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ABSTRACT
Introduction and aim. We aimed to evaluate the usefulness of dynamic contrast-enhanced (DCE) MRI semiquantitative analysis 
values in focal liver lesions (FLL) to provide additional qualities that can be used in daily practice in the differential diagnosis 
of lesions.
Material and methods. This retrospective study included 91 patients with liver masses on DCE-MRI. The sensitivity and speci-
ficity of time intensity curves (TIC) and semiquantitative analysis values were evaluated to differentiate benign and malignant 
lesions.
Results. The study included 91 patients (376 lesions), aged between 28-81 years. Of the lesions, 303 were malignant and 73 were 
benign. In TIC semiquantitative analysis, it was found that “Tpeak” and “wash-out” rate values showed differences, especially 
in the differentiation of HCC, metastasis, and hemangioma. Area under curve, maximum relative enhancement, and “wash-in” 
and “wash-out” values of metastases and hemangiomas were different. Brevity of enhancement values of HSK, hemangiomas, 
and metastases were found to be different. The risk of malignancy was found to be high when the “wash-out” ratio was above 
0.08 (sensitivity: 64.3%, specificity: 70.4%).
Conclusion. We think that the 0.08 threshold value we found for the washout ratio with DCE-MRI semiquantitative analysis data 
will be useful in daily practice in the differentiation of malignant and benign FLL.
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Introduction
Focal lesions of the liver (FLL) include epithelial, mes-
enchymal, mixed group primary benign or malig-
nant tumors and secondary lesions. Common lesions 
with clinical significance include hemangioma, hepat-
ic adenoma (HA), focal nodular hyperplasia (FNH), 

hepatocellular carcinoma (HCC), intrahepatic cholan-
giocellular carcinoma (IHCCC), and metastases.1-4

Magnetic resonance (MR) perfusion imaging is 
a quantitative technique that provides information 
about tissue microcirculation at levels below the spa-
tial resolution of conventional imaging techniques.5 
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Dynamic contrast-enhanced magnetic resonance im-
aging (DCE-MRI), which requires intravenous ad-
ministration of gadolinium contrast, is often used to 
study FLL because it gives information about things 
like the growth of blood vessels in the tumor, its stage, 
its ability to spread to other parts of the body, and how 
it reacts to anti-tumor therapy.1,6 Peak arterial contrast 
enhancement analysis is required to determine the in-
trinsic tissue properties of lesions and to detect neo-
vascularization in its early stages.7 The methods that 
can be used in the analysis of this contrast enhance-
ment are grouped as: visual assessment, which may be 
subjective; semi-quantitative analysis obtained from 
time-intensity curves (TIC), which are automatically 
measured with the post-processing technique in the 
available software and measure the changes in contrast 
concentrations over time; and quantitative analysis, 
which requires highly complex formulas and a lot of 
time.8 Therefore, we used a semiquantitative analysis 
technique in our study.

Aim
The aim of our study was to evaluate the usefulness of 
semi-quantitative analysis of abdominal DCE-MRI im-
ages in patients with diffuse malignant or benign FLL in 
providing additional features that can be easily used in 
daily practice to differentiate between lesions.

Material and methods
Ethical approval
This study does not contain any studies with human 
participants or animals performed by any of the authors. 
All data was processed anonymously, according to the 
privacy legislation.

Study design and study population
This study was carried out as a retrospective observa-
tional cross-sectional study at a single center. Patients 
aged between 18 and 85 years who underwent abdomi-
nal DCE-MRI in our clinic and who were found to have 
local liver lesions were retrospectively evaluated, and 
those who fulfilled the inclusion criteria were included 
in the study. Inclusion criteria:

	– to have a primary or metastatic, benign or cancer-
ous, focal lesion confirmed by imaging and/or clini-
cal diagnostic criteria and histopathology;

	– there are no MR contraindications (renal failure, re-
spiratory failure, allergy, claustrophobia, and so on);

	– to have optimum image quality for measurements.
Patients with an impaired general condition, an in-

ability to establish respiratory cooperation, or an inappro-
priate condition for MRI (MR-incompatible prostheses, 
a cardiac pacemaker, etc.), those with artefactual imag-
es and masses smaller than 1 cm, were excluded from 
the study because optimal measurement could not be 

performed. A total of 376 (n) liver masses in 91 patients 
(F=41, M=50) (aged between 28 and 81) were included in 
the study. In patients with multiple lesions, lesions over 1 
cm were included in the study. The hemangiomas includ-
ed in the study (n=60) were diagnosed with MR appear-
ance features and typical contrast enhancement patterns. 
Thirty-three of these lesions were already followed up 
with radiological imaging methods (ultrasound, comput-
erized tomography, or MR). 

