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Digital image analysis of intraepithelial
B-lymphocytes to assess lymphoepithelial lesions
in salivary glands of Sjögren’s syndrome patients
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Abstract

Objective. Salivary glands of primary SS (pSS) patients characteristically harbour periductal infiltrates, in which

lymphoepithelial lesions (LELs) can develop. LELs are composed of hyperplastic ductal epithelium with infiltrating

lymphocytes and may assist in the challenging diagnostic process of pSS. As manual identification of LELs remains

difficult, we aimed to identify LELs by using an objective digital image analysis (DIA) algorithm that detects intraepi-

thelial lymphocytes.

Methods. A virtual triple-staining technique developed for this study was used to count intraepithelial lymphocytes in

consecutive slides stained for CD3 (T-lymphocytes), high-molecular-weight cytokeratin (hmwCK) (striated ducts) and

CD20 (B-lymphocytes) in labial and parotid gland biopsies in a diagnostic cohort of 109 sicca patients. Patients were

classified as having pSS or non-SS according to the ACR-EULAR classification criteria.

Results. T-lymphocytes were detected in almost all analysed ducts of pSS and non-SS sicca patients, whereas

intraepithelial B-lymphocytes were present in 59–68% of labial and parotid gland biopsies of pSS patients, against

only 2–3% of patients classified as non-SS. Intraepithelial B-lymphocytes were found in almost all striated ducts

with hyperplasia (LELs). Remarkably, �25% of analysed striated ducts without hyperplasia of pSS patients also

contained B-lymphocytes (precursor-LELs). Furthermore, presence of intraepithelial B-lymphocytes was associated

with clinical parameters of pSS (i.e. serology).

Conclusion. The presence of intraepithelial B-lymphocytes in salivary gland biopsies of sicca patients is a clear

indicator of pSS and can be used as an objective alternative to LEL scoring. Therefore, identification of B-lympho-

cyte–containing ducts should be added to the diagnostic histopathological work-up of patients suspected of pSS.
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Rheumatology key messages

. The presence of intraepithelial B-lymphocytes in salivary glands of sicca patients is a clear indicator of primary
SS.

. Digital image analysis of intraepithelial B-lymphocytes reveals lymphoepithelial lesions and precursor
lymphoepithelial lesions.

. Presence of B-lymphocyte–containing ducts is associated with clinical parameters of primary SS.
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Introduction

Primary SS (pSS) is a systemic autoimmune disease

characterized by sicca symptoms and lymphocytic infil-

tration of the lacrimal and salivary glands [1]. The infil-

trates mainly consist of B- and T-lymphocytes and are

located around striated ducts [2]. The number of peri-

ductal foci (cluster of >50 lymphocytes) can be calcu-

lated into the focus score (FS), where �1 focus per

4 mm2 of glandular parenchyma is used for classification

of pSS [3]. Although FS is the leading histopathological

parameter for the diagnosis and classification of pSS [4,

5], it has important limitations. Calculation of FS is diffi-

cult when other salivary gland conditions, such as acinar

atrophy, non-specific chronic sialadenitis, or sclerosing

chronic sialadenitis are present. Furthermore, FS does

not include the extent of lymphocytic infiltration, as it

does not take the size of foci into account [6].

Another histopathological feature that may assist in

the diagnosis of pSS is the presence of lymphoepithelial

lesions (LELs) within salivary gland biopsies. The pres-

ence of LELs has been suggested to be more indicative

of pSS than a positive FS alone [7–10]. Initially, LELs

were described as hyperplasia of myoepithelial cells and

named myoepithelial lesions or myoepithelial islands [11,

12]. More recent studies have shown, however, that

basal ductal cells are responsible for the ductal hyper-

plasia [13–15]. LELs are currently defined as striated

ducts composed of hyperplastic ductal epithelium with

intraepithelial lymphocytes. The hypothesis is that LELs

develop after an influx of lymphocytes into the epithe-

lium, leading to partial hyperplasia and ultimately to

complete obstruction of ducts (Fig. 1) [8, 16]. Despite

consensus about the definition of LELs and the develop-

ment of a grading system on haematoxylin and eosin

(H&E) staining [16], evaluation of LELs is still a subjective

process and can be challenging. Tangentially sectioned

striated ducts may resemble ductal hyperplasia, and

distinction between fully obstructed ducts and germinal

centres can be difficult, as both can appear as lighter-

staining areas containing lymphocytes on H&E staining

[17, 18].

