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ABBREVIATIONS

ACA — anticentromere antibody

anti-topo | - anti-DNA-topoisomerase-| antibody

APRIL - A Proliferation-inducing ligand

AT1R - angiotensin Il type 1 receptor

BAFF - B-cell activation factor

BMI - body mass index

CAD- coronary artery disease

CATPCA- categorical principal component analysis

CFR - coronary flow reserve

CK - creatine kinase

CRP - C-reactive protein

CTGF - connective tissue growth factor

CTX-1 - crosslinked collagen | carboxiterminal {géptide
DASH - Disabilities of Arm, Shoulder and Hand queshaire
dcSSc - diffuse cutaneous systemic sclerosis

DLCO - carbon monoxide diffusion capacity

DRG - Disease Related Groups

DSS - Disease Severity Scale

ELISA — Enzyme-linked immunoassay

EScSG activity index - European Scleroderma Stuahu activity index
ESR- erythrocyte sedimentation rate

ET — endothelin

ETAR - endothelin-1 type A receptor

EUSTAR - European League Against Rheumatism Soberod Trials And Research
FFR — fractional flow reserve

FVC - forced vital capacity

FVC/DLCO - ratio of forced vital capacity and carbmonoxide diffusion capacity
GP - general practitioner

HAI - hand anatomic index

HAQ-DI - Health Assessment Questionnaire Disabiliyex
HRCT - high resolution computed tomography

ICAM-1 - inter-cellular adhesion molecule 1

KL-6 - Kerbs von Lungren 6 antigen

IcSSc — limited cutaneous systemic sclerosis



LDH - lactate dehydrogenase

LVEF - left ventricular ejection fraction

MOA - maximal oral aperture

mPAP — mean pulmonary pressure

MRSS - modified Rodnan skin score

MVD — microvascular disease

PAH - pulmonary arterial hypertension verified logyht heart catheterisation
PDGF - platelet-derived growth factor

PIIINP - procollagen type Il N terminal propeptide
PINP - procollagen type | N terminal propeptide
PRP - primary Raynaud’s phenomenon

PsA — psoriatic arthritis

RA - rheumatoid arthritis

RHC- right heart catheterisation

RIA — Radioimmunoassay

RP — Raynaud’s phenomenon

sCD40L - soluble CD40 ligand

S-HAQ - Scleroderma Health Assessment QuestionBasability Index
SE-selectin - soluble E-selectin

SP-D - surfactant protein D

sPSGL-1 - soluble P-selectin glycoprotein ligand-1
SSc - systemic sclerosis

TGF - transforming growth factds-

VAS- visual analogue scale

VCAM-1 - vascular cell adhesion molecule-1
VEGF - vascular endothelial growth factor

VWEF - von Willebrand factor



INTRODUCTION

Systemic sclerosis (systemic scleroderma, SSc)cisnaective tissue disease with complex
pathomechanism. Compared to the other rheumatieasks, the prognosis of SSc is
unfavorable. The clinical manifestations are veeyehogeneous because of the simultaneous
presence of vascular involvement, fibrosis of défé internal organs and skin and activation
of the immune system. The severity and course s&déatie can differ substantially among
patients.

There is an unmet need to measure properly thashsactivity in SSc because the currently
available instruments have their limitations. TheepBrtment of Rheumatology and
Immunology, University of Pécs, Hungary has a ltnaglition in the treatment and follow-up
of patients with scleroderma, treating approximatg80 patients with SSc. Taking into
consideration the relatively high number of sclemada patients attending our Department,
longitudinal studies regarding disease activityesiy and survival are worthwhile to be
carried out. Measures of disease activity in S®&maeded for multiple uses. In observational
studies, they could be used to describe and congbadg populations and identify potentially
reversible aspects of disease. As research intotreatments for SSc is rapidly advancing,
they could be used to determine eligibility anchaseasure of outcome in upcoming clinical
trials. Finally, in daily clinical practice it isetessary to assess disease activity in order to
decide whether the actual treatment is effectiveree should switch to a more aggressive
therapy. Also the assessments of biomarkers musiran large cohorts of patients with
available fine clinical phenotyping and ideally ikongitudinal data focusing on selected
outcomes.

Although in recent years, a significant progress baen achieved in the development and
validation of instruments used in the assessmenhefdisease, at this moment there is no
unanimously accepted set of criteria in the assessmof disease activity. Because of the
complexity and heterogeneity of the disease abieliaomposite index should be developed,
which reflects the variety of organ involvementad greferably also contains information
obtained from the patients.

The aim of our research team was to study theigctiv systemic sclerosis in a prospective
follow-up study, and to identify possible new maskevhich could reflect disease activity. In
collaboration with other institutes we also carrieat further investigations on the socio-
economic impact of disease activity and severitgyistemic sclerosis, and characterisation of
cardiopulmonary vasculopathy in systemic sclerosisleading cause of morbidity and

mortality.



BACKGROUND

ETIOLOGY OF SYSTEMIC SCLEROSIS

With respect to the etiology of systemic sclerosig, definite initiating mechanisms are not
fully understood and remain controversial. Infestaused stimuli, e.g., cytomegalovirus [1],
or Epstein—Barr virus [2], as well as other envinemtal factors [3] such as exposure to silica
[4] or to organic solvents [5, 6], but also genatypmodalities comprising certain
susceptibility constellations [3, 5, 7-9] have bekstussed to contribute to the development
of SSc.

PATHOGENESIS OF SYSTEMIC SCLEROSIS

The major characteristic pathogenic features of &&c dysfunction of the vasculature,
activation of fibroblasts and other resident caisvell as dysregulation of both the innate and
adaptive immune system (Figure 1).

Vascular disarrangement

Vascular alterations as potentially very early @seim SSc are believed to be a major
pathogenic hallmark of the disease, albeit it $tds to be clarified if it is the dominant
primary one. Endothelial cell injury in microvessaind in small and medium arteries might
be triggered by vasculotropic viruses, inflammatoyyokines, granzymes, endothelial cell-
specific autoantibodies or elevated levels of ligacbxygen species due to oxidative stress
[10]. Vascular injury leads to structural changagpearance of megacapillaries, afterwards
loss of capillaries (well demonstrated with naifalapillaroscopy [11]), remodelling of the
vessel wall with intimal and median layers hypes@aand adventitial fibrosis resulting in
progressive luminal narrowing and eventually oddos This proliferative intimal
vasculopathy is mediated by molecules that regutaly cell apoptosis, proliferation and
vasoconstriction including an increase productidn eadothelin (ET), a reduction of
prostacyclin release and a reduced productiontatrxide synthase. Moreover, there is an
overexpression of adhesion molecules (E-selectiseléctin, VCAM-1, ICAM-1) [12]. The
loss of capillaries in SSc is not compensated lmraof defective angiogenesis and
vasculogenesis [13, 14].

The earliest manifestation of the vascular involeaimis the Raynaud’s phenomenon (RP).
RP is essentially due to an excessive vasospashgitdl arteries, precapillary arterioles and
cutaneous arteriovenous shunts, usually in respoonsad exposure or other stimuli resulting
in impaired oxygenation of the distal extremitids.long as primary Raynaud’s phenomenon
(PRP) consists of reversible vasospasm withoutwasénjury and further complications,

secondary RP has a more severe course. It istedt@imary by endothelial cell injury and in
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SSc it is frequently associated with developmentddjital ulcers and necrosis. The
dysfunction of the autonomic nervous system leatbngbnormal control of the vascular tone
has also been described in SSc [15]. Digital uleeesa frequent complication in SSc patients,
which are persistent, difficult to heal and extrgm@ainful, can cause tissue loss,
autoamputation and impaired hand function, and same may lead eventually to
osteomyelitis, gangrene and septicaemia due tatiofe[16,17]. Obliterative vasculopathy
appears after longer disease duration which cansisthrombotic events in small arteries,
leading to complete occlusion and finally resultingischemic insult with hypoxia, further
entailing necrosis and loss of tissue [18].

Although scleroderma primarily affects the micrasals, macrovascular obliterative disease
has also been described in SSc. There have beerntseyd very severe clinical cases of
obliterative peripheral arterial disease despitetrd lack of traditional risk factors of
atherosclerosig\bout 15-20% of scleroderma patients exert multiple vascatarormalities
including the combination of cardiovascular dissasgroke and peripheral arterial disease
[19-21].

Role of autoimmunity and inflammation

Another prominent feature of SSc is given by thelioation of the immune system [22].
Altered function of both humoral and cellular imneumediators represents an indispensable
linkage between vascular impairment and tissu@dilst as both B and T cells exert manifest
effects on either. Despite a lot of interestingadénti-DNA-topoisomerase |/anti-topo I/,
anticentromere antibodies /ACA/, anti-platelet ded growth factor receptor /anti-PDGF
receptor/ antibodies, and TH2 citokines in skinpsies, etc.) the causative role of B cells
derived products is not well defined. Memory B sellere demostrated to be chronically
activated in patients with SSc [23]. As B cell ddn in a mouse model for SSc not only
revealed reduction of skin fibrosis but also disi@d autoantibody production and
suppression of hypergammaglobulinemia [24], thecglpappearance of autoantibodies was
also shown to play active functional roles in SHteir generation might be explained by the
increased occurrence or abnormal distribution ofempial autoantigenic peptides, by
molecular mimicry and endogenous B cell alterati@asling to chronic hyperreactivity [25].
Putative pathogenic autoantibodies characteristicSISc include such targeting endothelial
cells as well as those against PDGF receptors @rdbfasts. Endothelial cell-specific
antibodies were estimated to occur in approximatelg third of SSc patients and are not
unlikely to contribute to the apoptosis and actosatof endothelial cells [26, 27]. Recently
antibodies against angiotensin Il type 1 recepf¥r:R) and endothelin-1 type A receptor
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(ETAR) were identified with high prevalence (approx%®0n patients with SSc [28]. Anti-
AT:R and anti-EXR autoantibodies have been demonstrated to exadgal effects on
endothelial cells and may contribute to the patheges of SSc and could also represent a link
between autoimmunity, endothelial injury and fibsd28].

