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Abstract
Objective
Interstitial lung disease (ILD) is one of the major systemic manifestations of primary Sjogren’s syndrome (pSS).
The aim of this study was to evaluate the therapeutic effect of rituximab on pSS patients with ILD.

Methods
Pulmonary function test results, including diffusing capacity for carbon monoxide (DL ) and DL /alveolar volume (Va)
ratio, and high-resolution computed tomography (HRCT) findings/scores in ten pSS patients with ILD treated with
rituximab were retrospectively investigated. Global disease, fatigue, dryness of eyes and mouth, shortness of breath,
and cough were assessed by visual analogue scales (VAS, 0—100 mm).

Results
At 6 months after rituximab treatment, improvement in pulmonary function was observed (from 49.3+12.6 to 56.9+11.4%
for DL, p=0.011; from 74 4+15.8 to 85.6+10.3% for DL.,/Va, p=0.021). Similarly, significant improvement of subjective
symptoms were also noted after treatment (VAS global disease, from 62.0+11 4 to 26.0+10.8 mm, p<0.001; VAS fatigue,
from 38.0+23.0 to 18.0+7.9 mm, p=0.006; VAS dryness of eyes, from 53.0+£24 4 to 29.0+13.7 mm, p=0.004; VAS dryness
of mouth, from 45.0+14.3 to 28.0+£9.2 mm, p=0.001; VAS shortness of breath, from 64.0+£16.5 to 31.0+£16.0 mm, p<0.001;
VAS cough, from 42.0+23.5 to 18.0+10.3 mm, p=0.011). The mean HRCT score decreased after rituximab therapy
although to a lesser extent (from 8.7+4.1 to 7.6+4.6, p=0.419). An adverse event was observed in only one patient who
had non-fatal pneumonia 4 months after rituximab infusion.

Conclusion
Rituximab was effective in improving clinical symptoms and gas exchange, and in stabilising HRCT score in pSS patients
with ILD.
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Introduction

Primary Sjogren’s syndrome (pSS) is
a systemic autoimmune disease that
predominantly affects the function of
exocrine glands due to focal lympho-
cytic infiltration (1, 2). pSS usually
presents clinically as persistent dry-
ness of the mouth and eyes. In addition,
systemic nonexocrine manifestations
including musculoskeletal, cutaneous,
pulmonary, gastrointestinal, renal, and/
or nervous involvement may occur in
pSS patients. The frequency of lung in-
volvement in patients with pSS varies,
ranging from 9% to 90% in Caucasians
(3, 4). The prognosis of pSS patients is
favourable unless vital organ such as
lung is involved. “Sicca lung” is a very
important determinant of the patient’s
quality of life and clinical outcome. We
have carried out an investigation on the
effect of lung diseases on the outcomes
of 44 patients with pSS and have found
that patients with poor pulmonary func-
tion tests (PFT) and severe high-reso-
lution computed tomography (HRCT)
findings had a shorter median overall
survival (5). Ito et al. analysed PFT and
HRCT in 33 pSS patients, and revealed
that low partial pressures of blood oxy-
gen and presence of honeycombing
lesions in lung were related to higher
mortality (6).

Interstitial lung disease (ILD) has been
reported to be the main pathologic pres-
entation of pSS associated with autoim-
mune damage of the lung that carries
poorest outcome (7-9). Current thera-
peutic options for these stetting are em-
piric and no controlled clinical trial re-
sults are available to guide management
principle (10). Rituximab, a chimeric
anti-CD20 monoclonal antibody, has
demonstrated efficacy in patients with
lymphoid malignancies, rheumatoid
arthritis, and anti-neutrophil cytoplas-
mic antibody-associated vasculitis (11).
Accumulating evidence has suggested
that rituximab may be good alternative
for these ill-defined connective disease
(CTD)-associated ILD, including anti-
synthetase syndrome, polymyositis/
dermatomyositis (PM/DM), systemic
sclerosis, etc. (12-15). Significant im-
provement in PFT as well as in pulmo-
nary architecture as demonstrated in
HRCT has been observed after rituxi-
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mab therapy. However, the effective-
ness of rituximab on ILD in patients
with pSS has yet to be appraised. To the
best of our knowledge, only 3 pSS pa-
tients with ILD treated with rituximab
have been reported previously (15). The
aim of the present retrospective investi-
gation was to evaluate the therapeutic
effect of rituximab on pSS patients
with ILD. Patient global assessment of
disease status, fatigue, dryness of eyes
and mouth, shortness of breath, cough,
PFT results, and HRCT findings before
and after receiving rituximab treatment
were compared.

