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Background: Tumor apparent diffusion coefficient (ADC) measurements may be influenced by region of
interest (ROI) sizes; however, this effect has not been systematically studied in parotid tumors. Our purpose
was to determine the effects of ROI size on ADC measurements for the differentiation of pleomorphic
adenoma (PA), Warthin tumor (WT), and normal parotid parenchyma.

Methods: Sixty-five patients including 37 with PA (lesions, n=37) and 28 with WT (lesions, n=36) were
examined with diffusion-weighted imaging (DWI). Participants with normal contralateral parenchyma of the
parotid gland constituted the control group (n=56). The mean ADC values and standard deviations (SDs)
of the ADC (ADCqp) of 12 concentric round ROIs (areas: 9, 28, 34, 50, 60, 82, 93, 98, 115, 130, 136, and
149 mm’) for tumors and normal tissue were measured by using custom-made software. Homogeneity index,
which was defined by the ADCgp/mean ADC, was also calculated. One-way repeated analyses of variance
(ANOVAs) were performed on the mean ADCs, ADCqps, and homogeneity indices of the 12 ROIs in each
group. The three parameters at different ROIs among PA, W, and normal parotid parenchyma were
compared using Kruskal-Wallis tests.

Results: There was excellent agreement for the ADC measurements with the 12 ROIs for PA [intraclass
correlation coefficient (ICC), 0.98], WT (ICC, 0.99), and normal parotid parenchyma (ICC, 0.95).
No significant differences were observed in the mean ADCs of the 12 ROIs for each of the three
groups (P=0.744-0.990). Among the three groups, the mean ADC of normal parotid parenchyma
[(0.9420.003)x10™ mm?/s] was significantly lower than that of both PA [(1.72+0.01)x10” mm?/s] and WT
[(1.16£0.01)x10” mm?/s] in the 12 ROIs, whereas the PA group had the highest mean ADC values. No
significant differences were found in the mean ADCgps with each ROI between PA and WT (all P>0.017).
PAs had lower homogeneity indices compared with WTs and normal parotid parenchyma (all P<0.01).
Conclusions: The effect of ROI size on ADC measurements could be excluded from the differentiation
of PA, WT, and normal parotid parenchyma. Homogeneity index was a useful parameter in discriminating
between the three groups.
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Introduction

Magnetic resonance imaging (MRI) has become increasingly
important in the diagnosis and evaluation of various diseases
in clinical practice because of the advantages of multiple
soft-tissue contrasts and absence of ionizing radiation. For
parotid gland tumors, MRI is valuable for identifying tumor
location and extension, and the relationship between the
tumor and the facial nerve (1-14). As a functional method
of MRI, diffusion-weighted imaging (DWI) with derived
apparent diffusion coefficient (ADC) can provide useful
information in the differentiation of various entities of
parotid tumors (15). Yerli ez al. reported that MRI combined
with DWI seemed to have similar diagnostic potential as
fine-needle biopsy in the differentiation of benign and
malignant parotid masses (4).

Some studies have investigated the possibility of
predicting different parotid gland tumors by using DWI
with ADC (16,17). However, the reported range of ADCs
for parotid masses varies dramatically across different
studies [e.g., pleomorphic adenoma (PA): 1.442x107
to 2.09x107° mm?/s; Warthin tumor (WT): 0.756x10"’
to 1.85x107” mm’/s; malignant tumor: 1.05x107 to
1.51x10” mm?/s] (2-6,10,18-20), which may be caused
by variation in sizes of the region of interest (ROI) (21—
1,474 mm’) (2,3,10,17). Many contradictions and arguments
inevitably arise between studies, and these issues remain
unresolved. Recently, some authors have reported on the
influences of ROI on ADC measurements of pancreatic
cancer, rectal cancer, etc. (21,22). However, the effects
of ROI size on ADC measurements in PA, WT, and
normal parotid parenchyma have not been systematically
studied. Therefore, the purpose of our study was to assess
the influence of ROI size on ADC measurements for
differentiating PA, WT, and normal parotid parenchyma.

