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Abstract
Objective
This study aimed to assess the diagnostic value of labial salivary gland changes in female patients with Sjogren’s
syndrome (SS) having different European League Against Rheumatism (EULAR) Sjogren’s Syndrome Disease Activity
Index (ESSDAI) and serological markers using conventional ultrasound and shear wave elastography (SWE).

Methods
A total of 82 female inpatients diagnosed with SS were retrospectively examined at the First Affiliated Hospital of
Soochow University from July 2020 to December 2021 . The patients were divided into two groups based on the ESSDAI
score: remission group (ESSDAI <5) and active group (ESSDAI =5). The prognosis of patients was assessed using
serological markers. The ultrasound examination of bilateral labial glands was performed in all patients to analyse the
quantity and area of the largest single labial gland per unit detection range (Smax). The SWE of labial glands was
performed in different groups.

Results
The Smax and quantity of labial glands on both sides were correlated with patient age in 82 female patients with SS.
Emin, Emean and Emax of the remission group based on ESSDAI were significantly lower than the active group (p<0.001),
and the areas under the receiver operating characteristic (ROC) curve for these three in diagnosing were 0.720, 0.728
and 0.734, respectively. The differences in Emean, Emin and Emax values of labial glands between the two groups
of immunoglobulin G (IgG) <16g/L and IgG =16g/L were statistically significant (p<0.05), and the area under the ROC
curve (AUC) for the three values were 0.825, 0.830, and 0.815, respectively. There were statistically significant differences
(p<0.05) in Emin, Emean, and Emax of labial glands between the hypocomplementaemic and non-hypocomplementaemic
groups, and the AUC for the three values were 0.840, 0.843, and 0.819, respectively.

Conclusion
Conventional ultrasound and SWE of the labial gland can reflect the disease activity and prognosis of patients with SS,
and more conveniently assess the progression in the patients and provide imaging evidence.

Key words
ESSDALI, hypocomplementaemia, IgG, shear wave elastography, Sjogren’s syndrome

Clinical and Experimental Rheumatology 2022; 40: 2350-2356.



Xujie Wang, MB*
Ajun Wang, MM*
Xiaoli Zhan, MB
Liping Xu, MB

Xin Chang, MD
Fenglin Dong, MD

*These authors contributed equally.

Please address correspondence to:
Fenglin Dong,

Department of Ultrasound,

The First Affiliated Hospital of
Soochow University,

No. 188, Shizi Street, Suzhou City,
Jiangsu province, 215000, P.R. China.
E-mail: fldong@suda.edu.cn

and to:

Xin Chang,

Department of Rheumatology

and Jiangsu Institute of Clinical
Immunology & Jiangsu Key
Laboratory of Clinical Immunology,
The First Affiliated Hospital

of Soochow University,

No. 188, Shizi Street, Suzhou City,
Jiangsu province, 215000, P.R. China.
E-mail: xinchang @suda.edu.cn

Received on June 22, 2022; accepted in
revised form on September 29, 2022.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2022.

Funding: this work was supported by
the Suzhou Science and Technology
Planning Project (grant no. $5202062)
and Gusu Medical Talent of Suzhou
(grant no. GSW2020018).

Competing interests: none declared.

Clinical and Experimental Rheumatology 2022

Conventional ultrasound and shear wave elastography in SS / X. Wang et al.

Introduction

Sjogren’s syndrome (SS) is a system-
ic autoimmune disease that occurs in
middle-aged women. The pathologi-
cal features are mainly lymphocyte
infiltration of the exocrine glands and
glandular secretion dysfunction (1),
mostly manifested as the symptoms
of ocular and oral dryness. European
League Against Rheumatism Sjogren’s
Syndrome Disease Activity Index (ES-
SDAI) (1) is widely used clinically,
and serological indicators (C3, C4, and
IgG) are mainly applied to evaluate
the prognosis of SS. However, ESS-
DAI is complex, and some parts of the
tests are invasive, making an accurate
assessment of the disease activity dif-
ficult. Ultrasound, as a noninvasive
approach, plays an important role in
assessing the disease activity and prog-
nosis of patients with SS. Shear wave
elastography (SWE) assesses tissue
stiffness by measuring tissue deforma-
tion by compression, which is usually
expressed as Young’s modulus. Sound
waves generated by the vibration of
an acoustic source are reflected or ab-
sorbed in the propagation to produce
acoustic radiation forces, which gener-
ate shear waves as the tissue particles
vibrate laterally. The speed of shear
wave propagation in a medium is re-
lated to the longitudinal modulus of
biological tissue stiffness (3).