Patients and methods

Patients

pSS patients with ILD treated with
rituximab between 2010 and 2012 in
Taipei Veterans General Hospital were
retrospectively analysed. All patients
fulfilled the 2002 American-European
Revised Classification Criteria for pSS
(16). Patients with other CTD that may
induce secondary SS, such as systemic
lupus erythematosus (SLE), rheuma-
toid arthritis (RA), PM/DM, sclero-
derma, primary biliary cirrhosis (PBC),
and mixed connective tissue disease
(MCTD) were excluded (17). ILD was
diagnosed according to the British Tho-
racic Society Interstitial Lung Disease
guidelines (18). Other medical illnesses
that could cause ILD, such as drugs,
infections, etc, were excluded accord-
ing to the clinical assessment and other
laboratory investigations. The study
was approved by the institutional re-
view board of Taipei Veterans General
Hospital, Taiwan.

Assessment in clinical appearance,
PFT, and radiologic findings

Patient global disease activity, fatigue,
dryness of eyes and mouth, shortness
of breath, and cough were assessed by
visual analogue scales (VAS) (score
range: 0—100 mm). European League
Against Rheumatism (EULAR) SS
outcome measures, the disease activity
index (ESSDAI) (19), and the patient-
reported index (ESSPRI) (20) were
used to evaluate systemic activity and
patients” symptoms in pSS, respec-
tively. PFT and HRCT of the lung were
used to investigate the presence and se-
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Table I. Demographic and immunologic profiles, pulmonary function tests, and extra-
glandular manifestations in 10 patients with primary Sjogren’s syndrome with interstitial

lung disease.

Characteristic

Age at diagnosis of pSS (years = SD)
Female [n (%)]

Smoker [n (%)]

ANA > 1:160 [n (%)]

Anti-SSA or SSB antibody (+) [n (%)]
Rheumatoid factor (+) [n (%)]

DL, < 75% of the predictive [n (%)]
DLy/Va < 75% of the predictive [n (%)]
FVC < 60% of the predictive [n (%)]
HRCT score (years + SD)

Extraglandular manifestations
Musculoskeletal [n (%)]
Gastrointestinal [n (%)]
Neurologic [n (%)]

Renal [n (%)]

51.1 104
10 (100%)
0 (0.0%)
8 (80.0%)
10 (10.0%)
6 (60.0%)
10 (100.0%)
4 (40.0%)
2 (20.0%)

82+ 3.7

5 (50.0%)
2 (20.0%)
0 (0.0%)
0 (0.0%)

pSS: primary Sjogren’s syndrome; ANA: antinuclear antibodies; DL.,: carbon monoxide-diffusing
capacity; Va: alveolar volume; FVC: forced vital capacity; HRCT score: high-resolution computed

tomography score.

