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Abstract

Objectives Our aim was to evaluate the association between salivary gland scintigraphy and the clinical parameters, including
histological characteristics of salivary glands, in patients with primary Sjogren’s syndrome (pSS).

Methods Forty-one pSS patients were included in the study. The patients who had received salivary gland scintigraphy and minor
salivary gland biopsy were retrospectively analyzed. Salivary gland scintigraphy was interpreted via semi-quantitative methods
obtained by calculating the peak uptake and washout of each gland using regions of interest. All specimens were examined by
pathologists for focus scores and leukocyte common antigen (LCA) to determine the degree of inflammatory infiltration.
Results The mean age of pSS patients was 46.4 years, 82.9% were female, and the mean duration of symptoms was 2.5 years.
The focus score was negatively correlated to the mean peak uptake (r=—0.396; p=0.019), mean uptake (r=—0.388; p=0.021),
and mean percentage washout (r=—0.391; p=0.02). In addition, the focus score and number of LCA positive cells per mm?> were
correlated with the clinical parameters including erythrocyte sedimentation rate, globulin, rheumatoid factor, unstimulated whole
saliva, and stimulated whole saliva flow. The number of LCA positive cells per mm?> was negatively correlated to leukocytes and
hemoglobin.

Conclusion Although the diagnostic role of salivary gland biopsy is widely accepted and features in the classification criteria of
Sjogren’s syndrome, salivary gland scintigraphy may be an acceptable alternative method especially if a non-invasive test is required.

Key Points

o Salivary gland biopsy in patients with primary Sjogren’s syndrome (pSS) showed a significant correlation with several markers of both the
parotid and submandibular glands in salivary gland scintigraphy, and with clinical features such as cytopenia, and lower unstimulated whole
saliva and stimulated whole saliva flow rates.

e Salivary gland scintigraphy might be a good alternative to minor salivary gland biopsy, and the two methods could be complementary to the
clinical features in the diagnosis of pSS.

Keywords Minor salivary gland biopsy - Salivary gland scintigraphy - Sjogren’s syndrome - Unstimulated/stimulated
whole saliva flow rate
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Introduction

Sjogren’s syndrome (SS) is a chronic autoimmune disease
characterized by xerophthalmia and xerostomia which are
caused by lymphocytic infiltrates of the lachrymal and sali-
vary glands [1]. SS can be classified as either primary SS
(pSS) or secondary SS depending on whether it occurs alone
or is associated with other autoimmune rheumatic diseases,
mainly rheumatoid arthritis (RA), systemic lupus erythe-
matosus (SLE), and systemic sclerosis [2]. As with most
systemic autoimmune diseases, it has been suggested that the
pathogenesis of pSS is due to genetic, hormonal, and envi-
ronmental factors, although the actual cause remains elusive.
It seems that autoantibody production and immune complex
formation stimulated by hyperactivity of B-lymphocytes
play a central role [3]. Due to the complex pathogenesis and
disease heterogeneity of pSS, its diagnosis and treatment are
continuously being developed, updated, and improved [4].

More than 10 classification criteria for pSS were pro-
posed between 1965 and 2002 [5-11]. The American—Euro-
pean Consensus Group (AECG) classification criteria, which
were approved in 2002, were the most widely used until the
American College of Rheumatology (ACR) published new
classification criteria in 2012 [12, 13]. Even though there are
many discrepancies between the two classification systems,
they each have a distinct advantage in that the 2002 AECG
classification seems to be more specific, while the 2012
ACR classification can detect early forms of the disease [14].
In 2016, the ACR/European League Against Rheumatism
(EULAR) published new classification criteria consisting
of five objective tests or items that were based on the cur-
rent ACR and EULAR guidelines and methodologies, with
a focus on items that considered data and clinical judgment
[15, 16]. The 2016 ACR/EULAR criteria are recognized as
the superior tool in pSS diagnosis for its significantly higher
sensitivity when compared to several currently available cri-
teria. The introduction of this criteria has increased the need
for minor salivary gland (MSG) biopsy [17, 18].

MSG biopsy is an invasive procedure that carries mild
complications such as temporary sensory defect, bleeding,
and pain, as well as serious complications such as tissue
necrosis and persistent impaired sensory defect [19]. For
this reason, it may be necessary to replace biopsy, and it has
been suggested that a non-invasive and more easily acces-
sible imaging technique be used. Salivary gland scintigraphy
was excluded from the 2012 and 2016 classification criteria
for pSS due to its low diagnostic specificity [13, 15, 16].
This low diagnostic specificity may have been due to a pau-
city of the literature on salivary gland scintigraphy for pSS.
We believe that salivary gland scintigraphy can be a reli-
able, objective, and accurate diagnostic method, if it can be
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proven through objective research data that it does have an
association with pSS. Therefore, our aim was to evaluate
the association between salivary gland scintigraphy and the
clinical parameters of pSS but especially with the histologi-
cal characteristics of salivary glands in patients with pSS.

