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Abstract

Objectives To determine the added value of diffusion-
weighted imaging (DWI) to standard magnetic resonance im-
aging (MRI) to differentiate malignant from benign soft tissue
tumours at 3.0 T.

Methods 3.0 T MR images including DWI in 63 patients
who underwent surgery for soft tissue tumours were retro-
spectively analyzed. Two readers independently interpreted
MRI for the presence of malignancy in two steps: standard
MRI alone, standard MRI and DWI with qualitative and
quantitative analysis combined.

Results There were 34 malignant and 29 non-malignant soft
tissue tumours. In qualitative analysis, hyperintensity relative
to skeletal muscle was more frequent in malignant than benign
tumours on DWI (P=0.003). In quantitative analysis, ADCs of
malignant tumours were significantly lower than those of non-
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malignant tumours (P<0.002): 759+385 vs. 11884423 pum?/

sec minimum ADC value, 941+440 vs. 1310+440 pum®*/sec

average ADC value. The mean sensitivity, specificity and ac-

curacy of both readers were 96 %, 72 %, and 85 % on standard

MRI alone and 97 %, 90 %, and 94 % on standard MRI with

DWL

Conclusions The addition of DWI to standard MRI improves

the diagnostic accuracy for differentiation of malignant from

benign soft tissue tumours at 3.0 T.

Key Points

* DWI has added value for differentiating malignant from
benign soft tissue tumours.

* Addition of DWI to standard MRI at 3.0 T improves the
diagnostic accuracy.

* Measurements of both ADC,,;, within solid portion and
ADC,, are helpful.

Keywords MRI - Diffusion magnetic resonance imaging -
Sarcoma - Soft tissue neoplasms - Differential diagnosis

Abbreviations

DWI diffusion-weighted imaging
ADC apparent diffusion coefficient
ADC,;» minimum value of ADC
ADC,, average value of ADC
Introduction

Differentiation between malignant and benign soft tissue tu-
mours is a commonly encountered problem in daily clinical
practice. Some benign soft tissue tumours can be correctly
diagnosed with standard magnetic resonance imaging
(MRI). However, for soft tissue tumours with a nonspecific
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imaging appearance, standard MRI is often not reliable for
distinguishing malignant from benign soft tissue tumours
[1-5]. Diagnostic accuracy of standard MRI for distinguishing
malignant and benign soft tissue tumours has been reported
with a wide range (50-85 %) [1-6]. On dynamic contrast-
enhanced MR, rapid arterial enhancement followed by a pla-
teau or washout phase has been reported to favour malignancy
[7]. There have been inconsistent reports [8—14] using
diffusion-weighted imaging (DWI) at 1.5 T for differentiation
of malignant from benign soft tissue tumours. Benign lesions
such as lipoma, epidermal inclusion cyst, and localized
tenosynovial giant cell tumour (giant cell tumour of tendon
sheath) can have low apparent diffusion coefficients (ADCs),
while malignant tumours with myxoid or chondroid compo-
nents have high ADCs [10, 11, 15]. However, the diagnosis
can be easily made based on standard MRI in most cases of
lipoma, epidermal inclusion cyst, and localized tenosynovial
giant cell tumour. That said, various extracellular substances
including haemorrhages, mineralization, and fat present in soft
tissue tumours can cause wide variation in ADCs [16]. There-
fore, we hypothesized that correlation of quantitative analysis
with qualitative analysis on DWI and standard MRI could
help differentiate between malignant and benign soft tissue
tumours. The purpose of our study was to retrospectively de-
termine the value of adding DWI to standard MRI to differ-
entiate malignant from benign soft tissue tumours at 3.0 T.

Materials and methods

The study was approved by our institutional review board and
the requirement for informed consents was waived for this
retrospective study.

Patient population

From June 2010 to August 2013, a total of 364 patients
underwent 3.0 T MRI including DWI for soft tissue tumours
in our institution. The MR images of 58 patients were excluded
due to various reasons (Fig. 1). A total of 109 patients underwent
pathologic confirmation among 306 patients. We excluded well-
differentiated adipocytic tumours (n=17) such as lipomas and
well-differentiated liposarcomas, because DWI was performed
using a single-shot, spin-echo echo-planar imaging sequence
with fat suppression [11]. Non-neoplastic lesions (#=17) such
as ganglion cysts or epidermal inclusion cysts, and metastases
(n=12) were excluded [15]. Thus, 63 patients (mean age,
51 years; age range, 17-90 years; 35 men and 28 women with
34 malignant and 29 non-malignant soft tissue tumours were
included in the study. Table 1 shows histological types of the
included cases.
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MRI protocols

