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Objective: Salivary gland ultrasound (SGUS) is emerging as a valid tool in the

management of primary Sjögren’s syndrome (pSS). This study aimed to investigate

whether pSS patients with normal-appearing or pathological SGUS findings showed

different clinical, laboratory, and pathologic pSS-related features, and to compare the

results by using two different SGUS scores.

Methods: Consecutive pSS patients, according to the ACR-EULAR classification

criteria, were evaluated. Salivary glands were scored using the early 1992 score by

De Vita et al. and the latest 2019 OMERACT score, both being semiquantitative 0–3

scoring systems focused on ultrasonographic parenchymal inhomogeneity (grades 0 and

1, normal-appearing; grades 2 and 3, pathological). The patients were then divided into

two groups: “SGUS normal-appearing” if all the salivary glands had normal-appearing

parenchyma (grade 0 or 1), or “SGUS pathological” if the grade was 2 or 3 in at least

one salivary gland. The associations between SGUS and pSS-related clinical, laboratory,

and pathological features were then investigated in the two groups.

Results: One hundred pSS patients were evaluated, the mean age (±SD) was 60.9 ±

12.0 years, and mean disease duration was 11.7 ± 7.2 years. Twenty-nine out of 100

(29%) patients were in the “SGUS normal-appearing” group and 71/100 (71%) were in

the “SGUS pathological” group. A normal-appearing SGUS was significantly associated

with the absence of anti-La/SSB antibodies (p < 0.001) and normal unstimulated

salivary flow rate (p = 0.02) by both univariate and multivariate analyses. By univariate

analysis, a normal-appearing SGUS was significantly associated also with the absence

of rheumatoid factor (p = 0.002) and of serum monoclonal component (p = 0.003),

ESSDAI < 5 (p = 0.03), and with a negative lip biopsy (p = 0.029). No associations were

found with other items, including anti-Ro/SSA (p = 0.145), Schirmer’s test (p = 0.793),

ESSPRI (p = 0.47), and demographic data. No differences in these results were observed

by using the two SGUS scoring systems.

Conclusion: The SGUS allowed the identification of different phenotypes of pSS, and

different SGUS scores focused on salivary gland inhomogeneity may be effective to

this end.
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INTRODUCTION

Primary Sjögren’s syndrome (pSS) is an autoimmune and
lymphoproliferative connective tissue disease characterized by
lymphocytic infiltration and damage of the salivary and
lacrimal glands, leading to dryness of the mouth and eyes,
and by additional possible glandular and extra-glandular
manifestations (1).

Diagnosis and classification of pSS rely on a combination
of clinical, laboratory, pathological, and imaging features, and
among these, the minor salivary gland biopsy (MSGB) and anti-
Ro/SSA autoantibodies have an essential classifying role (1, 2).
Despite its high diagnostic and prognostic value, the MSGB has
some limitations (3–5) and might be refused by the patient (6).

To assist the clinician in the diagnosis and management
of pSS, several studies over the past three decades highlighted
the potential of salivary gland ultrasound (SGUS) in describing
the morphology of salivary glands in pSS (7, 8). Despite the
initial encouraging data (9), only in recent years did the interest
for the SGUS in pSS become widespread (10). Parenchymal
inhomogeneity is the most important sonographic feature
discriminating pSS patients from controls (10), and it is the
basis of most SGUS scoring systems, with the long-standing
available one developed by De Vita et al. (9) based on the
results of stepwise discriminant analysis, and the most recent one
developed in 2019 by the Outcome Measures in Rheumatology
Clinical Trials (OMERACT) task force (11). Despite its good
diagnostic performance (12), SGUS is not yet included in pSS
classification criteria. This is mainly due to the poor agreement
regarding the definitions of elementary sonographic lesions and
scoring systems (10, 13), the scant evidence of intra- and inter-
rater reliability (10, 14), and the use of old pSS cohorts for
validation of pSS classification criteria, when SGUS was not
yet fully developed (2). However, recently significant progress
in these fields has been made (11, 15) and important research
projects in pSS, e.g., HarmonicSS (16) and NECESSITY (17), are
currently investigating the usefulness of SGUS in pSS. Although
with some limitations for the reasons mentioned above, several
studies reported associations between sonographic parenchymal
inhomogeneity and clinical, laboratory, and pathological pSS-
related features, such as reduced salivary flow rate, presence of
anti-Ro/SSA and/or anti-La/SSB antibody, positive lip biopsy,
etc. (18–27).

