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Abstract

Objective To assess the usefulness of combined diffusion kurtosis imaging (DKI) and dynamic contrast-enhanced MRI
(DCE-MRI) in the differentiation of parotid gland tumors.

Methods Seventy patients with 80 parotid gland tumors who underwent DKI and DCE-MRI were retrospectively enrolled
and divided into four groups: pleomorphic adenomas (PAs), Warthin tumors (WTs), other benign tumors (OBTs), and
malignant tumors (MTs). DCE-MRI and DKI quantitative parameters were measured. The Kruskal-Wallis H test and post
hoc test with Bonferroni correction and ROC curve were used for statistical analysis.

Results WTs demonstrated the highest K, value (median 1.89, interquartile range [1.46-2.31] min~!) but lowest V, value
(0.20, [0.15-0.25]) compared with PAs (K, 0.34 [0.21-0.55] min~!; V,, 0.36 [0.24-0.43]), OBTs (Kep» 1.22[0.27-1.67]
min~!; V., 0.28 [0.25-0.41]), and MTs (Kep, 0.71 [0.50-1.23] min~!; V., 0.35 [0.26-0.45]) (all p <.05). MTs had the lower
D value (1.10, [0.88-1.29]x 10~ mm?/s) compared with PAs (1.81, [1.60-2.20] x 10~* mm?/s) and OBTs (1.57, [1.32—
1.89] x 10~* mm?/s) (both p <.05). PAs had the lower K™ value (0.12, [0.07-0.18] min~!) compared with OBTs (0.28,
[0.11-0.50] min~!) (p <.05). The cutoff values of combined K., and V., D, and K"™™ to distinguish WTs, MTs, and PAs
sequentially were 1.06 min~', 0.28, 1.46x 10~ mm?%/s, and 0.21 min~", respectively (accuracy, 89% [71/80], 91% [73/80],
78% [62/80], respectively).

Conclusion The combined use of DKI and DCE-MRI may help differentiate parotid gland tumors.

Key Points

o The combined use of DKI and DCE-MRI could facilitate the understanding of the pathophysiological characteristics of
parotid gland tumors.

o A stepwise diagnostic diagram based on the combined use of DCE-MRI parameters and the diffusion coefficient is helpful
for accurate preoperative diagnosis in parotid gland tumors and may further facilitate the clinical management of patients.
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PA Pleomorphic adenoma

PGT Parotid gland tumor

V., Fractional volume of the extravascular extra-
cellular space

WT Warthin tumor

Introduction

Parotid gland tumors (PGTs) contain abundant histological
types and subtypes including pleomorphic adenomas (PAs),
Warthin tumors (WTs), other benign tumors (OBTs), and
malignant tumors (MTs). The treatment strategy and long-
term prognosis vary widely depending on the histological
type of the tumors [1]. Compared with benign tumors, total
parotidectomy with radiotherapy is preferred in the malig-
nancies [2, 3]. In the treatment decision of benign tumors,
for patients with PAs, they may require complete surgical
excision due to the potential for recurrence and malignant
transformation [4], whereas patients with WTs and OBTs,
local or superficial parotidectomy, or conservative observa-
tion may be sufficient [3]. Therefore, precise preoperative
diagnosis is of great importance.

Conventional MRI can delineate lesions concerning the
internal structure, morphology, accurate localization, locore-
gional extension, invasion, and perineural spread of tumors,