Of the 203 metastatic masses in the study, 102 of 
these lesions were diagnosed as metastases in patients 
with known pathological diagnoses of primary ma-
lignancies (breast cancer, gastrointestinal tract, pan-
creas, etc.) during routine follow-up. The remaining 
101 metastatic liver masses were biopsy-diagnosed le-
sions. Of the four adenoma patients included in the 
study as primary liver tumors, one had typical radio-
logical imaging features; two were further confirmed 
by dynamic contrast-enhanced MRI with a liver-spe-
cific contrast agent; and one was definitively diag-
nosed by biopsy.

Among the patients included in the study, there was 
one case of focal nodular hyperplasia (FNH) and one 
case of malignant hemangioendothelioma diagnosed 
by imaging methods and biopsy. One patient was being 
followed up for an angiomyolipoma (AML). FNH and 
AML were excluded from the evaluation since they were 
numerically insufficient.

In 13 of our 15 hepatocellular carcinoma (HCC) 
cases, the radiological (American Liver Association; 
AASLD) and laboratory diagnostic criteria available in 
the literature were taken as references.8 Histopathologi-
cal diagnosis was available in two HCC cases. Ten of the 
HCC cases were followed up because of cirrhosis, sev-
en because of chronic HBV, and four because of chron-
ic HCV. Masses evaluated as dysplastic or regenerative 
nodules according to MR signal characteristics were not 
included in the study. One of the patients with IHCCC 
(n=2) was diagnosed histopathologically, and the oth-
er was diagnosed with typical radiological imaging fea-
tures and clinical findings.

There was no diagnostic change in the clinical and 
radiological follow-up of all patients.

MRI techniques
Patients were asked not to take food for at least two 
hours before the examination, technical information 
was given, and informed consent was obtained. Sub-
sequently, an IV cannula was inserted into one of the 
antecubital veins. All patients underwent routine up-
per abdominal dynamic contrast-enhanced MR exam-
inations on a 1.5 Tesla MR machine (Philips Achieva) 
with a phased-array coil. In all cases, FOV was placed 
and a slice plan was applied to visualize the whole liv-
er in the axial plane, and the liver was centralized to 
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reduce artifacts in the dome. Imaging included these 
sequences:

	– T2-weighted axial plane turbo spin eko (TSE) with 
fat suppression (TR/TE: 386/80; tilt angle: 90°; slice 
thickness: 7.5 mm; FOV: 375),

	– TSE T2 weighted (TR/TE: 524/80), TSE long TE T2 
weighted (TR/TE: 520/200),

	– T1 weighted gradient echo (TR/TE: 181/4.6 (in 
phase), 181/2.3 (out of phase), flip angle: 80°).

	– Diffusion-weighted imaging (TR/TE: 1666/76; flip 
angle: 90°; slice thickness: 7.5 mm; slice spacing: 
1.5 mm; FOV (field of view): average 375; matrix: 
152x124) (single-shot echo-planar sequence, b=0 
and b=1000 mm2/s),

	– T1-weighted fat-suppressed dynamic contrast gra-
dient echo (TR/TE: 4.1/1.9, flip angle: 10°, FOV: av-
erage 400, matrix: 196x224, slice thickness: 4 mm, 
slice spacing: 2 mm). The dynamic series were taken 
in five phases to avoid missing the arterial phase due 
to possible technical problems.
After the contrast-enhanced exam, all of the pa-

tients were kept under observation for about 45 min-
utes. If there were no problems, the patients were sent 
home. 

MRI analysis techniques
Using the quantitative analysis measurement in the soft-
ware on the workstation, TIC curves were automatically 
made from DCE cross-sectional images, and semiquan-
titative analysis values for all lesions were taken from 
this screen (Fig. 1). All images were measured by a sin-
gle radiologist with at least 3 years of abdominal radiol-
ogy experience. 

Fig. 1. Hemangioma (in a 39-year-old woman): Early arterial 
and late phase images of the lesion in dynamic series and 
semiquantitative analysis values with TIC

In the measurements, if the lesion had a homoge-
neous internal structure and was round in shape, the re-
gion of interest (ROI) was placed in a way to include 

the entire lesion without extending beyond the mass 
(Fig.  2). In non-round homogenous lesions, the bor-
ders of the mass were drawn with a “free-hand” ROI. 
For lesions below 2.5 cm, the ROI was measured to cov-
er the entire lesion. For lesions of 2.5 cm or more and 
lesions with heterogeneous internal structure, measure-
ments were made both by placing an ROI covering the 
entire lesion and by placing an ROI on the solid periph-
eral part of the lesion that retains the most contrast (Fig. 
3). The average of three measurements from the same 
section was taken in large lesions.

