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Objective: To investigate whether MRI-
based texture
analysis improves diagnostic performance for the diagnosis of parotid gland tumors compared to conventional
radiological approach.
Methods: Patients with parotid gland tumors who
underwent salivary glands MRI between 2008 and 2019
were retrospectively selected. MRI analysis included a
qualitative assessment by two radiologists (one of which
subspecialized on head and neck imaging), and texture
analysis on various sequences. Diagnostic performances
including sensitivity, specificity, and area under the
receiver operating characteristic curve (AUROC) of
qualitative features, radiologists’ diagnosis, and radiomic
models were evaluated.
Results: Final study cohort included 57 patients with
74 tumors (27 pleomorphic adenomas, 40 Warthin
tumors, 8 malignant tumors). Sensitivity, specificity,
and AUROC for the diagnosis of malignancy were 75%,
97% and 0.860 for non-
subspecialized radiologist,
100%, 94% and 0.970 for subspecialized radiologist and
57.2%, 93.4%, and 0.927 using a MRI radiomics model
obtained combining texture analysis on various MRI
sequences. Sensitivity, specificity, and AUROC for the
differential diagnosis between pleomorphic adenoma
and Warthin tumors were 81.5%, 70%, and 0.757 for
non-
subspecialized radiologist, 81.5%, 95% and 0.882

for subspecialized radiologist and 70.8%, 82.5%, and
0.808 using a MRI radiomics model based on texture
analysis of T2 weighted sequence. A combined radiomics model obtained with all MRI sequences yielded
a sensitivity of 91.5% for the diagnosis of pleomorphic
adenoma.
Conclusion: MRI qualitative radiologist assessment outperforms radiomic analysis for the diagnosis of malignancy. MRI predictive radiomics
models improves the diagnostic performance of non-
subspecialized radiologist for the differential diagnosis
between pleomorphic adenoma and Warthin tumor,
achieving similar performance to the subspecialized
radiologist.
Advances in knowledge: Radiologists outperform radiomic analysis for the diagnosis of malignant parotid
gland tumors, with some MRI qualitative features such
as ill-
defined margins, perineural spread, invasion of
adjacent structures and enlarged lymph nodes being
highly specific for malignancy. A radiomic model based
on texture analysis of T2 weighted images yields higher
specificity for the diagnosis of pleomorphic adenoma
compared to a radiologist non-subspecialized in head
and neck radiology, thus minimizing false-positive pleomorphic adenoma diagnosis rate and reducing unnecessary surgical complications.

INTRODUCTION
Salivary gland tumors represent 2–6.5% of all head
and neck tumors,1,2 and 70% of them are located in
the parotid gland.3 Pleomorphic adenomas account
for 65% of parotid gland tumors, followed by Warthin