but the diagnostic performance is limited [3], particularly
when benign tumors have similar imaging findings to low-
grade malignant tumors showing low signal on TIWI and
high signal on T2WI [5]. Advanced MRI techniques like dif-
fusion MRI and perfusion MRI may provide the information
of intratumoral water molecular diffusion, microstructural
complexity, and capillary blood flows [6, 7]. DKI, a sophis-
ticated modality that quantifies the non-Gaussian behavior
of water molecule diffusion, can provide information about
heterogeneity and cellularity in vivo with two parameters
[8], including diffusion kurtosis (K) and diffusion coeffi-
cient (D), and has been proven to be useful in the field of
parotid gland lesions [9, 10]. However, DKI used alone may
not fully reflect the pathophysiological characteristics of
PGTs. Moreover, DCE-MRI monitors T1 changes in tumor
tissues over time after contrast administration of gadolinium
to quantify the tumor perfusion and vessel permeability [11,
12]. A quantitative evaluation can be made with perfusion
parameters including transfer constant (K"™"), rate constant
(K,p), fractional volume of the extravascular extracellular
space (V,), and initial area under the contrast agent concen-
tration—time curve (1IAUC) to identify benign and malignant
lesions and monitor tumor responses to treatment in the head
and neck [7]. Previous studies showed that quantitative DCE-
MRI has played an important part in improving the diagnosis
of parotid gland lesions [13—15]. However, those studies may

underwent DKI and DCE-MRI
(74 patients, n = 84)

Patients with parotid gland tumors histologically proven by surgical resection
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(1) MR images with poor quality and obvious motion artifacts
(2 patients, n= 2)

(2) Patients with previously treated or recurrent tumors
(2 patients, n = 2)
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Eighty parotid gland tumors of 70 patients were
available for analysis in the final study sample
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Fig. 1 Patients inclusion and exclusion flow diagram
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have some limitations, such as the relatively small sample
size. Up to now, none of the studies have demonstrated the
added value of combining DKI and DCE-MRI for PGT char-
acterization. We hypothesized that the combined use of DKI
and DCE-MRI could reflect the discrepancies in diffusion
and perfusion of PGTs. Therefore, the purpose of this study
was to evaluate whether DKI and DCE-MRI quantitative
parameters are beneficial for differentiating PGTs.

Materials and methods
Patients

The Institutional Review Board of our hospital approved this
retrospective study, and the requirement of written informed
consent was waived. Between January 2018 and September
2019, a total of 74 consecutive patients with PGTs histo-
logically proven by surgical resection and available DKI
and DCE-MRI sequences were retrospectively recruited. Of
these patients, 4 were excluded because of MR images with
poor quality and obvious motion artifacts (n=2), and previ-
ously treated or recurrent tumors (n=2). Finally, 70 patients
with 80 lesions were included in this study and were divided
into four groups including PAs (n=27), WTs (n=26),
OBTs (n=17), and MTs (n=10) (Fig. 1). The OBTs group
included 11 basal cell adenoma (BCA), 3 schwannoma, 1
hemolymphangioma, 1 oncocytic adenoma, and 1 cystad-
enoma. The MTs group included 4 mucoepidermoid carci-
noma, 2 lymphoma, 1 carcinoma ex pleomorphic adenoma,
1 acinic cell carcinoma, 1 salivary duct carcinoma, and 1
mammary analog secretory carcinoma.

MRI protocol

All patients underwent MRI on a 3.0-T scanner (Skyra;
Siemens Healthcare) with a 20-channel head/neck coil.
Conventional MRI protocols were obtained first, then DKI
using single-shot echo-planar imaging with fat suppres-
sion was performed with b-factors of 0, 1000, 1500, 2000,
and 2500 s/mm? with diffusion gradient applied along all

Table 1 Patient demographic information

three orthogonal gradient diffusion directions. T1 mapping
was performed prior to DCE-MRI sequence. A dose of
0.1 mmol/kg of gadobenate dimeglumine (Gd-DTPA, Mul-
tiHance, Bracco Diagnostics) was intravenously adminis-
tered through the median cubital vein at the rate of 2 ml/s,
followed by a 15-ml flush of saline. The parameters of MR
sequences are listed in Supplementary Material 1.

Image processing and analysis

The DCE-MRI processing was dealt with the commercial
software tool (Tissue 4D, Syngo.via; Siemens Healthcare).
The post-processing procedures are demonstrated in Sup-
plementary Material 2.

