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ABSTRACT. Background: Interstitial lung disease (ILD) is a common complication of primary Sjégren’s syn-
drome (pSS). Because there is a paucity of literature on the management of pSS-associated ILD (pSS-ILD),
this retrospective cohort study assessed the efficacy of azathioprine and mycophenolate therapy in adult patients
with pSS-ILD. Methods: A retrospective cohort study was performed using electronic health records to identify
adults meeting the 2016 American College of Rheumatology/European League Against Rheumatism classi-
fication criteria for pSS. The presence of pSS-ILD was confirmed by characteristic high-resolution computed
tomography and/or histopathology findings. Sociodemographic, clinical, and pulmonary function test (PFT)
data were abstracted for patients meeting the criteria and followed longitudinally from the date of their ILD
diagnosis. PF'T values were anchored on time of treatment start, and linear mixed-effects modeling was used
to analyze changes in diffusion capacity for carbon monoxide (DLCO) and forced vital capacity (FVC) before
and after treatment initiation. Resu/ts: We identified 19 subjects who had pSS-ILD, of whom seven were treated
with azathioprine and seven were treated with mycophenolate. Within the azathioprine treated group, FVC%
slope change trended toward improvement from a rate of -9.8% per month pre-treatment to 2.1% per month
post-treatment (p = 0.13). Within the mycophenolate treated group, FVC% slope change improved from a rate
of 1.5% per month pre-treatment to 4.3% per month post-treatment (p = 0.02) and DLCO% slope changed
from a rate of -3.8% to —1.3% per month (p = 0.01) after therapy start. Concl/usions: Mycophenolate treatment
was associated with significant improvement in PFTs of pSS-ILD patients over time, and azathioprine treat-
ment followed a similar non-significanttrend. Additional prospective studies are needed to further evaluate these
findings. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (2): 136-147)
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INTRODUCTION

Primary Sjoégren’s syndrome (pSS), a chronic,
multisystem autoimmune disease, is characterized
by focal lymphocytic infiltration of the lacrimal and
salivary glands resulting in dry eyes and dry mouth
(1-3). As the second most common multisystem
rheumatologic disease, pSS has an estimated inci-
dence between 0.1-0.5% of the general population
(1, 4). Systemic involvement is common and can be
the initial manifestation of pSS (1, 5). Interstitial lung
disease (ILD) is a life-threatening systemic compli-
cation of pSS; patients with ILD have a higher mor-
tality than those without ILD (3, 6, 7). Pulmonary
involvement is common in pSS, and at least 9-20%
of pSS patients have lung involvement (1, 8), with
some studies suggesting much higher rates (3, 8, 9).
Finally, ILD can precede the diagnosis of pSS in up
to 25% of patients (8).

Azathioprine and mycophenolate are commonly
utilized for treatment of pSS-ILD. Despite the com-
mon use of azathioprine for pSS-ILD, there is only
one study (n = 13 patients) that evaluated the effect
of azathioprine on lung function in a well-defined
cohort of patients with pSS-ILD, and this study did
not evaluate differential longitudinal trends in pul-
monary function test (PFT) pre- and post-therapy
(10). No studies exist that have evaluated the effect
of mycophenolate in a well-defined cohort of pa-
tients with pSS-ILD. Other studies evaluating aza-
thioprine or mycophenolate in larger mixed cohorts
of patients with connective-tissue disease associated
ILD had small percentages of pSS patients, and
therapeutic effect was not reported for pSS (11, 12).
Thus, despite the high frequency and morbidity of
pSS-ILD, the effectiveness and safety of commonly
utilized immunosuppressive treatments for pSS-ILD
remains unknown. This lack of an evidential base to
inform the choice of treatment in pSS-ILD creates
uncertainty in clinical decision making and poten-
tially delays the initiation of eflicacious treatments.

To address this gap in knowledge, we hypothe-
sized that treatment with azathioprine or mycopheno-
late, with or without rituximab, would attenuate PFT
decline over time. To test this hypothesis, we retro-
spectively analyzed a well-defined cohort of patients
with pSS-ILD to evaluate the effect of initiation of
azathioprine and mycophenolate on lung function de-
cline. In this manuscript we describe the characteristics

of this cohort and report the longitudinal change in
PFETs before and after initiation of therapy.

MATERIALS AND METHODS
Inclusion/exclusion

This study was performed in accordance with the
Declaration of Helsinki and approved by the UW
Health Sciences Institutional Review Board (IRB)
(2013-1121) with a waiver of individual informed
consent due to the minimal risk represented by this
retrospective study. This is a retrospective cohort
study of adults > 18 years old with pSS complicated
by ILD. We used the electronic health record (EHR)
from an academic health system to create this cohort.
Patients were identified who had both CD9/10 codes
for pSS and ii) and a diagnosis of ILD. Specific ILD
types were identified as nonspecific interstitial pneu-
monia (NSIP), usual interstitial pneumonia (UIP),
lymphoid interstitial pneumonia (LIP), diffuse alveo-
lar damage, or organizing pneumonia (OP). Patients
were included if they were evaluated by both pulmo-
nology and rheumatology within our health care sys-
tem and had clinically confirmed pSS (Figure 1). Re-
cords were individually reviewed by a board certified
(SM) rheumatologist to ensure each patient met the
2016 American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR)
criteria for pSS (13). Patients with another autoim-
mune condition in addition to pSS were excluded so
that we only included patients who had pSS. The di-
agnosis of ILD was confirmed either by the presence
of characteristic changes on high resolution comput-
ed tomography (HRCT), as determined by a thoracic
radiologist (J.K), or by characteristic findings of ILD
on lung specimen histopathology at the time of diag-
nosis. Medical records were manually abstracted by
MD reviewers (B.A., UB., and G.A.) for all clinical
and serologic data using a standardized case review
tool.