This study was focused on the possible stratification of pSS
phenotypes by SGUS in a well-characterized cohort of patients
fulfilling the most recent classification criteria. The results were
compared by using the long-standing available and the most
recent SGUS scoring system in pSS, i.e., the extremes of a period
lasting almost three decades, during which many SGUS scores
have been proposed, with substantial similarities. A possible

Abbreviations: ACR-EULAR, American College of Rheumatology/European
League Against Rheumatism; ESSDAI, EULAR Sjögren’s Syndrome Disease
Activity Index; ESSPRI, EULAR Sjögren’s Syndrome Patient Reported Index;
MSGB, minor salivary gland biopsy; OMERACT, Outcome Measures in
Rheumatology Clinical Trials; PASS, patient-acceptable symptom state; PG,
parotid gland; pSS, primary Sjögren’s syndrome; RF, rheumatoid factor; SGUS,
salivary gland ultrasound; SMG, submandibular gland; VAS, Visual Analog Scale.

agreement between the two “extreme” scores could substantiate
the results found by several groups in these years about the
usefulness of the SGUS in pSS.

METHODS

Patients
Consecutive pSS patients referred to the Clinic of Rheumatology,
University Hospital of Udine, Italy, from January 2019 until
February 2020 were evaluated. Inclusion criteria were as follows:
(a) fulfillment of the American College of Rheumatology–
European League Against Rheumatism (ACR-EULAR)
classification criteria for pSS (2); (b) available data on in-house
performed SGUS and objective and subjective evaluations of
dryness. Concomitant immunosuppressive therapy was allowed.

All patients gave oral and written informed consent for all
procedures, which were carried out in accordance with the
Declaration of Helsinki and with the guidelines for good clinical
practice. The study was conducted according to a protocol
approved by the Regional Ethical Committee (CEUR-2017-Os-
027-ASUIUD) (16).

Clinical and Laboratory Data
The following data were collected from patients’ medical charts:
gender, date of birth, pSS duration, presence of anti-Ro/SSA
and anti-La/SSB antibodies, rheumatoid factor (RF), serum
monoclonal component, serum cryoglobulinemia, complement
C3 and C4 levels, and previous MSGB (28). The MSGB was
considered positive if the focus score was ≥1; if the number of
minor salivary glands was <4 and/or the glandular surface area
was <8 mm2, the MSGB was considered not evaluable (28).

The oral and ocular dryness were assessed by both subjective,
i.e., Visual Analog Scale (VAS) 0–10 oral and VAS 0–10 ocular
sicca, and objective evaluations, i.e., the unstimulated salivary
flow rate and the Schirmer’s I test, performed the same day of
the SGUS, according to the recommended procedures (29, 30).

The EULAR Sjögren’s Syndrome Disease Activity Index
(ESSDAI) for pSS systemic activity (31) and the EULAR Sjögren’s
Syndrome Patient Reported Index (ESSPRI) for the severity of
patients’ symptoms (32) were evaluated at the time of the SGUS.
The ESSDAI is a composite index that evaluates 12 organ-
specific domains; for each domain, features of disease activity
were classified into three or four levels according to their severity,
and the total score ranges from 0 to 123 points (31). Low disease
activity is considered if the ESSDAI score is<5; moderate activity
is considered if the ESSDAI score is 5–13, and high activity is
considered if the ESSDAI score is ≥14 (33). The ESSPRI is a
patient-reported index; the final score is the mean (0–10) of
three items: VAS 0–10 of dryness, musculoskeletal pain, and
fatigue (32). Patient-acceptable symptom state (PASS), defined
as an ESSPRI < 5, is the value below which patients consider
themselves well (33).

