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Abstract
Objective

This study aimed to assess (1) effects of abatacept on salivary gland histology of Sjögren’s disease (SjD) patients, 
(2) the predictive value of salivary gland histopathological characteristics at baseline for clinical response to 

abatacept treatment.

Methods
Patients (n=41) who participated in the Dutch ASAP-II and ASAP-III trials and international abatacept trial 

(IM101603) from whom a labial (n=13) or parotid (n=28) salivary gland biopsy was obtained at baseline and after 
24 weeks of treatment with abatacept were included. Biopsies were analysed for SjD related histopathological features 

before and after abatacept (n=25) or placebo (n=16) treatment. Histopathological data at baseline were compared 
between clinical responders and non-responders to abatacept treatment.

Results
Comparison between abatacept- and placebo-treated patients revealed virtually no differences in histopathological 

parameters of parotid and labial salivary gland biopsies of SjD patients at baseline and 24 weeks after therapy. 
In labial glands, only the number of IgA plasma cells/mm2 differed between the two groups over time (p=0.034). 

Correspondingly in parotid glands, the number of IgA plasma cells increased in the abatacept group (p=0.049) after 
24 weeks. The number of CD20+ B-cells/mm2 in parotid glands of the placebo group increased compared to baseline 

(p=0.021). There were no evident differences in baseline histopathological parameters between CRESS or 
ClinESSDAI responders and non-responders treated with abatacept.

Conclusion
Abatacept has limited effects on salivary gland histology in SjD patients after 24 weeks of treatment. Besides possibly 

affecting numbers of IgA plasma cells and preventing increases in B-lymphocyte infiltration, salivary gland 
histopathology could not predict response to abatacept treatment in SjD patients.
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Introduction
Sjögren’s disease (SjD) is a systemic 
auto-immune disease, characterised 
by chronic inflammation of exocrine 
glands. In SjD, salivary and lacrimal 
glands are frequently affected causing 
typical sicca complaints such as xeros-
tomia and dry eyes (1). In addition to 
exocrine glands, extra-glandular organ 
systems can be involved, underlining 
the systemic nature of the disease (2).
In SjD patients, minor and major sali-
vary glands are typically infiltrated by 
lymphoid cells. These infiltrates are 
predominantly located around striated 
ducts and mainly consist of T- and B-
lymphocytes, together with a variety 
of non-lymphoid cells (1, 3). The in-
filtrates may even be organised in ec-
topic lymphoid tissue as witnessed by 
evidently segregated B- and T-cell rich 
areas, presence of follicular dendritic 
cell (FDC) networks and development 
of germinal centres (GCs) (4). Another 
histopathological feature of salivary 
gland tissue of SjD patients is the pres-
ence of lymphoepithelial lesions (LELs) 
composed of lymphocyte-containing 
striated ducts together with hyperplasia 
of ductal epithelial cells (5). Finally, a 
marked increase in the number of IgG 
plasma cells can be seen, leading to a 
decline in the IgA/IgG plasma cell ratio 
(the so-called plasma cell shift) (6).
While much is still unknown about the 
pathogenesis of SjD, B-cell hyperactiv-
ity has been recognised to play an es-
sential role (7). Activated CD4+ T-cells 
enable and contribute to hyperactiv-
ity of B-cells. Therefore, inhibition of 
T-cell dependent B-cell hyperactivity 
may be a promising target for treat-
ment of SjD. Abatacept, a fusion pro-
tein of CTLA-4 and IgG1-Fc, inhibits 
the interaction between CD80/CD86 on 
antigen-presenting cells, including B-
cells, and CD28 on T-cells. Thereby the 
delivery of co-stimulatory signals es-
sential for T-cell activation is prevented 
(8). Notwithstanding promising effects 
in an open-label phase II trial, clini-
cal effects were not conclusive in two 
placebo-controlled randomised trials 
with a decrease in EULAR Sjogren’s 
syndrome disease activity index (ESS-
DAI) as clinical endpoint (9, 10). The 
absence of a clear clinical response 

