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Quantitative Texture Analysis of Parotid Gland
Ultrasound Images Yield Higher Correlation with
Scintigraphy than Semiquantitative Scoring in Primary

Sjogren’s Syndrome Patients

Cheng-Hsun Lu'2, Yi-Min Huang?, Song-Chou Hsieh', Ko-Jen Li'*

"Division of Allergy, Immunology and Rheumatology, Department of Internal Medicine, National Taiwan University Hospital, Taipei, Taiwan, *Graduate Institute of
Clinical Medicine, College of Medicine, National Taiwan University, Taipei, Taiwan, *Department of Internal Medicine, National Taiwan University Hospital, Yunlin, Taiwan

Background: Ultrasound (US) can detect salivary gland abnormalities in primary Sjégren’s syndrome (SS). This study aimed to compare the
correlation among the semiquantitative US scores, texture features, and the quantitative salivary gland scintigraphy (SGS) results. Methods: This
retrospective study included 11 patients who were diagnosed with primary SS and underwent US examinations of the parotid glands and SGS
simultaneously. We evaluated SGS quantitatively based on the calculation of maximum accumulation ratio (MAR) and stimulated excretion
fraction (EF). The US findings were accessed through the semiquantitative Outcome Measures in Rheumatology scoring system and by gray-level
co-occurrence matrix (GLCM) texture analysis. Spearman’s rank correlation tests were performed. Results: A significant moderate negative
correlation was noted between the semiquantitative US score and MAR (rho =—0.57, P = 0.006), but not with EF (tho =—0.11, P =0.613).
The GLCM texture metrics, including contrast, dissimilarity, and homogeneity, were all determined to be significantly associated with both
MAR and EF. The GLCM contrast correlated moderately to MAR (rho = —0.66, P = 0.001). The GLCM homogeneity highly correlated to
EF (tho =0.74, P < 0.001). The contrast and homogeneity can still discriminate the changes in MAR and EF in the subgroups with the same
semiquantitative US scores. Conclusion: US findings on parotid gland can correlate with SGS results when analyzed based on GLCM texture
features. With the GLCM texture metrics, US appears to be an excellent imaging tool for the assessment of the parotid glands in primary SS
patients.
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as the hallmark symptom of primary SS. Salivary gland
scintigraphy (SGS) has been used for a long time in the evaluation
of primary SS.[ SGS correlates with histopathological findings
within salivary glands of primary SS patients, and is a validated
imaging technique that provides an objective means to detect
dysfunction of each major salivary gland.’” Quantitative SGS
has been proved to be a sensitive and reliable method. The

INTRODUCTION

Primary Sjogren’s syndrome (SS) is a common systemic
autoimmune disease.[! This disease is often characterized
by exocrinopathy, and especially affects the salivary and
lacrimal glands. Biopsy of minor salivary glands is invasive,
but may help to establish the diagnosis of primary SS.
The typical histopathological SS features are included in the

revised classification criteria proposed by the American— .
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European Consensus Group (AECG) and the 2016 American
College of Rheumatology (ACR)-European League Against
Rheumatism (EULAR) classification criteria.** Xerostomia
associated with salivary gland dysfunction has been identified
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maximum accumulation ratio (MAR) and stimulated excretion
fraction (EF) can be calculated to quantify glandular activity, and
these parameters derived from SGS can contribute to the detection
of salivary gland dysfunction in SS patients.>’'%! Even though
SGS was omitted from the 2016 ACR-EULAR classification
criteria, it is still often used as a reference benchmark for the
investigation of other imaging techniques.[''"*!

The 2016 ACR-EULAR classification criteria for primary
SS also provide an opportunity for the use of new diagnostic
tests, such as parotid ultrasonography.®!3! Ultrasound (US) is a
valuable noninvasive tool used for the detection of salivary gland
abnormalities, and it also has the advantage of accessibility,
repeatability, and low cost. Nevertheless, its diagnostic reliability
has not been investigated extensively.'¥ Thus, a validated and
standardized US definition of salivary gland in primary SS
is required. One early study showed significant differences
between salivary gland US and SGS examinations.!'!! Another
research reported a good intermodality agreement between
the parotid US and sialography, despite the fact that the ability
of the parotid US to diagnose SS was significantly lower.!'*
To facilitate the use of US for diagnosing and monitoring of
changes in the glands, the emerging Outcome Measures in
Rheumatology clinical trials (OMERACT) consensus-based
semiquantitative grayscale scoring system for major salivary
gland lesions was developed. Substantial inter-reader and
intra-reader reliabilities have been demonstrated.!'®!”]