Furthermore, activated B cells secrete IL-6 and thdditionally stimulate fibroblasts, which
might also contribute to the pathogenesis of SSditectly promoting fibrogenesis [24, 29].
The inadequate activation of T cells further cdnites to microvascular dysfunction,
autoimmunity, and tissue fibrosis. Activated enaditli cells express adhesion molecules,
which, in part, promote the formation of perivascuhflammatory infiltrates by enabling the
transmigration of inflammatory cells through thedethelium. Correspondingly, enhanced
transendothelial migration of CD4+ T cells coulddizserved in patients with SSc [30]. An
imbalance in TH1 and TH2 cytokines is also sees8t patients with the TH2 products
preponderating.

In summary, the inflammatory and autoimmune asp&ftsSSc enabling perivascular
inflammation, release of fibrosis promoting cytadsnand the production of stimulatory
autoantibodies are essential drivers of the disdaading to progression of vasculopathy as

well as tissue remodeling by means of increasedd#nesis in patients with SSc.

Fibrosis in systemic sclerosis

Fibrosis might be considered as the most promihafimark of SSc. Newly formed broad
and hyalinized collagen bundles occur within sdiertesions. Its occurrence is not restricted
to the skin, but also very prominent in the lung &eart, the gastrointestinal tract, in tendons
and ligaments as well as in endocrine glands amlimihe perivascular space, where it also
accounts for vascular pathology and contributeth¢ovicious SSc circle. Fibroblasts are the
key players in promoting extracellular matrix reralilg. In SSc, the fibrotic processes are
typically characterized by prolonged and exaggedratetivation of fibroblasts and
maintenance of fibroblast-mediated effects. Trdfesdintiation of fibroblasts and pericytes
into contractile myofibroblasts may also occur [3B]. Myofibroblasts are specialized
fibroblasts that share similarities with smooth olescell differentiation, since they possess
prominent o-SMA+ stress fibers within their cytoplasm. Myofildasts also synthesize
collagens and other ECM components. In contragthtgsiological wound healing, where
myofibroblasts only occur transiently within theagulation tissue, there is persistence in SSc
fibrosis leading to contracture of the extracelulaatrix with chronic scarring [33].

Myofibroblasts are also a major source of transfogmgrowth factor§ (TGF{) which plays



a pivotal role in fibrosis [32], as it is both aelit mediator of fibrosis and can also induce
itself the transdifferentiation of fibroblasts to/afibroblasts.

The bone marrow also releases fibroblast progergtis. Additionally, the transition of
differentiated non-fibroblastic cell lineages (suels epithelial or endothelial cells or
adipocytes) into fibroblasts and myofibroblastdhe context of deregulated fibrogenesis in
SSc is an area of substantial research interestofSsapromoting the transition of various
precursor and mature cell types toward an activibedblastic phenotype include TGF-R,
Wnt and hypoxia, whereas peroxisome proliferatéivated receptor gamma appears to play
an important inhibitory role in these pathways gmmdmotes the maintenance of cellular
guiescence [34].

From a molecular point of view, several profibratiediators such as cytokines, chemokines
and growth factors contribute to the pathogenes&Sz by increasing the fibrogenic cellular
response, which is achieved by inducing the exmessf genes encoding for extracellular
matrix constituents. TGB; for instance, is considered to be the masterlaégunot only of
physiological fibrogenesis during wound healing ahdsue repair, but also during
pathological scarring as seen in SSc [31, 35t loe secreted by various cell types including
fibroblasts, T cells, monocytes and macrophagesetisas platelets, and many cell types also
possess surface receptors specific for P3B1]. The SMAD integrating pathway is thought
to be the most essential mechanism transmitting-f-@&fediated signals, however additional
studies underline also the potential relevanceoof8MAD pathways [36]. Expressed at only
very low levels in physiologically intact tissuesnnective tissue growth factor (CTGF) was
also found to play a profibrotic role in SSc, sintelevels were detected to be markedly
elevated in lesional tissues from affected patigB®. PDGF is another growth factor
additionally managing to modify the interaction ©GF{3, ET-1, and CTGF. PDGF is
produced by fibroblasts, endothelial cells, maceg#ds, and platelets upon activation [38]. As
a strong mitogen and chemoattractant for fibroblaB8DGF can activate the fibroblast
response. The cytokines IL-4 and IL-13 also exhimiportant roles in the pathogenesis of
profibrotic and TH2 cellmediated disorders [39]. Bylirect effects of chemokines such as
MCP-1, for example, TGB-and IL-4 can also be induced to promote furthetagen
production in vitro, and MCP-1 also directly stiratds collagen production itself [40].

A. Investigation of disease activity in systemidesosis

Systemic sclerosis is characterized by tightenimd) thickening of the skin and the presence

of specific internal organ involvements. Particlylagarly in the disease, more extensive skin
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involvement coincides with more severe internalaorgnanifestation(s), poor prognosis [41-
43], and increased disability [44-46]. The evalomatof disease activity, especially in early
cases with SSc is a crucial point, as in this pludste disease more aggressive therapy is
needed.

The key points in the disease process are the leglddtcell injury, inflammation/immune
activation and collagen deposition by activatedadidbasts (Figure 1). Therefore, theoretically
a disease activity measurement should reflechaé important factors, and also their impact
on the different organ systems.

Disease activity usually measures the aspect ebdesthat varies over time and is potentially
reversible spontaneously or under drug treatmer5[3]. On contrary, damage measures
irreversible tissue injury that results from disea®isease severity lacks an accepted
definition. Some equate it to a measure of prognpi]. Most frequently it is considered as
representing the total effect of disease on orgaction at a given point in time, including
both reversible (activity) and irreversible compotse (damage) phase response [49, 51]
(Figure 2).
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Figure 1. Schematic model of pathogenesis in systemic s¢g
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Measures of disease activity in SSc are neededntdtiple uses. In observational studies,
they could be used to describe and compare stugylgiions and identify potentially
reversible aspects of disease [48, 51]. Given tes¢arch into new treatments for SSc is
rapidly advancing, they could be used to deterreliggbility and as a measure of outcome in
upcoming clinical trials. Finally, measuring diseaactivity in clinical practice helps to
decide, whether the actual therapy gives satisfagsults or a more aggressive therapy is
needed.

Measurement of disease activity in SSc is partibuldifficult, because many patients,
especially those with limited skin involvement, baan indolent course without clear signs of
inflammation [47, 50]. Although our previous stugliendicated that the inflammation
(increased acute phase reaction) plays a significate in SSc [52] the extent of
inflammatory signs are less pronounced comparedet@ther connective tissue diseases, and
even may be missing. The importance of the inflatonyasigns and the activation of immune
system is still a question of debate in SSc [53-B&}thermore, clinical features contributing
to vascular damage and tissue fibrosis are aldecutfto evaluate [47, 52]. When these
become measurable, the process has often progresgednanent damage (Figure 2).

For the investigation of disease activity in SSwo tmajor tools are usedclinical
investigation including the assessment of skin thickening arehgks in the internal organ
involvements [47, 56, 57], arldboratory parameters indicating the inflammatory activity,
ongoing fibrosis, and vascular changes during tbeade course [58].

Derived from the original Rodnan skin score [59esal modified and simplified skin score
measuring methods have been developed [60, 61]midwéfied Rodnan skin score (MRSS)
uses clinical palpation to estimate skin thicknésgresent the MRSS is considered the most
appropriate and reproducible technique for meaguskin involvement in SSc [41, 42, 60,
62, 63]. The method is easily used and fully vakdg62, 63].

Although MRSS is an excellent, simple, and reprdalaanethod, the intra- and interobserver
variability still remain relatively high, and th@glication of this particular method requires a
careful teaching process, and probably even a tegppé@aching procedure [64, 65]. There is a
need for an alternative, simple, independent metbodheasuring skin involvement, because
the administration of at least two independentruments substantially increases the
reliability and accuracy of the particular evaloatiof skin thickening. Other non-invasive
methods for measuring skin thickness/hardness declutrasound, durometer, elastometer
and plicometer. Some of them may not be feasibbeigim for everyday clinical practice (e.qg.
ultrasound examination), others are not validafBoe durometer is a digital, hand-held,

spring-loaded device predominantly measuring skirdihess by applying an indentation load
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on surfaces. Durometry has been recently demoedttat be a valid, objective and reliable
technique in skin hardness measurement, which latgsewell with skin score, disability of
patients, and also with the extent of skin fibrasiered on skin biopsy [66]. Nevertheless, it
captures similar, but not exactly the same domalhsskin disease as these other
measurements [67, 68].

We assumed that patients could provide valid ardble data regarding their skin
involvement, which could be a new skin thicknesal@ation tool in addition to the MRSS.
Therefore we have developed and partially validaguhtient self assessment questionnaire
for the measurement of skin thickening [69].

This independent, simple, quick and feasible palratiethod for measuring skin thickness
increases the reliability of clinical judgment imetevaluation of skin thickening in patients
with SSc.

In 2001, the European Scleroderma Study Group (BE¥cteveloped preliminary disease
activity indices to be used in patients with SSg, [71]. Investigators of 19 European Centers
including our center completed an extensive 88 ,tetandardized chart for each of 290
consecutive patients with either diffuse (dcSSdjmited SSc (IcSSc). Three experts blindly
evaluated each chart and, by consensus, assigdsgase activity score to each chart on a
scale of 0 to 10. This constituted the “gold staddiaBy using the statistical methods of
univariate analysis and multiple linear regressaoalysis, three separate weighted 10-point
indices of disease activity were constructed, ametfe group as a whole and one for each of
the subsets with either diffuse or limited dise@&ring construct validity assessment of the 3
preliminary indices only the index for the wholdesoderma group and not the indices for
disease subsets were judged to be valid [72]. #tt tanly the Disease Activity Index for all
patients with SSc (EScSG activity index) was adbpbdy EScSG and the Scleroderma
Clinical Trials Consortium. It consists of 10 vdiies with weights ranging from 0.5 to 2.0
and resulting in a total score ranging from 0 to Tl@is index appears simple and easy to use
as it evaluates both clinical items (MRSS, DLCCGes@nce of scleredema, arthritis and digital
ulcers) and some basic laboratory investigationsyti{eocyte sedimentation rate,
hypocomplementaemia) for the calculation of diseasivity. Therefore it is now
increasingly being used in research settings [13+H6wever, these criteria await for a full
validation, as the construct validity has been roréd only on a small cohort of 30 SSc
patients. Also the responsiveness of the indexnhbabeen proved yet.