Ultrasonographic Assessment of Major
Salivary Glands
The parotid glands (PGs) and the submandibular glands
(SMGs) were examined using a SAMSUNG RS85 machine
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with a linear high-frequency transducer (LM4-15B) by one
clinical investigator (AZ or SZC), blinded to clinical data of
the patients. The intra-rater and inter-rater reliability between
the two sonographers were >0.7 for both scores used. Both
the PG and the SMGs were scanned with patients lying in the
supine position with the neck hyper-extended and the head
slightly turned to the opposite side. The PGs were evaluated in
the longitudinal and cross-sectional plane and the SMGs were
evaluated in the longitudinal plane, according to the OMERACT
standardized scanning procedure (11). The US images were
simultaneously scored at patient bedside using two four-grade
semiquantitative scoring systems. The 1992 score by De Vita
et al., developed by stepwise discriminant analysis, includes
both anechoic/hypoechoic areas and hyperechoic bands (9).
The four levels are as follows: grade 0, normal homogenous
parenchyma; grade 1, mild inhomogeneity with isolated and
small anechoic/hypoechoic areas without hyperechoic bands
(definition updated in accordance with new ultrasoundmachines
performance) (25, 34, 35); grade 2, moderate inhomogeneity
with multiple anechoic/hypoechoic areas and/or few hyperechoic
bands; grade 3, severe inhomogeneity with large and confluent
anechoic/hypoechoic areas and/or diffuse hyperechoic bands
(Figure 1). The OMERACT score is the most recent SGUS
scoring system, and it is defined as follows: grade 0, normal
parenchyma; grade 1, minimal change: mild inhomogeneity
without anechoic/hypoechoic areas; grade 2, moderate change:
moderate inhomogeneity with focal anechoic/hypoechoic
areas but surrounded with normal tissue; grade 3, severe
change: diffuse inhomogeneity with anechoic/hypoechoic areas
occupying the entire gland surface (Figure 1) (11).

For each of the two SGUS scoring systems, for both the PG
and the SMG, the worse finding of the two sides was used in
the analyses. The scores were then dichotomized and converted
into “normal-appearing,” if the original score was 0 or 1, and
“pathological,” if the original score was 2 or 3, according to
previous studies (9, 15, 21). The patients were divided into two
groups according to the SGUS results: “SGUS normal-appearing
group,” in which the patients had both the PG and the SMG
with normal-appearing glandular parenchyma (grade 0 or 1 in
both PG and SMG), and the “SGUS pathological group,” in
which the patients had at least one between PG and SMG with
a pathological score (grade 2 or 3 in at least one between PG
and SMG).

Statistical Analyses
Categorical variables are presented as frequencies and
percentages. Quantitative variables are described with the
mean ± standard deviation (SD), or with the median (range),
as appropriate.

Chi-square test or Fisher exact test was applied to assess
differences for categorical variables, while t test or Mann–
Whitney test was applied to assess differences for continuous
variables. All significance tests were two-tailed, and results with
p < 0.05 were considered statistically significant. The odds ratio
(OR) was expressed with 95% CI.

In order to assess which clinical or laboratory data
were independently associated with a normal SGUS score, a

multivariate logistic regression analysis was used, which included
all the variables showing a significance p < 0.05 at the univariate
analysis and which were available in all the patients.