This study was performed to explore
the application of conventional ultra-
sound and SWE in assessing the dif-
ferences in the quantity, Smax, and
stiffness of labial glands in female
patients with SS having different ES-
SDAI scores and serological indices,
thus simplifying the process of disease
activity assessment and providing im-
aging information.

Methods

Clinical information

A total of 82 female patients with SS
hospitalised at the The First Affiliated
Hospital of Soochow University from
July 2020 to December 2021 were en-
rolled, aged 15-74 years, with the av-
erage of 47.74+13.94 years. The study
was conducted in accordance with the
Declaration of Helsinki and the ap-
proval of the Ethics Committee of The

First Affiliated Hospital of Soochow
University. All patients met the SS
diagnostic criteria established by the
American College of Rheumatology/
European League Against Rheumatism
(ACR/EULAR) in 2016 (4). The exclu-
sion criteria were as follows: (a) history
of head and neck radiation treatment,
(b) history of hepatitis C infection, (c)
acquired immune deficiency syndrome,
(d) lymphoma, (e) sarcoidosis, (f) graft-
versus-host disease, (g) IgG4-related
disease, and (h) recent use of choliner-
gic drugs.

Instruments and methods

- Disease activity and prognosis

The inpatient data of 82 patients were
retrospectively analysed. The ESSDAI
scores were obtained for each patient.
The patients were divided into two
groups according to the 2002 European
and American Consensus Panel (5): re-
mission group (ESSDAI <5) and active
group (ESSDAI =5).

The serological markers (C3 C4, and
IgG) were collected. Patients with C3
<0.7 g/L and/or C4 <0.1 g/L were clas-
sified as hypocomplementaemia group
and those who did not conform were
classified as non-hypocomplementae-
mia group. According to IgG levels, the
patients were classified into two groups:
IgG <16 g/L and IgG =16 g/L (2).

- Ultrasonic examination

The examinations were performed ran-
domly by two radiologists with two
years of SWE imaging experience.
Before the examination started, the
examiners conducted the training and
calibration to standardise the image
acquisition. The ICCs were all greater
than 0.80 for intra-observer argeement.
The Supersonic Imagine Aixplorer dia-
sonograph was applied, and a linear
probe SLH20-6 with the frequency of
6-20MHz and an examination depth of
0.2 cm was selected. All patients were
placed in a supine position, and the
lower lip was divided into two parts,
left and right, with the midline of the
teeth as the body surface marker. The
patients gently pulled the lower lip to
expose bilateral sides of the lip during
the examination. A disposable sterile
probe cover was employed to prevent
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contact between the mucosa and the
probe to avoid cross-infection. The
mucosa was examined, and the patients
were subjected to a routine ultrasonic
examination to determine the quantity
of the labial glands in a probe (detection
range: 27.3x8.7 mm?, 234.98 mm?).
The detection mode was switched to
the SWE mode, the probe was kept
lightly on the mucosal surface, and the
patient was asked to keep the lower lip
in a relaxed position. After the SWE
sampling frame was completely filled,
the Q-Box was placed in the centre of
the labial gland and the region of in-
terest with a diameter of 1 mm (Fig.
1). All measurements were performed

five times. The averages of the SWE - - e
: : : < | Q-Box™ Ratio
values, 1Tlclud1ng Em¥n, Emean, Emax, : ; Rab it
and Eratio, were obtained for statistical ' P : P Ratio(m/s)- 0.6
analysis. E ot - e - > > | Mean 7:1kPa
: : : : Min §10kPa
Max 7.6kPa
- Minor salivary gland biopsy : on .
After having scanned the labial glands, = = Min 1.5m/s
bi f d der 1 1 ; ) i B Max 1l6m/s
iopsy was performed under local ane- SD 0.0m/s
thesia. After initial incision with surgi- Bia"“I 1-(:-72"”“
. . epth 2Cm
cal scalpel, blunt dissection was per- A_ P T
formed to expose and remove the labial 3 Min 18.3kPa
. Max 19.6kPa
glands. The sampled salivary glands D 0.4kPa
were fixed in 10% buffer formalin and 3 . Diam 1.00mm

. Deptt 0.2¢
were submitted to the laboratory for " "

examination. Lymphocytic aggregates

Compzrlsed of ?50 lymphocytes per Fig. 1. Panel A: Emin, Emean, and Emax of the labial gland were 10.9kPa, 11.4kPa, and 12.1kPa,
4mm* were designated as a lympho-  respectively. Panel B: Emin, Emean, and Emax of the labial gland were 6.6kPa, 7.1kPa, and 7.6kPa,
cytic focus. Histologic criteria requires ~ respectively.

a focus score (FS)=1 (6) (Fig. 2).

