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Multiparametric magnetic resonance imaging, diffusion-weighted
magnetic resonance imaging, and magnetic resonance elastography:
differentiating benign and malignant liver lesions

Avaz Jabiyev

Musturay Karcaaltincaba PURPOSE

Ali Devrim Karaosmanoglu This study investigates the accuracy of multiparametric magnetic resonance imaging (mpMRI),

Deniz Akata diffusion-weighted imaging (DWI), and magnetic resonance elastography (MRE) in differentiating
.. benign and malignant liver lesions.

Mustafa Nasuh Ozmen

ilkay Sedakat idilman METHODS

This retrospective study included patients with focal liver lesions who underwent MRI and MRE
Hacettepe University Faculty of Medicine, between 2018 and 2022. Based on histopathologic analyses or follow-up imaging findings, 70 solid
Department of Radiology, Ankara, Tiirkiye liver lesions were retrospectively evaluated as benign (n = 20) or malignant (n = 50).

RESULTS

There was no statistically significant difference between the benign and malignant liver lesions
in pre-contrast T1 relaxation times (P > 0.05). Malignant liver lesions had a significantly lower T2
value, contrast-enhancement ratio (CER), T1 relaxation time reduction (T1D), T1D percentage [T1D
(%)], and apparent diffusion coefficient (ADC), along with a significantly higher stiffness value (P
< 0.05). In receiver operating characteristic analysis, the following cut-off values were determined
for differentiating malignant from benign lesions: a CER of 1.99 [area under the curve (AUC): 0.828,
sensitivity 78.6%, specificity 73.2%], a T1D of 749.5 ms (AUC: 0.817, sensitivity 71.4%, specificity
78%), a T1D (%) reduction of 49.71% (AUC: 0.831, sensitivity 78.6%, specificity 73.2%), a T2 relax-
ation time of 74 ms (AUC: 0.705, sensitivity 65%, specificity 76.6%), an ADC of 1.275 x 10° mm?/s
(AUC: 0.861, sensitivity 89.5%, specificity 81.2%), and a stiffness of 3.77 kPa (AUC: 0.848, sensitivity
85%, specificity 75%).

CONCLUSION
Combined mpMRI, DWI, and MRE provide high diagnostic accuracy, with ADC and MRE offering
superior performance in differentiating malignant from benign liver lesions.

CLINICAL SIGNIFICANCE

This article highlights the accuracy of mpMRI, MRE, and DWI in distinguishing between malignant
and benign liver lesions. These findings support the integration of mpMRI, DWI, and MRE into clini-
cal practice for non-invasive liver lesion characterization.
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he detection of focal liver lesions (FLLs)
Tis one of the most commonly encoun-

tered findings in abdominal imaging
in clinical practice. Although the majority of
liver lesions in non-cirrhotic livers are benign,
an FLL can sometimes represent the first in-
dication of metastatic liver disease from an
unknown primary malignancy. Since man-
agement strategies differ substantially based
on the lesion’s nature, it is crucial to differ-
entiate malignant lesions from benign ones.
Although specific imaging characteristics are
associated with typical benign and malig-
nant FLLs, atypical findings may complicate
diagnoses and cause unnecessary anxiety for
both patients and physicians.

Magnetic resonance imaging (MRI) is
recognized as the most accurate radiologi-
cal method for characterizing liver lesions.
MRI examinations routinely incorporate
diffusion-weighted imaging (DWI) along
with conventional sequences, using gado-
linium-based extracellular or hepatospecific
contrast agents in post-contrast multiphase
studies to evaluate FLLs. Although hepa-
tospecific contrast agents share properties
with extracellular agents in dynamic imag-
ing, the additional diagnostic information
obtained during the hepatospecific phase
enhances the differential diagnosis of liver
lesions and improves the detection of small
FLLs.2 The combination of apparent diffusion
coefficient (ADC) values, which decrease in
malignancy, further improves the accuracy
of MRI in characterizing FLLs.> Emerging MRI
techniques in liver imaging, such as multi-
parametric MRl (mpMRI)-including T1, T2,
and T2* mapping-and magnetic resonance
elastography (MRE), have proven effective in
imaging diffuse liver diseases.*¢ However, the
literature includes limited studies evaluating
the characteristics of MRE and mpMRI and
their roles in differentiating FLLs.” In this ret-
rospective study, we aimed to demonstrate
the mpMRI, MRE, and DWI characteristics of

* Emerging magnetic resonance imaging
techniques can effectively aid in distin-
guishing between malignant and benign
liver lesions.