DKI images were processed using prototype software
(Body diffusion toolbox, Siemens Healthcare) and Diffusional
Kurtosis Estimator (DKE, version 2.5.1, www.musc.edu/cbi).
The DKI model is described as the following formula [16]:
Sb) 1.2,

S_o —exp<—b-D+gb D -K),

where D represents the diffusion coefficient for non-
Gaussian distribution and K represents the diffusion kurtosis
coefficient [17].

For evaluation of DCE-MRI data, the values of quan-
titative parameters were automatically calculated by plac-
ing a single region of interest (ROI) manually in the larg-
est enhanced solid portion of the lesion, excluding blood
vessel, hemorrhagic, necrotic, and cystic regions referred
to T2WI and contrast-enhanced T1WI. The corresponding
ROIs were drawn on DKI maps for K and D values using
the ImageJ software (version 1.8, National Institutes of
Health). Image analysis was conducted separately by two
radiologists blinded to histological diagnosis (Y.C. and N.H.,
with 2 and 8 years of experience in head and neck imaging,
respectively). The quantitative measurement results of two
readers were used to evaluate the interobserver agreement.
The quantitative parameter results measured repeatedly by
reader 1 with at least 1-month interval were used to evaluate
intraobserver agreement. Finally, the measurement results of
reader 1 were used for statistical analysis.

Benign tumors

Parameter Pleomorphic adenomas Warthin tumors Other benign tumors Malignant tumors Total p value*
No. of patients 27 17 16 10 70

No. of men 7 14 8 5 34 >.99
Age (year) 45+13 (21-66) 59+9 (42-78) 57+15 (38-78) 46+ 14 (21-69) 51+14(21-78) .20

Mean values are + standard deviation. Data in parentheses are ranges

“p values are for the differences between benign and malignant tumors
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Fig.2 A 67-year-old man with
Warthin tumor in the left parotid
gland (white arrow). DCE-MRI
parameter maps showed the

K, (a), V, (b), and K™ (c)
values of 2.02 min~', 0.19, and
0.38 min~!, respectively. d D
map demonstrated that the mass
showed hypointensity compared
with neighboring normal-
appearing muscle, with a D
value of 0.90x 107> mm? /s

DKI and DCE-MRI analysis between benign
and malignant PGTs

The comparisons of quantitative parameters between
benign and malignant tumors are summarized in Supple-
mentary Material 3 (Table E2). The D value of benign
tumors (median 1.50, IQR [1.04—1.86]x 10~> mm?/s) was
significantly higher than that of malignant tumors (1.10,
[0.88-1.29] x 1073 mm?/s) (p =0.02). The cutoff value of D
was 1.24 x 107> mm?/s (AUC, 0.73; accuracy, 69% [55/80])
(Supplementary Material 3, Table E3). Additionally, there
were insignificant differences in K, K™, K., V., and iAUC
values between the two groups (all p > 0.05).

DKI and DCE-MRI analysis between four groups
of PGTs

The Kruskal-Wallis H test revealed that there were
statistically significant differences in all quantitative

@ Springer

parameters among different groups of PGTs (all p <0.001),
and the comparisons of quantitative parameters of PGTs
are summarized in Table 2. For DCE-MRI parameters,
as exhibited in Figs. 2, 3, 4, and 5, the K"™" value of
PAs (0.12, [0.07-0.18] min~') was significantly lower
than that of WTs (0.38, [0.28-0.45] min~!), OBTs (0.28,
[0.11-0.50] min™"), and MTs (0.30, [0.14-0.50] min~")
(adjusted p <0.001,=0.008, and 0.009, respectively).
Moreover, the K., value of WTs (1.89, [1.46-2.31] min™")
was significantly higher than that of PAs (0.34, [0.21-0.55]
min~"), OBTs (1.22, [0.27-1.67] min~"), and MTs (0.71,
[0.50-1.23] min~!) (adjusted p <0.001,=0.01, and 0.047,
respectively). Meanwhile, the V. value of WTs (0.20,
[0.15-0.25]) was significantly lower than that of PAs
(0.36, [0.24-0.43]), OBTs (0.28, [0.25-0.41]), and MTs
(0.35, [0.26-0.45]) (adjusted p <0.001,=0.001, and 0.001,
respectively). Additionally, the iAUC value of PAs (0.13,
[0.08-0.22] mmol-s/kg) was significantly lower than that
of WTs (0.25, [0.21-0.30] mmol-s/kg) and MTs (0.32,
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Fig.3 A 24-year-old man with
mucoepidermoid carcinoma