RESULTS

Clinical and Laboratory Characteristics of
All Cohorts
One hundred consecutive pSS patients were evaluated, 92/100
(92%) were females, the mean age (±SD) at the SGUS evaluation
was 60.9 ± 12.0 years, and the mean disease duration was
11.7 ± 7.2 years. Patients positive for anti-Ro/SSA were 95/100
(95%), while patients positive for anti-La/SSB were 52/100 (52%);
all patients positive for anti-La/SSB are also positive for anti-
Ro/SSA. RF was positive in 59/100 (59%) patients. An abnormal
unstimulated salivary flow rate was found in 71/100 (71%)
patients, while an abnormal Schirmer’s I test was found in 78/100
(78%). The MSGB data were available in 49/100 (49%) patients,
with a positive result in 37/49 (75.5%); in most patients, the
MSGB was performed >5 years before the SGUS, at the time
of pSS diagnosis. The median (range) ESSDAI at the time of
the SGUS evaluation was 3 (0–22), while mean (±SD) ESSPRI
was 5.7 ± 2. Detailed clinical and laboratory data are reported
in Table 1.

Sonographic Evaluation and Patients’
Stratification
The results of the two four-grade SGUS scoring systems were
similar and are shown in Table 2. The dichotomized OMERACT
score for the PG was normal-appearing in 37/100 (37%) and
pathological in 63/100 (63%) patients, while that for the SMG
was normal-appearing in 39/100 (39%) and pathological in
61/100 (61%) patients. The dichotomized score by De Vita
et al. for the PG was normal-appearing in 32/100 (32%) and
pathological in 68/100 (68%) patients, while for the SMG, it was
normal-appearing in 35/100 (35%) and pathological in 65/100
(65%) patients.

The pSS patients were then divided into two groups according
to these SGUS results: 29/100 (29%) patients had a normal-
appearing SGUS in both the PG and SMG (grade 0 or 1 in both),
and were then assigned to the “SGUS normal-appearing group,”
while 71/100 (71%) patients had a pathological SGUS in at least
one PG or SMG (grade 2 or 3 in at least one between PG and
SMG) and were then assigned to the “SGUS pathological group.”
The division was the same for both the 1992 score and the 2019
OMERACT score (Table 2).

Clinical and Laboratory Features
Associated With Normal-Appearing SGUS
The clinical and laboratory features of the two groups of patients
are reported in Table 1.

Univariate Analysis

By univariate analysis, a normal-appearing SGUS was
significantly associated with the absence of anti-La/SSB
antibodies [8/29 (27.6%) vs. 44/71 (62%), p= 0.002, OR 4.3 (95%
CI 1.7–11)], RF [10/29 (34.5%) vs. 49/71 (69%), p = 0.002, OR
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FIGURE 1 | Ultrasound images of parotid glands in the two four-grade semiquantitative scoring systems. (A) De Vita et al. score grade 0; (B) De Vita et al. score

grade 1; (C) De Vita et al. score grade 2; (D) De Vita et al. score grade 3; (E) OMERACT score grade 0; (F) OMERACT score grade 1; (G) OMERACT score grade 2;

(H) OMERACT score grade 3.
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TABLE 1 | Patients’ demographic, clinical, and laboratory features.

All patients SGUS normal-

appearing

group

SGUS

pathological

group

p-Value normal

vs. pathological

Odds ratio (95% CI)

Demographic data

Number of patients 100 29 71

Gender, female, n (%) 92/100 (92%) 25/29 (86.2%) 67/71 (94.4%) 0.225

Age at disease onset, years, mean ±

SD; median

49.3 ± 12.1; 49.5 49.2 ± 12.2; 49 49.3 ± 12.2; 50 0.980

Age at evaluation, years, mean ± SD;

median

60.9 ± 12.0; 61 59.9 ± 11.6; 58 61.4 ± 12.2; 62 0.591

Disease duration, years, mean ± SD;

median

11.7 ± 7.2; 10.5 10.7 ± 6.6; 9 12.0 ± 7.5; 12 0.482

Serological features

Anti-Ro/SSA positive, n (%) 95/100 (95%) 26/29 (89.6%) 69/71 (97.2%) 0.145

Anti-La/SSB positive, n (%) 52/100 (52%) 8/29 (27.6%) 44/71 (62.0%) 0.002 4.3 (1.7–11)

Rheumatoid factor positive, n (%) 59/100 (59%) 10/29 (34.5%) 49/71 (69.0%) 0.002 4.2 (1.7–10.6)