In addition, the gray-level co-occurrence matrix (GLCM) is a
common method used for texture feature extraction that has
been applied for the quantitative analysis of US image data
of various lesions.!"®?”) The GLCM contains objective and
quantitative information on image texture characteristics, such as
homogeneity. Inhomogeneity is exactly one of the characteristic
US features in SS.I') However, only a few studies have applied
the GLCM technique on the ultrasonic texture evaluations of
salivary glands. The sonographic parotid gland features may
serve as imaging signatures to assess radiation-induced injury
and to predict xerostomia.?'?? To this date, no other research
study has validated the features of GLCM with SGS in patients
with primary SS. More evidence for the application of US
GLCM texture analysis is thus required.

As such, we conducted this retrospective study involving patients
classified with primary SS who underwent simultaneous US
examination and SGS of parotid glands. Our aim was to explore
the correlation among the US texture features, semiquantitative
scores, and the quantitative evaluation of SGS.

Patients aND MEeTHODS
Study design

This retrospective study was conducted at the National Taiwan
University Hospital, Taipei, Taiwan. All the datasets from the
70 patients with xerostomia who underwent US examinations
of the parotid glands in the department of rheumatology from
July 2011 to June 2019 were reviewed. The patients who were
diagnosed of primary SS were then screened for eligibility.

The classifications of primary SS were based on the 2002
AECG classification criteria and the 2016 ACR-EULAR
classification criteria.*! Those who simultaneously underwent
SGS with *"Tc sodium pertechnetate were included in this
study. We excluded patients with ages <20 years, parotid gland
infection, parotid tumors, and a history of parotidectomy.
Eleven patients met the eligibility criteria for this study. Their
clinical features are summarized in Table 1. Their median age
was 46.1 years, and 10 (90.9%) of them were female.

Quantitative evaluation of salivary gland scintigraphy

After intravenous injection of 8 mCi *Tc sodium pertechnetate,
serial images were acquired every 60 s for 30 min. At the
15" min after the injection, an ascorbic acid tablet (500 mg) was
administered intraorally as a stimulus. To quantify the glandular
activity, three values were obtained for each parotid gland: (A)
the ratio of the uptake to the background activity during the
I* min represents the baseline perfusion, (B) the ratio of the
uptake to the background activity at the 15" min represents
the maximum activity point before stimulation, and (C) the
ratio of the uptake to the background activity at the 30" min
represents the minimum activity point after stimulation. The
MAR and EF can be calculated as described previously.!

MAR is expressed in the form of (B};ij 100% , and EF is

B-C . . X . L
( B j x100% . No patient received pilocarpine or cevimeline
within 1 day before scintigraphy.

Table 1: Demographics and clinical biomarkers of
the patients with Sjogren’s syndrome included in this
study (n=11)

Variable

N (%)
(or median [IQR])
46.1 (40.0-53.0)

Age (years), median (IQR)

Gender (female) 10 (90.9)
Antinuclear antibody (positive) 7 (63.6)
Anti-SSA antibodies (positive) 7 (63.6)
Anti-SSB antibodies (positive) 5(45.5)

RF (positive) 3(27.3)

1gG (mg/dl), median (IQR) 1680 (1300-2300)
Abnormal histopathology (positive)* 4 (36.4)
ESSDAI, median (IQR) 2(2-3)

SGS of parotid glands (n=22)*
Maximum accumulation ratio, median (IQR) 66.7 (57.2-71.4)
Excretion fraction, median (IQR) 6.0 (—21.4-36.4)

Semiquantitative OMERACT US score (n=22)%

OMERACT Grade 0 1(4.5)
OMERACT Grade 1 10 (45.5)
OMERACT Grade 2 9 (40.9)
OMERACT Grade 3 2(9.1)