Fig. 2. Adenoma: (46 years old, female) A-TSE T2A, B- DWI 
b 1000, C, D, E- Time-intensity curve and semiquantitative 
analysis values of the lesion in the arterial phase and the 
whole lesion in the dynamic series

Fig. 3. Hepatocellular carcinoma: (62 years-male) A-TSE 
T2A, B- DWI b 1000, C, D, E- Lesion in dynamic series, F, G- 
Time-intensity curve and semiquantitative analysis values 
of the whole lesion in arterial phase in dynamic series, H, 
I- Time-intensity curve and semiquantitative analysis values 
of the partial lesion in dynamic series

In order to compare the lesion values, measure-
ments were made from the right lobe posterior seg-
ment of normal liver tissue in each patient, with 
1-cm-diameter ROIs placed in 3 different localizations 
in each section and averaged. In patients who could 
not be measured due to massive lesions in the right 
lobe posterior, measurements were made from other 
segments of the right lobe or the left lobe, which were 
at least 2 cm away from the lesions and did not con-
tain vascular structures. Automatically obtained TIC 
curves were grouped as type 1, type 2, and type 3 pat-
terns (Figure 4).
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Fig. 4. Types of TIC curves

Fig. 5. TIC curve: maximum intensity (1), maximum 
contrast enhancement (2), time to peak (3), wash-in (4) and 
wash-out (5) rates, and brevity of enhancement (6)

The following parameters were obtained from the 
TIC curve (Fig. 5):

	– T0: the moment of contrast arrival in the tissue.
	– S0: intensity before contrast arrival
	– Maximum Intensity: The peak value of the curve
	– Maximum contrast enhancement: the difference 

between the peak value and S0
	– Time to peak (uptake rate) (TTP): the time differ-

ence between T0 and the time of peak intensity
	– “Wash-in rate (staining rate): The tangent of max-

imum tangency between T0 and peak intensity 
time. It indicates the maximum rate of contrast 
medium uptake. This allows the early, strong con-
trast uptake of tumor tissue to be adequately esti-
mated.

	– “Wash-out” rate: the tangent of maximum steepness 
between the time of peak intensity and the last mea-
surement point It indicates the maximum clearance 
rate of the contrast medium.

	– “Brevity of enhancement” (BOE): The time between 
“wash-in” and “wash-out.”

	– Relative contrast enhancement (RCE): the per-
centage of signal intensity that increases between 
post-contrast and pre-contrast signal intensities, 
respectively.

	– Maximum relative contrast enhancement (MRE): 
percentage of the signal intensity increase between 

the maximum post-contrast and pre-contrast signal 
intensities.

	– The area under the curve (AUC): the integral of the 
curve divided by the area under the TIC.

Statistical analysis
Statistical analyses were performed using MedCalc for 
Windows (MedCalc Software, Ostend, Belgium). Statis-
tical differences in TIC data were evaluated by an ANO-
VA test, and differences between groups were evaluated 
by the Student-Newman-Keuls test. Frequency and the 
chi-square test were used to compare the morphologi-
cal characteristics of the lesions in the T1 and T2 weight-
ed series. The receiver operating characteristic (ROC) 
curve method was used to determine the “cut-off ” 
(threshold value) for the benign-malignant differentia-
tion of the lesion groups. The statistical significance lev-
el was set at p<0.05.

Results
Patient data
The number of patients in our study was 91 (M: 50 
(54.9%); F: 41 (45.1%)). The age distribution was 28–81 
years; the mean age was 55±15.7 years.

The total number of liver lesions evaluated was 
376. Lesion sizes were 1–12.5 cm (mean 2.7 cm). 81% 
(n=303) of the lesions were malignant, and 19% (n=73) 
were benign.

The lesions included hemangiomas, HCC, metas-
tases, adenomas, hemangioendothelioma, FNH, angi-
omyolipoma, and lymphoma. The distribution of the 
lesions is shown in Graph 1. 

