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Abstract

Objective. The aim of this study was to characterize the safety and efficacy of filgotinib, lanraplenib and tirabruti-

nib in patients with active SS.

Methods. This multicentre, double-blind study randomized patients with active primary or secondary SS [EULAR

SS disease activity index (ESSDAI) �5) to receive filgotinib 200 mg (Janus kinase-1 inhibitor), lanraplenib 30 mg

(spleen tyrosine kinase inhibitor), tirabrutinib 40 mg (Bruton’s tyrosine kinase inhibitor), or placebo. The composite

primary end point was the week-12 proportion of patients fulfilling protocol-specified improvement criteria (based

on CRP and SS-related symptoms). The EULAR SS patient-reported index (ESSPRI) and the ESSDAI change from

baseline (CFB) were secondary end points. Exploratory end points included disease-related biomarkers. Treatment-

emergent adverse events (AEs) represented safety outcomes.

Results. The mean of the baseline ESSDAI was 10.1, and of ESSPRI was 6.2 in the 150 patients who were treated;

125 completed the 24-week placebo-controlled treatment period. At week 12, 43.3% of the filgotinib group achieved

the primary end point (P¼0.17 vs placebo) vs 42.3% (P¼ 0.16), 34.7% (P¼0.33), and 26.7% of lanraplenib, tirabruti-

nib, and placebo groups, respectively. Neither secondary end point was met. Biomarker reductions included immuno-

globulins classically associated with SS disease activity. Filgotinib ESSDAI CFB appeared more pronounced in sub-

groups with baseline ESSDAI �14 or without DMARDs/CSs. Most AEs were Grade 1 or 2.

Conclusion. Three drugs with disparate mechanisms were tested, but no significant differences vs placebo in pri-

mary or secondary end points were observed. These results may be considered hypothesis-generating, given the

drug tolerability, subgroup analysis, and biomarker findings.

Trial registration. ClinicalTrials.gov, https://clinicaltrials.gov, NCT03100942.
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Rheumatology key messages

. Filgotinib, lanraplenib and tirabrutinib were well tolerated in patients with Sjögren’s syndrome.

. Neither the primary end point nor either secondary end point was met.

. Biomarker assays suggested signs of biologic activity for tirabrutinib and filgotinib.
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Introduction

SS is a systemic autoimmune disease primarily affecting

exocrine glands, leading to symptoms of dry eyes and

mouth [1]. Systemic manifestations are common, and

health-related quality of life can be severely impacted [2,

3]. Sjögren’s may manifest alone or alongside another

autoimmune disease [1]. SS is considered to be among

the most common autoimmune disorders; however, due

in part to varying diagnostic criteria, prevalence esti-

mates across nations vary considerably (from 0.03% to

as high as 2.7%) [1, 4].

To date, no disease-modifying treatment has been

approved for the treatment of SS [5]. The results of

small, open-label or controlled studies evaluating

DMARDs or biologics used in related autoimmune dis-

eases have been mixed [6–11]. Larger and controlled

clinical trials have been infrequent and thus far have not

identified an effective immunomodulatory treatment for

the systemic or glandular manifestations [11–13]. Thus,

treatment of SS is typically determined by symptoms;

modalities may include saliva substitution for severe oral

dryness, artificial tears for first-line ocular dryness, and

analgesics for musculoskeletal pain. An unmet medical

need for novel therapies persists [14].

In SS patients, proinflammatory cytokines, including Type

I and Type II interferons, are overexpressed in glandular tis-

sue and in the peripheral blood, and the Janus kinase

(JAK)/signal transducer and activator of transcription pro-

teins (STAT) pathway plays a pivotal role in their signal

transduction [15, 16]. Two recent studies demonstrated an

increased expression of both Bruton’s tyrosine kinase (BTK)

mRNA and protein in B cells of patients with SS compared

with B cells from healthy controls; systemic B cell hyper-

reactivity is a hallmark of SS. Additionally, spleen tyrosine

kinase (SYK) and BTK play a key role in B cell receptor sig-

nalling [17, 18]. Therefore, JAK/STAT, SYK and BTK appear

to be relevant therapeutic targets to evaluate in potential

treatments for SS [19]. Filgotinib is a once-daily, oral JAK-1

preferential inhibitor approved in Japan and Europe for the

treatment of moderately to severely active RA [20, 21].

Lanraplenib is a potent and selective oral inhibitor of SYK

that is in development for the treatment of inflammatory and

autoimmune diseases [22]. Tirabrutinib is a potent and se-

lective inhibitor of BTK under development for the treatment

of B cell malignancies and inflammatory diseases and is

approved for the treatment of recurrent or refractory primary

CNS lymphoma in Japan [23]. Here, we present the results

of a Phase 2 study evaluating the safety and efficacy of fil-

gotinib, lanraplenib and tirabrutinib in adult patients with ac-

tive primary and secondary SS; the study also examined

mechanistic effects via biomarkers [15, 24–26].