+ Malignant liver lesions exhibit significantly
lower T2, contrast-enhancement ratio, T1
relaxation time reduction (T1D), T1D per-
centage, and apparent diffusion coefficient
(ADC) values while showing notably higher
stiffness values.

* ADC values and lesion stiffness demonstrate
slightly better performance in differentiat-
ing malignant from benign liver lesions.

FLLs and evaluate the role of these quantita-
tive measures in their characterization.

Methods

This retrospective study received ap-
proval from the Hacettepe University Ethics
Committee on July 26, 2022 (GO 22/380). A
total of 50 patients with 70 lesions who un-
derwent liver MRI, MRE, and mpMRI between
January 1, 2018, and February 21, 2022, were
included. Indications for MRI included suspi-
cion of an FLL on ultrasound or computed
tomography, follow-up imaging for chronic
liver disease, and preoperative or follow-up
imaging in patients with primary tumors out-
side the liver. Patients under 18 years of age;
those who had undergone chemoemboliza-
tion, radioembolization, or radiofrequency
ablation; and those with lesions smaller than
1 cm (to avoid partial volume artifacts) were
excluded from the study (Figure 1).

Magnetic resonance imaging examinations

All MRI examinations were performed on
a 1.5-T system (Magnetom Aera, Siemens
Healthcare, Erlangen, Germany). A 30-chan-
nel phased-array body coil was used, and pa-
tients were scanned in the supine position.
All patients underwent MRI after a fasting pe-
riod of 4-6 hours. A 3-plane localization gra-
dient echo sequence was performed at the
beginning of the examination. The standard
liver MRI protocol included in-phase and out-
of-phase sequences, coronal T2 HASTE, axial
fat-suppressed T2, DWI, axial 3D dynamic T1,
and axial and coronal hepatobiliary phase
images obtained at the 20" minute after ad-

ministration of Gd-EOB-DTPA (Primovist; Bay-
er-Schering Pharma AG, Berlin, Germany).

DWI and ADC mapping were performed
at b-values of 50, 400, and 800 s/mm?2. The se-
quence parameters were as follows: a repeti-
tion time (TR) of 6200 ms, an echo time (TE)
of 54 ms, a flip angle of 60°, a field of view
(FOV) of 380 x 300 mm?, a slice thickness of 8
mm, a matrix size of 192 x 144, a number of
excitations (NEX) of 3, and a total acquisition
time of 3 minutes.

Furthermore, T1 mapping was conducted
using a B1 inhomogeneity-corrected meth-
od with variable flip angles. The sequence
parameters were as follows: a TR of 4.4 ms, a
TE of 2.1 ms, flip angles of 3° and 15°, a matrix
size of 256 x 156, a FOV of 380 x 300 mm,
a slice thickness of 4 mm, and an acquisition
time of 1.5 minutes. For T2 mapping, various
TEs were used with an SSFP-based true fast
imaging with steady precession sequence
and an exponential signal decay model. The
parameters were as follows: a TR of 166 ms;
TEs of 0, 25, and 55 ms; a flip angle of 70°%; an
FOV of 420 x 260 mm; a slice thickness of 10
mm; a matrix size of 192 x 192; a NEX of 1;
and an acquisition time of 1.2 minutes. In ad-
dition, T2* mapping, used to evaluate hepat-
ic iron load, was performed with the follow-
ing parameters: a TR of 200 ms; TEs of 0.93,
2.1, 3.35, 4, 456, 5.77, 6.98, 8.19, 94, 10.61,
11.82,13.03, and 14.24 ms; a flip angle of 20°;
a slice thickness of 10 mm; an FOV of 400 x
300 mm; and a matrix size of 160 x 85.

MRE was performed using an active driver
that generated mechanical waves at 60 Hz
and a modified 2D gradient-recalled echo

Total MRI examinations (liver
MRI, MRE and mpMRI)

n=896
Patients with focal liver lesions (>1
cm)

n= 87

Patients <18 those who underwent

years old (n=5) cher_noembo!lzapon,

radioembolization,
> radiofrequency ablation
treatments
(n=32)

Patients included in the study
(n=50)

Focal liver lesions included in the study

(n=70)

Figure 1. Study flowchart. MRI, magnetic resonance imaging; MRE, magnetic resonance elastography;

mpMRI, multiparametric magnetic resonance imaging.
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sequence. The sequence parameters were
as follows: a TR of 50 ms, a TE of 21 ms, a flip
angle of 25°, a bandwidth of 31.25 kHz, a
matrix size of 256 x 128, and an acquisition
time of 2.5 minutes. Depending on liver size,
four slices, each 10-mm thick, were obtained
from the largest portion of the liver during a
breath-hold. All MRI, mpMRI, MRE, and DWI
sequences were performed during the same
imaging session.