Outcome/data collection

Our primary outcome of interest was a signifi-
cant change in percent predicted forced vital capacity
(FVC%) and percent predicted diffusing capacity of
carbon-monoxide (DLCO%) between pre- and post-
treatment slope determined by linear effects models.
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Diagnosis of ILD and connective tissue disease
N=613

_ Excluded patients with autoimmune disease

l

Diagnosis of ILD and pSS
N=141

other than pSS
N=472

l

Diagnosis of ILD and pSS who have seen a UW
rheumatologist and pulmonologist
N=81

»Excluded patients who were not seen by both

pulmonology and rheumatology
N=60

Y
Presence of pSS and ILD
N=19

» Excluded patients who on individual review
did not have pSS or ILD
N=62

Fig. 1. Cohort flow diagram demonstrating exclusion and inclusion of patients who meet criteria for primary Sjégren’s Syndrome (pSS) and
interstitial lung disease (ILD) diagnosis and who have seen both pulmonology and rheumatology within the UW health system.

Available PFT data were collected for all patients,
averaged in 3-month time intervals, and anchored
with the values (T,) for each patient just prior to the
date on which treatment with azathioprine or my-
cophenolate was initiated. For the grouped analysis,
if patients were treated with more than one medica-
tion, T, was anchored on the start date of the first of
the combined treatments. Analysis of the untreated
group was anchored with T\, on date of ILD diagno-
sis. All HRCT scans were reviewed by a subspecialist
thoracic radiologist (J.K.), and morphologic patterns
were determined (NSIP, OP, NSIP with OP overlap,
LIP, other) according to radiographic patterns.

Variable definitions

Our primary exposures of interest included aza-
thioprine, mycophenolate, and rituximab. Mycophe-
nolic acid was considered equivalent to mycopheno-
late mofetil for the purposes of this study. Exposure
start and end dates were recorded using manual

review of EHR prescription data. Sensitivity analy-
sis analyzed treated UIP patients versus a composite
of other treated patients. The composite group was
composed of diagnoses including NSIP, LIP, and OP.

Additional clinical data abstracted included
age, sex, tobacco use, cardiovascular disease (CVD)
(defined as coronary artery disease, congestive heart
failure, or cerebrovascular disease), gastroesophageal
reflux (GERD), obstructive sleep apnea (OSA), ma-
lignancy, pulmonary arterial hypertension (PAH),
and pulmonary embolism (PE). Clinical features
abstracted included pulmonary symptoms at ILD
diagnosis, constitutional symptoms, lymphadenopa-
thy, glandular swelling, inflammatory arthritis, cuta-
neous manifestations of pSS, renal involvement with
pSS, muscular involvement with pSS, peripheral or
central nervous system manifestations of pSS, im-
munosuppressive/immunomodulatory therapy, and
adverse effects of azathioprine, mycophenolate, or
rituximab. Laboratory data on pSS and pSS disease
activity were also collected.



Treatment of PSS ILD

139

Statistical methods

Baseline characteristics between treated group
and untreated group were compared with chi-
squared test or Fisher’s exact test for categorical vari-
ables and t-tests for continuous variables. Within the
treated group, linear mixed-effects models were used
to evaluate for change in PFT slopes (FVC% and
DLCO%) per month before and after therapy. Anal-
ysis was performed for each treatment group (aza-
thioprine, mycophenolate, and rituximab) as well as
for the entire treated cohort. When the entire cohort
was evaluated, patients who were treated sequentially
with multiple drugs were anchored at the start time of
the initial drug. Plots were created illustrating PFTs
two years pre- and post-therapy. Pre-treatment PFT
slope was projected into the post-treatment portion
of the graph for visual comparison of slope change.
A p value of < 0.05 was considered to be significant.
Statistical analyses were performed using SAS 9.4
(Cary, NC) and GraphPad Prism software (Graph-
Pad Software, La Jolla, CA, USA).

ResuLts
Study population and baseline characteristics

613 patients with ILD and sicca symptoms were
identified. 472 patients carried diagnoses of other
autoimmune diseases and were excluded (Figure 1).
Patients not seen by both pulmonology and rheuma-
tology consultants were also excluded to allow for
accurate diagnosis and longitudinal PFT follow-up.
After individual chart review, 19 patients with ILD
who met the 2016 ACR/EULAR criteria for pSS
were identified and comprised our study cohort.

Demographics and clinical characteristics were
similar between the treatment groups (Table 1). The
mean age for patients who received immunosuppres-
sive treatment was 58 (+ 11) years, and the mean age
for patients who received no immunosuppressive
therapy was 70 (+ 11) years.