tumor in 15–20% and malignant lesions in about
10% of the cases.1–3 Parotid fine needle aspiration is
currently considered the gold-standard for diagnosis
prior to surgical management but it is limited by low
sensitivity and poor levels of diagnostic accuracy, with
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false-p ositive rates of pleomorphic adenomas and Warthin
tumor of 9 and 8%, respectively.4,5 The differential diagnosis between these three entities is crucial because of the
different management. For instance, pleomorphic adenomas
exhibit a higher recurrence rate after surgical removal than
Warthin tumors and have a higher incidence of malignant
transformation.1–8 Therefore, the recommended treatment
for Warthin tumors is enucleation, as it reduces the risk of
facial nerve damage,2 while superficial or total parotidectomy with preservation of mandibular branch of the facial
nerve, the hypoglossal nerve, and the lingual nerve is recommended for pleomorphic adenomas. In case of malignancy,
complete curative surgical resection of primary tumor, with
adequate free margins is the mainstay, and post-operative
radiotherapy is considered in patients with high risk factors.
MRI demonstrates a specificity of 86–100% for the diagnosis of
malignancy,9–12 while specificity of MRI is limited to up to 86%
for the diagnosis of pleomorphic adenomas.13,14 Prior studies
showed the potential role of some MRI features – i.e. multiplicity, margins, ADC values, T-peak enhancement, diffusion
kurtosis imaging – in improving the diagnostic performance
for the diagnosis of pleomorphic adenomas, but the results are
still limited.15–19 As radiomics mathematically quantifies tumor
heterogeneity uncovering tumor texture features that cannot
be fully appreciated by qualitative analysis of MRI images, we
hypothesize that textural analysis of different signal intensities
from parotid gland tumors may improve the diagnostic performance for their differential diagnosis, resulting in improved
lesion management. To our knowledge, only one prior study,20
investigated the use of MRI texture analysis for the diagnosis of
primary tumors of salivary glands and identified some texture
features that are significantly different between the three entities,
but providing only limited results for the differentiation between
pleomorphic adenomas and Warthin tumor (i.e. correctly classified data vectors: 50–82%), and lacking a comparison with the
diagnostic performance of radiologists, which still represent the
standard-of-care.
The purpose of our study was to investigate whether MRI-
based texture analysis improves diagnostic performance for the
diagnosis of malignant parotid tumors and for the differential
diagnosis between pleomorphic adenoma and Warthin tumor
compared to the conventional radiological approach.
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tumor and (b) underwent contrast-
enhanced parotid glands
MRI before pathology diagnosis.
This search yielded a target population of 94 consecutive patients.
Subjects were considered ineligible for this study in case of: (a)
lack of full-protocol preoperative MRI (n = 22); (b) pathology
diagnosis other than Warthin tumor, pleomorphic adenoma or
primary malignancy (e.g. cyst, metastasis, lipoma, inflammation,
uncertain pathological diagnosis) (n = 15).
Our final study population (Table 1) consisted of 57 patients
(mean age ±SD, 56 ± 18 years; range, 10–88 years), including 24
men (mean age ±SD, 55 ± 21 years; range, 10–88 years) and 33
women (mean age ±SD, 56 ± 16 years; range, 25–80 years). In
patients with multiple tumors a maximum of three pathologically proven lesions were selected by the study coordinator to
avoid clustering bias. Tumors smaller than 5 mm were excluded.
A total of 75 lesions (median maximum diameter, 1.7 cm; interquartile range, 1.4–2.2 cm, range, 0.6–5.5 cm) were analyzed.
MRI technique
All MRI examinations were performed using the same clinical 1.5
T MRI system (Achieva, Philips, Amsterdam, Netherlands). The
standard MRI protocol included axial and coronal turbo spin-
echo T1 and T2 sequences, three-dimensional T2 sequence, and
four sequences after contrast injection in the following order: a
three-dimensional T1 ultrafast spoiled gradient echo sequence,
axial spectral presaturation with inversion recovery (SPIR)
sequence, and axial and coronal turbo spin echo T1 sequence as
shown in Supplementary Table 1. All patients received a weight-
based intravenous dose of 0.1 ml/Kg mmol/kg of gadobenate
dimeglumine or gadoteridol (MultiHance or Prohance, respectively, Bracco Imaging Italia s.r.l., Milan, Italy).
MRI qualitative analysis
Two board-certified radiologists (not subspecialized in head and
neck radiology) evaluated the included lesions on an independent workstation using the HorosTM software (<https://www.
horosproject.org/>) by consensus, and blinded to the purpose of
the study and to the pathology information.

METHODS AND MATERIALS
The Ethical Committee of University Hospital "Paolo Giaccone"
approved this retrospective study and waived the requirement
to obtain patient approval or written informed consent for the
review of medical records or images.

The qualitative analysis of the tumor included morphological
and signal intensity features of the tumors – as shown in Supplementary Material 1 – and was similar to a prior study by Christe
et al.21 Furthermore, the readers evaluated the presence of lesion
capsule, hemorrhage, cystic degeneration, restricted diffusion, as
well as features of adjacent organs invasion including perineural
spread, invasion of adjacent structures, and enlarged lymph
nodes.21–23

Study cohort
The departmental electronic database of our tertiary referral
academic center was searched for consecutive patients with
parotid gland tumors submitted to parotid glands MRI between
November 2008 and April 2019. Patients were eligible for inclusion if they had: (a) pathologically confirmed parotid gland

Finally, two others independent readers, the first one with 7 years
of experience in radiology, but not subspecialized in head and
neck radiology, the second with European diploma in radiology
on head and neck radiology and 30 years of experience, not
involved in the assessment of the qualitative and quantitative
features of the tumors, blinded to the purpose of the study
and to the pathology information, were asked to provide their
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Table 1. Characteristics of the included patients

Characteristics

Number (%)

Patients

57

Sex
 Males

24 (42.1)

 Females

33 (57.9)

Age (years)

56 ± 18

Tumors

75

Histopathological diagnosis
Pleomorphic adenoma

27 (36.0)

Warthin tumor

40 (53.3)

Malignant tumors

8 (10.7)

 Carcinoma

6 (8.0)

 Squamous cell carcinoma NOS n = 3
 Epithelial-myoepithelial carcinoma n = 1
 Mucoepidermoid carcinoma n = 1
 Carcinoma ex pleomorphic adenoma n = 1
Diffuse large B-cell lymphoma (Mature B-cell neoplasms: Marginal zone lymphoma
(sec WHO 2017 Classification of tumors of haematopoietic and lymphoid tissues)

1 (1.3)

Metastasis

1 (1.3)

NOS, Not otherwise specified.