Histopathology reports were available only in four patients, ‘Bilateral
parotid glands of each patient were analyzed separately. IQR: Interquartile
range, RF: Rheumatoid factor, IgG: Immunoglobulin G, SGS: Salivary
gland scintigraphy, US: Ultrasound, OMERACT: Outcome measures

in rheumatoid arthritis clinical trials, ESSDAI: European Eague

Gainst Heumatism Sjogren’s Syndrome Disease Activity Index,

SS: Sjogren’s syndrome
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Ultrasound assessment and semiquantitative scoring
US examinations were conducted with a Toshiba Xario XG
US system (Toshiba Medical Systems Corporation, Tochigi,
Japan), with the use of a broadband 7.2-14 MHz linear
array transducer. The US examinations were conducted
by rheumatologists who had been certified by the Chinese
Taipei Society of US in Medicine and had >2 years of
experience in scanning salivary glands. Ultrasonographies
of the parotid glands were performed with the standard
imaging technique, as reported previously.”®! The emerging
OMERACT semiquantitative grayscale scoring system for
SS was then applied, and the grading was conducted by an
experienced assessor blinded to the clinical information. The
validated scoring system graded the ultrasonographic changes
of major salivary glands: Grade 0, normal; Grade 1, minimal
inhomogeneity without anechoic or hypoechoic areas; Grade 2,
moderate inhomogeneity with focal anechoic or hypoechoic
areas; and Grade 3, severe inhomogeneity with diffuse
anechoic or hypoechoic areas occupying the entire gland or
fibrous gland.['%!17]

Ultrasound gray-level co-occurrence matrix texture
analysis
The GLCM texture metrics in the study were calculated through

the use of software R (version 4.0.5, R Foundation for Statistical
Computing, Vienna, Austria) with the package GLCM
Textures (Ilich, Alexander R. 2020.http://doi.org/10.5281/
zenodo. 4310187). The GLCM feature extraction method
consisted of several steps [Figure 1]. At the beginning, the
longitudinal US image that contained maximum parenchymal
area was selected for each parotid gland. The image was then
cropped to a rectangular shape. After the intensities were
normalized and after all the values of the raster graphics were
converted to a numeric mode, GLCMs were then created. There
were eight exploratory metrics of GLCM adopted in this study:
contrast, dissimilarity, homogeneity, angular second moment,
entropy, mean, variance, and correlation. The definitions of
these textural features have been described in detail in the
literature.*'** These metrics can be divided into three groups:
the contrast group (contrast, dissimilarity, and homogeneity),
the orderliness group (angular second moment and entropy),
and the descriptive statistics group (mean, variance, and
correlation). These measures were calculated by setting
the inter-pixel distance of one in four directions (shifts of
0°, 45°, 90°, and 135°), and were then combined to one
rotation-invariant texture [Figure lc]. The metrics from the
rotation-invariant texture were used for statistical analyses.
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Figure 1: Example demonstrating texture analysis using the GLCM. A left parotid gland with Grade 1 findings was examined with US, wherein mild
inhomogeneity without anechoic area was found (a). The images containing maximized parenchymal area would then be selected for analysis
(a, dotted-line rectangle). After cropping the image into a rectangular shape, the raster graphics were converted to a matrix (b). Subsequently, GLCMs
could be created with the R package GLCMTextures. Eight GLCM metrics were then explored and adopted in this study: CON, DIS, HOM, ASM, ENT, mean,
VAR, and COR. The textural features were calculated in all four directions (0°, 45°, 90°, and 135°), and were then combined to one rotation-invariant
texture (c). GLCM: Gray-level co-occurrence matrix, US: Ultrasound, CON: Contrast, DIS: Dissimilarity, HOM: Homogeneity, ASM: Angular second

moment, ENT: Entropy, VAR: Variance, COR: Correlation
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Statistical analyses

All statistical analyses were conducted with the use of software
R. Spearman’s rank correlation analysis was used to evaluate
the correlation among the parotid glandular activity of SGS,
OMERACT scores, and the metrics of GLCM. A Spearman’s
correlation coefficient (tho) >0.5 or <—0.5 indicated a moderate
to high correlation.”! Associations with P < 0.05 were
considered a statistically significant.

Ethics statement

The study protocol was approved by the Institutional Review
Board and Ethical Committee of National Taiwan University
Hospital, Taipei, Taiwan (202001077RINC). The patient
consent was waived by the IRB.

ResuLts

Clinical features of patients

Table 1 lists a summary of the demographics and clinical
biomarkers of the participants. The diagnosis of primary SS
was mainly based on the clinical evaluation and the presence
of specific autoantibodies. Four cases received salivary gland
biopsies for diagnosis, and the histopathological findings were
both indicative of primary SS. In the clinical interpretation
of US findings, the median number (interquartile range) of
the OMERACT semiquantitative score was 1.5 (interquartile
range = 1-2).