A more objective histological parameter that could as-

sist in identification of LELs is the presence of intraepi-

thelial lymphocytes within striated ducts. We have

previously shown that both B- and T-lymphocytes are

present within LELs, and that there is an association be-

tween intraepithelial B-lymphocytes and hyperplasia of

the ductal epithelium [16]. These results, however, are

based on a relatively small cohort and warrant validation

in a larger cohort. Furthermore, associations between

the clinical parameters of pSS patients and the pres-

ence of intraepithelial B-lymphocytes and LEL stage are

not yet known.

Therefore, the objectives of this study were (1) to in-

vestigate whether objective detection of intraepithelial

lymphocytes using digital image analysis (DIA) can be

used as an alternative to conventional methods for the

assessment of LELs in salivary gland biopsies of

patients suspected of having pSS and (2) to correlate

the presence of intraepithelial lymphocytes and the

grade of LELs to clinical parameters and disease activity

of pSS patients.

Materials and methods

Patients

The study population consisted of consecutive patients

with sicca symptoms who underwent a complete diag-

nostic work-up for pSS, including a simultaneously

taken labial and parotid biopsy. Incisional parotid gland

biopsies were performed under local anaesthesia, as

previously described [19]. Exclusion criteria were age

<18 years, diagnosis of an associated autoimmune dis-

ease, presence of a salivary gland mucosa–associated

lymphoid tissue lymphoma, or insufficient biopsy mater-

ial. The diagnostic work-up included all items of the

ACR-EULAR classification criteria [5], serological param-

eters and the EULAR SS Disease Activity Index

(ESSDAI) scores. As the ACR-EULAR criteria, which

were developed from labial gland biopsy results, also

have excellent accuracy when using parotid gland bi-

opsy results [20], patients were classified as having pSS

or non-SS based on the ACR-EULAR criteria, either

including the labial gland biopsy focus score (ACR-

EULAR labial), or the parotid gland biopsy focus score

(ACR-EULAR parotid).

Histochemical and immunohistochemical staining

Formalin-fixed, paraffin-embedded labial and parotid

salivary gland tissue samples were serially sectioned at

3 mm thickness and deparaffinized. Automatic staining

was performed with H&E, and tissue samples were

manually stained for CD3 (clone 2GV6, Roche), high-mo-

lecular-weight cytokeratin (hmwCK, clone 34bE12,

Roche) and CD20 (clone L-26, Roche). Antigen retrieval

was performed for 15 min in EDTA buffer (98�C, pH 8.0),

and endogenous peroxidase was blocked. Pre-fixed

dilutions of primary antibodies (1% BSA-PBS, Roche)

were applied for 75 min. Primary antibodies were visual-

ized by using 3,30-diaminobenzidine (DAB) after incuba-

tion with a poly-horseradish peroxidase-labelled

secondary antibody (Thermo Scientific). Tonsillar tissue

was used as both a positive and negative control, as

the tonsillar epithelium expresses hmwCK and does not

express CD3 or CD20, and the tonsillar lymphoid tissue

expresses CD3 and CD20 but does not express

hmwCK.

Histological analysis

FS was calculated on H&E-stained sections. For

analysis of ductal hyperplasia (LELs) and presence of

intraepithelial lymphocytes, both the H&E staining and

sections stained for hmwCK were used. To be able to

compare manual LEL scoring and the results of DIA,

regions of interest comprising striated ducts were
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manually selected on H&E-stained sections, with a max-

imum of 10 regions of interest per biopsy. The 10 stri-

ated ducts with intraepithelial lymphocytes that

contained the most pronounced ductal hyperplasia (if

present) were selected. Consecutive sections stained for

hmwCK were used to correctly identify the ductal epi-

thelium and to detect occluded LELs without lumina. In

cases where fewer than 10 striated ducts with hyperpla-

sia (LELs) were present, striated ducts with infiltrating

lymphocytes without hyperplasia, preferably within infil-

trated areas, were selected on H&E staining and

included to make the number up to 10 ducts. In cases

where no striated ducts with hyperplasia (LELs) were

present, a maximum of 5 striated ducts without hyper-

plasia with infiltrating lymphocytes was selected.

Striated ducts with hyperplasia (LELs) were scored in

three stages of severity, based on H&E staining

(Fig. 1B–D).