Symptoms including cough, dyspnea, dry eyes
or mouth, joint pain and other constitutional symp-
toms did not vary significantly between treated ver-
sus untreated groups. Other clinical characteristics
including cryoglobulinemia, anemia, cytopenia, el-
evated C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), low complement, presence of

REF, anti-SSA antibody, anti-Jo1 antibody, anti-neu-
trophil cytoplasmic antibody (ANCA), anti-ribonu-
cleoprotein (anti-RNP) antibody, anti-Smith anti-
body, lymphadenopathy, CVD, GERD, malignancy,
OSA and PE were similar between the groups (Table
1).

The number of patients treated with azathio-
prine (n = 7), mycophenolate (n = 7), rituximab
(n = 6), or untreated (n = 5) were similar. Indica-
tions for treatment initiation were functional decline
combined with worsening HRCT or PFTs. The
reasoning for therapy choice was explained in three
patients. Two patients were started on rituximab
for concomitant arthralgias and one was started on
rituximab over azathioprine or mycophenolate due
to the general increased risk of lymphoma in pSS.
Otherwise, no explicit reasoning was provided for
the choice of therapy. Five out of six patients who
received rituximab also received azathioprine or my-
cophenolate, one of whom received all three treat-
ments. Of the five patients who received combined
therapy, two patients were started on mycophenolate
for ILD and rituximab was ultimately added for pro-
gression of ILD. A third patient started rituximab
initially for ILD and mycophenolate was added for
progression of ILD. A fourth patient started aza-
thioprine for ILD and rituximab was added for ar-
thralgias. A fifth patient started mycophenolate for
ILD, mycophenolate was stopped and rituximab was
started for pSS-related inflammatory myositis. Aza-
thioprine was ultimately added as a steroid sparing
agent after an initial rituximab course.

The number of patients receiving hydroxychlo-
roquine, leflunomide, and methotrexate were similar
between the groups. The mean dose of azathioprine
was 150 mg daily with duration of therapy ranging
from three to thirteen years with mean of 7 years. The
mean dose used for mycophenolate was 2000 mg dai-
ly with duration of therapy ranging from six months
to five years with mean of 2 years. The average laten-
cy period from ILD diagnosis to the initiation of im-
munosuppressant therapy did not vary significantly
between the three groups but the azathioprine group
trended to shorter treatment latency. Between the
four groups, there was no significant difference be-
tween duration of high dose prednisone use (months
> 40 mg), pre-immunosuppression prednisone dose
or duration, six month post-immunosuppression
prednisone dose or duration, or median prednisone



140

B. Amlani, G. Elsayed, U. Barvalia, et al.

maintenance dose. The average dose of prednisone
before azathioprine start was 9 (+ 10) mg and after 6
months of therapy was 6 (+8) mg (p = 0.3). The aver-
age dose of prednisone before mycophenolate start
was 32 (+26) mg and after 6 months of therapy was
19 mg (+9) (p = 0.03).

Baseline PFTs including FEV1%, FVC%,
FEV1/FVC% and DLCO% and baseline oxygen

Table 1. Demographics and Patient Characteristics

use were similar between the four groups (Table 1).
The mean FVC% and DLCO% for five patients in
the untreated group was 67% and 39% respectively.
Baseline 6-minute walk tests varied between groups
but were only reported in two patients each in the
azathioprine and mycophenolate groups and in
one patient in each of the rituximab and untreated

AZA Msg MMF Msg Ritux Msg | No Therapy | Msg
(0=7) (0=7) (n=6) (0=5)
Mean Age (+ SD) 57.7+£14.2 58.9 £10.6 55.7£10.1 69.6 +11.3
Demographics n(%)

Alive 6 (86) 5(71) 5(83) 2 (40)

Caucasian 6(100) 1 6(100) 1 5(100) 1 1(100) 4

Female 6 (86) 5(83) 5(83) 5 (100)

Tobacco ever* 1(17) 1 5(71) 4(67) 3 (75)

Labs n(%)

ANA positive 6 (86) 6 (86) 6 (100) 4(100) 1

ANA Titer=1:320 3 (60) 2 5(83) 1 4 (67) 4 (100) 1

Nucleolar 1(20) 2 1(14) 1 1(17) 0 (0) 1

Speckled 2(40) 2 5(71) 1 4 (67) 3 (75) 1

Other 2(40) 2 1(14) 1 1(17) 1(25) 1

Cryoglobulinemia 0(0) 4 0(0) 3 0(0) 4 1(33) 1

Elevated CRP 3 (50) 1 3 (43) 2(33) 2 (50) 1

Elevated ESR 7 (100) 5(83) 1 5(83) 2 (50) 1

Low C3/C4 0(0) 1(14) 0(0) 1(33) 2

RF 3(50) 1 4(57) 3 (50) 2 (50) 1

SSA 6 (86) 6 (86) 5 (83) 3 (75) 1
Comorbidities n(%)

‘CVD 1(17) 1(17) 1(25) 2 1(25) 1

GERD 5(71) 7 (100) 4(67) 4(100) 1

Malignancy 2 (33) 1 0 (0) 2 0(0) 2 1(25) 1

OSA 2(33) 1 1(20) 1 1(25) 2 1(33) 2

PE 1(17) 1 (20) 1 1(25) 2 0(0)

PAH 1(17) 3 (50) 2 (50) 2 2 (67) 2
Diagnosis to IS start (Months + SD) 43+64 29.1+46.7 444+ 9.6 1 N/A
Treatment n(%)