Methods

Study design

This multicentre, global, randomized, double-blind, pla-

cebo-controlled, Phase 2 trial was conducted at 35

study centres in the USA, 8 in Spain, 5 in the UK, and 3

in Poland. Patients were screened between 1 May 2017

and 2 October 2019.

All patients provided written informed consent, and all

study procedures observed international scientific and

ethical standards, including the International Council for

Harmonization guideline for Good Clinical Practice and

the original principles embodied in the Declaration of

Helsinki. This study is registered in the ClinicalTrials.gov

database, identification code NCT03100942. Ethics

committees are listed in Supplementary Table S1, avail-

able at Rheumatology online.

Study participants

Eligible patients were aged 18–75 years and had active

SS, either primary or associated with a concomitant sys-

temic autoimmune disease, with EULAR SS disease ac-

tivity index (ESSDAI) score �5 (representing moderately

to severely active disease) [27] and seropositivity for

SSA and/or SSB based on the American–European

Consensus Group classification. Patients who had previ-

ously received B cell–depleting therapies were required

to have documented return of CD19 cells. Baseline dos-

ages of concomitant chronic medications, including

CSs, DMARDs or immunomodulators, were stable and

were continued at the stable dosage for at least the first

12 weeks of the study, although dose adjustments were

permitted for toxicities. Following primary end point col-

lection at week 12, dose adjustments of concomitant

medications were permitted at the investigator’s discre-

tion. Key exclusion criteria are detailed in the supple-

mentary data available at Rheumatology online.

Interventions

Patients were randomized 1:1:1:1 in double-blind fash-

ion to receive filgotinib 200 mg, lanraplenib 30 mg, tira-

brutinib 40 mg, or placebo, each administered once

daily. Randomization was stratified by concurrent use of

immunomodulatory drugs at baseline (CSs or conven-

tional synthetic DMARDs), and the sum of haematologic

and biological component scores of the ESSDAI

obtained at screening (combined score <2 or �2).

Filgotinib, lanraplenib and tirabrutinib groups were

dosed for up to 48 weeks (W), and patients returned for

a follow-up 4 W after their last visit. The placebo group

was dosed for 24 W, then re-randomized in a blinded

fashion 1:1:1 to the other treatment groups for 24 W

without further stratification (Fig. 1A). This article

presents study results of the 24-W placebo-controlled

period.

End points and assessments

Primary end point

The primary efficacy end point (proportion of patients

fulfilling protocol-specified response criteria at W12 vs

baseline) was a composite of three components. The

high-sensitivity CRP (hsCRP) response component was

defined as �20% improvement in patients with high

baseline hsCRP [�1.5� upper limit of normal (ULN)],
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FIG. 1 Study design and disposition

(A) Study schema. After screening, eligible patients were randomized 1:1:1:1 in a blinded fashion to receive FIL

200 mg QD (n¼38), LANRA 30 mg QD (n¼37), TIRA 40 mg QD (n¼ 39) or PBO (n¼ 36) for 24 weeks. Initial random-

ization was stratified by concurrent use of systemic CSs or csDMARDs and by ESSDAI haematologic þ biological do-

main score <2 or �2. The primary end point was assessed at W12 and secondary end points at W12 and W24. The

FIL, LANRA and TIRA groups continued treatment until W48. At W24, the PBO group was re-randomized 1:1:1 into

other treatment groups until W48. All patients had 4-week follow-up at W52. (B) Study disposition by treatment

phase. One hundred and fifty-two patients were randomized; 150 patients received at least one dose of a study drug

and were included in the safety analysis set. Thirty-four (89.5%) and 30 (78.9%) of the patients in the FIL group com-

pleted treatment at W12 and W24, respectively. Thirty (81.1%) and 27 (73.0%) of the patients in the LANRA group

completed treatment at W12 and W24, respectively. Thirty-six (92.3%) of the patients in the TIRA group completed

treatment at W12 and W24. Thirty-four (94.4%) and 32 (88.9%) of the patients in the PBO group completed treatment

at W12 and W24, respectively. BIO: biological component score of ESSDAI; csDMARD: conventional synthetic

DMARD; ESSDAI: EULAR SS disease activity index; FIL: filgotinib; HEM: haematologic component score of ESSDAI;

LANRA: lanraplenib; PBO: placebo; QD: once daily; TIRA: tirabrutinib; W: week.

Sjogren’s: Filgotinib, Lanraplenib, Tirabrutinib
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while response in patients without elevated baseline

hsCRP required hsCRP to remain at <1.5�ULN.

Additionally, primary end point response in patients with

or without high baseline hsCRP required �20% im-

provement in at least three of five patient-reported, SS-

related symptom assessments by visual analogue scale

(VAS; patients’ assessments of global disease, pain, oral

dryness, ocular dryness, and fatigue) as well as no wor-

sening (i.e. no increase of >30 mm from baseline) of any

of these VAS-measured symptoms.