Footnotes: Age is expressed ad mean ± standard deviation, size is expressed as median and interquartile range (25th to 75th
percentile), after testing for normal distribution. Categorical variables are expressed as numbers and percentages in parenthesis.

diagnostic suspicion among pleomorphic adenoma, Warthin
tumor or malignancy.
MRI texture analysis
A radiology fellow (trained in head and neck radiology), blinded
to the pathology result and not involved in prior imaging interpretation, performed tumor segmentation and texture feature
extraction. Segmentation was performed in four MRI data sets
in axial images, on pre- and post-contrast axial turbo spin echo
T1 sequences, SPIR sequences, and T2 weighted turbo spin echo
sequences. Due to the retrospective study design, some sequences
were not available in few patients, including postcontrast T1
sequence in 14 patients with 18 lesions and SPIR sequence in 4
patients with 7 lesions.

Figure 1. Manual and standardized regions of interest drawn
on each sequence for different parotid gland tumors. Of note,
SPIR sequence is T1 weighted and acquired post-
injection.
SPIR, spectral presaturation with inversion recovery.

Tumor segmentation was performed using a freely available
texture analysis software (MaZda 4.6, Institute of Electronics,
Technical University of Lodz, Lodz, Poland)24 using both a
manual region of interest (ROI) contouring the lesion and
covering the largest possible lesion area of the tumor and standardized ROI (i.e. fixed morphology, size and area) (Figure 1).
Each ROI was performed on two different contiguous slices in
which the tumor had the largest diameter in each of the four
sequences (i.e. pre- and post-contrast axial turbo spin echo T1
sequences, SPIR sequences, and T2 weighted turbo spin echo
sequences).
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Table 2. Imaging characteristics between different salivary gland tumors

Size (cm)

Pleomorphic
adenoma
(n = 27)

Warthin
tumor
(n = 40)

Malignant
tumors
(n = 8)

p values
Overall

p values
Benign vs
malignant

p values
Pleomorphic vs
Warthin

1.8 (1.4, 2.0)

1.6 (1.3, 1,9)

3.2 (1.9, 4.6)

0.015

0.018

0.079

0.673

0.722

0.451

Side:
 Left

14 (51.9)

17 (42.5)

3 (37.5)

 Right

13 (48.1)

23 (57.5)

5 (62.5)

 Multiple

5 (18.5)

23 (57.5)

2 (25.0)

0.004

0.464

0.002

 Bilateral

2 (7.4)

15 (37.5)

0 (0)

0.004

0.186

0.005

0.647

0.638

0.524

0.054

0.101

0.142

0.255

1.000

0.267

<0.001

0.009

<0.001

<0.001

<0.001

NA

0.004

0.143

0.003

Location:
 Superficial

21 (77.8)

34 (85.0)

6 (75.0)

 Deep

6 (22.2)

6 (15.0)

2 (25.0)

Signal intensity:
 Homogeneous

22 (81.5)

26 (65.0)

3 (37.5)

 Heterogeneous

5 (18.5)

14 (35.0)

5 (62.5)

27 (100)

37 (92.5)

8 (100)

 Isointense

0 (0)

3 (7.5)

0 (0)

 Hyperintense

0 (0)

0 (0)

0 (0)

 Markedly
hyperintense

21 (77.8)

7 (17.5)

0 (0)

 Slightly hyperintense

6 (22.2)

11 (27.5)

1 (12.5)

0 (0)

22 (55.0)

7 (87.5)

T2 weighted signal:
 Hypointense

T2 weighted signal:

 Isohypointense
Lesions margins:
 Well-defined

27 (100)

40 (100)

2 (25.0)

0 (0)

0 (0)

6 (75.0)

 Ill-defined
Lesions border:
 Round

9 (33.3)

28 (70.0)

2 (25.0)

 Lobulated

18 (66.7)

12 (30.0)

6 (75.0)

 Capsule

14 (51.9)

10 (25.0)

1 (12.5)

0.031

0.256

0.025

0 (0)

3 (7.5)

0 (0)

0.255

1.000

0.267

 Cystic degeneration

1 (3.7)

8 (20.0)

1 (12.5)

0.156

1.000

0.073

 Restricted diffusion

1 (3.7)

5 (12.5)

1 (12.5)

0.454

0.562

0.389

0.049

0.223

0.035

0.090

0.595

0.103

0.186

0.223

0.205

 Hemorrhage

Enhancement:
 Homogeneous

16 (59.3)

33 (82.5)

4 (50.0)

 Heterogeneous

11 (40.7)

7 (17.5)

4 (50.0)

Enhancement pattern:
 Whole

20 (74.1)

36 (90.0)

8 (100)

 Peripheral

7 (25.9)

4 (10.0)