in the right parotid gland
(white arrow). DCE-MRI
parameter maps showed the
K, (a), V, (b), and K™ (c)
values of 0.90 min~?, 0.61, and
0.55 min~!, respectively. d D
map demonstrated that the solid
portion of the mass showed
hypointensity compared with
neighboring normal-appearing
muscle, with a D value of
1.46x 107> mm? /s

[0.18-0.37] mmol-s/kg) (adjusted p=0.002 and 0.007,
respectively).

For DKI parameters, the D values of both MTs
(1.10, [0.88-1.29]1x 10> mm?*/s) and WTs (0.97,
[0.89-1.27]x 107> mm?/s) were significantly lower than
those of PAs (1.81, [1.60-2.20] X 10~ mm?/s) (both
adjusted p <0.001 for MTs and WTs) and OBTs (1.57,
[1.32-1.89]x 10~ mm?%/s) (adjusted p =0.03 for MTs
and < 0.001 for WTs), respectively. Moreover, the K value
of PAs (0.51, [0.47-0.62]) was significantly lower than that
of MTs (0.87, [0.69—-1.01]) (adjusted p=0.001); the K value
of WTs (0.99, [0.84—1.09]) was higher than that of PAs and
OBTs (0.64, [0.56-0.71]) (both adjusted p < 0.001).

The diagnostic performances between the four groups are
summarized in Table 3. ROC analyses showed that in dif-
ferentiating PAs from WTs, K (cutoff value, <0.72; AUC,
0.99; accuracy, 98% [52/53]) showed optimal diagnostic
performance, which was better than that of V, and iAUC
(both p=0.003), but the difference in AUC between K and

Kans Kep, or D did not reach significance (p=0.08, 0.50,
and 0.20, respectively). In differentiating PAs from OBTs,
the cutoff value of K™ was 0.21 min~' (AUC, 0.77; accu-
racy, 80% [35/44]). In differentiating PAs from MTs, D (cut-
off value,>1.46 X 1073 mm2/s; AUC, 0.96; accuracy, 92%
[34/37]) showed optimal diagnostic performance, but the
difference in AUC between D and K", iAUC, or K did not
reach significance (p =0.14, 0.08, and 0.40, respectively).
In differentiating WTs from OBTs, K (cutoff value, >0.72;
AUC, 0.97; accuracy, 93% [40/43]) showed optimal diag-
nostic performance, which was significantly better than
that of Kep (p=0.01), but the difference in AUC between K
and V, or D did not reach significance (p=0.13 and 0.11,
respectively). In differentiating WTs from MTs, V, (cutoff
value, > 0.23; AUC, 0.92; accuracy, 78% [28/36]) showed a
higher AUC than K, but the difference did not reach sig-
nificance (p=0.33). The cutoff value of D was 1.24 x 10
mm?/s in differentiating OBTs from MTs (AUC, 0.88; accu-
racy, 82% [22/27]).
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Fig.4 A 34-year-old man with
pleomorphic adenoma in the
left parotid gland (white arrow).
Dynamic contrast-enhanced
MRI parameter maps showed
the K., (a), V, (b), and K0S (¢)
values of 0.30 min~', 0.51, and
0.15 min~!, respectively. d D
map demonstrated that the mass
showed slightly hypointensity
compared with neighboring
normal-appearing muscle, with
a D value of 1.85x 10~ mm® /s

Excellent inter- and intraobserver agreement for DKI and
DCE-MRI parameters was achieved with ICCs ranging from
0.92 to 0.99 (see Supplementary Material 4 for details).