Statistical analysis

The area of the largest individual labial
gland within a probe (Smax) was out-
lined and measured using Image J. Sta-
tistical analyses were performed with
SPSS 26.0 statistical software. Accord-
ing to distributions, the data were pre-
sented as the mean with standard devia-
tion or median with interquartile range
(IQR). The intra-rater argeement was
investigated using the intraclass cor-
relation coefficient (ICC). Spearman’s
test was used for correlation analysis.

The Wilcoxon signed-rank sum test  Fig. 2. Histopathological features of labial gland biopsy.
was used to compare the differences Panel A: No obvious lymphocytic foci were observed. Panel B: Focal lymphocytic sialadenitis with
the focus score 6.

between the quantity, Smax, and SWE
values of bilateral labial glands. The
Mann-Whitney U-test was used to ingcharacteristic (ROC) curve analysis  ues with Medcalc 19.6. All statistical
compare the differences between two  with area under the ROC curve (AUC)  tests were conducted at the 5% signifi-
independent groups. Receiver operat- was used to determine the cut-off val-  cance level.
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Table I. General characteristics of the patients.
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Characteristics

SS patients (n=82)

Age (years), mean+SD
Disease duration (years), med (min-max)
Number of women (%)

Quantity of labial glands (/probe), med (min-max)

Right
Left

Smax (mm? ), med (min-max)
Right
Left

Emin (kPa), med (min-max)
Right
Left

Emean (kPa), med (min-max)
Right
Left

Emax (kPa), med (min-max)
Right
Left

Eratio, med (min-max)
Right
Left

ESSDAI
Remission group (n, %)
Active group (n, %)

1eG
<16 (n, %)
=16 (n, %)

Hypocomplementaemia
Present
Absent

47.74£13.94
1.00 (0.29,3.00)
82/82 (100)

p=0.988
2 (1,3.25)
2 (1,3)
p=0.690
3.93 (2.60,5.71)
406 (2.58,5.61)
p=0513
10.35 (8.28,13.35)
1030 (8.88,13.93)
p=0.670
11.70 (9.00,14.60)
11.35 (9.65,14.85)
p=1.000
1330 (9.55,17.00)
12.45 (10.40,16.73)
p=0.621
1.0 (0.8,1.3)
10 (0.8,1.2)
34 (41.5%)

48 (58.5%)

45 (54.9%)
37 (45.1%)

45 (54.9%)
37 (45.1%)

Emin: minimum elastic modulus; Emean: mean elastic modulus; Emax: maximum elastic modulus;
Eratio: ratio of elastic modulus; ESSDAI: European League Against Rheumatism SS Disease Activity
Index; S(max): the area of the largest single labial gland per unit detection range.

Table II. Correlation analysis between disease duration and age on ultrasonic characteris-

tics of the labial gland.
Ultrasonic characteristics Disease duration Age
r p r p

Emin -0.049 0.662 -0.217 0.052
Emean -0.049 0.844 -0.177 0.111
Emax 0.006 0.959 -0.171 0.124
Eratio -0.066 0.579 0.032 0.786
Quantity 0.040 0.721 -0.502 <0.001
Smax -0.074 0.508 -0.409 <0.001

Emin: minimum elastic modulus; Emean: mean elastic modulus; Emax: maximum elastic modulus;
Eratio: ratio of elastic modulus; ESSDAI: European League Against Rheumatism SS Disease Activity
Index; S(max): the area of the largest single labial gland per unit detection range.

Results

Comparison of patients’ clinical data
We included 82 female patients with
SS, mean age 47.74+13.94 years and
the median disease duration 1.00 year
(0.29,3.00). 22 patients refused to con-
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duct the labial gland biopsy. Table I
shows the general characteristics of the
patients with SS. No evidence existed
for a statistically significant differ-
ence in the quantity, Smax, and SWE
(Emin, Emean, Emax, and Eratio) of

the bilateral labial glands (all p>0.05,
Table I). Also, we did not find any cor-
relation between age and SWE (Emin,
Emean, Emax, and Eratio, all p>0.05,
Table IT) as well as with disease dura-
tion (all p>0.05). Compared with the
elderly patient cohorts, the patients in
the younger cohort had more and big-
ger labial glands (p<0.05, Table II).