Method
Study population

This single-center retrospective study included 41 patients
who underwent salivary gland scintigraphy and salivary
gland biopsy to confirm the diagnosis, and had a diagnosis of
pSS. Patients who visited the department of rheumatology at
Ajou University Hospital between January 2016 and Decem-
ber 2021 were recruited. All of the patients with pSS were
18 years of age or older and fulfilled the 2016 ACR/EULAR
classification criteria for pSS [15, 16]. Patients with other
autoimmune diseases, such as SLE, RA, systemic sclerosis,
or immunoglobulin G4-related disease and those who were
prescribed muscarinic agonists (pilocarpine and cevimeline)
were excluded from the study. Baseline demographic data,
clinical data, and laboratory findings related to pSS were
reviewed from the relevant medical records. Disease activity
was assessed using the EULAR Sjogren’s Syndrome dis-
ease activity index (ESSDALI) at the time of diagnosis. The
ESSDAI includes the evaluation of 12 domains (cutaneous,
respiratory, renal, articular, muscular, peripheral nervous
system, central nervous system, hematological, glandular,
constitutional, lymphadenopathic, biological), with a total
of 123 points, defined as low activity (ESSDAI <5), mod-
erate activity (5 <ESSDAI<13), and high disease activity
(ESSDAI > 14) [20]. This study protocol was reviewed and
approved by the Institutional Review Board of Ajou Univer-
sity Hospital (AJIRB-BMR-MDB-22-031).

Assessment of xerophthalmia and xerostomia

As part of the diagnosis and classification of pSS, the
Schirmer test was used for dry eye examination; wetting of
0-5 mm of the Schirmer strip after 5 min, in at least one
side, is considered abnormal [15, 16]. As part of the exami-
nation for dry mouth, unstimulated whole saliva (UWS) and
stimulated whole saliva (SWS) were collected to evaluate
saliva secretion rates. UWS was collected for 10 min by the
spitting method. Mechanical stimulation (chewing a paraf-
fin gum base) was used to stimulate salivary secretion. The
saliva collected for the first 2 min was discarded, then SWS
was collected for 5 min. Saliva secretion rates were recorded
as mL/min for both UWS and SWS.
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Salivary gland scan acquisition and data analysis

Patients were injected with 185 MBq of *™Tc-pertechne-
tate, and static images (anterior and lateral views) were
acquired after 5, 10, and 20 min using a dual-head gamma
camera (GE Healthcare, USA) equipped with a low-energy,
high-resolution collimator. Then, washout images were
acquired 20 min after stimulation of the salivary glands
by oral administration of a sialagogue (200 ml of orange
juice). Images were analyzed on a Xeleris Workstation (GE
Healthcare).

The uptake ratio and percentage of excretion after sali-
vary gland stimulation were assessed semi-quantitatively.
Circular regions of interest (ROI) were drawn manually on
each parotid and submandibular gland in the anterior view
on the 20-min static images. Additionally, a circular ROI
was drawn on the skull on a uniform background region
(Supplementary Fig. 1). The uptake ratio was calculated by
dividing the mean counts of each ROI by that of the back-
ground ROI. The percentage of excretion was defined as
(counts in the salivary gland at 20 min — counts in the sali-
vary gland after sialagogue administration)/(counts in the
salivary gland at 20 min) X 100%.

Histologic evaluation

A hematoxylin and eosin-stained salivary gland biopsy
section was evaluated by an expert pathologist (JHH),
who was blinded to the clinical data. The extent of
the lymphocytic infiltration was represented by the
focus score. The presence of more than 50 periductal
lymphocytes in 4 mm? of salivary gland tissue is used as
criteria for the definition of a focus [21]. The degree of
interstitial fibrosis was assessed blindly for the disease
classification and the focus score. Interstitial fibrosis was
defined as collagenous fibrosis surrounding the ducts
or forming tracts that dissociate the lobules and encase
the acini [22]. The slides were scored according to the
degree of interstitial fibrosis as follows: 0 =no or minimal
fibrosis, 1 =mild fibrosis without acinar replacement,
2 =moderate fibrosis with acinar replacement, 3 =severe
fibrosis with acinar replacement and marked gland
disruption. The number of germinal center (GC)-like
structures within the MSG tissue was also counted. The
GC-like structure was defined by the presence of densely
aggregated lymphoid cells containing distinguishable dark
and light zones.