MRI was obtained before surgery in all patients. MRI was
performed using the 3.0 T (Verio; Siemens Medical Solutions,
Erlangen, Germany) with a phased-array coil or an eight-
channel extremity coil depending on the anatomic regions.
The standard MRI protocols included longitudinal fat-
suppressed T2-weighted turbo spin-echo (TSE) sequence, ax-
ial T1-weighted TSE sequence, axial T2-weighted TSE se-
quences with and without fat suppression, and longitudinal
and axial fat-suppressed contrast-enhanced T1-weighted
TSE sequences. Other parameters are shown in Table 2. Be-
fore contrast-enhancement, a single-shot spin-echo echo-
planar DWI sequence was obtained in the axial plane. A par-
allel imaging technique using GRAPPA (GeneRalized
Autocalibrating Partially Parallel Acquisitions) was combined
with an acceleration factor of 2. Sensitizing diffusion gradi-
ents were applied sequentially in the X, y, and z directions with
b values of 0, 300, 800, and 1400 sec/mm?> [15, 16]. Pixel-
based ADC maps were created based on mono-exponential
calculation from DWI using commercial software and a work-
station (Leonardo MR Workplace; Siemens Medical Solution,
Erlangen, Germany).

MRI analysis

To assess the added value of DWI for differentiating be-
tween malignant and benign soft tissue tumours, the diag-
nostic performances of standard MRI (step 1) and standard
MRI and DWI combined (step 2) were compared. For each
step, two readers (W.H.J., S.Y.L. with 16 and 5 years of
experience in musculoskeletal radiology, respectively) retro-
spectively interpreted MR images independently regarding
malignancy. Malignancy was assessed with a five-level con-
fidence score: 0, definitely benign; 1, probably benign; 2,
indeterminate; 3, probably malignant; and 4, definitely ma-
lignant. The readers were blinded to the imaging reports,
clinical history, and results of pathologic examination.

For the second step, using both standard MRI and DWI, the
same radiologists determined again whether each case was
either a malignancy or benign. To prevent recall bias, the
second step was performed six weeks after the first step and
in a random order different from that of the first step. In qual-
itative analyses for DWI, signal characteristics of the solid
portion in the soft tissue tumours on DWI were independently
evaluated by two readers. The solid portion of the tumour was
selected after correlation with standard MRI. Sites of haemor-
rhage, necrosis, or calcification were carefully avoided after
correlation with standard MRI. By comparison with the signal
intensity of normal skeletal muscles, the signal of the soft
tissue tumours were graded from 1 to 4 (1, hypointense rela-
tive to skeletal muscles; 2, isointense relative to skeletal mus-
cles; 3, hyperintense relative to skeletal muscle and
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Fig. 1 Flow diagram of the
study. DWI, diffusion-weighted
imaging

Table 1  Histological types of included soft tissue tumours

MRI with DWI
(n=364)

Excluded:

a) Previous treatment (n=43)
) Image distortion (n=6)

) Noncontrast study (n=4)

)

)

Size < 1cm (n=3)
Infection (n=2)

| |

Pathologjc No patholofic
Confirmation Confirmation

(n=109) (n=197)

Excluded:

(a) Non-neoplasm (n=17)
(b) Metastasis (n=12)

(c) Lipoma (n=15)

(d) Well-differentiated
liposarcoma (n=2)

!

}

Malignancy
(n=34)

Benignity
(n=29)

Soft Tissue Tumours

Number of cases

Non-malignant tumour
Schwannoma
Hemangioma
Desmoid-type fibromatosis
Glomus tumour
Elastofibroma
Neurofibroma
Tenosynovial giant cell tumour
Angioleiomyoma
Angiolipoma
Deep benign fibrous histiocytoma
Extra-renal angiomyolipoma
Fibroma of tendon sheath
Inflammatory myofibroblastic tumour
Juxta-articular myxoma

Total

Malignant tumour
Lymphoma
Malignant melanoma
Leiomyosarcoma
Myxoid liposarcoma
Undifferentiated sarcoma
Agranulocytic sarcoma
Extraskeletal Ewing sarcoma
Adult fibrosarcoma
Angiosarcoma of soft tissue
Clear cell sarcoma of soft tissue
Dedifferentiated liposarcoma
Malignant peripheral nerve sheath tumour
Myxofibrosarcoma
Synovial sarcoma

