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Systemic Sclerosis — from mild to life-threatening condition

Systemic Sclerosis (SSc) is a connective-tissue disease that is characterized by
vasculopathy, auto-immune phenomena and fibrosis in a wide range of organs. With
a prevalence estimated between 150-443 per million and an incidence between
10-20 patients, per million per year (1, 2), the disease is classified as a rare disease.

Based on the extent of skin involvement, the disease is classified in three subtypes:
non-cutaneous, limited cutaneous (IcSSc) and diffuses cutaneous SSc (dcSSc). In
non-cutaneous SSc the skin is not involved, in IcSSc skin involvement is limited to
the parts distal from elbows and knees and may involve the face, while in dcSSc also
skin of more proximal parts of the body is involved, including the upper arms, upper
legs and/or trunk (Figure 1) (3).

Figure 1. Limited (left) and diffuse (right) cutaneous Systemic Sclerosis

Apart from these distinct subtypes, the symptoms patients may experience can
vary from ‘only’ Raynaud’s phenomenon and sclerodactyly, to diffuse cutaneous
involvement with cardiac rhythm disturbances and severe dyspnoea caused by
heart and lung involvement. This heterogeneous presentation occurs throughout
the disease course. Some patients have live-long mild disease, with only minor
complications interfering with daily life, while others die from severe organ
complications shortly after disease onset.
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Complications that may occur during the disease include pulmonary arterial
hypertension (PAH), interstitial lung disease (ILD), cardiomyopathy and renal
crisis. These complications affect the life-expectancy significantly, resulting in a
standardized mortality ratio (SMR) of 3.5, which has not changed over the past 40
years (4).

Figure 2. Raynaud’s phenomenon —episodes of vasoconstriction of area’s in the fingers, as a
reaction to cold and/or emotion. Parts involved turn white and may turn blue and with return
of blood flow red discoloration with burning sensation can occur.

History

In 1945 it was Robert Goetz, who introduced the term ‘Systemic Sclerosis’, as we
nowadays use it in clinical practice and throughout this thesis. Cases compatible
with the disease have been described however long before. Already in 1731, Carlo
Curzio described a case-report that may have represented the disease (5). Curzio
described a case of a 17-year-old woman with excessive tension and hardness of
her skin over all her body, by which she was so restricted that she could hardly
move her limbs. In that time, the treatment of the girl consisted of warm milk and
vapor baths, bleeding from the foot and small doses of quicksilver. After 11 months of
treatment her skin was described to be “perfectly soft and flexible” again. Later, also
other manifestations of the disease were observed by various physicians. In 1847,
Forget described involvement of many joints. In 1878, Weber noted the coexistence
of calcinosis with the disease. In 1865, Raynaud noted that the disease started with
vasomotor changes in the fingers, we now call Raynaud’s phenomenon (Figure
2). Notably, for a long time, symptoms of the lung and gastro-intestinal tract were
considered a consequence of skin fibrosis (due to lack of room to expand), rather than
the result of direct involvement of lung and gut involvement. In 1898, a pathological
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examination of the lungs by Notthaft provided new insights, as he discovered that
pulmonary blood vessels were found to be enveloped in a concentric connective
tissue shell, with the media of the arteries was markedly thickened and the media
and intima containing cellular infiltrate, the latter being markedly proliferated. These
progressive insights led by the conclusion of several researchers later in time of what
thus far was called scleroderma, actually being a systemic disease (5).

Pathogenesis

Until today, the disease pathogenesis of SSc is not fully understood. Historic
hypotheses include SSc being a result of nervous system dysfunction (6) or thyroid
dysfunction (7). These are not today’s prevailing views. Currently, three major
contributors are recognized in the etiology of SSc: I) microangiopathy; Il) excessive
fibrosis and Ill) dysregulated immunity (8). Under the influence of environmental,
genetic and stochastic factors, these three factors have an interplay resulting in
the disease in all its forms. In the following paragraphs, these three factors will be
discussed in more detail.

Figure 3. Nailfold microscopy images — left: a normally constructed nailbed, right: the nailbed
of an SSc patient with less capillaries, enlarged capillaries and bleedings.

Microangiopathy might be the first event in disease pathogenesis (9). This is
further supported by the fact that Raynaud’s phenomenon often precedes clinically
recognizable SSc. The typical SSc microangiopathy can be observed in this preclinical
phase by nailfold microscopy (10). In 1973, Maricq and LeRoy were the first to describe
that capillaries in the nailfold bed of patients exhibit bleedings, loss and enlargement
(Figure 3) (11). Histopathologic understanding of these changes followed in the years
after. In 1980, Fleischmajer and Perlish described that the earliest vascular changes in
patients were the opening of tight junctions between endothelial cells, vacuolization
of the cytoplasm with an increase in the number of basal lamina-like layers and
occasional entrapment of lymphocytes and vesicles in the vessel walls (12). In the
same year Rodnan et al. showed that microvessels of patients with longstanding
disease showed severe intimal thickening and adventitial fibrosis (13). Till date, the
underlying origin of these vascular changes is still unclear. A recent hypothesis is
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that microangiopathy in SSc is the result of defects in vasculogenesis (14-18). Herein,
abnormalities in bone-marrow derived endothelial progenitor cells may account for
the vascular disease, but the precise mechanism remains unknown.

Excessive fibrosis is the result of imbalance in the regulation of the extracellular
matrix (ECM). In early phases of SSc skin histology shows edema and perivascular
inflammatory infiltrates with lymphocytes and monocytes in the papillary and reticular
dermis. In later stages a prominent accumulation of ECM, together with obliteration
and loss of vessels and skin appendages is observed (12). In parallel to the skin,
these changes also occur in other organs. For instance in the lung, early disease
is histopathologically characterized by interstitial edema, intermediate disease by
obliteration of terminal air spaces by fibrous connective tissue and in late disease
these obliterations are characterized by scar tissue and microcysts (19). Normally,
the amount of ECM is regulated by two processes: 1) the release of collagen from
activated fibroblasts and 2) degradation of the ECM by matrix metalloproteinase and
other matrix-degrading enzymes (20). Myofibroblasts are a specific type of fibroblast
expressing a-smooth muscle actin, with a chronically activated phenotype. They are
known to be critical in wound healing (20-22). In SSc, the number of myofibroblasts
present in the skin is associated with the clinical skin score (23). Therefore, these
myofibroblasts seem to play an important role in SSc pathogenesis. Formation of
these myofibroblasts is largely driven by TGF-f3, but additionally, other mechanisms
and chemokines are needed to result in the typical fibrosis (24, 25). Morphogen
pathways like Wnt-, Hedgehog and Notch-signalling cascades are shown to be
activated in SSc. Whether they are in fact the drivers of fibrotic complications in SSc
remains to be elucidated (26).

Last, there are several observations that point to the immune system being part of
disease pathogenesis. For example, in early skin lesions infiltration of oligoclonal T
cells is observed (27). Also, improvement after immunosuppressive therapies such
as autologous hematopoietic stem cell transplantation (28, 29), cyclophosphamide
(30-34) and rituximab (35) point at a role of the immune system in the disease
pathogenesis. Moreover, there is the presence of disease-specific autoantibodies
(36-38), which role is the main subject of this thesis. Over 95% of SSc patients have
anti-nuclear autoantibodies (ANAs). Anti-topoisomerase | (ATA) and anti-centromere
antibodies (ACA) are the most common specific auto-antibodies in SSc (39, 40). They
occur in respectively 20-30% and 30-40% of patients. Additionally, at least five other
SSc specific auto-antibodies have been described. All these antibodies are associated
with disease specific features (Table 1). Their direct role in pathogenesis is not clear.
Unravelling the exact link between auto-immunity on the one hand and fibrosis and
vasculopathy on the other hand, might be key to the disease pathogenesis.
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Table 1. Autoantibodies in Systemic Sclerosis and their main clinical associations

Autoantibody Frequency Clinical associations

Anti-centromere (ACA) 16-39% IcSSc; PAH without ILD; PBC;
protective for ILD and scleroderma
renal crisis

Anti-topoisomerase | (ATA) 9-39% dcSSc>IcSSc; ILD; severe digital
vasculopathy

Anti-RNA polymerase llI 4-25% dcSSc; scleroderma renal crisis

(RNApIII)

Anti-Th/To (ThTo) 1-7% IcSSc; ILD; PAH

Anti-fibrillarin (USRNP) 1-6% dcSSc>IcSSc; severe disease; muscle
involvement; PAH

Anti-Pm-Scl (PmScl) 0-6% polymyositis/dermatomyositis overlap,
arthritis overlap; ILD

Anti-Ku (Ku) 1-3% muscle and joint involvement

Anti-UIRNP (UTRNP) 5-35% overlap syndromes

dcSSc-diffuse cutaneous systemic sclerosis, ILD-interstitial lung disease, IcSSc-limited
cutaneous systemic sclerosis, PAH-pulmonary arterial hypertension, PBC-primary biliary
cirrhosis,

* Table derived from Nihtyanova and Denton, 2010 (41)

Diagnosis and classification

The diagnosis of SSc is primarily based on clinical symptoms and observations. To
enable clinical trials with homogeneous patient selection, the American College
of Rheumatology (ACR) developed classification criteria in 1980 (ACR 1980 SSc
classification criteria; Table 2)(42). In collaboration with the European League Against
Rheumatology (EULAR) the current ACR/EULAR 2013 classification criteria for SSc
(Table 3) have been developed (43).

The main difference between the ACR 1980 criteria and the ACR/EULAR 2013 criteria
is the capability of the latter to include patients that have limited disease and patients
at an early stage. This is highly important for clinical research, as conclusions depend
on the clinical phenotype and disease duration of the patients included.
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Table 2. ACR 1980 preliminary classification criteria for Systemic Sclerosis

disease feature Definition

Major criterium  proximal scleroderma sclerodermatous involvement proximal to
the digits, affecting proximal portions of
the extremities (i.e., forearms, arms, legs,
thighs, and always including the digits as
well), the face, neck or trunk.

Minor criteria sclerodactyly tightness, thickening and no-pitting
induration, limited to fingers and toes

digital pitting scars depressed areas at tips of digits or loss
of fingertips or loss of digital pad tissue as a result of digital
of substance of the ischemia rather than trauma or exogenous
distal finger pad causes
bibasilar pulmonary bilateral reticular pattern of linear or
fibrosis lineonodular densities which are most

pronounced in basilar portions of the lungs
in standard chest roentgenogram; may
assume appearance of diffuse mottling

or “honeycomb lung” and should not be
attributable to primary lung disease

A patient meets the ACR 1980 criteria when either fulfilling the major criterium or >2 minor
criteria

For many rheumatic diseases, a window-of-opportunity has been suggested (44-
46). This hypothesis indicates a period very early in disease course where targeted
interventions can interfere with progression to full-blown disease and prevent
severe disease complications or even interfere with disease development. Under
this hypothesis, cohorts like the ‘Clinical Suspect Arthralgia’ (CSA) for rheumatoid
arthritis (RA) (47) and SPACE for spondylarthritis (SPA) (48) in Leiden, but also the Very
Early Diagnosis Of Systemic Sclerosis (VEDOSS) have originated (49).

Initiatives of early identification of SSc have resulted in the knowledge that
microangiopathy, but also disease specific auto-antibodies are present in SSc
in a preclinical phase, in which the patient only has complaints of Raynaud’s
phenomenon (10, 50-52). From studies in very early SSc we know that in patients
with Raynaud’s, the finding of either an SSc-specific antibody or specific nailfold
capillary changes (dilatations >30um, avascular areas or capillary loss) results in a
chance of approximately 1/3 of developing SSc in the near future. Finding these two
features together results in a chance of ¥75% of developing SSc.
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Chapter 1

Treatment of Systemic Sclerosis and the need for risk-stratification

Currently, treatment modalities in SSc are largely symptomatic and organ based.
For example, nifedipine is used for Raynaud’s phenomenon and iloprost is used
for digital ulcers, although the available amount of evidence for all these treatment
options are limited (53). As the disease is thought to be immune mediated, various
trials with immunosuppressive and immune-regulatory agents have been and are
being performed. Till date, no healing agents or therapeutic strategies that resolve
organ damage have been identified. Below, current treatment recommendations for
the major organ complications as defined by the EULAR are discussed (54).

For skin involvement two trials have shown that in early dcSSc, methotrexate might
be beneficial (55, 56). Van den Hoogen et al. showed in a randomized control trial that
in 17 patients receiving methotrexate (MTX), improvement of skin score (-0.7 (95%Cl
-3.4 to 2.1) over 24 weeks exceeded that of 12 patients in the placebo group (+1.2,
95%ClI -1.2 to 3.5). The trial of Pope et al. showed no statistically significant difference
in skin scores between patients treated with either methotrexate or placebo. A re-
analysis of the results of this last trial by Pope et al., using Bayesian statistics showed
that there is a 94% chance of a better skin score with MTX compared to placebo,
with an estimated effect of -5.3 mRSS (95% credible interval -11.8 to 1.3). Although
the discussion remains whether this is a clinical relevant difference (57) and whether
this effect may be overestimated as the natural history of skin disease in SSc in most
cases also involves improvement over time and groups were not entirely comparable
(58). Nevertheless, currently MTX is the recommended treatment for isolated skin
disease MTX.

For SSc-ILD, both cyclophosphamide IV and mycophenolate are the most common
treatments. Two high-quality randomized controlled trials and their subanalyses have
been performed, which have set the basis for cyclophosphamide treatment (31, 59).
In the first Scleroderma Lung Study (SLS I) a placebo-corrected improvement in
forced vital capacity (FVC) of 2.5% (95%Cl 0.3 to 4.8) and total lung capacity (TLC)
of 4.1% (95%Cl 0.5 to 7.7) were found after treatment with oral cyclophosphamide.
No significant effect on diffusion capacity of the lung for carbon monoxide (DLCO)
could be demonstrated. As the modest changes raised questions about the clinical
significance, a subanalysis evaluating high-resolution computed tomography (HRCT)
was conducted (60). This study found significant treatment related changes in
fibrosis scores on HRCT, that correlated with patient reported dyspnoea complaints.
Extension of the SLS | study showed that after cessation of cyclophosphamide,
the improvement in FVC continued, to finally reach a maximum 6 months after
stopping. The beneficial effect disappeared 1year after therapy was completed (32).
Another subanalysis showed that skin disease and HRCT score were independent
predictors of the response on cyclophosphamide (61). As the response might not
be clinically relevant in all patients, risk-stratification is needed and only patients
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likely to deteriorate towards severe disease should be considered for treatment. The
fact that cyclophosphamide also comes with potential risks such as bone marrow
suppression, teratogenicity, gonadal failure and haemorrhagic cystitis emphasize
the need for stratification once more (62). The SLS | study itself however showed
such risk-stratification isn’t easy. The trial aimed at inclusion of patients likely to
deteriorate in lung function during the trial period, however over a 1-year period also
in the placebo group only a small change of -2.6£0.9 % predicted FVC was observed.
Similar results were found in the trial described by Hoyles et al. in which the effect
of intravenous cyclophosphamide was assessed (59).

Alternative to treatment with cyclophosphamide, mycophenolate mofetil may be
used. The Scleroderma Lung Study Il (SLS Il) has shown that effects of mycophenolate
mofetil are not inferior to treatment with oral cyclophosphamide (33).

Recently, additional treatment options have become available for SSc-ILD: Nintedanib,
a tyrosine-kinase inhibitor, has shown to be able to slow deterioration rate of FVC. In
a trial of 576 patients FVC decreased 52.4 ml per year for nintedanib group vs 93.3 ml
per year with placebo; 95% confidence interval 2.9 to 79.0; P=0.04) (63). Nintedanib is
considered mainly for patients with predominantly fibrotic lesions, rather than ground
glass opacities (GGO) on their HRCT and in patients with longer standing disease (in
which GGO is more likely to resemble subresolution of fibrotic changes instead of
alveolar filling by inflammation), as the thought is that this agent is mainly calling a
hold to the fibrotic process. This however still needs to be confirmed.

For patients with early-dcSSc (within 18 months of disease onset) with elevated acute
phase-reactants and evidence of active disease, shown by presence of tendon-
friction rubs and an increasing skin score, tocilizumab is a treatment option that might
halt the disease process in the lungs (64, 65). In 210 patients randomized to either
tocilizumab or placebo, tocilizumab treated patients had a stable FVC over 48 weeks
of follow-up, while placebo treated patient showed a median of 5 points decline in
FVC. However, in terms of treatment failures, there was no significant difference in
patients having a >10% decrease in FVC during follow-up between the tocilizumab
(13% vs 24%; HR 0.55 [95% CI 0.3-1.1]).

As PAH is a fatal complication, that occurs in about 10% of SSc patients and has
a 5-year survival of 50% (66), early detection of PAH in SSc is important and for
that purpose an algorithm — the DETECT score - was developed (67). Research
that confirms the benefit of early detection and treatment or evaluating preventive
treatments in SSc-PAH remains to be performed. Although PAH is a feared
complication of SSc, trials in PAH often are not limited to SSc-PAH. Nevertheless,
randomized controlled trials of endothelin receptor antagonists, PDE-5 inhibitors and
riociguat, include also subgroup analyses of SSc-PAH patients. For this subgroup
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these drugs show improvement of exercise capacity and prolonged time to clinical
worsening (68-70). Therefore, treatment of SSc-PAH is similar to those of patients
with idiopathic PAH and patients with other forms of CTD-PAH (71).

In severe cases of SSc, with a quick progressive disease course, the ultimate
treatment of choice is autologous hematopoietic stem cell transplantation (HSCT).
Two randomized controlled trials show clear beneficial effects of HSCT compared
to treatment with IV cyclophosphamide with prolonged survival and less disease
related complications. The ASTIS trial is a European multicenter trial conducted
between March 2001 and October 2013, in which 156 patients with early diffuse SSc
were randomized to either treatment with HSCT (n=79) or cyclophosphamide (n=77)
(29). Van Laar et al. showed that HSCT was associated with increased event free-
survival. Skin scores, FVC and total lung capacity improved significantly in HSCT
treated patient. These findings were confirmed in the SCOT trial (28). Event-free
survival here was 74% (total n=36) in HSCT treated patients versus 47% (total n=39)
in cyclophosphamide treated patients. However, treatment with HSCT should not
be performed at all costs: treatment related mortality is up to 10%. Because of this
risk, patients having mild disease or patients in a relatively poorer condition (older
patients and patients with severe cardiac or pulmonary involvement) are not eligible
for this treatment.

The Leiden Multidisciplinary Systemic Sclerosis Care Pathway —
“Combined Care In Systemic Sclerosis”

In 2014 the Dutch Society for Rheumatology (Nederlandse Vereniging voor
Reumatologie; NVR) published a directive for the monitoring for Systemic Sclerosis,
in the form of a care pathway (72). Prior to development of this care pathway, in
2009 in Leiden a multidisciplinary care pathway for SSc patients was started (73).
Standardized and regular screening for organ involvement has shown to contribute
to prolonged survival in SSc and justifies existence of care pathways in SSc (74).

‘The Leiden Multidisciplinary Systemic Sclerosis Care Pathway’ comprises an annual
visit to the rheumatologist, pulmonologist and cardiologist. Additionally, extensive
medical screening takes place and patients are seen by a physical therapist,
specialized nurse, and, if requested, by social worker and/or occupational worker.
Patients suspect for SSc, patients diagnosed with SSc in need of tertiary care because
of disease severity and ‘shared care’ SSc patients from peripheral hospitals are seen
in the Leiden Care Pathway. For every patient, the first care pathway is scheduled
on two consecutive days, in which all appointments are between 8:00 and 16:00.
During yearly follow-up, the content of the care pathway is more tailored and for some
patients, the necessary screening can be performed on a single day. From initiation
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in 2009 to the time being, the capacity of the care pathway has increased from 2
patients to 9 patients per week, with now over 1000 individual patients who visited
the care pathway at least once.

As data of these prospectively followed patients have been entered in a research
database, a unique cohort of patients has originated from ‘The Leiden Comprehensive
Care Pathway’. With the initiation of a new database system, the research part of
the “Leiden Multidisciplinary Care Pathway” has been named “Combined Care In
Systemic Sclerosis” (CCISS). Data of this CCISS cohort form the basis of the work
described in the current thesis.

Outline of the thesis

As disease specific antibodies are associated with distinct clinical phenotypes,
several authors have suggested that monitoring SSc patients should be guided by
antibody subtype (39, 41, 75). This assumption of antibodies as biomarker, suggests
that SSc-specific auto-antibodies may function as the polar star for a captain at sea,
in help of the physician determining the course for monitoring and treatment of the
disease. In the current thesis we explore this hypothesis, with specific attention for
anti-topoisomerase | antibodies.

In medicine, biomarkers facilitate early diagnosis, profile patients at risk for poor
outcomes and may predict response to therapy. In part | of this thesis, we report
the findings of a small clinical trial - the RITuximab In Systemic Sclerosis (RITIS) trial
(Chapter 2). The trial could not confirm or reject potential efficacy of rituximab in
SSc patients. The main learning point of the study was that currently in SSc, small
clinical trials are difficult to interpret, as patient selection is highly complicated by the
unpredictable disease course. It thereby demonstrates the high need for biomarkers
in SSc, in order to select homogeneous and suitable patient groups for the outcomes
of interest.

