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Abstract

PURPOSE. To compare the capabilities of intravoxel incoherent motion (IVIM) to those of
monoexponential diffusion-weighted imaging for differentiating benign from malignant non-

vascular, non-fatty soft tissue tumors (NVSESTT).

MATERIAL AND METHODS. A total of 64 patients with 64 histologically confirmed soft-
tissue tumors were retrospectively included. There were 23 men and 41 women with a mean
age of 52 £ 17 (SD) (range: 18-92 years). IVIM parameters, including molecular diffusion
restriction coefficient (ADCiue), perfusion fraction, and tissue perfusion related coefficient
were compared to mean monoexponential ADC (ADCgq) values. Two readers calculated all
parameters, which were compared to histopathological findings that were used as standard of

reference.

RESULTS. The overall performance of ADCyuwe and ADCgsq was similar for the benign-
malignant differentiation of NFNVSTT with accuracies ranging from 73% to 75% for both
readers (P=0.3). Interobserver reproducibility was considered excellent for both ADCgq and
all IVIM parameters (ICC = 0.81-0.96). When myxoid tumors were excluded from
morphological analysis, an increase in sensitivity of 16-21% of ADCuue was observed, with
no changes in specificity values. The use of perfusion related IVIM parameters in association

with ADCne did not improve tumor characterization.

CONCLUSION. The use of IVIM parameters does not improve the characterization of

NVNFSTT by comparison with conventional monoexponential ADC calculation.

Keywords: Intravoxel incoherent motion (IVIM); Diffusion Magnetic Resonance Imaging;

Soft Tissue Neoplasms; Comparative study.



Abbreviation

NVNEFSTT = Non-vascular non-fatty soft tissue tumors
DWI = Diffusion-weighted imaging

IVIM = Intravoxel incoherent motion

ADC = Apparent diffusion coefficient

ADCayg = Average ADC values

ADC 44 = Mean ADC values calculated with a monoexponential model
ADCe = Molecular diffusion restriction coefficient
D* = Tissue perfusion related coefficient

f = Perfusion fraction

ROI = Region-of-interest

FSE = Fast spin-echo

NEX = Number of excitations

FOV = Field-of-view

ICC = Intraclass correlation coefficient

Introduction

Soft tissue tumors refer to a histologically heterogeneous group of tumors for which
the differentiation between benign and malignant ones is paramount for the optimization of
patient management [1,2]. Pseudo tumors excluded, benign and malignant non-vascular non-
fatty soft tissue tumors (NVNFSTT) are particularly challenging to differentiate since these
tumors may present similar characteristics on magnetic resonance imaging (MRI). Diffusion-
weighted imaging (DWI) with apparent diffusion coefficient (ADC) analysis can provide an
additional quantitative criterion for soft tissue tumor characterization. However the
performance of standard DWI for NVNFSTT benign-malignant differentiation is still
insufficient to change patient management because of sensitivities and specificities ranging

between 75-94% and 59-88% respectively) [3-6].

Standard ADC calculation in DWI is derived from a monoexponential model, which

does not allow an accurate separation between intra-vascular diffusion (perfusion) and extra-
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vascular extra-cellular diffusion (true tissue diffusion). The vascularity of NVNFSTT is
highly variable, and previous studies showed that perfusion parameters have limited
performances in the differentiation between benign and malignant tumors [7]. This perfusion
heterogeneity could act as a confounding factor in monoexponential DWI particularly at low b
values (<200 s/mm?) with micro-capillary water displacement acting as a pseudo-diffusion
effect [8,9]. Intravoxel incoherent motion (IVIM) MRI uses a bi-exponential approach to DWI
data allowing the separation between the influence intravascular diffusion (e.g. tissue
perfusion) and tissue diffusion. This technique allows quantifying microcapillary perfusion
(low b values < 200 s/mm?) and extra-vascular extra-cellular tissue diffusivity (higher b
values > 200 s/mm?) and could help overcome this difficulty potentially improving the
performance of DWI for the characterization of NVNESTT [8,10-18]. By comparison with
monoexponential DWI, IVIM presents greater sensitivity and specificity for the
characterization of breast tumors [12]. The perfusion fraction yielded by IVIM analysis also
aided in the distinction between low- and high-grade gliomas [14]. Additional studies also
suggested a benefit in using IVIM for the evaluation of other types of malignancy in the
kidney, liver and pancreas [19-21]. By providing more accurate evaluation of tissue
diffusivity associated with perfusion data, we hypothesized that IVIM could improve the

