1.19×10−3

mm2/s for discriminating between malignant and benign lesions, sensitivity and speci�city of 75% and
73.1%.

CONCLUSIONS We demonstrate the appropriateness of ADC for characterization of benign solid lesions
of the liver and to distinguish these masses from malignant metastatic lesions.

1. Introduction
Magnetic resonance imaging (MRI) is a well-established diagnostic imaging modality widely used in the
detection and characterization of focal hepatic lesions. Depending on the protocol and contrast medium
employed, it provides high accuracy for the differential diagnosis of such lesions. [1–3] Diffusion-
weighted imaging (DWI) is a technique that, although relatively recent, has shown promise for the
evaluation of focal hepatic lesions, in an upward curve proportional to the evolution of MRI technology.
[4–8] DWI can provide information both on qualitative and quantitative parameters useful for assessing a
lesion, and can be incorporated into current abdominal MRI protocols without signi�cantly increasing
total acquisition time. [9, 10]

Focal liver lesions are highly prevalent; many are benign, but some are malignant. The most common
benign ones are cystic lesions (reported to account for roughly 15–18% of focal lesions in the U.S.
literature) and solid lesions (mostly hemangiomata). [11–13] Metastases from hematogenous spread are
the most prevalent focal malignant lesions of the liver. The most common primary sites are
gastrointestinal neoplasms, neuroendocrine tumors, and melanoma. [14] Therefore, implementing
methods that can distinguish between these lesions accurately and with the least possible risk for the
patient has become essential. Although previous studies have evaluated DWI and, particularly, the
apparent diffusion coe�cient (ADC) in differentiating focal liver lesions, many of these studies either
presented an analysis of a small number of lesions or included simple cysts in the benign lesion group,
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which raises concerns of selection bias due to the characteristically high ADC value of cystic lesions. [4,
15–17] In addition, some of these studies pooled as “malignant lesions” both primary cancers
(originating in cirrhotic livers, for example) and metastatic lesions, limiting the homogeneity of analysis
and, therefore, precluding any inferences. Few studies have analyzed the role of diffusion and ADC in
distinguishing benign solid liver lesions from metastatic malignant liver lesions.[18]

Within this context, the present study was designed to analyze the role of DWI, particularly the ADC map
technique, in differentiating benign solid liver lesions from malignant ones in a sample of noncirrhotic
patients.

2. Materials And Methods

2.1. Study population
We conducted a retrospective analysis of MRI scans performed at a tertiary hospital in Porto Alegre, Rio
Grande do Sul, Brazil, from January 2015 to June 2018. Patients with focal liver lesions who underwent
MRI with a complete diffusion sequence and no movement artifacts were included. Patients with cystic
hepatic lesions were excluded. Scans that showed evidence of cirrhotic liver disease (surface nodularity,
especially in the anterior left lobe; atrophy of the right lobe; hypertrophy of the caudate lobe and lateral
segment of the left lobe; atrophy of the medial segment of the left lobe; prominent gallbladder; right
hepatic vein < 5 mm; modi�ed caudate–right lobe ratio > 0.90; and prominent periportal space at the level
of the hepatic hilum, with thickness > 10 mm) were excluded.[19]

The distribution of lesions into benign vs. malignant groups was determined, in the malignant group, by
imaging criteria and/or histological analysis, and in the benign group, predominantly by imaging criteria
(for adenomas, T1 hypointensity or slight hyperintensity, hypervascular enhancement, and absence of
speci�c contrast retention during the hepatobiliary excretion stage; for FNH, T1 hypointensity or slight
hyperintensity, hypervascular enhancement, and speci�c hepatic contrast medium retention during the
hepatobiliary excretion stages; for hemangiomas, T2 hyperintensity, hypovascular enhancement with an
initially peripheral globular pattern, progressing centripetally, tending to complete homogenization in late
images) (Figs. 1 to 8).

2.2. Image acquisition protocol
Scans were performed in 1.5-T systems. The liver imaging protocol included non-contrast-enhanced axial
T1-weighted gradient-echo in-phase and out-of-phase imaging, echo-planar diffusion-weighted imaging
with different b-values (highest b = 800 s/mm2), and fat-suppressed T2-weighted fast spin-echo
sequences.