Furthermore, there is a chance, that by the inttholi of some additional clinical-laboratory
parameters a new disease activity instrument magidze constructed or at least the present
one could be improved. Additional clinical paramgtinat could indicate the activation of the
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disease might be theappearance or worsening of ulcers; worsening in the
musculoskeletal, gastrointestinal or renal symptomsof the patients; andsigns of
interstitial or vascular pulmonary involvement.

Regarding laboratory parameters, many biomarkedidates have been identified in the past
two decades; however, fully validated measurestiltdacking with regard to supporting the
early diagnosis and reflecting the disease activigverity, prognosis, and response to
therapy. This is in part becauseist difficult to objectively measure many aspectstios
particular multifactorial disease that may evenng®aslowly with time or may smolder.
Attention in biomarker development should focustieir discriminatory value for specific
clinical features and outcomes within scleroderna#her than searching for those markers
that are uniformly and strikingly different compdnith control populations.

An ideal biomarker should be highly sensitive apécsfic, reflecting the current status of
disease; should be related to the disease actwiti/or severity in accordance with the
clinical evolution; should anticipate clinical cligas before they occur; and should add
independent information about the risk or progntsas is reproducible and feasible [76].

Potential biomarkers for disease activity assessmeim systemic sclerosis

Markers of endothelial cell activation.

von Willebrand factor antigen (VWFAQ) is a glycoprotein that plays a pivotalaadh the
interaction among endothelial cells and platelétsis released mainly from injured or
activated endothelial cells and has been repoaée ta marker of vascular disease. The VWF
level was reported as increased in SSc [77-80]nmkan levels being higher in the dcSSc
subset [81]. The elevated level seemed to correldth the extent of internal organ
involvement [82, 83]. In an earlier study an ineec®rrelation has been found between the
glomerular filtration rate and VWF and a negatieation between pulmonary pressure and
VWEF in a small number of patients with isolatednpoahary hypertension. [84].

E-selectin(or Endothelial Leukocyte Adhesion Molecule-1 (BUAL) belongs to the selectin
family of adhesion molecules. Together with L-sg@le@nd P-selectin, E-selectin mediates
the initial interactions of leukocytes and plateletith endothelial cells. Selectins guide non-
activated polymorphonuclear cells to the areasftdmmation in creating first, loose contacts
with the endothelial layer. E-selectin is particlyanteresting because it is found only on the
activated endothelium in contrast to other adhesimwiecules which have a wide tissue
distribution [85]. The level of the soluble form Bfselectin (SE-selectin) was found to be
elevated in SSc [86]. Increased tissue expresdidirselectin has been used to demonstrate
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endothelial cell activation on the skin of patiewith systemic sclerosis [87]. In another study
higher levels of sE-selectin were found in SScqudsi with pulmonary fibrosis [88].

P-selectin glycoprotein ligand-1(PSGL-1) is a high affinity ligand for P-selectincato a
lesser extent for E-selectin, which can be foundmst leukocytes. Its soluble form acts as
an antagonist for selectins. In SSc the elevatedinsdevels of SPSGL-1 were found to be
associated with a lower frequency and severityunigl fibrosis [89], thus it could be a

protective factor against the development of pulamgriibrosis.

Proangiogenic factors

Inflammatory cell migration is also increased doethe stimulation of new blood vessel
formation by endothelial growth factors.

Vascular endothelial growth factor (VEGF) as a fundamental modulator of angiogenissis
involved in the pathogenesis of SSc and other Vilisoular disorders. VEGF has been shown
to stimulate von Willebrand factor release from ahelial cells and induce expression of
tissue factor activity in endothelial cells as wedl in monocytes. In vivo, VEGF can induce
angiogenesis as well as increase microvasculargadifity.

In one study significantly higher levels of VEGF neadetected in patients with anti-topo |
autoantibodies and in patients with diffuse SSevaied serum levels of VEGF were a
feature of the earliest disease stages. Patierbouwtifingertip ulcers were found to have
higher levels of VEGF than patients with fingertilgers [14]. In another study serum levels
of VEGF in 48 patients with SSc were significartiigher than in 30 controls. Serum VEGF
levels correlated well with the extent of skin sol#s, as determined by modified Rodnan
skin score. In particular, serum VEGF levels wereersely correlated with the capillary
density of nailfold [90]. Its permanent up-regutativas observed in SSc and this could be
essential in a paradox manner in the decreasedgamggtic activity that is characteristic to
this disease [91].

Markers of fibrosis.

There are numerous well-characterized markersaséased fibrotic process, of which levels

indicate the extent of fibrotic alteration of thenoective tissue. The normal dermis contains
several mature fibrillar collagen types, but typeollagen is the most abundant protein,
constituting about 80-85% of skin collagens. Typecbllagen is responsible for about 10-

15% and the minor collagens for about 5%. In sdermatous skin, an increase in type |
collagen production has been described from filastbtultures. The evaluation of collagen
formation markers has revealed that serum procalldgoncentrations may increase in SSc,
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but that this increase is not clearly correlatethibrotic processes. Conflicting results have
been reported with respect to collagen degradatio8Sc. Both unchanged and decreased
amounts of mRNA for interstitial collagenase antivéites of the enzyme have been found in
fibroblast cultures obtained from patients wittsttlisease.

Procollagen Type | N-Terminal Propeptide (PINP) results from the cleavage of the two
large extension domains from the longer precursocgllagen molecules during type |
collagen synthesis, thus its concentration in theutation reflects the synthesis rate of type |
collagen. In a multicenter, randomized, placebotmtled phase /11 trial with a recombinant
human antibody that neutralizes transforming grofatttor, the changes in the PINP level
correlated with changes in the MRSS [92].

The recently described cross-linkecbllagen | carboxiterminal telopeptide (serum
crosslaps, CTX-1) is an 8 amino acid telopeptideipced during resorption of thd type |
collagen chain. The concentration of CTX-1 was fbim be higher in the serum of dcSSc
patients than in the serum of those suffering fto&5c. CTX-1 correlated with the extent of
skin involvement (MRSS), the acute-phase protems iadicators of decreased pulmonary
function (DLCO<75%) [93].

In a previous study we have found, that the comagah ofprocollagen type Il N terminal
propeptid (PHIINP) in the serum was in direct proportion withe extension of skin
involvement. The level of PIIINP also indicated firegnosis of the disease, beneath a higher
concentration in the serum, the patients’ life etgecy was lower. The highest values of
PIIINP have been measured in the case of patieititsrapidly progressive course of disease
with deadly outcome. Serum PIIINP levels were digantly higher in SSc patients with
restrictive pulmonary function (FVC < 80%) than patients with normal pulmonary
function. The PIIINP was found to be in correlatioith the MRSS and negatively correlated
with DLCO [52].

Inflammation, markers of cellular/humoral activatio.

The acute-phase reactants in a remarkable parheofsystemic sclerosis patients do not
indicate the inflammatory phase of the disease; dvew the permanently elevated
erythrocyte sedimentation rate (ESR) and elevate@-reactive protein (CRP) levels are
secure signs of increased activity and unfavorgbbgnosis. Several studies including ours
[52] showed that the value of ESR was significahityher in patients with dcSSc than those
with IcSSc, in elder male scleroderma patients Wao a worse prognosis, in patients with a
severe course of disease and fatal outcome, am@dses with severe interstitial alveolitis

and/or lung fibrosis. The permanently elevated GR# a bad prognostic factor in our
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experience, too [52]. In those cases, when the {SRiRevated, its monitoring could help to

follow the efficacy of the treatment.

Markers of pulmonary fibrosis/involvement.

The KL-6 (Kerbs von Lungren 6 antigen) is a mucin-like pnote@vhich is produced by type
Il alveolar epithelial cells. Circulating KL-6 hd®en shown to be a sensitive marker of the
disease activity of interstitial lung diseases. clmting KL-6 concentration strongly
correlated with the severity of interstitial lunggehse (ILD), and also with disease activity in
one study [94-97]. Beneath increasing levels of&ixthe serum a proportionally worsening
ILD was evidenced by high resolution computed torapgy (HRCT), in parallel with a
decreasing vital capacity (VC) [94].

The type Il alveolar epithelial cells also produserfactant proteins, from which the
concentration in the serum eflirfactant protein -A and -D (SP-A, SP-D) are raised in
scleroderma associated with interstitial lung ineohent. The levels of SP-A and SP-D
correlated with the activity of disease [95, 98].dne study the level in the serum of SP-D
proved to be more sensitive in the appreciatiohunf) involvement, than the KL-6 level,

however the KL-6 was more specific, than the Sl [99].

T-cell activation marker.

The Soluble CD40 Ligand (sCD40L) is released from activated CD4+ T ce#lad is
biologically active. The CD40/CD40L interactionstiaate B cells, upregulate endothelial
adhesion molecules, and induce fibrosis. A recéuidysshowed that patients with dcSSc
exhibited relatively persistent elevations of sCD4€oncentrations, whereas temporary
elevations were observed in IcSSc patients duotigvi-up [100]. Another study reported the
association of plasma sCD40L concentrations with pinesence of digital ulcers in SSc
patients. Concentrations of plasma sCD40L wereifseggntly higher also in patients with
PAH [101].

B-cell activation markers.