characterization of NVNFSTT by comparison with monoexponential DWI.

IVIM MRI is based on a bi-exponential approach to signal analysis with multiple b-
values (five to 16) requiring a specific acquisition sequence, which is less available and more
time consuming than that used for monoexponential DWI. Most importantly, the calculation
of IVIM parameters requires dedicated software, which is not always available in vendor

clinical workstations.

The purpose of this study was to compare the capabilities of intravoxel incoherent
motion (IVIM) to those of monoexponential DWI for differentiating benign from malignant

NVSFSTT.

Material and methods

Patients

From September 2014 to December 2016, 131 patients with suspected soft-tissue tumors were
consecutively included in a prospective study for the evaluation of noninvasive tumor

characterization methods using MRI. This study was approved by the institutional ethics
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committee; all patients were major and signed an informed consent form. Patients had been
referred for initial tumor characterization and local staging and had no prior surgery or
biopsies at the time of imaging. Pregnancy and MR contra-indications were general exclusion
criteria for this study. Histologic analysis based on core biopsy specimens was performed in

our institution after MR imaging.

Three patients were excluded because no histologic confirmation was available. Eight
patients were excluded because the multi-b value diffusion-weighted sequence was not
performed or was not available. Six patients were excluded because of significant artifacts on
DWI (anatomic distortion on EPI sequences on the extremities and motion artifacts in non-
compliant patients). Thirteen patients with cystic pseudo-tumors and 19 with fatty tumors
were excluded because water diffusion in cystic tumors or in tumors containing fat differs
considerably from that non-fatty tumors [22] . Finally, seventeen patients with vascular
tumors were excluded as ADC is influenced by tumor perfusion and by the amount of
intratumor fat. Cystic, fatty, and vascular tumors were identified based on MRI findings.
Cystic tumors were characterized by fluid signal intensity on T1 and T2-weighted images
without internal contrast enhancement; fatty tumors were characterized by the presence of
intratumoral fat signal, hyperintense on TI1-weighted images and hypointense on fat-
suppressed sequences; vascular tumors were characterized by the presence of serpiginous

vessel-like structures within the tumor and a vascular enhancement pattern on perfusion MRI.

Thus, the final study population was composed of 65 patients with histologically
confirmed “de novo” NVNFSTT (Fig. 1). There were 23 men and 41 women with a mean age

of 52 £ 17 (SD) (range: 18-92 years).

MRI examination

MRI examinations was performed at 3T (Discovery MR750W 3.0T, GE Healthcare) using
dedicated coils. Acquisition parameters for conventional and diffusion-weighted sequences
are presented in table 1. A gadobenate dimeglumine based contrast medium (Multihance® 20
mL, Bracco Diagnostics) was used. Total DWI scan time varied from 180s to 300s depending

on the number of slices necessary to cover the tumors studied.

Image analysis

Image post-processing was performed with the OleaSphere® V2.3 workstation (Olea Medical

SA, La Ciotat, France) with the IVIM application module. Two methods were used to analyze

4



DWI data: Monoexponential analysis was performed using only three of the acquired b values
(60, 500, 900 s/mm?) to calculate the apparent diffusion coefficient (ADCsq). Standard ADC
estimation is very sensitive to noise and sampling. Thus, Bayesian probability theory was used in
order to estimate this parameter better. A Bi-exponential Bayesian model was also used to
calculate the molecular diffusion restriction coefficient (ADCywe), perfusion fraction (f) and tissue
perfusion related coefficient (D*). After post-processing four color functional maps were

automatically generated by the software (ADCsy, ADCe, f, and D¥).

