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ABSTRACT Objective: To establish a Parotid Imaging Reporting and Data System ( PI-RADS) for CT
diagnosis of the parotid gland neoplasms and to investigate the clinical applicable value and feasibility of
PI-RADS. Methods: Patients who had been diagnosed with primary parotid gland neoplasms and had re—
ceived surgical treatments in Peking University School and Hospital of Stomatology during the period of
January 2013 to December 2016 were included in this study. The diagnoses were confirmed by the post—
operative pathological examinations in all the patients. The CT imaging data of all patients were retrospec—
tively reviewed and analyzed by two readers in consensus. Imaging characteristics related to the parotid
neoplasms were extracted and quantified. Based on comprehensive analysis of the imaging characteristics

the probabilities of the benign and malignant neoplasms were evaluated and classified into six grades PI-
RADS 1 -6 ( PI-RADS 1: normal parotid gland; PI-RADS 2: confidently benign lesions; PI-RADS 3:

probably benign lesions without confirmed evidence of malignancy; PI-RADS 4: suspected malignancy
without sufficient evidence of malignancy; PI-RADS 5: confidently malignant lesions; PI-RADS 6: le—
sions with confirmed pathological evidence of malignancy) . Results: A total of 897 patients with 1 003
parotid lesions were included. The lesions included 905 benign and 98 malignant lesions. The proportions
of the malignancies in PI-RADS 2 PI-RADS 3 PI-RADS 4 and PI-RADS 5 according to the two readers
in consensus were 0.4% 5.7% 35.5% and 96. 7% respectively. The overall Cohen’ s Kappa test
showed medium consistency between the two independent researchers ( k =0.614 P <0.001 95% CI:

0.569 -0.695) . Pearson Chi-square test showed that the proportions of malignancies increased with the
diagnostic PI-RADS grades ( Cochran-Armitage trend test Z = —15.579 P <0.001). The results of
Pearson Chi-square tests showed significant differences between the grades PI-RADS 2 and 3 (y° =
12.048 P =0.001); PI-RADS 3 and 4 (y* =75.231 P <0.001); PI-RADS 4 and 5 ()’ =32.266
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P <0.001) Conclusion: PI-RADS can be used to evaluate the risk of malignancy and will be helpful
to improve the imaging diagnosis and clinical treatment of paro-tid gland neoplasms.
KEY WORDS Parotid neoplasms; Tomography X-ray computed; Diagnosis differential; Therapy
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A a parotid gland neoplasm showing all regular and well-defined oval
boundary characteristic enhancement feature of benign nature ( enhance—
ment phase 1) indicating a PI-RADS 2 tumor. It was proved as Warthin
tumor. B a parotid gland neoplasm showing basically regular and well—
defined round boundary with mild enhancement ( enhancement phase
3) indicating a PI-RADS 3 tumor. It was proved as pleomorphic adeno—
ma. C a parotid gland neoplasm showing seemingly well-defined bounda—
ry with mild enhancement ( enhancement phase 1) indicating a PI-
RADS 4 tumor. It was proved as mucoepidermoid carcinoma. D a paro—
tid gland neoplasm showing all poorly-defined boundary with erosion into
adjacent structures and mild enhancement ( enhancement phase 2)  indi-
cating a PI-RADS 5 tumor. It was proved as adenoid cystic carcinoma.

1 PIRADS2 (A)3 (B4 (€5 (D)

Figure 1 A characteristic example of a PI-RADS 2 ( A)
3(B) 4(C) 5(D) tumor
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Table 1 Correlations between PI-RADS grades of the parotid gland neoplasms and radiologic signs

Items PIRADS 2 PI-RADS 3 PI-RADS 3b PI-RADS4 PI-RADSS PI-RADS6 Benign Malignancy
Size
Small ( <2.0 cm) 30 82 7 7 2 0 118 10
Medium (2.0 -3.0 cm) 158 453 4 49 14 1 624 55
Large ( >3.0 cm) 56 102 1 20 14 3 163 33
Single /multiple
Single on one side 139 584 0 62 19 3 730 77
Multiple on one side 33 25 5 11 9 1 66 18
Multiple on two sides 72 28 7 3 2 0 109 3
Boundary
Absolutely clear 153 153 0 3 0 0 309 0
Majorly clear 68 261 2 21 4 0 345 11
Partially ill-defined 17 182 1 26 3 1 210 20
Majorly ill-defined 6 38 7 18 8 3 37 43
I1l-defined 0 3 2 8 15 0 4 24
Shape
Round 54 269 5 21 7 0 334 22
Oval 154 162 3 13 3 0 322 13
Scalloped 31 182 2 27 6 2 222 28
Irregular 5 24 2 15 14 2 27 35
Dominant density on plain CT
Fat 7 1 0 0 0 0 8
Liquid 30 59 0 4 12 0 91 2
Soft-tissue ( partial fluid) 66 239 1 36 18 3 311 46
Soft-tissue 141 338 11 36 0 1 495 50
Enhancement degree on first enhanced phase
No significant 25 42 0 3 0 68
Slightly 10 122 0 12 0 140
Medium 29 203 5 32 13 1 236 47
Obvious 89 114 7 21 11 3 217 28
Significant 67 53 0 5 1 0 119 7
Enhancement pattern
Gradual 20 294 5 30 11 1 333 28
Fast in-out 124 128 1 23 7 2 254 31
Basically no enhancement 4 4 0 2 1 0 8 3
Gradual in-out 9 51 2 10 2 0 61 13
Enhancement distribution
Membrane enhancement 5 34 0 7 0 0 40 6
Even 152 182 12 24 15 1 346 36
Uneven to even 17 198 0 21 5 1 223 20
Uneven 14 84 0 17 8 2 99 26
No enhancement 32 36 0 4 0 0 72 0
Calcification
No 239 602 12 59 26 4 861 81
Small granular or capsule 5 31 0 10 1 0 38
Large irregular 0 4 0 7 3 0 6
Cystic percentage
0 177 488 12 49 26 2 683 71
<25% 19 53 0 10 2 2 72 14
>25% <50% 7 17 0 6 2 0 23
>50% <75% 5 33 0 5 0 0 40 3
>75% 36 46 0 0 0 87 1
Adjacent structure destruction
No 237 609 7 64 16 3 867 69
Move 5 19 0 5 0 0 26 3
Poor boundary 2 8 5 6 9 0 12 18
Significant 0 1 0 1 5 1 0 8