Graph 1. Distribution of lesions according to their types

Primary benign lesions (20%) were hemangio-
mas (n=60), adenomas (n=11), FNH (n=1), and AML 
(n=1). Primary malignant lesions included HCC 
(n=70), IHCCC (n=11), and malignant epitheloid he-
mangioendothelioma (n=14). Metastases (n=208) were 
predominantly gastrointestinal, including colorectal, 
gastric, esophageal, neuroendocrine carcinoma, gas-
trointestinal stomal tumor, gynecologic, prostate, pan-
creatic, and breast cancer (Fig. 6 and 7). The primary 
and metastatic distributions of the lesions are shown in 
Graph 2.
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Fig. 6. Metastasis (stomach metastasis): (68 years old- male) 
A-TSE T2A, B- DWI b 1000, C, D, E- lesion in dynamic series, 
F, G, H- lesion in arterial phase in dynamic series, time-
intensity curve and semiquantitative analysis values of the 
whole lesion

Graph 2. Distribution of primary and metastatic lesions

TIC semiquantitative analysis
The data for the TIC curves of the lesions are given 
in Table 1.

A paired comparison of AUC, MRE (F ratio: 3.602, 
p=0.001), and “wash-in” and “wash-out” (F ratio: 
6.85, p<0.001) values of metastases and hemangiomas 
showed differences. Maximum enhancement and MRE 
values are different between hemangioendotheliomas 
and other groups (Graph 3). The wash-in rate of HCC 
was faster than metastases and hemangiomas (F ratio: 
6.26, p<0.001). Metastases washed in more slowly than 
hemangiomas (Graph 4). There was a difference in TTP 
values in HCC, metastasis, and hemangiomas (p<0.001, 
F ratio: 11.63) (Graph 5).

The brevity of enhancement values were significant-
ly different in HCC, hemangiomas, and metastases (F 
ratio: 3.51, p=0.001) (Table 2). The “wash in rate/wash 
out rate” value was higher in hemangiomas compared to 
metastases and HCC (F ratio: 2.43, P<0.02) (Graph 6). 
HCC washes out faster than metastases and hemangio-
mas (Graph 7).

In the ROC curve analysis used to determine the 
effectiveness of the “wash-out rate” value in the be-
nign-malignant discrimination of lesion groups, the 
threshold value was found to be 0.08 (p<0.0001, 95% 
confidence interval: 0.61%–0.71%). At this cut-off value, 

Fig. 7. Metastasis (neuroendocrine tumor): (41 years-male) A- TSE T2A, B- DWI b 1000, C, D, E- lesion in arterial phase in 
dynamic series, time-intensity curve and semiquantitative analysis values of the whole lesion, F, G, H- lesion in arterial phase 
in dynamic series, time-intensity curve and semiquantitative analysis values of the partial lesion
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Table 1. Distribution of TIC data of the lesions

TIC MEAN/LESİONS 
Hepatocelluler 

carcinoma
Metastase Hemangioma FNH

Hepatocelluler 
adenoma

Angiomyolipoma Hemangioendotelioma Lymphoma

AUC 176586.29 172292.02 130598.98 100745. 250616.27 191545 45594.14 101438.96
Brevity of enhancement 74.25 39.36 15.21 41.5 50.86 80.1 10.91 25.51
Maximum enhancement 1133.38 1053.09 989.01 489 1160.69 1024 199.52 827.47
Maximum rolative 
enhancement

137.8 126.2 156.09 57 138.64 87.3 64.32 132.81

T0 8.53 17.74 25.81 0 16.69 46.9 13.64 21.48
Tpeak 93.92 128.31 167.83 93.5 90.28 80.1 222.77 173.26
Wash in rate 19 19.07 15.33 7.4 20.96 20.9 4.03 10.66
Wash out rate 3.59 1.38 0.68 1 3.53 1.9 0.11 1.89
Wash in /wash out rate 10.01 23.47 69.99 7.4 8.34 11 28.56 20.24

Graph 3. Distribution of the ME and MRE values of the lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 4 = FNH, 5 = 
Adenoma, 6 = Angiomyolipoma, 7 = Hemangioendothelioma, 8 = Lymphoma)

Graph 4. The distribution of the “wash-in” rates of the lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 4 = FNH, 5 = 
Adenoma, 6 = Angiomyolipoma, 7 = Hemangioendothelioma, 8 = Lymphoma)

Graph 5. Distribution of the TTP values of the lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 4 = FNH, 5 = Adenoma, 6 = 
Angiomyolipoma, 7 = Hemangioendothelioma, 8 = Lymphoma)
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Graph 6. Distribution of “Wash in rate”/”Wash out rate” values of the lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 4 = 
FNH, 5 = Adenoma, 6 = Angiomyolipoma, 7 = Hemangioendothelioma, 8 = Lymphoma)

Graph 7. The distribution of the “Wash Out Rate” values of the lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 4 = FNH, 5 = 
Adenoma, 6 = Angiomyolipoma, 7 = Hemangioendothelioma, 8 = Lymphoma)

sensitivity was 64.3% (95% confidence interval: 58.3%–
70.2%) and specificity was 70.4% (95% confidence in-
terval: 58.4%–80.7%). The positive LR (likelihood ratio) 
was 2.18, and the negative LR was 0.51 (Graph 8).