The images were analyzed by two radiologists with four and ten years of clinical
experience with MRI. Functional diffusion maps were correlated with axial T2-weighted fat-
saturated images and contrast-enhanced TI1-weighted fat-saturated images to allow
identification of areas with cystic or necrotic tumors. The post-processing software allowed a
side-by-side comparison between functional maps and conventional imaging series with the
possibility to superimpose the color maps over conventional images with various degrees of
transparency. To allow selection of a representative value, a free form ROI on the functional
ADCgq maps was used according to the following procedure proposed by Bonarelli et al.
[4,26]: in heterogeneous tumors with cystic or necrotic components (defined as areas of
unenhanced tumor), a free form ROI was placed over the solid tumor portion with the lowest
ADCgq values by the less experienced reader. In homogeneously enhancing tumors, a free
form ROI covering the largest tumor surface possible was drawn (Fig.2). ROI size was case

dependent. All slices depicting tumor were analyzed.

Tumors with fluid-like high signal on T2-weighted sequences, low signal on T1-
weighted sequences, and a low heterogeneous enhancement were considered as myxoid

imaging characteristics [23-25].

Statistical analysis

The results of the histopathological analysis were used as the standard of reference.
Quantitative data are presented as mean * standard deviation (range). A paired student’s t-test
was used to evaluate the differences between ADCsq and ADCyue values. The intraclass
correlation coefficient (ICC) was used to evaluate the impact of ROI positioning on the
parameters studied. The Kruskal-Wallis and the Spearman’s rank correlation test were used to
verify a potential association between ADC values both ADCgd and ADCuue values with
tumor location and size respectively. For all analyses, P < 0.05 was considered as the

threshold for statistical significance. Univariate and multivariate receiver-operating
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characteristic (ROC) curve analysis were performed to determine the optimal cutoff for
differentiation between benign and malignant tumors for each and for combinations of the
parameters studied. Sensitivity, specificity, accuracy and their 95% confidence interval as
well as the areas-under-the-curve (AUC) were calculated. The latter have been calculated by a
stratified bootstrap algorithm with 2000 replicates (pROC package in R software). The
McNemar test was used to evaluate the statistical significance of the sensitivity and specificity
for benign-malignant differentiation with the different parameters studied. Statistical analysis
was performed by a statistical expert (H.G). with 10 years of practice using statistics software

(R, version 3.6.0, R Project for Statistical Computing).

Results

Histologically, 35 of the tumors evaluated were benign, and 29 were malignant. Tumor
histological subtypes are presented in Table 2. The mean tumor diameter was 46 *+ 29 (SD)
mm (range: 9-160 mm) for all tumors, 60 +33 (SD) mm (range: 13-160 mm) for malignant
tumor and 34 + 16 (SD) mm (range: 9-78 mm) for benign tumors. Regarding the anatomical
distribution, there were 12 tumors in the upper limb, 37 in the lower limb and 15 in the body.
The mean ROI sizes in the studied tumors were 634 + 632 (SD) mm? (range: 17-2586 mm 2),
ROI sizes were larger for malignant tumors compared to benign tumors with mean ROI sizes
of 1037 + 694 (SD) mm2 (range: 144-2131 mm2) and 299 + 300 (SD) mm? (range: 17-2585
mm?)respectively (P < 0.0001). There was no significant variation in ADCga and ADCie

values with respect to tumor diameter and location (P > 0.18).