Immunohistochemistry (IHC)
Immunohistochemical staining for CD45 (Leukocyte Com-

mon Antigen, LCA) was performed using BenchMark XT
(Ventana Medical Systems, AZ, USA) according to the

manufacturer’s instructions. Briefly, 4 pm-thick sections
were deparaffinized in xylene and dehydrated in graded eth-
anol. The antigen retrieval with Cell Conditioning Buffer
1 (CC1) was performed for 40 min. The primary antibody
was CD45 (LCA) (2B11&PD7/26, 1:100, Cell Marque, CA,
USA) with 1 h of incubation and the secondary anti-HRP
antibody was incubated for 32 min. Counterstaining was
performed with Hematoxylin II for 10 min and subsequent
bluing for 6 min.

Image acquisition and quantitative image analysis

Whole slide images after IHC were digitized in 20 X mag-
nification by Aperio AT2 scanners. Scanned images were
analyzed with QuPath version 0.2.3; an open-source soft-
ware for digital pathology and whole-slide image analysis
[23]. The area of the salivary gland only was manually
annotated as a ROI in the MSG biopsy digital image. Cells
in the ROI were segmented as areas of staining above the
background level, by applying optimized segmentation
parameters including threshold, median filter radius, sigma,
and cell expansion. All images were confirmed by manual
inspection by an expert pathologist (JR) for optimal seg-
mentation. The number of infiltrated lymphocytes within
the ROIs was quantitatively measured using the number
of cells.

Statistical analysis

The Student’s ¢-test or Mann—Whitney test were used for
continuous variables, and the chi-square test or Fisher’s
exact test were used for categorical variables. These data
are presented as mean + standard deviation, and for all
analyses, a p-value < 0.05 was considered as statisti-
cally significant. Spearman’s correlation was conducted
to evaluate the relationship between the salivary gland
histological data and salivary gland scintigraphy. The
Spearman’s correlation coefficient () was interpreted as
very weak (0.0-0.2), weak (0.2-0.4), moderate (0.4-0.6),
strong (0.6—0.8), or very strong (0.8—1.0). We also ana-
lyzed the association between the clinical parameters and
disease activity with the salivary gland histological data
and salivary gland scintigraphy, respectively. All statisti-
cal analyses were performed with SPSS software version
25.0 (IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics

The baseline characteristics of pSS are presented in
Table 1. Of the 41 patients included in this study, the
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mean age was 46.4 +10.4 years, 82.9% of the patients
were female, and the mean duration of symptoms was
2.5 years. Almost all patients had ocular (97.6%) and
oral (95.1%) symptoms, and only 4 patients (9.8%) had
enlargement of the parotid glands. The most common
extra-glandular symptom was fatigue (85.4%), followed
by arthralgia (70.7%), arthritis (26.8%), and purpura
(17.1%). The mean ESSDAI score was 4.1 +2.2 and the
frequency of patients with ESSDAI >S5 was 15 (36.6%).

The mean results of the Schirmer test for dry eyes was
4.71 £2.31 mm on the left side, and 5.24 +2.41 mm on
the right side. The mean salivary flow rates of UWS
and SWS were 0.2 +0.34 mL/min and 0.62 +0.62 mL/
min, respectively. Regarding the laboratory findings,
antinuclear antibody was positive in 32 patients (78%),
anti-SSA/Ro was positive in 34 patients (82.9%),
anti-SSB/La was positive in 7 patients (17.1%), and
rheumatoid factor was positive in 27 patients (65.9%).

Table 1 Baseline characteristics Variable

of patients with pSS
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pSS patients (n=41)