0 (0)

Early enhancement:
 None-mild

22 (81.5)

27 (67.5)

4 (50.0)

 Moderate-marked

5 (18.5)

13 (32.5)

4 (50.0)

(Continued)
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Table 2. (Continued)

Pleomorphic
adenoma
(n = 27)

Warthin
tumor
(n = 40)

Malignant
tumors
(n = 8)

Late enhancement:

p values
Overall

p values
Benign vs
malignant

p values
Pleomorphic vs
Warthin

0.014

0.717

0.004

 None-mild

10 (37.0)

29 (72.5)

4 (50.0)

 Moderate-marked

17 (63.0)

11 (27.5)

4 (50.0)

 Perineural spread

0 (0)

0 (0)

4 (50.0)

<0.001

<0.001

NA

 Invasion of adjacent
structure

0 (0)

0 (0)

6 (75.0)

<0.001

<0.001

NA

 Enlarged lymph node

0 (0)

0 (0)

3 (37.5)

<0.001

0.001

NA

Footnotes: Continuous variable (size) is expressed as median and interquartile range (25th to 75th percentile) in parenthesis, categorical variables
are expressed as numbers and percentages in parenthesis. Categorical variables were compared using the Pearson χ2 or Fisher exact test and
continuous variable (size) using the Kuskal–Wallis or Mann–Whitney U test. NA: not available since the specific feature was a constant in benign
tumors. Statistically significant values (p < 0.05) are highlighted in bold.

After segmentation, MaZda software (v. 4.6, Institute of Electronics, Technical University of Lodz, Lodz, Poland) was used
to extract features. A total of 289 features were extracted for
each ROI, including features that provide information related to
the gray-level distribution within the ROI without considering
spatial relations between voxels (first-order texture features),
considering the spatial relations of voxels (second-order texture
features), and evaluating spatial relations among three or more
voxels (third-order texture features). Texture features automatically extracted using the Mazda software are calculated from
the gray-level histogram analysis (i.e. mean, variance, skewness, kurtosis, and percentiles), gray-level co-occurrence matrix
(GLCM), grey-level run-length matrix (GLRLM), autoregressive
model, and Wavelet transform. Detailed description of extracted
texture features is freely available on MaZda website.24 Each
lesion was labelled according to the reference standard.
Reference standard
The reference standard was assessed by a study coordinator,
who had access to electronic patient medical records, including

histopathological reports, but was not involved in the MRI qualitative or texture assessment of the lesions. Pathological analysis
included surgical specimens in all patients. Based on pathology
result, lesions were labelled as follows: pleomorphic adenoma for
27 lesions, Warthin tumor for 40 lesions and malignant tumors
for 8 lesions, including 7 primary carcinomas and 1 B-
cell
lymphoma.
Informatics and statistical analysis
Statistical analysis was performed by a group of scientists in
medical image processing and medical data analysis, who had
access to the collected patients and tumors data, including MRI
qualitative and MRI texture features with the corresponding
reference standard, but was not involved in qualitative evaluation or lesions segmentations. Data summarized as continuous
variables were expressed as mean and standard deviation (SD)
or median and interquartile range (IQR) according to their
normality distribution, and categorical variables were expressed
as numbers and percentages.

Figure 2. MRI of pleomorphic adenoma (top row - arrow), Warthin tumor (middle row - arrow) and malignant tumor (bottom row arrow) on axial T1 weighted precontrast, SPIR, T2 weighted, T1 weighted post-contrast and DWI sequences. Of note, SPIR sequence
is T1 weighted and acquired post-injection. DWI, diffusion weighted imaging; SPIR, spectral presaturation with inversion recovery.
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Table 3. Diagnostic performance of the qualitative variable and radiologist evaluation for the differential diagnosis between malignant and benign tumors

AUROC

95% CI

p values

Se (%)

Sp (%)

Size (cut-off >3.5 cm)

0.737

0.552–0.952

0.029

50.0

97.0

Isohypointensty on T2

0.773

0.618–0.928

0.012

87.5

67.2

Ill-defined margins

0.875

0.693–1.000

0.001

75.0

100

Perineural spread

0.750

0.523–0.977

0.021

50.0

100

Invasion of adjacent structures

0.875

0.693–1.000

0.001

75.0

100

Enlarged lymph node

0.688

0.452–0.923

0.085

37.5

100

Non-subspecialized radiologist

0.860

0.678–1.000

0.001

75.0

97.0

Subspecialized radiologist

0.970

0.934–1.000

<0.001

100

94.0

AUROC, Area under the receiver operating characteristic curve; CI, Confidence interval; Se, Sensitivity; Sp, Specificity.