verity of pulmonary involvement. PFT
included diffusion capacity of carbon
monoxide (DL.,), DL.y)/alveolar vol-
ume ratio (DL.,)/Va), and forced vital
capacity (FVC). The predicted value of
PFT was adjusted for age, height, and
sex. HRCT has been proven to be very
sensitive for lung involvement in pa-
tients with pSS, even in patients with-
out overt symptoms (8, 21). All HRCT
examinations were performed using
contiguous axial beam, 5 mm thick
in resolution, through the lungs on a
Toshiba Aquilion 64 scanner (Toshiba,
Tokyo, Japan). HRCT findings were
read by two experienced chest radiolo-
gists and categorised according to the
classification of CT patterns described
by the American Thoracic Society/
European Respiratory Society Inter-
national Multidisciplinary Consensus
Classification of the Idiopathic Inter-
stitial Pneumonias (22). HRCT scor-
ing method has been used to evaluate
severity of ILD and calculated accord-
ing to the definitions reported previ-
ously by Schurawitzki et al. (23). All
patients underwent two doses of rituxi-
mab 1000 mg, intravenous infusion, 14
days apart, and repeated the same pro-
tocol every half a year depending on
individual responsiveness. However,
our assessments focused on the status
before the 1st and the second course of
rituximab treatment (6 months apart).

Statistical analysis

The changes in VAS scores for clinical
appearances, PFT results, HRCT scores
before and after receiving rituximab
treatment were compared by non-par-
ametric Wilcoxon’s sign-rank test. The
Mann-Whitney U-test was used to com-
pare differences between two groups.
Spearman’s correlation was used to
assess the association between differ-
ent parameters. p-values <0.05 were
considered statistically significant. Sta-
tistical analyses were performed using
SPSS v. 15.0 (Statistical Package for
the Social Sciences, SPSS, Inc., Chi-
cago, IL, USA).

Results

Clinical features and PFT parameters
of patients with pSS with ILD

Ten pSS patients with moderate to se-
vere ILD who received rituximab treat-
ment were assessed. All of them were
women and their mean age at diagnosis
was 51.1 years (Table I). None of them
gives a history of smoking or other co-
morbidities that may affect the lung
function. Six (60.0%) of our patients
underwent minor salivary gland biopsy
for diagnosis. Antinuclear antibodies
(ANA) with a titer of more than 1:160
and rheumatoid factors (RF) of more
than 30 IU/ml were present in 8 (80.0%)
and 6 (60.0%) patients, respectively.
All (100%) patients were positive for
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anti-SSA and/or SSB antibodies. Five
(50.0%) pSS had extraglandular mani-
festation other than lung involvement.
The most popular one was musculoskel-
etal disease (5 out of 10, 50.0%), includ-
ing arthralgia and myalgia. The second
popular one was gastrointestinal in 2
(20.0%) patients including oesophageal
dysmotility and gastritis. None of them
suffered from neurologic or renal abnor-
malities. The mean ESSDAI and ESS-
PRI scores were 4.6 and 15.5, respec-
tively. Prior to rituximab therapys, all pa-
tients had received immunosuppressants
including more than one conventional
non-biologic DMARD and corticoster-
oid treatment, including steroid pulse
therapy in 4 patients (Table II). During
and after rituximab treatment, 4 patients
continued their hydroxychloroquine, 2
continued hydroxychloroquine in com-
bination with low dose glucocorticoids
(prednisolone 2.5-5mg), while another
4 patients had low dose glucocorti-
coids alone (prednisolone 5-10mg). In
the study period, none of our patients
received high dose glucocorticoids,
or non-biologic DMARDs other than
hydroxychloroquine, including cyclo-
phosphamide, mycophenolate mofetil,
etc. VAS for global disease, fatigue,
dryness of eyes and mouth, shortness of
breath, and cough were 62.0 mm, 38.0
mm, 53.0 mm, 45.0 mm, 64.0 mm, and
42.0 mm, respectively. All patients un-
derwent PFT within one month before
rituximab treatment, which revealed
100% (10/10) with restrictive-type im-
pairment characterised by 49.3% in
average of reduced DL, (p<75% of
the predicted value). In addition, 4
(40.0%) presented with reduced DL,/
Va (p<75% of the predicted value) and
2 (20.0%) had a reduced FVC (<60% of
the predicted value).