Methods
Subjects

From June 2015 to August 2017, 37 patients (male, 16;
mean age, 42.8+15.4 years; range, 12-73 years) with
pathologically proven PA (37 lesions) and 28 patients (male,
27; mean age, 59.1x11.1 years; range, 36-86 years) with
pathologically proven WT (36 lesions) were enrolled. Nine
patients had bilateral WT. The mean lesion sizes were
25.68+9.23 mm (range, 16-46 mm) and 24.93+9.05 mm
(range, 15-53 mm) for PA and W, respectively. All of the

lesions were removed surgically, and final diagnosis was
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performed by histopathological examination of surgical
specimens. The ethics committee of our hospital approved
this retrospective study, and informed consent was waived
for all participants.

MRI procedure

All 65 participants preoperatively underwent MRI
examinations on a 3.0-T system (Ingenia, Philips Healthcare
Systems, The Netherlands) with a 20-channel phased array
head and neck coil. Conventional MRI protocols including
transversal single-shot echo-planar DWI (b-values of 0 and
1,000 s/mm’) were used. The main scan parameters and the
scanning order of MRI sequences are presented in Table 1.

Data analysis

A mono-exponential fitting model [ADC = In (SI,\/
STi1000)71,000] was used for the ADC map calculation on a
workstation (EWS, Extended WorkStation, Ingenia, Philips
Healthcare Systems). “SI;,,” and “SI, " indicate the signal
intensity of the DWI on b =0 and 1,000 s/mm’, respectively.
The “In” represents the natural logarithm. MRI data of
patients were anonymous and disorganized. Custom-made
software was used for the ADC measurements with defined
12 concentric round ROIs (areas: 9, 28, 34, 50, 60, 82, 93,
98, 115, 130, 136, and 149 mm”®). The largest ROT was
set to 149 mm’ considering the smallest lesion was 15 mm
in the study to make the ROI locatable in the lesion.
The ADCs of PA, WT, and normal parotid parenchyma
measured twice by two observers by consensus (Figure I).
ROIs were placed on the solid part of tumors and the
normal parotid parenchyma. The standard deviation (SD)
of the ADC (ADCgp) of each ROI was also calculated and
recorded.

Statistical analysis

Medcalc software (Version 13.0.0.0, MedCalc Software,
Belgium) was used for statistical analyses. The intraclass
correlation coefficients (ICCs) were calculated for the two
ADC measurements. The homogeneity indices (defined
by the SD/mean ADC within each ROI) were calculated
for the tumors/tissue at each ROI (23). The mean ADCs
and ADCgps were averaged between the two measurements
for further analyses. One-way repeated analysis of variance
(ANOVA) was used for the comparisons of mean ADCs,
ADCyps, or homogeneity indices of 12 ROIs in each group
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Table 1 The main parameters of MRI protocol

Sequences TR/TE (ms) FOV (mm) Matrix Lh:;)k:n: ;S)/ Flip angle (°) Slices NSA Ba?::;i )d th ?;;z(:
T2WI 3,000/85 240x240 368x209 4/0.4 90 24 2 514.6 1.8
DWI 2,250/68 190x222 192x192 4.5/0.45 90 14 5 37.8 25
TIWI 600/18 240x240 300x240 4/0.4 90 24 1.5 218.2 1.2

MRI, magnetic resonance imaging; TR, repetition time; TE, echo time; FOV, field of view; NSA, number of signal averaged; T2WI, T2-
weighted imaging; DWI, diffusion-weighted imaging; T1WI, T1-weighted imaging.

I

)

Figure 1 Apparent diffusion coefficient (ADC) measurements of Warthin tumor. (A) Axial T2WI; (B) axial pre-contrast T1-weighted
image (T1WT); (C) axial contrast-enhanced TIWT; (D) diffusion weighted image (b =1,000 s/mm?’) with clearly demarcated hyperintensity
compared with the surrounding and contralateral parotid gland tissues; (E) ADC map; (F) zoomed-in ADC map indicating the 12 concentric
round regions of interest (areas: 9, 28, 34, 50, 60, 82, 93, 98, 115, 130, 136, and 149 mm”) used for mean ADC measurements.