Dynamic contrast-enhanced imaging was performed following intravenous infusion of 0.025 mmol/kg
gadoxetate disodium (Primovist™, Bayer). Images were acquired sequentially during the arterial-dominant,
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venous-dominant, equilibrium (approximately 10 minutes after contrast infusion), and hepatobiliary
excretion phases.

2.3. Analysis of imaging �ndings
Scans were evaluated by two radiologists with more than 10 years’ experience in the �eld. ADC values for
the lesion and for the surrounding liver parenchyma were collected by a radiologist with 4 years’
experience. The region of interest (ROI) was determined by tracing a circumference or ellipsis, initially
seeking to encompass the largest possible area of the region of the lesion with the widest diameter (at
the level of the slice which best represented the center of the lesion). Then, depending on the volume of
the lesion, two more ROIs were placed immediately above and below the initial ROI.

Finally, an ROI was placed on the hepatic parenchyma, always trying to avoid interfacing with the hepatic
border or blood vessels. ROIs was collected from each hepatic lobe in order to address the possibility of
collection bias.

2.4. Statistical analysis
Sample size was calculated in the WinPepi software suite, based on previously reported results from the
literature[14, 20–23]. These calculations showed that, to detect a signi�cant difference between the ADCs
of benign and malignant lesions, at the 5% signi�cance level, with a statistical power of 80%, at least 65
lesions would have to be analyzed.

ADC values were obtained for focal lesions and for the adjacent hepatic parenchyma, for subsequent
calculation of the ADC ratio (ADCr).

Quantitative variables were described as mean and standard deviation or median and interquartile range.
Categorical variables were expressed as absolute and relative frequencies.

For comparison of means, Student’s t-test or analysis of variance (ANOVA) with Tukey’s test were used as
appropriate. The chi-square test or Fisher’s exact test were used to compare proportions.

To determine the capacity of the ADC and ADCr to distinguish benign from malignant lesions, a receiver
operating characteristic (ROC) curve was plotted for determination of the optimal cutoff points for ADC
and ADCr.

A Poisson regression model was applied to control for confounding factors. Variables with p < 0.20 on
bivariate analysis were included in the multivariate model.

The signi�cance level was set at 5% (p < 0.05) for all analyses.

Data analysis was performed in IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY).

3. Results
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3.1. Baseline characteristics
Overall, 97 consecutive patients were evaluated, of whom 39 were excluded (9 with cystic lesions, 15 with
no focal lesions, 8 with lesions smaller than 1.0 cm, and 7 with movement artifacts). Thus, the �nal
sample consisted of 58 patients, of whom 22 had single focal lesions and 36 had multiple lesions, for a
total of 118 focal liver lesions. Of these 118 lesions, 78 were benign (11 adenomas, 33 hemangiomas,
and 34 focal nodular hyperplasias) and 40 were malignant (all metastases) (Table 1).
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Table 1
– Baseline characteristics of patients and their lesions.

  Variable N

Patients (n = 58) Age (years), mean ± SD 44.7±14.5

  Sex, n (%)  

  Female 45 (77.6%)

  Male 13 (22.4%)

  Known diagnosis of cancer, n (%)  

  Yes 14 (24.1%)

  No 44 (75.9%)

Lesions (n = 118) Single lesion, n (%)  

  Yes 22 (18.6)

  No 96 (81.4)

  Affected segment, n (%)  

  I 6 (5.1)

  II 16 (13.6)

  III 5 (4.2)

  IV 11 (9.3)

  V 14 (11.9)

  VI 10 (8.5)

  VII 25 (21.2)

  VIII 31 (26.3)

  Affected lobe, n (%)  

  Right 80 (67.8)

  Left 33 (28.0)

  Caudate 5 (4.2)

  Lesion size (cm), median (IQR) 1.9 (1.3; 3)

  Diagnosis, n (%)  
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  Variable N

  Adenoma

Hemangioma

Focal nodular hyperplasia

Metastasis

11 (9.3)

33 (28)

34 (28.8)

40 (33.9)

  Malignant lesion, n (%)  

  Yes 40 (33.9)

  No 78 (66.1)

  ADC, mean ± SD 1.32±0.44×10− 3 mm2/s

  ADCr (lesion: surrounding parenchyma), mean ± SD 1.27±0.52×10− 3 mm2/s

 