HCQ 5(71) 5(71) 5(83) 1(25) 1

Leflunomide 1(14) 1(14) 1(17) 0 (0)
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AZA Msg MMF Msg Ritux Msg | No Therapy | Msg
(n=7) (n=7) (n=6) (n=5)
MTX 1(14) 1(14) 1(17) 0(0)
Prednisone 4(57) 7 (100) 5(83) 2 (40)
Duration prednisone 0.5+ 0.55 1 1.3+2.05 0.7+0.8 0.5+0.6
240 mg (months * SD)
Duration prednisone 3.8+4.6 1 4.2+44 7355 N/A
pre-IS (months + SD)
Dose prednisone pre-IS 9.2 +10.2 1 31.7£25.6 23.3+£15.1 N/A 3
(mg + SD)
Duration prednisone 45.6 £ 69.1 1 22.3 £22.7 26.4 +32.4 N/A
post-IS (months + SD)
Dose prednisone 6 63+7.5 1 19+8.9 12175 1 0.8+2.0
months post-IS (mg + SD)
Median prednisone 2.5£2.7 1 12.9+10.8 7.5+6.9 0.8+2.0
maintenance dose™
(mg + SD)
Baseline PFTs (% + SD)
FEV1% 84 +£2.9 70 + 11.7 2 70 + 19.6 3 59+ 14.6 3
FVC% 86 +26.0 64+79 1 74 +15.5 2 67 £17.9 2
FEV1/FVC% 88 +15.9 3 88 +7.0 3 91 +11.7 3 73 +14.7 2
DLCO% 57 £23.6 45+9.1 1 59 + 14.84 2 39 +16.0 4
Baseline 6MWT distance (feet + SD)* 993 + 151 5 1267 + 208 5 1119+ 0 5 450+ 0 4
Oxygen at baseline n(%) 1(17) 3 (43) 1(17) 0
BAL n(%)
*Eosinophilic 0(0) 3 1(50) 5 0(0) 0(0) 2
"Lymphocytic 2 (50) 3 1(50) 5 2 (100) 1(33) 2
Normal 2 (50) 3 0(0) 5 0(0) 2 (67)
HRCT pattern n(%)
LIP 4(57) 1(14) 2(33) 1(25) 1
NSIP 1(14) 5(71) 3 (50) 1(25) 1
oP 1(14) 0(0) 0(0) 0(0) 1
UIP 0(0) 0 (0) 0(0) 0(0) 1
Other 1(14) 1(14) 1(17) 2 (50) 1
Lung biopsy n(%)
LIP 2(33) 1 1(20) 2 2 (50) 2 0(0) 3
NSIP 1(17) 1 3 (60) 2 1(25) 2 0(0) 3
UIpP 1(17) 1 1 (20) 2 1(25) 2 0(0) 3
Other 2(33) 1 0(0) 2 0(0) 2 2 (100) 3

AZA: Azathioprine; MMF: Mycophenolate; Ritux: Rituximab; SD: Standard deviation; *p < 0.05; ANA: Antinuclear antibody; CVD:
Cardiovascular disease; #CVD history includes coronary artery disease, congestive heart failure, or cerebrovascular event; GERD: Gastroe-
sophageal reflux disease; OSA: Obstructive sleep apnea; PE: Pulmonary embolism; PAH: Pulmonary arterial hypertension; HCQ; Hydroxy-
chloroquine; MTX: Methotrexate; IS: immunosuppression; 6MWT: 6-Minute Walk Test; BAL: Bronchoalveolar lavage; +22% eosinophilic;
A215% lymphocytic; HRCT: High resolution computed tomography LIP: Lymphoid interstitial pneumonia; NSIP: Non-specific interstitial
pneumonia; OP: Organizing pneumonia; UIP: Usual interstitial pneumonia
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groups. Oxygen use was similar between these groups
at baseline.

Imaging, biopsy, and bronchoalveolar lavage

Patients in azathioprine treatment
group predominantly had a LIP pattern
(n = 4) compared to the mycophenolate treated
group, which predominantly had a NSIP pattern
(n = 5). The untreated group included one patient
with LIP and one patient with NSIP. The differ-
ences were not statistically significant. None of the
patients in either treatment group had a UIP pattern
on HRCT. Two patients had changes consistent with
significant aspiration on HRCT.

Histopathology results for 13 patients who had
undergone native lung biopsy were available. The dif-
ferent patterns of involvement are included in Table 1.
Additional findings included chronic bronchiolitis
(n = 2) and hypersensitivity pneumonia (n = 1). Six pa-
tients did not have a biopsy despite imaging consistent
with ILD. Of the four HRCT-diagnosed NSIP pa-
tients who did not receive biopsy, three were untreated
and one was treated with mycophenolate. Biopsy was
not performed in one untreated patient because the
ILD was mild and stable. One patient with NSIP on
HRCT was not biopsied due to presentation with se-
vere exacerbation and was considered too high risk for
biopsy before their ultimate death. Two cases of NSIP
were not biopsied and no justification was provided.
Of the two patients with HRCT-diagnosed LIP with-
out histopathologic confirmation, one patient was in
the untreated group and one patient was treated with
azathioprine. The two patients with LIP were not bi-
opsied because their clinical course was stable.

Bronchoalveolar lavage (BAL) results from
11 patients showed a majority of patients (n = 5) with
lymphocytosis (215% lymphocytes). Four patients
had a normal BAL nucleated immune cell profile,
one had BAL that showed an increase in eosinophils,
and one had a contaminated sample with numerous
squamous epithelial cells.