Correlation between US findings and quantitative salivary
gland scintigraphy

The associations among the semiquantitative scores, the US
texture features, and the quantitative glandular activity of SGS

Table 2: Correlation between the parotid glandular
activity of salivary gland scintigraphy and the indices of
outcome measures in rheumatoid rthritis clinical trials
scores and gray-level co-occurrence matrix texture
features (n=22)

Variables Spearman’s rho (P)
MAR EF
Age at ultrasound assessment 0.03 (0.889) <0.01 (0.984)
ESSDAI —0.20 (0.362) —0.22 (0.321)
OMERACT score —0.57 (0.006)" —0.11 (0.613)
GLCM texture features
Contrast —0.66 (0.001)™ —0.46 (0.032)"
Dissimilarity —0.62 (0.003)™ —0.52 (0.014)"
Homogeneity 0.53 (0.012)" 0.74 (<0.001)™
Angular second moment 0.09 (0.705) —0.05 (0.813)
Entropy —0.16 (0.479) 0.14 (0.544)
Mean —-0.30 (0.175) 0.06 (0.797)
Variance —0.44 (0.042)" —0.33 (0.133)
Correlation —0.13 (0.561) —0.13 (0.551)

*P<0.05, "P<0.01. ESSDALI: European league against rheumatism
Sjogren’s syndrome disease activity index, GLCM: Gray-level
co-occurrence matrix, MAR: Maximum accumulation ratio, EF:
Excretion fraction, OMERACT: Outcome measures in rheumatoid
arthritis clinical trials

are summarized in Table 2. With the OMERACT scoring system,
the semiquantitative score exhibited a significant negative
correlation to MAR (rho=-0.57, P=0.006), but not to EF (rho
=-0.11, P<0.613). Among the contrast group of GLCM texture
metrics, the contrast was significantly negatively and moderately
correlated to MAR (rho =-0.66, P=0.001), and yielded a low
correlation to EF (rho = —0.46, P = 0.032). The dissimilarity
was significantly negatively and moderately correlated to both
MAR (tho =-0.62, P=0.003) and EF (tho=—-0.52, P=0.014).
The homogeneity was significantly positively and moderately
correlated to MAR (rho = 0.53, P = 0.012), and was highly
correlated to EF (tho=0.74, P<0.001). Among the orderliness
and descriptive statistics groups of GLCM texture metrics,
only a low negative correlation was determined between the
variance and MAR.

Subgroup analysis of gray-level co-occurrence matrix
texture metrics defined by Outcome measures in
rheumatoid arthritis clinical trials score

For all the parotid glands, the GLCM contrast demonstrated
the best significant correlation to MAR, while the GLCM
homogeneity yielded the best and a significant correlation to
EF. The scatter plots are displayed in Figure 2. For the subgroup
of parotid glands with the semiquantitative score of 1 (n = 10),
the GLCM contrast tended to be associated negatively with
MAR (rho =—0.64, P =0.054), and the GLCM homogeneity
still showed significant and high positive correlation to
EF (rho = 0.85, P = 0.004). For the subgroup of the parotid
glands with the semiquantitative score of 2 (n =9), the GLCM
contrast exhibited significant and high negative correlation to
MAR (rho =-0.87, P=10.005), and the GLCM homogeneity
tended to be positively associated with EF (rho = 0.62,
P=0.086). In the parotid glands with the same semiquantitative
score, GLCM texture features were still able to discriminate
different SGS activities.

Discussion

Various imaging techniques are currently applied for the
diagnosis and follow-up of patients with primary SS.! The
identification of the best imaging tool for primary SS remains
a challenge in clinical practice. SGS and sialography have
been frequently used for the diagnosis of SS and have been
included in the 2002 AECG classification criteria.?! However,
no imaging modality was included in the 2016 ACR-EULAR
classification criteria.l¥! This provides an opportunity for the
use of novel imaging diagnostic techniques, such as US.[3:16.2728]
The OMERACT task force group has developed US definitions
and a semiquantitative scoring system with good interobserver
and intraobserver reliabilities.[' One recent study found that
adding the semiquantitative score to the 2016 ACR-EULAR
criteria can improve the diagnostic utility of primary SS.!*
Salivary gland US may be a prospective tool in the diagnosis
and follow-up of primary SS.