In part Il the potential of autoantibodies to fulfil the biomarker need in SScis evaluated.
We show that autoantibody status only partially contributes to risk stratification in
patients with SSc: not all ATA-positive patients have an infaust prognosis (Chapter
3) and although cancer risk is elevated in SSc, auto-antibodies alone cannot identify
which patients to screen extensively for concurrent cancer (Chapter 4).

In part lll, we focus on ATA+ SSc. We here show that the classic ATA auto-antibody
association with severe progressive disease may be overrated. In Chapter 5, we
show that as a result of improved identification of SSc patients using the ACR/EULAR
2013 classification criteria, also mild cases of ATA+ SSc are identified. Moreover,
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a large deal of the classic associations made come from confounding by sex, as we
show in Chapter 6. Nevertheless, we do show that immunologic characteristics of the
auto-antibody response in SSc can be useful in clinical practice and may improve our
understanding of pathophysiology in the future: Chapter 7 teaches us that when we
specifically look at ATA-IgM auto-antibodies, this positivity associates with disease
progression. This indicates that evaluating specific auto-antibodies responses in
more detail perhaps can provide more guidance in disease management.

Finally, part V provides a summary and discussion of the results described in this
thesis in Chapter 8.
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Chapter 2

Abstract

Objectives
1) Hypothesis testing of the potency of rituximab in preventing fibrotic complications
and 2) assessing acceptability and feasibility of rituximab in early Systemic Sclerosis.

Methods

A small, 24-month, randomized, double-blind, placebo-controlled, single-centre trial
in Systemic Sclerosis patients diagnosed <2 years, was conducted. Patients received
rituximab or placebo infusions at t= 0, t =15 days and t =6 months. Patients were
clinically evaluated every three months, with lung function tests and HRCT every
other visit. Skin biopsies were taken at baseline and month 3. Immunophenotyping
of peripheral blood mononuclear cells was performed at every visit, except at month
9 and 18. Adverse events, course of skin and pulmonary involvement and B cell
populations in skin and peripheral blood were evaluated.

Results

In total 16 patients (rituximab n=8, placebo n=8) were included. Twelve patients had
diffuse cutaneous systemic sclerosis. Eighty-eight adverse events (rituximab n=53,
placebo n=35, p=0.22) and 11 serious adverse events (rituximab n=7, placebo n=4,
p=0.36) occurred. No unexpected rituximab related events were observed. Mean skin
score over time did not differ between the groups. Over time, FVC and extent of lung
involvement slightly improved with rituximab, but this difference was insignificant. In
peripheral blood B cells depletion was demonstrated.

Conclusions

No unexpected safety issues were observed with rituximab in early Systemic
Sclerosis. Although this small trial could not confirm or reject potential efficacy of
rituximab in these patients, future placebo controlled trials are warranted, specifically
in the subgroup of patients with pulmonary involvement.

Trial registration: www.clinicaltrialsregister.eu, EudraCT Number: 2008-07180-16
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Introduction

Systemic sclerosis (SSc) is an autoimmune disease that is characterized by the
triad of microvascular damage, dysregulation of innate and adaptive immunity, and
generalized fibrosis in multiple organs(1) .

The pathogenesis of SScis poorly understood and treatment is organ and symptom
based. Current therapy targeting the dysregulated immune system, supported
by clinical trial data, includes methotrexate for early skin involvement (2, 3),
cyclophosphamide followed by mycophenolate mofetil or azathioprine for lung
involvement (4-8) and autologous hematopoietic stem cell transplantation for severe,
diffuse cutaneous Systemic Sclerosis (dcSSc) (9).

Experimental data suggested a key role for B cells in the pathogenesis of SSc(10).
B cells seem to overexpress the stimulatory receptor CD19 and IL-10-producing
regulatory B cells are decreased (11).

Previous observational open-label studies of anti-CD20 therapy (rituximab) and a
nested-case control study in SSc showed potential efficacy for skin disease and
stabilization of internal organ disease in dcSSc (12-21). Since natural disease course
is variable and difficult to predict, these results are difficult to value and need to be
replicated in randomized controlled trials (22).

We hypothesized that the window-of opportunity for rituximab (RTX) in SSc patients
lies early in the disease course, when fibrotic complications are yet to develop. This
hypothesis is based on observations in a study in mice in which B cell depletion
with anti-CD20 was effective in prevention of skin fibrosis in new-born tight-skin
mice while no benefit was observed in tight skin mice with established disease (23).
Additionally, BAFF levels in these mice were elevated at 4 weeks after birth, while
normalized at week 12 when skin fibrosis was established (24).

Based on these observations, we aimed to test the hypothesis that RTX can prevent
development of severe fibrotic complications in early Systemic Sclerosis. Additionally,
safety and feasibility of rituximab in early SSc is described, together with the influence
of rituximab on immune cell subsets in peripheral blood and in skin tissue in SSc
patients.
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Methods

Trial design

The rituximab in early systemic sclerosis (RITIS) trial was designed as a 24-month,
parallel, double-blind, placebo-controlled randomized trial. Randomization was
performed in a 1:1 ratio by the Pharmacy of the Leiden University Medical Center
(LUMC), Leiden, The Netherlands. Ethical approval was obtained from the Medical
Ethical Committee (METC) of the LUMC and patients gave written informed consent.
The study was monitored by a Data and Safety Monitoring Board until completion.

Patients

Between June 2010 and February 2014, patients with an established diagnosis of SSc
according to the American Rheumatology Association (ARA) criteria (25) within the
last 24 months before enrolment and aged between 18 and 70 years were included.
Previous immunosuppressive therapy was allowed and continued throughout the
trial. Patients with a history of deep tissue infection within 1 year prior to baseline,
patients with chronic or recurrent infections and patients with a history of cancer
were excluded.

Procedures

Patients received IV 1000mg rituximab (Mabthera©/Anti CD 20 mAb) or placebo
(0.9% NaCl) on day 1 and day 15 as induction treatment. Consolidation treatment
consisted of a single IV treatment with 1000mg rituximab or placebo (0.9% NacCl) at
6 months. Each infusion of rituximab was given together with methylprednisolone
100mg IV, oral paracetamol 1000mg and clemastine 2mg IV. Placebo treated patients
received 1.6mL 0.9% NaCl together with oral paracetamol 1000mg and clemastine
2mg IV. Concomitant medications or other treatments deemed necessary for patients’
supportive care and safety were allowed at the discretion of the treating physician.
Patients, physicians and the observers performing the skin score were blinded for
treatment allocation.

Data collection

Patients were seen every 3 months during the first year and every 6 months
thereafter, for physical examination including the modified Rodnan skin score (mRSS),
and assessing toxicity (National Cancer Institute, Common toxicity parameters
(CTQ))(26), urine analyses and laboratory testing(at t=0, 3,6, 12, and 24 months also
including samples for immunophenotyping of peripheral blood) for a total follow-up
of 24 months. Skin scores were assessed by an experienced research nurse (AV)
and a research physician who was trained by AV (JM). In two-thirds of cases the skin
score was assessed by AV and in one third by JM. Patients filled out the following
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questionnaires at every visit: Short Form 36 (SF-36) (27, 28), EurolQol-5D (EQ-5D)
(29, 30) and Health Assessment Questionnaire Disability Index (HAQ-DI)(31, 32). Lung
function tests including Forced Vital Capacity (FVC) and Diffusing capacity of the
Lungs for carbon monoxide (DLCO), High-resolution computed tomography (HRCT)
of the thorax and echocardiography were performed every 6 months. HRCT’s were
assessed using Goh criteria evaluating the extent of lung involvement at five levels:
1) origin of great vessels; 2) main carina; 3 pulmonary venous confluence; 4) halfway
between the third and fifth section; 5) immediately above the right-diaphragm.(33)
Scoring was performed consensus based, by 2 observers (AS and LK).

For histologic and immunohistochemical analysis of the skin, 4 mm skin biopsies were
obtained from the dorsal side of the forearm, within 1 cm of each other, at baseline
and at 3 months.

Immunohistochemistry of skin tissue was performed on 4um thick sections on
polylysine-coated slides. After routine deparaffinization and rehydration, antigens
were retrieved in a tissue microwave for 12 min at 98°C with a Target Retrieval Solution
Tris/EDTA pH 9. Quenching of endogenous peroxidase activity was performed with
1% hydrogen peroxide in methanol for 10 minutes. Biopsies were incubated with:
Haematoxylin and eosin staining (4085.9005 and 4085.9002; Klinipath; Duiven,
Netherlands) (general histopathology assessment and mononuclear infiltration),
PBS/1%BSA for 1Thour with CD3 (1.41 ug/ml; M7254; DAKO) (T-cells), CD68 (0.12 pg/ml;
MO0814; DAKO) (macrophages), CD79a (1.875 ug/ml; M7050; DAKO) (B-cells including
plasma cells). Human tonsil specimens were used as a positive control for antibodies.

Stained sections were coded and scored by three observers, who were unaware of
clinical data and treatment regimen (AD, KQ, MB) with respect to the following points:
histologic signs of scleroderma skin (such as presence and entrapment of adnexa),
mononuclear infiltration (semi-quantitative scale), T cell infiltration (semi-quantitative
scale), B cell infiltration (semi-quantitative scale) and macrophage infiltration (semi-
quantitative scale). Semi-quantitative scoring for lymphocyte and macrophages was
based on the scoring scale for lymphocytes proposed by Roumm et al. with ‘O’ being
a few scattered cells, ‘1" a maximum number of cells per collection of at least 10, ‘2’
a maximum number of cells per collection between 10 and 50 and ‘3’ a maximum
number of cells per collection of at least 50(34). Median scores were used for analysis.

Peripheral blood mononuclear cells (PBMCs) were isolated from 50 mL of peripheral
blood by Ficoll-Paque gradient centrifugation, incubated for 20 minutes at 4°C and
subsequently stained with CD3 APC (clone SK7), CD4 FITC (clone RPA-T4), CD8 PE
(clone RPA-T8), CD14 FITC (clone MSE2), CD16 PE (clone B73.1), CD19 PerCPcy5.5 and
APC (clone Sj25C1), CD20 FITC (clone L27), CD27 PE (clone L128), CD38 PerCPcy5.5
(clone HIT2), CD56 PE (clone MY31), Polyclonal IgA FITC (DAKO), IgD FITC (clone 1A6-
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2), IgE Alexa Fluor 488 (gift from University of Antwerp), IgG FITC (clone G18-145), IgM
APC and FITC (clone G20-127, all (except IgA and IgE) BD Biosciences. For isotype
controls, IgG1 APC and PerCPcy5.5 (clone MOPC-21), IgG1 FITC and PE (clone X40),
IlgG2a FITC (clone X39), IgG2b FITC (clone 27-35), Rabbit immunoglobulin fraction
(DAKO), Polyclonal Swine anti-Rabbit Immunoglobulins FITC (DAKO), all (Rabbit
immunoglobulins) BD Biosciences, were used. In addition, B cells and plasmablasts
were stained with CD20, IgA, IgD, IgE, IgG, IgM and appropriate isotype controls.

ELISPOT technique was used to detect functional antibody-secreting cells, with the
use of goat anti—-human IgG, IgA and IgM (Sanbio BV, Uden, The Netherlands ) for
coating (10 pg/ml in coating buffer, 100 pl/well) of ELISPOT plates (Millipore, The
Netherlands). Plates were incubated overnight at 4°C, washed twice with PBS and
blocked with 200 pl/well culture medium (IMDM + 10% FCS + 200 mM L-glutamine
+ 100 pg/ml penicillin/streptavidin) for 2 hours at 37°C in a 5% CO2 atmosphere.
PBMCs were titrated on the ELISPOT plates in duplicate wells, and the plates were
next incubated at 37°C in a 5% CO2 atmosphere overnight. The following day cells
were discarded and washed from the plates with PBS/0.05% Tween 20 and tap
water. Spots were visualised by detection with alkaline phosphatase-conjugated
goat anti-human IgG, IgM or IgA (Biosource, USA) followed by substrate 5-bromo-4-
chloro-3-indolyl phosphate/nitro blue tetrazolium (Sigma-Aldrich, St Louis, MO, USA)
at 100 pl/well. Enzyme-linked immunosorbent spots (Elispots) were analysed using a
stereomicroscope (Bioreader 5000; BIO-SYS GmbH, Karben, Germany.

Study end points

In the design of the trial the following parameters were defined as major clinical end
points: treatment related mortality, toxicity and clinical efficacy of rituximab. Efficacy was
defined as progression-free survival, with progression defined as any or a combination
of the following changes relative to baseline at two consecutive evaluations: death,
> 10% drop in predicted FVC(33), > 15% drop in predicted DLCO(33), 215% drop in
left ventricular ejection fraction (LVEF), body weight(35), > 30% drop in creatinine
clearance(36), 2 30% increase in mRSS(37, 38), > 0.5 point increase in HAQ-DI(38). The
secondary end points defined were changes in mRSS (minimally important difference
3.2-5.3)(39), FVC, DLCO, HAQ-DI (minimally important difference 0.10-0.14)(39), left
ventricular ejection fraction, creatinine clearance, SF 36, EuroQol 5 D, presence of
interstitial lung disease as reported by HRCT thorax and skin biopsy scores.

However, unfortunately, the trial had major recruitment problems. In a time span of
nearly 4 years, 17 patients had been included in the trial. Based on this low inclusion
rate the METC advised to prematurely end inclusion and evaluate study outcome 1
year after inclusion of the last patient. As one patient showed early drop-out, n=16
patients (n=8 rituximab, and n= 8 placebo) had data available for analysis. All data
collected by June 30th, 2015 were included in the analysis. Based on the small
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sample size, we chose to focus on presentation of changes in mRSS, FVC, DLCO and
extent of ILD as represented by Goh scores. Adverse events and serious adverse
events and changes in HAQ-DI, LVEF, creatinine clearance, SF 36, EuroQol 5 D were
assessed for both treatment groups. Immunologically, the influence of rituximab on
mononuclear cell subsets in PBMC’s and skin tissue was evaluated and described
as planned.

Statistical analysis

As all patients participating in the trial also participated in the care program of the
LUMC (40), including annual and comprehensive diagnostic evaluation with informed
consent for use of data, missing data were imputed from clinical files when possible
with a maximum time frame of 6 months between data collection and planned data
collection according to the trial schedule. This way skin scores were available up
till 24 months for all patients, pulmonary function tests for n=13/16 of patients at
t=12 months and n=7/16 at t=24 months. HRCT images were available for scoring in
n=15/16 at t=12 months and n=7/16 at t=24 months. Peripheral blood samples for PBMC
assessment were available in n=15/18 at t=12 months and n=11/18 at t= 24 months.

Primary analyses included mean change over time over time in mRSS, percentage of
predicted DLCO, percentage of predicted FVC, extent of ILD as represented by Goh
scores and HAQ-DI, for both treatment groups. Additionally, mortality, treatment toxicity
and efficacy according to pre-specified criteria were evaluated for both groups.

Ninety-five percent confidence intervals were computed where appropriate, with
p-values less than 0.05 (2-sided) considered statistically significant. Binary variables
were analysed by Fisher exact test.

To assess the influence on clinical efficacy analyses of patients included under
protocol violation, analyses were repeated excluding these patients. Inter-observer
agreement of skin biopsy scoring was evaluated using Fleiss kappa (41). Statistical
analyses were performed using IBM SPSS Statistics 23 and GraphPad Prism 6.

Results

Patients and treatment

From April 2010 to February 2014, 17 patients were included, of which 9 patients
were randomized to rituximab and 8 were randomized to placebo (Fig. 1). All patients
included fulfilled ARA criteria as well as ACR/EULAR 2013 SSc criteria (42). Two
patients were included with a time since diagnosis of > 24 months: one rituximab
patient (time since diagnosis 3.5 years, time since non-Raynaud 3.5 years and time
since Raynaud 5.3 years) and one placebo patient (time since diagnosis 4.2 years,
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time since non-Raynaud 4.2 years and time since Raynaud 4.9 years). One patient
(placebo group) died due to disease progression, after drop-out at 6 months because
of active disease. One patient did not start the allocated treatment based on active,
severe disease with rapid progression of skin score and myocarditis/pericarditis,
for which the treating physician judged the chance for placebo as possibly life
threatening. Baseline characteristics of this patient did not differ from other patients
included.

Baseline characteristics of the 16 patients included for analysis (rituximab n=8,
placebo n=8) were similar between the 2 groups, though there was a minor difference
in disease duration, with slightly longer disease duration in the placebo group (Table
1). The median follow-up of patients was 19.1 months (IQR 17.6 — 24.4). According to
Goh criteria, mean extent of lung involvement at baseline was 9.5%+11.0 for RTX and
6.9% +10.8 for placebo (p=0.65).

Figure 1 Flow of RITIS (Rituximab in Scleroderma) trial

17 patients randomized

9 randomized to receive RTX 8 randomized to receive placebo
8 received RTX as randomized all received placebo as randomized
1 non adherent

N
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Previous immunosuppressive therapy included prednisone (RTX n=2, placebo n=1),
methotrexate (RTX n=3, placebo n=0) and azathioprine (RTX n=2, placebo n=0). At
start of the trial use of immunosuppressive medication included prednisone (RTX
n=2, placebo n=0), methotrexate (RTX n=5, placebo n=3), plaquenil (RTX n=1, placebo
n=1), mycophenolate mofetil (RTX=1, placebo n=1). During the trial background
immunosuppressive treatment was changed in 2 patients in the rituximab group:
methotrexate was stopped at the 18 month visit in both cases (n=1: pregnancy; n=1:
pancytopenia).

Table 1 Baseline characteristics of study patients

8 patients included in primary analysis
median follow-up 18.9 months
1 major protocol violation ?
2 minor protocol violations °
1 within-study disease progression
1 out-of-study disease progression
55 AE’s, 7 SAE’s

8 patients included in primary analysis
median follow up 24.0 months
1 Disease progression
No protocol violations
35 AE’s, 4 SAE's

RTX; rituximab, AE; adverse event, SAE; serious adverse event

2One patient refused to have a treatment at 6 months

® Two patients incidentally received a dose of verum methylprednisolone instead of placebo methylprednisolone

together with the RTX/placebo infusion
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Characteristic RTX group placebo group  p-value
(n=8) (n=8)
Demographic
age, mean (yr.) 44 5+5.6 36.614.3 0.21°
female sex (% of patients, n) 87.5(7) 87.5(7) 1P
caucasians (% of patients, n) 75 (6) 62.5 (5) 0.58°
Disease specific
dcSSc (% of patients, n) 87.5(7) 62.5 (5) 0.57°
duration of scleroderma (yr.)
since diagnosis, (median, range) 0.9 (0.7-3.5) 1.3(0.2-4.2) 0.44°
since onset first Raynaud 2.3(0.7-5.3) 4.3 (0.7-16.1) 0132
symptom
(median, range)
since onset first non-Raynaud 1.2 (0.6-3.5) 2.4 (0.7-4.2) 0.25°
symptom

(median, range)

Skin and musculoskeletal

modified Rodnan Skin Score 16.414.4 14.0£3.8 0.882
(meanzSE)
Heart and Lungs
LVEF (mean+SE) 61.1+4.2 62.0+4.6 0.96°
FVC (% of predicted) 97.9+6.6 92.046.1 0.67°
DLCO (% of predicted) 67.1+4.2 72.316.0 0.34®
Total extent of lung disease on 9.5+11.0 6.9110.8 0.65°
HRCT (mean %)
Extent ground glass (mean %) 8.319.4 5.4+8.0 0.44°
Extent reticular pattern (mean %) 4.0+8.7 3.9471 1
Function and Quality of Life
HAQ-DI (mean+SE) 1.39+0.27 1.31£0.32 0.65°
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Table 1 Baseline characteristics of study patients (continued)

Characteristic RTX group placebo group  p-value
(n=8) (n=8)
Therapy
Previous immunosuppressive 50.0 12.5 0.28°
therapy”
(% of patients)
months of use (median, range) 1.5 (0.0-36.0) 0.0 (0.0-9.0) 0.20°
Immunosuppressive therapy™ 87.5 62.5 0.57°
(% of patients)
months of use (median, range) 8.1(0.0-42.6) 3.2(0.0-26.3) 0.33®
Laboratory findings
ANA-positive (% of patients) 100 87.5 1.00°
anti-topoisomerase | (% of patients) 12.5 50.0 0.28°
anti-RNA polymerase llI 25.0 0.0 0.47°

(% of patients)

dcSSc; diffuse cutaneous systemic sclerosis, RTX; rituximab 2 : Mann-Whitney ° : Fisher’s exact
‘Previous immunosuppressive therapy included high-dose (> 15mg/day) prednisone (RTX n=2,
placebo n=1), methotrexate (RTX n=3, placebo n=0) and azathioprine (RTX n=2, placebo n=0).
**Current immunosuppressive treatment included high-dose (> 15mg/day) prednisone (RTX
n=2, placebo n=0), methotrexate (RTX n=5, placebo n=3), plaquenil (RTX n=1, placebo n=1),
mycophenolate mofetil (RTX=1, placebo n=1).