The B-cell activation factor (BAFF), a marker associated with altered B-cellcfion, has
multiple roles in B-cell development and homeostaanging from maturation of naive B-cells
to the maintenance of long lived plasma cells. &en¢ study demonstrated elevated BAFF level,
and correlation of BAFF level with skin fibrosis patients with SSc. Moreover, increasing
levels of BAFF were associated with the new onsetarsening of organ involvement, while
decreasing BAFF levels were accompanied by regmessi skin sclerosis. BAFF mRNA
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expression was up-regulated in the affected skipatients with early diffuse cutaneous SSc
[102, 103]. Concerning serum BAFF levels in locadiscleroderma subgroups, patients with
generalized morphea, the severest form of localsaddroderma, had higher serum BAFF
levels than linear scleroderma or morphea patidrits. BAFF levels of generalized morphea
were comparable with those of SSc or SLE. By caehtraerum BAFF levels were not
significantly elevated in patients with other autmune diseases of skin, such as pemphigus
or pemphigoid [104]. In the tight-skin (TSK/+) m@&js genetic model for systemic sclerosis,
BAFF antagonist inhibited the development of skbrdsis, hypergammaglobulinemia, and
the autoantibody production [105].

A PRoliferation-Inducing Ligand (APRIL) is also a tumor necrosis factor (TNF)
superfamily member with close homology to BAFF, ethstimulates B cells vitro andin
vivo and plays role in T cell survival and T-indepenrdgpe 1l antigen responses also. In a
recent study serum APRIL levels tended to be highgratients with dcSSc compared with
lcSSc, and SSc patients with elevated APRIL levid significantly higher incidence of
pulmonary fibrosis and decreased vital capacity (\\&erum APRIL levels did not correlate
with the extent of skin fibrosis and BAFF level9§l.

With regard to theanti-DNA topoisomerase |(anti-topo I) autoantibody, higher titres of it
were found in patients with very active diseases€blaon clinical evaluation) compared with
those with inactive disease, and a recent study falsnd that anti-topo | levels correlated
with disease activity, MRSS, forced vital capa¢fy'C) and DLCO [57, 106].

B. Investigations of the socio-economic impact agehse activity and severity in systemic

sclerosis, and characterisation of cardiopulmonawasculopathy in systemic sclerosis, a

leading cause of morbidity and mortality, by invasitechniques

Due to the complex pathomechanism of the diseaselidgnosis, screening and treating of
systemic sclerosis represents one of the grediaienges in the management of autoimmune
rheumatic diseases. The interaction between theuimensystem, vasculature and components
of connective tissue contribute towards the devaleqt of severe organ-based complications,
including digital ulceration (DU; often secondarp RRP), renal disease, cardiac or
gastrointestinal (Gl) manifestations of SSc and nmuary disease. Organ-based
complications produce the high case-specific mitytedite observed among patients with SSc
[31, 107]. Despite the use of angiotensin-convgrénzyme inhibitors to prevent scleroderma
renal crisis (SRC), it occurs in ~6% of all patemtith SSc, and in 10-15% of those with

diffuse SSc. The outcome remains inadequate forynmatients. Up to half of them will
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require dialysis and the early mortality rate ajpgiees 10% [107]. Cardiac manifestations of
SSc include pericardial effusion, myocardial inflaation, conduction abnormalities and,
eventually, cardiac failure. Such complications aseially underdiagnosed. Complications
involving the gastrointestinal tract are common ag@atients with SSc. Reflux and
difficulty with swallowing are two of the main faaes of Gl involvement, though other
problems may include malabsorption, weight lossgtling, diarrhoea/constipation, colonic
perforation, intestinal pseudo-obstruction, faeiradontinence, early satiety and bloating.
Pulmonary complications are the leading cause athden SSc and most often comprise
fibrosis or interstitial lung disease and pulmonagscular disease leading to pulmonary
arterial hypertension (PAH) [108]. The clinical siicance of lung fibrosis in SSc is best
defined by high-resolution CT, and can be monitooptimally using pulmonary function
testing [109]. Currently, identification of PAH eft occurs late in the course of SSc, with up
to 81% of the patients categorized as New York Haasociation (NYHA) Class Ill or IV at
the time of PAH diagnosis [110]. PAH and lung dseavithout PAH have a dramatic effect
on survival in patients with SSc.

Patients with SSc are at risk for substantial nbtpiand disability, so although this disease
is relatively rare, it has a potentially importattonomic impact in terms of health care costs
and lost productivity. However, published estimaibthe economic impact of SSc are almost

nonexistent.

Socio-economic impact of disease activity and sgyen systemic sclerosis

Taking into account the chronically debilitatingacacter and increased mortality of the
disease, SSc has a significant burden on sociéty-114]. There is very little information on
the economic impact of SSc. The annual average r8ted total costs were 14 959
US$/patient in the United States in 1994 [115]. theo study analysing 3621 hospital
discharges data revealed an average of US$15 @0O@oppitalization (median = US$8441),
amounting to US$280 million in community hospitélacges in the U.S. in 1995 [112]. In
Canada, SSc related costs were mean 18 453 Candaliars/patient/year in 2007 and in
Italy, applying an estimation for indirect costle ttotal cost was €11 074/patient in 2001
[116]. Although the average per patient costs af Bomparable to or even can exceed the
costs of rheumatoid arthritis (RA) (in 2006 RA teld mean costs were 21 069, 10 459 and
16 441 euros/patient/year in the US, Canada ahd tespectively) much less is known on its
economic burden in most of the countries [117].

The European League Against Rheumatism Sclerodefnes And Research group
(EUSTAR) has been successful in establishing aernational collaboration of data
collection on demographics, clinical and laboratggrameters (the so called minimal
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essential dataset, MEDS), involving over 7000 S&tepts from 150 centres in 4 continents
[118]. As an example for regional differences, gsial of MEDS revealed that eastern centres
care for more severe SSc cases in Europe. Larfgeadites in patient referral and recruitment
(diverse medical specialities take care of the ep#di they attract different patient
populations, there are differences in willing tortgépate in EUSTAR documentation)
account for the large local variability of SSc metions [119]. Hence country- or region
specific health economic data have to be invesi@jat

Evaluation of different types of cardiopulmonary saulopathy in SSc

In present, pulmonary disease produces the highegality in terms of SSc-related problems
[108], but cardiovascular deaths are consistergpprted as being responsible for 20-30% of
all premature deaths [120, 121]. Cardiac involveihersystemic sclerosis includes coronary
artery disease (CAD), pulmonary arterial hypert@ms(PAH) related right ventricular
changes and microvascular disease (MVD) [122-1Z7 clinical presentation of these
conditions is often atypical, making their distioct difficult. While some of this cardiac
pathology is undoubtedly due to the involvementhef myocardium in the SSc process it can
be atherosclerotic in origin and is often asymptienantil death [128]. Although a high rate
of CV related mortality is also common in the geth@opulation, it may occur in SSc patients
more than a decade earlier [129].

Right heart catheterisation is the gold standarthatketo confirm the presence of PAH. The
coexistence of coronary artery disease and micooNas abnormalities in symptomatic

patients has not been previously investigated.
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AIMS OF THE STUDY

A. Investigation of disease activity in systemidesosis

1. Up to now there were basically only two methodsas$essing disease activity of
systemic sclerosis: the assessment of the clinitiased on the global assessment of
the clinical picture and available laboratory andeistigation parameters; and the use
of the European Scleroderma Study Group Activitgelq developed and partially
validated in a European multicenter study in 2008e of our main aims was to
further study the validity of this composite adiyvindex, in a large cohort of systemic
sclerosis patients enrolled prospectively, ancefeat the same clinical and laboratory

investigations one year later to test the reprdallityi of the results.

2. We also aimed to analyze whether additional clinicdaboratory parameters would
correlate with the EScSG activity index, and thasld be also used in the assessment
of disease activity. We also examined some potebitamarkers reflecting the main
pathways of pathogenesis in this diseas®ddthelial cell activation markers (SE-
selectin, VWF, sPSGL-1)proangiogenetic factors (VEGF), markers ofollagen
metabolism (PINP, PIIINP, CTX-1), markers dB-cell activation (BAFF, APRIL),
markers ofT-cell activation (sCD40L), markers ofype Il alveolar epithelial cell
injury (KL-6, SP-D) and the titer of anti-DNA-topoisomseal antibody/ that maybe
could be even built into the EScSG activity indexprder to enhance the sensitivity

of this index to better reflect the activation &S

3. There is only one fully validated and feasible noeftof analyzing skin thickness in
systemic sclerosis, the modified Rodnan skin scat@ch is used widely in daily
practice and also in clinical trials to assess atiseactivity and also as a primary
endpoint for testing treatment effect. As two inelegent methods increase the
reliability of the assessment of a certain phenamewe have developed and partially
validated patient self assessment questionnaiskinfthickening in systemic sclerosis,
based on the OMERACT (‘Outcome Measures in Rheuom) filter, which gives
reliable information about the skin status thatasnparable to the modified Rodnan

skin score.

4. In our study we have analyzed the relationshighefriewly developed patient reported

skin thickness score to the EScSG activity index.
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5. We have set ourselves the aim to try to modifyE®BeSG activity index based on our

previous results, to develop a new index that betfitects disease activity.

B. Investigations of the socio-economic impact asehse activity and severity in systemic

sclerosis, and characterisation of cardiopulmonawasculopathy in systemic sclerosis, a

leading cause of morbidity and mortality, by invasitechniques

1. As data about the scleroderma-related burdenssefade is almost nonexistent, we
have proposed to estimate it in the Hungarian gaijmul (evaluation of costs related to
activity and severity of SSc and examination ofnmast-drivers). We also compared
the costs-of-illness in SSc, psoriatic arthritisAP and rheumatoid arthritis (RA)

based on data collected from the Hungarian pojurati

2. In the present, the leading causes of death afténgmary fibrosis in systemic
sclerosis are the different types of cardiopulmgneasculopathy (such as pulmonary
arterial hypertension, coronary disease and micmyar involvement), therefore in
our study we have aimed to evaluate their presefitteinvasive techniques (left- and
right heart catheterisation).
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PATIENTS AND METHODS

A. Investigation of disease activity in systemidesosis

a. Study groups

In our prospective study 131 consecutive, unsalepgtgients with SSc were included and re-
investigated 12+1.3 month later. Diagnosis of slerma and classification into dcSSc or
IcSSc subgroups was performed at the entry basateonriteria proposed by LeR@y} al
[130]. Disease duration was defined as the perfdithee in years from the date of onset of
first non-Raynaud’s phenomenon symptom until thigep#is first and second investigation
during the study.