could partially be attributed to the large 
placebo response in ESSDAI. Howev-
er, post-hoc analysis using the recently 
developed Composite of Relevant End-
points in Sjögren’s Syndrome (CRESS) 
showed discrimination between abata-
cept and placebo (11). Previous studies 
demonstrated that abatacept treatment 
induces multiple biological effects in 
SjD patients, including a reduction in 
the number of circulating follicular 
helper T-cells (Tfh), normalisation of 
the elevated levels of Bruton’s tyrosine 
kinase (BtK) in B-cells, and decreased 
levels of disease-relevant biomarkers in 
serum, such as rheumatoid factor and 
CXCL13 (10, 12, 13). Despite these 
biological effects witnessed in periph-
eral blood, there were no significant 
histopathological changes when com-
paring parotid salivary gland biopsies 
prior to and after abatacept treatment 
in the open-label phase II study (14). 
However, major limitations of the study 
were the small number of patients and 
lack of a placebo group. Hence the aims 
of this study were (i) to assess the ef-
fect of abatacept on parotid and labial 
gland tissue of patients with SjD in 
comparison with baseline conditions 
and the placebo group and (ii) to as-
sess the predictive value of histologi-
cal characteristics present in labial and 
parotid salivary glands at baseline with 
regard to clinical response to abatacept 
treatment.

Materials and methods
Patients
For this study, patient samples from the 
open-label phase II Abatacept Sjögren 
Active Patients (ASAP) trial (ASAP-II) 
and the randomised placebo-controlled 
ASAP trial (ASAP-III) carried out at 
the University Medical Centre Gron-
ingen (UMCG; Groningen, the Neth-
erlands), as well as the multi-centre in-
ternational abatacept trial (IM101603) 
were combined. Abatacept was either 
intravenously (ASAP-II) or subcuta-
neously (ASAP-III and IM101603) 
applied. Intravenous abatacept infu-
sions (10 mg/kg) administrated on days 
1,15, and 29 and monthly thereafter for 
24 weeks (9, 10, 15). For subcutane-
ous application, patients had received 
instructions to administer injections 
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at home, once a week, for 24 weeks. 
Injections contained 125 mg of abata-
cept or placebo. Informed consent was 
obtained from all patients according to 
Declaration of Helsinki principles. For 
trial information such as randomisation, 
follow-up time and clinical endpoints 
see previously published papers (9, 10, 
15). All patients with a labial or parotid 
salivary gland biopsy at baseline and 
after 24 weeks of abatacept or placebo 
treatment, were included in this study. 
Exclusion criteria were insufficient bi-
opsy material (<1mm2), a focus score 
(FS) <1 at baseline and development 
of a MALT lymphoma (Supplementary 
Fig. S1A).

(Immuno-) histological staining 
and evaluation
Paraffin-embedded salivary gland biop-
sies (labial or parotid) of all three trials 
were similarly processed and analysed 
as previously described (16). Sections 
were stained with haematoxylin-eosin 
(H&E) and for cytokeratin (CK) 8/18, 
CD3, CD20, CD45, CD21, Bcl6, IgA, 
IgG and IgM. In addition, an immu-
nohistochemical double staining tech-
nique was performed for IgA and IgG. 
Primary antibodies used are listed in 
Supplementary Table S1. Slides were 
digitised using a Philips UFS slide scan-
ner (Philips, Best, the Netherlands). 
H&E-stained sections were used to de-
termine the FS, defined as the number 
of periductal foci (clusters of ≥50 lym-
phocytes) per 4 mm2. Staining for CK 
was used to visualise ductal epithelium 
in order to support the H&E and CD20 
staining in the identification of the 
number of LELs/mm2 and assessing the 
maximum severity of the LELs per sec-
tion (5). All sections were evaluated for 
B/T cell segregation in one or more foci 
on the basis of staining adjacent sec-
tions for CD20 and CD3. Presence and 
number of CD21+ FDC-networks and 
Bcl6+ GCs per section were assessed as 
previously described (4). Dual staining 
for IgA and IgG was used to determine 
the presence of an IgA/IgG plasma 
cell shift (≥30% IgG plasma cells). 
Analyses were performed by a trained 
researcher (UN), an experienced lab-
technician (SL) together with a senior 
head and neck pathologist (BvdV). Dis-

crepancies between observers were re-
solved in a consensus meeting.