Adverse effects of therapy

Azathioprine was discontinued in one patient
after ten years of use because of recurrent uncom-
plicated lower urinary tract infections. Azathioprine
was stopped in another patient after three years out

of concern for bleeding risk when the patient pre-
sented with uncomplicated rectal bleeding. One pa-
tient was switched from mycophenolate to azathio-
prine because of an ILD exacerbation. One NSIP
patient on mycophenolate developed respiratory fail-
ure secondary to rhinovirus infection and died. One
LIP patient who received mycophenolate and one
dose of rituximab died while in hospice care for ILD
symptoms. One patient had mild neutropenia due to
mycophenolate (lowest 1.95 K/pL; normal 2.3-8.6
K/pL). without and associated infections. The cause
of death was unknown for two patients (one who
was receiving azathioprine and the other was not on
treatment). No patients had liver enzyme elevation.
Regarding malignancies, one patient developed
mucosa-associated lymphoid tissue (MALT) lym-
phoma of the lung 12 years after azathioprine was
discontinued. This patient had a biopsy at the time of
the initial diagnosis that showed LIP and repeat lung
biopsy twelve years later diagnosed MALT lympho-
ma. One untreatated patient developed MALT lym-
phoma of the parotid gland. This patient did not have
a lung biopsy. Finally, one patient had uterine cancer
decades before development and treatment of ILD.

Pulmonary Function Tests
Azathioprine Group

The slope of FVC% trended toward improve-
ment after azathioprine treatment (Figure 2A). The
FVC% slope for patients in azathioprine group before
treatment was increasing at a rate of 2% per month
and after treatment was increasing at a rate of 4% per
month (p = 0.13) (Table 2). The mean FVC% before
treatment in the azathioprine group was 72% and the
mean FVC% after treatment was 76%. Only one pa-
tient had a recorded DLCO% before treatment in the
azathioprine group so evaluation of DLCO% in this
group was limited (Figure 2B, Table 2).

Mycophenolate Group

The change in slope of FVC% before and af-
ter mycophenolate therapy significantly improved
after treatment. The change in FVC% slope was
declining at a rate of -10% per month before ther-

apy, and after therapy the slope improved to a rate
of 2% per month (p = 0.02) (Figure 3A, Table 2).
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Fig. 2. Mixed-effects model estimate of FVC% and DLCO% slope before and after initiation of azathioprine plotted 12 months before and
12 months after azathioprine start. The bold perforated line represents the 95% confidence interval. The light perforated line represents the
trajectory of the pre-treatment slope. (a) FVC% slope before treatment was declining at a rate of 1.5% per month and after treatment was
increasing at a rate of 4.3% per month (p=0.13); (b) DLCO% slope after treatment was declining at a rate of -0.3% per month (p=0.96).

Table 2. FVC% and DLCO% Before and After Azathioprine and Mycophenolate Treatment

AZA MMF
Before IS After IS P value Before IS After IS P value

FVC%

Mean 71.9 75.7 0.46 549 60.5 0.34
Slope Change 1.5+11.4 43+76 0.13 -9.8+11.7 2177 0.02
DLCO%

Mean 47.3 28.7 0.17 45.2 41.6 0.59
Slope Change 0 -0.3+45 0.96 -3.8+3.7 -1.3+3.2 0.01

FVC% and DLCO% mean included mean PFTs performed every 3 months before and after therapy start. FVC% and DLCO% slope is

calculated as change per month before and after treatment start. AZA: Azathioprine; MMF: Mycophenolate; IS: Immunosuppression

The mean FVC% before mycophenolate therapy was
55%, and the mean FVC% after therapy was 61%
(p = 0.34). DLCO% slope was declining at a rate of
-4% change per month before therapy and -1% after
therapy (p = 0.01) (Figure 3B, Table 2). The mean
DLCO% before therapy was 45% and after was 42%
(p =0.59).

Rituximab Group

Five out of six patients treated with rituxi-
mab had received or were receiving treatments with
mycophenolate or azathioprine. Only three patients
had PFTs available before and after treatment. Over-
all, an improvement in FVC% and decline inDL-
CO% after treatment with rituximab was noted. The

FVC% change of slope before treatment was a rate of
9% per month and after treatment was 3% per month
(p = 0.18). The DLCO% slope before therapy was 5%
per month and after therapy was -2% per month (p
=0.43).

UIP vs. Composite Group

To determine if treatment response to immu-
nosuppression varied between UIP and other ILD
patterns, sensitivity analysis of UIP versus a com-
posite group (LIP, NSIP, and OP) before and after
treatment was performed. In the analysis of UIP ver-
sus other ILD patterns we found that FVC% slope
improved an average of 9% per month for UIP and

3% for the composite group (p = 0.06). DLCO%
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Fig. 3. Mixed-effects model estimate of FVC% and DLCO% slope before and after initiation of mycophenolate plotted 12 months before
and 12 months after mycophenolate start. The bold perforated line represents the 95% confidence interval. The light perforated line represents
the trajectory of the pre-treatment slope. (a) FVC% slope before treatment was declining at a rate of -9.8% per month and after treatment
was increasing at a rate of 2.1% per month (p = 0.02); (b) DLCO% slope before treatment was declining at a rate of -3.8% per month and
after treatment was declining at a rate of -1.3% per month (p = 0.01).

improved by a mean 1% per month in the UIP group
and 1% in the composite group (p = 0.96).