*** Extent of lung disease in HRCT was scored according to Goh criteria (33) ; the extent was
evaluated over five levels and averaged (1 origin of great vessels; 2 main carina; 3 pulmonary
venous confluence; 4. halfway between the third and fifth section; 5.immediately above the
right hemi-diaphragm)

Analysis of clinical disease parameters

Course of changes in mRSS, FVC, DLCO and HAQ are shown in Figure 2. There
were no significant differences in change between baseline and 12-month follow-up
of mRSS (placebo -1.8 vs. RTX -3.6, p=0.95), FVC (placebo+0.3 vs. RTX +4.7, p=0.43),
DLCO (placebo -0.3 vs. +0.7, p=0.91) and HAQ (placebo +0.18 vs. RTX 0.0, p=0.94).
Also, at 24-month follow-up, there were no significant differences in change from
baseline in mRSS (placebo -1.9 vs. RTX -5.3, p=0.95), FVC (placebo -1.4 vs. RTX +4,
p=0.65), DLCO (placebo -2.2, RTX -6.0, p=0.77) and HAQ (placebo 0.2313 vs. RTX
-0.0675, p=0.94) results. Numerically, n=4/8 rituximab vs. n=2/8 in placebo improved
>5 points in mRSS, there were no improvers in either FVC or DLCO (minimal important
difference 10%) and n=1/8 in rituximab vs. n=0/8 in placebo improved in HAQ (minimal
important difference 0.5 points) after one year.
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Figure 2 Change in modified Rodnan Skin Score, Forced Vital Capacity, Diffusing Capacity of the Lung
and Health Assesment Questionnaire during 24 month follow up in patients with systemic sclerosis treated
with rituximab or placebo
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Analysis of HRCT data according to Goh criteria showed a mean change in percentage
of affected lung tissue between baseline and 12 months of -1.6% for rituximab and
+ 2.8% for placebo (p=0.28). Beneficial effects were explained by a decrease in
ground glass opacities with rituximab treatment in two rituximab treated patients
(Fig 3+4). Numerically, n=2/7 rituximab patients and n=0/8 placebo patients showed
improvement on HRCT (-10% or more change in mean extent of lung involvement),
n=4/7 in rituximab vs. n=7/8 in placebo had stable lung involvement on HRCT
(between -10% and +10% change in mean extent of lung involvement) and n=1/7 in
rituximab vs. n=1/8 in placebo had worsening lung involvement on HRCT (+10% or
more change in extent of lung involvement).

Analysis of change in AUC showed no significant differences in the mRSS, FVC and
HAQ-DI between the groups (Supp. Table S2). Within the first year, mean change
from baseline to 12 months follow-up in MRSS was comparable between groups, with
-1.4 for the rituximab and -2.7 for the control group (difference 1.3; 95%Cl -3.4 t0 6.2;
p=0.55). For FVC and HAQ-DI differences in AUC between baseline and one year
were also insignificant. For FVC there was a slight improvement with rituximab and
a slight detoriation with placebo (mean change AUC baseline to 12 months follow-up
0.6 for RTX and -0.4 for placebo, p=0.59). Also during the second year, no significant
differences were observed in AUC for mRSS, FVC and HAQ-DI (Supp. Table S2).
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Efficacy analyses for the individual disease parameters were repeated excluding the
two patients with disease duration > 24 months since diagnosis. These analyses did
not show different results.

Figure 3 Change in mean extent of lung tissue and lung tissue with ground glass or reticular pattern
involvement from baseline to 12 months follow-up in patients with Systemic Sclerosis
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vertical axis represent differences in Goh scores between baseline and 12 months for (from left to right): 1) mean extent of affected lung
tissue, 2) GGO; mean extend of ground glass opacities, 3) mean extend of affected lung tissue with reticular pattern.

At 12 months a non-significant trend in favour of rituximab was observed (mean change in lung involvement: -1.6% RTX group vs.
+2.8% placebo group [p=0.28]). The beneficial effect in the rituximab group was explained by a decrease of ground glass opacities.
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Figure 4 Improvement of lung involvement as evaluated by HRCT of a patient treated with rituximab
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HRCT High Resolution Computed Tomography; inspiratory scan, halfway between pulmonary venous
confluence and right hemi-diaphragm

Upper HRCT: baseline HRCT before rituximab use, lower HRCT: 12 months after initial gift of
rituximab
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Recorded parameters reflecting vascular complications did not differ between the
treatment arms: no patients in the trial had impaired kidney function and eGFR rates
within study arms were comparable (mean eGFR at T=0: placebo 118.5 mI/min/1.73m2,
RTX106.8 ml/min/1.73m2) and were stable throughout the trial. Also LVEF (as measured
by echocardiography) remained stable throughout the trial in all participants (mean
LVEF at T=0: placebo 62.0%, RTX 60.2%, at T=24: placebo 60.2%, RTX 65.5%). Digital
ulcers occurred both in the placebo (n=3) and the rituximab group (n=3).

In the analyses SF-36 scores and EQ-5D scores no differences were seen (data not shown).

Two patients in the placebo group showed disease progression during follow-up
according to pre-specified criteria, including the patient that died after drop-out. In
the rituximab group one patient showed disease progression. Apart from the patient
that died, study disease progression was based on a 230% increased mRSS relative
to baseline at the 12-month (placebo, n=1) and 18-month visits (RTX, n=1) in both cases.
Including the patient that died after drop-out, there was no difference in progression
free survival between groups (Log Rank (Mantel-Cox) p=0.674). Also after excluding
the two patients with disease duration > 24 months there was no significant difference
in progression free survival between the groups.

Safety and toxicity

No patients died during the study. One patient (placebo group) died due to disease
progression, after drop-out at 6 months because of active disease. This patient
eventually died at 23 months due to scleroderma renal crisis after autologous
hematopoietic stem cell transplantation.

A total of 88 adverse events (AE’s) occurred during the study: 52 in the rituximab
group (6 grade 3 AE’s, 2 grade 4 AE’s) and 36 in the control group (7 grade 3 AE’s, O
grade 4 AE’s)(p=0.22)(Supp. Table S1). There were 7 serious adverse events (SAE’s)
in the rituximab group and 4 in the placebo group (p=0.36). Serious adverse events
in the rituximab group were a breast carcinoma (18 months after 1st gift of RTX),
abnormal cervical histology leading to hysterectomy (6 months after first gift of RTX;
medical history of this patient mentioned abnormal cervical histology also before
inclusion in the trial), an anaemia due to severe menstruation (7 months after 1st gift
of RTX), a pancytopenia (12 months after 1st gift of RTX) and 3 events related to digital
ulcers (n=2 at 1 month after 1st gift of RTX, the other at 7 months). Serious adverse
events in the placebo group included severe weight loss which required treatment by
percutaneous endoscopic gastrostomy placement (17 months after first gift of RTX)
and 3 events related to digital ulcers (1, 14 and 18 months after initial RTX). There were
more grade 1 AE’s in the rituximab group due to mild infusion reactions (system organ
class type: immune system). A clear causal relation between adverse events and
treatment with rituximab could not be established, except for mild infusion reactions.
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Immunophenotyping of peripheral blood mononuclear cells

At baseline there were no differences seen in proportions of macrophages (CD14+),
NK cells (CD56+), T helper cells (CD3+/CD4+), cytotoxic T cells (CD3+/CD8+) or B cells
(CD19+) between placebo and rituximab group (Data not shown). Three months after
initial anti-CD20 treatment significant depletion B cells was seen and simultaneously
a decline in T cells was observed. Counter wise the proportion of macrophages
increased.

When observing the different subsets of B cells during the study, as shown in Figure
5, naive and memory B cells were depleted 3 months after the first gift of rituximab.
In 5 of 8 patients with rituximab a reduction of CD19+CD20-CD27++ plasmablasts
was seen. Reduction of plasmablasts was significant within the rituximab group
when compared to baseline, but insignificant when compared to the placebo at the
same time point. When assessing depletion of immunoglobulin expressing (IgG,
IgA, IgM and IgD) naive (CD19+CD27-) and memory (CD19+CD27+) subsets, as a
positive control, all subsets were depleted (Data not shown). At time of consolidation
treatment (month 6), repopulation of naive B cells, memory B cells and plasmablasts
was present. However, throughout the complete follow-up period repopulation of
naive B cells and memory B cells was incomplete in the rituximab group (Figure 5).

Figure 5 Naive B cells (CD19+CD27 -), memory B cells (CD19+CD27+) and
plasmablasts (PB CD27++) levels in patients with systemic sclerosis

0.20
v wn
= IS
v g 0.15
v v
= s 0.0
g g
% % 005
R E AP e £ T
ooold@ Ty —w o
O B 0 90 O R P P
time (months) time (months)
Plasmablasts
Naive B cells Memory B cells (CD19+CD20-
@ (CD19+CD27-) & (CD19+CD27+) » CD27++)
rituximab rituximab rituximab
Plasmablasts
Naive B cells Memory B cells o (CD19+CD20
‘© (CD19+CD27-) [ (CD19+CD27+) -CD27++)
placebo placebo placebo

Indicated points resemble medians; Rituximab: TO, n= 8; T3 n=8; T6 n=7; T12 n=6; T24 n=4; Placebo: T0, n=8;
T3, n=8; T6 n=8; T12 n=7; T24 n=7

B cell depletion after rituximab treatment is seen in all B cell subsets

Total events are defined as the number of detected cells by the flow cytometer.
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Skin biopsies

Skin biopsies were performed in 15 patients (RTX n=7, placebo n=8) at baseline and in
14 patients (RTX n=7, placebo n=7) at 3 months (Supp. Table S3). For 3 patients in the
placebo group, and for 1 patient in the rituximab group, skin was clinically unaffected
at the site of biopsy Inter-observer agreement of histologic skin score evaluated by
Fleiss kappa was k =0.49 for T cells, k=0.32 for B cells and k=0.63 for macrophages.

There were no significant differences found in immune cell presence in skin neither
between groups, nor within groups over time. At baseline there was a trend towards
more mononuclear infiltration in the placebo group, based on the presence of more
T cells. Over time, presence of T cells in the rituximab group increased at 3 months
compared to baseline. Presence of other immune cells was stable over time (Supp.
Table S3.).

B cells were rarely present in skin tissue, only 1 patient in the placebo group that
showed a collection of >10 cells, but less than 50 cells at baseline. Scattered B cells
(range 2-7 per biopsy) were seen in 5 out of 15 biopsies at baseline (RTX n=3, placebo
n=2). Over time, there were no changes in the presence of B cells in skin of rituximab
treated patients, 3 months after initial gift, with B cells present in 4 out of 7 biopsies.
This was identical to the number of placebo patients with B cell presence in skin at
three months (4 out of 7).

Discussion

This small randomized, placebo controlled trial cannot reject nor confirm the
hypothesis of RTX preventing fibrotic complications. No major safety issues were
observed with rituximab in the subset of early SSc patients. Immunologically,
rituximab achieved its presumed biological effect: a depletion of circulating B cells
up to minimal counts, but with persistence of antigen secreting cells and incomplete
depletion of the CD27++ plasmablast compartment. No change in the small number
of cells from the B cell lineage present in skin tissue was observed with rituximab
treatment. Over time, small, non-significant differences in FVC, extent of pulmonary
involvement and HAQ-DI in favour of the rituximab group were found. Further
research must confirm the credibility of these findings. A larger scale RCT in patients
with proven pulmonary involvement therefore seems plausible and feasible.

Unfortunately, the trial had recruitment problems resulting in premature termination
of inclusion. Moreover, patients in the control group experienced an unexpected
favourable disease course, which complicates firm conclusions about efficacy of
rituximab in preventing fibrotic complications. This study aimed to include patients
with early dcSSc. Indeed, our placebo group included patients of which the majority
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had dcSSc at baseline (63%), and 4 of 8 patients were either ATA or RNAplIl positive.
Both these antibodies are associated with more severe disease course (43, 44).
Despite these characteristics reflecting high risk, early dcSSc, 75% of patients in the
placebo group had favourable outcome after 2 years.

There is a small insignificant difference in disease duration between the rituximab and
the placebo group, with the placebo group having a longer disease duration. It has
been shown that with longer disease duration, chances to improve spontaneously
slightly increase(45) which might partially explain the beneficial disease course in
placebo. However, excluding the two patients with the longest disease duration did
not change our results.

Several case reports, open-label studies and a nested case-control study thus far
reported a potential beneficial effect of rituximab on pulmonary function, skin fibrosis
and functional impairment in SSc (12-21, 46-49). Our observations are in line with the
study from Lafyatis (15), who treated 15 patients with early SSc with rituximab and did
not find a clear beneficial effect on skin fibrosis and pulmonary function at 6 and 12
months of follow-up. Various explanations can account for the difference between
previous open-label studies and our findings. As these studies did not include a
placebo group, part of the observed efficacy might reflect natural disease course.
In addition, most open-label studies included patients with longer disease duration
(13, 14, 50) and thus possibly selected an immunologically different subgroup of SSc
patients. In comparison to the open label studies of Smith and Lafyatis (15, 17), who
both also included patients with early disease, mean skin scores were lower in our
population, which complicates the possibility of demonstrating clear clinical efficacy
on skin involvement. When analysing only the patients with dcSSc at baseline, with
rituximab n=3/7 showed a decrease in mRSS >5, versus n=2/5 within the placebo
group. On the other hand, it is known that patients with more skin fibrosis at baseline
are more likely to regress even without therapy over the next year (51).

Immunophenotyping of peripheral blood showed almost complete B cell depletion,
which is in line with previous studies (15, 17). It is known that during treatment with
rituximab, plasmablasts and plasma cells can persist (52). Besides confirming this
with ELISPOT, thereby showing persistence of IgA, IgG and IgM antigen secreting
cells after treatment with rituximab, this is also demonstrated by the incomplete
depletion of the CD27++ plasmablast compartment (Supp Figure S1). Other studies
found CD20-positive B cells in skin biopsies in approximately half of patients at
baseline and depletion in most of these cases (12, 13, 17). To overcome possible
interference of rituximab treatment with detection of CD20-positive B cells in skin
we chose to use CD79a staining on skin, which also stains plasmablasts and plasma
cells that lack CD20, while in previous studies CD20 staining was used. Based on
morphology, the persisting B-cells in our samples could reflect unaffected long-lived
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B cell populations. The exact nature and the relevance of these persistent B cells for
development and persistence of skin fibrosis remains to be determined, and might
be relevant in determining subsets of SSc patients with high likelihood of responding
to rituximab.

Remarkably, 2 out of 8 rituximab treated patients showed evident improvement of
the extent of ground glass opacities in HRCT at 1 year follow-up versus none of the
placebo treated patients. Radiologic improvement of CTD-associated and RA-ILD
after treatment with rituximab has also been described by other authors(53, 54). Out
of interest, and to possibly guide future research in the field we compared different
B cell subsets in baseline PBMC’s between rituximab patients with pulmonary
improvement and those without. Rituximab treated patients with pulmonary
improvement both had higher counts of naive B cells (CD19+,CD27-) counts of naive
B cells (CD19+, CD27-) (mean CD19+CD27+ of n=2 non-improvers under RTX 1.8% of
total events vs. n=6 improvers under RTX 5.6% of total events, p=0.003), while other
subsets were comparable. We speculate that this subgroup of patients, possibly
reflecting those with very early and active inflammatory pulmonary involvement might
be the subset of patients most likely to benefit from B cell depleting therapy. However,
these observations obviously await replication.

In conclusion, we performed a double blind placebo controlled trial in patients with
early SSc and show in-depth analysis of B cells in peripheral blood and skin tissue.
Although given the small sample size and the unexpected favourable disease course
in the placebo group no firm conclusions on clinical efficacy of rituximab in early SSc
can be drawn, our data show that a larger RCT in early SSc with proven pulmonary
involvement might be worthwhile. In addition, inclusion of peripheral blood and skin
tissue analyses is also warranted in future trials to determine the nature, role and
relevance of persisting B-cells in skin, and persisting plasmablasts and plasma cells
in peripheral blood. Analysis as presented herein might help to identify a subset of
SSc patients most likely to benefit from B cell depleting therapies.

Supporting information
Supplementary data is available at the website of RMD Open or can be obtained by
contacting the first author
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Chapter 3

Abstract

Objective
To evaluate the additive value of auto-antibodies in identifying Systemic Sclerosis
(SSc) patients with high complication risk.

Methods

Patients entering the Combined Care In SSc cohort, Leiden University Medical
Center between April 2009 and May 2016 were included. Subgroups of patients
were determined using hierarchical clustering, performed on Principal Component
Analysis scores , 1) using baseline data of demographic and clinical variables only and
2) with additional use of antibody status. Disease-risk within subgroups was assessed
by evaluating 5-year mortality rates. Clinical and auto-antibody characteristics of
obtained subgroups were compared.

Results

In total 407 SSc patients were included of which 91% (n=371) fulfilled ACR/EULAR
2013 criteria for SSc. Prevalences of auto-antibodies were anti-centromere 37%, anti-
topoisomerase (ATA) 24%, anti-RNA polymerase Il 5%, anti-fibrillarin 4% and anti-Pm/
Scl 5%. Clinical cluster analysis identified 4 subgroups, with two subgroups showing
higher than average mortality (resp. 17% and 7% vs. total group mortality of 4%).
ATA-positivity ranged from 10 to 21% in low-risk groups and from 30 to 49% among
high-risk groups . Adding auto-antibody status to the cluster process resulted in 5
subgroups with 3 showing higher than average mortality. Still, 22% of ATA-positive
patients were clustered into a low-risk subgroup, while the total number of patients
stratified to a high-risk subgroup increased.

Conclusion

Auto-antibodies only partially contribute to risk-stratification and clinical subsetting
in SSc. The current findings confirm that not all ATA-positive patients have worse
prognosis and as such, additional biomarkers are needed to guide clinical follow-up
in SSc.
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Introduction

Systemic Sclerosis (SSc) is a disease that can affect almost any organ (1). Skin fibrosis
is characteristic, but also interstitial lung disease (ILD), gastro-intestinal involvement
and peripheral vasculopathy are common. Disease complications such as myositis,
renal crisis, cardiac disease and pulmonary arterial hypertension (PAH) are less
frequent, though require monitoring as they are associated with increased mortality
(2). Five-year survival is approximately 89% for incident cases, with PAH and ILD
being leading causes of death (3). Identification of patients with high disease-risk
by identification of biomarkers, remains a topic of ongoing research(4). Currently,
patients are monitored tight when disease is thought to be progressive based on:
modified Rodnan Skin score (mRSS) >20, progressive skin scores, tendon friction
rubs or anti-topoisomerase antibodies (ATA) (5).

Within the traditional subclassification based on skin involvement, non-cutaneous and
limited cutaneous (IcSSc) are associated with better prognosis and PAH, while diffuse
cutaneous (dcSSc) is associated with poorer prognosis, ILD and renal crisis (5, 6).

Different mutually exclusive disease-specific auto-antibodies are known, which can
possibly guide disease monitoring (7). For anti-centromere antibody (ACA) monitoring
with focus on PAH has been opted. Similarly, for ATA complete work-up for at least
the first 4 years after diagnosis is advocated with pulmonary function tests (PFT)
and high resolution computer tomography (HRCT) every 3-6 months, because of the
association with severe ILD (7).

In contrast, the additive value of auto-antibodies in risk-prediction for the individual
patient remains unclear. This is for example demonstrated by a recent study on PAH
prediction, where the presence of ACA is suggested to predict PAH in an entire SSc
population, but not in a model restricted to IcSSc patients, possibly because of the
strong relation of IcSSc and ACA (8).

Moreover, in the clinical setting the physician can rely on a high number of clinical
variables other than auto-antibody status, possibly of help in risk-stratification.
Currently, auto-antibody status is of additional value for risk-stratification in prevalent
disease and evaluated in several previous studies as such(5, 9-12). However, by
evaluating the combination of clinical characteristics with auto-antibody status,
the actual contribution of the auto-antibody to risk-stratification is partially blurred.
Knowledge of the specific contribution of the auto-antibody can on the one hand
improve clinical risk-stratification, and on the other hand shed light on the actual
pathophysiological role of the auto-antibody itself. Therefore, we aimed to create
subgroups based on comprehensive clinical information, including information on
not only skin, but also musculoskeletal, cardiac, pulmonary and gastro-intestinal
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complaints at cohort entry, as well as demographic data and assess disease-risk
using available follow-up data. We took advantage of our well described, prospective
SSc cohort with annual and complete clinical data available and subsequently
performed cluster analysis with and without additional inclusion of auto-antibody
status to evaluate additive value of auto-antibody status next to comprehensive
clinical data.

Materials and methods

Patient selection

Data of 407 patients with a clinical diagnosis of SSc (91% (n=371) fulfilled ACR/EULAR
2013 criteria for SSc(13)) included in the Combined Care In Systemic Sclerosis cohort
(CCISS cohort; Leiden Systemic Sclerosis Cohort) between April 15t 2009 and May 1
2016 were used for analysis. Ethical approval for data collection was obtained from
the Institutional Review Board of the LUMC. As described previously, all patients
undergo annual extensive medical screening during a 2-day health care program (14).