Comparison of ultrasonic
characteristics of the labial glands
between groups with different

ESSDAI scores

In the grouping of 82 patients with ES-
SDALI scores, 34 cases (41.5%) were
in the remission group and 48 cases
(58.5%) were in the active group. The
Emin, Emean, and Emax values in the
active group were higher than those
in the remission group, and the differ-
ences were all statistically significant
(p<0.05, Table III). The difference in
Eratio between the two groups was not
statistically significant (p>0.05, Table
IIT). The differences in the quantity
and Smax of labial glands were not sta-
tistically significant between the two
groups (p>0.05, Table III).

The ROC curves were plotted with sen-
sitivity as the vertical coordinate and
1-specificity as the horizontal coordi-
nate; the AUC of Emin, Emean, and
Emax were 0.720, 0.728, and 0.734,
respectively. And the optimal cut-off
values were 12.3kPa (sensitivity of
47.9%, specificity of 97.06%), 12.1kPa
(sensitivity of 60.42%, specificity of
82.35%), and 13.1kPa (sensitivity of
66.67%, specificity of 79.41%), re-
spectively (Fig. 3).

Comparison of ultrasonic
characteristics of the labial glands
with different serological indices
between

- different IgG levels

According to the IgG level, 82 patients
were divided into two groups of IgG
<16 g/L and IgG =16 g/L. The Emin,
Emean, and Emax in the former group
were significantly lower than those in
the latter group (p<0.05, Table IV). The
difference in Eratio between the two
groups was not statistically significant
(p>0.05, Table IV). The differences in
the quantity of labial glands and Smax
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Table ITI. Comparison of ultrasonic characteristics of the labial gland in different ESSDAI

score groups.

Ultrasonic characteristics Remission group Active group Statistical ~ p-value
(n=34) (n=48) quantities
Emin (kPa), mean + SD 9.36+1.73 12.39+4 .29 1=-3.384 0.001
Emean (kPa), med (min-max) 10.25 (9.23,11.60) 13.25 (10.03,16.38) Z=-3.502  <0.001
Emax (kPa), med (min-max) 11.05 (9.40,13.03) 14.45 (11.03,18.03) Z=-3.596  <0.001
Eratio, med (min-max) 09 (0.8,1.2) 1.1 (09,14) Z=-1.163 0.245
Quantity (/probe), med (min-max) 4 (2,5 3(2,4) Z=-0.998 0.318
Smax (mm? ), med (min-max) 4.33 (2.46,5.90) 3.95 (2.89,5.54) Z=-1.608 0.108

Emin: minimum elastic modulus; Emean: mean elastic modulus; Emax: maximum elastic modulus;
Eratio: ratio of elastic modulus; ESSDAI: European League Against Rheumatism SS Disease Activity
Index; S(max): the area of the largest single labial gland per unit detection range.
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Fig. 3. ROC curves of SWE diagnostic for
different ESSDAI scores.
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Fig. 4. ROC curves of SWE diagnosis at dif-
ferent IgG levels.

between the two groups were not statis-
tically significant (p>0.05, Table IV).

The ROC curves were plotted with sen-
sitivity as the vertical coordinate and
1-specificity as the horizontal coordi-
nate, and the AUC of Emin, Emean,
and Emax were 0.825, 0.830, and
0.815, respectively, and the optimal
cut-off values were 10.0 kPa (sensitiv-
ity of 81.08%, specificity of 73.33%),
10.7kPa (sensitivity of 86.49%, speci-

ficity of 71.1%), and 12.3kPa (sensitiv-
ity of 81.08 %, specificity of 71.11%)
(Fig. 4).

- hypocomplementaemic and
non-hypocomplementaemic groups
Among 82 patients with SS,45.1% had
hypocomplementaemia. The Emin,
Emean, and Emax were significantly
higher than those of 54.9% of patients
with SS having the normal comple-

Table IV. Comparison of ultrasonic characteristics of the labial glands between different

IgG levels.
Ultrasonic characteristics <16g/L (n=45) >16g/L (n=37) Statistical ~ p-value
quantities

Emin (kPa), med (min-max) 9.20 (7.50,10.35) 12.30 (10.40,16.00) Z=-4.97 <0.001
Emean (kPa), med (min-max) 10.00 (8.50,11.30) 14.00 (11.75,17.70) Z=-5.08  <0.001
Emax (kPa), med (min-max) 11.00 (9.40,13.25) 15.60 (13.20,19.70) Z=-4.89 <0.001
Eratio, med (min-max) 145 (0.95,1.88) 1.0 (0.9,1.35) Z=-0.842 040
Quantity (/probe), mean + SD 351097 339+1.06 t=0.544 0.588
Smax (mm?), med (min-max) 4.27 (2.66,6.09) 3.89 (2.55,5.25) Z=-0.839 0401