Digital image analysis

All stained slides were digitized using a Philips UFS

slide scanner (Philips, Best, The Netherlands). Digital

slides were stored on a central image server, and

slides stained for CD3, hmwCK and CD20 were loaded

into the DIA platform Visiopharm Integrator System

(VIS) (Visiopharm, Hørsholm, Denmark). A virtual triple-

staining technique (VTS) was developed for this study

to align consecutive sections stained for CD3, hmwCK

and CD20 (Fig. 1). Visual verification of the alignment

was performed for all cases, and alignment was opti-

mized manually if needed. Biopsies were excluded

FIG. 1 Histological analysis of striated ducts on H&E staining and digital image analysis of intraepithelial lymphocytes

(A–D) Grading of striated ducts on H&E-stained sections. (A) SD w/o H: striated duct with intraepithelial lymphocytes,

without ductal hyperplasia. (B) Stage 1 lymphoepithelial lesion (LEL): lymphocytic ductal infiltration and ductal hyper-

plasia affecting <50% of the epithelium. (C) Stage 2 LEL: lymphocytic ductal infiltration and hyperplasia affecting

�50% of the epithelium. (D) Stage 3 LEL: lymphocytic ductal infiltration and fully circumferentially hyperplastic epithe-

lium without lumen. (E–H) Digital image analysis by using a virtual triple-staining technique. (E) H&E staining of stri-

ated duct with ductal hyperplasia and infiltrating lymphocytes (stage 2 LEL). (F) Detection of ductal epithelium by

using staining for hmwCK. (G) Detection of intraepithelial CD3þ T-lymphocytes within the selected striated duct and

(H) detection of CD20þ B-lymphocytes. H&E: haematoxylin and eosin.
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from further analyses if alignment of all three slides

failed. In case of inability to align either the CD3 or

CD20 slide with the hmwCK slide, only this particular

CD3 or CD20 slide was excluded. After alignment, an

algorithm developed for this study was used to detect

and count intraepithelial CD3þ T-lymphocytes and

CD20þ B-lymphocytes within the previously selected

hmwCK-positive striated ducts. Intraepithelial B/T

ratios were calculated. In cases where no intraepithelial

lymphocytes were detected in the serial sections

stained for CD3 and CD20, B/T-lymphocyte ratios were

defined as 0. In cases where intraepithelial B-lympho-

cytes were detected in the absence of intraepithelial T-

lymphocytes, B/T ratios were defined as 1. To validate

the DIA algorithm, data for the numbers of intraepithe-

lial lymphocytes obtained by DIA were compared with

data from manual counting of a random sample of the

total cohort (15 pSS and 15 non-SS sicca patients).

Manual counting analysis was performed as previously

described [16].

Statistical analysis

Descriptive statistics were described as number (%),

mean (S.D.) or median (IQR). Mann–Whitney U tests and

Fisher’s exact tests were used to compare differences

in FS and in the presence of striated ducts with hyper-

plasia (LELs) between pSS patients and non-SS sicca

patients. The Wilcoxon signed rank test was used to

compare differences in the mean stage of LELs per bi-

opsy comparing labial and parotid gland biopsies of

pSS patients. Spearman correlation was used to explore

interobserver agreement between manual and digital

analysis of intraepithelial lymphocytes, and to analyse

the association between FS and B/T-lymphocyte ratios,

and between B/T ratios within labial and parotid gland

biopsies. In addition, Bland–Altman plots were created

to evaluate systematic differences and to calculate 95%

limits of agreements. Generalized estimating equations

(GEEs) were used to analyse B/T-lymphocyte ratios

within striated ducts of patients with pSS over the differ-

ent stages of severity. Fisher’s exact tests and Mann–

Whitney U tests were used to test differences in clinical

parameters between pSS patients with and without

intraepithelial B-lymphocytes within the salivary gland

biopsies. For comparing differences in clinical parame-

ters between three or more groups based on LEL

stages, Kruskal–Wallis tests were used, followed by

Mann–Whitney U tests. Statistical analyses were per-

formed in IBM SPSS Statistics 23.

FIG. 2 Flowchart of the process of inclusion and exclusion of patients and salivary gland biopsies

MALT: Mucosa-Associated Lymphoid Tissue; H&E: haematoxylin and eosin; DIA: digital image analysis.
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Ethics

The study was performed in accordance with the

Declaration of Helsinki. All participants gave written

informed consent, and the study was approved by the

Medical Ethics Committee of the University Medical

Center Groningen (METc 2013.066).

Results

A flow chart illustrating the process of inclusion and ex-

clusion of patients and their biopsies is shown in

Fig. 2. When the labial gland biopsy was used for clas-

sification, 43 patients (42%) were classified as having

pSS according to the criteria (ACR-EULAR labial).

When the parotid gland was taken into account, 32

patients (32%) were classified as having pSS according

to the criteria (ACR-EULAR parotid). Characteristics of

the patients classified as having pSS or non-SS are

presented in Table 1.