Demographic, clinical, and laboratory items, weeeorded by our standard protocol [52,
131]. Patients underwent echocardiography, spimmddLCO measurement and high-
resolution computed tomography if necessary. Pulmpoarterial hypertension was defined
by right heart catheterisation [132, 13&sophageal involvement was established with
barium swallow, or esophago-gastroscopy. Sclerodeenal crisis was recorded as kidney
involvement. Musculoskeletal involvement (flexiorontractures on hands, arthralgia,
arthritis, symmetric muscle weakness /bilateraldyiceps muscle streng#8 on a 1-5 scale),
and presence of myositis was also evaluated.

MRSS was performed according to the standard mdtti@d]. Three investigators, unaware
of the clinical presentation of the particular pats performed a parallel investigation of each
case. Previously the examiners underwent an MRS&sent validation process [64]. The
presence and severity of skin ulcers on the whotly Isurface was encoded on a 0-3 scale (0-
no ulcer, 3- extended ulcer or presence of ganyjrand summarized in the ’ulcer score’
variable. The Hungarian validated version of thele®derma Health Assessment
Questionnaire (S-HAQ) was used [135], and the HA@ability Index (HAQ-DI) was
calculated, corrected with aids/devices. Diseasei@g Scale (DSS) [51] and EScSG activity
index [72, 136] were also evaluated. For the hamtttion assessment, the hand anatomic
index (HAI) was used (measure of open hand spamsnotosed hand span divided by the
maximal lateral height of the hand) [137]. The pres of joint contractures was blindly
evaluated by experienced physical therapists. Thunber of contractures’ variable was
counted as the sum of contractures of the followwigts bilateral (by summarizing the
presence of contractures in all joint axes): sheulélbow, wrist, the metacarpophalangeal
(MCP) joint of the 2*and 3" finger, the proximal interphalangeal (PIP) joifitiee 2 and 3’
finger, hip, knee, and ankle (range 0-30). Joimtiaxture was defined as a decrease >25% of

the normal range of motion in at least one joing.ax
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Laboratory tests included blood cell counts, ESRe&tive protein, hemoglobin, hematocrit,
serum creatine kinase (CK), lactate dehydrogenbBdd), total protein, serum albumin,
complement (C3, C4).

b. Establishment and partial validation of a patient &in self assessment

questionnaire in systemic sclerosis

Patients also filled out our newly developed anliaéed skin self assessment questionnaire
[69]. Originally, questions were posed in Engligidahe questionnaire was then formally
validated into Hungarian by the “forward-backwarganslation method [138]. Questions
covered skin thickening, tethering/thinning, chanmgethe extent/quality of skin involvement,
and regional skin symptoms including some questieteted to the recent changes in skin
involvement. Regarding the skin thickness, tetlgeeind thinness domains, each domain was
constructed of 3 items. The overall evaluation loé tparticular skin involvement was
performed by the patient on a 0 to 3 Likert typalsqoverall thickness/tethering/thinness
score). For the calculation of the 17-area thickfiethering/thinness score the patients were
asked to provide ratings from 0-3 regarding the skvolvement on their face, anterior chest,
abdomen, upper arms, forearms, hands, fingerdyghigwer legs, and feet. We doubled the
scores of upper arms, forearms, hands, fingeighshiower legs, feet and added to the scores
of the other 3 regions. The maximum score was thexe1. Furthermore, a visual analogue
scale was used regarding the change in the givienirskolvement during last month (VAS
Athickness/tethering/thinness score). We appliedOMERACT filter during the validation
procedure for truth, discrimination and feasibility39, 140].

c. Enzyme-linked immunoassays (ELISA) and Radioimmunossays (RIA)

The serum concentrations of VEGF and BAFF (R&D 8&yst GmbH, Wiesbaden-
Nordenstadt, Germany), SP-D (AntibodyShop, Gentofieenmark), CTX-1 (Nordic
Bioscience Diagnostics A/S, Herlev, Denmark), &hiA-topoisomerase | antibody titer
(Hycor Biomedical GmbH, Kassel, Germany), APRIL as@D40L (Bender MedSystems
GmbH, Vienna, Austria) were measured using comialet ISA kits, the evaluation of KL-

6 using an ELISA kit (Sanko-Junyaku, Tokyo, Japama)s performed as described [141].
Levels of sE-selectin, SPSGL-1 (Bender MedSystembld Vienna, Austria), VWF (United
States Biological, Swampscott, Massachusetts), determined from plasma samples, using
commercial ELISA kits according to the manufactigr@rstructions.

Serum PIINP and PINP concentrations were deterinimg radioimmunoassay using RIA

kits from Orion Diagnostica, Espoo, Finland.
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As controls for these particular tests sera of &tlepts with primary Raynaud’s phenomenon
and 30 healthy volunteers were used.

Informed consent was obtained from all patients eodtrol subjects participating in the
study. The project was approved by the local Rebe&thics Committee (Approval No.

2720/2006).

d. Statistical analysis

Regarding the newly developestin self assessment questionnairghe criterion validity
evaluation included the calculation of Spearmardsratation coefficients to estimate the
association of thekin thickness domakvith the gold standard MRSS. Other instruments and
measurements, e.g. the S-HAQ, HAI, DisabilitiesAof, Shoulder and Hand questionnaire
(DASH), and maximal oral aperture (MOA) were alsed for comparison with the skin self
assessment questionnaire. Discriminating abilitytlod questionnaire was examined by
comparing scores of different groups using the Mdfintney U test. A principal component
analysis was performed to evaluate the construladitya Our variables had a non-normal
distribution, therefore in the multivariate anasysie used non-parametric statistical methods.
Namely, our variables were encoded into their raarkd the correlation matrix of the ranks
(i.e. matrix of Spearman correlation coefficient&gs entered into the principal component
analysis. The number of factors was determinedisumaVinspection of the scree plot, the set
of factors with an eigenvalue strikingly separafean the set of those with a value around 1
were selected. The retained factors were thenewtaging a varimax procedure [142].

To assess reliability we analyzed the internal descy of the different types of measures
and the reproducibility based on the test-reteshote The self assessment questionnaire was
given to 43 consecutive new patients at the timéh@f appearance for clinical investigation,
and the same questionnaire was sent to thesepartpatients one and two weeks later. Test-
retest reliability was assessed by calculatingritraclass correlation coefficient (ICC) [143].
To examine the sensitivity to change of the sedkased score using the changes of MRSS, as
a gold standard indicator of change in skin thigkgrstatus, three subgroups were formed:
worsening, no change and improved status. A chah@epoints was considered to represent
the minimal important change in MRSS [144]. Changeself assessed scores between the
baseline- and 12 month reinvestigation were tesiiéidl pairedt-tests in the three groups of
change in MRSS.

During the investigation ofpossible markers of disease activity the normality of
distribution for the laboratory and clinical paraers was investigated by Kolmogorov-

Smirnov test. As the majority of these parameteus ton-normal distribution, median values
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were determined and nonparametric tests (Mann-Withd test and Wilcoxon test,
respectively) were used to compare patient andraostibgroups, or baseline and one-year
reinvestigation data.

As the clinical-laboratory data contained dichotaisidractional and continuous variables we
used categorical principal component analysis (CBAPto evaluate the relationship of these
particular items to the EScSG activity index. CATA&nalysis determines the directions and
magnitudes of correlations between numerous péiddferently scaled variables in a simple
(i.,e., two-dimensional) space. In CATPCA, the ielahips between the variables
(represented by their correlations with the priatigomponents) are graphically displayed by
depicting the variables as vectors. The positiothef particular vectors with respect to the
axes of the graph indicates the component loadifigs.angles between the vectors represent
the correlations between the variables. Variabtesing an angle less than %#ith the
vector of the reference variable (namely the ESeS8tivity index) are considered as related
to it [145]. In case of two principal components thsual inspection and interpretation of the
graphical representation of the relationships ssitde. Parallel vectors indicate a direct
correlation, projections with opposite slopes iatkc inverse correlation, whereas
perpendiculars indicate no correlation.

For the study of association between the clinieabmeters and the EScSG activity index, the
number of dimensions was determined depending®péhcentage of variances contained by
the axes of dimensions. When no remarkable incrieatiee total variances was detected by
the introduction of an additional dimension, thémal number of dimensions was reached.
We also attempted to generate a new index thatctefl disease activity better, than the
original EScSG index, therefore we introduced \@ea considered to be relevant in the
assessment of disease activity one by one intantbaified index. The relationship of the
generated index to the basic clinical parameters t®ated each time with CATPCA. The
final version was reached, when the new index vgas@ated with both dimensions (i.e. was
placed at equal distance from both dimension axes).

The SPSS 15.0 for Windows (SPSS Inc., Chicago,USA) program was used for all

analyses.
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B. Investigations of the socio-economic impact asehse activity and severity in systemic

sclerosis, and characterisation of cardiopulmonawasculopathy in systemic sclerosis, a

leading cause of morbidity and mortality, by invasitechniques

Socio-economic impact of disease activity and sgyen systemic sclerosis

a. Patient groups

A cross-sectional survey was performed involvingc8@secutive patients, aged 18 or over
attending our Department. Diagnosis of sclerodeama classification into dcSSc or IcSSc
subgroups was performed at the entry based onrifegia proposed by LeRogt al [130].
Patients signed informed consent form regardinggyaation in the study. Authorization by
the local Research Ethics Committee was also adddaiiNo. 2896/2007).

Demographic and clinical data were recorded by siandard protocol [52, 131], EScSG
activity index and Disease Severity Scale were uesedssess disease activity and severity
[49, 72]. Patients completed the validated Hunganeersion of Scleroderma Health
Assessment Questionnaire [135]. The aggregated Q-bt#re was calculated as the mean of
the 13 items (8 domains of the HAQ-DI, 5 VAS), 8wre range is 0-3, higher S-HAQ value
refers to more pronounced disability.