PIRADS Parotid Imaging Reporting and Data System. The numbers of neoplasms were calculated here.
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Table 2 The diagnostic criteria of PI-RADS

PI-RADS Criteria

1: Normal parotid gland There are definitely no masses in the parotid gland

(1) Multiple bilateral or unilateral masses presented regular arc border and oval contour with en—
hancement and without enlarged or necrotic lymph nodes around the parotid gland and neck; (2) A
single tumor may also be considered if it is typical (e. g. oval with obvious and uniform enhance-
ment in the first enhancement phase with smooth clear border or a low-density fat envelope)

2: More likely benign

(1) Single round no enhancement or uniform enhancement most of the boun-dary clear for
example majorly clear or partially ill-defined; (2) Granular with uneven enhancement but defi-

3: Indeterminate nite boundary; (3) Multiple without enhancement and without enlarged or necrotic lymph nodes
around the parotid gland and neck; (4) Small tumors that means all tumors diameter less than
1 c¢m are included regardless of their enhancement features

3b: Inflammation including Sjogren In multiple gland lesions are diffuse with enhancement without necrotic lymph nodes around
syndrome and [gG4 the neck

(1) Single lesion the shape is slightly irregular part of the boundary is indistinctly ( the boun—
dary marked 3 or 4) or the membrane enhancement with villous edges; (2) The enhancement
type is medium enhancement even slightly enhancement solid lesion with little or without cystic
degeneration; (3) Soft tissue density or with partial fluid especially with calcification a small
amount of unilateral diffuse; (4) Have large masses of irregular calcification with swelling lymph
nodes but without necrosis lymph nodes

4: Probably malignant

(1) Necrotic lymph nodes are seen in the neck; (2) The boundary is unclear the shape is ir—
5: Highly suggestive malignancy regular; (3) The border of the surrounding muscles bones or fat tissues are not clear which
means destruction

6. Already had malignant diagnosis Had pathological result to pronounced it is a malignant neoplasm

The density of neoplasm and the parotid is too nearly to find out what the neoplasm is really like.

7. Unsatisfied illustrati CT .
nsahistied Hustration on But couldn’t exclude that a neoplasm may exist

PI-RADS Parotid Imaging Reporting and Data System.
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Table 3  Correlations between pathological results of the parotid gland neoplasms and PI-RADS grades

Items PI-RADS 2 PI-RADS 3 PIRADS 3b  PI-RADS 4 PI-RADS 5 PIRADS 6  PI-RADS total

Warthin tumor 176 72 0 5 0 0 253
Pleomorphic adenoma 4 367 0 23 1 0 395
Basal cell adenoma 11 81 0 2 0 0 94
Myoepithelioma 0 3 0 0 0 0 3
Oncocytoma 4 4 0 0 0 0 8
Cystadenoma 0 6 0 0 0 0 6
Keratocystoma 0 0 0 1 0 0 1
Cyst 28 14 0 0 0 0 42
Lipoma 4 1 0 0 0 0 5
Schwannoma 0 9 0 0 0 0 9
Vascular malformation 2 9 0 2 0 0 13
Eosinophilic lymphogranuloma 0 1 2 0 0 0 3
Inflammation 13 31 9 12 0 0 65
Calcified epithelioma 1 1 0 0 0 0 2
Non-sebaceous lymphoadenoma 0 0 0 1 0 0 1
Lymphoepithelial lesions 0 0 0 3 0 0 3
Nodular fasciitis 0 1 0 0 0 0 1
Myofibromatosis 0 1 0 0 0 0 1
Mucoepidermoid carcinoma 1 6 0 6 6 1 20
Adenocarcinoma  NOS 0 2 0 3 4 0 9
Acinic cell carcinoma 0 13 0 2 0 0 15
Salivary duct carcinoma 0 0 0 1 3 0 4
Adenoid cystic carcinoma 0 4 0 0 3 0 7
Polymorphous adenocarcinoma 0 3 0 5 1 0 9
Uncertainty adenocarcinoma 0 0 1 2 5 0 8
Epithelial-myoepithelial carcinoma 0 1 0 0 0 0 1
Clear cell carcinoma 0 0 0 0 1 0 1
Oncocytic carcinoma 0 0 0 2 0 0 2
Sarcoma 0 1 0 0 0 1 2
Lymphoepithelial carcinoma 0 1 0 2 2 2 7
Malignant lymphoma 0 4 0 3 4 0 11
Malignant melanoma 0 0 0 1 0 0 1
Metastatic solitary fibroma 0 1 0 0 0 0 1
Total 244 637 12 76 30 4 1 003

PI-RADS Parotid Imaging Reporting and Data System; NOS nonspecific. The numbers of neoplasms were calculated here.
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