Table 2. A comparison of the BOE values of the lesions 
(1 = hepatocellular carcinoma, 2 = metastasis, 3 = 
hemangioma, 4 = FNH, 5 = hepatocellular adenoma, 6 
= angiomyolipoma, 7 = hemangioendothelioma, 8 = 
lymphoma)

Lesions n Mean
Different (p<0.05) from 

factor
(1)1 70 74.25 (2)(3)(7)(8)
(2)2 194 39.36 (1)(3)(7)
(3)3 59 15.21 (1)(2)
(4)4 1 41.5
(5)5 11 50.86
(6)6 1 80.1
(7)7 14 10.91 (1)(2)
(8)8 25 25.51 (1)

Graph 8. “Wash-out rate” ROC curve analysis
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The “area under curve” and “wash-in” values of he-
mangioendothelioma and lymphomas are different 
from those of HCC, metastases, and hepatic adenoma 
(Graph 9).

Graph 9. The distribution of the “AUC” values of the 
lesions (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 
4 = FNH, 5 = Adenoma, 6 = Angiomyolipoma, 7 = 
Hemangioendothelioma, 8 = Lymphoma)

Graph 10. Distribution of lesions based on the type 
of curve (1 = HCC, 2 = Metastasis, 3 = Hemangioma, 
4 = FNH, 5 = Adenoma, 6 = Angiomyolipoma, 7 = 
Hemangioendothelioma, 8 = Lymphoma)
 
TIC curve analysis
The distribution of lesions according to curve types is 
shown in Graph 10. In our hemangioma cases, there 
were type I and type II curve patterns, predominant-
ly type I. In hemangiomas over 2.5 cm, ROIs measured 
from the periphery of the lesion showed a type I curve 
almost completely. In hemangiomas and metastases, 
type I contrast enhancement curves were observed.

Contrast enhancement was present in the arteri-
al phase in our HCC lesions. The type III contrast en-
hancement curve was observed in the majority (61.4%). 
All 27 lesions with a type II curve developed in a cir-
rhotic background, with 13 measuring less than 2 cm 
and 7 measuring more than 5 cm. In 12 lesions (>3 cm) 

with a type II curve in ROI measurements including the 
whole lesion, a type III curve was observed in partial 
measurements.

Discussion
Accurate recognition and differentiation of FLL with 
noninvasive imaging techniques is important. Dynam-
ic MRI can be used in clinical practice for noninvasive 
quantification of hepatic perfusion, which is essential 
in differential diagnosis.9-11 The difference in chang-
es in arterial and portal venous blood flow in benign 
and malignant lesions makes perfusion imaging com-
plementary to conventional imaging in lesion detection 
and especially in characterization.12 Perfusion MRI was 
first described for imaging regional and global blood 
flow in the heart, lung, and brain.13 MR perfusion of the 
liver was reported in 1994 using gadolinium in rats.14 
Subsequently, several studies involving animal and hu-
man subjects were reported.15 In the Materne study, tis-
sue tracer concentration in rabbits was first estimated 
by empirical determination of the relationship between 
the pulse sequences used and the signal intensity and 
T1 values; then perfusion MR imaging was used to eval-
uate perfusion parameters in rabbits with and without 
cirrhosis and also in humans.16,17 It has been suggested 
that perfusion imaging can be used as an in vivo mark-
er of angiogenesis and even give more accurate results 
than histological examination, which is considered 
the gold standard for demonstrating angiogenesis.18,19 
Thanks to its high temporal and spatial resolution, DCE 
MRI increases the detectability of lesions even in less 
experienced observers. However, visual assessment of 
the wash-in and wash-out of lesions is sometimes dif-
ficult.18 Therefore, it is advantageous to evaluate DCE 
MRI with functional maps and quantitative or semi-
quantitative parameters.17,18 The goal of quantification 
techniques is to reduce the variability caused by the se-
lection of imaging systems, magnetic field strengths, se-
quences, and parameters so that patients and centers 
can be compared. Kinetic parameters of quantification 
techniques may also contribute to the understanding 
of tumor biology.12 Therefore, for applicability in daily 
practice, obtaining quantitative data should be simpli-
fied, reproducible, and less time-consuming. Our study 
demonstrated the applicability of semi-quantitative pa-
rameters derived from DCE-MRI functional maps in 
daily practice.