Clinical variables

The following demographic and clinical variables were included in the cluster
analyses: 1) demographic and disease-specific: sex, age, length, weight, time since
first onset Raynaud phenomenon, time since onset first non-Raynaud phenomenon,
diffuse SSc (yes/no); 2) skin: puffy fingers (yes/no), telangiectasia (yes/no), pitting
scars (PS) (yes/no), digital ulcers (DU) (yes/no), gangrene (yes/no), 3) lung: forced vital
capacity (FVC) (% of predicted), single-breath diffusion capacity of the lung for carbon
monoxide (DLCO[SB]) (% of predicted), SSc lung disease on high-resolution computed
tomography (HRCT) (yes/no), maximum oxygen uptake(% of predicted) ; 4) cardiac:
tricuspid regurgitation (TR) gradient, left ventricular ejection fraction (LVEF), EA ratio,
pericardial effusion (yes/no), proBNP level, PAH (yes as evaluated by right heart
catheterization/no or not assessed), arrhythmia (yes/no); 5) renal: history of renal crisis
(yes/no), proteinuria (yes/no), 6) musculoskeletal: proximal muscle weakness (yes/
no), creatine kinase (CK) level, fingertip-to-palm distance (FTP) of the left and right
hand, synovitis (yes/no), friction rubs (yes/no), contractures (yes/no), calcinosis (yes/
no), Raynaud phenomenon (RP) (yes/no); 7) gastro-intestinal: albumin level, weight
loss >10% (yes/no), dysphagia (yes/no), reflux (yes/no), early satiety (yes/no), vomiting
(yes/no), diarrhea (yes/no), intestinal distension (yes/no), constipation (yes/no), fecal
incontinence (yes/no), parenteral nutrition (yes/no), history of gastric antral vascular
ectasia (GAVE) (yes/no); 8) laboratory findings: CRP level, hemoglobin (Hb) level, ESR,
creatinine level. Single imputation was used to replace missing variables (6% of data
missing) in clinical variables. Survival (yes/no) at t=5 years since first non-Raynaud
phenomenon was determined.
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Auto-antibody testing

In a previous study(15), extensive auto-antibody screening in sera of the first
330 patients of the cohort was performed, including ANA (detected by indirect
immunofluorescence on HEP-2000 cells) and ENA (measured by fluorescence
enzyme-linked immune sorbent assay [FEIA], using Phadia250® system [Thermo
Fisher Scientific, Nieuwegein, The Netherlands]). ENA screening included ACA
(auto-antigen centromere B), ATA (auto-antigen topoisomerase 1, Scl70 sensitive
screening), anti-UTRNP, anti-RNP 70, anti-SSA/Ro, anti-SSB/La, anti-Sm and anti-Jo1.
Additionally, anti-RNAplIl, anti-Th/To and anti-Ku antibodies were determined for all
patients, by a research chemiluminescence immunoassay (CLIA) using the INOVA
BioFlash® (Werfen/INOVA, San Diego, USA). In patients with positive ANA but no SSc
specific ENA, additionally anti-PmScl and anti-U3RNP were determined.

In 77 patients additionally included in the current study, anti-Th/To and anti-Ku were
not routinely determined because of low prevalence (anti-Th/To (0.3%) and anti-
Ku (1.3%)), and these antibodies were excluded from the current analysis. Testing
regimen for these 77 patients, included ANA and ENA screen, and further testing
using Phadia250@ for anti-RNAplll, anti-PmScl and anti-U3RNP, when ANA was
positive but no SSc specific antibody was detected by ENA.

Cluster analysis methodology

A study flow-chart is shown in Figure 1. We performed unrotated principal component
analysis (PCA) with input and standardizing (range of -1to 1) of solely clinical variables
and considered the coordinates of the observations on the retained factorial axes as
new variables used for the cluster analysis. As an elbow in the scree plot occurred
after 7 obtained factorial axes in both analyses, which explained 36-38 percent of
the total variability, these 7 factorial axes were considered and the remaining factors
were discarded.

To build homogeneous subgroups of patients, we performed agglomerative
hierarchical clustering based on the Ward method. The agglomerative clustering
technique starts with every case considered a cluster itself and successively two-
by-two merging of clusters until the final merge with all subjects falling into a single
category. The metric used to assess proximity between two classes was the Euclidian
distance. The process can be plotted as a dendrogram, with horizontal branches
representing the combination of two clusters and vertical branches representing
the degree of dissimilarity between combined clusters; long distances of the vertical
segments indicate large differences between combined clusters.
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407 Systemic Sclerosis patients

within prevalent cohort

Stratification of patients based
on data of baseline visit

1) auto-antibodies alone 2) clinical findings alone 3) combination of autoantibodies

and clinical findings

\ \ |
Risk assessment based on follow up data, using mortality status @ 5 years since start first

non-Raynaud phenomenon (available in n=295)

- 6 subgroups of patients of
which 3 high-risk subgroups

- Need to screen:
33% (n=133/407)

- Deceased people correctly

classified as high-risk:

80% (n=12/15)

-4 subgroups of patients of
which 2 high-risk subgroups

- Number needed to screen:
35% (n=143/407)

- Deceased people correctly

classified as high-risk:

87% (n=13/15)

-5 subgroups of patients of
which 3 high-risk subgroups

- Number needed to screen:
62% (n=251/407)

- Deceased people correctly

classified as high-risk:

100% (n=15/15)

Figure 1 Study flow chart — risk assessment based on subsetting of patients according to au-
to-antibodies alone, clinical findings alone or the combination of auto-antibodies and clinical
findings.

Subgroups were obtained, using a visual distance criterion by cutting the dendrogram
horizontally at the level of highest dissimilarity (i.e., where the vertical branches
were the longest). When more than one solution seemed plausible those were both
assessed and the solution with best clinical relevance was obtained.
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Table 1 Baseline characteristics of patients with specific auto-antibodies for Systemic Sclerosis

ACA* RNApIII* U3RNP PmScl* ANA- ENA-

ATA*

CCISS cohort
n=407

n=16

=21

n=14

n=21

n=145

n=96

Survival

15.4 (2)

5.6 (1)

31(3)

1.4 (8)

(15)

5.1

mortality

% of patients

(n)

Demographic

55.0+14.4 52.2+14.6 57.2413.2 64.7+11.5 50.8+13.9 53.5+14.3 53.5415.5

age, mean
[yrs.] £SD

78.6 (11) 85.7 (18) 62.5 (10)

100 (21)

81.3 (331) 68.8 (66) 89.7 (130)

female sex,

% of patients

(n)

Auto-antibodies to identify high-risk SSc patients

79.3 (315) 68.8 (64) 85.7 (120) 90.0 (18) 57.1(8) 90.5 (19) 75.0 (12)

Caucasians,

% of patients

Isease specitic

D

381(8) 28.6 (4) 33.3(7) 37.5 (6)

2.8(4)

47.9 (46)

23.6 (96)

dcSSc,

% of patients

duration of scleroderma (yr.)

8.4 (3.9-18.9)

1.7 12.4 6.1 10.0

6.3

9.7

since onset
first Raynaud

symptom,

(2.5-13.8) (4.9-25.1) (4.0-25.2) (2.712.7) (4.217.4)

(3.6-19.2)

median [yrs.]

(IQR)
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Chapter 3 Auto-antibodies to identify high-risk SSc patients

L0 !
*g G % This process was performed using demographic and clinical variables, excluding
o
< £ g ; auto-antibody and survival data. Next, this process was repeated, with additional
E © S & %‘ % inclusion of 6 variables for disease-specific auto-antibody status (ATA, ACA, RNAplIII,
. o o ; > -, .
g0 o 0 ) o =z 0 U3RNP, PmScl status [positive/negative]).
2L |2 85 24 2
Ke]
it 2 Clinical relevance of subgroups was assessed by investigating clinical characteristics.
c 3
; f_% § Disease-risk was assessed by evaluating subgroup specific mortality. Subgroups
. . & % E g were considered to reflect high-risk disease when mortality rates were equal to or
G o = o 2% 3 higher than the cohort mortality rate.
‘g ﬁ (@] 9] (42} [0) E i)
o S < 5 © %)
o c = © 3 a2 e
© O = . g9
5z T Statistical analyses
? ;‘i § é § All statistical analyses were performed using IBM SPSS Statistics 23. Subgroup
2 @ = 3 g characteristics were tested against cohort values, testing frequencies, medians and
% % 3 s ™ <z( e 2 % means using binomial (1-sided), Wilcoxon-signed rank tests (2-sided) or one-sample T
- w © )
‘:' % TTr = 8 X 5 0 w5 tests (2-sided) as appropriate, p-values <0.05 were considered statistically relevant.
a2l |8 e} N 2E E 3o
] T = = 3
= o © — @©
S 88 3 S Results
o 5y 3 ¢
Q s = ;
g & . S5 g £ . e
ol = = — - @ .= Py Baseline characteristics
2 N © L9 <
(‘% <Zl SN o - % g s g I Baseline characteristics are shown in Table 1. Of 407 patients included, data on auto-
5 & ¢ e ™ I z 9 i 9 antibody profile were available in 396 patients. Mean age was 55.0+14.4 years, and 81.3%
b4 5 = 'GE) = (n=331) of patients were female. Median disease duration since onset of first Raynaud
§ ; :% ‘é g symptom was 9.7 years (IQR 3.6 to 19.2 years) and since onset of first non-Raynaud 4.1
= @ g § <€ Z 3 g years (IQR 1.3 to 10.6 years). Twenty-three percent (n=96) of patients had dcSSc, mean
= £ o . . )
ol @ © o ~ c ¢ € + DLCO was 64+17% of predicted, 23% (n=92) had digital ulcers and 4% (16) of patients had
g = © © N c Qg @
A % Pt & 880 © a history of renal crisis. Median available follow-up time was 3.8 years (IQR 2.0-5.8 years),
3“'::5 % g E g E with 5-year survival status since first non-Raynaud phenomenon available in 72% (n=295).
g % $ 8 g g Of the remaining patients, 27% (n=109) had follow-up shorter than 5 years since onset
c 3832853 first non-Raynaud ph d in 1% (n=3) foll tat issi
£ & = & ”E a3 g irst non-Raynaud phenomenon and in 1% (n=3) follow-up status was missing.
2 <) S o L 9o95ap
2028 o o o EtET = > ; .
S '52 @ © o e % g £ g 8 3 Auto-antibody prevalences were: ACA 38% (n=153/399), ATA 25% (n=101/401), RNAplII
“é ° @ N “ @ ‘E S Z % ﬁ 6% (n=22/398), USRNP 4% (n=14/397) for and PmScl 7% (n=27/397). Four percent
ol E = ; ‘é : ﬁ % (n=17/402) of patients were both ANA and ENA negative. Co-occurrence of disease-
o - e =
ki S & — % 2 23 § specific auto-antibodies was found in 10 patients (ATA/ACA overlap n=3 [ACA weakly
S ) —~ L o
§ "~ 2 g = o % §z2%8 % g positive n=1; ATA weakly positive n=1; both weakly positive n=1], ACA/PmScl overlap
g 8 g ] g N 2 £39 6 9z n=4 [ACA weakly positive n=1], ATA/PmScl overlap n=2 [PmScl weakly positive n=1],
= 1 ™ o > )
o O c io" o < N g 278 ; § % ACA/RNApIIl overlap n=1 [RNAplIl weakly positive]).
(8] 3 T Q
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Chapter 3

Stratification of patients based on clinical variables

Using solely clinical variables, factor axes of the principal component analysis,
included for the cluster process, explained 38% of variance in the data. Hierarchical
clustering of these factors was compatible with a 4-cluster solution (Figure 2). The
clinical phenotype of the patients in these 4 subgroups is shown in Table 2.
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Figure 2 Dendrogram of cluster analysis of Systemic Sclerosis patients using solely clinical vari-
ables Cluster process was done by Wards method, using Euclidean distance on standardized
variables (range -1to 1) of scores on the first 7 factors obtained by principal component analysis
on 52 clinical variables (including demographic, skin, lung, cardiac, gastro-intestinal, renal and
laboratory variables). The full dendrogram displays progressive clustering of subjects. The
bold horizontal line marks the level of truncation, resulting in 4 obtained subgroups of patients.

Subgroup 1represented a subgroup with more men (male 76%, n=53, p<0.001), more
dcSSc (57.1%, n=40, p<0.001), higher mRSS scores (mean 10.3£10.6 SD, p<0.001),
and more renal crisis (16%, n=11, p<0.001). As seen from FVC (mean 91%, p<0.001),
DLCO (mean 59%, p<0.018) and lung involvement on HRCT (31%, p=0.008) ILD was
present, but less frequent within this subgroup; also Gl involvement was less frequent.
Median follow-up time was 3.7 years (IQR 1.5-5.9). Five-year follow-up data since first
non-Raynaud phenomenon were available in 76% (n=53), showing high-risk disease,
illustrated by a mortality rate of 17% (p<0.001).
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Table 2. Clinical characteristics and autoantibody prevalences within Systemic Sclerosis subgroups obtained by cluster analysis using solely clinical

variables

subgroup

(n=167)

(n=97)

(n=73)

(n=70)

Survival

0.085

1.9 (2)

0.001 704 0.331  0.0(0) 0.017

17.0 (9)

mortality, % of patients (n)”

Demographic

0.150

53.3+14.8
94.0 (157)
84.1(138)

0.129

0.615 55.6+15.6 0.634 56.9412.2
95.9 (70) 89.7 (87)

55.9+14.6
24.3 (17)

age, mean [yrs.] +SD

<0.001
0.167

<0.001 0.018

<0.001

<0.001
0.373

female sex, % of patients (n)

0.045

88.4 (84)

56.5 (39)

78.3 (54)

Caucasians, % of patients (n)

Auto-antibodies to identify high-risk SSc patients

Disease specific

13.2 (22) 0.001

0.004

<0.001 30.1(22) 0.121 12.4 (12)

57.1 (40)

dcSSc, % of patients (n)

duration of scleroderma (yr.)

0.164

6.9

<0.001

19.8

0.154

8.3

0.086

5.2

since onset

(3.5-19.6) (10.1-35.9) (31-14.7)

(1.3-12.3)

first Raynaud symptom,

median [yrs.] (IQR)

0.011

25

<0.001

10.6

<0.001

6.1

0.746

2.7

since onset

(0.8-8.5) (2.4-12.4) (3.0-19.1) (0.9-5.6)

first non-Raynaud symptom,

median [yrs.] (IQR)

Skin

<0.001

2 (0-4)

0.764

4 (2-6)

0.325

4

<0.001

6 (2-18)

modified Rodnan Skin Score,

median (IQR)

(0.5-7.95)

Lungs
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Chapter 3 Auto-antibodies to identify high-risk SSc patients

Subgroup 2 consisted of patients often female (96%, n=70, p=<0.001) and less often §
Caucasian (57%, n=39, p=<0.001). Time since onset of the first non-Raynaud was S Y 8 8 S = o~
relatively long with a mean of 6.1 years (p<0.001). PAH (22%, n=16, p=0.001), GAVE .g Y g 9 Q 8 g g
(6%, n=4, p<0.001), ILD (median FVC 83% [p<0.001], median DLCO 47% [p=<0.001], 5’) ©
lung involvement on HRCT 67% [p<0.013)), pitting scars (55%, n=40, p=0.030) were 2 _ 5 S, S N 27
frequent. Median follow-up time was 4.3 years (IQR 2.5-6.8), five-year follow-up data % 'cl?? — 2 :3 R l(:‘ 0 ;
since first onset of a non-Raynaud phenomenon in this group was available in 76% 5 n & © o o N o
(n=57), showing high-risk disease, illustrated by a mortality rate of 7% (p=<0.001). E
; o o (o] < o T}
. . . a © <] el o o o
Subgroup 3 consisted of predominantly female (90%, =0.018), Caucasian (88%, o x g o g g o g
\ \"
p=0.045), IcSSc (74.2%, p<0.001) patients with frequent Gl symptoms (dysphagia .% o
81% [n=79], reflux 90% [n=87], constipation 32% [n=31], diarrhea 35% [n=34], all % . o § E.g :f
p<0.001). Peripheral vasculopathy was frequent (pitting scars 53% [p=0.04], digital @ 0 % 3 ~ = E < &
Il ) -
ulcers 32% [p=0.022]). Median FU time was 3.9 years (IQR 2.4-5.2), however in 20% 5 < £ o S & & 0 o N
(n=19) 5-year survival since onset of first non-Raynaud was not available. Although §’ -
disease duration since onset first Raynaud (median 20 years) and since onset first - Q [u] s ® o 8
non-Raynaud phenomenon (median 11 year) was long, no mortality was reported, 'g n 8 g g g g 9'
indicating low disease-risk (p=<0.001). g
< : 5 g 3
Subgroup 4 predominantly consisted of females (94.0%, n=157) with IcSSc (dcSSc 13%, g & ) g o g D o N
n=22). Median time since first non-Raynaud was short with 2.5 years (p=0.011). Lungs ;‘7’>,, " 'é 8 x g X g T} g
were less affected compared to the total cohort (mean FVC 109% [p<0.001], mean <
DLCO 73% [p<0.001], lung involvement 44% [p=0.007]) and Gl symptoms occurred % 10 o P é S 5
less often (dysphagia 31% [p<0.001], reflux 44% [p<0.001], diarrhea 9% [p=0.015]). o o S S g S 2 S
Median follow-up time in this group was 3.6 years (IQR 1.9-5.3) and 5-year follow-up ;cj
since first non-Raynaud was available in 36% (n=60); of these 60 patients, one died © ,‘3 s & & =
o/. < o —_ — o L0 8 has <
(2%; p <0.001). a S g d = o ~ >
9 I - o o) o0 © S
. ) ) . o = N = [Ke] (@] < N ~N 2
Although auto-antibodies were not taken into account in the subgroup process, auto- 2 2
antibodies were not distributed evenly. ATA was dominant in subgroup 1(49%[n=34], % 3z 0 ~ S - S o
p=0.001) and subgroup 2 (31%[n=22], p=0.017). ACA was the most prevalent % é . 8 @ g © g 8
auto-antibody in subgroups 3 (55% [n=53], p<0.001) and 4 (45% [n=74], p=0.032). <G e e e v © v e
Prevalences of RNApIll, USRNP and PmScl within subgroups did not significantly G g = ~ . N .
differ from the population means within each subgroup. Notably, in subgroup 2 the é o |9 & © %’I 8 i g g
E | D g = )
number of ATA positive patients (30.6%, n=22) was almost equal to the number of 'g gle o 2 S & = 12 0
— c =
ACA positive patients (25.4%, n=18). 55%(n=56) of ATA patients were stratified to I I = w0~ ot ==
subgroup 1and 2, and 45% (n=45)to subgroup 3 and 4. 2 % - =
© 8 — — B o .\"L_’ = g
g5 ° g e 2 S 5 =
=) s _ £ = rm d = 8 s 2 w3 @
= 2 %c FECZHGO9EZEBEYE -5
o2 T2 50 2290 ¢R w58 cSET
M o 2 gt o E 2t gt g gt 85 982
o g 22 E oo 2329032 %8 SxET
— o— o <
S " E30 Q838388838 5Eac¢E
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Chapter 3 Auto-antibodies to identify high-risk SSc patients

2 Stratification of patients based on clinical variables and disease-specific auto-an-
= - - -
5 o o 00 ™ o (o] - i i
; 3 8 R 0 3 5 8 tibodies
< Y Q Q S S Q S S Using clinical variables and additionally, auto-antibody status, factor axes of principal
3 component analysis, included for hierarchical clustering, explained 36% of variance
4 19 . 2 g ) — in the data. Hierarchical clustering of these factors was compatible with a 5-cluster
e N = © - ) = = =} . . . . . . .
% » '(:1 ~ g - To) S o solution (Figure 3). Clinical characteristics of the patients in the different subgroups
: ~ To) ) )
= 0w ElN N o= s are shown in Table 3.
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characterized by a high frequency of Gl involvement and subgroup 4 represented
a miscellaneous subgroup. The additional subgroup 5 was characterized by less
frequent ILD (mean predicted FVC 113%, p<0.001; mean predicted DLCO 69.9
p<0.001), low TR gradients (mean 22 mmHg, p<0.004) and less frequent vasculopathy
(pitting scars 16% [p<0.001], digital ulcers 6% [p<0.001]). However, it was also a high-
risk subgroup with a 7.2% mortality rate (p=0.279).

Of disease-specific auto-antibodies, ATA was dominant in both the high-risk
subgroups (subgroup 1[49%, p=<0.001] and subgroup 2 [30%. p=0.249]) and ACA
was dominant in the low-risk subgroups (subgroup 3 [66%, p=<0.001] and subgroup
4 [49%, p=0.030]). In the additional subgroup 5 ACA was also the most frequent
auto-antibody (37%, p=0.473). This subgroup was additionally characterized by a high
prevalence of RNAplll auto-antibodies (16%, p<0.001). 78% (n=79) of ATA patients were
stratified to subgroup 1,2 or 5, and 22%(n=22) to subgroup 3 and 4.

Value of derived subgroups in risk-stratification

To value derived subgroups, the amount of patients clustered into high-risk disease
subgroups were compared between stratification based on auto-antibody status
alone, stratification based on clinical variables and stratification based on both
clinical variables and auto-antibody status. Based on auto-antibody status alone
33% (n=133/407 [ATA+, RNAplll+, ANA-ENA-]) of patients were considered high-risk
including 80% (n=12/15) of the deceased patients. Based on clinical variables alone,
35% (n=143/407) of patients were classified as high-risk, which included 87% (n=13/15)
of the deceased patients. Combining clinical data with data on auto-antibodies
resulted in 57% (n=231/407) of patients being classified as high-risk, with all deceased
included. Clinical characteristics that advocate specific diagnostic tests for follow-up
including pulmonary involvement (as reflected by HRCT), renal crisis and pulmonary
arterial hypertension were present in all the different subgroups, either using auto-
antibodies, clinical or combined data for stratification.

Discussion

With this study we aimed at assessing the additional value of auto-antibodies as
markers for severe disease course in SSc, in the clinical setting. We show that when
auto-antibodies are taken into account, the percentage of patients with actual severe
disease course correctly identified as such increases. However, it should be noted,
that risk-stratification is still far from perfect as demonstrated by the increasing
number of patients stratified in high-risk subgroups.