DKI and DCE-MRI analysis between solid
and predominantly cystic of WTs

To overcome the possible influence in DKI and DCE-MRI
parameters caused by heterogeneity of Warthin tumors, we
further compared these parameters derived from the solid
portion between Warthin tumors with solid and predomi-
nantly cystic forms. Of 26 Warthin tumors, 20 (77%) were
presented as predominantly solid masses, which included
completely solid or solid tumor with small cystic compo-
nents, and 6 (23%) were presented as predominantly cystic
entities. No significant differences were found in all param-
eters between predominantly solid and predominantly cystic
Warthin tumors (p=0.12, 0.05, 0.70, 0.98, 0.66, and 0.22 for

Ktrans, Kep, V., 1AUC, D, and K value, respectively).

@ Springer

Stepwise discrimination among four groups of PGTs
using DKI and DCE-MRI

Initially, PAs, OBTs, and MTs were classified as one
group for the reason that there were significant differ-
ences in K., and V, values between these three groups of
tumors and WTs. Both K, and V, values helped discrimi-
nate WTs from PAs, OBTs, and MTs, with a cutoff value
of > 1.06 min~' for K., (accuracy, 84% [67/80]) and <0.28
for V, (accuracy, 74% [59/80]). Moreover, the combination
of K., and V, values generated the better diagnostic per-
formance (accuracy, 89% [71/80]) than V, (AUC, 0.93 vs
0.86; p=0.03) and was finally applied to distinguish WTs
from the other three groups of PGTs (Table 4).
Subsequently, PAs and OBTs were classified as one
group for the reason that lower D value was found in MTs
than the other two entities. The D value was useful for dif-
ferentiating MTs from PAs and OBTs, with a cutoff value
of < 1.46 x 107> mm?/s (accuracy, 85% [46/54]) (Table 4).
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Fig.5 Box-and-whisker plots show mean DCE-MRI and DKI quanti-
tative parameters for all cases. Boundaries of boxes indicate 25th and
75th percentiles, and lines in boxes indicate medians. PA pleomorphic

Eventually, the K"™" value was used to differentiating
PAs from OBTs resulted from the lower K"™" value of
PAs with a cut-off value of <0.21 min~! (accuracy, 80%
[35/44]) (Table 4). From this aspect, a stepwise distin-
guishable diagnostic diagram was put up for discrimi-
nating the four groups of PGTs consisting of PAs, WTs,
OBTs, and MTs (Table 5 and Fig. 6). The diagnostic dia-
gram provided high accuracy for the differential diagno-
sis of WTs and MTs of 89% (71/80) and 91% (73/80),
respectively, and modest accuracy for both PAs and OBTs
of 78% (62/80).

Discussion

DKI and DCE-MRI have been widely used in head and
neck regions [19, 20]. However, to our knowledge, the
diagnostic performance of combined DKI and DCE-MRI
models in the field of PGTs has not been assessed in the
existing studies. Our current study showed that DKI and
DCE-MRI can elucidate the diffusion and perfusion char-
acteristics of PGTs and provided a stepwise diagnostic
diagram to distinguish common PGTs with modest to
high accuracy (78-91%). These findings suggest that DKI
and DCE-MRI quantitative parameters may facilitate the
understanding of the pathophysiological characteristics of
PGTs.

adenoma, WT Warthin tumor, OBT other benign tumor, MT malig-
nant tumor. *p <.05; **p <.01; ***p <.001