Emin: minimum elastic modulus; Emean: mean elastic modulus; Emax: maximum elastic modulus;
Eratio: ratio of elastic modulus; ESSDAI: European League Against Rheumatism SS Disease Activity
Index; S (max): the area of the largest single labial gland per unit detection range.
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ment. The differences between the
two groups were statistically signifi-
cant (p<0.05, Table V). Eratio had no
statistically significant difference be-
tween the two groups (p>0.05, Table
V). Also, no statistically significant
difference was observed in the quantity
of labial glands and Smax between the
two groups (p>0.05, Table V).

The ROC curves were plotted with sen-
sitivity as the vertical coordinate and
1-specificity as the horizontal coordi-
nate, and the AUC of Emin, Emean,
and Emax were 0.840, 0.843, and
0.819, respectively. And the optimal
cut-off values were 10.0kPa (sensitiv-
ity of 83.78%, specificity of 75.56%),
11.1kPa (sensitivity of 86.49%, speci-
ficity of 80.00%), and 12.3kPa (sen-
sitivity of 86.49%, specificity of
75.56%), respectively (Fig. 5).

Discussion

Patients with SS suffer from progres-
sive loss of glandular function due to
lymphocyte infiltration of multiple exo-
crine glands. Some patients also have
extra-glandular manifestations of other
systems, such as Raynaud’s phenom-
enon, arthritis, vasculitis, leukopenia,
interstitial pneumonia and peripheral
neuropathy, which may lead to different
degrees of damage to related organs.
The ESSDAI systematically evalu-
ates the condition of patients with SS
mainly from 12 domains, which ranges
across four levels: no activity, low ac-
tivity, moderate activity, and high activ-
ity. The total scores are calculated ac-
cording to the corresponding weights.
For patients with a single-system ES-
SDAI score =2 (moderate activity) or
an overall ESSDAI score =5, systemic
therapies, for instance, the use of gluco-
corticoids, immunosuppressive agents,
intravenous immunoglobulins, and so
on, need to be considered (7, 8). There-
fore, an accurate assessment of disease
activity can influence the selection of
the treatment modality. Meanwhile, pa-
tients with higher ESSDAI scores are
at a concomitantly higher risk of death
(9). Millic et al. (10, 11) reported that
patients with higher ESSDAI scores
had higher ultrasound scores than those
with lower scores, and the difference
was statistically significant (p<0.05).

Clinical and Experimental Rheumatology 2022
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Table V. Comparison of ultrasonic characteristics of the labial gland between the hypocom-
plementaemic group and the non-hypocomplementaemic group.

Ultrasonic characteristics Present (n=45) Absent (n=37) Statistical p-value
quantities
Emin (kPa), med (min-max) 9.20 (7.50,10.10) 12.60 (10.55,15.50) Z=-528 <0.001
Emean (kPa), med (min-max) 10.00 (8.75,11.00) 14.00 (12.30,17.05) Z=-532 <0.001
Emax (kPa), med (min-max) 10.90 (9.40,12.70) 15.60 (13.45,19.40) Z=-494  <0.001
Eratio, med (min-max) 1.1 (0.90,1.85) 1.0 (0.90,1.25) Z=-061 0.542
Quantity (/probe), mean + SD 3.63+1.05 3.25+0.93 1=1.74 0.086
Smax (mm?), med (min-max) 4.63 (2.66,6.38) 379 (2.554.97) Z=-1.608 0.108

Emin: minimum elastic modulus; Emean: mean elastic modulus; Emax: maximum elastic modulus;
Eratio: ratio of elastic modulus; ESSDAI: European League Against Rheumatism SS Disease Activity
Index; S (max): the area of the largest single labial gland per unit detection range.
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Fig. 5. ROC curves of SWE diagnosis in the
hypocomplementaemic and non-hypocomple-
mentaemic groups.

This suggested that ultrasound scores
played a crucial role in the diagnosis
of SS and in the evaluation of disease
activity. However, ultrasound scores
are highly subjective and vary among
observers to some extent. Ultrasound
was used in previous studies to assess
the involvement of major glands, in-
cluding the parotid and submandibular
glands, while the pathological biopsy
aimed at the labial glands. The subject
in our cohort was the labial gland, and
ultrasound imaging more intuitively re-
flected the histological changes in the
labial gland affected by serological ab-
normalities.