For MRI qualitative assessment, each MRI finding was assessed
for the overall differences in parotid gland tumors and for pairwise comparisons between benign and malignant tumors or
pleomorphic adenomas and Warthin tumors, respectively. Categorical variables were compared using the Pearson χ2 or Fisher
exact test and continuous variables using the Kruskal–Wallis
or Mann–Whitney U test, as appropriate. A p value < 0.05 was
considered significant.
The diagnostic performance of imaging features was calculated,
including odd ratio (OR) with 95% confidence interval (CI) at
univariate and multivariate analysis. A binary logistic regression
analysis was conducted using the imaging features statistically
significant at univariate analysis as covariates and pathological
diagnosis as dependent variable. Finally, the diagnostic performance (including sensitivity and specificity) of the radiologists
for the diagnosis of malignancy and for the differential diagnosis between pleomorphic adenoma and Warthin tumor were
calculated.
An operator-independent statistical system for feature reduction
and selection, and the discriminant analysis predictive method
for the differential diagnosis between benignity and malignancy and between pleomorphic adenoma and Warthin tumor
was employed for MRI texture analysis as shown in Supplementary Material 1.25–27 Intra reader variability was calculated
by analyzing the differences between manual and standard
ROIs using the intraclass correlation coefficient for individual
measurements, r, and the F test statistic for individual intraclass
correlation coefficient with the corresponding p-value for each
feature, in each sequence. The diagnostic performance of each
prediction model was finally calculated, including sensitivity,
specificity, and area under the receiver operating characteristic
curve (AUROC).
RESULTS
Study cohort
Of the 57 patients included in this study, 24 patients (42%, mean
age 47 ± 18 years) had 27 pleomorphic adenomas (median size
1.8 cm; IQR 1.4–2.5 cm), 26 patients (46%, mean age 61 ± 16
years) had 40 Warthin tumors (median size 1.6 cm, IQR 1.3–1,9
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cm), and 7 patients (12%, mean 66 ± 14 years) had 8 malignant
tumors (median size 3.2 cm; IQR 1.9–4.6 cm).
Diagnostic performance of MRI qualitative analysis
Larger size (p = 0.018), isohypointensity on T2 weighted images
(p = 0.009), ill-defined margins (p < 0.001), perineural spread
(p < 0.001), invasion of adjacent structures (p < 0.001), and
enlarged lymph nodes (p = 0.001) were significantly more
common in malignant lesions compared to benign ones
(Table 2 and Figure 2). These qualitative features had a fair-to-
good to high diagnostic performance (AUROC: 0.688–0.875;
sensitivity: 37.5–87.5%; specificity: 67.2–100%) for the diagnosis of malignant tumors (Table 3). The diagnostic performance of radiologists for the diagnosis of malignancy had a
sensitivity and a specificity of 75 and 97% with an AUROC of
0.860 for the non-subspecialized radiologist and 100 and 94%
with an AUROC of 0.970 for the subspecialized radiologist,
respectively (Table 3).
Compared to Warthin tumors, pleomorphic adenomas were
most commonly solitary (p = 0.002), and unilateral (p = 0.005)
lesions, with marked hyperintensity on T2 weighted images (p <
0.001), lobulated border (p = 0.003), capsule (p = 0.025), heterogeneous enhancement (p = 0.035), and moderate-to-marked late
enhancement (p = 0.004) (Table 2 and Figure 2) with a diagnostic
performance for the identification of pleomorphic adenoma
being poor-to-good (AUROC: 0.616–0.801%; sensitivity: 40.7–
92.6%; specificity: 37.5–82.5%). At multivariate analysis the only
independent predictor of the diagnosis of pleomorphic adenoma
was the marked hyperintensity on T2 weighted images [AUROC:
0.801 (95% CI: 0.687–0.916); OR: 26.12; 95% CI: 3.41–199.61; p
= 0.002] (Table 4).
The diagnostic performance of radiologists for the diagnosis of
pleomorphic adenoma had a sensitivity and a specificity of 81.5
and 70% respectively, with an AUROC of 0.757 (95%CI: 0.638–
0.877) for the non-subspecialized radiologist and 81.5 and 95%,
with an AUROC of 0.882 (95% CI 0.787–0.987) for the subspecialized radiologist (Table 4), with a moderate inter -reader
agreement (Cohen’s κ 0.54, 95% CI, 0.37–0.70).
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–