HRCT findings

HRCT scans were carried out in all 10
pSS patients with ILD within one month
before rituximab treatment and were re-
peated in 7 of them 6 months after first
course of rituximab. The HRCT findings
before rituximab are summarised in Ta-
ble II, which shows a mixed pattern in
all patients. The most frequent feature
was linear interstitial opacity (100%),
followed by ground glass opacity
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Table II. Baseline characteristics in 10 patients with primary Sjogren’s syndrome and interstitial lung disease.

n. Age at diagnosis Sex Duration between ILD HRCT finding Pre-rituximab
of pSS (years) diagnosis and rituximab immunosuppression
use (years)
1 53 F 8 ILO, IST, GGO, CYS,NO,ACO iv MTP, pred, MTX
2 49 F 1 ILO, IST, GGO, BEC, RET, NO pred, HCQ
3 57 F 1 ILO, GGO, RET, HON pred, HCQ
4 52 F 6 ILO, IST, GGO, BEC, NO pred, HCQ
5 60 F 3 ILO, IST, GGO, CYS, BEC, RET, HON, NO pred, HCQ
6 34 F 7 ILO, RET,NO iv MTP, pred, HCQ
7 63 F 1 ILO, IST, GGO, BEC, RET, HON, NO pred, HCQ
8 57 F 1 ILO, IST, GGO, BEC, NO, ACO pred, HCQ
9 54 F 0.3 ILO, IST, GGO, BEC, RET, NO, ACO iv MTP, pred, HCQ
10 32 F 1 ILO, IST, GGO, BEC, RET, HON, NO iv MTP, pred, HCQ

pSS: primary Sjogren’s syndrome; ILD: interstitial lung disease; HRCT: high-resolution computed tomography; ILO: interstitial linear opacities; IST:
interlobular septal thickening; GGO: ground-glass opacities; CYS: cysts; BEC: bronchiectasis; RET: reticular pattern; HON: honey combing; NO: nodular
opacities; ACO: airspace consolidation; MTP: methylprednisolone; pred: prednisolone; MTX: methotrexate; HCQ: hydroxychloroquine.

(90.0%), nodular opacity (90.0%), and
interlobular septal thickening (80.0%).
The average score for HRCT findings
of all 10 patients was 8.2. There was
no significant correlation between
HRCT score and PFT obtained before
rituximab, including DL.,, DL.,/Va,
and FVC (r=-0.226, p=0.530; r=0.031,
p=0.932; r=-0.604, p=0.065, respec-
tively). In addition, HRCT score did
not correlate with the duration between
diagnosis of ILD and evaluation by
HRCT (r=-0.421, p=0.225).

Efficacy of rituximab

The mean interval between diagnosis of
ILD and rituximab treatment was 2.93
years (range: 0.3—-8 years). Six months
after the 1st rituximab infusion, im-

provement in pulmonary function was
observed, including DL, and DL,/
Va, but not FVC (mean + SD, from
49.3+12.6 to 56.9+11.4% in the pre-
dicted value of DLy, p=0.011; from
74.4+15.8 to 85.6+10.3% in the pre-
dicted value of DL,/Va, p=0.021; from
74.7£16.2 to 76.4+16.1 in the predicted
value of FVC, p=0.484, Table III; Fig.
1). Similarly, significant improvement
in objective symptoms were also noted
(VAS global disease, from 62.0+11.4
to 26.0+£10.8 mm, p<0.001; VAS fa-
tigue, from 38.0+23.0 to 18.0+7.9 mm,
p=0.006; VAS dryness of eyes, from
53.0 £24 .4 t0 29.0+13.7 mm, p=0.004;
VAS dryness of mouth, from 45.0+14.3
to 28.0+£9.2 mm, p=0.001; VAS short-
ness of breath, from 64.0+16.5 to

Table III. Median change in clinical appearances, disease activity, pulmonary function
tests, and high-resolution computed tomography score in all 10 patients before and 6

months after rituximab treatment.