In our study, 48 patients with SS had
ESSDAI scores =5; SWE values
(Emin, Emean, and Emax) in the labial
gland were higher than in patients with
ESSDALI <5. This was in line with the
findings of Kimura-Hayama et al. (12),
indicating that higher SWV in the pa-
rotid gland was found to be associated
with higher ESSDAI scores and low
C4 levels (p<0.05). Simultaneously,
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the influence of SS on salivary glands
was synchronous with the influence
on parotid, submandibular, and labial
glands. This was probably because
the altered salivary gland stiffness in
patients with SS might be associated
with increased chemokine (CXCL13)
levels. Traianos et al. (13, 14) reported
that CXCL13 was one of the major
chemokines responsible for the initia-
tion and maintenance of ectopic germi-
nal center (GC) in the minor salivary
gland and played a role in auto-reac-
tive B-cell generation and expansion.
Meanwhile, the serum CXCL13 level
was significantly elevated in patients
with SS having high ESSDATI scores,
indicating that the disease activity was
associated with elevated serum levels
of biomarkers. In addition, Gottenberg
et al. (15-17) reported an association of
high ESSDAI scores with elevated lev-
els of B-lymphocyte stimulator (BLys),
suggesting that SS in the active phase
had the presence of hyperactivated and
proliferating B cells, leading to mas-
sive lymphocyte infiltration in the la-
bial gland and altered glandular tissue
structure with a hardened texture.

In our study, the presence of hypocom-
plementaemia and high levels of IgG
in patients with SS were in connection
with increased labial gland stiffness,
with Emean being the most effective in
distinguishing high levels of IgG with
a cut-off value of 10.7 kPa and Emean
being the most effective in assessing
the presence of hypocomplementae-
mia with a cut-off value of 11.1 kPa. In
this cohort, a significant difference was
found in labial gland stiffness between
the group with abnormal serological
markers and the normal group. Accord-

ing to Martin et al. (18) high expression
of IgG in the salivary glands of SS con-
tributed to the continuous stimulation
of the GC of RF-positive B cells, lead-
ing to the development of lymphoma.
Ramos-Casals et al. (18) demonstrated
a higher incidence of lymph node ab-
normalities in patients with SS and hy-
pocomplementaemia than in the com-
plement-normal group (18% vs. 5%,
p=0.01). Previous studies also reported
that lymphoma was a major cause of
death in patients with SS (20, 21). Pa-
tients with multisystemic symptoms
had a poor prognosis, and lymphoma
was 10-44 times more likely to occur
than in normal individuals. Severe pa-
rotid involvement, purpura, leukopenia,
antibodies to the extractable nuclear
antigen SSB, hyperimmunoglobuli-
naemia and hypocomplementaemia
are risk factors for the development of
lymphoma (22-25). Meanwhile, Brito-
Zeron et al. (26) showed that SS with
the presence of more than two progno-
sis-related adverse factors had a signifi-
cantly lower survival rate and should be
treated with more aggressive treatment
options. Ultrasound, as a noninvasive
method, could be used for the progno-
sis of patients before the appearance of
adverse outcomes, in combination with
serological indicators, prompting close
follow-up by clinicians.

No correlation was observed between
the duration of disease, age, and SWE
of labial glands (Emin, Emean, Emax,
and Eratio) in patients with SS in our
study, which was in agreement with
the findings of Theander et al. (11, 27).
With age, the effect on the labial gland
was remarkable in terms of area and
quantity. Nevertheless, the results of
this study did not correlate significant-
ly, which might be related to the small
sample size. The effect of disease dura-
tion on the salivary glands of patients
with SS needs further exploration.

This study had some limitations. First-
ly, the patients in this study were all
female, and no study was conducted on
the stiffness of labial glands between
different sexes. Secondly, this study
was a cross-sectional study, and the
disease activity is a dynamic process.
No secondary assessment of stiffness
was conducted to compare the changes
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before and after pharmacological inter-
vention. In the end, the labial glands bi-
opsy in our research was conducted to
verify the pathological change resulting
in the alteration of the hardness. In the
following research, we hope we could
find the correlation between pathologi-
cal grading and ultrasonic imaging.