When all tumors were considered (benign and malignant), there was a statistically
significant difference between ADCsu and ADCuuwe values, the former presenting higher
values than the latter (P < 0.0001 for both readers). The ADCtrue and ADCstd values were
significantly lower in malignant tumors (Fig.3) compared to benign ones (P < 0.003 for both
readers). Conversely, D* values were significantly greater for malignant tumors than benign
tumors (P=0.01 and 0.05 for Readers 1 and 2, respectively). Interobserver reproducibility was
considered excellent for ADCgq values (ICC = 0.96), and on IVIM parameters (ICC: 0.81-
0.96) obtained with all tumor ROIs. The mean values of the parameters evaluated and the

respective ICC values in each of the evaluated sub-groups are presented in table 3.

The overall performance of ADCyye and ADCgq was similar for the benign-malignant
differentiation of NFNVSTT with accuracies of 73 % and 75 % for Readers 1 and 2,
respectively (AUC = 0.74-0.73 and 0.74-0.75 for ADCsq and ADCre, respectively) (P = 0.3).

6



The specificity of ADCqyue values was greater than that of ADCgq values for both readers (91
% vs. 83-86 %) but these differences were not statistically significant (P > 0.47). Sensitivity
values were greater with ADCgq (62-66%) compared to ADCiue (52%) for both readers (P <
0.001). D* value analysis showed an accuracy of 67 % and 72 % for benign-malignant
differentiation for readers 1 and 2, respectively, while f values yielded lower accuracies (52 %
and 53 % for readers 1 and 2). When ADCiwe, D* and f values were analyzed in combination,
multivariate ROC analysis with did not show any improvement in diagnostic performance
with values with respect to ADCgq alone (accuracies varying from 73% to 75% for both
readers). The best AUC was found with the combination of ADCywe and f analysis (0.75). The
full performance analysis of all parameters evaluated and the respective cutoff values are
provided in Table 4. A comparison of the ROC curves of the parameters evaluated is

presented in Figure 4.

When tumors for which ADCwe values were falsely positive and falsely negative were
analyzed, the perfusion related IVIM parameters (f and D*) did not improve tumor
characterization. There was a high coefficient of variation of f values (54% for both readers)
and D* values (88.5% for Reader 1 and 91% for Reader 2) among false positive and false
negative tumors. There were three and four false positive findings for Readers 1 and 2,
respectively, with ADCyue analysis, two granular cell tumors, and a giant cell tumor. The
additional tumor for Reader 2 was a desmoid fibromatosis. With ADCsq analysis, the
histology of false positives tumors also included another desmoid fibromatosis, a
myofibroblastic tumor, and a schwannoma. With ADCye analysis, there were 12 false-
negative tumors for both readers. Among these 12 tumors, 7/12 (58%) had a myxoid

component on histologic analysis.

All 12 myxoid tumors evaluated (both malignant and benign) presented an ADCire
value higher than the cutoff value of 96 x10° mm?*/s (Fig.5). The mean ADCye values in
these tumors were 245 + 39 (SD) x 10 mm?%/s (range: 193-282 x 10 mm?/s) in benign and
152 + 10°* mm?/s (range: 77-240 x 10 mm?/s) in malignant tumors for reader 1 and 240 + 33
(SD) x10°* mm?/s (range: 186-274 x 10 mm?/s) and 148 + 48 (SD) 10> mm?/s (range: 109-
229 x 10 mm?%s) for reader 2 respectively. Among these tumors, ten showed myxoid
imaging characteristics on conventional MRI (four myxomas, five myxoid sarcomas, and one
neurofibroma). When the tumors with myxoid features on conventional MRI were excluded,
the ADCue accuracy increased from 73% to 78-83%. There was an improvement in

sensitivity from 52% to 68-73% with a similar specificity (P > 0.7). The ADCgq values



showed a similar variation after the exclusion of myxoid tumors. Mean, and standard
deviation of all parameters evaluated in tumors without myxoid imaging characteristics as

well as the diagnostic performance of these parameters are reported in Table 5.