Pre-rituximab Post-rituximab p value*
Patient global disease VAS (mm) 620+ 114 260 + 10.8 <0.001*
Fatigue VAS (mm) 380 +£230 18.0 = 7.9 0.006*
Dryness eye VAS (mm) 53.0 244 29.0 £ 13.7 0.004*
Dryness mouth VAS (mm) 450 = 14.3 28092 0.001*
Shortness of breath VAS (mm) 640 + 165 310 £ 16.0 <0.001*
Cough VAS (mm) 420 £ 235 18.0 = 10.3 0.011*
ESSDAI score 4613 24+ 1.1 <0.001*
ESSPRI score 155 +43 7.6 +20 <0.001*
% predicted DL, 493 £12.6 569 £ 114 0.011*
% predicted DL,/Va 744 £ 158 85.6 £ 10.3 0.021*
% predicted FVC 74.7 £ 16.2 764 + 16.1 0.484
HRCT score 87 +4.1 7.6 £4.6 0419

VAS: visual analogue scales; ESSDAI: European League Against Rheumatism Sjogren’s syndrome out-
come measures-the disease activity index; ESSPRI: European League Against Rheumatism Sjogren’s
syndrome patient reported index; DL,: carbon monoxide-diffusing capacity; Va: alveolar volume; FVC:
forced vital capacity; HRCT score: high-resolution computed tomography score. *p<0.05 = significant.
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31.0+£16.0 mm, p<0.001; VAS score for
cough, from 42.0+23.5 to 18.0+10.3
mm, p=0.011, Fig. 2). Significant de-
crease in ESSDAI and ESSPRI scores
were found in our pSS patients after re-
ceiving treatment with rituximab (ES-
SDAI score, from 4.6+1.3 to 2.4+1.1,
p<0.001; ESSPRI score, from 15.5+4.3
to 7.6+2.0, p<0.001). A median im-
provement was 6.7% in FVC (p<0.01)
and 0% change in stability of DL,
(p<0.01) 6-12 months after rituximab
treatment. The mean HRCT score of 7
pSS patients decreased after rituximab
infusion although to a lesser extent
(from 8.7+4.1 to 7.6+4.6, p=0.419). A
significant improvement in HRCT ap-
pearances occurred in a pSS patient 6
months after rituximab therapy (Fig.
3A-B). There was no statistically signif-
icant difference in pre-rituximab HRCT
score, PFT parameters, age at the diag-
nosis of pSS or ILD, presence of ANA
(>1:160), antibodies against SSA, SSB
and RF in 2 patients with improvement
in HRCT findings and in 5 patients
without improvement in HRCT find-
ings (all p>0.05).

Tolerance and outcome

Rituximab was well tolerated in all 10
patients and no infusion reaction was
recorded. Seven patients received sub-
sequent maintenance rituximab therapy
including 4 with 2 courses (4 doses), 2
with 3 courses (6 doses), and 1 with 5
courses (10 doses). No one died during
the follow-up period (mean follow-up
time after rituximab use, 26.1 months,
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Fig. 1. Changes in pulmonary manifestation, pulmonary function test, and high-resolution computed
tomography (HRCT) in 10 patients with primary Sjogren’s syndrome and interstitial lung disease be-

fore and 6 months after rituximab therapy.

(A) Carbon monoxide-diffusing capacity (DL.,) % predicted, (B) DL,/ alveolar volume (Va) % ratio
predicted, (C) Forced vital capacity (FVC) % predicted, (D) Visual analogue scale (VAS) scores for
shortness of breath, (E) cough, and (F) HRCT score before and 6 months after rituximab therapy.
Average improvement in DL, % was 7.6 % (p=0.011), in DL_.,/Va % was 11.2% (p=0.021), in VAS
scores for shortness of breath was 33.0 mm (p<0.001), and in cough was 24.0 mm (p=0.011). How-
ever, there was no statistically significant difference in FVC % predicted and in HRCT score before
and after rituximab administration (p=0.484 and 0.419, respectively). Mean change for each group is

represented by the solid black line. *p<0.05.

range: 9-60 months). However, one
patient developed a serious infection
(pneumonia) requiring hospitalisation
4 months after rituximab treatment.