Age, years, mean +SD
Female, no. (%)
Symptom duration, years, mean+ SD
BMI, kg/m?, mean +SD
Glandular manifestations
Ocular symptoms, no. (%)
Oral symptoms, no. (%)
Enlargement of parotid glands, no. (%)
Extra-glandular manifestations
Photosensitivity, no. (%)
Arthralgia, no. (%)
Arthritis, no. (%)
Raynaud’s phenomenon, no. (%)
Distal RTA, no. (%)
Lymphadenopathy, no. (%)
Purpura, no. (%)
Fatigue, no. (%)
ESSDAI, mean +SD
ESSDAI >S5, no. (%)
Schirmer test, left, mm, mean+ SD
Schirmer test, right, mm, mean+ SD
Salivary flow, UWS, mL/min, mean +SD
Salivary flow, SWS, mL/min, mean +SD
Laboratory findings
Leukocyte, /pL (normal range 3,400-10,600), mean + SD
Hemoglobin, g/dL (normal range 12.5-17.5), mean+SD
Platelet, 10°/uL (normal range 134-387), mean +SD
ESR, mm/hr (normal range 0-25), mean +SD
CRP, mg/dL (normal range 0-0.5), mean+ SD
Total protein, mg/dL (normal range 6.6-8.7), mean+ SD
Complement 3, mg/dL (normal range 90-180), mean + SD
Complement 4, mg/dL (normal range 10-40), mean + SD
RF, IU/mL (normal range 0—14), mean +SD
RF positivity, no. (%)
ANA positivity, no. (%)
Anti-SSA/Ro positivity, no. (%)
Anti-SSB/La positivity, no. (%)

46.4+10.4
34 (82.9)
2.5+2.8
2254113

40 (97.6)
39 (95.1)
4(9.8)

5(12.2)
29 (70.7)

11 (26.8)

2 (4.9)

0 (0)

2 (4.9)
7(17.1)
35(85.4)
4.1+22

15 (36.6)
4.71+2.31
5.24+2.41
0.196+0.343
0.621+0.615

5552+2,360
13.0+1.5
233.9+47.6
27.1+19.2
0.34+0.86
78+0.6
109.7+£23.9
245+84
34.8+48.7
27 (65.9)
32 (78.0)
34 (82.9)
7(17.1)

SD, standard deviation; pSS, primary Sjogren’s syndrome; BMI, body mass index; RTA, renal tubular aci-
dosis; ESSDAI, European League Against Rheumatism Sjogren’s Syndrome disease activity index; UWS,
unstimulated whole saliva; SWS, stimulated whole saliva; ESR, erythrocyte sedimentation rate; CRP,

C-reactive protein; RF, rheumatoid factor; ANA, antinuclear antibody



Clinical Rheumatology (2022) 41:3083-3093

3087

Salivary gland scintigraphy and minor salivary
gland biopsy

Forty-one patients underwent salivary gland scintigraphy,
and the results are summarized in Table 2. The mean
values for peak uptake and mean uptake of the parotid and
submandibular glands were 5.14 +1.63 and 3.35 +1.08,
respectively. The mean percentage washout of the parotid
and submandibular glands was 30.36 + 14.41.

Table 3 presents the results of the MSG biopsy samples
of patients with pSS, depicting the main histological
characteristics. The mean number of cell detections was
73,465.7 +145,097.8, of which CD45 (LCA) positive
cells numbered 16,829.4 +53,028.6. The mean number
of CD45 (LCA) positive cells per mm? of MSG was
1506.3 +1559.0. The mean focus score was 1.32+1.67,
and 27 patients (65.9%) had a focus score > 1. To more
accurately assess the relationship between the number of
CD45 (LCA) positive cells per mm? and the focus score
per 4 mm?, which further reflects the size of the MSG
infiltrate, correlation analyses were performed. There was
a positive correlation between the number of CD45 (LCA)
positive cells per mm? of MSG and the focus score per 4
mm? in pSS patients (r=0.722, p <0.001, Supplementary
Fig. 2).

Table 2 Semiquantitative analysis in salivary gland scintigraphy in
patients with pSS

Parameter pSS patients (n=41)
Mean +SD
Peak uptake ratio  Right parotid gland 5.65+2.38
Left parotid gland 528 +2.11
Right submandibular 4.86+1.66
gland
Left submandibular gland ~ 4.77+1.57
Mean 5.14+1.63
Mean uptake ratio Right parotid gland 3.62+1.48
Left parotid gland 3.32+1.31
Right submandibular 327+x1.14
gland
Left submandibular gland ~ 3.17+1.07
Mean 3.35+1.08
% Wash out Right parotid gland 35.20+£17.46
Left parotid gland 3522+17.63
Right submandibular 25.98 +14.65
gland
Left submandibular gland 25.03 +15.66
Mean 30.36£14.41

PSS, primary Sjogren’s syndrome

Table 3 Histological features in minor salivary glands in patients
with pSS

Variable pSS patients (n=41)

Number of cell detections
Number of CD45 (LCA) negative cells
Number of CD45 (LCA) positive cells

73,465.7+145,097.8
56,636.2+93,082.7
16,829.4 +53,028.6

Number of CD45 (LCA) positive cells per 1506.3 +£1559.0
mm?