Histological analysis

In total, 562 and 516 regions of interests containing stri-

ated ducts were selected within the included labial and

parotid gland biopsies, respectively. Evaluation of ductal

hyperplasia on H&E staining showed that striated ducts

with hyperplasia (LELs) were exclusively found in labial

and parotid gland biopsies of pSS patients, except for

one labial gland biopsy (FS> 1.0) of a patient classified

as non-SS, in which one LEL was found (Table 1). More

severe LEL stages (� stage 2) were more often found in

parotid gland biopsies compared with labial gland biop-

sies (Fig. 3). In the subgroup of pSS patients with pres-

ence of LELs in both the labial and the parotid gland

biopsy (N¼13), the mean stage of LELs was significantly

higher in the parotid gland biopsy compared with the la-

bial gland biopsy (P¼0.025). FS was higher in biopsies

of pSS patients with LELs compared with biopsies of

pSS patients without LELs (P¼0.024 for the labial and

P< 0.001 for the parotid gland).

Correlation of digital image analysis and manual
counting

DIA images are shown in Fig. 1F–H. Interobserver agree-

ment between manual counting and digital analysis was

very high: q¼ 0.93 for numbers of intraepithelial B-lympho-

cytes and q¼0.94 for numbers of intraepithelial T-lympho-

cytes (Supplementary Fig. S1, available at Rheumatology

online). Bland–Altman plots show that mean differences for

B-lymphocytes were not far from zero (95% CI of the

mean: þ0.99, –1.74), indicating that there was no system-

atic bias. For T-lymphocytes, there was a pattern for DIA

results to be higher compared with manual results, which

was shown by the positive mean difference

(Supplementary Fig. S1, available at Rheumatology online).

Outliers in the Bland–Altman plots are only present in the

higher scoring ranges for both intraepithelial B- and T-lym-

phocytes, as the differences between both methods be-

come larger with increasing averages.

TABLE 1 Characteristics of pSS and non-SS sicca patients included in the diagnostic cohort

(A) ACR-EULAR (labial) (B) ACR-EULAR (parotid)

N 5 102 patients N 5 99 patients

pSS Non-SS pSS Non-SS

N 5 43 N 5 59 N 5 32 N 5 67

Age 53.4 (14.3) 48.5 (12.8) 49.7 (14.0) 50.0 (12.9)
Female 42 (98) 50 (85) 31 (97) 58 (87)

ACR-EULAR items
Anti-SSA positivity 33 (77) 2 (3) 30 (94) 2 (3)
Anti-SSB positivity 18 (42) 0 0 15 (47) 0 0

FS �1 30 (70) 2 (3) 19 (60) 2 (3)
UWS �0.1 ml/min 25 (58) 24 (41) 20 (63) 26 (39)
OSS �5 19 (45) 6 (10) 16 (52) 6 (9)

Schirmer’s test �5 mm 35 (81) 33 (56) 26 (81) 40 (60)

Histological analysis Labial gland P-value Parotid gland P-value

FS 1.6 (0.8–2.8) 0.0 (0.0–0.6) <0.001 1.3 (0.5–1.8) 0.0 (0.0–0.2) <0.001
LELs 18 (42) 1 (2) <0.001 18 (56) 0 0 <0.001

Mean stage of LELs (stage 1–3) 1.0 (1.0–1.25) NA NA 1.7 (1.0-2.0) NA NA

Data are presented as mean (S.D.), number (%) or median (IQR). Patients were classified as primary SS (pSS) or non-SS
by using the 2016 ACR-EULAR criteria, based on either (A) only the labial gland result or (B) only the parotid gland result.
FS: focus score; UWS: unstimulated whole saliva; OSS: ocular staining score; LELs: lymphoepithelial lesions.
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Digital image analysis

Within salivary gland biopsies of pSS patients, the DIA

algorithm detected T-lymphocytes in all striated ducts

with hyperplasia (LELs) and in nearly all (95% of) ana-

lysed striated ducts without hyperplasia. Intraepithelial

B-lymphocytes were found in almost all (90% of) striated

ducts with hyperplasia (LELs) and in 27% and 25% of

analysed striated ducts without hyperplasia in labial and

parotid gland biopsies of pSS patients (Fig. 3A, B). In

total, 59% of analysed labial gland and 68% of analysed

parotid gland biopsies of pSS patients contained stri-

ated ducts with intraepithelial B-lymphocytes (Table 2).