The D value derived from DKI is the corrected diffu-
sion-related coefficient for non-Gaussian bias, and there
is a strong inverse association with the tumor cellular
density and nucleus-to-cytoplasm ratios [19]. Previously,
Qian et al. [10] showed that no significant difference was
found in the D value between the benign and the malignant
tumors. They implied that low D value in WTs mainly
accounted for low D value in benign PGTs and there was
possibly a slight difference of D value by increasing the
sample size. In this study, with a relatively big sample
size, the mean D value was the only significant param-
eter in distinguishing the benignity from the malignancy,
which was consistent with the hypothesis. In subgroup
comparisons, a previous study [9] demonstrated that PAs
had higher D value whereas WTs and MTs had relatively
lower D value, which was in good agreement with our
results. Histologically, the high D value in PAs resulted
from the abundant myxoid and chondroid matrices [10].
Flourishing cells, enlarged nuclei, and smaller extracel-
lular space in MTs [21] and high cellularity that resulted
from rich lymphoid tissue—related interstitium in WTs [22,
23] help explain the low D value. Notably, in this study,
D was used for the second step in the stepwise diagnostic
diagram instead of K, due to the fact that the difference of
K value between OBTs and MTs was not statistically sig-
nificant, which was incompatible with the previous study
[9]. The chief reasons for it may be different histopatho-
logical subtypes of OBTs and MTs and different b-value
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Table 3 Optimal cutoff values and diagnostic performance of DKI and DCE-MRI parameters for differentiating four groups of PGTs

Parameters Cutoff value AUC Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
Pleomorphic adenomas vs. Warthin’s tumors

Krans 0.21 0.93 93 (25/27) 88 (23/26) 91 (48/53) 89 (25/28) 92 (23/25)

K., 1.06 0.99 100 (27/27) 92 (24/26) 96 (51/53) 93 (27/29) 100 (24/24)

Ve 0.28 0.82 63 (17/27) 96 (25/26) 79 (42/53) 94 (17/18) 71 (25/35)

iAUC 0.19 0.83 74 (20/27) 88 (23/26) 81 (43/53) 87 (20/23) 77 (23/30)

D 1.43 0.95 93 (25/27) 96 (25/26) 94 (50/53) 96 (25/26) 93 (25/27)

K 0.72 0.99 96 (26/27) 100 (26/26) 98 (52/53) 100 (26/26) 96 (26/27)
Pleomorphic adenomas vs. other benign tumors

K'rans 0.21 0.77 93 (25/27) 59 (10/17) 80 (35/44) 78 (25/32) 83 (10/12)
Pleomorphic adenomas vs. malignant tumors

Krans 0.13 0.86 59 (16/27) 100 (10/10) 70 (17/37) 100 (16/16) 48 (10/21)

iAUC 0.15 0.84 59 (16/27) 100 (10/10) 70 (17/37) 100 (16/16) 48 (10/21)

D 1.46 0.96 93 (25/27) 90 (9/10) 92 (34/37) 96 (25/26) 82 (9/11)

K 0.54 0.93 70 (19/27) 100 (10/10) 78 (29/37) 100 (19/19) 56 (10/18)
Warthin’s tumors vs. other benign tumors

K, 1.51 0.79 73 (19/26) 76 (13/17) 74 (32/43) 83 (19/23) 65 (13/20)

V., 0.23 0.88 69 (18/26) 94 (16/17) 79 (34/43) 95 (18/19) 67 (16/24)

D 1.05 0.90 73 (19/26) 100 (17/17) 84 (36/43) 100 (19/19) 71 (17/24)

K 0.72 0.97 100 (26/26) 82 (14/17) 93 (40/43) 90 (26/29) 100 (14/14)
Warthin’s tumors vs. malignant tumors

K, 0.98 0.86 92 (24/26) 80 (8/10) 89 (32/36) 92 (24/26) 80 (8/10)

V., 0.23 0.92 69 (18/26) 100 (10/10) 78 (28/36) 100 (18/18) 56 (10/18)
Other benign tumors vs. malignant tumors

D 1.24 0.88 82 (14/17) 80 (8/10) 82 (22/27) 88 (14/16) 73 (8/11)

DKI diffusion kurtosis imaging, DCE-MRI dynamic contrast-enhanced MRI, PGTs parotid gland tumors, AUC the area under the curve, PPV
positive predictive value, NPV negative predictive value, K diffusion kurtosis, D diffusion coefficient, K" transfer constant from plasma to
extravascular extracellular space, K,, rate constant from extravascular extracellular space to plasma, V, fractional volume of the extravascular
extracellular space, iAUC initial area under the contrast agent concentration—time curve. Data in parentheses are the numerator and denomina-
tor used%to cazlculate percentages. K, and K" values are expressed in min~'; iAUC values are expressed in mmol-s/kg. D values are expressed
inX 107 mm-/s