The parotid gland is the largest of the salivary glands and is easy
for US evaluations.?® In this study, we retrospectively included
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All parotid glands OMERACT score =1 OMERACT score =2
(n=22) (n=10) (n=9)
100 100 100
75 75 75
50 50 50
MAR e
25 25 25
0 0 0
CON 100 150 200 250 300 100 150 200 250 300 100 150 200 250 300
p=-0.66, p=0.001** p=-0.64, p =0.054 p =-0.87, p=0.005**
100 100
50 50
EF 0 0
-50 -50 o
HOM 0.10 0.11 0.12 0.13 0.14 0.10 0.11 0.12 0.13 0.14 0.10 0.11 0.12 0.13 0.14
p=0.74, p <0.001** p =0.85, p=0.004** p=0.62, p=0.086

Figure 2: The scatter plots display the strongest correlation between the GLCM texture features and the activity of scintigraphy, with linear regression
fit (solid lines) and 95% confidence intervals (gray bands). Spearman’s rho was calculated to test the association. For all parotid glands (7 = 22), the
CON shows significantly moderate negative correlation to the MAR, and the HOM shows significantly high positive correlation to EF. For the subgroup
of parotid glands with the semiquantitative OMERAGT US score of one (7 = 10), the CON tended to be negatively associated with MAR, whereas
the HOM still yielded significantly high positive correlation to EF. For the subgroup of parotid glands with the semiquantitative OMERACT US score
of two (n = 9), the CON yielded significantly high negative correlation to the MAR, while the HOM tended to be positively associated with EF. These
findings suggest that GLCM CON and HOM were better markers for discriminating the activity of scintigraphy compared with the semiquantitative scoring
system (*P < 0.05; **P < 0.01). GLCM: Gray-level co-occurrence matrix, CON: Contrast, MAR: Maximum accumulation ratio, HOM: Homogeneity,
EF: Excretion fraction, OMERACT: Outcome measures in rheumatoid arthritis clinical trials, US: Ultrasound

11 patients with primary SS who received simultaneous US
examinations of parotid glands and SGS. With the use of
quantitative SGS evaluation as a reference benchmark, we
assessed the association between the parotid gland function
and US assessments. This study evaluated the US findings
of 22 parotid glands in two ways: (1) with the use of the
semiquantitative OMERACT scoring system and (2) with
the use of GLCM texture analysis. The semiquantitative
OMERACT scoring system classified US findings on salivary
glands into four grades (from Grade O to 3); nevertheless,
quantitative continuous parameters can be obtained with
the use of GLCM texture analysis of the US findings. The
GLCM method is a popular approach for texture feature
extraction. Based on closed-form formulas, GLCM texture
metrics can provide objective and unbiased information on
US findings.?!-?224

Among the 22 parotid glands, the semiquantitative scores
were mainly 1 and 2, thus indicating minimal to moderate
inhomogeneity. Although a significant and moderate negative
correlation between semiquantitative score and MAR could be
found [Table 2], there was no significant correlation between

the semiquantitative score and EF. The semiquantitative
scores yielded poor correlation outcomes with EF in our
study. Given that EF has been reported to be a sensitive
indicator of salivary gland dysfunction, the semiquantitative
scoring system alone may not be sensitive enough to predict
salivary gland dysfunction.5#1% A recent study supported the
incorporation of US in the diagnosis of primary SS using the
OMERACT US scoring system with a cut-off score >2 in at
least one gland; however, 47% of the primary SS patients had
parotid glands that were scored with Grade 0 bilaterally.*”!
Parotid gland changes usually develop gradually overtime.
The discrimination ability of the semiquantitative scoring
system that only divided US findings into four grades may
not be adequate for the slowly progressive nature of SS.!'3%
Conversely, using the GLCM texture analysis, quantitative
continuous parameters can be obtained from the US images
of parotid glands.*'*?! The texture metrics in the orderliness
group (angular second moment and entropy) and descriptive
statistics group (mean, variance, and correlation) yielded only
low to negligible correlations to MAR or EF. As expected,
the texture metrics in the contrast group including contrast,
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dissimilarity, and homogeneity, were all significantly
associated with either MAR or EF. Furthermore, the highest
correlation was found in the relation between the GLCM
contrast and MAR (rho = —0.66, P = 0.001) and between
the GLCM homogeneity and EF (rho = 0.74, P < 0.001). SS
will result in heterogeneous changes in the echotexture of the
salivary glands. The OMERACT scoring system evaluates the
parenchymal inhomogeneity and focal anechoic or hypoechoic
areas. Based on the statistical properties, the texture metrics
in the contrast group measure the intensity contrast between
a pixel and its neighbor over the whole image. Therefore, the
analysis of contrast, dissimilarity, and homogeneity are based
on the same concept of the OMERACT scoring system. These
quantitative continuous parameters may be more sensitive to
changes.