Presence of serum monoclonal

component, n (%)

28/100 (28%) 2/29 (6.9%) 26/71 (36.6%) 0.003 7.8 (1.7–35.5)

Low complement C3 and/or C4 level,

n (%)

24/100 (24%) 5/29 (17.2%) 19/71 (26.8%) 0.44

Presence of serum cryoglobulinemia,

n (%)

13/100 (13%) 1/29 (3.4%) 12/71 (16.9%) 0.10

Clinical features

Lip biopsy focus score ≥1, n (%) 37/49 (75.5%) 8/15 (53.3%) 29/34 (85.3%) 0.029 5.1 (1.3–20.3)

Abnormal unstimulated salivary flow

rate§, n (%)

71/100 (71%) 13/29 (44.8%) 58/71 (81.7%) <0.001 5.5 (2.1–14.2)

Abnormal Schirmer’s I test*, n (%) 78/100 (78%) 22/29 (75.9%) 56/71 (78.9%) 0.793

ESSDAI, median (range) 3 (0–22) 2 (0–18) 4 (0–22) 0.078

ESSDAI < 5, n (%) 66/100 (66%) 24/29 (82.7%) 42/71 (59.1%) 0.03 3.3 (1.1–9.7)

ESSPRI, mean ± SD; median 5.7 ± 2.1; 6 5.5 ± 2.1; 5.7 5.8 ± 2.1; 6 0.470

PASS, ESSPRI < 5, n (%) 36/100 (36%) 11/29 (37.9%) 25/71 (35.2%) 0.821

VAS oral dryness, mean ± SD;

median

6.7 ± 2.7; 7 6 ± 2.3; 6 7 ± 2.8; 7 0.08

VAS ocular dryness, mean ± SD;

median

6.0 ± 2.6; 6 5.9 ± 1.5; 6 6.1 ± 2.9; 7 0.525

§Unstimulated salivary flow rate: ≤1.5 mL/15min was considered pathological.

*Schirmer’s I test values <5 mm/5min were considered pathological.

95% CI, confidence interval; ESSDAI, EULAR Sjögren’s Syndrome Disease Activity Index; ESSPRI, EULAR Sjögren’s Syndrome Patient Reported Index; PASS, patient acceptable

symptom state; SGUS, salivary gland ultrasound; VAS, Visual Analog Scale.

Bold values are the statistic significant p-value (p < 0.05).

4.2 (95% CI 1.7–10.6)], and serum monoclonal component [2/29
(6.9%) vs. 26/71 (36.6%), p = 0.003, OR 7.8 (95% CI (1.7–35.5)].
A normal-appearing SGUS was also associated with a normal
unstimulated salivary flow rate [13/29 (44.8%) vs. 58/71 (81.7%),
p < 0.001, OR 5.5 (95% CI 2.1–14.2)] and with a negative MSGB
[8/15 (53.3%) vs. 29/34 (85.3%), p = 0.029, OR 5.1 (95% CI
1.3–20.3)] (Figure 2).

Finally, a normal-appearing SGUS was associated with a low
disease activity [ESSDAI < 5, 24/29 (82.7%) vs. 42/71 (59.1%),
p = 0.03, OR 3.3 (95% CI 1.1–9.7)] (Figure 2). In detail,
patients with a normal-appearing SGUS had lower activity in
the glandular (p = 0.033) and in the biological (p = 0.048)
ESSDAI domains, while no differences were found in the other
domains (Supplementary Table 1). No associations were found

between normal-appearing SGUS and other serological, clinical,
or demographic data (Table 1).

Multivariate Analysis

By multivariate analysis, a normal-appearing SGUS was
significantly associated with the absence of anti-La/SSB
antibodies [p < 0.001, OR 9.0 (95% CI 2.6–30.8)] and normal
unstimulated salivary flow rate [p = 0.02, OR 3.8 (95% CI
1.2–11.8)] (Table 3).