Table 4 Optimal cutoff values and diagnostic performance of DKI and DCE-MRI parameters for stepwise discrimination

Parameters Cutoff value AUC Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)
WTs vs. PAs+OBTs+MTs

K, 1.06 0.90 92 (24/26) 80 (43/54) 84 (67/80) 69 (24/35) 96 (43/45)

Ve 0.28 0.86 96 (25/26) 63 (34/54) 74 (59/80) 56 (25/45) 97 (34/35)

Kepi Ve - 0.93 92 (24/26) 87 (47/54) 89 (71/80) 77 (24/31) 96 (47/49)
MTs vs. PAs+OBTs

D 1.46 0.93 90 (9/10) 84 (37/44) 85 (46/54) 56 (9/16) 97 (37/38)
PAs vs. OBTs

Krans 0.21 0.77 93 (25/27) 59 (10/17) 80 (35/44) 78 (25/32) 83 (10/12)

DKI diffusion kurtosis imaging, DCE-MRI dynamic contrast-enhanced MRI, AUC area under the ROC curve, PPV positive predictive value,
NPV negative predictive value, WTs Warthin tumors, PAs pleomorphic adenomas, OBTs other benign tumors, M7s malignant tumors, K, rate
constant from extravascular extracellular space to plasma, V, fractional volume of the extravascular extracellular space, D diffusion coefficient,
K™ transfer constant from plasma to extravascular extracellular space. Data in parentheses are the numerator and denominator used to calculate
percentages. K, and K™ values are expressed in min~'; D values are expressed inx 10™> mm?/s

selection in DKI scan parameters in the two studies [24].
However, ROC curve analysis showed that the K value
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can provide a high accuracy in differentiating WTs from
PAs and OBTs. The K value can quantify the degree of
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Table 5 Diagnostic accuracy with the combination of DKI and DCE-
MRI parameters for the differentiation of PGTs

DKI/DCE-
MRI criteria
Parameters K, +V, D Ktrans Diagnostic
accuracy
(%)
WT K.,> 1.06, - - 89 (71/80)
V,<0.28
MT K., <1.06, <1.46 - 91 (73/80)
V.>0.28
PA K., <1.06, >1.46 <0.21 78 (62/80)
V,>0.28
OBT K.,<1.06, >1.46 >0.21 78 (62/80)
V.>0.28

DKI diffusion kurtosis imaging, DCE-MRI dynamic contrast-
enhanced MRI, PGTs parotid gland tumors, WT Warthin tumor, MT
malignant tumor, PA pleomorphic adenoma, OBT other benign tumor,
K,, rate constant from extravascular extracellular space to plasma, V,
fractional volume of the extravascular extracellular space, D diffusion
coefficient, K™ transfer constant from plasma to extravascular extra-
cellular space. Data in parentheses are the numerator and denomina-
tor used to calculate percentages. K., and K" values are expressed
in min~'; D values are expressed in x 10 3 mms

non-Gaussian distribution and tend to move together with
cellular heterogeneity and tissue complexity [21]. The
higher K value of WTs might be attributed to the complex
microstructure within tumor, including various propor-
tions of epithelia with papillary proliferation, lymphoid
tissue, and cystic components filled with mucoid in his-
topathology [25]. Hence, our findings suggest that the K
value evaluated preoperatively may aid in differentiating
PGTs.