Mathematical modeling of imaging data is used to 
get quantitative measurement parameters like vascular 
density, permeability, perfusion, extravascular space, 
and plasma volume. These parameters are related to the 
pathophysiology of the lesion.20 In a study comparing 
perfusion parameters between benign and malignant 
liver lesions, Ippolito et al. discovered  that benign le-
sions had higher values than malignant ones (RAE 33.8 
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vs. 49.13%; RVE 66.03 vs. 40.54%; RLE 80.63 vs. 47.52%; 
ME 776 vs. 448.78%; MRE 86.27 vs. 49.85%; TTP 146.95 
vs. 183.79%).13 The usefulness of the perfusion and per-
meability parameters obtained in the detection of HCC 
and the differentiation of liver metastases and HCC has 
been reported.21-23 The authors also reported that distri-
bution volume and perfusion can distinguish liver me-
tastases from neuroendocrine tumors according to their 
enhancement patterns (i.e., hypo- or hyper-rich).24 Both 
arterial fraction and arterial hepatic blood flow have 
been shown to be significantly higher in HCC. Por-
tal venous blood flow and volume of distribution have 
been found to be significantly lower in HCC compared 
to the surrounding cirrhotic parenchyma, possibly due 
to significant changes in tumor microvascular architec-
ture and angiogenesis.25 In the literature, it has been re-
ported that quantitative parameters may also be useful 
in monitoring treatment response.25, 26 Applications of 
quantitative MR perfusion have been investigated in the 
monitoring of treatment response after locoregional and 
systemic therapies in HCC.27 Consistent with Taouli et 
al.25 Ippolito et al. found differences in semi-quantitative 
perfusion analysis in tumors with and without complet-
ed TACE treatment.26 The authors looked at how well 
perfusion MR imaging could show early changes after 
treatment. They found that those who were not targeted 
with TACE had significantly lower portal venous hepat-
ic blood flow and a higher arterial fraction. In a study 
using rodents as a preclinical model, Braren et al. found 
that measuring the extravascular extracellular volume 
fraction one day after trans-arterial embolization was 
linked to more tumor necrosis.28 In fact, Michielsen et 
al. reported the usefulness of perfusion parameters eval-
uated before TACE in predicting progression-free sur-
vival.29 Hsu et al. showed that the Ktrans value was well 
correlated with tumor response, progression-free sur-
vival, and overall survival in patients receiving systemic 
therapy for advanced HCC and suggested that this may 
be related to changes in tumor vascularization caused by 
anti-angiogenic therapy.30 Some studies have reported 
that early perfusion changes in advanced HCC are valu-
able in predicting overall survival after systemic thera-
py.31,32 Similar results have been reported for K trans and 
various perfusion parameters in patients with colorec-
tal metastases treated with chemotherapy in combina-
tion with targeted therapies. Coenegrachts et al. showed 
that the constant ratio between extravascular extracel-
lular space and blood plasma (i.e., kep = Ktrans/ve) was 
significantly higher in treatment responders than in 
non-responders at baseline, with a significant decrease 
in this group after treatment.33 De Bruyne et al. also as-
sociated a >40% reduction in Ktrans after treatment 
with longer progression-free survival.34 Like Hirashi-
ma et al., Cannella et al. stated that changes can be seen 
in the early post-treatment period and observed chang-

es in both kep and Ktrans within one week after treat-
ment, which may be helpful in predicting response to 
treatment.6,35 But these quantitative data aren’t very use-
ful because they depend on a lot of different factors and 
take a lot of time to use. 

Galbraith et al. reported that the use of complex 
pharmacokinetic modeling to generate fully quantitative 
parameters did not significantly alter the reproducibility 
of the technique and that simpler semiquantitative tech-
niques were sufficiently reproducible in measuring rela-
tive changes in patients.36 Some studies suggest that the 
semiquantitative DCE MRI perfusion parameters are 
different for hemangiomas and malignant tumors like 
HCC, cholangiocarcinoma, and metastases.18,37 