Comparative analysis of baseline characteristics showed that malignant lesions were associated with
more advanced age, male sex, known diagnosis of cancer at a primary site, multiple lesions, and larger
lesion size (within the malignant lesions group). On multivariate analysis, these correlations remained for
age (with a 2% increase in the odds of malignancy for each additional year of age) and known diagnosis
of cancer (with a seven-fold increase in the odds of malignancy) (Tables 2 and 3).
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Table 2
– Factors associated with malignant lesions

Variable Malignant

(n = 40)

Benign

(n = 78)

P

Age (years), mean ± SD 56.9±13.4 40.5±12.0 < 0.001

Sex, n (%)     < 0.001

Female 11 (27.5) 65 (83.3)  

Male 29 (72.5) 13 (16.7)  

Known diagnosis of cancer, n (%)     < 0.001

Yes 35 (87.5) 6 (7.7)  

No 5 (12.5) 72 (92.3)  

Single lesion, n (%)     0.013

Yes 2 (5.0) 20 (25.6)  

No 38 (95.0) 58 (74.4)  

Affected segment, n (%)     0.738

I 2 (5.0) 4 (5.1)  

II 4 (10.0) 12 (15.4)  

III 2 (5.0) 3 (3.8)  

IV 6 (15.0) 5 (6.4)  

V 6 (15.0) 8 (10.3)  

VI 4 (10.0) 6 (7.7)  

VII 8 (20.0) 17 (21.8)  

VIII 8 (20.0) 23 (29.5)  

Affected lobe, n (%)     0.886

Right 36 (65.0) 54 (69.2)  

Left 12 (30.0) 21 (26.9)  

Caudate 2 (5.0) 3 (3.8)  

Lesion size (cm), median (IQR) 2.3 (1.4; 3.7) 1.8 (-2.6; 2.5) 0.027

Diagnosis, n (%)     < 0.001
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Variable Malignant

(n = 40)

Benign

(n = 78)

P

Adenoma

Hemangioma

Focal nodular hyperplasia

Metastasis

0 (0.0)

0 (0.0)

0 (0.0)

40 (100)

11 (14.1)

33 (42.3)

34 (43.6)

0 (0.0)

 

Mean ADC (×10− 3 mm2/s) – n (%)     < 0.001

< 1.19 10 (25.0) 57 (73.1)  

≥1.19 30 (75.0) 21 (26.9)  

ADCr (×10− 3 mm2/s), n (%)     0.001

< 1.08 14 (35.0) 54 (69.2)  

≥1.08 26 (65.0) 24 (30.8)  

 
Table 3

– Poisson regression analysis of factors independently associated with
malignancy

Variable Relative Risk 95%CI P

Age (years) 1.02 (1.01 to 1.04) 0.004

Males 0.94 (0.63 to 1.39) 0.745

Known diagnosis of cancer 6.67 (2.51 to 17.7) < 0.001

Single lesion 0.62 (0.22 to 1.79) 0.379

Lesion size (cm) 1.05 (0.97 to 1.12) 0.215

 

 

3.2. Analysis of ADC values
The mean ADC value was 1.420×10− 3 mm2/s for benign lesions versus 1.130×10− 3 mm2/s for
malignant lesions (p < 0.001) (Table 4).
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Table 4
– Association between ADC value and lesion malignancy.

Variable Benign Malignant p

Mean ± SD Mean ± SD

ADC (×10− 3 mm2/s) 1.42±0.38 1.13±0.49 0.001

ADCr (×10− 3 mm2/s) 1.35±0.54 1.14±0.45 0.036

 

ROC curve analysis of ADC values showed an area under the curve of 0.79, with an optimal cutoff point
of 1.19×10− 3 mm2/s for discriminating between malignant and benign lesions, with a sensitivity and
speci�city of 75% and 73.1%, respectively (Fig. 9, Table 5).

Table 5
– Diagnostic properties of ADC for prediction of focal liver lesion

malignancy

  ADC

×10− 3 mm2/s

ADCr

×10− 3 mm2/s

AUC (95%CI) 0.79 (0.69; 0.89) 0.67 (0.55; 0.78)

Cutoff point < 1.19 < 1.08

Sensitivity 75% (59.8; 85.8) 65% (49.5; 77.9)

Speci�city 73.1% (62.3; 81.7) 69.2% (58.3; 78.4)

Positive predictive value 58.8% (45.3; 72.3) 52% (38.2; 65.8)

Negative predictive value 85.1% (76.6; 93.7) 79.4% (69.8; 89.0)

Accuracy 73.7% (65.8; 81.6) 67.8% (59.4; 76.2)

Kappa (p) 0.45 (p < 0.001) 0.32 (p < 0.001)

 

 

3.3. Analysis of ADC ratio
The mean ratio of the ADC within the lesion to the ADC of the adjacent liver parenchyma (ADCr) was
1.350×10− 3 mm2/s in benign lesions and 1.140×10− 3 mm2/s in malignant lesions (p = 0.036) (Table 5).