Total

_m = = = = = NN W W R Y

N
o
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w
=

hypointense to fluid; and 4, isointense relative to fluid). In
quantitative analyses, the minimum value of ADC (ADC,,)
and an average value of ADC (ADC,,) were independently
measured by two readers. The ADC,,,;, was measured by man-
ually drawn regions of interest (ROI) on the ADC map within
a solid portion that presented a hyperintense signal on DWI
with high b value on a picture archiving and communication
system (PACS) [17]. For selecting the lowest value of ADC,
ROI were drawn three to five times and the minimum of them
were recorded as ADC,,;,. The ADC,, was defined as an
average ADC value obtained from ROI drawing the entire
mass on one axial plane except for the peripheral most por-
tions in order to avoid partial-volume effects. The ADCs were
measured at four different combinations of b values (0 and
300, 0 and 800, 0 and 1400, and a combination of 0, 300,
800, and 1400 sec/mm?). ROIs were automatically
reproduced on all ADC maps. In addition, ADC for normal
appearing skeletal muscle (ADC,,) was obtained to allow
calculation of ADC values normalized to skeletal muscle,
which we refer to as normalized ADC [18, 19].

Statistical analysis

The pathologic findings were used as the standard of refer-
ence. The Chi-square test and Fisher’s exact test were used for
comparison of the results from qualitative analysis between
malignancy and benignity. Repeated measures ANOVA and t-
tests were used for comparison of results from quantitative
analysis between malignant and non-malignant soft tissue tu-
mours, and between malignant and non-malignant myxoid
tumours. Interobserver agreement for the ADC measurement
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Table2 MR imaging parameters

Parameters Standard sequences DWI (single shot)
Field of view 80-220 mm 80-220 mm
Matrix size 512%256 64x45 —20x128
TR (msec)/TE (msec) T1-weighted images: 680-870/11-21 5000-8700/71-85
T2-weighted images: 4000-5600/63-83
Fat suppression CHESS pulse CHESS pulse
Section thickness 2-5 mm 2-5 mm
Intersection gap No No
Turbo factor or EPI factor T1-weighted image: 3 56
T2-weighted image: 13
Number of excitation 1 3-5

DWI diffusion-weighted imaging, EPI echo-planar imaging, CHESS chemical shift selective

was evaluated by the Bland-Altman method [20]. The receiver
operating characteristic (ROC) curve with areas under the
curve (AUC) was obtained for diagnostic performance. The
optimal cutoff values of ADCs were determined using ROC
curve analysis. MRI and DWI findings were considered as
benign if the score was 0—1 and malignant if the score was
2-4. The sensitivity, specificity, and accuracy of each step
were calculated on the diagnosis of malignancy and were
compared using McNemar’s statistics between each step.
Kappa coefficient (x) was performed to assess interobserver
agreement between two readers with regard to lesion charac-
terization. The « values were interpreted as follows: <0.20,
poor; 0.21-0.40, fair; 0.41—-0.60, moderate; 0.61—0.80, sub-
stantial; and 0.81—1.00, very good [21]. For all tests, P values
of less than 0.05 were considered indicative of statistically
significant difference. All statistical analyses were performed
using the commercial software (SPSS, version 19, SPSS, Chi-
cago, IIl and MedCalc Software, version 11.3.0.0,
Mariakerke, Belgium).

Results
Qualitative analysis of DWI

The DWI signal intensity characteristics of soft tissue tu-
mours are shown in Table 3. On DWI with b value of
1400 sec/mm?, hyperintense signals compared to skeletal
muscle (grade 3 and 4) were more common in malignant
tumours than non-malignant tumours (34/34 vs. 22/29,
P=0.003, for both readers), whereas, there was no signif-
icant differences on DWI with b value of 300 and
800 sec/mm? (P>0.05) (Fig. 2). On DWI with b value
of 1400 sec/mm?’, hyperintense signals similar to fluid
signal (grade 4) were more common in malignant tumours
than non-malignant tumours (21/34 vs. 8/29, P=0.007, for
reader 1; 22/34 vs. 7/29, P=0.001, for reader 2); however,
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there were no significant differences on DWI with b
values of 300 sec/mm” and 800 sec/mm’ (P>0.05).