In conclusion, conventional ultrasound
combined with SWE was significant
for monitoring the disease activity of
SS and assessing poor prognosis. SWE
of the labial gland was associated with
significantly higher ESSDAI scores in
the active phase, high levels of IgG,
and hypocomplementaemia. Compared
with the ultrasound score, SWE was
more objective. At the same time, the
prognostic assessment was faster and
simpler, and could be used as an effec-
tive adjunctive examination during the
treatment of SS.

References

1. QIN B, WANG J, YANG Z et al.: Epidemiology
of primary Sjogren’s syndrome: a systematic
review and meta-analysis. Ann Rheum Dis
2015; 74: 1983-9. http://
doi.org/10.1136/annrheumdis-2014-205375

2. ZHANG W, LI XM, XU D et al.: Recommenda-
tions of diagnosis and treatment of primary
Sjogren’s syndrome in China. Chin J Intern
Med 2020;59:269-70.http://doi.oarg/10.3760/
cma.j.cnl112138-20200113-00021

3. L1Q: Technology progress of ultrasound elas-
tography bades on shear wave. Chin Med Dev
2017; 32: 101-05. http://
doi.org/10.3969/j.issn.1674-1633.2017.07.028

4. SHIBOSKI CH, SHIBOSKI SC, SERORR et al.:
2016 American College of Rheumatology/
European League Against Rheumatism clas-
sification criteria for primary Sjogren’s syn-
drome: A consensus and data-driven meth-
odology involving three international patient
cohorts. Ann Rheum Dis 2017; 76: 9-16.
http://
doi.org/10.1136/annrheumdis-2016-210571

5. VITALI C, BOMBARDIERI S, JONSSON R et
al.: Classification criteria for Sjogren’s syn-
drome: a revised version of the European
criteria proposed by the American-European
Consensus Group. Ann Rheum Dis 2002; 61:
554-58. http://doi.org/10.1136/ard .61.6.554

6. FISHER BA, JONSSON R, DANIELS T et al.:
Standardisation of labial salivary gland
histopathology in clinical trials in primary
Sjogren’s syndrome. Ann Rheum Dis 2017;
76: 1161-68. http://

2356

10.

12

14.

16.

doi.org/10.1136/annrheumdis-2016-210448

. RAMOS-CASALS M, BRITO-ZERON P, BOM-

BARDIERI S et al.. EULAR recommenda-
tions for the management of Sjogren’s syn-
drome with topical and systemic therapies.
Ann Rheum Dis 2020; 79: 3-18. http://
doi.org/10.1136/annrheumdis-2019-216114

. FLORES-CHAVEZ A, KOSTOV B, SOLANS R

et al.: Severe, life-threatening phenotype of
primary Sjogren’s syndrome: clinical char-
acterisation and outcomes in 1580 patients
(GEAS-SS Registry). Clin Exp Rheumatol
2018; 36 (Suppl. 112): S121-29.

. BRITO-ZERON P, KOSTOV B, SOLANS R et

al.: Systemic activity and mortality in pri-
mary Sjogren syndrome: predicting survival
using the EULAR-SS Disease Activity Index
(ESSDAI) in 1045 patients. Ann Rheum Dis
2016; 75: 348-55. http://
doi.org/10.1136/annrheumdis-2014-206418
MILIC V,COLICJ, CIRKOVIC A, STANOJLOVIC
S, DAMJANOV N: Disease activity and dam-
age in patients with primary Sjogren’s syn-
drome: Prognostic value of salivary gland ul-
trasonography. Plos One 2019; 14: 226498.
http://doi.org/10.1371/journal .pone.0226498

. FIDELIX T, CZAPKOWSKI A, AZJEN S, AN-

DRIOLO A, TREVISANI VFM: Salivary gland
ultrasonography as a predictor of clinical ac-
tivity in Sjogren’s syndrome. Plos One 2017,
12: ¢182287.

http://doi.org/10.1371/journal .pone 0182287

. KIMURA-HAYAMA E, CRIALES-VERA S,

AZPEITIA-ESPINOSA L et al.: Elastograph-
ic ultrasound: an additional image tool in
Sjogren’s syndrome. Int J Rheum Dis 2018;
21: 1293-300.
http://doi.org/10.1111/1756-185X.13292

. TRAIANOS EY, LOCKE J, LENDREM D et al.:

Serum CXCL13 levels are associated with
lymphoma risk and lymphoma occurrence in
primary Sjogren’s syndrome. Rheumatol Int
2020; 40: 541-48.
http://doi.org/10.1007/s00296-020-04524-5
NOCTURNE G, SEROR R, FOGEL O et al.:
CXCL13 and CCLI1 serum levels and
lymphoma and disease activity in primary
Sjogren’s syndrome. Arthritis Rheumatol
(Hoboken) 2015; 67: 3226-33.
http://doi.org/10.1002/art.39315