Secondary and exploratory end points

Secondary end points included change from baseline in

ESSDAI and in EULAR SS patient-reported index

(ESSPRI) scores at W12 and W24. Exploratory efficacy

end points included Schirmer’s test (mm/5 min) up to

W24, salivary flow (g/min) up to W24 (unstimulated and

stimulated), treatment response on specific ESSDAI

domains, and ESSDAI score change from baseline in

subgroups of patients.

Exploratory biomarker-related end points

Percentage change from baseline was calculated for

selected peripheral biomarkers for each patient at W4,

W12, and W24. IgA, IgG, IgM, RF and CRP were meas-

ured in Covance central laboratory panels; B cell and

plasma cell subsets were measured in the Covance flow

cytometry laboratory. Sample measurements below the

lower limit of quantification (LLOQ) were excluded, and all

samples for a given assay and patient were excluded

when baseline measurements were below LLOQ. Methods

of interferon signature assessments are described in the

Supplementary Materials available at Rheumatology online.

Safety assessments

Safety assessments included recording of adverse events

(AEs) and findings from clinical laboratory analyses, vital

sign measurements, ECGs or physical examinations.

Treatment-emergent adverse events (TEAEs) include

events that began on the start date of the study drug to

�30days after the last day of the study drug. TEAEs

were summarized by severity (Common Terminology

Criteria for Adverse Events, version 4.03) and causality.

TEAEs of interest were identified using either the

Standardized Medical Dictionary for Regulatory Activities

Queries or Medical Search Terms. These included all

infections, serious infections, infections of special interest

(Herpes zoster, active Mycobacterium tuberculosis, op-

portunistic infections, and hepatitis B or C infections),

venous thromboembolic events (VTEs, e.g. pulmonary

embolism and deep vein thrombosis), malignancies,

gastrointestinal perforations, elevations of liver transami-

nases, serious major adverse cardiovascular events

(MACEs), bleeding or haemorrhage, cytopenias, non-in-

fectious diarrhoea, and renal toxicity. VTEs and MACE

events were not adjudicated but collected as reported.

The safety analysis set included all patients who

received at least one dose of a study drug, according to

the treatment received. Safety was reported up to W24

of the study.

Statistical methods and data analysis

Baseline demographics and patient characteristics

were summarized with descriptive statistics. The primary

efficacy end point in each active treatment group was

compared with placebo using a superiority test at the

two-sided 0.05 level. The analyses were performed

using the Cochran–Mantel–Haenszel test adjusted for

randomization stratification factors. This analysis was

based on the treatment policy estimand, with missing

values imputed using a multiple-imputation method.

Secondary continuous end points were analysed using a

mixed-effects model for repeated measures (MMRM),

with treatment, randomization stratification factors, visit,

and treatment-by-visit interaction as fixed effects,

patients as a random effect, and the respective baseline

value (ESSDAI or ESSPRI score) as a covariate. Each of

the four end points (ESSDAI and ESSPRI scores at W12

and W24) were tested separately at the two-sided 0.05

level. Secondary end point analyses were not adjusted

for multiplicity, and missing data were not imputed.

Nominal P values were provided for exploratory continu-

ous end points using an MMRM similar to that used for

the secondary end points. The primary analysis popula-

tion for efficacy assessments was the full analysis set,

which consisted of all randomized and treated patients,

according to the randomized treatment. Results of sub-

group analyses (ESSDAI changes in patients with base-

line ESSDAI �14 or without concomitant DMARDs/CSs)

were summarized descriptively. Statistical analysis of

biomarker data is discussed in the supplementary data

available at Rheumatology online.

Results

Baseline patient population and characteristics

In total, 152 patients with SS were randomized, and 150

received �1 dose of a study drug (38, 37, 39 and 36 in

the filgotinib, lanraplenib, tirabrutinib and placebo

groups, respectively). All treatment groups had >80% of

patients complete the study through W12, and >70%

complete through W24 (Fig. 1B).

Table 1 shows baseline demographics and patient

characteristics. A majority of patients were female

(97.3%) and white (84.7%); the mean age was

54.4 years. Thirty-four percent of patients had a con-

comitant autoimmune disease at baseline, including

25.3% with SLE and/or RA. The mean ESSDAI score

across the study population was 10.1, and 68.7% of

patients were using conventional synthetic DMARDs or

CSs at baseline. Only one patient in the lanraplenib

group and two in the placebo group had baseline

hsCRP �1.5�ULN.

Primary efficacy end point

The primary end point evaluated the proportion of res-

ponders at W12 using the treatment policy estimand.