Quantitative analysis of DWI

Comparisons of ADCs of soft tissue tumours between malig-
nant and non-malignant tumours are summarized in Table 4.
The ADC,,, ADC i, and normalized ADCs of malignant soft

Table 3  Grading of signal characteristics on diffusion-weighted
imaging
Parameter Grade 1 Grade 2 Grade 3 Grade 4
Non-malignant tumours (#=29)
Reader 1
b=300 0 22
b=800 0 18
b=1400 0 7 14 8
Reader 2
b=300 0 2 5 22
b=800 0 3 8 18
b=1400 0 7 15 7
Malignant tumours (n=34)
Reader 1
b=300 0 28
b=800 0 27
b=1400 0 0 13 21
Reader 2
b=300 0 0 5 29
b=800 0 0 7 27
b=1400 0 0 12 22

b values are in units of sec/mm>
Grade 1=hypointense relative to skeletal muscle
Grade 2=isointense relative to skeletal muscle

Grade 3=hyperintense relative to skeletal muscle and hypointense relative
to fluid

Grade 4=isointense relative to fluid



Eur Radiol (2016) 26:743-754

747

Fig. 2 A 67-year-old man with
angioleiomyoma in the hand. In-
terpretation was correctly
changed during the second step
by reader 2. Reader 1 made cor-
rect interpretation during both the
first and the second steps. (a, b, ¢)
There is a well-defined mass
(arrow) in the thumb. This lesion
reveals heterogeneous signal on
T2-weighted image (a, TR/TE
4000/73) and intermediate signal
on T1-weighted image (b, 750/
15), which shows intense en-
hancement on fat-suppressed
contrast-enhanced T1-weighed
image (¢, 750/15). During the first
step standard MRI was
interpreted as indeterminate le-
sion (score 2) by reader 2 and
definitely benign lesion (score 0)
by reader 1. (d, e, f) The mass
reveals hyperintense signal
(arrow) on all of diffusion-
weighted images (8700/89) with
b values of 300 (d, grade 4), 800
(e, grade 4), 1400 sec/mm” (£,
grade 3) even though signal of the
lesion decreases as b value in-
creases. (g) On ADC map (b=0,
300, 800, 1400 sec/mmz) the
mass represents high ADCs (ar-
row): ADC,,, 1351 um?/sec and
1356 pm?/sec for reader 1 and
reader 2, respectively; ADCyin,
1250 pm?/sec and 1189 pm?/sec,
respectively. During the second
step, MRI with DWI were cor-
rectly interpreted as definitely be-
nign lesion (score 0) by reader 1
and probably benign lesion (score
1) by reader 2

tissue tumours were significantly lower than those of non-
malignant tumours on all 5 value combinations for both
readers (P<0.002) (Fig. 3). Overall, interobserver agreements
of ADC,,;;, and ADC,, of all » value combinations were su-
perior to those of two b value combinations: mean difference,
10.1 um?*/sec (95 % confidence interval, —45.2, 65.4) and
30.7 um?*/sec (—22.1, 83.3), respectively. Interobserver

agreement of ADC,;, was superior to that of ADC,,
(Table 5). The ADC,,s were not significantly different in ma-
lignant and non-malignant tumours in all four combinations of
b values. The cutoff values of ADC and the AUCs are shown
in Table 6. The AUCs of ADC,,;, (0.801—0.817) were higher
than those of ADC,, (0.737—0.772) at all b value combina-
tions (Fig. 4). AUC of ADC,,;, (0.801) was significantly
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Table 4  Quantitative analysis of DWI in soft tissue tumours

ADC parameters b value combination ADC of Non-malignant tumours ADC of Malignant tumours P value”
ADC,,™" 0, 300 19244630 1296+549 <0.001
0, 800 1597+529 1090493 <0.001
0, 1400 1350+458 9404441 =0.001
0, 300, 800, 1400 1310+440 9414440 =0.002
ADCpin 0, 300 1698+619 1043+487 <0.001
0, 800 1429+524 859+408 <0.001
0, 1400 1220+449 7574370 <0.001
0, 300, 800, 1400 1188+423 7594385 <0.001
ADCoum 0, 300 1.16£0.37 0.76+0.32 <0.001
0, 800 1.18+0.39 0.77+0.35 <0.001
0, 1400 1.27+0.46 0.85+0.39 <0.001
0, 300, 800, 1400 1.28+0.45 0.88+0.41 =0.001
ADCinin 0, 300 1.01+0.38 0.61+0.28 <0.001
0, 800 1.05+0.38 0.61+0.28 <0.001
0, 1400 1.14+0.42 0.69+0.33 <0.001
0, 300, 800, 1400 1.14+0.40 0.71£0.36 <0.001
ADC,s 0, 300 1698204 17354252 0.548
0, 800 1386+166 1424+120 0.304
0, 1400 11014229 1126+198 0.649
0, 300, 800, 1400 10734234 10994215 0.649