of PA, WT, and normal parotid parenchyma. Statistically post-hoc analyses with Conover test. Additionally, receiver-
difference was defined as a P value <0.05 in a two-sided operating characteristic (ROC) analyses were conducted
test. The comparisons of mean ADCs, ADCgps, and to determine the diagnostic performances of the three
homogeneity indices for each ROI size among the three parameters for differentiating between PA, W, and normal
groups were performed using Kruskal-Wallis tests and parotid parenchyma.
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Results

For the repeated ADC measurements, there was good or
excellent agreement (ICC, 0.78-0.99) between the two
measurements of PA, WT, and normal parotid parenchyma
for all the 12 ROIs. For the ADC values of the 12 ROIs
for PA, WT, or normal parotid parenchyma, there were
excellent agreements with ICCs 0.98, 0.99 and 0.95,
respectively. For mean ADCgp, values, good or excellent
agreements (ICC, 0.63-0.97) were found for the 12 ROIs
between the two measurements of PA or W'T. In the normal
parotid parenchyma, similar findings (ICC, 0.66-0.87) were
observed except in the ROI with an area of 9 mm”.

The mean ADCs of the PA, WT, and normal parotid
parenchyma with the 12 ROIs ranged from 1.71x10” to
1.73x10” mm?/s, from 1.15x107 to 1.17x10” mm?/s, and
from 0.94x107 to 0.95x10” mm?/s respectively. ANOVA
results revealed that there were no significant differences
in mean ADCs with the 12 ROIs for all three groups
(P=0.744-0.990). Significant differences were found for
the mean ADCs among the three groups with each defined
ROL. The post-hoc results showed that the mean ADCs
of PA were the highest in the three groups (P<0.017). In
addition, the mean ADCs of W'T were higher than those
of normal parotid parenchyma (P<0.017) with each defined
ROI. The mean ADCgps of the PA, WT, and normal
parotid parenchyma with 12 ROIs ranged from 0.09x10” to
0.21x107 mm?/s, from 0.11x107 to 0.23x10” mm?/s, and
from 0.14x10” to 0.25x10”° mm?/s respectively. ANOVA
results revealed that the differences of mean ADCgpg
obtained from the 12 ROIs were significant for all three
groups (all P<0.001). No significant differences in the mean
ADCgps with each ROI between PA and W'T (all P>0.017).
For the homogeneity indexes, the mean homogeneity
indexes of the PA, WT, and normal parotid parenchyma
with 12 ROIs ranged from 0.05 to 0.13, from 0.10 to
0.19, and from 0.16 to 0.27, respectively. ANOVA results
revealed that the differences of mean homogeneity indexes
obtained from the 12 ROIs were significant for all three
groups (all P<0.001). Significant differences were found
for the mean homogeneity indices among the three groups
with each defined ROI (all P<0.001). PAs had a significantly
lower homogeneity index compared with WTs and normal
parotid parenchyma (all P<0.01). The parameters of the
three groups with the 12 ROIs are summarized in Table 2
and presented in Figure 2 with box plots.

ROC analysis results revealed no differences in the
accuracy of the ADCs in differentiating between any
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two groups of PA, WT, and normal parotid parenchyma
(Tables 3-5) when the ROI size was =9 mm’. For the
homogeneity index, the values of area under curve (AUC)
for differentiating PA from W, PA or WT from normal
parotid parenchyma were 0.730-0.749 (Table 5), 0.915-0.955
(1able 3), and 0.723-0.793 (Table 4) respectively. There were
no differences in the accuracy of the homogeneity index
in differentiating between PA and WT or normal parotid
parenchyma for the 12 ROIs (all P>0.05). Similar findings
were observed in differentiating between WT and normal
parotid parenchyma when the ROI size was above 9 mm’.

Discussion

MRI is a useful tool for discriminating between benign
and malignant parotid gland tumors. As a functional MRI
technique, DWI can be used to non-invasively explore the
Brownian motion of water molecules iz vivo. The quantified
ADC can be used to measure the changes in composition
of tissues (2-6,8,14-20,24,25). In parotid imaging, DWI
is helpful for parotid tumor detection, and a few studies
have reported that WT had lower ADCs than those in PA
(3,4,10,13,18,25). In our study, the mean ADC of WT was
also significantly lower than that of PA for the 12 ROIs,
which is in agreement with previously reported results.