Of note, while ATA is the antibody most prevalent in the high-risk subgroups, the
number of ATA positive patients among low-risk subgroups is considerable. Clustering
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based on both clinical characteristics and auto-antibody status, resulted in 22%
(n=22/101) of ATA patients being classified as low-risk. Similarly, 35% (n=54/153) of
ACA patients seem prone to high-risk (Table 3).

Based on these findings we conclude that estimating prognosis for the individual
patient based on auto-antibody status alone, as is suggested for early disease (7,
11), is imprecise and as such inappropriate. Conform these findings, Iniesta Arandia
et al. showed survival amongst patients with RNAplIl, ATA and ACA antibodies is
similar, although distinctive clinical phenotypes among immunologic profiles exist(16).
Likewise, the studies of Kranenburg et al. 2016 and Cottrell et al. 2014 demonstrate
that prognosis cannot solely be estimated based on auto-antibody status, but
assessment of clinical features such as skin is meaningful (10, 17).

Nevertheless, auto-antibodies are correlated with and do predict distinct clinical
phenotypes(7), as is also shown by improved detection of lung involvement (from
n=71/218 to n=147/218), PAH (from n=19/24 to n=21/24) and renal crisis (from n=12/16
to n=16/16), when shifting from clinical subgrouping to combined auto-antibody and
clinical subgrouping. Given the clear but weak association between auto-antibody
status we hypothesize that other auto-antibody characteristics are of relevance for
auto-antibody pathogenicity as has been described in other auto-immune diseases.
For instance, in rheumatoid arthritis it has been shown that an immune response
covering a broader selection of isotypes is associated with risk for future radiographic
damage(18). The MPO-ANCA aa—447-459 —epitope in vasculitis is associated with
active disease(19) and sialylation levels of anti-proteinase 3 antibodies are associated
with disease activity in Wegener’s disease(20). Further investigation of auto-antibody
characteristics such as fine-specificity, isotype prevalences, Fc-glycosylation and
titer fluctuations and their usefulness for prediction of high-risk disease in SSc, is
therefore warranted. In small groups of SSc patients, such studies seem promising.
For example, it has been shown that ATA titers correlate with skin involvement (21,
22) and low or high RNAplIl intensity on immunoblot assay is associated with clinically
distinct phenotypes in SSc (23).

This study has some limitations which should be taken into account. Although we
included a relatively large number of patients prospectively, with a low percentage
of data missing, varying disease durations at baseline together with a limited follow-
up time available in some patients implicates that data interpretation should be
performed with caution. Additionally, although mortality did not differ much from
mortality in other prevalent cohorts (3, 24), the general low mortality risk makes
prediction of mortality more difficult. Nevertheless, our main focus was to evaluate
the additional value of auto-antibodies next to clinical characteristics, not identifying
distinguishable clinical phenotypes. Disease duration was accounted for by taking
this factor into account in both the clinical principal component analysis and the
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analysis including antibodies as well. In addition, for assessing risk only patients
with five years follow-up since first non-Raynaud symptom available were taken into
account. Finally, evaluating disease duration according to antibody status within
the different subgroups identified in the clinical model did not show any significant
differences in disease duration for ATA+ vs ATA- and ACA+ vs ACA- (data not shown).

In summary, using data from our well described, prospective SSc cohort with
annual, complete and comprehensive clinical and auto-antibody data available, we
subsequently performed cluster analyses with and without inclusion of auto-antibody
status and show that auto-antibodies are of additional value in risk-stratification
and clinical subsetting in SSc. This underlines the hypothesis that auto-antibodies
contribute to disease pathogenesis. However, the additional value is limited, which
is demonstrated by the fact that albeit all high-risk patients are correctly identified
by taking auto-antibodies into account, the number of patients wrongly identified as
possibly high-risk increases by 66%, from 130 to 216. Our findings confirm that not
all ATA-positive patients have worse prognosis and as such additional biomarkers
are needed to guide clinical follow-up in SSc. Further research in auto-antibody
characteristics as a biomarker in prevalent disease and the value of auto-antibody
status for risk-assessment in incident cases is warranted.
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Dear Editor,

With interest we have read the article by Bernal-Bello et al., associating Pm/Scl
antibodies with a higher risk of cancer in Systemic Sclerosis (SSc) (1). We appreciate
the research this group performed as early detection of malignancies in Systemic
Sclerosis patients is important in daily clinical practice.

Bernal-Bello et al. retrospectively analysed data of 432 consecutive SSc patients and
found a cancer prevalence of 12.2% (n=53) with decreased survival for SSc patients with
cancer. Pm/Scl antibody prevalence of 20.7% (n=6/29) amongst SSc patients with cancer
diagnosis compared with 7.7% (n=19/247) amongst SSc patients not being diagnosed
with cancer is shown, together with increased cancer prevalence amongst Pm/Scl
patients (24%, n=6/25). The authors conclude that Pm/Scl antibodies are associated
with malignancies in SSc and patients being Pm/Scl antibody positive might benefit from
comprehensive cancer screening (1). The authors acknowledge the limitations of their
design and suggest that their data should be replicated in other cohorts. For example,
not all included patients were serologically evaluated for Pm/Scl positivity.

We took advantage of our prospective SSc cohort including all patients that participate
in the multidisciplinary day-care program for SSc at the Leiden University Medical
Center (LUMC) (2) in order to evaluate the association between auto-antibodies and
cancer diagnosis. We re-evaluated 46 SSc patients with a history of malignancy
amongst 305 SSc patients with recent follow-up and at least 2 visits to our care pathway
available. Sera of 280 patients were tested for ANA screen, ENA (anti-SSA, anti-SSB,
anti-centromere [ACA], anti-topoisomerase [ATA], anti-RNP70, anti-UTRNP, anti-Smith,
anti-Jo), anti-U3RNP (fibrillarin), anti-Pm/Scl, anti-RNA polymerase lll (RNAplIl), anti-Th/
To and anti-Ku. In the remaining 25 patients, Th/To and Ku was not determined and
RNApIIl, U3RNP and Pm/Scl status was only determined if ANA screening was positive
and ENA screening did not reveal any disease-specific auto-antibodies, based on the
resultin the first 280 patients. Prevalence of ACA was 38.0% (n=116), ATA 25.9% (n=79),
RNApIIl 6.6% (n=20), USRNP 4.3% (n=13), UIRNP 9.2% (n=28), Pm/Scl 6.9% (n=21), anti-
ThTo 1.6% (n=5), anti-Ku 2.0% (n=6), ANA-ENA- 4.3% (n=13), ANA+/ENA+, no specific
SSc antibodies 9.5% (n=29), >1 SSc specific antibodies 8.9% (n=27).

We evaluated distribution of clinical features and SSc-specific auto-antibodies
amongst SSc patients with and without malignancies (Tables 1 and 2). Patients with
cancer history were older, had longer duration between first Raynaud phenomenon
and first visit to the day-care program, less often diffuse cutaneous disease and more
often pulmonary arterial hypertension (Table 1). There were no significant differences
in auto-antibody status between patients with or without cancer history, although
prevalence of anti-topoisomerase was numerically lower (15.2%, n=7 vs 24.3%, n=63)
and RNA polymerase lll (10.9%, n=5 vs. 5.0%, n=13) was numerically higher amongst
patients with malignancy.
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Table 1. Baseline characteristics of patients of the CCISS cohort with recent follow-up, auto-
antibody status determined and at least 2 visits to the comprehensive care pathway

no malignancy malignancy p
n=259 n=46

male, %(n) 16.2 (42) 15.2 (7) 0.865
age, mean (SD) 53.0 (14.1) 60.9 (13.7) 0.001
time since first Raynaud phenomenon, 9.3(3.8-179) 13.6(5.3-21.0) 0.024
median (IQR)

time since first non-Raynaud phenomenon, 4.7 (1.6-11.1) 5.3(21-11.7) 0.455
median (IQR)

5 year-survival 79.1(204) 80.4(37) 0.902
since first non-Raynaud phenomenon, %(n)

unknown, %(n) 171 (44) 15.2 (7) 0.767
dcSSc, %(n) 27.0 (70) 13.0 (6) 0.043
mRSS, median (IQR) 4.0 (1.3-6.0) 2.0 (0.0-4.5) 0.096
lung involvement on HRCT, %(n) 54.4 (141) 56.5 (26) 0.794
arrhythmia, %(n) 38.2(95) 47.7 (21) 0.231
PAH, %(n) 2.7(7) 13.0 (46) 0.001
>10% weight loss, %(n) 10.9 (28) 8.7 (4) 0.655
history of renal crisis, %(n) 4.3 (1) 2.2() 0.503
DU, %(n) 23.2 (60) 239 (M) 0.912

CCISS cohort: Combined Care in Systemic Sclerosis cohort; Leiden University Medical Center
dcSSc - diffuse cutaneous Systemic Sclerosis, DU - digital ulcers, PAH - pulmonary arterial
hypertension

Table 2. Auto-antibody prevalences of patients with and without cancer history of the CCISS
cohort with recent follow-up, auto-antibody status determined and at least 2 visits to the
comprehensive care pathway

no malignancy malignancy p

n=259 n=46

anti-topoisomerase, %(n) 27.4 (71) 17.4 (8) 0.153
anti-centromere, %(n) 37.8 (98) 39.1(18) 0.868
anti-RNA polymerase Ill, %(n) 5.8 (15) 10.9 (5) 0.200
anti-UTRNP, %(n) 9.3 (24) 8.7 (4) 0.902767
anti-U3RNP, %(n) 4.6 (12) 2.2(1) 0.447
anti-Pm/Scl, %(n) 6.9 (18) 6.5 (3) 0.916
anti-ThTo, %(n) 1.2 (3) 4.3(2) 0.116
anti-Ku, % (n) 1.9 (5) 2.2 (1) 0.913
>1 disease specific auto-antibody, %(n) 8.9 (23) 8.7 (4) 0.968
ANA/ENA negative, %(n) 4.6 (12) 2.2(1) 0.447
ANA/ENA positive, 8.9 (23) 13.0 (6) 0.375

no SSc specific auto-antibody, %(n)
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Unfortunately, we could not replicate the finding of Bernal-Bello et al. of Pm/Scl being
more prevalent in SSc patients with a diagnosis of cancer. For Pm/Scl frequencies
were similar between patients with (6.5%, n=3) and without malignancy (6.9%, n=18,
p=0.916).

Also, our research is limited in its design as it concerns a single center cohort with
limited sample size, especially for auto-antibodies with lower prevalences in general.
However, based on our data we cannot advocate comprehensive cancer screening
for Pm/Scl positive SSC patients.

In addition, interestingly, the authors hypothesize that, as has been shown for
RNAplIl antibodies (3), changed expression of the antigen targeted by Pm/Scl in
cancer tissue, might trigger the auto-immune response, and result in Pm/Scl positive
systemic sclerosis as a paraneoplastic phenomenon. However, a consequence of
auto-antibodies directed against proteins that are highly or differently expressed in
tumor tissue might also be relevant in preventing tumor progression and metastasis.
In cancer, changed expression of proteins known as antigens in SSc, is described
not only for RNApIIl and Pm/Scl, but is also described for anti-topoisomerase (ATA)
and anti-centromere (ACA) (4-6).

Indeed, the incidence of cancer in SSc is known to be increased compared to
the general population (7, 8). We therefore hypothesize that prevalence of auto-
antibodies differ between SSc patients with and without cancer diagnosis according
to their potency to fight cancer in a preclinical stage.

More research in the association of auto-antibodies and occurrence of cancer
amongst SSc patients is warranted, as this may shine light on disease pathogenesis
in both diseases. In our opinion, antibody status in its current form cannot help
identifying which patients to screen for cancer in the daily clinical setting, therefore
clinical manifestations should be leading in which patients to screen.
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Sir,

Auto-antibodies in Systemic Sclerosis (SSc) are important tools for disease
prognostication (1). Anti-topoisomerase | antibodies (ATA) are associated with a more
severe disease course, diffuse cutaneous involvement (dcSSc) and severe interstitial
lung disease (ILD), while anti-centromere antibodies (ACA) are associated with a
mild disease course, limited skin involvement (IcSSc) and only rare occurrence of
ILD. Hence, one would assume increased mortality in the ATA+ group as compared
to the ACA+ group.

Contrasting to these presumed predictive properties, Steen et al. showed that when
patients are followed from their first visit to the rheumatologist rather than observed
from their first symptom, there is no difference in survival between ATA+ and ACA+
patients (2). This finding might have been the consequence of the lack of sensitivity
of the ACR 1980 SSc classification criteria (3) to identify early and limited cutaneous
SSc. Indeed, ACA+ patients showed longer symptom duration at diagnosis (mean 7.7
years) compared to ATA+ patients (mean 3.8 years) in the manuscript of Steen et al.

The LeRoy and Medsger 2001 criteria (4) and the ACR/EULAR 2013 criteria (5) enable
improved identification of limited cutaneous and early SSc patients. The Leiden
Combined Care In Systemic Sclerosis Cohort (CCISS) (6) has, from its beginning,
included patients according to these criteria and as such, comprises also early and
mild cases not fulfilling the ACR 1980 criteria. Taking advantage of our cohort, we
collected longitudinal data of 95 ATA+ and 122 ACA+ patients fulfilling the ACR/
EULAR 2013 criteria and compared survival, disease progression and development
of severe skin and lung involvement, using Kaplan-Meier and Cox survival analysis.
Disease progression was defined as >1 of the following: increase in mRSS >5 points
and >25%, worsening of lung involvement with > 10% relative decline in forced
vital capacity (FVC) and follow-up FVC <80% of predicted or with > 5% to < 10%
relative decline in FVC and a > 15% relative decline in diffusion capacity of the lung
(DLCO) with follow-up DLCO <80% of predicted, incident digital ulcers requiring
prostacyclin treatment, newly diagnosed myocardial involvement, renal crisis, severe
gastro-intestinal symptoms, inflammatory myositis, pulmonary arterial hypertension
or mortality. According to the Medsger Disease Severity scale >3 (7), severe skin
involvement was defined as a modified Rodnan Skin Score (mRSS) >30 and severe
lung involvement as DLCO or FVC <50% of predicted.

At baseline, ACA+ patients were more often female (n=112/122 [91%] vs. n=68/95 [72
%), p<0.01), older (mean age 58+13 yrs. vs. 52415 yrs., p <0.01) and numerically had
a longer disease duration since their first non-Raynaud symptom (median 3.9 [IQR
1.2-9.9] yrs. vs. 2.8 [IQR 0.8-9.3] yrs., p=0.40). Severe skin involvement was seen
in 3 ATA+ and none of the ACA+ patients, severe lung involvement in 23 ATA+ and
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17 ACA+ patients. Forty-seven percent of ACA+ patients and 19% of ATA+ patients
did not fulfil the ACR 1980 criteria. Longitudinal follow-up was available for 85 ATA+
and 107 ACA+ patients with median follow-up of 4.2 and 3.6 years, respectively.
Within this period, 12 ATA+ (14%) and 7 ACA+ patients (7%) died and 44 ATA+ (52%)
and 39 ACA+ patients (36%) experienced disease progression. Two ATA+ patients
(3%) developed severe skin and 8 (14%) severe lung involvement. Of the ACA+
patients, none developed severe skin or lung involvement; however, 2 patients
had lung function deterioration after lobectomy for lung cancer and 5 experienced
deterioration without any sign of ILD (on HRCT) or pulmonary arterial hypertension
(excluded after right-heart catheterization). Kaplan-Meier curves are presented in
Figure 1. Notably, there were no differences in mortality (ATA+ HR 2.0 95%CI 0.7-
5.2, ref ACA+) and disease progression (ATA+ HR 1.3 95%ClI 0.8-2.1, ref ACA+) after
correction for age at baseline, sex and time since first non-Raynaud. Differences in
the development of severe skin and lung progression could not be assessed by Cox
regression, as they did not occur in the ACA+ subset.
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Figure 1. Comparison of survival, disease progression development of severe skin and devel-
opment of severe lung involvement between ACA+ and ATA+ patients over time
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Our data indicate that the introduction of the ACR/EULAR 2013 criteria has not
resulted in improved prognostic properties of ACA and ATA in terms of mortality or
disease progression. Still, ACA+ and ATA+ patients are phenotypically distinct. Hence,
it is likely that the ACR/EULAR 2013 criteria lead to the identification of additional ATA+
patients with less severe disease. This notion is supported by the observation that
mortality in the ACA+ subset is comparable to the findings reported by Steen et al.
and because only 4 of the 17 ATA+ patients that were additionally identified received
aggressive immunosuppression (either mycophenolate mofetil, cyclophosphamide
or hematopoietic stem cell transplantation) during follow-up.

In conclusion, our findings suggest that ATA+ patients additionally identified using
the ACR/EULAR 2013 criteria are not solely those identified earlier, but also include
patients with a less severe disease course. Consequently, additional biomarkers
are needed in SSc to guide clinical practice and patient selection for clinical trials.
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Chapter 6

Abstract

Background

Male Systemic Sclerosis (SSc) patients more often express anti-topoisomerase
antibodies (ATA) compared to female patients. We present an in-depth analysis on
the effects of sex on SSc outcomes, independent of autoantibody status.

Methods

Using Kaplan Meier curves and Cox proportional hazard models, we evaluated
the independent effect of sex on mortality and on the incidence of diffuse skin
involvement (dcSSc), interstitial lung disease (ILD) and pulmonary hypertension (PH)
in SSc in two cohorts: 1. the Leiden Combined Care In SSc cohort (CCISS; n=242)
and 2. the EUropean Scleroderma Trial and Research cohort (EUSTAR; n=4263). We
profited from the large sample size of the EUSTAR cohort to perform multivariate
analyses including adjustment for autoantibody, age and race and accounting for
left-truncation.

Results

SSc males more often express ATA than SSc females (CCISS: 40% vs 21%; EUSTAR:
49% vs 38%). EUSTAR based analyses showed that male sex was associated with
mortality (HR 2.6 [95% CIl 2.0-3.4]) and its effect was stronger than the effect of
ATA (HR 1.33 [95% CI 1.0-1.8]). Male sex was also independently associated with
development of dcSSc (HR 1.4 [95%Cl 1.1-1.8]) and PH (HR 1.5 [95%CI 1.2-2.0]). Only
for ILD the effect of ATA (HR 1.9 [95%CI 1.5-2.5]) was stronger than the effect of sex
(HR 1.1[95%CI 0.9-1.3]).

Conclusions

Male sex is strongly associated with mortality in SSc. This association cannot be
explained by a higher prevalence of ATA among males.
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Introduction

Systemic sclerosis (SSc) is a rare and heterogeneous disease, clinically characterized
by Raynaud’s phenomenon, skin and pulmonary fibrosis and cardiac and gastro-
intestinal dysfunction (1). The disease is characterized by a complex pathophysiology
(2). Dysregulation of the immune system is evidenced by the presence of specific
antinuclear antibodies that have clinical and prognostic associations (2, 3). For
example: anti-topoisomerase | antibodies (ATA) are associated with diffuse cutaneous
involvement and occurrence of interstitial lung disease (ILD) (3-6), while anti-
centromere antibodies (ACA) are associated with limited cutaneous involvement,
gastrointestinal involvement and a lower likelihood of significant ILD (6-8).

While females are overrepresented in SSc (female: male approximately 5 :1), male
sex is associated with early and increased mortality and with presence of ILD (5, 9).
Interestingly, the prevalence of SSc-specific autoantibodies also differs with sex: In
the EUSTAR cohort, prevalence of ACA is 31% among females and 10% among males,
while prevalence of ATA is 31% among females and 54% among males (9-11). Based on
this sex-specific distribution of SSc specific auto-antibodies, it could be hypothesized
that at least part of the differences observed between male and female patients with
SSc are explained by differences in autoantibody distribution.

Our aim was to evaluate the effect of sex on mortality and development of diffuse
cutaneous skin involvement (dcSSc), ILD and PH, not explained by autoantibody
status. To this end, we took advantage of two cohorts: The Leiden Combined
Care In Systemic Sclerosis cohort (CCISS) and the EULAR Scleroderma Trials and
Research (EUSTAR) prospective multicenter systemic sclerosis cohort. Using Kaplan
Meier curves, with stratification of patients into 6 risk-groups according to sex and
autoantibody status (i. ACA+ female, ii. ACA+ male, iii. ATA-ACA- female, iv. ATA-ACA-
male, v. ATA+ female and vi. ATA+ male) and Cox regression analysis, this study gains
insight in the risks of sex and autoantibodies independently. The analyses performed
here are unique in the field, as we adjusted for left-truncation to correct for various
disease durations at cohort entrance.

Methods

Leiden Combined Care in Systemic Sclerosis

Data from consecutive SSc patients included in the Combined Care in Systemic
Sclerosis Cohort (CCISS) of the Leiden University Medical Center, Leiden, The
Netherlands between April 1, 2009 and June 1%, 2016 were analysed. The CCISS
cohort comprises annual prospective data collection with local ethics approval, as
described previously (12). Unique in this cohort is the standardized and extensive
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annual follow-up with high rate of data completeness. Complete results on prevalence
of SSc specific autoantibodies including antibodies directed against topoisomerase
(ATA) and centromere (ACA) are available in 97% of patients (13).