All data are means with standard deviations ADC values are in units of umz /sec, b values are in units of sec/mm>

. , Determined with the t-test

**, The difference of ADCs and ratios among four different combinations of b values was significantly different (P<0.001, repeated measures ANOVA)

ADC i, the lowest value of ADC within mass
ADC,,, average ADC value of entire mass on one axial plane

ADC im» Ratio calculated by dividing ADC,,,;, by ADC for normal skeletal muscle on the same axial plane

ADC,y/m, Ratio calculated by dividing ADC,, by ADC for normal skeletal muscle on the same axial plane

ADC,,s, ADC value of normal skeletal muscle

higher than that of ADC,, (0.737) at the combination of all
four b values (P=0.036), while there were no significant dif-
ferences in other b value combinations (P>0.068) (Fig. 5).

Diagnostic performance for the differentiation
between malignant and non-malignant tumours

Table 7 lists the sensitivity, specificity, and accuracy of each
reader for diagnosing malignant soft tissue tumours during
the first and second steps. With standard imaging alone (step
1), reader 2 had lower specificity (83 % in reader 1 and
62 % in reader 2) and accuracy (89 % in reader 1 and
81 % in reader 2) than reader 1. With added information
from qualitative and quantitative evaluation of DWI (step
2), sensitivity, specificity, and accuracy were higher than
those of the first step in both readers. The specificity and
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accuracy for reader 2 were statistically different between
step 1 and step 2 (P<0.039). During the second step, there
was improvement in differentiating malignant from non-
malignant soft tissue tumours for both reader 1 [added val-
ue=6.3 % (4/63)] and reader 2 [added value=11.1 % (7/63)]
(Fig. 6), respectively.

As for 28 patients with indeterminate lesions, 100 %
(9/9) and 84 % (16/19) of indeterminate lesions were cor-
rectly interpreted in the second step for both readers, re-
spectively: 18 malignant lesions [score 1 (n=1), score 3
(n=11), score 4 (n=6)] and 10 benign tumours [score 1
(n=8), score 3 (n=2)] during the second step. Interpretation
was changed in the wrong direction during the second
step for three cases by the two readers: deep benign
histiocytoma by reader 1, myxoid liposarcoma and
schwannoma by reader 2.
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Fig. 3 Boxplots showing the distribution of ADC,, (a) and ADC,;, (b)
in both malignant and non-malignant tumours. Boxes indicate first to
third quartiles, each midline indicates median (second quartile), and whis-
kers represent maximum and minimum values within the interquartile
range

Interobserver agreement of the first step was moderate
(k=0.557) and that of the second step was very good
(k=0.871). The AUCs of the second step were higher than
those of the first step in both readers; however, there were
not statistically significant: 0.908 vs. 0.972 for reader 1
(P=0.060), and 0.895 vs. 0.937 for reader 2 (P=0.148). Mean
specificity, accuracy, and AUC from both reviewers were sig-
nificantly improved during the second step, whereas mean

sensitivity was not: 90 % (52/58) vs. 72 % (42/58) for speci-
ficity (P=0.006), 94 % (118/126) vs. 85 % (107/126) for ac-
curacy (P=0.007), 0.955 vs. 0.954 for AUC (P=0.024), and
97 % (66/68) vs. 96 % (65/68) for sensitivity (P=1.000).

Analysis of soft tissue tumours with myxoid changes

There were no significant differences in ADC,, and ADC,;,
between malignant myxoid tumours and non-malignant
myxoid tumours on any b value combinations for each reader
(P>0.541). Five of six malignant soft tissue tumours with
myxoid change in our study were correctly interpreted as
representing malignancy by each reader during both the first
and second steps: myxoid liposarcoma (n=4), malignant pe-
ripheral nerve sheath tumour (n=1), and myxofibrosarcoma
(n=1). One myxoid liposarcoma was incorrectly interpreted
by reader 1 during both the first and second steps. Reader 2
defined it as an indeterminate lesion during the first step and
incorrectly defined it during the second step. In this tumour,
standard MRI did not reveal the typical findings of myxoid
liposarcoma and DWI showed high ADC.