Imaging analysis

All data were transferred to a workstation
(Syngo.via Siemens, Erlangen, Germany) for
analysis. The MR images were reviewed by
one radiologist (A.J., with 5 years of experi-
ence) under the supervision of a senior ra-
diologist with 16 years of experience (I.S.l.).
Lesion measurements were performed using
a free-hand region of interest (ROI) that in-
cluded a sufficiently large portion of the le-
sion while maintaining a thin margin outside
the lesion’s periphery to avoid partial volume
artifacts. Free-hand ROIs were also drawn on
the magnitude images to include FLLs and
were copied onto the stiffness map, which
provided liver stiffness values in kPa.

The average T1 relaxation time values be-
fore and after contrast—pre-contrast (pre-T1
value) and at 20 minutes post-contrast on
hepatobiliary phase images (post-T1 value)-
were used to calculate the contrast-enhance-
ment ratio (CER), as previously described by
Yoshimura et al.’® Additionally, the decrease
in T1 relaxation time [T1 relaxation time re-
duction (T1D)] and the percentage reduction
in T1 relaxation time [T1D (%)] were calcu-
lated from these measurements, as outlined
by Peng et al."" Subsequently, ADC values
were calculated for the lesions using diffu-
sion-weighted images. This measurement
was performed using an ROI that included a
sufficiently large portion of the lesion while
preserving a thin margin outside the lesion’s
periphery on the ADC mapping images, in
consensus with two experienced readers
(AJ.andiS.0.).

Statistical analysis

Statistical analysis was performed using
SPSS version 23.0 (IBM Inc., Armonk, NY, USA)
and Microsoft Excel (Microsoft Corporation,
2018). Categorical variables were summa-
rized as counts and percentages, whereas
continuous variables were expressed as
means and standard deviations (minimum-
maximum). The Student’s t-test was used
to compare normally distributed numerical
variables between two independent groups,

and the Mann-Whitney U test was used for
non-normally distributed variables. Receiver
operating characteristic (ROC) curves were
used to assess the diagnostic performance
of the MRI parameters, and the optimal
threshold value was identified to maximize
sensitivity and specificity in distinguishing
malignant from benign lesions. The areas
under the ROC (AUROC) curves were calcu-
lated, and the difference between two inde-
pendent AUROC curves was evaluated using
z statistics (http://vassarstats.net/roc_comp.
html). For all tests, a two-tailed P value of less
than 0.05 was considered statistically signif-
icant.

Results

A total of 70 solid lesions from 50 patients
(mean age: 54.3 £+ 13.7 years) were included
in the evaluation. Of the patients, 16 (32%)
were women and 34 (68%) were men. Sev-
enteen patients had multiple lesions (14
had two lesions, and 3 had three lesions)
assessed simultaneously. The lesions were
classified as benign or malignant based on
the histopathology (30%) or typical imaging
characteristics and follow-up findings (70%).
In total, 20 lesions (28.6%) were classified as
benign and 50 lesions (71.4%) as malignant.

Among the benign lesions, 16 (80%) were
hemangiomas, 3 (15%) were focal nodular
hyperplasia, and 1 (5%) was a hepatocellular
adenoma. Among the malignant lesions, 30
(60%) were metastases, 15 (30%) were he-
patocellular carcinoma (HCC), 3 (6%) were
lymphoma, and 2 (4%) were cholangiocarci-

noma. All patients with HCC had chronic liver
disease, with 14 diagnosed with cirrhosis.

The mean pre-T1 and post-T1 values
were 1,338.8 + 393.9 and 719.5 + 260.1 ms,
respectively. The mean T2 value was 70.5 +
19.8 ms. The mean CER was 2.02 + 0.7, the
mean T1D was 634.45 + 367.44 ms, and
the mean percentage T1D was 44.77% =+
17.30%. The mean ADC value was 1.23 +
0.46 x 10° mm?/s, and the mean lesion stiff-
ness was 4.6 £ 1.6 kPa. Malignant lesions
had significantly lower T2 , CER, T1D, T1D
(%), and ADC values and significantly higher
stiffness values (P < 0.05). The characteristics
of the patient population are summarized in
Table 1 and Figure 2.