ROC curve analysis showed an area under the curve of 0.67, with an optimal cutoff point of 1.08×10− 3

mm2/s for discriminating between malignant and benign lesions, with a sensitivity and speci�city of 65%
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and 69.2% respectively (Fig. 10, Table 5).

4. Discussion

4.1. ADC and ADC ratio values
Advances in diffusion MRI techniques have made this imaging modality very useful for examination of
the liver. Echo-planar imaging techniques, parallel image acquisition, and the availability of multichannel
coils played decisive roles in improving the quality of diffusion-weighted images by decreasing
movement artifacts (attributable to heart rate, respiration, and intestinal motility), thus allowing
interpretation of ADC maps, which was previously impossible.[24–26]

As evaluation of the hepatic parenchyma became technically possible, so characterization of liver lesions
through DWI and ADC map became the object of a—relatively recent—growing body of research. Interest
in the potential of this technique for characterization of focal liver lesions has grown as technology has
advanced. With diffusion sequences becoming less and less susceptible to (especially movement)
artifacts, scanners are now able to acquire images with higher b-values, maintaining a good signal-to-
noise ratio and providing scans with higher resolution.

Our �ndings suggest that ADC and ADCr values can be used to distinguish benign solid liver lesions from
malignant ones, with mean values of 1.42×10− 3 mm2/s and 1.13×10− 3 mm2/s in the benign and
malignant groups, respectively (p < 0.001 and p < 0.05). ROC curve analysis yielded a cutoff point of
1.19×10− 3 mm2/s for ADC and 1.08×10− 3 mm2/s for ADCr. This �nding is in line with the existing
literature, in which ADC values have been reported as higher in benign lesions and lower in malignant
lesions. [4, 5, 7, 8, 15, 27, 28] Our cutoff point, however, departs from the �ndings of some published
studies. The search for optimal cutoff points to discriminate benign from malignant lesions has been the
object of intense study in the literature, and still warrants further investigation. Indeed, different studies
have reported variable values. This inconsistency in ADC cutoff points is probably attributable, among
other reasons, to differences between scanners and differences in the parameters used to obtain
diffusion-weighted images and ADC maps.[22, 29, 30]

In our subgroup analysis restricted to benign lesions, adenomata and FNH exhibited ADC values of
1.41×10− 3 mm2/s and 1.30×10− 3 mm2/s respectively; both are intermediate values, and are not
signi�cantly difference between one another or in comparison with the ADC values found in malignant
lesions. The application of DWI and ADC mapping in the characterization of certain benign solid liver
lesions and the potential of this technique to distinguish benign lesions from malignant ones is still a
topic of discussion. Solid benign lesions, such as FNH and adenomata, may also exhibit diffusion
restriction when compared to normal hepatic parenchyma, depending, among other reasons, on the
proportion of their constituent tissues. The ADC values of these lesions, especially in the case of
adenoma and FNH, overlap with those of malignant lesions.[1, 8]
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Consequently, some authors advocate that diffusion techniques should not be used for discrimination of
adenomata and FNH; in these cases, diffusion-weighted sequences would be evaluated in conjunction
with other acquisition sequences within the standard liver MRI protocol. [31–33] However, the literature
has demonstrated the role of ADC values for assessing the degree of differentiation and microvascular
invasion in some types of cancer, with lower values in less differentiated tumors. [34–37] Investigators
have searched for a similar phenomenon in benign lesions, in an attempt to demonstrate differences in
ADC values among subtypes of these lesions, but such research is still incipient. We believe that
additional, robust studies that provide for the classi�cation of benign liver lesions within subtypes that
respect their constitutional characteristics could help elucidate this matter.

In conclusion, the results of our study show diffusion-weighted imaging and ADC maps are useful and
appropriate techniques for discrimination between benign solid lesions and malignant metastatic lesions,
but not in isolation, at least not at the present time. Correlation is still required between the information
provided by these sequences, the signal pattern of other MRI acquisitions, and the enhancement pattern
of the observed lesions.