Response rates in the filgotinib, lanraplenib and
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tirabrutinib groups were 16.6% (P¼ 0.17), 15.6%

(P¼0.16) and 8.1% (P¼0.33) higher, respectively, than

in the placebo group (Fig. 2). Nominal P values were

>0.05 for all comparisons vs placebo at all time points

through W24 (Supplementary Fig. S1, available at

Rheumatology online).

Secondary efficacy and exploratory end points

ESSDAI total scores at W12 and W24 decreased in all

study arms: the respective least-square (LS) mean (S.D.)

changes from baseline were –4.7 (0.72), –2.5 (0.76), –3.2

(0.73) and –3.9 (0.76) for filgotinib, lanraplenib, tirabrutinib

and placebo at W12, respectively, and –5.4 (0.75), –4.3

(0.81), –4.0 (0.75) and –4.2 (0.78) at W24, respectively

(Fig. 3A). ESSDAI total scores decreased from baseline in

all treatment groups at all other time points. Changes in

ESSDAI domains by treatment group are shown in

Supplementary Table S2 (available at Rheumatology on-

line); patients showed mild to moderate activity in most

domains other than the articular domain, and the propor-

tions of patients with high activity in the articular domain

decreased in all treatment groups from baseline to W24.

ESSPRI total scores decreased from baseline at all time

TABLE 1 Baseline demographics and patient characteristics

N (%) unless noted FIL 200 mg
(n 5 38)

LANRA 30 mg
(n 5 37)

TIRA 40 mg
(n 5 39)

PBO
(n 5 36)

Total
(N 5 150)

Age, mean (S.D.), years 52.2 (10.5) 56.2 (9.7) 55.8 (10.1) 53.2 (10.3) 54.4 (10.2)
�50 years 25 (65.8) 27 (73.0) 29 (74.4) 26 (72.2) 107 (71.3)
<50 years 13 (34.2) 10 (27.0) 10 (25.6) 10 (27.8) 43 (28.7)

Sex
Female 38 (100) 36 (97.3) 37 (94.9) 35 (97.2) 146 (97.3)

Race
White 32 (84.2) 31 (83.8) 34 (87.2) 30 (83.3) 127 (84.7)
Black 5 (13.2) 5 (13.5) 4 (10.3) 5 (13.9) 19 (12.7)

Asian 1 (2.6) 0 1 (2.6) 0 2 (1.3)
American Indian or Alaska native 0 0 0 1 (2.8) 1 (0.7)

Other 0 1 (2.7) 0 0 1 (0.7)
Ethnicity

Not Hispanic or Latino 34 (89.5) 31 (83.8) 38 (97.4) 30 (83.3) 133 (88.7)

Hispanic or Latino 4 (10.5) 6 (16.2) 1 (2.6) 6 (16.7) 17 (11.3)
Duration of SS, mean (S.D.) 5.3 (6.9) 9.4 (9.4) 8.1 (6.2) 8.2 (8.0) 7.7 (7.8)

Concomitant autoimmune diseasea 10 (26.3) 14 (37.8) 14 (35.9) 13 (36.1) 51 (34.0)
SLE or RA 8 (21.1) 12 (32.4) 8 (20.5) 10 (27.8) 38 (25.3)
SLE 4 (10.5) 8 (21.6) 4 (10.3) 6 (16.7) 22 (14.7)

RA 5 (13.2) 7 (18.9) 5 (12.8) 6 (16.7) 23 (15.3)
ESSDAI, mean (S.D.) 10.2 (6.23) 10.5 (4.89) 10.4 (5.36) 9.3 (3.96) 10.1 (5.16)

Median (range) 10.0 (0, 39) 10.0 (0, 22) 9.0 (0, 22) 9.0 (0, 18) 9.0 (0, 39)

Baseline haematological þ biological
Component Score <2

23 (60.5) 20 (54.1) 26 (66.7) 22 (61.1) 91 (60.7)

Baseline haematological þ biological
Component Score �2

15 (39.5) 17 (45.9) 13 (33.3) 14 (38.9) 59 (39.3)

ESSPRI, mean (S.D.) 6.3 (2.3) 6.6 (1.9) 5.9 (2.4) 5.9 (2.2) 6.2 (2.2)

Median (range) 7.0 (1.7, 9.7) 7.0 (3.3, 9.7) 6.7 (1.7, 9.7) 5.8 (2.3, 9.3) 6.7 (1.7, 9.7)
hsCRP, mg/dL, mean (S.D.) 0.30 (0.28) 0.41 (0.53) 0.36 (0.36) 0.34 (0.52) 0.35 (0.43)

hsCRP �1.5 � ULN 0 1 (2.7) 0 2 (5.6) 3 (2.0)

Both SSA and SSB positiveb 21 (55.3) 11 (29.7) 22 (56.4) 20 (55.6) 74 (49.3)
SSA positive 17 (44.7) 25 (67.6) 17 (43.6) 16 (44.4) 75 (50.0)