K" derived from DCE-MRI chiefly depends on blood
flow in tissue and capillary permeability [19, 26]. Our find-
ings discovered that K™" was the only useful imaging

marker for distinguishing PAs from OBTs, which was incon-
sistent with the previous study [14]. In our study, BCAs
accounted for the majority of OBTs, which possibly to some
extent affected the K™ value in the OBTs. Hence, the sig-
nificant differences in K" value were related to the com-
parative higher K™" value of BCAs. Histologically, com-
pared with PAs, BCAs are short of mesenchymal component
and chondromyxoid stroma but have a great deal of vascular
architecture [27]. The different histological features may be
the dominant reason; another one may be various pathologi-
cal types but small sample size in OBTs in our study. Further
studies with a bigger sample size are mandatory to analyze
the differences of quantitative parameters between PAs and
OBTs. V, has a strong correlation with tissue necrosis and
cellularity and K., is equal to the ratio of K™ to V, [19, 26].
In our study, WTs had the highest K, value but lowest V,
value than the other three groups, which was in accord with
the previous study [13, 14]. In the study by Yabuuchi et al.
[13], the differences in K, and V, values reached statisti-
cal significance among four types of PGTs and particularly,
the use of the K, value extremely promoted the diagnostic
efficacy in the decision tree analysis. Histologically, limited
extracellular and extravascular space in WTs [14] results
in high K, value but low V, value. Accordingly, with the
characteristic presentations of perfusion parameters (high
K., value and low V, value), WTs could be effectively dif-
ferentiated from the other three groups.

In our current study, the improved diagnostic performance
was found in the combination of K, and V, values for
differentiating WTs from the other three groups, indicating
K., and V. values could be the optimal quantitative
parameters for the diagnosis of WTs. Moreover, favorable
sensitivity, specificity, and accuracy were also investigated in
D value for the differentiation of MTs from PAs and OBTs,
implying D value may conduce to the differential diagnosis.
Furthermore, our study showed that K™ value avails to

Fig.6 Graph shows stepwise
discrimination of four groups of

PA, WT, OBT, MT

parotid gland tumors, includ-
ing Warthin tumors, malignant

[
| Kep>1.06andV,<0.28 |

tumors, pleomorphic adenomas,
and other benign tumors using
DCE-MRI parameters and diffu-
sion coefficient. PA pleomor-
phic adenoma, WT Warthin
tumor, OBT other benign tumor,
MT malignant tumor. Units for
quantitative parameters: K, and
K" are expressed in min~'; D
are expressed in x 107> mm? /s

]
Kep = 1.06 and V. > 0.28

PA, OBT, MT

Ktrans > .21
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further discriminating PAs from OBTs. As a result, in the
manner of the stepwise diagram combining DCE-MRI- and
DKI-derived parameters, these common histological types of
PGTs could be well differentiated. Regardless, the validation
and correction of the criteria still need to be made with a
larger sample size in further studies.

There are several limitations to our study. First, this was a
retrospective study that may generate bias in case selection
and the sample size of patients with malignant tumor was
relatively small. Further study with a larger sample size is
required to confirm our results. Second, magnetic suscep-
tibility artifacts with anatomic distortions may inevitably
exert an influence on the measurements and corresponding
results. Various available DKI sequences like the readout-
segmented echo-planar imaging (RS-EPI) technique may
be offered as a solution. Third, our study applied DKI and
DCE-MRI for PGTs. Further studies with multimodal imag-
ing using intravoxel incoherent motion (IVIM) and arterial
spin labeling (ASL) will improve the results.

In conclusion, our study demonstrated that DKI and
DCE-MRI are useful for characterizing common PGTs.
Additionally, a stepwise diagnostic diagram was put up
based on the combined use of DCE-MRI parameters and
the diffusion coefficient to improve the diagnostic ability. In
the future, studies with a more abundant and larger sample
size are necessary to help scrutinize, optimize, and validate
our stepwise diagram and expand the applications of DKI
and DCE-MRI to other parotid gland diseases.
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Study subjects and cohort overlap Some patients in the present study
cohort overlapped one of our studies, in which we used readout seg-
mentation of long variable echo-trains diffusion-weighted imaging and
quantitative dynamic contrast-enhanced MRI (DCE-MRI) with ROI
measurements to differentiate parotid tumors. As for the DCE-MRI
part, 69 cases (56.1%) overlapped in these two studies. In that study, the
temporal resolution, duration of dynamic sequence and diffusion tech-
nique, and calculated mode were far different from our present study.

Methodology

o Retrospective

e diagnostic or prognostic study
e performed at one institution
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bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
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