In our study, the 0.08 threshold value we found for 
“wash-out” in DCE MR semiquantitative analysis is in-
structive in distinguishing between malignant and be-
nign liver tumors. Ippolito et al. also reported that 
benign lesions showed higher values in semiquantita-
tive analysis compared to malignant lesions, which is 
consistent with our findings.38 It has also been report-
ed that contrast enhancement and perfusion values in 
lesion groups may provide complementary quantitative 
information that may improve the final diagnostic accu-
racy if those with similar patterns can be clustered into 
subtypes. Therefore, we believe that the combination of 
functional information with morphological findings and 
research in larger case series with an increased number 
of subgroups for reproducible semiquantitative analysis 
may provide a standardized method that can be easily 
incorporated into the clinical workflow. Still, there will 
always be some variation because of changes in tissue 
blood flow, magnetic field changes, patient position, and 
body temperature.18,39,40 In our study, the higher maxi-
mum relative enhancement of hemangiomas compared 
to metastases and the longer “wash-in” time of metasta-
ses compared to hemangiomas; the significantly short-
er time between the arrival of contrast to the tissue and 
peak intensity time (TTP) in our HCC cases compared 
to metastases and hemangiomas; and the difference in 
BOE values in HCC, hemangiomas, and metastases (F 
ratio: 3.51, p=0.001) may be clues for the differential di-
agnosis. The difference may be explained by the fact that 
hemangiomas consist of blood-filled cavities lined with 
endothelium over a thin fibrous stroma and a large ex-
tracellular space, whereas malignant liver lesions show 
tumoral angiogenesis.12,41 It has also been documented 
in the literature that HCCs are mainly supplied by the 
hepatic artery, whereas hypovascular metastases have 
a diffuse portal blood supply.42 Abdullah et al. report-
ed the usefulness of perfusion MRI in differentiating 
HCC and colorectal liver metastases.43 DCE MRI arte-
rial phase evaluation showed a positive predictive value 
of 82–90% and specificity of 80–99% for the diagnosis of 
hemangioma, HCC, and metastases.18 In the literature, 
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the values of perfusion parameters (such as RAE, ME, 
and MRE) have been reported to be significantly higher 
in HCC lesions than in hypovascular metastases, con-
sistent with the typical hypervascularity of HCC and the 
hypovascularity of metastases.38 Although it is well doc-
umented that HCCs are mainly supplied by the hepatic 
artery and that hypovascular metastases have a diffuse 
portal blood supply42, Alicioğlu et al. reported that no 
metric parameter could be identified to distinguish be-
tween HCCs and metastases.18

In metastases, differences may be observed depend-
ing on the degree of underlying hepatic arterial supply. 
However, there is some overlap between benign and 
malignant tumors. In this case, size may be effective; 
the lack of wash-in/wash-out phenomena in smaller tu-
mors may be explained by the fact that angiogenesis has 
not yet developed. Another factor influencing behavior 
may be the degree of tumor cellular differentiation.44 In 
our study, although the “wash in rate/wash out rate” val-
ue was higher in our haemangioma cases compared to 
metastasis and hepatocellular carcinoma (F ratio: 2.43, 
p<0.02), we could not obtain a reliable threshold value 
for discrimination in ROC curve analysis.

Although the number of lesions in our hemangio-
endothelioma and lymphoma cases was acceptable, the 
statistical data were homogenized because of the mul-
tiple lesions belonging to a small number of patients. 
However, a healthy interpretation can be made with the 
results of comprehensive analyses in subgroups.

Ippolito et al. and Donati et al. evaluated the diffu-
sion and perfusion MRI features of FNH. They conclud-
ed that in semi-quantitative analysis, all lesions showed 
a rapid and marked increase followed by a rapid decay 
and then a slow decay, depending on the dominant ar-
terial support, whereas the normal surrounding paren-
chyma showed a rapid increase followed by a plateau of 
slow decay; perfusion MRI may be an additional tool in 
accurately diagnosing FNH with the information it pro-
vides about the vascularity of the lesions.38,45 It has been 
reported that functional-metric evaluation helps lesion 
characterization in the differentiation of hypervascular 
pseudolesions consisting of arterioportal shunts, which 
are frequently seen in cirrhosis or chronic hepatitis, and 
perilesional enhancement in metastatic lesions from 
true metastases.18,46

The degree of histopathological differentiation of 
the primary mass, as well as hypo- or hypervascularity, 
were found to be effective in observing a Type I contrast 
enhancement curve in metastases near hemangiomas in 
our study. However, since metastases were not classified 
in our study, no evaluation could be made in this direc-
tion. In future studies, the categorization of metastases 
considering the degree of vascularization and differen-
tiation may help obtain meaningful clues for the differ-
ential diagnosis of the primary disease.