70.0

95.0

81.5

81.5
<0.001

<0.001
0.638–0.877

0.787–0.987

0.757

0.882

Non-subspecialized radiologist

Subspecialized radiologist
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Diagnostic performance of MRI texture analysis
The intraclass correlation coefficient ranged from poor to
excellent in the T1 weighed precontrast sequence (r : −0.97–
0.86; p-value: from <0.001 to 1), T2 weighted sequence (r :
−0.95–0.81; p-value: from <0.001 to 1), SPIR sequence (r :
−0.94–0.96; p-value: from <0.001 to 1), and T1 weighted
post-contrast sequence (r : −0.92–0.98; p value: from <0.001
to 1). Manual segmentation of the tumors resulted in better
specificity and AUROC for the majority of predictive models
(8 of 10, 80%) both the diagnosis of malignancy (Table 5) and
the differential diagnosis between pleomorphic adenomas
and Warthin tumors (Table 6) compared to standardized
regions of interest. The texture features automatically identified as the most significant per each sequence for the differential diagnosis between benign and malignant tumors and
between Warthin tumors and pleomorphic adenomas are
included in Supplementary Tables 2 and 3, respectively.

–

0.186
2.79
72.5
0.677
Moderate-marked late enhancement

0.544–0.811

0.014

63.0

4.48

1.57–12.74

0.004

0.60–12.86

0.308
0.36
82.5
0.616
Heterogeneous enhancement

0.475–0.757

0.109

40.7

3.24

1.05–9.93

0.035

0.05–2.54

0.519
1.64
75.0
0.634
Capsule

0.496–0.773

0.064

51.9

3.23

1.14–9.14

0.025

0.36–7.39

0.002

0.142
3.25

0.67–15.70

26.12
4.87–55.88

0.003
4.66

82.5

70.0
0.011

77.8
0.687–0.916
0.801

0.683

Marked T2-hyperintensity

Lobulated border

0.551–0.816

<0.001

66.7

16.50

1.63–13.30

<0.001

3.41–199.61

0.077
12.33
37.5
0.650
Unilateral lesion

0.520–0.781

0.038

92.6

7.50

1.55–36.2

0.005

0.75–200.58

0.639
0.61
57.5
0.695
Solitary lesion

0.567–0.823

0.007

81.5

5.95

1.87–18.91

0.002

0.08–4.70

p values
95% CI
OR
p values
Sp (%)
Characteristics

AUROC

95% CI

p values

Se (%)

OR

95% CI

Multivariate analysis
Univariate analysis
Diagnostic performance

Table 4. Diagnostic performance of the qualitative variable and radiologist evaluation for the differential diagnosis between pleomorphic adenoma and Warthin tumor and
univariate and multivariate analyses for the diagnosis of pleomorphic adenoma

BJR

A combination of T1 weighted precontrast images and T2
weighted images achieved the best diagnostic performance
overall for the differential diagnosis between benign and malignant tumors, including a sensitivity, specificity, and AUROC of
57.2%, 93.4%, and 0.927, respectively (Table 5, Figures 3 and
4). The highest sensitivity, specificity, and AUROC of radiomic
approach for the differential diagnosis between Warthin tumors
and pleomorphic adenomas was obtained through texture analysis of T2 weighted sequence and corresponded to 70.8%, 82.5%,
e 0.808, respectively (Table 6). By combining texture analysis
of all sequences for the differential diagnosis between Warthin
tumors and pleomorphic adenomas, there was an increase in
sensitivity (91.5%), with a reduction in specificity (34.6%), and
AUROC (0.701) (Table 6, Figures 5 and 6).
DISCUSSION
MRI is the gold-standard imaging modality in patients with
parotid gland tumors.28 MRI diagnosis of malignancy is quite
straightforward because of the ill-defined margins, heterogeneous enhancement, and common invasion of the adjacent
structures, while the differential diagnosis between pleomorphic adenoma and Warthin tumor is still challenging.13,14
Multiple efforts have been done in the last decade to improve
this differential diagnosis by identifying multiple quantitative MRI parameters (e.g. T-p eak enhancement, diffusion
kurtosis imaging, ADC values).15–18 Fruehwald-Pallamar et
al20 recently evaluated whether some MRI texture features
could help for the differentiation between pleomorphic
adenomas and Warthin tumors, but they obtained limited
results in terms of diagnostic performance. Their study,
however, was limited by lack of combination of texture
features from different sequences, lack of comparison with
radiologist performance, and, above all, lack of texture analysis of T2 weighted images. This latter was an important
limitation because, as demonstrated in our study, the marked
T2-hyperintensity is a strong independent predictor for the
diagnosis of pleomorphic adenoma and a radiomic model
based on T2 weighted sequence demonstrated a good performance (AUROC: 0.808) for the differential diagnosis between
pleomorphic adenomas and Warthin tumors.
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Table 5. Diagnostic performance of predictive radiomics models for the diagnosis of malignancy based on texture analysis through
manual or standardized segmentation

AUROC

95% CI

p values

Se (%)

Sp (%)