Area of CD45 (LCA) positive cells, mm? 11.7+£37.4

Total focus score 2.71+6.62

Focus score per 4mm?> 1.32+1.67

Focus score/4mm?> 1, no. (%) 27 (65.9)

Fibrosis score, no. (%)

0 717.1)

1 20 (48.8)

2 717.1)

3 717.1)

Germinal center positive, no. (%) 2(4.9)

Mean + SD; pSS, primary Sjogren’s syndrome; LCA, leukocyte com-
mon antigen

Saliva secretion and salivary scintigraphic
parameters are positively correlated

To establish whether salivary scintigraphic parameters
reflect salivary gland function in pSS, correlation analy-
ses between saliva secretion and salivary scintigraphic
parameters were conducted (Table 4). The SWS flow rates
were significantly correlated with the mean of peak uptake
(r=0.513; p=0.012), mean uptake (r=0.532; p=0.009),
and percentage washout (r=0.438, p=0.038) in both the
parotid and submandibular glands. In addition, the UWS
flow rates had a significant correlation with the peak uptake
(right: r=0.637, p=0.001 and left: r=0.523, p=0.01) and
mean uptake (right: »=0.635, p=0.001 and left: r=0.646,
p=0.001) in the submandibular glands only, and the mean
percentage washout in both parotid and submandibular
glands (r=0.471, p=0.048).

Histologic focus score and salivary scintigraphic
parameters are negatively correlated

In Table 5, there was a clear trend showing a negative cor-
relation between the histological focus score and salivary
scintigraphic parameters. Significantly negative correlations
with focus score were the mean of peak uptake (r= —0.396;
p=0.019), mean uptake (r= —0.388; p=0.021), and per-
centage washout (r= —0.391; p=0.02) in both the parotid
and submandibular glands. Specifically, the focus score
had negative correlations with the peak uptake of the left
parotid gland (r= —0.419; p=0.012), the mean uptake
of the right and left parotid glands (r= —0.374; p=0.027
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Table 4 Correlation between
saliva secretion and salivary
scintigraphic parameters

Parameters

Correlation coefficient, r (p-value)

SWS flow rate

UWS flow rate

Peak uptake ratio

Mean uptake ratio

% Washout

Right parotid gland 0.092 (0.676) 0.268 (0.216)
Left parotid gland 0.044 (0.841) 0.185 (0.397)
Right submandibular gland 0.471 (0.023) 0.637 (0.001)
Left submandibular gland 0.384 (0.070) 0.523 (0.010)
Mean 0.513 (0.012) 0.315 (0.143)
Right parotid gland 0.097 (0.659) 0.231 (0.289)
Left parotid gland —0.012 (0.958) 0.176 (0.422)
Right submandibular gland 0.484 (0.019) 0.635 (0.001)
Left submandibular gland 0.435 (0.038) 0.646 (0.001)
Mean 0.532 (0.009) 0.342 (0.111)
Right parotid gland 0.207 (0.342) 0.242 (0.265)
Left parotid gland 0.059 (0.787) 0.042 (0.848)
Right submandibular gland 0.635 (0.001) 0.648 (0.001)
Left submandibular gland 0.413 (0.05) 0.491 (0.017)
Mean 0.438 (0.038) 0.417 (0.048)

SWS, stimulated whole saliva; UWS, unstimulated whole saliva. Bold values indicate a significant P value

and r= —0.342; p=0.044, respectively), and the percent-
age washout of the right parotid and right submandibular
glands (r= —0.395; p=0.019 and r= —0.439; p=0.008,
respectively). Figure 1 shows a comparison of salivary gland
scintigraphy in patients with typical histological findings
of Sjogren’s syndrome. The presence of a germinal center

Table 5 Correlation between focus score and salivary scintigraphic

parameters in patients with pSS

Parameters Correlation
coefficient, r
(p-value)
Focus score
Peak uptake ratio Right parotid gland —0.329 (0.054)
Left parotid gland —0.419 (0.012)
Right submandibular gland ~ —0.277 (0.108)
Left submandibular gland —0.295 (0.085)
Mean —0.396 (0.019)
Mean uptake ratio  Right parotid gland —0.374 (0.027)
Left parotid gland —0.342 (0.044)
Right submandibular gland ~ —0.322 (0.059)
Left submandibular gland —0.285 (0.097)
Mean —0.388 (0.021)
% Washout Right parotid gland —0.395 (0.019)
Left parotid gland —0.205 (0.237)
Right submandibular gland ~ —0.439 (0.008)

Left submandibular gland
Mean

—0.281 (0.102)
—0.391 (0.020)

pSS, primary Sjogren’s syndrome. Bold values indicate a significant

P value
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and high focus scores were significantly associated with
decreased uptake and washout of the parotid and salivary
glands in salivary scintigraphy. On the other hand, no cor-
relation between the number of CD45 (LCA) positive cells
per mm? and salivary scintigraphic parameters was found in
patients with pSS (Supplementary Table 1).