- Digital image analysis
Tissue sections stained with H&E and 
for CD3, CD20, CD45, IgA, IgG and 
IgM were analysed using Digital Image 
Analysis (DIA) algorithms in QuPath 
(version 0.2.3) as previously described 
(16). Briefly, the total area of salivary 
gland parenchyma was digitally meas-
ured on the H&E-stained section. The 
number of CD3+ T-cells, CD20+ B-lym-
phocytes and IgA, IgG and IgM plasma 
cells per mm2 was determined. The rel-
ative surface area of CD45+ lymphocyt-
ic infiltrate was assessed in relation to 
the total surface area of salivary gland 
parenchyma.

Baseline histopathological 
characteristics in relation to 
clinical response
From all SjD patients included in the 
current study, a parotid or labial sali-
vary gland biopsy was taken (within 
two years) before initiation of abatacept 
treatment. To evaluate the predictive 
value for response, salivary gland his-
topathology at baseline was compared 
between clinical responders and non-
responders at 24 weeks of abatacept 

treatment. To define clinical treatment 
response, patients were categorised as 
responders or non-responders based on 
the CRESS, minimal clinically impor-
tant improvement (MCII) in Clinical 
ESSDAI (ClinESSDAI) and ClinESS-
DAI low disease activity (LDA) (Sup-
pl. Fig. S1B)(11, 17–19). Total CRESS 
response was defined as response on ≥3 
out of the 5 items. MCII was defined as 
a decrease of ≥3 points. ClinESSDAI 
LDA was defined as a score <5.

Statistical analysis
Data were analysed using SPSS ver-
sion 28 statistical software (SPSS Inc, 
Chicago, IL). Results were expressed 
as number of patients (%), mean±SD, 
or median (IQR) for categorical, nor-
mally distributed, and non-normally 
distributed data, respectively. Mann-
Whitney U-test and Fisher’s exact 
test were used to compare differences 
between the abatacept and placebo 
groups or between responders and non-
responders. Wilcoxon signed-rank test 
and the McNemar test were used to 
compare differences over time within 
treatment groups. The difference be-
tween placebo and abatacept groups for 
change in histopathological parameters 
over time was evaluated using general-

Table I. Demographic, clinical and serological characteristics of Sjögren’s disease patients 
treated with placebo or abatacept.

  Placebo (n=18) Abatacept (n=31) p-value

Clinical parameters   
Age, years 46  [37-60] 46  [34-57] 0.71
Female, n (%) 18  (100) 30  (96.8) 0.63
Disease duration, years 1  [0-2] 1  [1-3] 0.13
Concomitant treatment, n (%)
    Oral corticosteroids 4  (22.2) 4  (12.9) 0.32
    NSAIDs 4  (22.2) 15  (48.3) 0.06
    Hydroxychloroquine 4  (22.2) 4  (12.9) 0.32
Schirmer, mm/5 min 4  [1-8]                                 7  [3-18] 0.14
SWS, ml/min 0.30  [0.15-1.05] 0.39  [0.15-0.57] 0.96
UWS, ml/min 0.10  [0.04-0.20] 0.11  [0.06-0.22] 0.75
ESSDAI, total 10  [8-17] 12  [8-16] 0.84
ESSDAI, glandular domain 1  [1-2] 1  [0-2] 0.95
ESSPRI 7  [6-8] 7  [6-8] 0.73
Serological parameters   
    RF 22  [6-100] 43  [15-100] 0.22
    Anti-SSA positive, n (%) 16  (88.9) 30  (96.8) 0.30
    Anti-SSB positive, n (%) 8  (44.4) 21  (67.7) 0.07
    IgG, g/L 16  [13-20] 18  [14-27] 0.17