General health status was measured by the validdtedarian version of the EQ-5D self-
completing questionnaire. As there are no avail&hlagarian time trade off scores offering
country-specific EQ-5D index, weights of the Unitkthgdom’s version were used in our
study [146].

b. Health care utilisation survey

Based on patients’ documentation and interviews, completed a set of questions in
reference to SSc related health care resourceatidns. Previous (past year) and current drug
treatment, use of aids and assistive devices wewerded, diagnostic procedures, general
practitioner (GP) and specialist visits, hospitatiians, surgical interventions, transportation,
resorts to non-reimbursed services, home-remodeltloe to health status) were surveyed for
the past 12 months. Resort to help from othersétfrcare and everyday activities was asked
for the past month. Present employment status ekdleave taken in the past 12 months

were also recorded.

c. Cost calculation

Social perspective was used for cost calculatitrect medical, direct non-medical costs

andindirect costs (i.e. costs related to loss of productivity) weansidered over one year
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period. Hungarian official price, tariffs and reiortbement lists of 2006 were used for cost
calculation. Direct medical costs were calculatgdrultiplying the number of utilisations by
the unit prices. Diagnostic procedures (X-raystrgasopy, spirometry, CT, ultrasound) were
evaluated on outpatient prices. Prices of the ngostmonly used aids and devices were
considered for cost calculation. Physicians’ anelcgist services’ costs were calculated on
the basis of mean cost/visit obtained from thecddfi statistical database in 2006. Cost
calculation of hospitalisations and surgical prasced were based on Disease Related Groups
(DRG) reimbursement list.

Distance between patients’ residence and rheuntggtotepartment was considered to
calculate transportation costs. Non-reimbursed oa¢dervices and disease related home
remodelling costs were based upon patients’ ansvileiermal care (help from others for
everyday activities) was calculated using the ayerhourly net wage in Hungary (2.7
euros/hour) multiplied by the number of hours.

The costs of sick leave, part time job and fullabiity due to SSc were calculated using
human capital approach method [147]. The averagssgincome including net wage,
personal income tax, pension contribution, healtsuiance contributions, employers’
contribution (913 euros/month in 2006) was mulagliwith the time off work. Conversion

(250 Hungarian Forints = 1 Euro, at the time ofeistigation) was applied.

d. Comparison with rheumatoid arthritis (RA) and psoriatic arthritis (PSA)

A cross-sectional survey involving 255 RA patiemtas performed by the collaborative
research group in Hungary in 2004, taking aim aéssing the RA related costs. Costs of PsA
were surveyed in the same way in 2007 in a sanfd8® patients [148]. For the comparison,
unit cost-based domains of the RA study were retatied with prices of 2007 and patient
reported amounts were inflated with the cumulateasumer price index 2004—2007, 116%.
Total costs, rates of direct and indirect costsswsarmpared by age-groups.

e. Statistical analysis

Data were analysed using the Statistical Packag@®oial Sciences, version 14.0 (SPSS Inc.,
Chicago, IL, USA). Due to skewed distribution ofstsy Spearman’s rank correlation was
used to analyse the relation with variables andnt¢glorov-Smirnov test was applied to

compare costs of IcSSc and dcSSc.
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Evaluation of different types of cardiopulmonary saulopathy in SSc

a. Patients and methods

A total of 120 consecutive SSc cases attendingDmpartment were enrolled in the study.
SSc was diagnosed by standard criteria [130], aagatients were asked to provide informed
consent before the entry. Those with an ejectiantion <30% on echocardiography, or with
known severe valvular disease were excluded. Ratieith severe lung fibrosis (forced vital
capacity <50% on a pulmonary function test) wersoaéxcluded from further studies
(pulmonary fibrosis group).

Each patient underwent a baseline physical exammatn addition, electrocardiogram,
echocardiography and a 6-min walk test were alsdopeed. Lung involvement was
investigated by using chest x ray, pulmonary fuorctiests and high-resolution CT in cases
where interstitial lung disease was suspected.idalinand laboratory parameters were
recorded.

Cardiac catheterisation was initiated by the caodist working in the Heart Institution,
University of Pécs, in the presence of abnormalisaggestive of PAH (“suspected PAH”
group) or suggestive of CAD (“suspected CAD” graup)

Criteria for the *“suspected PAH” included signs mfht ventricular involvement on
echocardiography; tricuspidal insufficiency diagedsby flow velocity over 3 m/s, or
consistent with 2.5-3 m/s in the presence of uramptl dyspnoea; signs of right ventricular
hypertrophy/dilatation, or right ventricular D sigand effort related dyspnoea with
disproportional decrease of CO diffusion capacDLCO) compared to the forced vital
capacity (FVC/DLCO >1.8).

Patients were included in the “suspected CAD” grdupey reported recent deterioration in
physical activity, evolving exertional dyspnoeaewolving chest pain, if they fulfilled the
criteria of the New York Heart Association functabrelass 111-1V, or if their 6-min walking
distance was <380 m, but did not fulfilled the exia for PAH [149].

Right heart catheterisation (RHC) and coronary @gmgiphy, supplemented with
thermodilution coronary flow reserve (CFR) assesgmwere performed at the same time.
The trial protocol was approved by the Medical Resle Council Scientific and Ethical

Committee.

b. Invasive cardiac investigations

Right heart catheterisation and coronary angiograpére performed at the Heart Institute,

University of Pécs. At RHC, if the resting meanmahary pressure (mPAP) was lower than
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30 mm Hg, a 3-min bench-fly physical stress test performed with 1 kg dumbbells. mPAP
was measured at rest and at peak exercise. mPABsval >25 mm Hg at rest or >30 mm Hg
upon exertion were considered abnormal. On coroaagyography, the extent of the CAD,
fractional flow reserve (FFR) and CFR was recordditrovascular disease was defined as

reduced flow reserve (CFR<2) in the absence oifstggnt stenosis (FFR>0.75).

c. Statistical analysis

For the in-group comparisons, unpaired t tegfstests, or Fisher exact tests were used.

Correlation analysis was performed with the Pearbortest.
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RESULTS

A. Investigation of disease activity in systemidesosis

Clinical characteristics of the SSc patients

The clinical parameters of the 131 prospectivelpked SSc patients are depicted in Table 1.
The female/male ratio was 9.9:1 (17:1 in IcSSc grand 4.8:1 in dcSSc group, respectively),
mean (SD) age at the entry into the study was GBL%) years /57.4 (10.3) years in IcSSc
group and 52.6 (13.8) years in dcSSc group, resedgt The mean (SD) disease duration
was 8.1 (7.2) years /8.6 (7.5) yrs in IcSSc grong @.0 (6.3) years in dcSSc group/. 123
patients appeared for the one-year reinvestigatigmtients died during these 12 months of
causes related to SSc, 3 were lost to follow-up.
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Table 1.Clinical parameters of the 131 SSc patients eznlahto the follow-up study

Total Total IcSSc IcSSc dcSSc dcSSc
(baseline) (1styear) (baseline) (lstyear) (baseline) (1styear)
No of patients 131 123 90 41
Female:Male ratio 9.9:1 9.2:1 17:1 4.8:1
Age /Mean (SD)/ 55.9 (11.7) 57.2(11.4) 57.4(10.3) 52.6 (13.8)
Disease duration
8.1(7.2) 9.1 (7.3) 8.6 (7.5) 7.0 (6.3)

/Mean y’s (SD)/
Clinical data
Raynaud’s phenomeno
MRSS /Mean (SD)/
Lung involvement
Bibasilar fibrosis
Diffuse fibrosis
Honeycombing
FVC /Mean (SD)/

DLCO /Mean (SD)/

PAH
Cardiac involvement

LVEF<50%

Diastolic dysfunction
Esophageal
involvement
Gl symptom$
Muskuloskeletal
involvement

Renal involvement

L

131 (100%)

3.6 (3.9)

46 (35.1%)
23 (17.6%)
17 (13.0%)

96.5 (19.7)
64.5 (17.5)
10 (7.6%)
4 (3.1%)
68 (51.9%)
76 (58%)

96 (73.2%)
117
(89.3%)

2 (1.5%)

2.5 (3.2)

38 (30.9%)
33 (26.8%)
17 (13.8%)

10
96.6 (19.8)

123 (100%)

90 ()00987 (100%)

2.3 (2.3)

32 (35.6%)
11 (12.2%)
10 (11.1%)

(17.9
62.7 (18.1) 67.6 Y)6.
11 (8.9%) 8 (8.9%)
3(24%)  3(3.3%)
68 (55.3%) 49.(54)
78 (63.4%) 45 (50%)

94 (76.4%)

86 (69.9%)

1 (0.8%)

64 (71.1%)

78 (86.7%)

1(1.1%)

@.7)

26 (29.9%)
20 (23.0%)
7 (8.0%)

99.6 (18.5)
65.2 (16.7)
9 (10.3%)
3 (3.4%)
50 (57.5%)
50 (57.5%)
64 (73.6%)

59 (67.8%)

198)1

41 (100%)

36 (100%)

6.4(5.0) 4.4 (4.8)
14134 12 (33.3%)
12329 11 (30.6%)

7 (17.1% 10 (27.8%)

88.7 (21.4) 89.3 (21.1)

57.8 (18.5) 56.5 (20.2)
2 (4.8%) (5B%)
14@) 0 (0.0%)

19 (46.3%) 18 (50%)

31 (75.6908 (77.8%)

324Y8 30 (83.3%)
39 (95.1%) 27 (J5%
1(2.4%)  0(0.0%)

Yfindings on HRCT?Pulmonary artery hypertensiorisigns of esophageal involvement on barium
swallow or esophago-gastroscopigastrointestinal symptoms defined by heartburn,plggia,
bloating, diarrhoea and/or fecal incontinence dwitast month;°defined by muscular weakness
(strength of quadricep8 on a 1-5 scale), myositis, peripheral arthralgia arthritis, or hand
contracture (presence of contracture on physicaneixation in at least one of the PIP joints, MCP
joints or wrists). For details, see Methods.
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Establishment and partial validation of a patient &in self assessment questionnaire in
SSc

Correlation among the investigated items of skialeation

The skin thickness related itenod the patient self assessment questionnzoreelated with
both the MRSS and the modified tethering score. Aigkest correlation coefficient was seen
between the MRSS and patient declared 17-areanimsskscore (Table 2). The itemss&in
thinness domaircorrelated neither to the MRSS, nor to the expeeasured modified
tethering score. The modified tethering score ¢ated with the MRSS to an extent similar to
the patient reported tethering and thickness staxselation with each other (Figure 3).
Thus we left theskin tethering domaimut of the further validation process, as it was n

independent from skin thickening.