No formal recommendation has been reported for
ADC measurements for parotid lesions, and few studies
assessed the influence of ROI on ADC measurements in
PA, WT, and normal parotid parenchyma. Previous studies
using ROI sizes for ADC measurements of parotid tumors
vary greatly, ranging from 21 to 1,474 mm’(2,3,10,17).
Fruehwald-Pallamar ez a/. reported the difference in ADC
values for PA and WT by using large ROIs and a standard-
size ROI (round, 0.5 ecm’) respectively (20). However, the
study did not report comparisons of the ADCs for the PA
or WT groups using the two ROIs. Notably, the present
results indicate that ROI has no significant influence on
differentiating between PA, W, and normal parotid
parenchyma (P=0.744-0.990). The ADCg,s or homogeneity
index increased with increasing ROI size for PA, W, or
normal parotid parenchyma. However, ROC analysis results
revealed no differences in the accuracy of the homogeneity
index in differentiating between any two groups for PA,
WT, and normal parotid parenchyma for the 12 ROIs (all
P>0.05) when the ROI size was above 9 mm’. We also
found that the ICCs were increasing with the ROI sizes for
the ADC measurements between the two measurements
(despite good or excellent agreement with ICC, 0.78-0.99)
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Figure 2 Box plots of the 12 regions of interest derived the mean apparent diffusion coefficient (ADC) (A), standard deviation (SD) of the

ADC (ADCgp) (B), and homogeneity index (C) for normal parotid parenchyma, pleomorphic adenomas (PA), and Warthin tumors (WT).

The midline within each box represents the median value. Horizontal lines within boxes represent median values, vertical lines and whiskers

denote 95% ClIs. ROI, region of interest; CI, confidence interval.

Table 3 Diagnostic performances of the mean homogeneity indices obtained from the 12 ROIs for discriminating pleomorphic adenomas from

normal parotid parenchyma

(Rn%f)ize Cugﬁftmﬁles AUC + SE (95% Cl) Sensitivities (95% Cl)  Specificities (95% Cl) F();\)/ 'E';)\)/ '?;()3
9 0.07 0.944+0.024 (0.876-0.981) 83.8 (68.0-93.8) 92.9 (82.7-98.0) 88.6 897 89.3
28 W0.11 0.955+0.022 (0.891-0.987) 89.2 (74.6-97.0) 91.1 (80.4-97.0) 86.9 92.7 90.3
34 0.11 0.954+0.022 (0.890-0.987) 83.8 (68.0-93.8) 96.4 (87.7-99.6) 93.9 90.0 91.4
50 0.13 0.954+0.021 (0.890-0.987) 91.9 (78.1-98.3) 91.1 (80.4-97.0) 87.2 94.5 91.4
60 0.14 0.952+0.020 (0.887-0.986) 91.9 (78.1-98.3) 91.1 (80.4-97.0) 87.2 94.5 91.4
82 0.16 0.949+0.021 (0.882-0.984) 91.9 (78.1-98.3) 87.5 (75.9-94.8) 82.9 94.2 89.3
93 0.17 0.945+0.022 (0.878-0.982) 91.9 (78.1-98.3) 85.7 (73.8-93.6) 80.9 94.1 88.2
98 0.16 0.943+0.023 (0.874-0.980) 89.2 (74.6-97.0) 87.5 (75.9-94.8) 82.5 92.5 88.2
115 0.17 0.930+0.027 (0.857-0.972) 89.2 (74.6-97.0) 87.5 (75.9-94.8) 82.5 92.5 88.2
130 0.16 0.925+0.029 (0.852-0.970) 83.8 (68.0-93.8) 94.6 (85.1-98.9) 91.1 89.8 90.3
136 0.16 0.922+0.031 (0.847-0.967) 83.8 (68.0-93.8) 94.6 (85.1-98.9) 91.1 89.8 90.3
149 0.16 0.915+0.034 (0.839-0.963) 83.8 (68.0-93.8) 94.6 (85.1-98.9) 91.1 89.8 90.3

ROC, receiver operating characteristic curve; AUC, area under curve; ADC, apparent diffusion coefficient; SE, standard error; Cl,
confidence interval; ROI, region of interest; PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy.

for PA, WT, or normal parotid parenchyma. Thus, in the
clinical practice, we recommend that ROI should be as large
as possible according to the tumor sizes of PA and WT to
reduce possible measurement errors.