Use of concurrent immunomodulatory
drugsc at baseline

24 (63.2) 26 (70.3) 27 (69.2) 26 (72.2) 103 (68.7)

Use of concurrent csDMARD at baseline 23 (60.5) 25 (67.6) 25 (64.1) 24 (66.7) 97 (64.7)
Use of concurrent systemic CSs at

baseline
7 (18.4) 13 (35.1) 4 (10.3) 11 (30.6) 35 (23.3)

Data presented as n (%) unless otherwise noted. Baseline characteristics are reported for all randomized patients who
received at least one dose of a study drug. aIncluding any of the following: autoimmune thyroiditis, autoimmune thyroid
disorder, coeliac disease, immune thrombocytopenic purpura, psoriasis, RA, rheumatoid nodule, scleroderma, scLE, SLE,

SLE rash, SSc, type I diabetes mellitus, and vitiligo. bOne patient in the lanraplenib subgroup was SSB positive only.
ccsDMARD or systemic CSs. csDMARD: conventional synthetic DMARD; ESSDAI: EULAR SS disease activity index;

ESSPRI: EULAR SS patient-reported index; FIL: filgotinib; hsCRP: high-sensitivity CRP; LANRA: lanraplenib; PBO: placebo;
TIRA: tirabrutinib; ULN: upper limit of normal.
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points and in all treatment groups. The LS mean (S.D.)

changes from baseline in ESSPRI scores for filgotinib,

lanraplenib, tirabrutinib and placebo were –1.4 (0.33), –1.0

(0.34), –1.4 (0.33) and –1.0 (0.34) at W12, respectively,

and –0.8 (0.31), –1.1 (0.34), –1.2 (0.31) and –0.9 (0.33) at

W24, respectively (Supplementary Fig. S2, available at

Rheumatology online). At W12, 64.9%, 47.1%, 56.8%

and 58.8% of patients in the filgotinib, lanraplenib, tira-

brutinib and placebo groups, respectively, achieved the

minimal clinically important improvement in ESSDAI score

[27] of �3 points from baseline, and the corresponding

proportions at W24 were 62.9%, 66.7%, 59.5% and

71.9% (Supplementary Fig. S3, available at

Rheumatology online). At W12, 51.4%, 51.4%, 43.2%

and 41.2% of patients in the filgotinib, lanraplenib, tira-

brutinib and placebo groups, respectively, had an

ESSPRI score improvement of �1 point from baseline;

the corresponding W24 proportions were 42.9%, 50.0%,

35.1% and 34.4%.

At W12, the LS mean (S.E.) differences from placebo

in change from baseline in tear production, as assessed

by Schirmer’s test (averaged between both eyes, meas-

ured as millimetres of moisture strip-wetting after 5 min),

were 3.01 (2.037) in the filgotinib group (P¼0.14), 4.57

(2.050) in the lanraplenib group (P¼0.03) and 3.72

(2.021) in the tirabrutinib group (P¼ 0.07)

(Supplementary Fig. S4, available at Rheumatology on-

line). At W24, the LS mean (S.E.) differences from pla-

cebo in change from baseline in tear production were

2.92 (1.740; P¼ 0.10), 3.68 (1.764; P¼0.04) and 3.14

(1.712; P¼0.07) for filgotinib, lanraplenib and tirabruti-

nib, respectively. Unstimulated and stimulated salivary

flow rates are summarized in the supplementary data,

available at Rheumatology online.

Subgroup analyses

ESSDAI was analysed in two subpopulations: patients

with severe disease activity (baseline ESSDAI score �14)

and patients who were not receiving concomitant

DMARDs/CSs. Patient numbers in these subgroups were

small (<15 per treatment group). In these subgroups, me-

dian decreases in ESSDAI from baseline were numerically

greater at W24 in patients receiving filgotinib compared

with those receiving placebo (Fig. 3B and 3C).

Biomarker analyses

By W24, greater decreases in RF, IgM, IgG and IgA,

along with increases in memory B cells, were seen in

the filgotinib group compared with placebo (Fig. 4A). In

contrast, in the lanraplenib group, biomarker levels

remained similar to baseline at W4, W12 and W24. In

the tirabrutinib group, decreases were seen in precursor

plasma cells, mature plasma cells and regulatory B cells

as early as W4, with P values <0.01 for precursor

plasma cells and regulatory B cells at W24. Although

significantly decreased CRP was observed in patients

who received filgotinib, and a trend towards increased

CRP was observed in those who received tirabrutinib,

the vast majority of patients across study groups

remained below the threshold of 1 mg/dL for CRP

throughout the course of treatment (Supplementary

Fig. S5, available at Rheumatology online).