Table 2. Correlation between the items of skin thicknessna@im and other instruments

evaluating, at least partially, skin involvement

Spearman'’s correlation coefficients
. Modified EScSG
Instrument MRSS , o S-HAQ
tethering score Activity Index
) One ) One ) One ) One
Baseline Baseline Baseline Baseline
year year year year
Overall thickness
0.332** 0.279**| 0.290** 0.385** | 0.291* 0.108 | 0.233** 0.134
scoré
17-area thickness
0.435* 0.331**| 0.400** 0.408** | 0.275** 0.087 | 0.241** 0.215*
scoré
VAS thickness scofe | 0.239* 0.274* | 0.173*  0.185* | 0.256** 0.192* [ 0.163 0.209*
MRSS - - 0.637** 0.509**| 0.195* 0.130 0.072 0.030
Modified tethering
0.637** 0.509** - - 0.072 0.035 0.131 0.045
score
EScSG Activity
. 0.195* 0.161 0.072 -0.031| - - 0.383** 0.329**
Index
S-HAQ 0.072 0.030 0.131 0.045] 0.383**  0.305** - -

*, correlation significant at the 0.05 level (24&dl); **. correlation significant at the 0.01 levéR-

tailed). *A score from 0 to 3 was provided by the patientratizrizing his/her skin thickness in
general.?17 body areas were scored by the patients (scoms 0 to 3) and summed afterwards.
*patients indicated the change in overall skin thiess during the previous month on a 100 VAS
scale’European Scleroderma Study Group activity indéScleroderma Health Assessment
Questionnaire. For details, see Methods.
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Figure 3. Relationship between patient self assessmentiqoneatre domains and clinical
examination parameters

17-area thickness rho=0.133N 1 7-area thinness
score score
A tho=0.400**  rho=-0.095NS /

rho=0.435"%* rho=0.12TNS

Modified
tethering
score

Modified rho=0.637*

Rodnan skin
score

rho=0.523** rho=0.412**

tho=0255** rho=0.328%*

| 7-area tethering
score

Correlation is significant at the*0.05 level (24d) and at the **0.01 level (2-tailed). Overallisk
thickness, tethering and thinness scores, and WRness, tethering and thinness scores showed
correlation coefficients of the same order of mage (data not shown).

Validation of the skin thickness domain of the pagnt self assessment questionnaire

Truth

Face and content validityThe skin self assessment questionnaire was cotedruzy a
recognized specialist in SSc, one experienced rhwlagist, and one physiotherapist
working with scleroderma patients. For feedbackcontent and wording, 4 focus groups
including a total number of 20 SSc patients weradoated. Patientsvere first asked to
complete the questionnaire (the interviewer timad process). The general impressions of
the interviewees on the questionnaire were coliectd the complete questionnaire was
reviewed question by question from the point ofwvief adequate wording, relevancy and
comprehensiveness. There were no major problents agimprehension, the patients found
the questionnaire 100% understandable, relevaheiodisease, and feasible.

Criterion validity. We used the MRSS as the gold standard, and evdlttagecorrelation of
thickness-related scores to this measurement. Bselibhe MRSS correlated significantly
with the 17-area thickness score (rh0=0.435, p<),00verall thickness score (rho=0.332,
p<0.001), and VASAthickness score (rho=0.239, p<0.01). One yearViellp data showed

similar results (Table 2).
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The 17-area thickness score showed a weak coomltdi S-HAQ both at baseline- and re-
investigation (Table 2). Although the European &xerma Study Group activity index
showed weak correlation to the items of thicknessa@n at baseline evaluation, this could
not be reproduced when the one year follow-up dat® investigated (Table 2).

Construct validity. A principal component analysis was performed witbe&man’s
correlation coefficient matrix of the following vables: skin thickness, tethering and thinness
scores, skin evaluation methods carried out by oca¢doersonnel (MRSS and modified
tethering score), the EScSG activity index, indicatof chronicity and disability (disease
duration, S-HAQ, DASH, MOA), indicators of damada.CO, LVEF, HAI of the dominant
side, BMI) and the age at the entry into the study.

By principal component analysis the distributionwafriables into five factors showed the
most favourable results. The total variance wa%?land all factors exhibited an eigenvalue
over 1. The patient assessed skin thickness dovasles and the MRSS were sorted into the
strongest factor 1 containing 25.3% of the totaiareces. Otherwise, two clearly separate
factor groups could be distinguished: one compgidactor 1, which contained mostly the
skin thickness and tethering related items, ands#wnd one comprising all the remaining
factors (factor 2-5), predominated by the S-HAQ,raticator of disability and supported by
disease chronicity- and damage-related paramegagysHAl, MOA, disease duration, DASH,
DLCO, LVEF).

The patient evaluated 17-area thinness score, ajdr imdicators of disability/chronicity
(DASH, S-HAQ, disease duration) were sorted int@da2, while factor 3 and 4 contained
mainly the further damage-related parameters caog&stc (BMI, HAI, LVEF, DLCO). The
MRSS was sorted here with a strong negative loadihg markers of heart and pulmonary
involvement (LVEF, DLCO) were sorted into factor tégether with the European
Scleroderma Study Group activity index with higlgatve loading. The age of patients was
placed with the highest loading into factor 5 amaraykers of disability (DASH, S-HAQ).

In summary, factor 1 predominantly contained skiitkness-related items, and apparently

skin thickening and thinning were sorted into saf@factors (Table 3).
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Table 3. Principal component analysis performed to exptbee underlying structure of the
skin self assessment questionnaire domains, sdoyethe 131 SSc patients at baseline

investigation

Loading of Component*

1 2 3 4 5
MRSS (E) 0,795 -0,299 -0,215
17-area thickness scor@®) 0,776 0,235
Modified tethering scofe(E) 0,698 -0,466 -0,189
17-area tethering scdréP) 0,610 0,582
17-area thinness scorg) 0,706
S-HAQ’ 0,134 0,611 -0,396/ -0,314 0,397
DASH? 0,543 -0,440 -0,320, 0,459
Disease duration -0,179 0,514 -0,124 0,170
HAI® -0,229, -0,138 0,723
MOA® -0,290 0,628
EScSG Activity Index 0,287 0,241 -0,740
LVEF’ 0,117 0,682 0,131
DLCO® 0,269 0,496 0,537
BMI® -0,160 0,326 0,714
Age at entry into the study 0,115 -0,217 0,107 0,662

E-expert measurement; P-response of patient imtiestionnaire

117 body areas were scored by the patients (scooms ® to 3) and summed afterward§ethering
scores (from 0 to 3) of 17 regions were investigatéScleroderma-HAQ Disability Index was
calculated from the answers of Scleroderma-HAQ Qumsaire “Disabilities of Arm, Shoulder and
Hand score was calculated from the DASH Questigeriéiand Anatomic Index of the dominant side
was determined.®Maximal oral aperture measured as the interlabi@gdtance at maximal mouth
opening (mm).'Left ventricular ejection fraction was determined echocardiography®Carbon
monoxide diffusion capacity was determined on spay. °Body Mass Index. Bold numbers
represent large values of loading (>0.2), reasomafdr interpretation. Empty cells have low (<0.1)
loadings without practical meaning. *Factor loadimgpresents correlation between the observable
and the latent variable (i.e. factor).

A principal component analysis of patients withedise duration <3 years (n=29) was also
performed. The changes of the skin related parametisability, internal organ involvements
and disease activity were included in this paricsubgroups analysis. The change in MRSS

and change in 17-area thickness score were sotiedommon factors (data not shown).
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Discrimination

Classification.There was a significant difference in the 17-ateekhess scores between the
two scleroderma subsets during the baseline evaiuat.5 (0; 16.3) in the IcSSc group and
11 (5.5; 20) in the dcSSc group (median (quartilpsp.05). The same difference could not
be demonstrated in the one year follow-up datajiedian (quartiles) being 4 (0; 12) in the
IcSSc group and 7 (3; 14.5) in the dcSSc group.

Responsivenes$o examine sensitivity to change, we created 3 gganf patients based on
the changes of MRSS of an increase or decrease lehst 3 points during the one year
follow-up [31]. No significant differences in the7-area thickness scores were observed
among these groups by testing them with pahtedts.

No correlation was found between change in MRSSchiathge in the items skin thickness
domainat the one year follow-up either. However, in subgroup of patients with disease
duration <3 years at entry into the study (n=2B% thange in MRSS showed a borderline
correlation with the change in overall thicknessreqrho=0.442, p<0.05).

At present, for the investigation of responsivenaflsthe skin self assessment questionnaire,
we are conducting a multicenter study which inveltke Departments of Rheumatology
from Debrecen (Hungary), Belgrade (Serbia) and Brest (Romania).

Reliability. Reliability was investigated by analysing the rehrability based on the test-
retest method. Test-retest reliability was measumgdntraclass correlation coefficient and
good reliability was detected for all of the selported scores (0.50 to 0.61).

Feasibility

The patients participating in the focus group sessistated unanimously that the skin self
assessment questionnaire was feasible and easgmmister, with a filling out time of

approximately 8-10 minutes.