In clinical practice, quantification of hepatic blood 
flow has been reported for the assessment of liver me-
tastases and chronic liver disease and for the study of 
the systemic availability of drugs.9-11 Furthermore, he-
patic perfusion parameters have been used to assess 
changes in sinusoidal permeability in cirrhosis.15 The 
fact that all of the HCC lesions with a type II curve 
in our study developed on the background of chron-
ic liver cirrhosis may be due to the limited specificity 
of arterial hypervascularity in cirrhotic livers, as well 
as inhomogeneity due to lesion size and poor sensi-
tivity of portal and venous wash-out in lesions below 
2 cm.37 The observation of a type III curve in partial 
measurements in lesions >3 cm, which showed a type 
II curve in measurements including the whole lesion, 
suggested that partial measurements may be more sen-
sitive due to the heterogeneity in the internal structure 
of HCC lesions with capsular staining. If the number 
of patients with HCC increases, the heterogeneity of 
the patient group and the variety of factors affecting 
the contrast kinetics of the lesion will increase, and the 
effects of the pattern difference in the curves due to 
mass, background liver, and measurement technique 
can be revealed in more detail.

Although diffusion-weighted (DW) MRI is wide-
ly used in clinical practice to differentiate focal liv-
er lesions, it has been reported that quantitative ADC 
threshold values have variable accuracy depending on 
many factors, such as lesion type, b-values used for ac-
quisition, and necrosis or fibrotic changes in malignant 
lesions, and that differentiation should not be made by 
ADC measurement alone due to the overlap of malig-
nant and benign lesions and the differentiation of tu-
mors.47-49  Inclusion of parameters in algorithms will 
probably reduce the number of suspicious cases; how-
ever, in our study, we evaluated semiquantitative analy-
sis data, not diffusion parameters.

Study limitations
Our study had some limitations. Firstly, although a large 
patient-lesion population was included in the study, sta-
tistical evaluation became impossible for some lesion 
types due to our limited number of cases. Secondly, the 
placement of ROIs by a single reader may be consid-
ered as a limitation. Thirdly, considering our cirrhotic 
patients, the surrounding liver used as reference tissue 
was not the same between the two groups. Furthermore, 
semiquantitative analysis may be affected by acquisition 
parameters, injection protocols, including contrast vol-
ume and injection rate, and physiological conditions 
such as respiratory movement.50 Therefore, overlapping 
quantitative values of a single perfusion parameter may 
represent a bias in functional analysis, but multipara-
metric evaluations including conventional sequences 
and DWI may be the solution.
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The current status of quantitative MRI in FLLs is 
somewhat paradoxical. Although numerous studies 
and clinics report promising results, their application 
in clinical practice is scarce. However, as seen in our 
study, quantitative data combined with qualitative imag-
ing may provide solutions in various clinical situations. 
However, the clinical applications of perfusion imaging 
for FLLs are limited. The reasons for this include com-
plex pharmacokinetic models caused by the fact that the 
liver is a mobile, blood-filled, flexible organ with double 
vascular access and fenestrated sinusoids, differences 
in imaging systems, non-standardized acquisition pro-
tocols, respiratory movements, possible iron overload, 
and starvation. This situation also makes it difficult to 
compare research studies. Most of the published stud-
ies are single-center and retrospective, and standard-
ized acquisition parameters, post-procedural methods, 
or predicted results cannot be reported. The complex 
procedure required for perfusion quantification lim-
its its use.5,6 To overcome the limitations, the medical 
imaging community and the Alliance for Quantitative 
Imaging Biomarkers, the Radiological Society of North 
America, or the Biomarker Inventory are making a col-
lective effort. The fact that new sequences, such as gold-
en angle radial sparse parallel (GRASP) imaging, allow 
safe assessment of hepatic perfusion parameters with 
quantitative results comparable to perfusion CT, gives 
hope that next-generation sequences will make perfu-
sion data more readily available.51-53

Conclusion
DCE MRI semiquantitative analysis of the abdomen 
may be useful in daily practice as a potential aid in dif-
ferential diagnosis by providing noninvasive in vivo 
information about the nutrition and microvascular 
properties of lesions without increasing the application 
time. Furthermore, it may facilitate diagnostic studies in 
the detection and staging of hepatic diseases, treatment 
follow-up, and the development of anti-tumor drugs.

In our study, we thought that the difference in 
“Tpeak” and “wash-out” rate values in the semiquanti-
tative analysis of DCE MR TIC in the differentiation of 
HCC, metastasis, and hemangioma and the 0.08 thresh-
old value we found for “wash-out” in the ROC curve 
analysis in the differentiation of malignant and benign 
lesions of focal liver lesions may be guiding. There-
fore, the comparison of semiquantitative analysis in 
larger case series in which the number of subgroups is 
increased may provide new opportunities as a reproduc-
ible, standardized method that can be easily combined 
with clinical workflow.
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