4.2. Analysis of sample characteristics
On comparative analysis, several patient characteristics were found to be associated with malignancy:
advanced age, male sex, a known diagnosis of cancer, multiple lesions, larger lesions, and lower ADC and
ADCr values.

After adjustment by the multivariate model, these correlations remained only for age (with a 2% increase
in the odds of malignancy for each additional year of age) and known diagnosis of cancer (with a seven-
fold increase in the odds of malignancy among patients with a history of cancer).

4.3. Study limitations
The core limitations of this study are those inherent to all single-center retrospective research. In addition,
the limitation of the reference standard used for �nal diagnosis of benign lesions must be acknowledged.
Despite good speci�city and sensitivity of imaging, histology remains the gold standard. Nevertheless, we
believe the absence of histological data in this type of research is justi�ed, considering that liver biopsy is
an invasive procedure of limited or no bene�t in the evaluation of focal hepatic lesions deemed probably
benign on imaging [3, 4, 7, 18, 20, 22, 23, 38].

4.4. Conclusion
The results of this study demonstrate the appropriateness of DWI and ADC mapping for characterization
of benign solid lesions of the liver and to distinguish these masses from malignant metastatic lesions.
The ADC and ADC ratio showed no statistical difference in discriminating benign focal lesions from liver
metastases. These �ndings can be used to assist in differential diagnosis of focal liver lesions in the
noncirrhotic patient.
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5. Abbreviations

ADC Apparent diffusion coe�cient

ADCr Apparent diffusion coe�cient ratio

ANOVA Analysis of variance

DWI Diffusion weighted images

DW-MRI Diffusion images – magnetic resonance imaging

FNH Focal nodular hyperplasia

MRI Magnetic resonance imaging

ROC Receiver operating characteristic

ROI Region of interest
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Figure 1

Two focal nodular hyperplasia-type lesions, measuring 4.4 cm and 2.7 cm respectively, in a 40-year-old
woman. A: Very slightly hyperintense on T2-weighted imaging. B: Slightly hypointense on T1-weighted
imaging. C: Rapid enhancement during the arterial phase. D: Contrast retention during hepatobiliary
excretion (20 min), suggesting the presence of functioning hepatocytes.
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Figure 2

Focal nodular hyperplasia-type lesions (A) on diffusion-weighted imaging, with b = 800 mm/s2, and (B)
on ADC map images, with ADC = 1.17×10−3 mm2/s and 1.19×10−3 mm2/s.
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Figure 3

Hepatic hemangioma measuring 5.6 cm in a 63-year-old female. A: T2 hyperintensity. B: T1 hypointensity.
C: Characteristic peripheral globular enhancement. D: No contrast retention during hepatobiliary excretion
(20 min).
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Figure 4

Hemangioma on diffusion-weighted imaging with b = 0 mm/s2 (A) and b = 800 mm/s 2 (B), and on ADC
map images (C) with ADC = 1.53×10−3 mm2/s.
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Figure 5

Liver metastases from breast cancer in a 47-year-old female. A: T2-weighted image showing
heterogeneously high signal intensity. B: T1-weighted image during the arterial phase after contrast
infusion shows a hypervascular enhancement pattern. C: No contrast retention during the hepatobiliary
excretion phase (20 min).
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Figure 6

Liver metastases from breast cancer. On diffusion-weighted imaging, there is persistent hyperintensity
despite an increasing diffusion coe�cient (A, B, and C). Diffusion restriction is corroborated by
hypointensity on ADC map images (D), with ADC = 1.06×10−3 mm2/s.
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Figure 7

Adenoma exhibiting hypervascular enhancement (A and B) and absence of contrast retention on T1-
weighted images acquired during the 20-minute hepatobiliary excretion phase (C).
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Figure 8

Adenoma exhibiting signal hyperintensity in an image with high diffusion coe�cient (A) and a value of
1.12×10−3 mm2/s on ADC map imaging (B).
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Figure 9

ROC curve of ADC values for the prediction of malignancy in focal liver lesions. Scale: ×10−3 mm2/s.
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Figure 10

ROC curve of ADCr (ratio of lesion ADC to healthy parenchyma ADC) for prediction of malignancy in focal
liver lesions. Scale: ×10−3 mm2/s.