Discussion

The clinical course of patients with pSS
with lung involvement is not favourable
(5). In the present investigation, we re-
ported successful treatment of rituximab
in 10 cases of moderate to severe ILD
associated with pSS. These patients were
previously refractory to conventional

synthetic DMARDs. Rituximab offered
a significant improvement in clinical
symptoms, including dryness, global
disease activity, and fatigue. In addition,
PFT analyses revealed that rituximab
improved restrictive-type impairment.
Finally, rituximab improved or stabilised
ILD as demonstrated by HRCT.

Accumulating evidence has suggested
that rituximab may offer benefits to pa-
tients with CTD-associated ILD. Sem
and colleagues reported that rituximab
stabilised and/or improved lung diseases
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in 7 of 11 patients with anti-synthetase
antibodies associated with severe ILD
who failed cyclophosphamide and/
or other immunosuppressant therapies
(12). A study described by Daoussis
showed that FVC and DL, got more
conspicuous improvement in 8 sclero-
derma patients receiving standard treat-
ment and rituximab than in 6 patients
receiving standard treatment only (13).
Keir et al. analysed the PFT results and
HRCT findings in 8 patients with CTD-
ILD unresponsive to conventional im-
munosuppression, including 5 polymy-
ositis/dermatomyositis, 2 undifferenti-
ated CTD, and 1 systemic sclerosis, and
found that 7 out of the 8 patients had a
favourable treatment response to rituxi-
mab (14). The same group enrolled 33
patients with CTD-ILD including 10
polymyositis/dermatomyositis, 8 sys-
temic sclerosis, 9 undifferentiated CTD,
2 MCTD, 2 RA, 1 SLE and 1 pSS, and
revealed an improvement in FVC of
6.7% and stabilisation of DL, within
the 6-12 months following rituximab
therapies (15). In addition, two pSS
patients with ILD treated with rituxi-
mab have been reported. Seror et al.
described a patient with dyspnea and
cough symptoms resulted from lympho-
cytic interstitial pneumonia, who was
completely recovered after 2 months of
treatment with rituximab (24). Another
patient developed lymphocytic inter-
stitial pneumonia with a predominant
B-cell infiltration and had a signifi-
cant improvement in dyspnea, dryness
symptoms, PFT, and HRCT findings af-
ter receiving rituximab infusion (25). In
the present investigation, improvement
in DL, and DL,/Va was observed in
all 10 pSS patients with ILD following
rituximab infusion. Similarly, signifi-
cant improvement of subject symptoms
was also noted after the treatment; the
mean changes in VAS for shortness of
breath and cough were 33 mm and 24
mm, respectively.

Keir et al. has described a median im-
provement in FVC of 6.7% in 33 pa-
tients with CTD related-ILD after ritux-
imab treatment (15). In contrast, we
only observed a mild elevation in FVC
with a mean change of 1.7%, which did
not reach statistical significance. PFT
in pSS can be restrictive or obstruc-
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Fig. 2. Changes in clinical symptoms relevant to
after rituximab therapy.

v T T

before rituximab after rituximab

primary Sjogren’s syndrome before and 6 months

Visual analogue scale (VAS) scores for global disease (A), fatigue (B), dryness of eyes (C) and mouth
(D), European League Against Rheumatism Sjogren’s syndrome outcome measures-the disease activ-
ity index (ESSDAI), and the patient reported index (ESSPRI) scores before and 6 months after rituxi-
mab administration for each patient are shown. At the end of data collection, there was an improvement
in mean global disease (36.0 mm, p<0.001), fatigue (20.0 mm, p=0.006), dryness of eyes (24.0 mm,

p=0.004), dryness of mouth (17.0 mm, p=0.001),

ESSDALI score (2.2, p<0.001), and ESSPRI score

(7.9, p<0.001). Mean change for each group is represented by the solid black line. *p<0.05.