Discussion

Despite the statistically significant differences between ADCgd¢ and ADCyye in the tumors
evaluated and the theoretical advantages of bi-exponential analysis of DWI data, there were
no significant differences in the diagnostic performance of these two parameters for benign-
malignant differentiation of NVNFSTT. The best sensitivity was reached with ADCsu (62-
66%) and the best specificity with ADCie (91%). There were no noticeable differences in the
numbers of false-positive and false-negative tumors found with ADCgq and ADCiye. The
reproducibility of IVIM parameters and ADCgq were both considered excellent (ICC = 0.81-
0.96). Lim et al. reported a similar performance between standard and true ADC values in
musculoskeletal tumors[27]. These authors, however, did not access the added value of IVIM
directly to monoexponential diffusion analysis. Moreover, the use of perfusion related IVIM
parameters in association with ADCyue did not improve tumor characterization, with a high
variation in D* and f values among ADCw. false positive and false negative tumors. These
results indicate that factors other than tumor perfusion, such as tissue extra-cellular
architecture and collagen content may as confounding factors for NVNFSTT characterization
with DWI [4]. Thus, until other technical solutions are available to overcome these
difficulties, the use of monoexponential DWI (less time consuming and more widely available

than IVIM) should be used for soft tissue tumor characterization.

In our study, perfusion related IVIM parameters showed an average performance for
the characterization of NVNFSTT with D* yielding the best results with a sensitivity of 62%
and 80% and specificity values. This average performance is similar to previously published
reports on contrast-enhanced dynamic MRI for soft tissue tumor characterization and is
probably related to the multiple histologic subtypes of these tumors which translated to an
important variability in tumor vascularity[1,7,28]. Marzi et al. did not show a significant
relationship between IVIM parameters and any dynamic contrast-enhanced MRI parameters
[29]. These differences can be related to a possible extravascular diffusion of contrast medium
in dynamic contrast-enhanced MRI, whereas the IVIM perfusion parameters are thought to be
more representative of the intravascular perfusion. Similarly to contrast-enhanced dynamic

MRI, IVIM related perfusion could be more useful in for the detection of tumor recurrence or



for the evaluation of adjuvant treatment response, but further studies are needed to investigate

this matter [30-32].

Compared to monoexponential analysis, the bi-exponential analysis did not improve
the performance of ADC for the characterization of myxoid tumors, which represented more
than half of the false negative tumors encountered with ADCwe analysis. Similar to previous
literature reports with monoexponential ADC values, ADCuue analysis did not allow
differentiation between the benign and malignant myxoid tumors of the studied population
[25]. Interestingly, ten out of the 12 (83%) tumors with myxoid components identified
histologically presented a myxoid aspect on conventional MRI. Moreover, when tumors with
myxoid features were excluded from the analysis, a 16-21% increase in the sensitivity of
ADCie analysis was noted with a minimal decrease in specificity. These findings suggest
ADC analysis should not be performed in tumors with myxoid features on conventional MRI

[23,25,26].

The main limitation of this study is the small sample size considering the variability in
the histological aspects of NVNEFSTT. We chose to evaluate a histologically heterogeneous
tumor group, which probably influenced the diagnostic performance of our parameters
because this represents daily clinical practice in oncological imaging centers and any imaging
technique that improves tumor characterization should be useful in this context. This,
however, did not influence the main objective of this study, which was to compare the
diagnostic performance of bi- and monoexponential derived DWI parameters. DWI data were
not analyzed in association with conventional morphologic imaging, which is the standard
clinical practice because this was a preliminary study with a relatively small number of
patients, aimed at assessing the diagnostic accuracy of IVIM in tumor characterization.
Further studies are needed to evaluate the benefit of a combined approach including
conventional morphologic analysis and DWI, particularly monoexponential ADC for
NVNEFSTT characterization. Extremity tumors (hand fingers and forefoot) were prone to
distortion artifact with EPI based sequences. Other pulse sequences for DWI acquisition are

likely necessary to evaluate these tumors.