 T1

0.696

0.527–0.865

0.010

51.2

92.3

 T2

0.815

0.671–0.958

<0.001

56.0

94.1

 SPIR

0.795

0.702–0.890

<0.001

51.2

94.8

 POSTMDC

0.754

0.642–0.849

<0.001

36.9

93.5

 T1 +T2

0.927

0.870–0.984

0.004

57.2

93.4

 COMBINED

0.702

0.626–0.806

0.030

36.9

94.4

 T1

0.880

0.934–1.000

<0.001

74.7

88.2

 T2

0.609

0.678–1.000

0.012

25.0

94.2

 SPIR

0.720

0.841–0.920

0.014

64.6

67.7

 POSTMDC

0.640

0.545–0.674

<0.001

69.9

52.5

 T1 +T2

0.845

0.684–0.898

<0.001

68.2

85.9

 COMBINED

0.658

0.603–0.798

<0.001

74.3

58.4

Manual

Standardized

AUROC, Area under the receiver operating characteristic curve; CI, Confidence interval; SPIR, spectral presaturation with inversion recovery; Se,
Sensitivity; Sp, Specificity.

Our predictive radiomic model based on texture analysis of T2
weighted images yielded a specificity of 82.5% for the diagnosis
of pleomorphic adenomas, which was higher compared to the
specificity of 70% achieved by our non-subspecialized radiologist, similar to the highest specificity of 86% reported in the
literature for the MRI standard assessment by expert subspecialized radiologists, but lower than 95% specificity yielded by
our subspecialized radiologist with 30-year-experience in head

and neck radiology.13,14 Interestingly, our predictive radiomics
models showed that the combination of all sequences resulted
in higher sensitivity for the diagnosis of pleomorphic adenoma
compared to assessment of both non-subspecialized and subspecialized radiologists, or radiomic analysis of T2 weighted images
(sensitivities of 91.5%, 81.5%, 81.5%, and 70.8%, respectively),
but without a benefit in terms of specificity (34.6%, 70.0%, 95.0%
and 82.5%, respectively). These results are highly relevant from

Table 6. Diagnostic performance of predictive radiomics models for the differential diagnosis between Warthin tumor and pleomorphic adenoma based on texture analysis through manual or standardized segmentation

AUROC

95% CI

p values

Se (%)

Sp (%)

 T1

0.715

0.625–0.805

0.004

70.3

65.7

 T2

0.808

0.736–0.881

<0.001

70.8

82.5

 SPIR

0.723

0.692–0.900

0.028

81.7

45.8

 POSTMDC

0.676

0.622–0.829

0.008

88.0

38.9

 T1 +T2

0.773

0.689–0.857

<0.001

73.8

81.3

 COMBINED

0.701

0.624–0.805

0.002

91.5

34.6

 T1

0.576

0.506–0.646

0.038

81.9

21.7

 T2

0.709

0.644–0.774

<0.001

90.1

27.0

 SPIR

0.636

0.591–0.792

<0.001

92.0

22.7

 POSTMDC

0.573

0.523–0.722

0.030

76.4

38.6

 T1 +T2

0.638

0.569–0.707

<0.001

90.0

25.8

 COMBINED

0.622

0.522–0.704

<0.001

87.6

22.2

Manual

Standardized

AUROC, Area under the receiver operating characteristic curve; CI, Confidence interval; SPIR, spectral presaturation with inversion recovery; Se,
Sensitivity; Sp, Specificity.
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Figure 3. ROC curves of prediction models based on radiomics using discriminant analysis classification with manual segmentation on T1 weighted precontrast (a), T2 weighted (b),
SPIR (c), T1 post-contrast (d), T1 pre-contrast and T2 weighted
(e) and combined (f) sequences for the differential diagnosis
between benign and malignant tumors. ROC, receiver operating characteristic; SPIR, spectral presaturation with inversion
recovery.

Figure 4. ROC curves of prediction models based on radiomics using discriminant analysis classification with standardized
segmentation on T1 weighted precontrast (a), T2 weighted (b),
SPIR (c), T1 post-contrast (d), T1 pre-contrast and T2 weighted
(e) and combined (f) sequences for the differential diagnosis
between benign and malignant tumors. ROC, receiver operating characteristic; SPIR, spectral presaturation with inversion
recovery.

a clinical standpoint because the management of pleomorphic
adenoma and Warthin tumor is completely different and includes
enucleation for Warthin tumors and superficial or total parotidectomy with preservation of mandibular branch of the facial
nerve, the hypoglossal nerve, and the lingual nerve is recommended for pleomorphic adenomas. One of the advantages of
radiomics, as compared to qualitative MRI assessment, is that it
does not require any specific expertise for manual segmentation
and feature extraction is automated. If our results are confirmed
in external cohorts or prospective study, we would suggest that
MRI texture analysis of T2 weighted sequences should be integrated in clinical practice to improve the differentiation between
pleomorphic adenomas and Warthin tumors.