NSAIDs: non-steroidal inflammatory drugs; ESSDAI: EULAR Sjögren’s syndrome disease activity 
index; ESSPRI: EULAR Sjögren’s syndrome patient reported index; RF: rheumatoid factor, SSA: 
Sjögren’s syndrome-related antigen A; SSB: Sjögren’s syndrome-related antigen B; SWS: stimulated 
whole saliva; UWS: unstimulated whole saliva.
Values are presented as median [IQR] unless otherwise specified.
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ised estimating equations (GEE). The 
GEE model included baseline values 
of the dependent variable, treatment, 
time and interaction of treatment and 
time. In order to reach normal distribu-
tion of residuals most histopathologi-
cal parameters were transformed. The 
exchangeable correlation structure was 
used for all variables. Results of the 
GEE model were not given if it was not 
possible to obtain a normal distribution 
of residuals or if the power was too 
low. p-values <0.05 were considered 
statistically significant. 

Results
For demographic, serological and clin-
ical patient characteristics (Table I). At 
baseline, no differences in histopatho-
logical parameters between the placebo 
and abatacept groups were observed 
(Suppl. Table S2).

Effect of abatacept and placebo 
treatment over time on salivary 
gland biopsies of SjD patients
Comparison between the abatacept and 
placebo group by GEE analysis re-
vealed that there were virtually no dif-
ferences over time (baseline and week 
24) in FS, amount of infiltrate, number 
and severity of LELs, CD21+ FDC-
networks, Bcl6+ GCs, number of CD3+ 

T-cells, number of CD20+ B-cells, 
presence of B/T-cell segregation, pres-

ence of IgA/IgG shift and the number 
of IgG and IgM plasma cells/mm2 nei-
ther in parotid nor labial salivary gland 
biopsies (Table II). Only the change 
in number of IgA plasma cells/mm2 in 
labial salivary glands (but not parotid 
salivary glands) differed significantly 
between the abatacept and placebo 
group over time (p=0.034).
Analysis of the effect of abatacept af-
ter 24 weeks of treatment revealed that 
there were no clear changes in histo-
pathological parameters compared to 
baseline in both types of glands (Table 
II). The only observed significant dif-
ference was an increase in the number 
of IgA plasma cells/mm2 (p=0.049) in 
the parotid gland (but not the labial 
gland) (Fig. 1 A-B). Numbers of IgG 
and IgM plasma cells remained stable 
over time. The rise in IgA plasma cells 
was, however, not reflected by a con-
comitant altered IgA/IgG plasma cell 
ratio.
When analysing changes in the pla-
cebo group, a significant increase in 
infiltrating CD20+ B-cells in parotid 
glands (p=0.021) was observed (Fig. 
1G). This increase was not associated 
by an increase in higher FS, percent-
age of infiltrated area, nor by other his-
topathological features. Furthermore, 
this rise in B-cell numbers was not seen 
in labial gland biopsies (Fig. 1H). In la-
bial gland biopsies, placebo treatment 

revealed only a trend towards decrease 
in the number of IgA plasma cells/mm2 
(Fig. 1D) (p=0.08). 

Minor or major salivary gland 
histopathology could not predict 
abatacept treatment response
Twenty-two out of 35 patients (63%) 
who were treated with abatacept were 
classified as CRESS responders be-
cause they reached response on ≥3 of 5 
items. The remaining 13 patients were 
classified as CRESS non-responders. 
Parotid salivary gland biopsies were 
available from 13 responders and 8 
non-responders and labial salivary 
gland biopsies were available from 9 
responders and 5 non-responders. No 
significant differences in baseline histo-
pathological parameters were observed 
between CRESS-responders and non-
responders, neither in labial nor parotid 
salivary gland biopsies (Suppl. Table 
S3). When patients were classified as 
clinical responder based on ClinESS-
DAI MCII (67% responders), also no 
significant differences in histopatho-
logical parameters were observed on 
baseline between responders and non-
responders. When response defined as 
maintenance or reaching ClinESSDAI 
low disease activity (62% responders), 
only the presence of IgA/IgG shift was 
higher in parotid (p=0.024) – but not la-
bial gland biopsies – of responders at 

a GEE analysis could not be performed due to non-normally distributed data 
*GEE analysis could not be performed or was not reliable due to lack of power (groups consisting <5). 
^ log transformation was applied to histopathological variables to obtain a normal distribution of residuals.
^^Square root transformation was applied to histopathological variables to obtain a normal distribution of residuals.