In conclusion, the use of IVIM parameters did not improve the characterization of
NVNEFSTT compared to conventional monoexponential ADC calculation. As DWI remains a
valid tool for the characterization of soft tissue tumors in a multiparametric approach
combined with morphologic tumor analysis on conventional sequences, these results support

the use of standard monoexponential DWI, which has a more straightforward acquisition
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protocol with fewer b values, is less time consuming and more widely available than IVIM
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Figures

Fig. 1 - Study flowchart shows patients and tumors selection.

Fig. 2 - Region of interest (ROI) positioning procedure according to tumor morphologic features.
A and B) 65-year-old man with a high-grade sarcoma of the leg. A) T1-weighted fat-saturated
gadolinium chelate-enhanced MR image in the axial plane shows homogeneous enhancement of
a soft-tissue tumor. B) Apparent diffusion coefficient (ADC) standard functional map shows a
free form ROI drawn over the tumor’s contours to include the largest portion of the tumor
possible (dashed line). C and D) 63-year-old woman with a pre-sacral mesenchymal
chondrosarcoma associated with local sacrococcygeal bone invasion. C) T1-weighted fat-
saturated gadolinium chelate -enhanced MR image in the axial plane shows heterogeneously
enhancing tumor (arrowheads) with central areas of necrosis (arrows). D) ADC standard
functional map shows free form ROI drawn to delineate the viable tumor zone with the lowest
ADC possible (dashed line) while avoiding the central necrotic areas (arrows) tumor’s contours.

Fig. 3 - Fifty-year-old man with Ewing sarcoma of the right thigh. A) T1-weighted fat-saturated
gadolinium chelate-enhanced MR image in the axial plane shows an anterolateral
homogeneously enhancing soft tissue tumor of the distal thigh (arrowheads), with associated
popliteal adenopathy (arrow). B) and C) functional ADC maps obtained with monoexponential
analysis (B) and bi-exponential IVIM analysis (C), both show the same tumor (arrowheads) with
low ADC values indicative of malignant tumor (0.95 x 103 mm?2/s and 0.69 x 10-3 mmz2/s
respectively).

Fig. 4 - ROC analysis of the diagnostic performance of IVIM parameters and standard apparent
diffusion coefficient (ADC) datasets studied for differentiation between benign and malignant
nonfatty nonvascular soft-tissue tumors individually (A) and combined (B). None the
superposition of the ADCsq and ADCirue curves with similar area-under-the-curve (AUC) values
(blue and orange curves respectively).

Fig. 5 - 37-year-old woman with extraskeletal myxoid chondrosarcoma of the distal left thigh. A)
T2-weighted fat-saturated MR image in the axial plane shows heterogeneous intra-muscular
tumor with areas of fluid-like hyperintensity (arrowheads). B) T1-weighted fat-saturated
gadolinium-enhanced MR image in the axial plane shows a predominantly peripheral
enhancement (arrows) and a non-enhancing central area indicative of tumor necrosis. C, D, and
E) functional IVIM derived maps (molecular diffusion restriction coefficient, perfusion fraction
and D* respectively) show high ADC (2.49 x 103 mm?2/s) and low perfusion fraction (0.11) and
pseudo-diffusion coefficient (2.8 x 10-3 mm?2/s) measured in the areas delineated by the dashed
free form ROI. IVIM parameters were falsely consistent with a benign tumor whereas the patient
had a malignant tumor.

Table 1. MR imaging acquisition protocol.
Table 2. Histologic subtypes of 65 tumors in 65 patients with soft tissue tumors

Table 3. Value distribution of the monoexponential and bi-exponential diffusion-weighted
parameters evaluated in benign and malignant tumors.