The EUSTAR cohort

The European Scleroderma Trials and Research group (EUSTAR) database documents
a multinational, prospective and dynamic scleroderma cohort with longitudinal follow-
up, which started in June 2004. At time of data extraction (March 28™, 2018), data on
14,998 patients were recorded in the database. A detailed description of the cohort
is provided elsewhere (4, 14, 15). Participating centers obtained ethics committee
approval. The Leiden patients were excluded from the EUSTAR dataset.

Inclusion criteria

From both cohorts, patients meeting the following criteria were included for analysis:
1. fulfilment of the ACR/EULAR 2013 classification criteria for SSc (16), 2. available
auto-antibody status (including at least ANA (anti-nuclear antibody), ATA and ACA
status), 3. available skin subtyping (as defined by Medsger and Leroy (17), subdivision
of patients in limited and diffuse cutaneous SSc), 4. available radiographic assessment
of ILD (by either chest X-ray or high resolution computed tomography [HRCT]) at
least one time during baseline or follow-up, 5. date of disease onset known (defined
as the date of onset of the first non-Raynaud symptom [91% of cases], or when the
date of first non-Raynaud symptom was missing, as the date of the first Raynaud
symptom [9% of cases]), and 6. no coexisting SSc specific antibodies (ATA, ACA,
RNA polymerase Ill, Pm/Scl, UIRNP, U3RNP). Flowcharts of patient inclusion in both
cohorts are shown in Figure 1. Comparing included and excluded patients there were
no significant differences.

n=407 n=14,998
55¢c patients in the CCISS SSc patients in the EUSTAR
database at June 1%, 2016 cohort March 28™, 2018
1. nct fuFilling ACR/EULAR 1. ACR/EULAR 2013 criteria not assessable , n=5340
2013 oriterig n=36 2. not fulfilling ACR/EULAR 2013 criteriz, n=468
h 4
n=371 n=8590
patients fulfiling ACR/EULAR patients fulfilling ACR/EULAR
2013 criteria 2013 criteria
2. ATA/ACA and/or ANA status unknown, n=5 2. ATAJACA and jor ANA status unknown, n=473
3. skin subtyping unknown, n=0 3. skin subtyping unknown, n=8
4. no radiographic assessment of LD, n=0 4. no radiographic assessment of LD, n=485
5. date of disease onset unknown or no follow available, =05 5. date of disease anset unknown or nafallow-up awilabie, n=2716
&. overap in $5¢ specific auto-antibodies, n=26 6. overlap in S5c specific auto-antibodies, n=744
h 4 y
n=242 n=4263
patients with sufficient data for patients with sufficient data for
CCISS analysis EUSTAR analysis

Figure 1. Flowchart of patient inclusion of the Leiden Combined Care in Systemic Sclerosis
(CCISS) cohort (left) and EUSTAR cohort (right)
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Definitions

Survival time since date of disease onset was registered in each database, including
whether death was related to SSc. When a patient once developed dcSSc according
to their skin pattern, the patient was classified as dcSSc from that moment onwards,
even in case of later improvement to a limited skin pattern. Severe lung involvement
was defined as forced vital capacity (FVC) and/or diffusion capacity of the lung for
carbon-monoxide (DLCO) of <50% of predicted, accompanied by presence of lung
fibrosis and/or ground glass opacifications as evaluated by high resolution computed
tomography (HRCT). FVC and/or DLCO < 50% was chosen as it corresponds to a score
of 2 or higher on the Medsger Disease Severity Scale (18). PH in the CCISS cohort
was based on right heart catheterization (RHC); patients were selected for right
heart catheterization using the DETECT algorithm (19) and a multidisciplinary team
discussion with expert cardiologists, pulmonologists, internal medicine specialists
and rheumatologists. In the EUSTAR database PH was registered (yes/no) by the
recording physician (based on either echocardiography or RHC).

Statistical analyses

Baseline characteristics of risk-groups (stratified for ATA status, ACA status and sex,
i.e., i. ACA+ female, ii. ACA+ male, iii. ATA-ACA- female, iv. ATA-ACA- male, v. ATA+
female and vi. ATA+ male) were compared, testing significancy of differences as
appropriate, for both cohorts.

Kaplan Meier methods were used to construct survival curves and in the EUSTAR
cohort also for visualization of the development of dcSSc, severe ILD and PH over
time. The curves were calculated separately for sex and auto-antibody status and
compared using the log rank test. Rates of occurrence of the different outcomes were
calculated in different time periods and different risk groups. The Cox proportional
hazard model was used to study the effect sex and auto-antibody while adjusting for
race and age at disease onset. For all patients, the date of disease onset predated the
date of cohort entry (left-truncation). We accounted for this in all analyses to prevent
survival bias. Patients were censored at time of last visit or after 10 years of disease
duration. The proportional hazards assumption was verified by plotting log minus log
survival plots (LML plots) and performance of Schoenfeld’s global test. All analyses
represent complete case analyses since complete data was an inclusion criterium.
Analyses were performed in IBM SPSS Statistics 23. Stata, version 14 (StataCorp
LP, College Station, TX USA) was used to account for left-truncation in the survival
analyses. Statistical tests were two-sided with an a-level of 0.05.
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ATA- ACA- females (18%), 272 ATA- ACA- males (6%), 1323 ATA+ females (31%), and 381
ATA+ males (9%). Baseline characteristics are presented in Table 2. Males were more
often ATA positive compared to females (49% vs. 38%, p<0.01), and females were
more frequently ACA positive compared to males (40% vs. 17%, p<0.01), confirming
the findings in the CCISS cohort.
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Fig 2. Kaplan Meier curves for survival, development of severe ILD and diffuse cutaneous
involvement according to gender and autoantibodies

2.1. Mortality, diffuse cutaneous skin involvement, interstitial lung disease and pul-
monary hypertension according to sex and autoantibody derived risk-groups

An overview of available data and events in the EUSTAR cohort is shown in Tables 3.
During 15953 person-years of follow-up (2795 for males and 13158 for females) 263
patients died (100 males, 163 females). Kaplan Meier survival curves (Figure 2) show

106

Table 3. Number of patients developing the outcome of interest and patient years observed in the EUSTAR cohort

ACA+ ACA-ATA- ACA-ATA- ATA+ ATA+
female male

ACA+

overall

Male

female

male

female

n=381

1323

n=

n=272

n=777

n=130

1380

n=

4263

n=

10-year survival analysis

15953 5382 435 2840 999 4936 1360

patient years
observed

34/777 (4) 38/272 (14) 82/1323 (6) 54/381(14)

4711380 (3) 8/130 (6)

263/4263 (6)

at

deaths, n/n

risk (%)

development of severe ILD analysis*

496 (21) 41 (10) 11(29) 88 (20) 40 (25) 221(21) 95 (34)

severe ILD
at cohort

entrance, n

(%)

10809 4254 356 1906 688 2870 735

patient years
observed
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()] >
5 @ that survival in males is worse, at all time points within all auto-antibody groups. The
— ) = 2 same trend was observed for SSc related mortality (Supplementary Material).
© 2 = E
Q . o % a The risk to develop dcSSc was highest among ATA+ males, followed by ATA+ females.
- |~ ) .
b % Q= =) © 8 £ © DcSSc was rare in ACA+ patients, both males and females. Development of ILD
= = c
<= ¢ | ¢ B ® % -~ was highest in ATA+ males, followed by ATA+ females. Development of pulmonary
s =' 5 hypertension is seen most often in ATA-ACA- males and ATA+ subjects, in which
2
Q § =3 [ g males developed PH more often than females (log-rank p=0.03).
E o g5 |2 2
v ™M %) (S}
8 * T o E 2 @ 5 ‘f)’ ﬁ 2.2 Independent association of sex with SSc outcomes
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Table 4. Hazard ratios for mortality, development of severe interstitial lung disease and
development of diffuse cutaneous involvement and pulmonary hypertension (continued)

univariate p multivariate P
unadjusted HR model (95%Cl)
(95% Cl)
age at onset 11(<1.0-1.2) 0.11 1.2 (1.1-1.3) <0.01
(per 10 yrs.
increase of age)
race (ref=caucasian)
asian 0.9 (0.3-2.4) 0.8 1.1(0.4-2.9) 0.88
black 2.4 (11-5.4) 0.03 2.4 (11-5.6) 0.03
other/undefined 1.4 (11-1.8) 0.04 1.3(0.9-1.7) 0.14
C. DIFFUSE CUTANEOUS INVOLVEMENT
male 1.7 (1.4-2.2) <0.01 1.4 (11-1.8) 0.01
ACA- 4.2 (3.3-5.2) <0.01 2.8 (2.1-3.8) <0.01
ATA+ 3.3(2.7-4.0) <0.01 1.7 (1.3-2.) <0.01
age at onset 0.9 (0.8-0.9) <0.01 1.0 (0.9-1.0) 0.21
(per 10 yrs.
increase of age)
race (ref=caucasian)
asian 1.9 (0.9-3.9) 0.07 2.3(1.2-4.7) 0.02
black 3.6 (1.5-8.7) <0.01 3.2 (1.3-7.7) 0.01
other/undefined 1.3 (1.0-1.8) 0.04 1.3 (0.9-1.7) 0.12
D. PULMONARY HYPERTENSION
male 1.6 (1.2-2.0) <0.01 1.5 (1.2-2.0) 0.01
ACA- 1.3 (1.1-1.6) 0.01 1.2 (0.9-1.6) 0.13
ATA+ 1.4 (11-1.6) <0.01 1.4 (11-1.8) 0.01
age at onset (per 1.4 (1.4-1.6) <0.01 1.5 (1.41.7) <0.01
10 yrs. increase of
age)
race (ref=caucasian)
asian 0.6 (0.2-1.8) 0.34 0.8 (0.2-2.4) 0.65
black 0.8 (0.2-2.4) 0.65 1.3(0.4-3.9) 0.70
other/undefined 1.0 (0.7-1.3) 0.82 1.1(0.8-1.5) 0.54

ACA=anti-centromere antibody; ATA=anti-topoisomerase | antibody; HR=hazard ratio
Interactions (‘male*ATA+ and ‘male*ACA-‘) were checked, but non-significant.
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Discussion

Our data confirms, in two different SSc cohorts, that autoantibody distribution
differs with sex, with males being more often ATA+ and less often ACA+ compared
to females. Although the population of SSc mainly consists of females, males show
increased mortality. In our analyses, we demonstrate that increased mortality among
males cannot be explained by a different auto-antibody distribution, being more often
ATA+. Notably, the survival of ATA+ females is better than the survival of any of the
male risk-groups. Specifically, the presented multivariate analyses show that male
sex is the factor with the strongest effect on survival. Additionally, we show that also
dcSSc and PH occur more often in SSc males compared to females, independent
of autoantibodies. On the contrary, development of ILD is most strongly associated
with ATA positivity.

Strikingly, although males comprise only 19% of the total population under study,
males account for 39% of all deaths. Currently, the factors underlying this observed
morbidity-mortality paradox are not clear. We can only speculate that sex hormones
and male-female differences in microcirculation, immunity actors, environmental
factors and/or fibroblasts may be involved (20, 21). A morbidity-mortality sex paradox
has been observed in several diseases that share features observed in SSc, such
as idiopathic PAH (iPAH)(22), interstitial pulmonary fibrosis (IPF) (23) and systemic
lupus erythematosus (SLE) (24). In iPAH, hemodynamics are worse in male patients,
with higher right arterial pressures and lower cardiac index observed (22). Possibly,
more increased endothelial stiffness is present in male SSc. This might affect the
lethality of complications such as PAH and ILD in SSc, but may also lead to increased
cardiovascular events not directly related to SSc in male subjects. As these sex
differences also occur in the bleomycin mouse model for SSc (21), further research in
this laboratory setting may help to elucidate the underlying factors explaining more
severe disease in males.

In line with our observations, various other studies have indicated that males with
SSc have a worse prognosis than females with SSc (4, 5, 25, 26). We confirm the
results of Wangkaew et al. (27) and Hoffman-Vold et al. (7), showing that male sex
is not influencing the development of ILD, taking into account auto-antibody status.
Like our study, a previous EUSTAR analysis evaluating mortality in SSc, also showed
a gender gap in SSc survival and PH occurrence (26). However, the investigators
hypothesized that the gender gap might reflect increased comorbidity in males, as
in their analyses, SSc related mortality was comparable between males and females.
The latter might be due to analyses approach taken as the evaluation of SSc-related
mortality only included patients that died during follow-up. In addition, the analysis
did not account for left-truncation, lead-time and survival bias.
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Survival in SSc seems to improve when the time to diagnosis shortens (28). However,
we and other authors observed that SSc males have a shorter time to diagnosis than
female SSc patients (29, 30). This, therefore, is likely not explaining the sex paradox
observed. Nevertheless, this information is important for the interpretation of other
studies that identify predictors of mortality: As male patients tend to be diagnosed
earlier and die from complications early in the disease course (indicating a higher
prevalence of rapidly progressive disease), the chances for males to be included in
inception cohorts are increased compared to prevalent cohorts. In incident cohorts,
mild SSc cases may be underrepresented, as a delay between first symptoms and
confirmation of diagnosis is more likely to occur, while for inclusion the duration
of non-Raynaud’s may not exceed the defined time period for incident disease.
Influenced by this bias, studies identifying predictors of mortality and progressive
disease in inception cohorts recognize male sex as a risk factor for mortality (5, 31),
while similar studies in prevalent cohorts (not taking into account survival and lead
time bias) do not (32, 33). The analysis we present in this study, with survival analysis
using adjustment for left-truncation to correct for possible survival bias is therefore
additive to the field, providing the opportunity to approach the effects of sex and
auto-antibody status on disease outcomes in a more balanced way.

Our analyses have also limitations, which should be taken into account. For the
current study, we did not consider other autoantibodies than ATA and ACA. We chose
to focus on ACA antibodies and ATA antibodies as these are most prevalent and cover
75% of the population under study. We did not address male-female differences that
might be present in other auto-antibody groups (such as RNA polymerase lll and Pm/
Scl). Presence of other, yet unknown or unmeasured, auto-antibodies in these risk
groups cannot be ruled out, but given the rarity of co-expression of different auto-
antibodies in SSc it is unlikely to influence the results. Also, in the identification of PH,
itis likely some of the identified cases in fact represent false positives, as in EUSTAR
PH is defined as a yes/no variable based on echocardiographic findings instead of
right heart catheterization. Moreover, although we selected patients fulfilling the
ACR/EULAR 2013 classification criteria, aiming to include also milder cases, selection
bias might still have occurred by a possible lower inclusion of very mild SSc in the
EUSTAR cohort; 50% of the EUSTAR population had diffuse skin involvement. Finally,
based on predefined inclusion criteria, we had to exclude 50% of the existing EUSTAR
cohort. However, as we specifically chose to focus on the independent effects of sex
and antibody status, we preferred a complete case analysis. At the same time, the
current study demonstrates the importance and possibilities offered by the EUSTAR
database enabling complex survival analyses in a rare and heterogeneous disease.
Moreover, in the CCISS cohort the same observations were made, while exclusion in
this cohort was mainly based on short follow-up instead of missing data.
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To conclude, male sex is an independent and strong risk factor for mortality in SSc
and additionally is independently associated with diffuse skin fibrosis and PH. This
indicates that sex-factors contribute to the disease phenotype and the lethality
of disease complications. These observations therefore point to the possibility to
influence sex-related factors for therapy.

Supporting information

Supplementary data can be obtained by contacting the first author.
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Chapter 7

Abstract

Background

Anti-topoisomerase | auto-antibodies (ATA) in systemic sclerosis (SSc) are associated
with diffuse skin involvement and interstitial lung fibrosis. Thus far, however, the
relations between the ATA response and disease course have not yet been fully
evaluated.

Objectives
To gain insight into the relation between characteristics of the ATA immune response
and clinical disease course in ATA+ SSc.

Methods

ATA-1gG, -IgM and -IgA levels were assessed in consecutive serum samples of
baseline ATA-IgG+ patients from the Leiden Combined Care In Systemic Sclerosis
cohort (CCISS). One-year disease progression was defined by a relevant increase
in modified Rodnan Skin Score (mRSS), decline in pulmonary function tests,
development of digital ulcers, renal crisis, pulmonary hypertension and/or mortality.
Validation was performed in ATA+ SSc patients from the Oslo University Hospital
and University Hospital Zurich.

Results

Of 103 ATA-IgG+ patients available in the CCISS cohort, 81 patients had clinical
data available to assess one-year disease progression. Of these 81 patients, 23
patients (28%) showed disease progression. At baseline, disease-progressors were
significantly more often ATA-IgM+ compared to non-progressors (21/23[91%] vs 33/58
[57%), p<0.01). This finding was confirmed in the independent validation samples.

Conclusion

In ATA-IgG+ SSc patients, presence of ATA-IgM, which might be taken as a surrogate
for an ongoing auto-reactive B cell immune response, is associated with disease
progression.
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Introduction

Anti-topoisomerase | antibodies (ATA) are highly specific for Systemic Sclerosis
(SSc) (1). Patients with isolated Raynaud’s phenomenon have an increased risk of
progression to SSc when ATA positive (2), indicating presence of ATA in a preclinical
phase. In established SSc, ATA are associated with diffuse cutaneous SSc (dcSSc),
severe interstitial lung disease (ILD) and their presence indicates an unfavorable
prognosis (3-7). This association with a typical clinical phenotype suggests that
the immune response involved in ATA production may play a role in disease
pathophysiology. The exact pathogenicity of ATA, however, has not yet been
elucidated.

In daily clinical practice, ATA+ SSc is heterogeneous. Not all ATA+ patients
demonstrate a severe disease course, some patients experience only moderate
skin and lung fibrosis (6, 8). Based on the hypothesis that topoisomerase | represents
a candidate autoantigen in the pathogenesis of SSc, different groups have studied
immunization with topoisomerase | in mouse models. These models demonstrated
that a specific antibody response can be induced, resulting in varying extents of
fibrosis in skin and lungs of immunized mice (9, 10).

Previous small studies in SSc have shown that IgG and IgA levels of ATA correlate with
skin scores (11-13). Loss of the ATA response, on the other hand, has been associated
with a favorable disease course in a small patient group (14). However, the relations
between ATA isotype profile and isotype levels and disease course have not yet
been fully evaluated in larger SSc cohorts. By taking advantage of our well described
SSc cohort with annual, prospective and comprehensive clinical data available, we
investigated the association between presence and levels of ATA-IgG, -IgA and -IgM
and disease course in ATA-IgG+ SSc.

Patients and Methods

Patient population

The Combined Care in Systemic Sclerosis (CCISS) cohort Leiden is a prospective
cohort that started in April 2009, including all consecutive SSc patients evaluated
at the Leiden University Medical Center(15). Ethical approval for data collection was
obtained from the local ethics committee (CME number B16.037). All participants
provided written informed consent. This research was done without patient
involvement. As described previously (15), all patients undergo annual extensive
screening during a 1 to 2 day health care program, including detailed physical
examination, modified Rodnan skin score (mMRSS) assessment (16), laboratory testing
(with autoantibody screening at baseline), pulmonary function test and optionally:
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echocardiography (mandatory at baseline), holter evaluation (mandatory at baseline),
cardiopulmonary exercise tests (CPET) and high-resolution computed tomography
(HRCT) (mandatory at baseline). Patients are requested to fill in the Scleroderma
Health Assessment Questionnaire (HAQ) (17), Short Form-36 (SF-36) (18, 19), Mouth
Handicap in Systemic Sclerosis scale (MHISS) (20, 21), EurolQol-5D (EQ-5D) (22,
23) and Scleroderma Clinical Trial Consortium Gastrointestinal Tract Instrument 2.0
(SCTC GIT 2.0) (24, 25) questionnaires at every visit. Additionally, every visit serum
samples are collected and stored in the Leiden Scleroderma Biobank. All patients
entering the cohort before September 24th, 2016, who were ATA-IgG+ were selected
for the present study. Only patients who had a clinical SSc diagnosis at inclusion and
fulfilled the ACR/EULAR 2013 SSc classification criteria (26) at any point during their
disease course were evaluated.

Disease progression

Clinical data were collected, with censoring at January 1, 2018. Skin progression was
defined as a =5 point and >25% increase in mRSS (27). Worsening of lung involvement
was defined as > 10% relative decline in forced vital capacity (FVC) with follow-up
FVC <80% predicted or > 5% to < 10% relative decline in FVC and either a > 15%
relative decline in DLCO with follow-up DLCO <80% predicted or increase of lung
involvement as determined by HRCT, towards >20% lung involvement (28). Patients
were considered disease progressors in case of skin- and/or lung progression,
incident digital ulcers (DU), newly diagnosed myocardial involvement, scleroderma
renal crisis, pulmonary hypertension (PH) or in case of death. Use of aggressive
immunosuppression in both progressors and non-progressors was assessed,
including hematopoietic stem cell transplantation (HSCT), cyclophosphamide and
mycophenolate mofetil.