Table II. Histopathological and immunohistochemical data of parotid and labial salivary gland biopsies of Sjögren’s disease patients before 
and after placebo or abatacept therapy.
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baseline compared to non-responders 
(data not shown).

Discussion
In the work described here, we studied 
the effect of abatacept and placebo treat-
ment over time on either parotid or labi-
al gland biopsies of SjD patients. Over-
all, the effects of 24 weeks of abatacept 
treatment on parotid and labial gland 
tissue of SjD patients were limited, 
both when comparing differences over 
time between the abatacept and placebo 
groups as well as when the change with-
in the abatacept group was compared 
to baseline. Furthermore, there were no 
differences in histopathological features 
at baseline between abatacept respond-
ers and non-responders based on the 
recently developed composite endpoint, 
the CRESS (11), nor on the ClinESS-
DAI (18, 19). 

Although abatacept treatment showed 
in general no effect on histopathology, 
some subtle changes in absolute IgA 
plasma cell counts in salivary glands 
were observed after treatment. First, the 
change in number of IgA plasma cells 
in labial salivary glands differed in the 
abatacept treatment group compared 
to the placebo group. This seems to be 
largely attributed to a decrease in IgA 
plasma cell numbers in labial glands 
in patients receiving placebo. In this 
patient group there was a trend for a 
decline in IgA plasma cells, compared 
to baseline (p=0.08), while these num-
bers remained stable over time in the 
abatacept group. Second, a significant 
increase in the number of IgA plasma 
cells was seen in the parotid glands after 
abatacept treatment, compared to base-
line, whereas IgA plasma cell numbers 
were stable in the placebo group. In 

both treatment arms and for both sali-
vary gland types no effects were seen 
on IgG or IgM secreting plasma cells. 
Glandular IgA secreting plasma cells 
are part of the homeostatic mucosal im-
mune system and IgA plasma cells are 
also normally present in healthy salivary 
glands (20). Although labial and parotid 
salivary glands appear to respond dif-
ferently, abatacept treatment may con-
tribute to a (slight) normalisation of 
the glandular microenvironment that 
supports differentiation towards IgA 
plasma cells. The exact role of abatacept 
in this process is not known, but a pos-
sible explanation is that blockade of co-
stimulation may inhibit T-cell depend-
ent (CD28-dependent) class switch re-
combination towards IgG, but not T-cell 
independent (CD28-independent) class 
switch recombination towards IgA. Im-
portant cytokines for T-cell independent 