Within striated ducts with hyperplasia, the intraepithelial

B-lymphocytes were predominantly located in the area

of ductal hyperplasia. Although both B- and T-lympho-

cytes were almost always present within striated ducts

with hyperplasia (LELs), the B/T-lymphocyte ratio be-

came higher and shifted to B-lymphocytes when the se-

verity of LELs increased (Fig. 3C, D). The B/T ratio was

associated with the focus score in both labial (q¼ 0.42)

and parotid (q¼ 0.61) gland biopsies of pSS patients. In the

subgroup of pSS patients for whom we analysed both biop-

sies (N¼ 33), intraepithelial B-lymphocytes were found in 20

patients, and of these 15 patients (75%) had B-lymphocyte–

containing ducts in both the labial and the parotid gland bi-

opsy. Furthermore, there was a good association between

the B/T-lymphocyte ratios within the labial and the parotid

gland of these pSS patients (q¼0.74).

Within the salivary gland biopsies of patients classified

as non-SS, all analysed striated ducts were without

hyperplasia, except for one labial gland (FS> 1) that har-

boured one duct with hyperplasia (LEL). The DIA algorithm

detected T-lymphocytes in nearly all (94% of) analysed

striated ducts without hyperplasia of non-SS patients.

Intraepithelial B-lymphocytes, on the other hand, were

only detected in four striated ducts without hyperplasia

(0.8%), within one labial and two parotid gland biopsies of

three patients of the non-SS group (2–3%). Two of these

patients classified as non-SS were diagnosed as having

pSS by the treating physician, based on the combination

of sicca symptoms, abnormal findings by sialochemistry

and ophthalmological evaluation, and FS of the biopsies.

The third patient with intraepithelial B-lymphocytes was

not diagnosed as having pSS by the treating physician,

but was clinically suspected of developing a different sys-

temic autoimmune disease.

FIG. 3 Presence of intraepithelial lymphocytes within analysed striated ducts with and without hyperplasia of pSS

patients

(A–B) Percentages of analysed striated ducts with presence of intraepithelial B- and T-lymphocytes or presence of

T-lymphocytes only. Results are shown for striated ducts without hyperplasia (SD w/o H) and striated ducts with

hyperplasia (lymphoepithelial lesions—LELs) in both (A) labial and (B) parotid gland biopsies pSS patients. LELs

were scored in three stages of severity based on the percentage of ductal hyperplasia (see Fig. 1). Numbers of

ducts included in the DIA are shown above the bars. (C–D) B/T-lymphocyte ratios within SD w/o H and striated

ducts with hyperplasia (LELs) of pSS patients in both (C) labial and (D) parotid gland biopsies. Horizontal lines

show medians. Generalized estimating equation (GEE) analyses were used to test differences in B/T-lymphocyte

ratios over the stages of LELs within both biopsies. DIA: digital image analysis

Digital image analysis of intraepithelial B-lymphocytes in pSS
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Together, presence of intraepithelial B-lymphocytes in

labial or parotid salivary gland biopsies seems to be a

clear indicator of pSS. Intraepithelial B-lymphocytes

were not only present within striated ducts with hyper-

plasia (LELs), but also within around 25% of the ana-

lysed striated ducts without hyperplasia in biopsies of

pSS patients. This finding strongly supports the hypoth-

esis that presence of B-lymphocytes precedes the

hyperplastic reaction of the ductal epithelium forming

LELs in pSS patients [16]. Therefore, striated ducts with-

out hyperplasia, but with intraepithelial B-lymphocytes,

will from now on be referred to as precursor LELs (pre-

LELs).

Associations with clinical parameters

In parotid gland biopsies, FS was significantly higher

when ducts with intraepithelial B-lymphocytes were pre-

sent (Table 2). Furthermore, differences were found in

oral and ocular function tests (stimulated whole saliva;

ocular staining score) between pSS patients with and

without ducts with intraepithelial B-lymphocytes (Table 2).

Although ESSDAI scores were higher in patients with

ducts containing intraepithelial B-lymphocytes, differen-

ces were not significant. However, when intraepithelial B-

lymphocytes were not taken into account, ESSDAI scores

were significantly higher in patients with striated ducts

with hyperplasia (LELs), compared with pSS patients

without LELs in the parotid biopsy (P¼ 0.038). Serological

parameters were consistently higher in pSS patients with

presence of intraepithelial B-lymphocytes within striated

ducts, irrespective whether the labial or parotid gland

was taken into account (Table 2). In Fig. 4, pSS patients

without the presence of striated ducts with hyperplasia

(LELs), but with the presence of pre-LELs, are presented

as a separate group (pre-LELs only). For most clinical

parameters, the median values of the pre-LEL only group

were in between the median values of the groups with

and without LELs. For IgG and RF levels, the median val-

ues of patients with pre-LELs and patients with LELs

were above the clinical cut-off values, in contrast to

patients without (pre-)LELs (Fig. 4). Although FS increased

over the stages of LELs, the severest LEL stage per bi-

opsy was not associated with other clinical parameters

(Supplementary Fig. S2, available at Rheumatology

online).