tive, even in patients without pulmo-
nary symptoms (9, 21). All of our 10
pSS patients with ILD had restrictive
pattern with low DL, (<75%), while
only two presented with mixed type of
obstructive and restrictive patterns (de-
creased FVC, <60%). At the initiation
of rituximab infusion, predictive value
of FVC in our patients seemed better
than that in CTD patients enrolled in
previous studies (median: 69.0% [50.0-
103%] vs. 44.0% [24.0-99.0%]), sug-
gesting that rituximab may bring more
benefits in patients with serious ob-
structive-type impairment than in those
with mild involvement. Other reasons

for the different effect of rituximab on
PFT between two studies may include
diseases per se, ethnicities, genetic fac-
tors, or statistical power of the study
resulted from limited sample sizes.

HRCT is a relatively non-invasive mo-
dality and is currently the most impor-
tant tool to detect early parenchymal
abnormalities and decreased lung func-
tion. The mean HRCT score of our 7
pSS patients decreased following ritux-
imab therapy but not reached a statisti-
cal significant level. Reduction of the
score was observed in 2 patients, while
ittied in 4 and increased in one after the
therapies. HRCT revealed regression of
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ground glass opacity, while the chronic
changes persisted. These findings im-
plied that rituximab may offer an effec-
tive therapeutic benefit for pSS patients
during active phase of ILD. There was
no significant difference between 2
groups of patients, those with HRCT
improvement (n=2) and those without
(n=5) before rituximab with regards to
PFT and clinical profiles, including age
at diagnosis of pSS or ILD, presence of
ANA (>1:160), SSA/SSB, and RF (all
p>0.05). Further large-scale studies are
needed to find more reliable predictors
of HRCT improvement in rituximab-
treated pSS patients with ILD.

Some reports have suggested that
rituximab may improve the symptoms
relevant to dysfunction of the exocrine
glands and systemic manifestations in
pSS. An improvement in the subjective
VAS score for dryness symptoms and
an increase in salivary gland function
was observed after infusions of rituxi-
mab in a woman with pSS associated
MALT lymphoma (26). Devauchelle-
Pensec et al. have reported VAS scores
of fatigue and dryness were signifi-
cantly improved in 16 patients with
pSS (27). Dass and colleague analysed
8 pSS patients treated with rituximab
and found 7 (87.5%) of them had more
than 20% recovery in VAS fatigue (28).
A prospective study enrolling 41 pSS
patients with active disease reported
by Carubbi et al. has demonstrated
that compared to DMARDs, rituximab
could more profoundly reduce glandu-
lar infiltrate and significantly attenuate
global disease activity, fatigue, dryness,
physician global assessment, and ESS-
DAI score (29). In a prospective cohort
study of 28 pSS patients, the ESSDAI
and ESSPRI scores improved signifi-
cantly with rituximab therapy (30).
Similar results were obtained in the pre-
sent investigation; the mean changes in
VAS score for global disease, fatigue,
dryness of eye, dryness of mouth were
36 mm, 20 mm, 24 mm, 17 mm, while
the mean ESSDAI and ESSPRI scores
also decreased significantly (2.2 and
7.9, respectively). In contrast, two large
randomised controlled studies failed
to show similar results. In the Toler-
ance and Efficacy of Rituximab in pSS
(TEARS) trial, improvement of at least
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Fig. 3. Changes in the pulmo-
nary architecture in a patient
with primary Sjogren’s syn-
drome as revealed by HRCT
before and 6 months after rituxi-
mab therapy.

A) Consolidation and ground-
glass opacity in bilateral lower
lobes.

B) The lower lobe consolidation
and ground-glass opacity almost
completely resolved 6 months
after rituximab therapy.