Correlations between histopathologic data
and salivary scintigraphic parameters with clinical
factors of pSS

We further analyzed the association between the histo-
logical findings and salivary scintigraphic parameters with
the clinical factors of pSS. As shown in Table 6, the focus
score and number of LCA positive cells per mm? were
correlated with the erythrocyte sedimentation rate (ESR)
(r=0.582; p<0.001 and r=0.591; p<0.001, respec-
tively), total protein (r=0.474; p=0.003 and r=0.351;
p=0.03, respectively), globulin (r=0.521; p=0.001
and r=0.506; p=0.001, respectively), rheumatoid factor
(r=0.533; p<0.001 and r=0.608; p <0.001, respectively),
SWS flow rates (r=—0.491; p=0.009 and r= —-0.519;
p=0.006, respectively), and UWS flow rates (r= —0.512;
p=0.006 and r=—0.471; p=0.013, respectively). Only
the number of LCA positive cells per mm? was negatively
correlated with leukocytes (r= —0.37; p=0.019), and
hemoglobin (r= —0.367; p=0.02). In addition, the mean
percentage washout was negatively correlated with total
protein (r= —0.387; p=0.029) and globulin (r= —0.486;
p=0.005).
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Patient 1

Patient 2

Fig.1 Comparison of salivary gland scintigraphy in patients with
typical histological findings of Sjogren’s syndrome. (A) Histologi-
cal picture showing a germinal center in the minor salivary glands
(H&E, 100x). Scintigraphic images before (B) and after (C) orange
juice stimulation in a patient with pSS. (B) Severely decreased uptake
function in both parotid and submandibular glands. (C) Excretory

PAROTID

A RT: 48.4%
LT: 0%
%) SUBMANDIBULAR

RT: 0%
LT: 0%

function of both parotid and submandibular glands cannot be evalu-
ated due to nearly non-visualization of uptake activity. (D) Positive
minor salivary gland biopsy result with focus score of 2. (E) Severely
decreased uptake function in left parotid and both submandibular
glands. (F) Decreased excretory function in left parotid gland. H&E,
hematoxylin and eosin; RT, right; LT, left

Table 6 Correlations between histopathologic data and salivary scintigraphic parameters with the clinical factors of pSS

Clinical factors Correlation coefficient, r (p-value)

Number of LCA
positive cell/mm?

Focus score/4 mm?

Mean peak uptake Mean mean uptake Mean % washout

Leukocyte —0.301 (0.059) —0.370 (0.019)
Hemoglobin —0.019 (0.909) —0.367 (0.020)
ESR 0.582 (< 0.001) 0.591 (< 0.001)
CRP 0.298 (0.070) 0.156 (0.348)
Total protein 0.474 (0.003) 0.351 (0.030)
Globulin 0.521 (0.001) 0.506 (0.001)
Complement 3 0.066 (0.729) 0.188 (0.319)

Complement 4 0.140 (0.462) —0.100 (0.600)

RF 0.533 (< 0.001) 0.608 (< 0.001)
ESSDAI 0.151 (0.345) 0.007 (0.965)
SWS flow rates —0.491 (0.009) —0.519 (0.006)

UWS flow rates
Symptom duration

—0.512 (0.006)
0.070 (0.662)

—0.471 (0.013)
0.038 (0.814)

—0.063 (0.725) 0.084 (0.638) 0.171 (0.334)

—0.307 (0.078) —0.272 (0.119) —0.273 (0.119)
—0.044 (0.811) —0.055 (0.764) —0.173 (0.343)
—0.185 (0.311) —0.137 (0.447) —0.117 (0.524)
—0.228 (0.209) —0.263 (0.145) —0.387 (0.029)
—0.297 (0.098) —0.325 (0.069) —0.486 (0.005)

0.107 (0.610)
—0.055 (0.793)

0.139 (0.507)
0.061 (0.772)

0.048 (0.821)
0.149 (0.478)