Discussion

There has been no previous report on qualitative analysis of
DWI for soft tissue tumours. In qualitative analysis, we found
that 1400 sec/mm” was a helpful b value for distinguishing
malignant and benign soft tissue tumours. However, 22 of 29
benign tumours showed hyperintensity on DWI with a high b
value in our study. Therefore, quantitative analysis is neces-
sary for evaluating soft tissue tumours because of significant
false positive findings on qualitative analysis alone. To over-
come heterogeneity in the components of soft tissue tumours,
ADC,in, ADC,,, and ADC ratios to normal muscle were an-
alyzed in our study. Rijswijk et al. [8] reported the potential
significance of true diffusion coefficients. They described a
significant difference of true diffusion coefficients between
11 malignant and 23 benign soft tissue masses using early
intravoxel incoherent motion DWI with five b values (0—
701 sec/mm?) at 1.5 T, whereas ADC values between these
two groups were not significantly different. In contrast, in our
study the perfusion-related effect in low b values was inevita-
ble, however, ADCs showed a significant difference between
malignant and non-malignant soft tissue tumours at 3.0 T
MRI. It could be related to small patient number and measure-
ment of ADC,, in three myxoid malignant tumours including
two myxoid liposarcomas and one low-grade
myxofibrosarcoma out of 11 malignant soft tissue tumours
in their study [8], as well as use of high b values and combined
standard MRI in our study.
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Table 5 Mean difference and

95 % limits of agreement for b values

Parameter

Mean difference between two readers 95 % limits of agreement

ADC measurement
ADC,,

0, 300

0, 800

0, 1400

0, 300, 800, 1400
0, 300

0, 800

0, 1400

0, 300, 800, 1400

ADCmin

58.7 (6.8, 124.2) —451.2, 568.6
36.8 (—12.1, 85.6) —3435,417.0
29.2 (—24.9, 83.3) —392.1,450.5
30.7 (—22.1, 83.3) —379.7,441.0
56.3 (=32.2, 144.7) —632.4,744.9
19.3 (-31.6, 70.3) —377.4,416.1
15.9 (=37.6, 69.5) —401.0, 432.8
10.1 (—45.2, 65.4) —420.4, 440.7

ADC values are in units of pm? /sec, b values are in units of sec/mm?

Data in parentheses are 95 % confidence intervals

ADC,,, average ADC value of the entire mass on one axial plane
ADC i, the lowest value of ADC within the mass

Razek et al. [12] found significant differences in ADCs
between malignant and benign soft tissue tumours. Similar
to our study, they selected 1.34x10° mm?/sec as a cutoff
ADC,, for differentiating malignant soft tissue tumours from
benign masses, which resulted in an accuracy of 91 %, sensi-
tivity of 94 %, specificity of 88 % and an AUC of 0.869 using
1.5 T MRI with b values of 0, 500, and 1000 sec/mm?. How-
ever, the lower diagnostic performance observed in our study
might be a result of the different histological types of the

lesions included. Unlike the Razek et al. study [12], we ex-
cluded non-neoplastic lesions and well-differentiated
liposarcomas, whereas they included venous malformation
[29 % (4/14) of benign lesions] and liposarcoma [26 %
(6/23) malignant lesions] without stating the subtype, except
for one myxoid liposarcoma. Since ADC is affected by vari-
ous factors including magnetic field strength, machines, pulse
sequences, and selection of b values, the absolute cutoff value
between malignancy and benignity is not clear [22]. When

Table 6 ADC cutoff values for

differentiating malignant and Parameters b values Cutoff Value  Sensitivity ~ Specificity =~ Accuracy ~ AUC
non-malignant soft tissue tumours
ADC,, 0, 300 1600 74 (25/34) 69 (2029)  71(45/63) 0.772
[58, 89] [49. 85] [60, 83] [0.658, 0.886]
0, 800 1300 71 (24/34)  72(2129)  71(45/63)  0.760
[54, 87] [53,87] [60, 83] [0.642, 0.878]
0, 1400 1100 71 (24/34) 69 (20/29) 70 (44/63)  0.757
[54, 87] [49. 85] [58, 81] [0.639, 0.875]
0, 300, 800, 1400 1100 68 (23/34) 66 (1929) 67 (42/63)  0.737
[51, 84] [47, 84] [55, 79] [0.614, 0.859]
ADC\in 0, 300 1300 71 (24/34)  72(21/29) 71 (45/63)  0.803
[54, 87] [53, 87] [60, 83] [0.696, 0.911]
0, 800 1000 71 (24/34) 83 (24/29) 76 (48/63)  0.817
[54, 87] [68,97] [65, 87] [0.711, 0.924]
0, 1400 900 77(26/34)  76(22/29) 76 (48/63)  0.813
[61,91] [59,92] [65, 87] [0.705, 0.921]
0, 300, 800, 1400 900 77(26/34) 76 (22/29) 76 (48/63)  0.801
[61,91] [59,92] [65, 87] [0.690, 0.912]