Discussion

ILD is a common complication of pSS that sig-
nificantly increases morbidity and mortality. Despite
these implications for patient’s well-being, the opti-
mal management of pSS-ILD remains unknown. Be-
cause there is no well-defined or standard approach
to therapy that is supported by clinical trial data, we
sought to determine the real-world efficacy of com-
monly utilized immunosuppressive medications.

In this retrospective, observational cohort study
we identified well-matched cohorts of patients with
pSS-ILD who had received either azathioprine
or mycophenolate as the primary steroid-sparing
immunosuppressive agent. Analysis of pre- and
post- treatment PFTs showed that initiation with
azathioprine was associated with a trend toward im-
provement in PFT parameters. Fitting these findings
using a mixed effects model, comparison of pre-treat-
ment FVC% decline compared with post-treatment
FVC% decline suggested a trend toward stabilization,
although the study may have been underpowered to
directly test this outcome. In the second cohort of
patients treated with mycophenolate, we observed
improved PFTs after initiation of therapy with the

mixed effects model showing a similar stabilization
in FVC% and DLCO% decline. Of clinical impor-
tance, prednisone use decreased significantly after
start of mycophenolate therapy and a similar trend
was noted with azathioprine therapy.

Chart review of both of these cohorts found that
both azathioprine and mycophenolate were well-tol-
erated with most patients able to remain on therapy
for an extended time (median 7.3 years for azathio-
prine and 1.9 years for mycophenolate). Taken to-
gether, these data support the use of mycophenolate
as a treatment for pSS-ILD, and suggest that aza-
thioprine may have a similar efficacy.

A further strength of this study is the granular
examination of longitudinal PFT data, which ena-
bled us to utilize a mixed effects model to estimate
the magnitude of effect on PFT decline pre- and
post-initiation of therapy. This model suggests that,
in aggregate, mycophenolate completely attenuated
the FVC% decline, which fits with the observed
change in pre- and post-FVC% values. This find-
ing adds to our understanding of the potential ef-
fect of mycophenolate on lung function decline for
this subset of ILD, as other efficacious therapies for
idiopathic ILDs such as IPF are known to decrease
the FVC% decline, but do not fully stabilize disease
in aggregate (14, 15). Too few subjects were avail-
able that had received only rituximab and who had
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sufficient PFT data available before and after therapy
initiation to adequately evaluate its potential eflicacy.

These findings add to the limited existing pub-
lished data studying the eflicacy of mycophenolate in
pSS-ILD. Mycophenolate has been studied as part
of a large CTD-ILD cohort including pSS patients
and reported to possibly improve lung function, but
only four of a total of 67 patients with CTD-ILD
had pSS (12). Thus, definitive conclusions about its
efficacy in pSS-ILD could not be drawn. Our cohort
significantly adds to our understanding of the effects
of mycophenolate on pSS-ILD. Our work repre-
sents the largest reported well-characterized cohort
of pSS-ILD patients treated with mycophenolate
for lung function decline. Furthermore, along with
the observed stable lung function post mycopheno-
late initiation, we identified a significant reduction in
prednisone dosage, which is often an important aim
of initiating this therapy in patients. In aggregate,
these findings lend further support to the potential
efficacy of mycophenolate in this patient population.

Similar to mycophenolate, this study adds to
the limited existing published data studying the
efficacy of azathioprine in pSS-ILD. In the larg-
est published cohort of pSS-ILD patients treated
with azathioprine, Deheinzelin et al. found that
the FVC improved in seven of eleven patients (10).
While other studies have reported potentially im-
proved outcomes in patients with pSS-ILD on aza-
thioprine, these studies grouped pSS patients into a
larger CTD cohort, precluding analysis of individual
disease types (11). Thus, in this report we describe
the second largest cohort of patients with pSS-ILD
treated with azathioprine. Although our study was
likely underpowered to detect differences in pre- and
post- FVC% changes, mixed effects modeling sug-
gested that there is stabilization of FVC% decline
after treatment initiation.

Although an analysis of the eflicacy of rituximab
was a goal of this study, we had limited data available
on pre- and post-treatment PFTs in the rituximab
group. Previous studies reporting rituximab efhicacy
have been small, ranging from one to eight pSS-ILD
patients treated with rituximab (16-18). Our limited
series of patients treated with rituximab had mixed
PFT change after therapy. Of the three patients with
pre- and post-PFT data, all were treated with an-
other immunosuppressive agent prior to initiation of

rituximab, confounding the interpretation of these
data.

We performed sensitivity to evaluate pre and
post FVC% and DLCO% when comparing UIP to
composite ILD (LIP, NSIP, and OP). No significant
difference was seen in treatment response between
UIP and NSIP, supporting that histopathology pat-
tern did not significantly influence our reported
findings. Further, the distribution of UIP was similar
between the three treatment cohorts. Interestingly,
there was a trend toward greater improvement of
FVC% in the UIP group compared to the composite
group, although this did not reach significance. Pre-
vious series have suggested that pSS UIP prognosis
is similar to that of NSIP, while others show pSS
UIP is progressive and resistant to immunosuppres-
sive therapy (3, 9).