Discussion

In this study, we developed a DIA algorithm that object-

ively detected B- and T-lymphocytes within striated ducts

in labial and parotid salivary glands of patients suspected

TABLE 2 Clinical parameters of pSS patients with and without the presence of B-lymphocyte–containing striated ducts

(A) Labial gland (B) Parotid gland

ACR-EULAR1 (labial) ACR-EULAR1 (parotid)

N 5 39 pSS patientsa N 5 28 pSS patientsa

Intraepithelial
B-lymphocytes

absent

Intraepithelial
B-lymphocytes

present

P-
value

Intraepithelial
B-lymphocytes

absent

Intraepithelial
B-lymphocytes

present

P-
value

(N 5 16 patients) (N 5 23 patients) (N 5 9 patients) (N 5 19 patients)

Focus score 1.33 (0.65–1.98) 1.91 (0.79–3.69) 0.098 0.15 (0.00–1.30) 1.52 (0.95–2.89) 0.006
Oral and ocular function tests

UWS (ml/min) 0.18 (0.02–0.30) 0.05 (0.01–0.11) 0.089 0.09 (0.01–0.28) 0.08 (0.04–0.18) 0.658

SWS (ml/min) 0.32 (0.22–0.81) 0.18 (0.02–0.32) 0.011 0.30 (0.18–1.12) 0.21 (0.05–0.42) 0.190
OSS 2.5 (1.0–4.8) 5.5 (1.8–7.3) 0.048 1.0 (0.0–6.5) 5.0 (1.75–7.0) 0.169
Schirmer’s test 4.0 (2.3–8.8) 2.0 (0.0–5.0) 0.071 4.0 (0.0–16.5) 2.0 (0.0–5.0) 0.401

Clinical examination
ESSDAI total score 3.0 (1.0–8.5) 5.0 (2.0–16) 0.144 2.0 (1.5–6.5) 4.0 (1.0–13.0) 0.311

Serological parameters
Anti-SSA positivity 9 (56) 21 (91) 0.015 8 (89) 18 (95) 0.548
Anti-SSB positivity 2 (13) 14 (61) 0.003 2 (22) 12 (63) 0.052

RF positivity (>5 IU/ml) 3 (19) 20 (87) <0.001 2 (22) 17 (90) 0.001
RF levels (IU/ml) 1.3 (0.0–3.5) 38.5 (9.6–82.0) <0.001 1.40 (0.38–4.65) 51.0 (20.0–80.0) 0.001
IgG levels (g/l) 11.5 (9.7–16.6) 18.8 (13.9–20.2) 0.004 11.5 (9.15–14.8) 17.2 (13.9–20.1) 0.029
ESR 9.5 (6.0–39.5) 33.0 (18.0–47.0) 0.026 9.0 (5.5–31.5) 33.0 (18.0–50.0) 0.019

Data are presented as median (IQR) or number (%). aData for four pSS patients is missing because of an inability to align
the slides stained for CD20. UWS: unstimulated whole saliva; SWS: stimulated whole saliva; OSS: ocular staining score;

ESSDAI: EULAR EULAR SS Disease Activity Index.
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of having pSS. We showed that presence of intraepithelial

B-lymphocytes, and not intraepithelial T-lymphocytes,

was a key finding in salivary gland biopsies of pSS

patients, in contrast to biopsies of non-SS patients. In

total, 59% of labial and 68% of parotid gland biopsies of

pSS patients contained intraepithelial B-lymphocytes.

These B-lymphocytes were detected within (almost) all

striated ducts with hyperplasia (LELs), but also in �25%

of analysed striated ducts without hyperplasia.

Importantly, the presence of ducts with intraepithelial B-

lymphocytes was associated with clinical parameters of

pSS, such as oral and ocular function tests and sero-

logical parameters.