ROC analysis for the differentiation of ma-
lignant versus benign lesions demonstrated
that the mean T2, CER, T1D, T1D (%), ADC,
and lesion stiffness values all had an AUROC
curve greater than 0.6 (Table 2, Figure 3). The
mean ADC and lesion stiffness performed
slightly better [area under the curve (AUC):
0.861 and 0.848, respectively] than CER, T1D,
and T1D (%) (AUC:0.828,0.817,and 0.831, re-
spectively) in differentiating malignant from
benign lesions. There was no statistically
significant difference between the ADC and
MRE AUCs for differentiating malignant from
benign lesions (z=0.12, P = 0.904).

Discussion

In this study, we evaluated the character-
istics of FLLs using mpMRI, DWI, and MRE.
We highlighted the effectiveness of these

Table 1. Magnetic resonance imaging characteristics of liver lesions

Parameter All lesions (n = 70) Benign lesions Malignant P value
(n=20) lesions (n = 50)
Pre-T1 value (ms)
phae 1,338.8+393.9 (674-2484) 14749+4654 12843+3519 0.110
:’:it's?) value (ms) 719.5+£260.1 (284-1611) 629642309  7502+2650  0.135
T2 value (ms)
Py 70.5+19.8 (42-122) 825+233 650+154  0.005
CER
PR 2.02+0.7 (1.04-4.32) 271+0.86 179+052  0.002
(Tr: E g;)s) 634.5+367.4(52-1586)  964.0+379.6 521942906  <0.001
0,
(Tr: D ;g")) 448 +17.3(3.96-77.12) 59.4+133 398+157  <0.001
-3 2
&D_C 6(;)1 0% mm?/s) 1.23 +0.46 (0.290-2.271) 1.60 £0.29 110£043  <0.001
mR_ezlgjmgraphy (kPa) 46+1.6(23-89) 36+12 54116 0.004

Values are presented as mean + standard deviation, with ranges in parentheses. CER, contrast-enhancement ratio;
T1D, T1 relaxation time reduction; T1D (%), T1 relaxation time reduction percentage; ADC, apparent diffusion

coefficient.
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Figure 2. Bar graphs comparing mpMRI, ADC, and MRE measurements between benign and malignant lesions: (a) pre-T1 value, (b) post-T1 value, (c) T2 value, (d)
CER, (e) T1D, (f) T1D (%), (g) ADC, (h) MRE. mpMRI, multiparametric magnetic resonance imaging, ADC, apparent diffusion coefficient; MRE, magnetic resonance
elastography; CER, contrast-enhancement ratio; T1D, T1 relaxation time reduction; T1D (%), T1 relaxation time reduction percentage; ADC, apparent diffusion
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Figure 3. ROC curves for the differentiation of malignant versus benign focal liver lesions: (a) T2 relaxation time, (b) CER, (c) T1D, (d) T1D (%), (e) ADC, (f) MRE.
ROC, receiver operating characteristic; CER, contrast-enhancement ratio; T1D, T1 relaxation time reduction; T1D (%), T1 relaxation time reduction percentage; ADC,
apparent diffusion coefficient; MRE, magnetic resonance elastography.

imaging techniques in distinguishing be-
tween malignant and benign liver lesions.
Our findings indicated that malignant lesions
had significantly lower T2, CER, T1D, T1D (%),
and ADC values while exhibiting significantly
higher stiffness values (P < 0.05). Notably, the
mean ADC and lesion stiffness performed
slightly better, with AUC values of 0.861 and

0.848, respectively, compared with T2, CER,
T1D, and T1D (%), which had AUC values of
0.705,0.828,0.817,and 0.831, respectively, in
differentiating malignant from benign liver
lesions.

Several studies have investigated the role
of mpMRI in differentiating various FLLs. In
a previous study, Mio et al.'”> demonstrated
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that T1 mapping using the phase-sensitive
inversion recovery technique was useful for
the differential diagnosis of hemangiomas,
liver parenchymal cysts, HCC, and metas-
tases. They found that T1D (%) values were
high in hemangiomas, similar to our findings,
whereas lower values were observed in HCC
and metastases. A threshold value >50 was
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Table 2. Cut-off values for the differentiation of malignant versus benign liver lesions

Parameter Cut-off value AUC (95% CI) Sensitivity ~ Specificity
T2 relaxation time (ms) <74 0.705 (0.553-0.857) 0.650 0.766
CER <1.99 0.828 (0.705-0.950) 0.786 0.732
T1D (ms) <749 0.817 (0.687-0.947) 0.714 0.780
T1D (%) <49.71 0.831 (0.708-0.954) 0.786 0.732
ADC (x10° mm?/s) <1.275 0.861 (0.774-0.948) 0.895 0.812
MR elastography (kPa) 23.77 0.848 (0.697-0.999) 0.857 0.750

CER, contrast-enhancement ratio; T1D, T1 relaxation time reduction; T1D (%), T1 relaxation time reduction
percentage; ADC, apparent diffusion coefficient; Cl, confidence interval; MR, magnetic resonance.

established for differentiating hemangiomas
from HCC, achieving 78.8% sensitivity and
100% specificity. A threshold >39 was found
to distinguish hemangiomas from metasta-
ses, with 60% sensitivity and 97% specificity.