Limitations of our study include its retrospec-
tive nature and the small number of patients who
met inclusion criteria that allowed them to be placed
in the treatment cohorts. The retrospective nature of
this study may confer bias and limits our ability to
draw conclusions concerning causal relationships of
specific therapies with outcomes. Intrinsic to a retro-
spective study, there was variability between compar-
ator groups. For example, the untreated group had
an overall older age than the treated groups. Despite
older age, the untreated group had a similar baseline
functional capacity including baseline PFT values
and oxygen requirement. Although baseline 6-min-
ute walk tests varied between the four groups at
baseline, interpretation of these results are limited by
a paucity of data. Additionally, many patients were
treated with other immunosuppressive therapy such
as corticosteroids, however doses of corticosteroids
were similar between the groups and declined after
initiation of azathioprine and mycophenolate, mak-
ing this less likely to have confounded our results.
Two patients treated with immunosuppressive thera-
py were diagnosed by HRCT alone without pathol-
ogy. In the case of HRCT-diagnosed NSIP, a his-
topathologic diagnosis of UIP might falsely reduce
the significance of the results. Reassuringly, despite
this limitation, we did find significant improvement
in FVC% with mycophenolate therapy. One case of
LIP treated with azathioprine was not biopsied. Bi-
opsy of LIP is important because both pulmonary
amyloidosis and lymphoma can appear similar to
LIP. However, in this case the patient was followed
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over 15 years for stable ILD, making the presence
of occult amyloidosis or lymphoma unlikely. Also,
because out center is a tertiary referral center, our
pSS-ILD cohort may have referral bias toward more
severe disease. Finally, improved PFT values may
only reflect a survival effect that was not linked to a
beneficial treatment response.

In conclusion, in this retrospective cohort anal-
ysis of well-characterized pSS-ILD patients treated
with either azathioprine or mycophenolate we found
that mycophenolate treatment was associated with
a significant improvement in pulmonary function
that appeared durable by mixed effects modeling.
These findings significantly expand the limited avail-
able data supporting the use of azathioprine and
mycophenolate as therapies for these patients. This
study has found compelling associations between the
use of azathioprine and mycophenolate in pSS-ILD
and lung function stabilization. However, due to the
retrospective and observational nature of this study,
adequately powered prospective studies are still
needed to further validate the potential efficacy of
these immunomodulatory therapies on disease pro-

gression in pSS-ILD.
ACKNOWLEDGEMENTS

This study was supported by KL2 grant KL-
2TR002374 and grant UL1TR002373 to UW ICTR
from NIH/NCATS. The project described was sup-
ported by the Clinical and Translational Science
Award (CTSA) program, through the NIH Na-
tional Center for Advancing Translational Sciences
(NCATS), grant UL1TR002373. The content is
solely the responsibility of the authors and does not
necessarily represent the official views of the NIH.
This full-length article represents original research of
the authors, and they agree to take public responsibil-
ity for the content of the paper, integrity of the data
and accuracy of the data analysis. Each author meets
the ICMJE Requirements and Recommendations for
the Conduct, Reporting, Editing and Publication of
Scholarly Work in Medical Journals criteria for au-
thorship. All authors have participated in the concept
and design of the paper, analysis and interpretation of
the data, drafting or revision of the manuscript, and
the final approval of the manuscript as submitted. This
manuscript is original research that has not been pub-
lished and is not under consideration elsewhere. We

acknowledge that we have permission to reprint any
figures or tables that were initially printed elsewhere.

REFERENCES

—_

Flament T, Bigot A, Chaigne B, Henique H, Diot E, Marchand-
Adam S. Pulmonary manifestations of Sjogren’s syndrome. European
respiratory review : an official journal of the European Respiratory
Society. 2016;25(140):110-23. Epub 2016/06/02. doi: 10.1183/
16000617.0011-2016. PubMed PMID: 27246587.

.Ito I, Nagai S, Kitaichi M, Nicholson AG, Johkoh T, Noma S,
et al. Pulmonary manifestations of primary Sjogren’s syndrome: a
clinical, radiologic, and pathologic study. Am J Respir Crit Care Med.
2005;171(6):632-8. Epub 2004/12/08. doi: 10.1164/rccm.200403-
4170C. PubMed PMID: 15579729.

. Enomoto Y, Takemura T, Hagiwara E, Iwasawa T, Fukuda Y, Yana-
gawa N, et al. Prognostic factors in interstitial lung disease associ-

NS}

w

ated with primary Sjogren’s syndrome: a retrospective analysis of 33
pathologically-proven cases. PLoS One. 2013;8(9):e73774. Epub
2013/09/17. doi: 10.1371/journal.pone.0073774. PubMed PMID:
24040065; PubMed Central PMCID: PMCPMC3767611.

Dalvi V, Gonzalez EB, Lovett L. Lymphocytic interstitial pneumo-

nitis (LIP) in Sjogren’s syndrome: a case report and a review of the

literature. Clin Rheumatol. 2007;26(8):1339-43. Epub 2006/08/10.

doi: 10.1007/510067-006-0351-x. PubMed PMID: 16897120.

.Yang H, Bian S, Chen H, Wang L, Zhao L, Zhang X, et al. Clinical
characteristics and risk factors for overlapping rheumatoid arthritis
and Sjogrens syndrome. Scientific reports. 2018;8(1):6180. Epub
2018/04/20. doi: 10.1038/s41598-018-24279-1. PubMed PMID:
29670135; PubMed Central PMCID: PMCPMC5906669.