—0.090 90.619) —0.152 (0.400) —0.124 (0.493)
—0.099 (0.573) —0.127 (0.468) —0.141 (0.420)
0.513 (0.012) 0.532 (0.009) 0.438 (0.038)
0.315 (0.143) 0.342 (0.111) 0.417 (0.048)
—0.022 (0.898) 0.010 (0.953) —0.108 (0.536)

pSS, primary Sjogren’s syndrome; LCA, leukocyte common antigen; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheu-
matoid factor; ESSDAI, European League Against Rheumatism Sjogren’s Syndrome disease activity index; SWS, stimulated whole saliva; UWS,

unstimulated whole saliva. Bold values indicate a significant P value
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Discussion

The newly proposed classification criteria (2016 ACR/
EULAR criteria) for the diagnosis of pSS included only
objective items without scoring the subjective oral and ocu-
lar symptoms. Methods to obtain the objective evidence
regarding the oral symptoms excluded salivary gland scin-
tigraphy and included MSG biopsy and UWS flow rate [15,
16]. This classification criteria has a different weighting for
each factor, and the positive anti-SSA/Ro autoantibody and
positive biopsy results are each given a higher weighting
of 3 points therefore, MSG biopsy inevitably makes a clear
diagnosis in the absence of an anti-SSA/Ro autoantibody. As
is widely known, a biopsy procedure is accompanied by the
risk of bleeding and infection therefore, alternative methods
to biopsy are getting more attention, and ultrasound is cur-
rently in the spotlight [24-28]. Nevertheless, the drawback
to ultrasound is that the results vary depending on the expe-
rience of the person conducting the investigation and the
devices used and may therefore serve as a major limitation in
the use of ultrasound as an accurate diagnostic test for pSS.
Moreover, the scoring system for the diagnostic ultrasound
of pSS is complicated with over 30 items and no consensus
has been reached on the specific criteria required to classify
pSS with ultrasound [29].

Salivary gland scintigraphy using **™ Tc-pertechnetate is
an easy-to-perform and non-invasive method of evaluating
salivary gland function. It measures the amount and speed of
radioactive isotope uptake and secretion from the four sali-
vary glands separately [30]. Although salivary gland scin-
tigraphy is suitable for detecting subtle salivary gland dys-
function, there are several reasons for the continued decline
in its use in the diagnosis of pSS [31]. First, most studies
were designed to compared healthy subjects to differentiate
the diagnosis of pSS, not patients with xerostomia; thus, the
accuracy of salivary gland scintigraphy in the diagnosis of
pSS among patients with xerostomia was low [32-34]. In
addition, the useful and sensitive scintigraphic parameters
for the diagnosis of pSS vary depending on the study, and
the intensity of xerostomia cannot be quantitatively evalu-
ated [35, 36]. These factors led to a lack of quantitative sali-
vary gland scintigraphy studies that aimed to interpret the
progressive decrease in the function of the salivary glands
induced by chronic autoimmune-mediated inflammation in
relation to scintigraphic parameters, thus raising concerns
about using salivary gland scintigraphy as the first tool for
diagnosing patients with suspected pSS.

In the present study, we specifically investigated whether
salivary gland scintigraphic parameters in patients with pSS
reflect the characteristics of biopsy and if the scintigraphic
parameters were associated with saliva secretion and the
clinical factors of pSS. We showed that salivary flow rates
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are correlated with the decreased uptake and washout of both
submandibular glands in salivary gland scintigraphy. Most of
these results were consistent with previous studies [37, 38],
and were similar in that the impairment was greater in the
submandibular glands than in the parotid glands [33]. Since
the parotid gland is known to be the last gland to be affected
in patients with pSS, we may have seen greater change in the
activity of the submandibular glands as patients in our study
were enrolled at the time of diagnosis [39].

The analysis of the salivary gland scintigraphic param-
eters and the histological characteristics in pSS patients,
showed significant correlations between focus scores and
scintigraphic parameters and is similar to previous findings.
However, most of the existing studies that evaluated the rela-
tionship between the pathological features of the salivary
glands and the scintigraphic parameters in patients with
pSS used an older scoring method, such as the Chisholm
and Mason scoring system [40—42]. We found that the focus
score had a significant correlation with peak uptake, mean
uptake, and percentage washout of both the parotid and
submandibular glands, and this correlation was more com-
monly affected by the parotid gland than the submandibu-
lar gland. Our finding dissents with the previously reported
findings that the impairment of the submandibular gland
was seen more often in SWS and UWS flow rates. Inflam-
matory changes in the parotid gland reflect the severity or
duration of the disease therefore, MSG biopsy abnormalities
may have been found in patients with parotid gland damage
[43]. The focus scores, which are based on the scoring cri-
teria of more than 50 mononuclear lymphoid cells (mainly
lymphocytes) being clustered together, may have difficulty
in accurately reflecting the size of the periductal lympho-
cytic infiltration, which is a main histopathological feature
of pSS [44]. To compensate for this, we further analyzed the
number of LCA positive cells per mm? measured by CD45
staining. CD45 is important because it is a memory marker
expressed in approximately 60—70% of T lymphocytes.
CD4 + T cells are predominant in less severe salivary gland
lesions of pSS and B cells accumulate in the later stages
of disease, resulting in CD45 infiltrations being dominant
in patients with early Sjogren’s syndrome. Unfortunately,
there were no significant correlations in our analysis [45].
Given that patients were included at the time of diagnosis in
this study and fibrosis was not severe, the CD45 infiltration
results are not well explained.