Baseline Type I interferon activity was elevated in the

whole blood of SS patients compared with that of healthy

volunteers (Supplementary Fig. S6, available at

Rheumatology online). Interferon activity was significantly

reduced from baseline in the filgotinib group at W4 and

W12 (Fig. 4B). In contrast, interferon signature activity was

significantly increased from baseline in the lanraplenib

group at W4 and W12. Both placebo and tirabrutinib had

interferon signature activity similar to that of baseline

through W12. Cytosolic DNA sensing and chemokine sig-

nalling pathways were reduced with filgotinib

(Supplementary Fig. S7, available at Rheumatology online).

Safety

Treatment with filgotinib, lanraplenib and tirabrutinib was

generally well tolerated. TEAEs occurring up to W24 are

summarized in Table 2. The most common treatment-

related TEAEs observed in this study were increased

alanine aminotransferase and aspartate aminotransfer-

ase levels, which were observed in three patients in the

lanraplenib group and one patient in the tirabrutinib

group. During the 24-week placebo-controlled period,

most TEAEs were Grade 1 or Grade 2. TEAEs of Grade

�3 occurred in 7.9%, 10.8%, 2.6% and 5.6% of filgoti-

nib, lanraplenib, tirabrutinib and placebo patients, re-

spectively. Grade 3 or higher TEAEs related to a study

drug were reported in two patients in the filgotinib group

(ophthalmic Herpes zoster, renal failure) and one patient

in the placebo group (sinusitis).

Treatment-emergent serious AEs were reported for

nine patients: three (7.9%) patients in the filgotinib

FIG. 2 Primary end point, proportion of responders at

W12

The primary end point is summarized using the full ana-

lysis set, which includes patients who were randomized

and received at least one dose of the study drug. Error

bars show 95% CIs. Numbers on graph show difference

in response rate vs PBO, 95% CI of differences vs pla-

cebo, and the P-value of the active treatment group

compared with PBO. FIL: filgotinib; LANRA: lanraplenib;

PBO: placebo; TIRA: tirabrutinib; W: week.
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group, three (8.1%) in the lanraplenib group, one (2.6%)

in the tirabrutinib group and two (5.6%) in the placebo

group. Of these patients, only one in the filgotinib group

had a serious TEAE reported as related to a study drug

(renal failure; see below). Four (10.5%) patients in the fil-

gotinib group and seven patients (18.9%) in the lanra-

plenib group had a TEAE leading to premature

discontinuation of a study drug. No patients in the tira-

brutinib or placebo groups had a TEAE that led to pre-

mature discontinuation of a study drug. No deaths

occurred in this study.

TEAEs of interest up to W24 (regardless of causality

and based on preferred terms as reported by the inves-

tigators) are reported in Supplementary Table S3, avail-

able at Rheumatology online. The most common TEAEs

of interest were in the category of infections and infesta-

tions: these occurred in 17 patients in the filgotinib

group (44.7%), 12 in the lanraplenib group (32.4%), 17

in the tirabrutinib group (43.6%) and 18 receiving pla-

cebo (50.0%). Of these patients, only one in the

filgotinib group experienced a serious infection. One

(2.6%) patient receiving filgotinib, five (13.5%) receiving

lanraplenib and one (2.6%) receiving tirabrutinib experi-

enced liver transaminase elevation reported as an AE;

four of the lanraplenib patients discontinued the study

or study drug, while the other patients continued. A ser-

ious MACE occurred in two patients over 24 weeks: one

(2.6%) in the filgotinib group (a 54-year-old woman with

a medical history of hypertension and chronic antihyper-

tensive medications had renal failure and was treated

with discontinuation of angiotensin-converting enzyme

and diuretic) and one (2.7%) in the lanraplenib group (a

64-year-old woman hospitalized for unstable angina that

resolved, considered related to a pre-existing condition).

One other serious AE of interest over 24 weeks was an

instance of diverticulitis in the filgotinib group requiring

hospitalization (the event was assessed as unrelated to

the study drug and was considered related to a pre-

existing condition). No malignancy, active tuberculosis,

gastrointestinal perforation, hepatitis B or C infection,

FIG. 3 ESSDAI score–adjusted mean change from baseline

(A) Overall study population. Error bars show 95% CI of LS mean. LS means, 95% CIs and P values were obtained

from a mixed-effects model for repeated measures with the terms for baseline value, treatment, stratification factors,

visit, and treatment-by-visit interaction. **P< 0.01 vs placebo. The baseline value was the last available value col-

lected on or prior to first dose of the study drug (day 1). (B) ESSDAI score–adjusted mean change from baseline in

patients with baseline ESSDAI �14. Markers indicate median; error bars indicate interquartile range. Numbers below

the graph show numbers of patients. The baseline value was the last available value collected on or prior to the first

dose of the study drug (day 1). (C) The ESSDAI score–adjusted mean change from baseline in patients not taking