Data are percentages, with raw data in parentheses and 95 % confidence intervals in brackets

ADC values are in units of pm? /sec, b values are in units of sec/mm?

ADC,,, average ADC value of entire mass on one axial plane
ADC i, the lowest value of ADC within mass
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Fig. 4 Receiver operating characteristic curves of ADC,, (a) and

ADC i (b) from each b value combination for diagnosis of malignancy

MR parameters are considered carefully, these cutoff values
suggested in our study can be of practical value in guiding
judgment of ADCs in each institution. In our study, there were
improvements in diagnostic specificity and accuracy for both
readers with the addition of DWI. A significant difference in
the specificity and accuracy was observed between the two
steps for reader 2 and an added value of 84 % (16/19) in
indeterminate lesions for reader 2. We observed excellent in-
terobserver agreement in the measurement of ADC, consistent
with a recent report by Giles et al. [23]. There has been no

consensus on which DWI parameters are optimal for evaluat-
ing soft tissue tumours. Although we found no significant
differences in the diagnostic performance of different b value
combinations, 1400 sec/mm? performed better than the lower
b value combination in qualitative analysis. Moreover, using
DWI with a high b value, some cysts can be confidently de-
fined using the T2 shine-through effect.

The ADC,, can increase in malignant soft tissue tumours
with large necrosis as shown in Fig. 4, and decrease in fat or
calcification containing benign soft tissue tumours such as in
hemangioma. The ADC,,;, can be affected by small amounts
of haemorrhage or mineralisations that are not clearly delin-
eated on standard MRI. Like our study, in a recent report by
Subhawong et al. [19], both ADC,,;, and ADC,, were signif-
icantly different between malignant lesions including primary
and metastatic tumours, and benign lesions including benign
tumours and non-neoplastic lesions. Therefore, we suggest
that both ADC,,;;, and ADC,, should be obtained and careful-
ly interpreted after correlation with standard MRI. It is helpful
that a radiologist can use both ADC,,;, and ADC,, in routine
practice. For the differentiation of malignant from benign soft
tissue lesions, normalized ADCs showed no additional benefit
in our study.

Our study shows that diagnostic performance in differenti-
ation of malignant and benign soft tissue tumours is improved
by adding qualitative and quantitative DWI with a high b
value to standard MRI at 3.0 T. Most previous research found
significant overlap in ADCs between malignant and benign
soft tissue tumours, even though subgroup analyses revealed
significantly different ADCs in soft tissue tumours without a
myxoid component [8—11]. We assume that one cause of these
varying results may be related to the difference in location and
size of the ROI. To find the solid portion, it is important to
evaluate DWI with corresponding standard MRI [24]. In ad-
dition, ADCs should be obtained from the solid area on stan-
dard MRI, which shows a hyperintense signal on DWI with
high b value. Einarsdottir et al. [9] used ADC,, in the tumour
section with the largest diameter independently of the solid
portion on conventional MRI. In the studies of Rijswijk et al.
[8], Maeda et al. [10], Nagata et al. [11], and Razek et al. [12],
conventional sequences were used to define ROIs for ADCs,
whereas qualitative analyses were not correlated. If the soft
tissue mass is interpreted as definitely benign or malignant on
standard MRI, the interpretation should not be changed re-
gardless of DWI findings.