making the correct diagnosis of malignancy, and some of these
features such as perineural spread, invasion of adjacent structures, and enlarged lymph nodes cannot be captured with the
texture analysis of the parotid lesion. In addition, the diagnostic
value of conventional MRI seems to be increased when DWI is
applied,29 although conflicting results on the role of DWI exist.18
Based on the results of Yuan et al29, parotid lesions with ADC
values equal or less than 1.01 × 10–3 mm2 s−one are more likely
to be malignant. The adoption of multiparametric MRI is probably one of the reasons that explains why radiologists outperform
radiomic analysis. Moreover, the radiomics models of malignant
lesions may have been influenced by the different histopathological grade and differentiation of the included malignant tumors.
Therefore, MRI qualitative assessment should still be preferred
over radiomics approach for the diagnosis of malignant parotid
tumors.

Similarly to Fruehwald-
Pallamar et al,20 our results showed
that the discrimination between benign and malignant parotid
tumors based on texture analysis achieves, in general, better
diagnostic performance than the discrimination between pleomorphic adenomas and Warthin tumors. However, in our
study we showed that the translational clinical benefit of these
results is negligible. Indeed, our radiologists outperformed MRI
radiomic models for the diagnosis of malignancy, with higher
sensitivity (75–100% vs 36.9–57.2%, respectively) and similar
specificity (94–97% vs 92.3–94.8%). As already shown in prior
studies,17,22,29 multiple MRI qualitative variables are relevant in
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In addition to the small study cohort with the sample size of
the malignant group comprising only eight cases, and the retrospective design, other limitations pertain to this study. First,
radiomic analysis may be affected by several technical MRI
parameters30,31; however, all MRI exams of this study were
acquired using the same MRI scanner and acquisition protocol,
which should have minimized this variability. Second, our
radiologists performed a single session to read all MRI exams
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Figure 5. ROC curves of prediction models based on radiomics using discriminant analysis classification with manual segmentation on T1 weighted pre-contrast (a), T2 weighted (b),
SPIR (c), T1 post-contrast (d), T1 pre-contrast and T2 weighted
(e) and combined (f) sequences for the differential diagnosis between Warthin tumor and pleomorphic adenoma. ROC,
receiver operating characteristic; SPIR, spectral presaturation
with inversion recovery.

and potential bias due to testing or learning effects cannot be
ruled out. To minimize this effect, MRI exams were shown using
random case order. Third, we did not assess time required for
segmentation of the lesions specifically; however, the radiology
fellow estimated this time to be about 10 min for placement of
all ROIs for the first analyzed cases and less than 5 min for the
last analyzed cases. The radiomic analysis of our study is limited
by the lack of analysis of DWI images, which were available to
radiologists and are known to be helpful to characterize head
and neck tumors, and by analysis of a single slide ROI. Another
limitation is the variability of measurements in the intra reader
assessment and lack of inter-
reader agreement for lesion
segmentation or MRI reading and the use of only one radiomics software. The intraclass correlation coefficient ranged from
poor to excellent and this may be partially explained to the reliance of some of the texture features on the morphology of the
ROIs. Reproducibility was beyond the purpose of this study and
needs to be further analyzed for radiomics studies overall with
a multi reader study to investigate whether manual or standardized ROIs should be preferred for increasing reproducibility of
the features. In addition, further prospective studies in external
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Figure 6. ROC curves of prediction models based on radiomics using discriminant analysis classification with standardized
segmentation on T1 weighted precontrast (a), T2 weighted (b),
SPIR (c), T1 post-contrast (d), T1 pre-contrast and T2 weighted
(e) and combined (f) sequences for the differential diagnosis between Warthin tumor and pleomorphic adenoma. ROC,
receiver operating characteristic; SPIR, spectral presaturation
with inversion recovery.

cohorts are also warranted to validate our results considering
that Mazda is a free radiomic software, thus facilitating future
validation studies.
In conclusion, we demonstrated that radiologists outperform
radiomic analysis for the diagnosis of malignancy, with some
MRI qualitative features such as ill-defined margins, perineural
spread, invasion of adjacent structures and enlarged lymph
nodes being highly specific for malignancy. Conversely, a MRI
predictive radiomics model based on texture analysis of T2
weighted sequence improves the diagnostic performance of non-
subspecialized radiologists for the differential diagnosis between
pleomorphic adenoma and Warthin tumor. Interestingly, the
highest specificity for the differential diagnosis between pleomorphic adenoma and Warthin tumor was achieved by the
head and neck specialist radiologist, which means that adequate
specific training allows to reduce false positives and unnecessarily radical operations.
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