DMARDs/CSs at baseline. Markers indicate median; error bars indicate interquartile range. Numbers below the graph

show numbers of patients. The baseline value was the last available value collected on or prior to the first dose of

the study drug (day 1). ESSDAI: EULAR SS disease activity index; FIL: filgotinib; LANRA: lanraplenib; LS: least

square; PBO: placebo; Q1: first quartile; Q3: third quartile; TIRA: tirabrutinib.
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FIG. 4 Biomarker changes

(A) Median percentage change in biomarker activity after treatment. The heat map represents changes from baseline at

Weeks 4, 12 and 24 (bottom labels) in each treatment group (top labels). At baseline, 50%, 71.4%, 52.6% and 71.4% of

patients in the filgotinib, lanraplenib, tirabrutinib and placebo groups had RF values below the LLOQ; 2.6% of patients in

the tirabrutinib group had IgM levels below LLOQ; no patients had IgG levels below LLOQ; and 8.3% of patients in the pla-

cebo group had CRP levels below LLOQ. Treated groups were compared with placebo by the Wilcoxon rank-sum test

with Hommel’s method for multiplicity adjustment. ***P<0.001, **P<0.01, *P< 0.05. (B) Change in Type I IFN signature

from baseline by treatment group. The y-axis shows the adjusted mean and 95% CI of change in the pathway activity

score following treatment. The outlined circle is a statistically significant difference compared with baseline and placebo.

LLOQ: lower limit of quantification.
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opportunistic infection, renal toxicity, or VTE was

reported.

Discussion

In this large, double-blind, placebo-controlled study,

none of the study drugs investigated showed a statistic-

ally or clinically meaningful difference in treatment effect

vs placebo in the primary or secondary end points.

These results underscore the need for development of

clear efficacy end points in this difficult-to-assess

disease.

There are several notable characteristics of this study.

Unlike those in previous randomized trials of therapies

for SS, this study population was mixed in that it

included patients with and without concomitant auto-

immune diseases [11, 28]. All participants were required

to have seropositivity for SS-related antigens at study

entry, ensuring that an adaptive immune-mediated re-

sponse was active in these patients. The primary end

point measure was a composite outcome, which included

patient-reported outcomes and change in hsCRP, a par-

ameter that remained under LLOQ in most patients.

Although numbers of patients in each group remained

limited, the study was relatively large by the standards of

prior SS studies and demonstrated that enrolling large,

randomized trials for SS is feasible [29, 30].

Though study results showed few significant differen-

ces in clinical efficacy across drugs, our results may be

considered hypothesis-generating, given the satisfactory

tolerance of the evaluated drugs, stabilization of tear

production, effect of filgotinib in patients with highly ac-

tive systemic disease and substantial biomarker data,

including those showing a significant effect of filgotinib

and tirabrutinib. In patients with high ESSDAI scores at

baseline, the suggestion of greater effect for filgotinib as

well as the relatively lower placebo response may help

direct future research. In exploratory analyses concern-

ing the two most characteristic symptoms of SS, saliv-

ary flow rates remained similar to baseline throughout

the 24-week placebo-controlled period, while stabiliza-

tion or a trend towards stabilization of tear production

using Schirmer’s test was seen in each study drug

group up to week 24.

In this study, reductions in immunoglobulins classically

associated with SS disease activity were also seen in

patients who received filgotinib or tirabrutinib, despite an

absence of clinical response. There was little biologic ac-

tivity effect seen for lanraplenib in the present study.

Filgotinib-treated patients also demonstrated a reduction

in Type I interferon signature activity, and patients who

received tirabrutinib showed significant decreases in cir-

culating regulatory B and precursor plasma cells. Both

observations are consistent with the expected mechan-

ism of action of the respective study drug. Similarly, other

recent randomized controlled trials of biologics showed a

clear impact on disease-relevant biomarkers but failed to

show clinical efficacy in SS. Notably, in a Phase 3 trial of

abatacept, the mean changes in IgG, IgA, IgM-RF, kappa

light chain, and C4 were significantly different in the aba-

tacept group compared with the placebo group, although

efficacy end points were not met [12].

Dosing over 24 weeks with filgotinib 200 mg, lanraple-

nib 30 mg and tirabrutinib 40 mg was generally well tol-

erated. Most AEs were Grade 1 or 2. The safety and

tolerability of each study drug was consistent with its

known safety profile, and no new safety signals

emerged. Serious AEs were uncommon. Venous throm-

bosis is a known class effect with JAK inhibitors, and

patients with SS or other autoimmune diseases may be

at increased risk [31–33]; however, no deep vein

thromboses or pulmonary emboli were observed. Liver

function test elevations have been reported with the use

of another SYK inhibitor, fostamatinib, in other studies

[34], and some elevations were observed with lanraple-

nib treatment in this study; however, other safety con-

cerns reported for fostamatinib—such as hypertension,

diarrhoea and rashes—were not observed with the use

of the highly selective SYK inhibitor lanraplenib.