The DIA algorithm presented in this study is an accur-

ate and objective method for detecting intraepithelial

lymphocytes within striated ducts in salivary gland tis-

sue. In the Bland–Altman plots, mean differences in

numbers of intraepithelial B-lymphocytes between DIA

and manual counting were not far from zero

(Supplementary Fig. S1, available at Rheumatology on-

line). Outliers in these plots were only seen in the ducts

with the highest numbers of lymphocytes, which can be

explained by difficulties in manual identification of the

borders of largely infiltrated striated ducts. Therefore,

using a DIA algorithm to precisely identify ductal borders

makes DIA results more reliable compared with manual

analyses. Although interobserver agreement between

manual and digital analysis of T-lymphocytes was high,

there was a positive mean difference in T-lymphocyte

counts between DIA and manual counting, indicating a

pattern that DIA counted more T-lymphocytes. However,

based on these results, evaluation of the number of

intraepithelial CD3þ T-lymphocytes will not assist in the

detection of LELs, as we have shown that intraepithelial

T-lymphocytes are found in almost all analysed striated

ducts of both non-SS and pSS patients. Although

there is no added value of detecting intraepithelial

CD3þ T-lymphocytes for LEL evaluation, T-lymphocytes

may contribute (directly or indirectly) to the development

of LELs. Therefore, it would be interesting to analyse the

phenotype of intraepithelial T-lymphocytes in pSS more

thoroughly in future studies. One of the drawbacks of

the VTS technique used in this study is the need to align

three slides stained by immunohistochemistry, which

places high demands on serial sectioning of the slides.

As we have shown that intraepithelial T-lymphocytes do

not assist in LEL detection, a dual- (CK and CD20) ra-

ther than triple-staining technique could be used in

FIG. 4 Clinical parameters in pSS patients with different (pre)LEL stages in labial and parotid gland biopsies

Clinical parameters in three groups of pSS patients: (1) patients without LELs and without pre-LELs, (2) patients with

pre-LELs only, and (3) patients with full-blown LELs within labial (A–F) and parotid (G–L) salivary gland biopsies. (A,

G) focus score (FS); (B, H) unstimulated whole saliva (UWS); (C, I) ocular staining scores (OSS); (D, J) Eular Sjögren’s

syndrome disease activity index (ESSDAI) scores; (E, K) RF levels; (F, L) IgG levels. Horizontal bars represent

medians. Overall differences between groups were analysed by Kruskal–Wallis tests, overall P-values are presented

below the graphs. In cases where overall P-values were <0.05, Mann–Whitney U tests were used to test between-

group differences. Dotted lines represent cut-off values of clinical parameters: (B, K) UWS¼ 0.10 ml/min; (C, I)

OSS¼5; (E, K) RF¼ 5 IU/ml; (F, L) IgG¼16 g/l. LEL: lymphoepithelial lesion, pre-LEL: striated duct without hyperpla-

sia with infiltrating B-lymphocytes.
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future studies and clinical practice. This would reduce

alignment difficulties. Furthermore, deep learning–based

algorithms that allow identification of striated ducts on

the slides stained for CD20 are currently under investi-

gation. This approach will avoid virtual dual staining al-

together. Another option would be the use of

multiplexed tissue imaging technologies [21]. However,

while digital and computational pathology algorithms are

upcoming in routine clinical pathology practice, multi-

plexing techniques are far from clinical implementation.

In contrast to intraepithelial T-lymphocytes, ductal intra-

epithelial B-lymphocytes were largely restricted to salivary

gland tissue of pSS patients. Furthermore, B-lymphocytes

were not only found in the hyperplastic area of striated

ducts with hyperplasia (LELs), but also in a proportion of

analysed striated ducts without hyperplasia of pSS

patients, which we called precursor LELs (pre-LELs).

These results are in line with our previous hypothesis that

ductal hyperplasia leading to LEL formation is driven by

infiltrating B-lymphocytes [16, 22]. However, the DIA algo-

rithm did not detect B-lymphocytes in 10 ducts with

hyperplasia scored as stage 1 LELs (10%) (Fig. 3). In 5 of

these 10 ducts, manual revision showed that the DIA al-

gorithm had failed to detect intraepithelial B-lymphocytes.

The effect of the missed B-lymphocytes was, however,

negligible on the biopsy levels, as intraepithelial B-lym-

phocytes were detected in other ducts within the same

biopsy in 4 of these 5 cases. An explanation for the ap-

parent absence of B-lymphocytes in the 5 remaining

stage 1 LELs is that intraepithelial B-lymphocytes are pre-

sent at a higher or lower section level and not in the sec-

tion that was analysed. Another explanation is that these

5 ducts without B-lymphocytes were erroneously scored

as stage 1 LELs on H&E staining. For all 5 ducts, a con-

sensus meeting was needed, as it remains difficult to dis-

tinguish a tangentially sectioned duct from a small area of

ductal hyperplasia on H&E staining. Previously, multiple

studies showed that DIA algorithms can overcome man-

ual immunohistochemistry scoring issues by improving re-

liability and reproducibility [23]. For analysis of salivary

glands specifically, Lucchesi et al. recently showed that

using DIA to assess FS in salivary gland biopsies

improved inter-rater agreement [24]. The DIA algorithm

presented in the present study assists in objective detec-

tion of intraepithelial B-lymphocytes on slides stained for

CD20 and hmwCK, thereby improving the subjective

manual evaluation of LELs. The algorithm that was used

in this study not only enables objective detection of LELs,

but also reveals pre-LELs, which is not possible with

manual scoring of H&E-stained slides.