Anti-topoisomerase | assay and measurements

Total ATA-IgG, -IgA, and -IgM levels of consecutive samples collected before January
1%, 2017 were measured in baseline and follow-up sera by fluorescence enzyme-linked
immune sorbent assay [FEIA], using Phadia250® system [Thermo Fisher Scientific,
Nieuwegein, The Netherlands]. If necessary, sera were diluted to obtain a reliable
ATA isotype-specific level. For ATA-IgG, the manufacturer specified a cut-off value of
7 aU/mL. For ATA-IgA and ATA-IgM, no manufacturer cut-off values were available.
Therefore, sera of 51 non-rheumatic subjects were measured and the cut-off value
was determined as the mean plus two standard deviations of the measurements. A
cut-off for ATA-IgM was determined at 432 aU/mL and for ATA-IgA at 77 aU/mL. To
evaluate specificity of the assay, ATA-isotype levels from 5 ANA+ SSc patients lacking
SSc specific antibodies and from 5 ACA+ SSc patients were additionally assessed.
None of these patients were positive for any of the isotypes in the ATA assay.
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Data validation

For validation of the main findings, baseline serum samples of ATA-IgG+ patients
from the Oslo University Hospital (29) and from the University Hospital Zurich
(30) were tested for the presence and levels of ATA isotypes using the same
methodology. Baseline and follow-up clinical data were additionally collected. At
both centers longitudinal data of SSc patients is being collected according to the
EUSTAR recommendations (31). Details of these cohorts can be found elsewhere
(29, 30). Collection and analysis of biomaterial and their clinical associations have
been approved by the Cantonal Ethics Committee in Switzerland (PB_2016-02014
and BASEC-Nr. 2018-01873) and by the Data Protection Authority in Norway
(No.2006/119). All patients provided informed consent.

Statistical analysis

Descriptive statistics were used to characterize the study population clinically.
Contingency tables were evaluated by Fisher’s exact, ¢ or Mann-Whitney test as
appropriate. Correlations between isotype levels were assessed by Spearman’s
correlation coefficient. Disease progression over time was analysed by Kaplan-Meier
survival analysis. P values <0.05 were considered significant. To exclude relevant
bias by expression of ATA-IgM and ATA-IgA in patients negative for ATA-IgG and by
evaluating a higher cut-off for ATA-IgM to define positivity, a sensitivity analysis was
performed (Supplementary Figure 5). In addition, we evaluated the robustness of
the data by re-analyze using a different cut off for ATA IgM. Statistical analysis was
performed using SPSS version 23.0 and GraphPad Prism 7.

Results

Baseline characteristics and ATA isotype expression of the population under study
In total, 103 ATA-IgG+ patients from the CCISS cohort were included. Of these
patients, a total of 333 samples were available (range 1-8 per patient). Sixty-nine
percent of patients were female with a mean age of 53 years, and 48% had diffuse
cutaneous SSc (Table 1). At baseline, median duration since first non-Raynaud’s
symptom was 2.8 years. Clinical follow-up was available for 3.4 years (range 0.0-
8.4).All but one patient evaluated were ATA-IgA+ at baseline. This patient was also
low in his ATA-IgG level (24 aU/mL). At baseline, 65% (n=67/103) of patients were
ATA-IgM+. Antibody isotype levels at baseline correlated weakly (ATA-IgG and ATA-
IgM [r =0.25, p=0.01], ATA-IgG and ATA-IgA [r =0.30, p=<0.01], ATA-IgA and ATA-IgM
[r,=0.45, p=<0.01]) and were not correlated with disease duration (Supplementary
Figure 1+ 2). Correlations between baseline ATA isotype levels and skin scores are
presented in Figure 1, levels of ATA-IgG correlated with skin scores (r =0.41, p<0.01),
other isotypes did not correlate with skin scores.
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Figure 1. Correlations between baseline levels of ATA-IgG (panel A), ATA-IgM (panel B) and
ATA-1gA (panel C) and modified Rodnan Skin Score (mRSS) of patients from the Leiden Com-
bined Care in Systemic Sclerosis (CCISS) cohort (n=103). ATA-IgG levels correlate with skin
scores (rs=0.41, p<0.01). [ATA=anti-topoisomerase I].

During follow-up, 12 patients died (combined pulmonary and cardiac failure n=6,
cardiac ischemia n=1, sepsis during hematopoietic stem cell transplant work-up n=1,
gastro-intestinal ischemia n=1, influenza-related n=1, multi-organ failure during acute
myeloid leukemia treatment n=1, unclear n=1).

Loss and gain of ATA-isotype response is only frequent for ATA-IgM

Change of isotype profile over time was assessed in 75 patients as 28 patients did
not have follow-up samples available (Table 2, Supplementary Figure 3). Of these
patients, four patients showed a loss of the ATA-IgG+ response (5%); all four were
ATA-IgM- at baseline. Two of these patients were treated with IV cyclophosphamide
before baseline sampling, one was treated with HSCT before baseline sampling and
one was treated with HSCT 3 months after baseline sampling. Three of these four
patients were ATA-IgA+ at baseline and two of them also showed loss of the ATA-IgA
response. In total, there were 4 patients that lost ATA-IgA response over time (5%),
of whom one also lost the ATA-IgM response, but remained ATA-IgG+. Loss and gain
ATA-IgM response over time was more common compared to other isotypes. Thirty-
one percent (n=14/45) of patients lost and 10% (n=3/29) of ATA-IgM- patients gained
an ATA-IgM+ response when followed from baseline.
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Table 1. Baseline characteristics of all anti-topoisomerase |-lgG+ Systemic Sclerosis patients
in the study

all patients (n=103)

Demographic

female, n(%) 70 (68)
age, mean[yrs.]JxSD 53.0114.8
smoking (ever), n(%) 50 (49)

Disease duration

since onset 5.8 (2.1-13.4)
first Raynaud symptom,
median [yrs.] (IQR)

since onset 2.8 (0.8-9.3)
first non-Raynaud symptom,
median [yrs.] (IQR)

Organ involvement

dcSSc, n(%) 49 (48)
modified Rodnan Skin Score, median (IQR) 6 (2-12)
FVC, 87+27
mean [% of predicted] +SD

DLCO, 63+17
mean [% of predicted] +SD

history of renal crisis, n(%) 3(3)
digital ulcers, n(%) 14 (14)
pulmonary hypertension, n(%) 5 (5)

Previous use of immunosuppression’

HSCT, n(%) 7(7)
CYC (ever), n(%) 24 (23)
MMF (ever), n(%) 1(1)

ATA=anti-topoisomerase antibodies, CYC=cyclophosphamide, dcSSc=diffuse cutaneous
Systemic Sclerosis, DLCO=diffusing capacity of the lung, FVC=forced vital capacity,
HSCT=hematopoietic stem cell transplantation, IQR=interquartile range, MMF=mycophenolate
mofetil, SD=standard deviation, yrs.=years

*Immunosuppression= use of either HSCT, CYC or MMF
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Table 2. Changes in presence of anti-topoisomerase | isotypes in paired (first and last available
serum) samples of 75 ATA-IgG SSc patients with follow-up samples available

ATA isotype status at baseline/last follow-up

++ (n) +-(n) /=" (n) -+ (n)
ATA-IgG 71 4 ; ]
ATA-IgM 31 14 27
ATA-IgA 70 4 1

ATA=anti-topoisomerase | autoantibody
*Status of the first available serum sample/status of the last available serum sample

Disease progression is more frequent in ATA-IgG+ SSc patients positive for ATA-
IgM

To assess the association between ATA isotype profile and disease progression, we
used data of 81 patients with one-year clinical follow-up available. During the first
year starting from sampling, none of these patients received HSCT, 16 patients were
treated with cyclophosphamide and 7 received mycophenolate mofetil.

In total 23 patients showed disease progression according to predefined criteria. This
consisted of death (n=4; including combined pulmonary and cardiac failure n=3 and
, multi-organ failure during acute myeloid leukemia treatment n=1), skin progression
(n=12), lung progression (n=4), digital ulcers (n=5). None of the patients developed
clinically meaningful myocardial involvement or renal crisis. Correlations between
ATA isotype levels at baseline and one-year change in mRSS, FVC and DLCO %
predicted are shown in Supplementary Figure 4. Baseline levels of ATA-IgM and
ATA-IgA correlated with a decrease in FVC % predicted, and ATA-IgM additionally
correlated with a decrease in DLCO % predicted. Baseline levels of ATA-IgG, -IgM
and -IgA were not correlated with one-year change in mRSS.

Table 3. Baseline characteristics of ATA-lgG+ patients stratified according to one-year disease
progression

progressors non- p
(n=23) progressors
(n=58)
Demographic
female, n(%) 14 (61) 39 (67) 0.59
age, mean[yrs.]JxSD 55.3116.3 51.9+13.9 0.21
smoking (ever), n(%) 12 (52) 30 (52) 0.95
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Table 3. Baseline characteristics of ATA-IgG+ patients stratified according to one-year disease
progression (continued)

progressors non- p
(n=23) progressors
(n=58)
Disease duration
since onset first Raynaud 3.8 (1.3-8.4) 5.6 (2.1-12.9) 0.21
symptom, median [yrs.] (IQR)
since onset first non-Raynaud 1.9 (0.6-4.5) 3.5(0.7-11.4) 0.07
symptom,
median [yrs.] (IQR)
Organ involvement
dcSSc, n(%) 12 (52) 28 (48) 1.00
modified Rodnan Skin Score, 6 (2-19) 6 (3-13) 0.86
median (IQR)
FVC, mean [% of predicted] +SD  89+26 89428 0.92
DLCO, mean [% of predicted] 62118 64116 0.83
+SD
history of renal crisis, n(%) 0 (0) 2 (4) 1.00
digital ulcers, n(%) 0 (0) 5(9) 0.31
pulmonary hypertension, n(%) 2(9) 2(4) 0.59
Previous use of immunosuppression’
HSCT, n(%) 0 (0) 7 (12) 0.18
CYC (ever), n(%) 4(17) 16 (28) 0.34
MMF (ever), n(%) 1(4) 0 (0) 0.28
Use of aggressive immunosuppression’ during one-year follow-up
HSCT, n(%) 0 (0) 0 (0) -
CYC, n(%) 1(19) 5 (26) 0.52
MMF, n(%) 1(5) 6 (10) 0.67
ATA characteristics
IgG level [aU/mL], median(IQR) 813 396 <0.01
(542-1263) (115-832)
IgA positivity, n(%) 23 (100) 57 (98) 1.00
IgA level [aU/mL], median(IQR) 9898 2045 <0.01
(2743-16656) (462-5314)
IgM positivity, n(%) 21(97) 33(57) 0.04
IgM level [aU/mL], median(IQR) 1065 588 0.01
(869-3853) (223-1610)

ATA=anti-topoisomerase antibodies, CYC=cyclophosphamide, dcSSc=diffuse cutaneous
Systemic Sclerosis, DLCO=diffusing capacity of the lung, FVC=forced vital capacity,
HSCT=hematopoietic stem cell transplantation, IQR=interquartile range, MMF=mycophenolate
mofetil, SD=standard deviation, yrs.=years

* Aggressive immunosuppression= use of either HSCT, CYC or MMF.

In 22 patients, clinical follow-up data was not available; therefore, they could not be stratified
into either progressors or non-progressors.
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In total, 23 patients (28%) showed disease progression according to pre-specified criteria
during the first year. Clinical characteristics and ATA isotype profiles at baseline stratified
for disease progression are presented in Table 3. At baseline, there were no differences
in clinical characteristics between patients with and those without disease progression.
Treatment strategy was also comparable between patients with and without disease
progression. Strikingly, while the clinical characteristics were similar, ATA isotype levels
at baseline were significantly higher and ATA-IgM positivity was significantly more
frequent in patients with disease progression (91% vs 57%, p<0.01). Kaplan-Meier analysis
underlined the prognostic value of ATA-IgM positivity (Log-Rank - Mantel-Cox p=0.02,
Figure 2). Sensitivity analysis did not influence these results (Supplementary Figure 5).

Validation in other cohorts

To confirm our results, we additionally performed ATA isotype level measurements
in 90 ATA-IgG+ SSc patients (n=60 from University Hospital Zurich and n=30 from
Oslo University Hospital). Baseline characteristics of these patients are presented
in Supplementary Table 1. Cross-sectional analysis confirmed the correlation
between ATA-IgG levels and skin scores at baseline (r.=0.37 p=<0.01). Additionally,
in this sample set a correlation between ATA-IgG and respectively FVC (r =-0.30
p=<0.01) and DLCO (r.=-0.24 p=0.03) was found. Clinical follow-up at one year was
available in 63 patients of the validation samples. During this year, 5 patients died,
skin progression was observed in 6, lung progression in 7, incident renal crisis
developed in 1 and digital ulcers developed in 5 patients. In total, 24 patients from
the validation sample set experienced disease progression. Again, there were no
clinical differences between disease progressors and non-progressors at baseline,
but disease progressors more often expressed ATA-IgM (96%, vs. 71%, p=0.04)
(Supplementary Table 1). Thus, these data confirm that ATA-IgG+ SSc patients that
are also positive for ATA-IgM, have a higher risk for disease progression as compared
to ATA-IgG+ patients not positive for ATA-IgM.
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Figure 2. Disease progression over in time in ATA-IgM positive and negative SSc patients
from the Leiden Combined Care in Systemic Sclerosis (CCISS) cohort with at least one year
follow-up available (n=81). Disease progression occurs more often in ATA-IgM positive patients
(Log-Rank - Mantel-Cox p=0.02). [ATA=anti-topoisomerase I].

Discussion

This study shows that ATA-IgG+ SSc patients, additionally positive for ATA-IgM,
more often experience disease progression compared to ATA-IgG+, ATA-IgM-
patients. Importantly, progressors could not be identified based on baseline clinical
parameters. In addition, we show that ATA-IgG+ patients are almost always ATA-
IgA+. Alteration from a positive to negative response (or vice versa) for ATA-IgG and
ATA-IgA isotypes is relatively rare, while loss and gain of the ATA-IgM response
occurs frequently. Over one-third of patients ATA-IgM+ at baseline, becomes ATA-
IgM- during follow up.

Our observations of high levels of ATA-IgA, and only part of ATA-IgG+ patients
harboring ATA-IgM+, are consistent with previous findings from the early 1990’s
(32, 33). The sustained ATA-IgG response found in SSc patients, with little or no
fluctuations with disease activity and not sero-reverting (in some cases even after
high dose cyclophosphamide treatment in the context of hematopoietic stem cell
transplantation), points to the notion that this response is long-lived and that its
generation depends on T cell help. Hence, it is conceivable that long-lived plasma
cells secreting ATA-IgG without the need for antigenic triggering may be responsible
for a large fraction of the ATA-1gG levels measured in serum. However, we consider
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it possible that there is also a short-lived, more dynamic part of the ATA-response,
triggered due to the continuous presence of autoantigens and potentially, additional/
external (yet unknown) triggers such as TLR-ligands. Such triggers would be able
to recruit naive B cells from the repertoire and explain why IgM-secreting plasma
cells arise that, due to their short life span (i.e., the lack of a long-lived memory
compartment) and the short half-life of IgM, more closely reflect disease-relevant
processes, with possible clinical consequences in the near future.

ATA-1gG levels have previously been described to be correlated with skin scores
(11-13). A study of Kuwana et al. in 28 SSc patients reported that 21% of ATA-IgG+
patients lost their ATA-IgG response over time, which was associated with a favorable
disease course (14). Notably, although non-significant, none of these patients were
ATA-IgM+ at baseline, while one-third of patients that persisted to be ATA-IgG also
were ATA-IgM+ at baseline. In our cohort, loss of ATA-IgG response over time was less
common (5%). This discrepancy between the study of Kuwana et al. and ours might
be explained by methodological differences. Kuwana et al. used a cut-off of 3 times
the standard deviation of samples of healthy controls for their ELISA assays (34). We
used a cut-off for ATA-IgG as pre-specified by the manufacturer and used in clinical
routine, which corresponds to the mean plus 8 standard deviations (data not shown).
Consequently, Kuwana et al. might have included patients with already lower ATA-IgG
levels at baseline. In addition, in another study including 21 patients, decreasing levels
were accompanied by skin showing atrophic changes, while increasing levels were
associated with new onset or worsening of organ involvement. Thus, our work and that
from others show that the ATA-response is related to disease course. Nonetheless, the
frequency of ATA-IgM+ in patients not experiencing disease progression implicates
that ATA-IgM status solely is not sufficient to function as a biomarker in every day
clinical practice, but might be of additional help for clinical trial enrichment. As disease
progression is highly unlikely in patients negative for ATA-IgM (<10%), ATA-IgM status
might be of help to decide to refrain from aggressive treatment like HSCT.

Our hypothesis that ATA or its underlying immune response is (at least partly)
responsible for clinical heterogeneity, might not seem to rhyme with the heterogeneity
observed among patients who are all ATA-IgG+ and ATA-IgM+ from the first
measurement onwards. A pathophysiologic explanation of the clinical heterogeneity
within ATA-1IgG+, ATA-IgM+ SSc might be found in the presence of additional triggers
for ATA or its underlying immune response to become pathogenic. For example, it
has been speculated that ATA triggers adhesion and activation of monocytes by
binding to DNA-topoisomerase | expressed on fibroblasts. This potentially could lead
to amplification of the fibrogenetic cascade (35-37). In line with this, it is tempting to
speculate that the presence of ATA may only be pathogenic in case there is insufficient
clearance of apoptotic bodies of endothelial cells containing DNA-topoisomerase
I. Consequently, the production of ATA-IgG might be an ongoing process in all
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ATA+ patients, however if not accompanied by the presence of extracellular DNA-
topoisomerase |, the ability of ATA to trigger fibrosis is lost. Clinically, this might
result in different ATA+ subsets of patients depending on the level of endothelial
cell apoptosis. This could also fit with the observation that more severe capillary loss
is associated with more severe organ involvement independent of auto-antibody
subtype (38). Alternatively, other characteristics of ATA or its underlying immune
response, such as epitope recognition patterns, the extent of T-cell and/or B-cell
activation or interaction with cytokines could be important for pathogenicity.

This study has some limitations to be considered. As we only included patients positive
for ATA-IgG at baseline, we cannot exclude that there might be patients positive for ATA-
IgM and/or ATA-IgA solely. However, based on our sensitivity analysis, we conclude that
in SSc patients continuous expression of ATA-IgM without switching to ATA-IgG does
hardly occur. Also, as data were derived from a cohort study, treatment was uncontrolled.
However, significant treatment differences between disease progressors and non-
progressors were not observed. In addition, because of the exploratory character
of the study, we deliberately did not correct for multiple testing as this would lead to
increased chances of false negative findings (39), which cannot be easily justified in an
explorative study. Instead, we validated our main findings in an independent cohort.
Finally, we used a composite of several individually validated scores for different organs
to define overall disease progression, including all-cause mortality. We acknowledge that
a precise determination of cause of death is often difficult, leading to weak data quality.
To address this, recorded causes of death are described in the results section. Using a
composite end point for disease progression is common in SSc studies (40, 41), as the
heterogeneous nature of the disease with multiple organs involved implicates the use
of composite indices. Availability of a validated composite for disease progression could
have substantiated our findings. However, although it lacks validation, our composite has
face validity and most importantly, as our data have been validated in an independent
second cohort, our analyses is robust.

In conclusion, our results indicate that the ATA immune response is relevant for the
disease course of SSc. Further research of the ATA response by characterization of
specific epitopes and other antibody characteristics such as Fc-glycosylation are
relevant for understanding of the disease pathogenesis. Most important, our data
indicate that expression of an ATA-IgM response associates with an unfavorable
disease course, a finding that we validated in other cohorts. Whether IgM positivity
of other SSc specific auto-antibodies is of equal importance in explaining disease
course remains to be evaluated.

Supporting information
Supplementary data is available at the website of Arthritis & Rheumatology or can
be obtained by contacting the first author
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Chapter 8

In this thesis the role of anti-nuclear auto-antibodies to function as biomarkers in
Systemic Sclerosis (SSc) has been evaluated. Respectively, the heterogeneity of
the disease, the need for biomarkers and the role for auto-antibodies as such, with
specific attention for anti-topoisomerase have been outlined in this thesis.

SSc, is a complex heterogeneous connective-tissue disease that can have a mild
disease course, but can also be life-threatening (1). A general introduction on SSc,
with discussion of its epidemiologic characters, history, discussion on pathogenesis,
diagnosis and classification and treatment is given in Chapter 1. In this chapter also
a brief introduction on the Leiden Comprehensive Care Pathway and de Combined
Care In Systemic Sclerosis (CCISS) cohort are given, which has been the basis for all
research performed within this thesis.

The need for biomarker research

Risk-stratification in SSc is difficult. Exemplary is the disease course of the placebo
group in the RITuximab in Systemic sclerosis trial (RITIS-trial) in Chapter 2. The trial
aimed inclusion of patients at high risk for deterioration, however, was not able to
select cases with significant deterioration.

The RITIS trial was a study in which 16 early SSc patients (time of diagnosis <2 years
prior to inclusion) were randomized 1:1to treatment with rituximab (an anti-CD20 B-cell
depleting agent) or placebo. As in new-born tight skin mice anti-CD20 treatment
development of fibrosis was prevented, while in adult tight-skin mice with already
established disease there was no effect of treatment (1), rituximab was hypothesized
to terminate the disease process and to have a beneficial effect only in early disease
stages. Unfortunately, the trial observed no significant effects. This however does
not exclude that some patients may have had a beneficial effect of the treatment
with rituximab. Because of the rarity of the disease, performing large scale trials are
difficult. In order to study treatment effect in a group as small as possible, selection
of patients in which the greatest effects are likely to be observed is required. For a
treatment agent that was hypothetically able to stop the disease process and not
able to heal, an appropriate selection of patients would imply deterioration in the
placebo group. However, as shown from the disease course of the placebo group
in the RITIS trial, in which skin scores, lung function and daily functioning were all
rather stable, such selection is challenging.