The relationship between the histological findings and
clinical factors of pSS was clearly demonstrated; however,
no significant results were found between the scintigraphic
parameters and clinical factors, except for the UWS and SWS
flow rates. The focus score and number of CD45 (LCA) posi-
tive cells per mm? showed a moderate correlation with low
saliva flow rates, high ESR, high level of serum globulin and
serum protein, and additionally, the number of CD45 (LCA)



Clinical Rheumatology (2022) 41:3083-3093

3091

positive cells per mm? was associated with low leukocytes

and low hemoglobin. As expected, the fibrosis score of the
MSG biopsy had a significant negative correlation with the
UWS and SWS flow rates (data not shown). To the best of our
knowledge, this was the first analysis to present the relation-
ship between the number of CD45 (LCA) positive cells per
mm? and the clinical manifestations of pSS, and significant
results were obtained. On the other hand, several recently
published studies showed that focus scores and clinical fac-
tors had no significant impact, which was in contrast to the
results of this study [46—48]. These inconsistent results can
be explained by the existence of various factors that can affect
the clinical symptoms of pSS and disease heterogeneity.

Considering these results, the superiority and accuracy
of the MSG biopsy cannot be denied in the diagnosis of
pSS and there are published studies that show that the his-
tological findings are not reflected in salivary gland scin-
tigraphy [49, 50]. However, there is a problem with biopsy
that not only focus scores but also scales such as Tarpley or
Greenspan are used for classification of histopathological
findings, and focal lymphocytic sialadenitis and non-specific
inflammation are not always distinguished [51]. In addition,
in some cases, the MSG biopsy may not be performed due
to increased risk, or patient refusal, and even though pSS is
highly suspected, the results of MSG biopsy may be normal.
The reason for the presence of normal cells in the MSG
biopsy may be that too small a sample of tissue was taken
and it represented only a portion of the gland, or that autoan-
tibodies against muscarinic receptors that inhibit parasym-
pathetic activation by acetylcholine may lead to functional
impairment of the exocrine glands [52]. There is no meas-
urement that can completely replace the histological findings
in the work up of pSS, and several diagnostic tests presented
in the pSS classification criteria cannot directly replace each
other. For this reason, we propose the use of salivary gland
scintigraphy as a complementary method to the current clas-
sification criteria, when biopsy is not feasible. Furthermore,
salivary gland scintigraphy has been used to monitor the dis-
ease progression of pSS, measure the therapeutic response,
and support therapeutic decisions thus, we believe that con-
trary to recent trends, salivary gland scintigraphy plays a
sufficient role in the management of pSS [53].

The primary strength of our study is that we compared
the detailed analyses of histopathology with scintigraphic
parameters rather than the existing literature. Nevertheless,
there are some limitations. First, this is a retrospective study
in a single-center with a relatively small sample size. Poten-
tial selection bias could not be avoided and all influencing
factors that could affect dry mouth (such as medications, a
history of radiation therapy, caffeine consumption, and anxi-
ety) could not be completely controlled. Second, despite the
patients being enrolled at the time of diagnosis of pSS, the
rate of patients with high disease activity, according to the

ESSDAI classification, was small. To address the limita-
tions of this study, further studies are needed to expand the
sample size and to include patients with various levels of
disease activity.

Conclusion

The diagnostic role of salivary gland biopsy is widely
accepted in the classification criteria of Sjogren’s syndrome;
however, its replacement with a non-invasive and more eas-
ily accessible imaging technique may be necessary. This
study demonstrated that salivary gland biopsy in patients
with pSS showed a significant correlation with the mean
uptake, peak uptake, and percentage washout of both the
parotid and submandibular glands in salivary gland scin-
tigraphy, and with clinical features such as cytopenia, high
ESR, and lower UWS and SWS flow rates. In our opinion,
salivary gland scintigraphy might be a good alternative to
MSG biopsy, and the two methods could be complementary
to the clinical features in the diagnosis of pSS.
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