Wang et al. reported that ADCgp was an independent
predictor of WT in differentiating between PA and

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

carcinomas (26). However, in the current study, no
significant differences were observed in the mean ADCg,
values of the 12 ROIs between PA and W'T, which was
inconsistent with the reports of Wang er #/. The main
reason for the different findings may be that the sources of
patients in the two studies were different, and ROI methods
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Table 4 Diagnostic performances of the mean homogeneity indices obtained from 12 ROIs for discriminating Warthin tumor from normal

parotid parenchyma

(Rn?rLf)ize Cug?ftt‘;zes AUC = SE (95% Cl) Sensitivities (95% Cl)  Specificities (95% CI) T;)\)/ T(;\)/ ?OCA)C
9 0.09 0.723:0.056 (0.620-0.811) 55.6 (38.1-72.1) 82.1 (69.6-91.1) 666 742 717
28 0.15 0.784:0.049 (0.686-0.863) 66.7 (49.0-81.4) 78.6 (65.6-88.4) 667 786  73.9
34 0.17 0.793:£0.048 (0.696-0.870) 80.1 (64.0-91.8) 71.4 (57.8-82.7) 643 848 748
50 0.19 0.793:0.047 (0.696-0.871) 86.1 (70.5-95.3) 60.7 (46.8-73.5) 585 872 706
60 0.17 0.790:0.048 (0.693-0.868) 72.2 (54.8-85.8) 73.2 (59.7-84.2) 63.4 804 728
82 0.18 0.776:0.051 (0.677-0.857) 75.0 (57.8-87.9) 73.2 (59.7-84.2) 643 820 739
93 0.19 0.777+0.051 (0.679-0.857) 72.2 (54.8-85.8) 75.0 (61.6-85.6) 650 808 739
98 0.19 0.7790.052 (0.681-0.859) 75.0 (57.8-87.9) 75.0 (61.6-85.6) 659 824 750
115 0.19 0.7740.053 (0.675-0.855) 72.2 (54.8-85.8) 78.6 (65.6-88.4) 68.4 815  76.1
130 0.18 0.773:0.054 (0.674-0.854) 61.1 (43.5-76.9) 87.5 (75.9-94.8) 759 778  77.2
136 0.20 0.765:0.055 (0.665-0.847) 66.7 (49.0-81.4) 83.4 (67.6-89.8) 721 796 769
149 0.17 0.752:0.057 (0.652-0.837) 55.6 (38.1-72.1) 94.6 (85.1-98.9) 86.9 768 793

ROC, receiver operating characteristic curve; AUC, area under curve; ADC, apparent diffusion coefficient; SE, standard error; Cl,

confidence interval; ROI, region of interest; PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy.

Table 5 Diagnostic performances of the mean homogeneity indices obtained from the 12 ROIs for discriminating pleomorphic adenomas from

Warthin tumor

Fn?;lf)ize Opti\/'zz:s“mﬁ AUC + SE (95% Cl) Sensitivities (95% Cl)  Specificities (95% Cl) T;)\)/ 'E';\)/ '?;)()3
9 0.07 0.731:0.061 (0.615-0.828) 63.9 (46.2-79.2) 83.8 (68.0-93.8) 793 705 740
28 0.10 0.742+0.059 (0.627-0.838) 63.9 (46.2-79.2) 83.8 (68.0-93.8) 793 705 740
34 0.1 0.746:+0.059 (0.631-0.841) 63.9 (46.2-79.2) 83.8 (68.0-93.8) 793 705 740
50 0.12 0.740:0.059 (0.624-0.836) 61.1 (43.5-76.9) 91.1 (68.0-93.8) 87.0 706 763
60 0.12 0.735:0.059 (0.619-0.831) 61.1 (43.5-76.9) 81.1 (64.8-92.0) 759 682 712
82 0.14 0.734:0.059 (0.618-0.831) 61.1 (43.5-76.9) 81.1 (64.8-92.0) 759 682 712
93 0.14 0.730£0.059 (0.614-0.828) 55.6 (38.1-72.1) 83.8 (68.0-93.8) 770 660  69.9
98 0.14 0.734:0.059 (0.618-0.831) 61.1 (43.5-76.9) 78.4 (61.8-90.2) 733 674  69.9
115 0.17 0.738:0.058 (0.622-0.834) 50.0 (32.9-67.1) 89.2 (74.6-97.0) 81.8 647  69.9
130 0.12 0.734:0.059 (0.618-0.831) 80.1 (64.0-91.8) 56.8 (39.5-72.9) 643 746 683
136 0.12 0.742:0.058 (0.627-0.838) 77.8 (60.8-89.9) 62.2 (44.8-77.5) 66.7 742  69.9
149 0.12 0.749:0.058 (0.634-0.843) 86.1 (70.5-95.3) 50.5 (42.1-75.2 67.4 815 726