The RITIS trial is not the only trial in SSc that suffers from poor patient selection
because of inability to predict patients with progressive disease. For example, the
first Scleroderma Lung Study (2) and the Focussced trial (3) showed a relative stable
disease course for placebo treated patients. As shown by Table 1from Chapter 1, SSc-
specific auto-antibodies are associated with specific disease features in SSc. Based
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on these findings from cross-sectional research, various authors have suggested
that auto-antibodies can be used to predict disease course of SSc patients (4-6). The
RITIS trial, the SLS | study and also the Focussced did not employ auto-antibodies
for patient selection in their inclusion criteria. In our thesis we tried to answer if
employment of auto-antibodies for inclusion criteria in such studies should be
performed.

Auto-antibodies as biomarkers in Systemic Sclerosis

In Chapter 3 we evaluated the attributive value of that auto-antibodies in survival
prognostication. For this goal we performed a statistical analysis (hierarchical
clustering in combination with principal component analysis), in which we let the
computer make subgroups of patients based on respectively clinical and demographic
characteristics only and subsequently performed the same analysis, only with
additional use of auto-antibody status to simulate risk-stratification. Comparing risk-
stratification with and without knowledge of auto-antibodies showed that correct
prediction of survival within five years increased when the antibody subtypes were
included in the model. However, also the number needed to screen increased with
27%, while correct identification of high-risk individuals increased with 13%. This
illustrates that although auto-antibodies may associate with survival, its contribution
to clinical prognostication when it comes to survival is limited.

Some auto-antibodies in SSc have been described to associate with concurrent
malignancies. This is especially the case for RNA polymerase lll (RNAplIIl) (7-9).
Therefore, In current disease management, when a patients is newly diagnosed with
RNApIll+ SSc, a malignancy screening is performed. For other auto-antibodies their
relationship with coincident malignancies is less clear. Bernal-Bello et al. suggested
that Pm/Scl antibodies in SSc could also be related to an increased malignancy risk.
In Chapter 4 we show that we could not confirm this finding in the CCISS cohort.
Pathophysiologically, the relationship between SSc and cancer might be based on
epitope spreading of an immune reaction that was primarily targeted at a transformed
oncogene auto-antigen. However, presence of continuous inflammation might also
create a situation in which DNA damage more easily emerges with development of
cancer as a consequence.

In conclusion, these studies confirm that auto-antibody status only cannot function
as an appropriate biomarker in SSc. The urge for a biomarker however is present,
not only to select the right patients for clinical trial participation, but also to be able
to identify the right patients to monitor more or less closely. Most of these patient
will have an anti-topoisomerase | auto-antibody. However as discussed below, within
this group further stratification is needed.
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Anti-topoisomerase | positive systemic sclerosis

We explored the heterogeneity of ATA positive SSc in Chapter 5. We showed that as
expected, ATA+ patients in the CCISS cohort more often develop severe pulmonary
fibrosis and diffuse skin thickening. Interestingly, when analysed from the time of
inclusion in our cohort, in contrast to what one might expect, there was no difference
between ATA+ and ACA+ patients in the amount of — and time to disease progression
and survival. We were not the first to notice this, also Steen et al. already in 1988 had
noticed that when analysed from disease onset, there is a clear difference in survival
between ATA+ and ACA+ patients, while survival between ATA+ and ACA+ is similar
when assessed from their initial visit to a specialized SSC clinic (10). Although this
was recognized in 1988, with the coming of the ACR/EULAR 2013 SSc classification
criteria from which is thought to enable diagnosis of patients in an earlier stage (11,
12), we expected that the current clinical practice would be more in line with the
analysis from disease onset in 1988. Our analysis revealed that this was however not
the case. It seems that the ACR/EULAR 2013 SSc criteria mainly enable diagnosis of
mild and not early disease. This became even more clear, by the observation that of
all ATA+ patients with longitudinal follow-up ranging up to 8 years, a third of patients
never developed fibrotic complications. Additionally, ATA+ patients with normal lung
function test at first screening were unlikely to deteriorate to severe lung disease
during follow-up. The heterogeneity of ATA+ SSc is as such clearly demonstrated,
with a large deal of ATA+ disease under the 2013 criteria being mild.

In SSc, it is remarkable that while the disease is far more prevalent in women,
male patients more frequently harbor ATA. We therefore evaluated the prognostic
implications of ATA+ and ACA+ separately in men and women in Chapter 6. Herein
we found that sex is not only associated with the auto-antibody subtype, but is also
an independent contributor to disease severity in SSc. Males have increased chances
for development of diffuse cutaneous involvement, pulmonary hypertension and
disease related mortality. Intensified screening therefore seems adequate in all male
SSc patients, independent of auto-antibody status.

In an attempt to recognize when to be alarmed in ATA+ SSc, we investigated whether
knowledge of isotypes could be of help to identify patients likely to deteriorate in
Chapter 7. IgM is an isotype, known to occur in active phases of many diseases.
Our finding that ATA-IgM is associated with disease progression, for us therefore
confirmed that knowledge of isotype status of specific ANA in SSc might function
as additional biomarker. Presence of ATA IgM likely reflects ongoing presentation
of disease relevant autoantigens with recruitment of short-lived naive B cells. But as
also part of ATA-IgM+ SSc patients do not deteriorate, there is an ongoing research to
factors that lay behind being ATA-IgM+ and that do explain why some patients have
stable disease, while others develop these life-threatening complications.
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Future perspectives on research in Systemic Sclerosis

Our lack of understanding the disease mechanisms in SSc, hampers the development
of successful therapies and cost-effective screening programs. In my opinion, future
research therefore should focus on increased understanding of the disease and
elucidation of the exact mechanisms that lead to the heterogeneous clinical picture
of SSc.

One possibility in to gain better understanding of disease pathophysiology could
be the study of patients in clinical remission. As discussed in Chapter 1 three major
contributors in disease pathogenesis of SSc exist: microangiopathy (13, 14), fibrosis
(15-18) and immunological changes (19-21). Studying the changes in these three
compartments after HSCT might be key to understanding disease mechanisms in
SSc.

Another strategy that could provide us with increased understanding of SSc are
the clinical trials that are conducted world-wide. Multicenter research, including
many patients, do not suffer from insufficient power. Knowledge of the drug-target
of the ligand that is tested in a trial with beneficial effect could shine light on disease
etiology and equips the treating rheumatologist with strategies in a disease where
until know physicians are more or less powerless. For an academic center like the
Leiden University Medical Center, being able to participate in trials like the FASST
(lanifibranor)(22), and RESOLVE (lenabasum)(23) is therefore priceless.

Biomarkers in Systemic Sclerosis: Are auto-antibodies our guid-
ing stars?

In conclusion, auto-antibody status alone does not provide us with sufficient
information to perform risk-stratification in such a way that we can either select the
right patients for clinical trials, construct a tailor-made screening program for patients
or decide whether and which therapy to start. Still, there are many stumbling blocks
ahead in achieving these goals. Nevertheless, we do know that auto-antibodies are
clearly associated with the phenotype of the disease. Therefore auto-antibodies
might function as one of the guiding stars in SSc follow-up and treatment. However,
we are still searching for the total picture in help of navigating. Let’s hope, that
unlike at the time of Klee (the painter of the work on the cover of this thesis, which
represents his work “This star teaches bending” — 1940), in the near future we will
no longer have to bend for the star of SSc, but find stars that help us navigate
safely through the sometimes calm and peaceful, but possibly also dangerous and
unpredictable sea, which the disease course of SSc still is.
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Chapter 9

In dit proefschrift wordt de potentie van anti-nucleaire antilichamen om te functioneren
als biomarker geévalueerd. Inhoudelijk worden in dit proefschrift de heterogeniteit
Systemische Sclerose (SSc), de behoefte aan biomarkers en de mogelijkheid van
auto-antilichamen om als biomarker te functioneren, beschreven.

Systemische sclerose (SSc) is een complexe heterogene bindweefselziekte
die een mild ziekteverloop kan hebben, maar ook levensbedreigend kan zijn (1).
In de introductie wordt een ziektebeschrijving gegeven en wordt ingegaan op
haar epidemiologie, historie, pathogenese, diagnosestelling en classificatie en
behandelopties (hoofdstuk 1). In dit hoofdstuk wordt ook een korte toelichting
gegeven over het Leiden Comprehensive Care Pathway en het Combined Care in
Systemic Sclerosis (CCISS) cohort, welke de basis is geweest voor al het onderzoek
dat in dit proefschrift beschreven is.

De behoefte aan een biomarker

Risicostratificatie in SSc is moeilijk. Dit blijkt wel uit het ziektebeloop van de
placebogroep in de RITuximab in Systemische sclerose studie (RITIS-studie) in
Hoofdstuk 2. Deze studie was gericht op inclusie van patiénten met progressieve
ziekte, maar bleek niet in staat die patiénten te selecteren.

De RITIS-studie was een studie waarin 16 SSc-patiénten met vroege ziekte (tijd
sinds diagnose <2 jaar voorafgaand aan inclusie) 1:1 werden gerandomiseerd naar
behandeling met rituximab (anti-CD20; B-celdepletie) of placebo. Aangezien bij
pasgeboren muizen met een strakke huid anti-CD20 behandeling de ontwikkeling
van fibrose werd voorkomen, terwijl bij volwassen muizen met een reeds strakke
huid en verder gevorderde ziekte er geen effect van de behandeling was (1),
werd verondersteld dat rituximab alleen een gunstig effect zou hebben in vroege
ziektestadia. Helaas werden in de studie geen significante effecten waargenomen. Dit
sluit echter niet uit dat sommige patiénten een gunstig effect hebben gehad van de
behandeling met rituximab: Vanwege de zeldzaamheid van de ziekte is het moeilijk
om grootschalige onderzoeken uit te voeren. Om het behandeleffect in een zo klein
mogelijke groep te bestuderen, is selectie van een specifieke groep patiénten vereist
waarin de effecten meest waarschijnlijk kunnen worden waargenomen. Voor een
behandeling waarbij hypothetisch het ziekteproces gestopt wordt door de therapie
en geen verbetering wordt verwacht, zou de selectie patiénten met progressieve
ziekte nodig zijn. Echter, zoals blijkt uit het ziekteverloop van de placebogroep in de
RITIS-studie, waarin huidscores, longfunctie en dagelijks functioneren stabiel waren,
is een dergelijke selectie in SSc een uitdaging.
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De RITIS-studie is niet de enige studie in SSc waarbij inclusiecriteria niet accuraat
genoeg bleken om patiénten met progressieve ziekte te identificeren. Andere
voorbeelden zijn de SLS | studie (2) en de Focussced-studie (3), die ook een relatief
stabiel ziektebeloop laten zien in de placebogroepen. In hoofdstuk 1, tabel 1 wordt
beschreven dat SSc-specifieke auto-antilichamen geassocieerd zijn met specifieke
ziektekenmerken in SSc. Op basis van deze bevindingen uit cross-sectioneel
onderzoek hebben verschillende auteurs gesuggereerd dat auto-antilichamen kunnen
worden gebruikt om het ziektebeloop van SSc-patiénten te voorspellen (4-6). De RITIS-
studie, de SLS I-studie en ook de Focussced gebruikten echter deze auto-antilichamen
niet voor de selectie van patiénten in hun inclusiecriteria. In ons proefschrift hebben
we daarom geprobeerd te beantwoorden of het gebruik van auto-antilichamen voor
de inclusiecriteria in dergelijke onderzoeken, het onderzoeksveld zou verbeteren.

Auto-antilichamen als biomarkers bij systemische sclerose

In Hoofdstuk 3 evalueerden we de toegevoegde waarde van die auto-antilichamen
voor de predictie van overleving. Hiervoor hebben we een statistische
analyse uitgevoerd (hiérarchische clustering in combinatie met principale
componentenanalyse), waarbij we de computer subgroepen van patiénten lieten
maken op basis van respectievelijk klinische en demografische kenmerken en
vervolgens dezelfde analyse uitvoerden, alleen met aanvullend gebruik van auto-
antilichaamstatus. Het vergelijken van risicostratificatie met en zonder kennis van
auto-antilichamen toonde aan dat het aandeel juiste voorspellingen van overleving
binnen vijf jaar toenam wanneer de antilichaamsubtypes in het model werden
opgenomen. Echter voor een toename van 13% in het identificeren van hoogrisico
patiénten, nam het aantal te screenen patiénten toe met 27%. Dit illustreert dat
hoewel auto-antilichamen geassocieerd kunnen worden met overleving, de bijdrage
aan klinische prognose als het gaat om overleving beperkt is.

Van sommige SSc auto-antilichamen is beschreven dat ze geassocieerd zijn met
maligniteiten. Dit is met name het geval voor RNA-polymerase Il (RNApIII) (7-9)). Daarom
wordt in de huidige klinische praktijk, wanneer een patiént nieuw gediagnosticeerd
wordt met RNAplll+ SSc, een maligniteitsscreening uitgevoerd. Voor andere auto-
antilichamen is hun relatie met maligniteiten minder duidelijk. Bernal Bello et al.
suggereerde dat Pm/Scl-antilichamen in SSc ook verband kunnen houden met een
verhoogd maligniteitsrisico. In Hoofdstuk 4 laten we zien dat we deze bevinding niet
konden bevestigen in het CCISS-cohort. Pathofysiologisch zou de relatie tussen SSc en
kanker gebaseerd kunnen zijn op epitoop spreiding van een immuunreactie die primair
gericht was op een getransformeerd oncogeen auto-antigeen. De aanwezigheid
van continue ontsteking kan echter ook een situatie creéren waarin DNA-schade
gemakkelijker ontstaat met de ontwikkeling van kanker als gevolg.
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Concluderend bevestigen deze onderzoeken dat auto-antilichaamstatus alleen niet
kan functioneren als een geschikte biomarker in SSc. De behoefte aan een biomarker
is echter aanwezig, niet alleen om de juiste patiénten te selecteren voor deelname
aan klinische studies, maar ook om te kunnen beslissen hoe nauwlettend de klinische
follow-up moet zijn voor patiénten in de praktijk. De meeste onduidelijk is er bij
patiénten met een anti-topoisomerase | auto-antilichaam. Daarom wordt voor deze
groep hieronder de heterogeniteit nog verder uitgewerkt.

Anti-topoisomerase | positieve systemische sclerose

In hoofdstuk 5 hebben we de heterogeniteit van ATA-positieve SSc onderzocht.
We hebben laten zien dat, zoals verwacht, ATA+-patiénten in het CCISS-cohort
vaker ernstige longfibrose en diffuse huidverdikking ontwikkelen. Interessant is
dat wanneer geanalyseerd wordt vanaf het tijdstip van inclusie in ons cohort, in
tegenstelling tot wat men zou verwachten, er geen verschil was in ziekteprogressie
en overleving tussen ATA+ en ACA+ patiénten. Ook Steen et al. hadden al in 1988
opgemerkt dat er bij analyse vanaf het begin van de ziekte een duidelijk verschil
in overleving is tussen ATA+ en ACA+ patiénten, terwijl de overleving tussen ATA+
en ACA+ vergelijkbaar is vanaf hun eerste bezoek aan een gespecialiseerde SSC-
kliniek (10). Met de komst van de ACR/EULAR 2013 SSc-classificatiecriteria, waarvan
wordt aangenomen dat ze de diagnose van patiénten in een eerder stadium mogelijk
maken (11, 12), hadden wij echter verwacht dat de huidige klinische praktijk meer in
lijn zou zijn met een analyse vanaf ziekteaanvang en dus meer ziekteprogressie voor
ATA+ patiénten. Uit onze analyse bleek dat dit echter niet het geval was. Het lijkt
er daarmee op dat de ACR/EULAR 2013 SSc-criteria voornamelijk de diagnose van
milde ziekte en niet vroege ziekte mogelijk maken. Dit werd nog eens benadrukt door
het gegeven dat van alle ATA+ patiénten met een longitudinale follow-up tot 8 jaar,
een derde van de patiénten nooit fibrotische complicaties ontwikkelden. Bovendien
bleek het onwaarschijnlijk dat ATA+-patiénten met een normale longfunctietest bij de
eerste screening, tijdens de follow-up zouden verslechteren tot ernstige longziekte.
De heterogeniteit van ATA+ SSc is als zodanig duidelijk aangetoond, waarbij een
groot deel van de ATA+-ziekte mild blijkt.

Bij SSc is het opmerkelijk dat hoewel de ziekte veel vaker voorkomt bij vrouwen,
mannelijke patiénten vaker ATA hebben. Daarom evalueerden we de prognostische
waarde van ATA+ en ACA+ afzonderlijk voor mannen en vrouwen in Hoofdstuk
6. Hierin vonden we dat geslacht niet alleen geassocieerd is met het auto-
antilichaamsubtype, maar ook een onafhankelijke bijdrage levert aan de ernst van
de ziekte bij SSc. Mannen hebben een grotere kans op de ontwikkeling van diffuse
huidaandoeningen, pulmonale hypertensie en ziekte gerelateerde mortaliteit.
Geintensiveerde screening lijkt daarom voldoende bij alle mannelijke SSc-patiénten,
onafhankelijk van de auto-antilichaamstatus.
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In een poging tot betere risicostratificatie te komen bij ATA+ SSc, hebben we in
Hoofdstuk 7 onderzocht of kennis van ATA isotypes kan helpen bij het identificeren
van patiénten met progressieve ziekte. IgM is een isotype, waarvan bekend
is dat het voorkomt in actieve fasen van veel ziekten. Onze bevinding dat ATA-
IgM geassocieerd is met ziekteprogressie, bevestigde voor ons daarom dat
kennis van de isotypestatus van specifieke ANA in SSc zou kunnen fungeren als
aanvullende biomarker. De aanwezigheid van ATA IgM weerspiegelt waarschijnlijk
de aanhoudende presentatie van voor de ziekte relevante auto-antigenen met
rekrutering van kortlevende naieve B-cellen. Maar aangezien ook een deel van de
ATA-IlgM+ SSc-patiénten niet achteruitgaat, is er een doorlopend onderzoek nodig
naar de factoren die ten grondslag liggen aan het ontstaan van ATA-IgM+ en die
verklaren waarom sommige patiénten een stabiele ziekte hebben, terwijl anderen
deze levensbedreigende complicaties ontwikkelen.

Toekomstperspectieven op onderzoek naar systemische sclerose

Ons gebrek aan begrip van de pathofysiologie achter SSc, belemmert de ontwikkeling
van succesvolle therapieén en kosteneffectieve screeningprogramma’s. Naar mijn
mening zou toekomstig onderzoek zich daarom moeten richten op meer begrip van
exacte mechanismen die leiden tot het krijgen van de ziekte en het heterogene
klinische beeld van SSc.

Een mogelijkheid om tot meer inzicht te komen, zou het bestuderen van patiénten in
klinische remissie kunnen zijn. Zoals besproken in Hoofdstuk 1 zijn er drie belangrijke
bijdragen aan de pathogenese van SSc: microangiopathie (13, 14), fibrose (15-18) en
immunologische veranderingen (19-21). Het bestuderen van de veranderingen in
deze drie compartimenten bij patiénten in klinische remissie zou wel eens de sleutel
kunnen zijn tot meer inzicht in de pathofysiologie van SSc.

Een andere strategie die ons meer begrip van de onderliggende ziektemechanismen
in SSc zou kunnen geven, zijn de klinische onderzoeken die wereldwijd worden
uitgevoerd. Multicenter onderzoek, met inclusie van veel patiénten, heeft minder snel
last van onvoldoende power. Kennis van het targets van het liganden die in klinische
studies een gunstig effect laten zien, zouden wel eens een ander licht kunnen werpen
op de etiologie van de ziekte. Hopelijk leiden dergelijke studies ook tot meer ‘tools’
voor de behandelende reumatoloog, die toch noch toe min of meer machteloos is.
Voor een academisch centrum als het Leids Universitair Medisch Centrum is het
daarom van onschatbare waarde om deel te kunnen nemen aan onderzoeken zoals
de FASST (lanifibranor) (22) en RESOLVE (lenabasum) (23).
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Biomarkers bij systemische sclerose: zijn auto-antilichamen de
sterren die ons de weg wijzen?

Concluderend kan worden gesteld dat auto-antilichaam status alleen ons niet
voldoende informatie geeft om risicostratificatie op een zodanige manier uit te voeren
dat we de juiste patiénten voor klinische onderzoeken kunnen selecteren, danwel een
op maat gemaakt screeningprogramma voor patiénten kunnen opstellen of kunnen
beslissen of en welke therapie er bij een patiént gestart zou moeten worden. Er zijn
nog veel struikelblokken om deze doelen wel te bereiken. Desalniettemin weten we
dat auto-antilichamen geassocieerd zijn met het fenotype van de ziekte. Daarom
zouden auto-antilichamen kunnen fungeren als één van de leidende sterren in de
follow-up en behandeling van SSc. We zijn echter nog op zoek naar het totaalplaatje
ter ondersteuning van het navigeren. Laten we hopen dat, in tegenstelling tot ten tijde
van Klee (de schilder van het werk op de omslag van dit proefschrift, dat zijn werk
“Deze ster leert buigen” - 1940), we over enige tijd niet langer hoeven te buigen voor
de ster van SSc, maar ook andere sterren vinden die ons helpen veilig te navigeren
door de soms kalme en vredige, maar soms ook gevaarlijke en onvoorspelbare zee,
wat het ziekteverloop van SSc nog steeds is.
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