Agreement Between the SGUS and the
MSGB
The MSGB data were available in 49/100 (49%) patients. The
agreement between the SGUS and the MSGB was moderate
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TABLE 2 | Sonographic features. Number of patients (%) for each grade of the two semiquantitative scoring systems OMERACT and De Vita et al. score for parotid gland

and submandibular glands.

OMERACT score n = 100 Score by De Vita et al.n = 100

PG, n (%) SMG, n (%) PG, n (%) SMG, n (%)

Semiquantitative score 0–3 Grade 0 20 (20%) 19 (19%) 22 (22%) 21 (21%)

Grade 1 17 (17%) 20 (20%) 10 (10%) 14 (14%)

Grade 2 37 (37%) 43 (43%) 40 (40%) 28 (28%)

Grade 3 26 (26%) 18 (18%) 28 (28%) 37 (37%)

Normal-appearing score vs.

pathological score

Normal-appearing (grade 0 or 1) 37 (37%) 39 (39%) 32 (32%) 35 (35%)

Pathological (grade 2 or 3) 63 (63%) 61 (61%) 68 (68%) 65 (65%)

Normal-appearing SGUS vs.

pathological SGUS

Normal-appearing (grade 0 or 1 in both PG and SMG) 29 (29%) 29 (29%)

Pathological (grade 2 or 3 in at least one between PG or SMG) 71 (71%) 71 (71%)

In the second part of the table, the results of the dichotomized score (normal-appearing vs. pathological) for both OMERACT score and the score by De Vita et al.

PG, parotid gland; SGUS, salivary gland ultrasound; SMG, submandibular gland.

(73.5%, 36/49) (Supplementary Figure 1). In patients with a
positive MSGB (37/49, 75.5%), the SGUS was pathological as well
in 29/37 (78.4%). However, the SGUS was positive also in 5/12
(41.7%) pSS patients with a negative MSGB, all being anti-SSA-
positive. Overall, among the 49 pSS patients who performed both
MSGB and SGUS, there were 8/49 (16.3%) who were positive
only by MSGB, and 5/49 (10.2%) only by SGUS. Among the five
pSS patients being anti-SSA-negative/MSGB-positive, the SGUS
was positive in 2/5 (40%).

DISCUSSION

This study supported the clinical usefulness of the SGUS in
the management of pSS since it allowed to identify distinct
pSS phenotypes with different outcomes. In this study indeed,
a normal-appearing SGUS was significantly associated with low
disease activity (ESSDAI < 5), less salivary gland function
impairment (i.e., normal unstimulated salivary flow rate),
negative minor salivary gland histopathology, and the lack of
RF, anti-La/SSB antibodies, and serum monoclonal component.
Thus, pSS patients with a normal-appearing SGUSmay represent
a clinical phenotype with milder disease and probably a lower
lymphoma risk based on present knowledge (36–40). Improving
the identification of a milder disease subset is an unmet need in
pSS (41), and therefore, the SGUS could be of major value to this
end.Moreover, the SGUSmay be employed to detect and to guide
diagnostic biopsy of salivary gland lymphoma (42, 43), which is
one of the main causes of increased mortality in pSS (36), and
to follow-up pSS patients with parotid swelling, i.e., a major risk
factor or an early manifestation of lymphoma itself (44).

Since we noticed only slight differences in the sonographic
elementary lesions considered in the several SGUS scoring
systems employed up to now, all mainly focused on parenchymal
inhomogeneity (9, 11, 21, 45–47), we decided to use the two
“extreme” scores of the three decades of application of the SGUS

in pSS, both easy to apply and little time consuming (9, 11). The
early one was proposed by our group in 1992 (9) and is based on
parenchymal inhomogeneity, which was selected by multivariate
analysis as the SGUS variable that best identified pSS patients.
The latest was proposed in 2019 by the OMERACT task force
and is also focused on parenchymal inhomogeneity (11). Of note,
two different SGUS scoring systems provided identical results in
this study, and this might be relevant to facilitate, at least in part,
the evaluation and the comparison of the previous studies which
used different scoring systems (18–27), although in our study, a
bias in classifying the same US image simultaneously at patient
bedside using two different, but quite similar, scoring systems
could be present.