Fig. 1. Number of IgA+ plasma cells/mm2 (A-D) and CD20+ B-cells/mm2 (E-H) in parotid and labial salivary gland sections of Sjögren’s disease patients 
at baseline and after 24 weeks of abatacept and placebo treatment.
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class switch recombination at mucosal 
sites towards IgA are BAFF and APRIL 
and these cytokines are abundantly ex-
pressed in serum, saliva and salivary 
glands of SjD patients. The absence of 
an effect on (T-cell dependent) IgG plas-
ma cell numbers may be explained by 
the observation that plasma cells in sali-
vary glands are long-lived cells, which 
form a relatively stable population of 
cells (15, 16). Moreover, according to 
Szysko et al. salivary glands of SjD 
patients provide niches rich in specific 
factors vital for survival of plasma cells 
(6). The long-lived plasma cells in these 
niches are possibly not affected by 24 
weeks of abatacept treatment. Further 
research is needed to gain more knowl-
edge regarding plasma cell populations 
residing in salivary glands of SjD pa-
tients, in particular on long-term effects 
of abatacept treatment on these cells. 
Besides changes in numbers of IgA 
plasma cells, histopathological evalua-
tion revealed an increase in the number 
of infiltrating B-cells in parotid sali-
vary glands of patients in the placebo 
group after 24 weeks. Christodoulou 
et al. observed that in labial gland bi-
opsies the number of B-cells are asso-
ciated with the Tarpley biopsy score, 
and thus likely with the progression of 
the disease (21). In contrast to place-
bo, an increase in B-cell numbers was 
not seen in abatacept-treated patients, 
suggesting that further infiltration was 
halted by this immunomodulatory bio-
logical DMARD. Progression of B-
cell infiltration was, however, not seen 
in labial glands of the placebo group. 
The reason for this is not clear, but un-
treated SjD patients harbour relatively 
more B-cells (but not T-cells) in pa-
rotid glands than in their labial glands, 
when paired glands are compared (16). 
An increase in the numbers of B-cells 
(in placebo treated patients) might 
therefore preferably be seen in parot-
id glands. In line with these findings, 
the open-label extension phase of the 
ASAP-III trial revealed glandular func-
tion improvement after 48 weeks while 
this was not observed after 24 weeks 
of abatacept treatment (22). Perhaps, 
glandular function and also histopa-
thology, requires a longer treatment 
period to improve.

These findings are in line with our pre-
vious observations in parotid gland bi-
opsies of abatacept treated patients in 
a smaller part of the study population 
(open label study; ASAP-II). In the pre-
vious ASAP-II open label study, GCs in 
parotid gland parenchyma were absent 
after abatacept treatment in those pa-
tients with GCs in their parotid glands 
on baseline (14). While in most of the 
SjD patients treated with abatacept, the 
number of GCs/mm2 in salivary gland 
parenchyma decreased (5 out of 7 pa-
tients, i.e. 71%), a similar pattern was 
observed in the placebo group (6 out 
of 8, i.e. 75%). Therefore, we can con-
clude that abatacept does not affect the 
formation of GC significantly. 
A widely used tool to measure clini-
cally meaningful improvement in SjD 
is change in ESSDAI or ClinESSDAI 
score of ≥3 points (17). Despite the 
proven validity, reliability, and re-
sponsiveness of (clin)ESSDAI, sev-
eral recent randomised controlled tri-
als employing ESSDAI as the primary 
outcome measure were not able to dis-
criminate in clinical response between 
the active treatment and placebo treat-
ment groups. A main reason for this are 
the relatively large response rates in 
placebo groups (9, 23). The recently de-
veloped and validated composite end-
point CRESS was able to demonstrate 
superiority in clinical response of the  
active treatment compared to placebo 
treatment in post-hoc analysis of sev-
eral clinical trials, including the abata-
cept trials (11). In the open-label study, 
presence of GCs at baseline predicted 
response to abatacept (14). Here, we 
did not observe histopathological dif-
ferences between responders and non-
responders. This discrepancy may be 
explained by the fact that in the study 
by Haacke et al. treatment response 
was not defined by CRESS, or reaching 
ClinESSDAI MCII or LDA, but as an 
increase or decrease of ESSDAI in the 
glandular domain. 
In this study, we combined labial and 
parotid gland biopsies derived from 
patients from three abatacept trials and 
analysed a wide range of histological 
parameters in order to obtain valuable 
insights into the effect of abatacept 
versus placebo treatment on salivary 

gland histology. However, this was an 
explorative analysis with multiple test-
ing, which was not pre-powered to find 
significant differences, and especially 
the number of labial biopsies was rela-
tively low. Another limitation might be 
that biopsies were taken 24 weeks after 
treatment, which might not be suffi-
cient in order to find significant differ-
ences over time. Future studies may be 
needed to confirm the effects of (non)
treatment.
To conclude, in this study we showed 
that abatacept has a limited effect on 
salivary gland tissue in SjD, besides 
possibly affecting numbers of IgA plas-
ma cells and preventing increases in B-
lymphocyte infiltration. Additionally, 
we observed that salivary gland histo-
pathology could not predict clinical re-
sponse to abatacept in SjD patients.
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