Table 4. Diagnostic performance of monoexponential apparent diffusion coefficient (ADC) and
IVIM parameters for differentiation between benign and malignant tumors.
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Table 5. Apparent diffusion coefficient (ADC) obtained by separating morphological subgroups
with or without myxoid features on MRI.
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Parameter* T1-weighted T2-weighted CE T1-weighted Diffusion weighted
Sequence type FSE FSE FSE SE-EPI
TE (ms) 7-19 39-111 8-13 <80
TR (ms) 400-827 1718-8711 410-803 4000-17000**
20, 40, 60, 80, 100,
B values (s/mm?) NA NA NA 200, 300, 500, 700,
900
ETL 3 11-12 4 NA
Bandwidth (Khz) 25-35.7 27.7-31.2 31.25 166.7
NEX 0.5-2 1.5-5 0.5-3 1-4%*
Acceleration factor 1.5-2.5 1.5-2.5 1.5-2.5 2

Fov (mm) 156x110 - 481x340 156x110 - 481x341 156x110 - 481x342 180x180 - 500500
Matrix 128x128 - 512 x 448 128x128-512x449 128x128 - 512 x 450 96x128
Slice thickness
2.5-4 2.5-5 2.5-6 5
(mm)
Gap (mm) 2.8-5 2.8-6 2.8-7 0.5
Fat-suppression No Yes Yes NA
Acquisition plane 1 orthogonal plane 2 orthogonal planes 1 orthogonal plane Axial

* Parameter variations related to patient body habitus, coil and tumor size and location
** b value related variation
CE = Contrast enhanced; FSE = Fast spin echo; EPI = Echo planar imaging; NEX = Number of excitations; ETL =
Echo train length; FOV = Field-of-view; NA = Not applicable



Benign tumors

Histologic subtype Number of tumors Percentage (%)
Schwannoma 13 20.3

Desmoid tumors 5 7.8

Myxomas 4 6.3
Neurofibromas 4 6.3

Giant cell tumors 3 4.7

Granular cell tumor 2 3.1
Myofibroblastic tumor 2 3.1

Leiomyoma 1 1.6

Solitary fibrous tumor 1 1.6

Malignant tumors

Histologic subtype Number of tumors Percentage (%)
Sarcoma* 24 37.5

B-cell lymphomas 2 3.1
Carcinomas 3 4.7

* Sarcoma subtypes are clear cell sarcoma, Ewing sarcoma, histiocytic sarcoma, fiboromyxoid sarcoma,
rhabdomyosarcoma, leiomyosarcoma, extraskeletal myxoid chondrosarcoma, sclerosing epithelioid

fibrosarcoma and undifferentiated sarcoma.



Parameters Reader Benign tumors Malignant tumors Pvalue ICC
ADCirye 1 153.6 £ 50.9 [50.4-271.4] 112.9 + 51.6 [46.7-240.4] 0.002
(*10°* mm?/s) 2 153.5 % 53.7 [44.8-274.4] 110 £ 49.9 [46.6-229.3] o001 09
D* 1 841.5 + 761.5 [150.5-3124.6] 1321.3 +1031.9 [211.7-4906.4] 0.05
(x10°* mm?/s) 2 798.8 + 794.3 [199.5-3003.6] 1450.7 + 1061.1 [218-5199.7] 0.01 0.91
f 1 0.1+0.1[0-0.2] 0.1+0.1[0-0.2] 0.58

2 0.1+0.1[0-0.2] 0.1+0[0-0.3] 0.96 0.81
ADCq 1 163.2 +51.4 [63.7-282.3] 123.7 £51.6 [52.1-249] 0.003
(x10° mm?/s) 2 163.2 % 53.7 [59.3-290.1] 119.4 % 50.4 [52.4-240.8] o001 0%

Values are presented as mean + standard deviation; numbers in brackets are ranges.

ADCire indicates the biexponential apparent diffusion coefficient; ADCsw indicates the monoexponential apparent diffusion coefficient; D*
indicates tissue perfusion related coefficient and f indicates perfusion fraction. ICC indicates intraclass correlation coefficient.