ROC, receiver operating characteristic curve; AUC, area under curve; ADC, apparent diffusion coefficient; SE, standard error; Cl,

confidence interval; ROI, region of interest; PPV, positive predictive value; NPV, negative predictive value; ACC, accuracy.
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used in the two studies for ADC and SD measurements
were different. It was worth mentioning that homogeneity
index may be a useful parameter in differentiating between
PA, WT, and normal parotid parenchyma. The higher
the index was, the more heterogeneous the ADC in the
area was. In particular, the homogeneity index had higher
accuracies in helping differential diagnosis of PA and WT
than with ADCs.

Some ROI methods including the whole-volume ROI,
selected-slice ROI, and small-sample ROI approaches
have been applied in tumor ADC measurements (22).
For the whole-volume method, ROIs cover the entire
tumor area on each tumor-containing slice. For the single-
slice method, ROIs cover the whole tumor on the largest
observed tumor area slice. For the small-sample method, a
round/oval RO is placed on the solid portion of the tumor.
The effects of ROI methods on ADC measurements have
been investigated in some tumors, and each ROI method
has its own advantages and disadvantages (27-29). Whole-
volume ROI can reduce inter- or intra-observer variability
in ADC measurements; however, it is time-consuming
and its application is limited in clinical practice (21,22).
Ma et al. reported that ADCs obtained from small-sample
ROIs could provide greater diagnostic performance than
the selected-slice or whole-volume ROI methods in the
assessment of pancreatic cancer (21). The small-sample ROI
method is the most commonly used in practice. In addition,
it is difficult to delineate ROI when using the whole-volume
or selected-slice ROI methods in WT with secondary
infection because of the untidy margin of tumors (30,31).
This being the case, the small-sample ROI approach was
used and assessed in the current study.

This study had some limitations. First, it was carried out
retrospectively, which made it difficult to control all aspects
of this study. Second, the patient population was relatively
small, and a larger sample size is needed to confirm the
results in the future. In addition, the effects of ROI sizes
on ADC measurements of malignant tumors of the parotid
gland were not investigated because of the limited cases of
malignant tumors of parotid gland in the data collection
of this study. Third, DWI was only performed with two
b-values (0 and 1,000 s/mm?) in the study; the choice of
b-values may cause the large range of ADCs, because it
has been shown that the lower the b-values, the higher the
contribution of perfusion, and the use of higher b values
may be more sensitive to reflect true diffusion (32). Ideally,
multi-b-value DWI should be used for more accurate
measurement of ADC (33). Fourth, we did not compare

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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the ADCs from different ROI approaches. This might have
led to bias in the results because different slices might be
able to have provided various ADCs. Finally, the influence
of image distortion on ADCs for parotid masses was not
analyzed. Imaging distortion and signal loss having potential
influences on ADCs of normal parotid parenchyma on
echo-planar DWI have been reported (34,35), and this
influence might have affected our results.

Our results revealed that ROI size had no significant
influence on the differentiation among PA, W, and normal
parotid parenchyma. Homogeneity index was a useful
parameter in differentiating between the three groups.
This study suggested that the effect of ROI size on ADC
measurements could be excluded from the differentiation of
PA, WT, and normal parotid parenchyma.
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