In a study by Maeda et al. [10], the ADCs of benign and
malignant soft tissue tumours were not significantly different
on line-scan DWI with b values of 5 and 1000 sec/mm? at 1.5
T. They suggested that the most important cause of consider-
able overlap was the significantly higher ADC of myxoid-
containing soft tissue tumours compared to that of nonmyxoid
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Fig. 5 A 65-year-old man with leiomyosarcoma in the thigh, correctly
interpreted as malignancy (score 4) during the first and the second steps
by both readers. On quantitative analysis of DWI, ADC;, correctly
suggested malignancy, whereas, ADC,, incorrectly suggested benignity
due to large necrosis. (a, b) There is an intramuscular mass (arrows) in the
anterior compartment of the thigh, which shows heterogeneous signal
intensity with large necrosis on T2- (a, TR/TE 5584/68) and T1-
weighted images (b, 681/11). (¢) Fat-suppressed contrast-enhanced T1-
weighed image (736/11) shows intense enhancement and a large central
non-enhancing area (arrows). (d, e, f) Diffusion-weighted images

soft-tissue tumours. Similarly, Nagata et al. [11] reported a
significant overlap in mean ADC between malignant and be-
nign myxoid soft tissue tumours, whereas there was a signif-
icant difference in mean ADC between malignant and benign
nonmyxoid soft tissue tumours, using b values of 0, 1000 sec/
mm? at 1.5 T. The mean ADC of malignant myxoid tumours
was significantly higher than that of benign nonmyxoid tu-
mours in our study. We found that the relatively high ADC

(8700/89) with b values of 300 (d, score 4), 800 (e, score 4), 1400 sec/
mm? (f, score 4) show persistent, hyperintense signal in the peripheral
portions of the mass (arrows) as b values increases. (g) On ADC map
(=0, 300, 800, 1400 sec/mrnz) the mass represents low ADCs (arrows);
ADC,,, 1607 pm?/sec and 1209 pm?/sec for reader 1 and reader 2, re-
spectively; ADCyyin, 911 p.mz/ sec and 783 umz/ sec for reader 1 and reader
2, respectively. During the second step, MRI with DWI was correctly
interpreted as definitely malignant soft tissue tumour (score 4) by both
readers

of malignant soft tissue tumours with myxoid changes might
not be an issue when diagnosis is performed on both standard
MRI and DWI, because those lesions were correctly
interpreted as malignant tumours with myxoid changes on
standard MRI, and neither reader changed their interpretation
during the second step.

There were several limitations to our study. First, this is a
retrospective study. Although we recruited consecutive

Table 7 Diagnostic performance

in differentiation of malignant and Diagnostic Performance Standard MRI alone Combined DWI and Standard MRI
non-malignant soft tissue tumours
Readerl Reader 2 Reader 1 Reader 2
Sensitivity 94 (32/34) 97 (33/34) 97 (33/34) 97 (33/34)
[86, 100] [91, 100] [91, 100] [91, 100]
Specificity 83 (24/29) 62 (18/29) 93 (27/29) 86 (25/29)
[68, 97] [43, 81] [82, 100] [73, 100]
Accuracy 89 (56/63) 81 (51/63) 95 (60/63) 92 (58/63)
[81,97] [71,91] [90, 100] [85,99]
AUC 0.895 0.937 0.908 0.972

[0.820, 0.969]

[0.869, 1.000] [0.828, 0.987] [0.929, 1.000]

Data are percentages, with raw data in parentheses and 95 % confidence intervals in brackets

AUC area under the operating characteristic curve
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Fig. 6 A 70-year-old woman with malignant melanoma in the upper arm.
Both readers interpreted the mass as indeterminate lesion (score 2) during
the first step. Interpretation was correctly changed during the second step
by both readers. (a, b, ¢) There is a well-defined ovoid lesion (arrow)
within biceps brachii muscle with intermediate to hyperintense signal on
T2-weighted image (a, TR/TE 4000/63) and hypointense signal on T1-
weighted image (b, 730/13), which shows relatively homogeneous en-
hancement on fat-suppressed contrast-enhanced T1-weighed image (c,
700/15). During the first step standard MRI was interpreted as

patients who satisfied the inclusion criteria, there is still some
possibility of selection bias. Second, the study population and
range of tumours were relatively small, particularly for benign
soft tissue tumours. This was related to many cases of definite
benign tumour on MRI that lead the orthopaedic surgeons not
to operate on them in our institution. Third, the ROIs could
have contained calcifications that affect ADCs because calci-
fications cannot be completely excluded on MRI. Fourth, in-
clusion of the » value of 0 might have introduced perfusion-
related diffusion effects into ADCs.

In conclusion, the addition of qualitative and quantitative
DWI to a standard MRI protocol improves diagnostic accura-
cy for differentiation between malignant and benign soft tissue
tumours at 3.0 T.
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