. GOTTENBERG J, SEROR R, MICELI-RICHARD

C et al.: Serum levels of beta2-microglobulin
and free light chains of immunoglobulins are
associated with systemic disease activity in
primary Sjogren’s syndrome. Data at enroll-
ment in the prospective ASSESS cohort. Plos
One 2013; 8: 59868.
http://doi.org/10.1371/journal .pone.0059868
QUARTUCCIO L, SALVIN S, FABRIS M et al.:
BLyS upregulation in Sjogren’s syndrome
associated with lymphoproliferative disor-
ders, higher ESSDAI score and B-cell clonal
expansion in the salivary glands. Rheumatol-
ogy (Oxford) 2013; 52: 276-81.
http://doi.org/10.1093/rheumatology/kes180

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

SEROR R, RAVAUD P, BOWMAN SJ et al.:
EULAR Sjogren’s syndrome disease activity
index: development of a consensus systemic
disease activity index for primary Sjogren’s
syndrome. Ann Rheum Dis 2010; 69: 1103-
09. http://doi.org/10.1136/ard.2009.110619
MARTIN T, WEBER JC, LEVALLOIS H et
al.: Salivary gland lymphomas in patients
with Sjogren’s syndrome may frequently
develop from rheumatoid factor B cells.
Arthritis Rheum 2000; 43: 908-16. http://doi.
org/10.1002/1529-0131(200004)43:4<908::
AID-ANR24>3.0.CO;2-K

RAMOS-CASALS M, BRITO-ZERON P, YAGUE
J et al.: Hypocomplementaemia as an immu-
nological marker of morbidity and mortality
in patients with primary Sjégren’s syndrome.
Rheumatology (Oxford) 2005; 44: 89-94.
http://doi.org/10.1093/rheumatology/keh40
ALUNNO A, LEONE MC, GIACOMELLI R,
GERLI R, CARUBBI F: Lymphoma and lym-
phomagenesis in primary Sjogren’s syn-
drome. Front Med 2018; 5: 102.
http://doi.org/10.3389/fmed.2018.00102
SEROR R, RAVAUD P, MARIETTE X et al.:
EULAR Sjogren’s Syndrome Patient Report-
ed Index (ESSPRI): development of a con-
sensus patient index for primary Sjogren’s
syndrome. Ann Rheum Dis 2011; 70: 968-72.
http://doi.org/10.1136/ard.2010.143743
THEANDER E, MANTHORPE R, JACOBSSON
LTH: Mortality and causes of death in prima-
ry Sjogren’s syndrome: a prospective cohort
study. Arthritis Rheum 2004; 50: 1262-69.
http://doi.org/ 10.1002/art.20176
RISSELADA AP, KRUIZE AA, BIJLSMA JWI:
Clinical features distinguishing lymphoma
development in primary Sjogren’s Syn-
drome--a retrospective cohort study. Semin
Arthritis Rheu 2013; 43: 171-7. http://
doi.org/10.1016/j.semarthrit.2013.03.001
QUARTUCCIO L, ISOLA M, BALDINI C et al.:
Biomarkers of lymphoma in Sjégren’s syn-
drome and evaluation of the lymphoma risk
in prelymphomatous conditions: results of a
multicenter study. J Autoimmun 2014; 51: 75-
80. http://doi.org/10.1016/j.jaut.2013.10.002
RETAMOZO S, GHEITASI H, QUARTUCCIO L
et al.: Cryoglobulinaemic vasculitis at diag-
nosis predicts mortality in primary Sjogren
syndrome: analysis of 515 patients. Rheuma-
tology (Oxford) 2016; 55: 1443-51.
http://doi.org/10.1093/rheumatology/kew 194
BRITO-ZERON P, RAMOS-CASALS M, BOVE
A, SENTIS J, FONT J: Predicting adverse out-
comes in primary Sjogren’s syndrome: iden-
tification of prognostic factors. Rheumatol-
ogy (Oxford) 2007; 46: 1359-62.
http://doi.org/10.1093/rheumatology/kem079
THEANDER E, MANDL T: Primary Sjogren’s
syndrome: diagnostic and prognostic value
of salivary gland ultrasonography using a
simplified scoring system. Arthritis Care Res
(Hoboken) 2014; 66: 1102-07.
http://doi.org/10.1002/acr.22264

Clinical and Experimental Rheumatology 2022