. Nannini C, Jebakumar AJ, Crowson CS, Ryu JH, Matteson EL.
Primary Sjogren’s syndrome 1976-2005 and associated interstitial
lung disease: a population-based study of incidence and mortality.
BMJ open. 2013;3(11):e003569. Epub 2013/11/28. doi: 10.1136/
bmjopen-2013-003569. PubMed PMID: 24282246; PubMed Cen-
tral PMCID: PMCPMC3845035.

. Enomoto Y, Nakamura Y, Colby TV, Johkoh T, Sumikawa H,
Nishimoto K, et al. Radiologic pleuroparenchymal fibroelastosis-like
lesion in connective tissue disease-related interstitial lung disease.
PLoS One. 2017;12(6):¢0180283. Epub 2017/07/01. doi: 10.1371/
journal.pone.0180283. PubMed PMID: 28666014; PubMed Central
PMCID: PMCPMC5493376.

. Roca F, Dominique S, Schmidt J, Smail A, Duhaut P, Levesque H,
et al. Interstitial lung disease in primary Sjogren’s syndrome. Autoim-
munity reviews. 2017;16(1):48-54. Epub 2016/09/30. doi: 10.1016/}.
autrev.2016.09.017. PubMed PMID: 27682894.

. Parambil JG, Myers JL, Lindell RM, Matteson EL, Ryu JH. Interstitial
lungdiseaseinprimary Sjogrensyndrome. Chest.2006;130(5):1489-95.
Epub 2006/11/14. doi: 10.1378/chest.130.5.1489. PubMed PMID:
17099028.

10. Deheinzelin D, Capelozzi VL, Kairalla RA, Barbas Filho JV, Saldiva
PH, de Carvalho CR. Interstitial lung disease in primary Sjogren’s
syndrome. Clinical-pathological evaluation and response to treat-
ment. Am J Respir Crit Care Med. 1996;154(3 Pt 1):794-9. Epub
1996/09/01. doi: 10.1164/ajrccm.154.3.8810621. PubMed PMID:
8810621.

11. Oldham JM, Lee C, Valenzi E, Witt L], Adegunsoye A, Hsu S, et al.
Azathioprine response in patients with fibrotic connective tissue dis-
ease-associated interstitial lung disease. Respir Med. 2016;121:117-22.
Epub 2016/11/28. doi: 10.1016/j.rmed.2016.11.007. PubMed PMID:
27888985; PubMed Central PMCID: PMCPMC5134419.

. Swigris J]J, Olson AL, Fischer A, Lynch DA, Cosgrove GP, Frankel
SK, et al. Mycophenolate mofetil is safe, well tolerated, and preserves
lung function in patients with connective tissue disease-related inter-

>

v

(o)}

~

(o]

Ne

1

no



Treatment of PSS ILD

147

13.

14.

15.

stitial lung disease. Chest. 2006;130(1):30-6. Epub 2006/07/15. doi:
10.1378/chest.130.1.30. PubMed PMID: 16840379.

Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M,
Lietman TM, et al. 2016 American College of Rheumatology/
European League Against Rheumatism classification criteria for
primary Sjogren’s syndrome: A consensus and data-driven methodol-
ogy involving three international patient cohorts. Ann Rheum Dis.
2017;76(1):9-16. Epub2016/11/01. doi: 10.1136/annrheumdis-2016-
210571. PubMed PMID: 27789466.

King TE, Jr., Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole
I, Glassberg MK, et al. A phase 3 trial of pirfenidone in patients with
idiopathic pulmonary fibrosis. N Engl ] Med. 2014;370(22):2083-92.
Epub 2014/05/20. doi: 10.1056/NEJMo0a1402582. PubMed PMID:
24836312.

Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel
U, et al. Efficacy and safety of nintedanib in idiopathic pulmonary
fibrosis. N Engl J Med. 2014;370(22):2071-82. Epub 2014/05/20.
doi: 10.1056/NEJMoal1402584. PubMed PMID: 24836310.

16.

17.

18.

Gottenberg JE, Cinquetti G, Larroche C, Combe B, Hachulla E,
Meyer O, et al. Efficacy of rituximab in systemic manifestations
of primary Sjogren’s syndrome: results in 78 patients of the Auto-
Immune and Rituximab registry. Ann Rheum Dis. 2013;72(6):
1026-31. Epub 2012/12/25. doi: 10.1136/annrheumdis-2012-202293.
PubMed PMID: 23264337.

Swartz MA, Vivino FB. Dramatic reversal of lymphocytic inter-
stitial pneumonitis in Sjogren’s syndrome with rituximab. J Clin
Rheumatol. 2011;17(8):454. Epub 2011/12/01. doi: 10.1097/RHU.
0b013e31823ac199. PubMed PMID: 22126805.

Seror R, Sordet C, Guillevin L, Hachulla E, Masson C, Ittah M, et al.
Tolerance and eflicacy of rituximab and changes in serum B cell bio-
markers in patients with systemic complications of primary Sjogren’s
syndrome. Annals of the rheumatic diseases. 2007;66(3):351-7.
Epub 2006/09/05. doi: 10.1136/ard.2006.057919. PubMed PMID:
16950808; PubMed Central PMCID: PMCPMC1856024.