Yoshimura et al.’’ evaluated the role of CER
in differentiating metastases from hemangi-
omas, reporting a threshold value of 1.6, with
100% sensitivity and 95% specificity. Peng et
al." assessed the role of T1D and T1D (%) us-
ing a dual flip angle VIBE 3D gradient echo
sequence for differentiating HCC, focal nod-
ular hyperplasia, and hemangiomas, finding
that T1D and T1D (%) were significantly low-
er in HCC than in hemangiomas, consistent
with our study. Wang et al.’* compared the
diagnostic value of T1 mapping and DWI for
distinguishing benign and malignant FLLs.
Significant differences were observed in na-
tive T1, enhanced T1, the percentage change
in T1 relaxation time (AT1%), and ADC be-
tween benign and malignant FLLs. They also
reported a similar ADC cut-off value (1.25 x
103 mm?%s) for differentiating malignant le-
sions. Furthermore, they demonstrated that
ADC was significantly positively correlated
with T1 and AT1% and negatively correlated
with enhanced T1.

Only one study has directly compared T2
values between malignant and benign FLLs,
reporting significantly lower T2 and ADC
values in malignant lesions. The researchers
found a higher AUC for T2 (0.932), with a cut-
off value of 107 ms, compared with an AUC
of 0.874 for ADC with a cut-off of 1.25 x 103
mm?/s.'* In our study, however, the AUC for
ADC was higher than in that report.

In our study, the threshold stiffness val-
ue for differentiating benign and malignant
lesions was found to be 3.77 kPa or higher,
with a sensitivity of 85% and specificity of
75%. Previous studies have reported simi-
lar findings regarding the differentiation of

malignant and benign FLLs using MRE. Ven-
katesh et al.” conducted a preliminary study,
revealing that malignant lesions had higher
stiffness values, with a threshold of 5 kPa and
100% accuracy. Dominguez et al." reported
that benign and malignant liver lesions could
be distinguished using a threshold value of
5.78-5.82 kPa, achieving 75%-85% accuracy,
64.7%-82.8% sensitivity, and 88% specificity.
Another study by Hennedige et al.® evaluat-
ed 124 FLLs with MRE and DWI and observed
significantly higher accuracy for MRE than for
DWI (0.986 vs. 0.82, P = 0.0016). Abdelgawad
et al.”® also evaluated 124 FLLs using MRE
and DWI. They found a strong negative cor-
relation between the ADC of FLLs and MRE
stiffness and reported a cut-off value of 4.23
kPa, with an AUC of 0.991 for MRE and a cut-
off value of 1.43 x 10 mm?/s with an AUC of
0.894 for DWI. Our study, based on a limited
number of patients, observed similar AUCs
for ADC and MRE, with no statistically signif-
icant difference.

The current study has several strengths
and limitations. This is the first study to eval-
uate mpMRI, DWI, and MRE for differentiat-
ing malignant versus benign liver lesions,
demonstrating various AUCs and enabling
comparisons within the same population.
The number of included lesions was limited,
with most diagnosed based on follow-up
rather than histopathologic evaluation. The
retrospective nature of the study also led to
restricted availability of MRE data for some
lesions. However, the statistically significant
findings, consistent with previous studies,
underscore the importance of MRE in the dif-
ferential diagnosis of benign and malignant
FLLs. Additionally, subgroup analyses were
not performed due to the limited sample
size in each group. This highlights the need
for more comprehensive prospective studies
with a homogeneous distribution of lesion
types to further clarify the role of mpMRI,
DWI, and MRE in the characterization of FLLs.

In conclusion, mpMRI, DWI, and MRE can
be used for the differentiation of solid liver
lesions, with ADC and lesion stiffness per-
forming slightly better than CER, T1D, and
T1D (%). Comprehensive future studies in-
volving a larger number of patients and le-
sions will enable the comparison of different
techniques and demonstrate the impact of
their combined application on diagnostic
accuracy.
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