Bleeding has been described as a side effect of BTK

inhibitors approved for use in B cell malignancies [35];

TABLE 2 Summary of TEAEs (up to week 24)

Data presented as n (%) FIL 200 mg
(n 5 38)

LANRA 30 mg
(n 5 37)

TIRA 40 mg
(n 5 39)

PBO
(n 5 36)

Any TEAE 32 (84.2) 29 (78.4) 29 (74.4) 27 (75.0)
TEAE related to study drug 10 (26.3) 10 (27.0) 5 (12.8) 6 (16.7)
TEAE � Grade 3 3 (7.9) 4 (10.8) 1 (2.6) 2 (5.6)

TEAE related to study drug � Grade 3 2 (5.3) 0 0 1 (2.8)
TE serious AE 3 (7.9) 3 (8.1) 1 (2.6) 2 (5.6)

TE serious AE related to study drug 1 (2.6) 0 0 0
TEAE leading to premature discontinuation of study drug 4 (10.5) 7 (18.9) 0 0
TEAE leading to premature discontinuation of study 1 (2.6) 5 (13.5) 0 0

Death 0 0 0 0

TEAEs are AEs that began on/after the treatment start date and �30 days after last dose of study drug or led to premature
treatment discontinuation. AE: adverse event; FIL: filgotinib; LANRA: lanraplenib; PBO: placebo; TE: treatment-emergent;
TEAE: treatment-emergent adverse event; TIRA: tirabrutinib.
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however, in this trial, no serious bleeding events were

observed.

To date, only a few controlled clinical trials of novel in-

vestigational agents have been conducted in SS, with

most not showing clinical benefit. This highlights the

challenges of achieving clinically relevant treatment ef-

fect in SS, including determining the ideal clinical trial

design and outcome measures. The ESSDAI was devel-

oped for use in clinical practice and trials, and recently,

it has become the primary outcome measure used in

most randomized controlled trials [36]. Several random-

ized trials to date have shown large decreases in

ESSDAI in all treatment groups including placebo, simi-

lar to what we observed in this study [37]. High placebo

responses in ESSDAI might be explained by natural vari-

ation in disease activity, therapeutic benefit the patient

might be receiving via participation in a trial [38],

increased adherence to background conventional syn-

thetic DMARDs, or the methodologic challenges of the

ESSDAI and its scoring in randomized controlled trials

[36]. These methodologic challenges have led the scien-

tific community to propose new outcome criteria, such

as the Composite of Relevant End points for SS

(CRESS), that could allow decrease of the placebo ef-

fect in future trials [39].

There are several limitations to this study that should

be considered. The primary end point was a composite

measure not validated or previously used for the evalu-

ation of SS, chosen because the inclusion of patients

with both primary and secondary SS would have made

ESSDAI insufficient. The placebo response rates were

high across numerous clinical outcome measures, ex-

cept in the subgroup analyses, potentially limiting the

differentiation of active treatments from placebo. It is

difficult to assess to what degree the placebo response

rate was due to the high proportion of patients who

were receiving a concomitant conventional synthetic

DMARD. Of the study patients, 70.7% were enrolled in

the USA; thus, findings may not be generalizable to

other parts of the world (results by country was not an

included subgroup analysis). Geographic incidence of

SS varies widely, with no clear understanding of which

races and ethnicities may be more prone to developing

SS or may be more likely to have more severe symp-

toms [40]. Given the complexities of SS, which shares

pathogenetic features with other complex seropositive

syndromes such as RA and SLE, it is possible that treat-

ment with several concurrent therapies is required be-

fore a clinically meaningful benefit can be demonstrated.

Conclusion

This randomized trial evaluated the use of three oral

immunomodulatory agents in patients with active SS,

but none led to a higher response rate or sustained re-

sponse in primary or secondary end points as compared

with placebo. All three drugs were well tolerated over

the study period, even in the context of concurrent

DMARD and/or CS therapy. Intriguing signs of biologic

activity were seen for tirabrutinib and filgotinib (including

in B cell subsets, IgM, RF and Type I interferon signa-

ture), which reinforces the rationale of targeting BTK and

JAK/STAT in SS. Exploratory analyses suggested poten-

tial symptoms or populations that might benefit from

treatment. Tear production was increased in the lanra-

plenib group based on the Schirmer’s assay. In the sub-

group with a high baseline ESSDAI score and the

subgroup with no DMARD/CS use, the decrease in

ESSDAI score from baseline appeared positive for the

filgotinib group as compared with placebo. These obser-

vations, plus further interrogation of the biomarker sets

and post-week 24 data and possible post hoc analysis

using a newly emerging end point such as the CRESS,

may provide additional avenues for future research.

Future investigations may benefit from consideration of

the tolerance of the evaluated drugs and the possible

methodological challenges encountered in this study.
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