Although the incidence of more severe LEL stages is

higher in the parotid gland compared with the labial

gland, DIA results were comparable between the two bi-

opsy types. Most patients with B-lymphocyte–containing

ducts in at least one of their biopsies had intraepithelial

B-lymphocytes (with or without hyperplasia) in both the

labial and the parotid gland (75%). Furthermore, there

was a strong association between B/T-lymphocyte

ratios in the two glands (q¼ 0.74). Together, these

results show that the algorithm that was used in this

study can be used in both types of glands and will pro-

duce similar results.

Around 60–70% of biopsies taken from pSS patients

contained intraepithelial B-lymphocytes within striated

ducts, against only three patients classified as non-SS

(2–3%). Interestingly, two of these three patients were

diagnosed as having pSS by the treating physician. As

the ACR-EULAR criteria are developed to select a

homogeneous group of patients for clinical trials and are

not designed for clinical diagnosis at individual patient

level, misclassification remains possible [5, 25, 26].

Taking this into account, we can conclude that all

patients with intraepithelial B-lymphocytes in striated

ducts in this cohort were diagnosed with pSS, except

for one patient who is clinically at risk of developing

pSS or another autoimmune disease in the future. Thus,

the presence of B-lymphocyte–containing ducts within

salivary gland biopsies of sicca patients is a strong indi-

cator of pSS, and these B-lymphocyte–containing ducts

can be assessed by an objective DIA algorithm using

slides stained for CD20 and hmwCK.

In this diagnostic cohort, the presence of intraepithe-

lial B-lymphocytes within striated ducts of salivary gland

biopsies was associated with differences in ocular and

oral function test results and serological parameters,

such as the presence of autoantibodies and levels of

RF, IgG and ESR (Table 2). Interestingly, no significant

differences were found in unstimulated whole saliva

(UWS) levels between pSS patients with and without

intraepithelial B-lymphocytes within either the labial or

parotid gland biopsy. Apparently, lower UWS levels in

pSS patients are not directly related to presence of

LELs or pre-LELs, which could be explained by the fact

that totally occluded stage 3 LELs that can block saliv-

ary flow are not frequently found in salivary glands of

pSS patients. Furthermore, other histological parame-

ters, such as FS, percentage of inflammatory infiltrate,

and presence of germinal centres, do not correlate with

salivary flow either [27–29]. This indicates that other

mechanisms than the formation of periductal infiltrates

and LELs, such as defects in acinar cells, may play a

dominant role in decreased saliva production in pSS

patients [22]. However, the presence of LELs may con-

tribute to the altered electrolyte composition of the sal-

iva of pSS patients, in particular sodium concentration

[30]. Although not significant, pSS patients with striated

ducts with hyperplasia (LELs) seem to have higher dis-

ease activity in terms of ESSDAI, serological parame-

ters, and ocular and oral function test results, compared

with patients with pre-LELs only (Fig. 4). Stage of LEL

severity (stage 1–3), on the other hand, was not associ-

ated with the clinical parameters of pSS (Supplementary

Fig. S2, available at Rheumatology online). Further longi-

tudinal studies should provide evidence regarding

whether the presence of ductal intraepithelial B-
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lymphocytes in glandular biopsies of pSS patients can

be predictive of developing higher disease activity.

In conclusion, the presence of intraepithelial B-lym-

phocytes, and not intraepithelial T-lymphocytes, is a key

finding in salivary gland biopsies of pSS patients and is

strongly suggestive of pSS. The objective DIA algorithm

used in this study detected B-lymphocytes within almost

all striated ducts with hyperplasia (LELs), and also in

one-quarter of the analysed striated ducts without

hyperplasia of pSS patients. These B-lymphocyte–con-

taining ducts without hyperplasia likely represent a pre-

cursor stage of LELs (pre-LELs). Thus, the detection of

intraepithelial B-lymphocytes by using DIA is not only an

objective alternative for the subjective evaluation of

LELs on H&E staining, but also allows detection of pre-

LELs, which is not possible on H&E staining.

Furthermore, the presence of intraepithelial B-lympho-

cytes was associated with clinical parameters of pSS,

such as oral and ocular function test results and ser-

ology. Together, the data indicate that identification of

B-lymphocyte containing ducts in salivary gland biop-

sies should be used as an objective marker in the diag-

nostic work-up of sicca patients suspected of having

pSS.
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