For further investigation of the discrimination ability of
GLCM texture analysis, subgroup analysis was performed
for the parotid glands with the same semiquantitative score.
The moderate to high correlations were deemed persistent
among the subgroups [Figure 2]. Based on the above findings,
we may conclude again that GLCM texture analysis appears
to be more sensitive than the semiquantitative OMERACT
US scoring system in determining the function of individual
parotid glands in primary SS patients.

We also analyzed the differences in the results of semiquantitative
US scores and GLCM texture analysis between anti-SSA/
SSB-positive and anti-SSA/SSB-negative patients. However,
no significant differences were found. In addition, the
semiquantitative US scores did not correlate with European
Eague Gainst Heumatism Sjogren’s Syndrome Disease
Activity Index (ESSDAI) (rho = 0.16, P = 0.475). Among
the eight GLCM texture features, only homogeneity poorly
correlated to ESSDALI scores (rho = 0.46, P = 0.030). The
ESSDAI scores can be influenced by prominent extraglandular
involvement, and thus poorly correlate to the changes in the
echotexture of the salivary glands.

GLCM texture analysis is a well-developed method.!'82% The
texture metrics can be computed automatically and rapidly
using free and ready-to-use software packages. It is possible for
US machines to be equipped with a feature extraction function
based on the use of GLCM. Future studies are warranted to
determine the normal range and the cut-off value of each GLCM
texture metric. A prospective observational study that integrates
grayscale US, elastography, SGS, and novel biomarkers has
been approved by the National Taiwan University Hospital
Research Ethics Committee (202006082RINC), and is now
in progress.

The present study was limited owing to its retrospective nature
and the small sample size of participants. Only 11 primary SS
patients received simultaneous US and SGS for the evaluations
for the assessments of xerostomia [Table S1]. No analysis
based on the underlying histopathological features could be
performed. However, the adoption of the emerging OMERACT
grading system and the application of GLCM texture analysis

can still allow us to demonstrate how routine US examinations
of parotid glands can discriminate the parotid gland function in
clinical practice. GLCM is a well-established texture analysis
method, which possesses the capacity to automatically assess
a vast number of images in a quicker and more error-free
manner. These facts would contribute to reliable quantitative
texture analysis by even less-expert sonographers. Thus, we
may expect that future US machines will be equipped with
GLCM functions.

CoNncLusIoN

We provided real-world data such that the US outcomes of
parotid glands can correlate to quantitative SGS outcomes
using GLCM texture analysis. US is accessible, repeatable,
and low cost. It is envisaged that in conjunction with the
ready-to-use, objective, and unbiased GLCM texture metrics,
US may become an essential clinical imaging tool for the
evaluation of salivary glands in patients with primary SS.
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SupPLEMENTARY IMIATERIAL

Table S1: Participating patient clinical profiles and the classification of primary Sjogren’s syndrome according to both
the American-European consensus group criteria and the 2016 American College of Rheumatology-European league
against rheumatism criteria

Number Age Gender Ocular Oral Schirmer’s  Salivary Autoantibodies Salivary gland AECG 2016 ACR/
dryness: dryness* test" scintigraphy m histopathology® criteria El_lLA_R
criteria
1 62  Female Yes Yes + Abnormal + + + N/A Yes Yes
2 39  Male Yes Yes + Abnormal - - - + Yes Yes
3 65  Female Yes Yes + Abnormal + - - + Yes Yes
4 41  Female Yes Yes N/A Abnormal + + - N/A Yes N/A
5 50  Female Yes Yes N/A Abnormal + + + N/A Yes N/A
6 41 Female Yes Yes + Abnormal - - - + Yes Yes
7 36  Female Yes Yes N/A Abnormal + + + N/A Yes N/A
8 46  Female Yes Yes + Abnormal + + + N/A Yes Yes
9 53 Female Yes Yes + Abnormal - - - + Yes Yes
10 53 Female Yes Yes + Abnormal + + + N/A Yes Yes
11 25  Female Yes Yes N/A Abnormal - + - N/A Yes N/A

iSymptoms for at least 3 months, "A Schirmer’s test <5 mm/5 min in at least one eye was considered positive, SThe presence of focal lymphocytic
sialadenitis was considered positive. Patients 2 and 9 received labial salivary gland biopsy in another hospital. ANA: Antinuclear antibodies, SS: Sjogren’s
syndrome, AECG: American-European consensus group, 2016 ACR-EULAR: 2016 American College of Rheumatology-European League Against
Rheumatism, N/A: Not available, +: Positive, -: Negative