Unlike other studies (18–25), we evaluated only patients
who fulfilled the latest ACR-EULAR classification criteria, while
patients suffering from non-pSS sicca syndrome were excluded
from evaluation.

In this study, confirming the results of Theander and Mandl
(21), patients with either normal-appearing or pathological
SGUS were not different for age or disease duration (more
than 10 years for both subgroups), indicating that the SGUS
abnormalities appeared to be more likely linked to patients’
intrinsic characteristics and disease severity, rather than being
secondary to age or disease duration (48). Moreover, Baldini
and colleagues reported that changes in the salivary gland
parenchymal echostructure developed relatively early in the
disease course (≤5 years from the onset of symptoms) (49).
Further prospective studies are needed to assess the differences
between the sonographic pattern of pSS patients with early
or long-standing disease, evaluating in depth the sonographic
elementary lesions (13, 34).

Unlike Hammenfors and colleagues (18) in the present study,
the SGUS findings were not associated with subjective and
objective lacrimal impairment. A possible uncoupling between
the severity of oral and ocular involvement is still little recognized
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FIGURE 2 | Comparison of serological and clinical features among the two groups of patients.
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TABLE 3 | Clinical and serological features associated with normal-appearing

SGUS by multivariate analysis.

Variable OR 95% CI p-Value

Positive anti-La/SSB 9.025 2.647–30.771 <0.001

Positive rheumatoid

factor

0.717 0.208–2.471 0.599

Presence of serum

monoclonal component

3.2 0.72–14.214 0.126

Abnormal unstimulated

salivary flow rate

3.785 1.21–11.84 0.022

ESSDAI < 5 3.103 0.772–12.474 0.111

95% CI, confidence interval; ESSDAI, EULAR Sjögren’s Syndrome Disease Activity Index;

OR, odds ratio.

Bold values are the statistic significant p-value (p < 0.05).

in pSS, and the use of ultrasonography may be helpful to further
disclose it (50), then additional researches are needed.

Of note, SGUS has proven to be sensitive to change after
treatment (51–53) and to be able to identify active inflammatory
lesions, the anechoic/hypoechoic areas, and the damage-
related lesions, the hyperechoic bands, i.e., those sonographic
lesions mainly associated with salivary impairment (34), with
researching and therapeutic implications. The relevance of a clear
distinction between activity-related and damage-related features
was recently highlighted by experts within the HarmonicSS
cooperative research project (16), and also a subsequent
cooperative project in pSS, named NECESSITY, is currently
exploring the use of the SGUS in pSS (17).

A final key issue is the relationship between the SGUS and
the minor salivary gland pathology in pSS. The histopathology
of the major salivary glands may in part differ from the findings
in the MSGB in pSS patients, and only one group approached
this issue up to now (54, 55). The major limitations of our study
are that MSGB was available in only one-half of the patients, and
that almost all patients (95%) were anti-Ro/SSA positive, so it
was not possible to evaluate the association between the SGUS
pattern and the presence of anti-Ro/SSA antibodies. In these 49
pSS patients, the agreement between the SGUS and the MSGB

was substantial (73.5%), but the SGUS resulted positive also in a
fraction (5/12, 41.7%) of MSGB-negative patients. On the other
hand, SGUS was positive in 2/5 (40%) anti-SSA-negative/MSGB-
positive patients. Therefore, anti-SSA/SSB antibody test, MSGB,
and SGUS might represent complementary tools in pSS.

In conclusion, this study highlighted that the SGUS may
improve pSS stratification in clinically different phenotypes,
and therefore, it may be usefully integrated in the clinical
management of pSS patients. Salivary gland parenchymal
inhomogeneity is confirmed as the key SGUS abnormality in pSS.
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