30 mm in 2 of 4 VAS for global disease,
pain, fatigue, and dryness was not seen
in 120 pSS patients after 24 weeks treat-
ment with rituximab when compared to
placebo group (31). TRACTISS study,
another double-blind, randomised, con-
trolled, parallel group trial, enrolled
133 patients with pSS but did not show
any benefit of rituximab compared to
placebo on global activity, dryness, and
fatigue (32, 33). However, the mean de-
crease in the VAS scores for fatigue was
larger with rituximab than with placebo
at weeks 6 and 16 in the TEARS study.
Also, a post-hoc analysis of the TEARS
study revealed that pSS patients may
actually be significantly improved by
rituximab if treatment response was
defined as a 30% improvement in at
least two of five outcome measures,
including patient-assessed VAS for fa-
tigue, oral dryness and ocular dryness,
un-stimulated whole salivary flow, and
ESR (34). Therefore, we consider that
rituximab may be an effective agent to
ameliorate glandular as well as system-
ic diseases in pSS.

The mechanism underlying the im-
provement of ILD in pSS by rituximab
remains unknown. PSS is characterised
by lymphoplasmocytic infiltration in
salivary glands. T cells were originally
considered playing a main role in its

pathogenesis. However, growing body
of evidence has suggested that B cell
is critical for the development of pSS
and is a potential therapeutic target
for amelioration of pulmonary inflam-
mation (35-38). Compared to patients
with secondary SS, a higher expression
of CD20 bearing B cells in minor sali-
vary glands was observed in pSS (39).
B cells not only can produce autoanti-
bodies, but also contribute to the secre-
tion of cytokines and chemokines as
well as to the presentation of antigens
to autoreactive T cells (19, 40). Rituxi-
mab treatment depletes CD20 bearing B
cells in peripheral circulation and sali-
vary gland, leading to attenuation of au-
toantibody production and blocking of
autoreactive T cell activation (41, 42).
In addition to the influence of B cell
functions, observations in the treatment
of idiopathic thrombocytopenic purpura
have suggested that rituximab may help
revert the abnormalities of T-cell sub-
sets and restore numbers of regulatory
T cells (43). Finally, B cells, as well as
plasma cells, were observed to infiltrate
in interstitial septa and alveolar spaces
in pSS patients with ILD, implying that
rituximab may induce similar effects
as described above in lung tissue (44).
These may explain the benefit of rituxi-
mab in the management of ILD in pSS.
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A limited amount of studies concerning
the relationship between HRCT score
and PFT have been conducted. Our pre-
vious investigaton revealed that impair-
ment of DL, was associated with high
HRCT scores in 44 pSS patients with
lung involvement (5). Conversely, Yazi-
siz et al. analysed 14 Turkish pSS pa-
tients with lung involvement and found
that there was negative correlations be-
tween HRCT scores and PFT profiles
(45). In the present investigation, HRCT
score did not have correlation with PFT
scores in the pSS patients with ILD.
This was probably because of tiny size
of enrolment in the present investigation
and the difference in ethnicity. In addi-
tion, HRCT score did not correlate with
ILD duration. Previous studies observed
that abnormal HRCT findings were seen
in 24 of 37 pSS patients without pulmo-
nary symptoms (8, 21), implying that
ILD may exist early in asymptomatic
patients. This may account for the ab-
sence of positive correlation between
severity in HRCT findings and ILD du-
ration in our pSS patients.

In addition to small sample size, there
are some additional drawbacks in this
retrospective study. First, our cohort
had a relatively short follow-up period.
The long-term efficacy of rituximab
treatment was unavailable because of
difficult in follow-up. Second, the het-
erogeneity of clinical characteristics,
previous medications, and severity of
HRCT in our patients might influence
the response to rituximab. Another is
that the normal control group was hard
to include, resulting in that the efficacy
of rituximab could not get a compre-
hensive comparison with the placebo
as in a prospective study. So, whether
rituximab is superior to conventional
immunosuppressants for ILD associ-
ated with pSS remains unclear.

In conclusion, for pSS patients with
ILD, rituximab may be safe and effec-
tive to improve clinical symptoms, PFT
results, as well as HRCT findings. Nev-
ertheless, more large-scale investiga-
tions are necessary to validate our find-
ings. On the other hand, to clarify the
exact role of B cell depletion in the im-
provement of pulmonary inflammation
associated with pSS, further in-depth
investigations are mandatory.
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