Biomarker results in the SSc patients

As we compared the median values of biomarker segélthe SSc patient group to healthy
controls and patients with primary Raynaud’s phesoom, PINP, CTX-1, SP-D and KL-6
were found to be significantly higher in the SSoup both at baseline and one-year
reinvestigation compared to both control group0(p%). The sCD4O0L titer in the SSc group
was elevated only compared to the PRP patientsh®nontrary, the levels of SPSGL-1 were
significantly lower in the scleroderma patientscmmparison with the two control groups.
Interestingly, the sE-selectin level was highethe PRP group compared to the SSc patients

and healthy controls (Table 4.).
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Table 4. Median (percentiles) values of the investigatebofatory parameters in SSc

patients, patients with primary Raynaud phenomemahhealthy controls

Sssc Sssc Healthy Primary
. Raynaud’s
baseline 1 year controls phenomenon
(n=131) (n=123) (n=30) (n=51)
Median Median Median Median
(Percentiles) (Percentiles) (Percentiles) (Percentiles)
3.8 4.3 M 4.0 3.6
PIINP®S (ug/l
(ha/h (3.1:4.5) (3.8:5.2) (3.7:4.4) (3.4:4.2)
45.0 445 1 335 33.0
PINP @g/l)
(34:65) (30:60.1) (28.3;44.5) (25.7;37.8)
0.4 T 0.3+ 11 0.2 0.2
CTX-1 (ng/ml)
(0.2;0.6) (0.2;0.6) (0.2;0.3) (0.1;0.3)
1997.4* 1961.4* 1238.9 1199.6
SPD (ng/ml)
(1367.1;3736.8) (1218.8;3709.2) (648.6;1445.5)  (734:1727.3)
30.07 334 28.6 37.8
WF (ug/ml
VWE (ng/mb) (21.9;38.6) (25.8;41.3) (22.6;40) (28.1;48.8)
241.8* 262.3* 324.2 322.9
PSGL-$ (U/ml
S (U/ml) (170.6;298.4) (214;314.3) (273.6;361.8) (288.5;388.5)
VEGE (pg/mi) 122.1 129.2 93.8 111.7
P (80.2;192.5) (88.7;201.8) (60;164.2) (78.4:227.9)
SE-selectif (ng/mi) 34.4" 34.4" 32.1 89.2
9 (25.5;46) (24.7;47.8) (21.3;41.3) (34.7:226.7)
802.2 T 935.3* 't 516.3 625.7
KL-6 (U/ml)
(534.3;1246.7)  (583.8;1323.3)  (316.5;644.4) (387.7;744.8)
413 556.9* T 383.7 440.4
BAFF(pg/ml
(pg/mi) (338.2,561.3)  (439:690.4)  (327.5:435.4)  (385.1:564.7)
9.8 1T 3.2 2.9 4
APRILSE (U/ml
( ) (7.2;11.5) (1.5;6.9) (2.2;4.8) (2.1;7.7)
2.0 1.7 1.4 1.1
sCD40L®® (U/ml
( ) (1.4;2.6) (1.3;2.2) (1;2.3) (0.6;1.7)

* p<0.05; ** p<0.01 between the SSc and healthytooingroups; ' p<0.05,™ p<0.01 between the
SSc patients and those with primary Raynaud phemome’ p<0.05,® p<0.01 between the baseline
and one-year follow-up levels of laboratory paraemnstin SSc patients. Bold characters represent
significant differences between the subgroups.

Comparing the IcSSc and dcSSc subsets, the CT)RID &nd KL-6 differed significantly
also between the two SSc subsets at baseline igatsh, with higher median values in

dcSSc patients. At the one-year reinvestigation $eD and KL-6 values also differed
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significantly between the IcSSc and dcSSc patidrwiever the difference between the CTX-

1 values in the two SSc subsets disappeared (bable

Table 5. Median (percentiles) values of the laboratory peirs in the SSc subsets during

the baseline and one-year reinvestigation

IcSSc dcSSc IcSSc dcSSc
baseline baseline 1 year 1 year
(n=90) (n=41) (n=87) (n=36)
Median Median Median Median
(Percentiles) (Percentiles) (Percentiles) (Percentiles)
3.8 3.7 4.3 42
PIINP(ug/l) (3.2:4.5) (2.9:5) (3.8:5.1) (3.7:6.5)
452 41 455 42.1
PINP{g/) (36.2:67.3) (31.1:64.5) (31.4:59.3) (28.3:63)
ot 0.4 0.5 0.3 0.3
CTX-1 (ng/mi) (0.2:0.5) (0.3:0.7) (0.2:0.6) (0.2:0.5)
- 1829.6 2899 1737.2 2799.7
SPO™(ng/ml) | (11986:3175.6) (1762.8:5123.1) (1089.4:3277.7) (1815.4:5763.4)
29.1 32.7 33.2 35
VWF (ug/mi) (22.6:36.3) (19.3:43.1) (25.5:39.8) (27.6:50.1)
239.0 250.7 271.4 248.3
SPSGL-LUMD) | 1709207.7)  (164.8:303.4)  (213.4:317) (216:294.3)
118.1 144.0 124.7 142.6
VEGF (pg/mi) (80;190.6) (81.7:225.7) (87:197.8) (93.1:231.7)
E-selectin(ng/m) 33.2 37.0 36.2 33.9
g (24.9:45.8) (26.1:51) (24:50.4) (25.6:44.7)
KL6™ (Ul 760.2 1045.5 844.2 1176.3
(464.7:1076)  (676.41884.4)  (533:1190.2)  (690.3:2345.7)
413.2 413.0 569.3 545.7
BAFF (pg/mi) (344.9510.8)  (311.4:691.4)  (465.9.711.2)  (424:683.2)
. 9.6 9.8 3.8 25
APRIL (U/ml) (7:11.6) (8.6:11.1) (2.1,10) (0.8:5.9)
2 1.9 1.8 1.7
SCDA0L (U/mi) (1.5:2.5) (1.3:2.8) (1.3:2.4) (1.2:2)

" p<0.05, ™ p<0.01 between the IcSSc and dcSSc subgroupssatitia evaluation; * p<0.05, *
p<0.01 between the IcSSc and dcSSc subgroups ateanegeinvestigation. Bold characters represent
significant differences between the subgroups.

When the changes in the median biomarker levetsnatyear follow-up were studied, the

PIIINP and BAFF levels increased significantly metSSc group. Their levels at the time of

re-investigation were significantly higher in compan with the two control groups

(difference not seen at baseline investigation).e T§PSGL-1 levels also increased

significantly at one year follow up. On the conyrathe APRIL and sCD40L levels decreased

significantly during the follow-up period (Table)4.
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Relationship of the EScSG activity index to the dhiical parameters

We evaluated the relationship between EScSG aciivitex and certain clinical parameters
including MRSS, 17-area thickness score, diseasatida, HAQ-DI, FVC, FVC/DLCO,
LVEF, presence of PAH, HAI of the dominant side, BMIcer score and number of joint
contractures, and the age at the entry into thdystlihe disease activity related clinical
parameters were distributed into two dimension€BYPCA, explaining 32.9% of the total
variance. The introduction of a third dimension hesgl to an increase of approximately 10%
in the total variance, however only the age of ggd was placed into this additional
dimension. Therefore we decided to continue themaxation of data with the two
dimensional model.

The EScSG activity index loaded in dimension 1 ahdwed association with the HAQ-DI,
ulcer score, MRSS, 17-area thickness score, and@uof contractures and showed inverse
correlation with the HAI (decrease in HAI meanirtg tworsening of hand function). The
parameters of pulmonary involvement (FVC, FVC/DLAGaded in the second dimension,

and the one year follow-up data showed the saniege(Figure 4. A. and B.).
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Figure 4. A. Categorical principal component analysis with ¢heical data and the EScSG
activity index of 131 consecutive systemic sclesqmtients.
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Figure 4. B. Categorical principal component analysis usingdhe year follow-up clinical

data and the EScSG activity index of 123 conseelgystemic sclerosis patients
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Abbreviations: EScSG activity index: European Salerma Study Group activity index, HAQ-DI:
Health Assessment Questionnaire Disability Indesnt@ctures: number of contractures, Ulcers:
ulcer score, MRSS: modified Rodnan skin score, HAhd anatomic index, LVEF: left ventricular
ejection fraction, BMI: body mass index, FVC: fatastal capacity, FVC/DLCO: ratio of forced vital
capacity and carbon monoxide diffusion capacityHPAulmonary arterial hypertension verified by
right heart catheterisation. Bold characters togattwith the * mark indicate those parameters

which were found to be correlated with the EScS@viac index by CATPCA. For details, see
Methods.
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Development of a new 12 point activity index

As the lung-related parameters were independent fre EScSG activity index (Figure 4),
we generated a new index that reflects lung-relaisdase activity somewhat better. The
selection of variables was based on clinical judgimand not by a statistical iterative method.
We considered that two independent parallel metlmdthe assessment of a particular organ
involvement may lead to a more appropriate reghkrefore we introduced the patient
reported skin thickness, skin ulcer score, HAQ-@lange in DLCO and FVC/DLCO ratio.
We decided to use the ‘minimal clinically relevamrgatment effect’ values as threshold limits
(AMRSS: 3-7.5 point based on the baseline MRSS vahBECO: 9-10%,AHAQ-DI: 0.2-
0.25) defined on a Delphi exercise [144]. In gehtdrase values are higher compared to the
‘minimally important difference’ values\MRSS: 3.2-5.3, andHAQ-DI: 0.1-0.14) [150].

We tested the model by CATPCA each time after emohintroduced item. The final version
was reached, when the newly generated activityxindas at approximately equal distance
from both dimensions (Figure 5).

Figure 5. Categorical principal component analysis with ¢ine year follow-up clinical data

and the 12 point activity index of 123 consecusystemic sclerosis patients
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Abbreviations usedsee Figure 4
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Although the total variance of the newly generat2goint index was not significantly higher
than that of the EScSG activity index (32% vs. 30%d)elonged equally to both dimensions
by CATPCA (Figure 5). The newly constructed acyivindex contained the following new
variables: the change in DLCO% [144] over one year with 0.5 point value and
FVC/DLCO>1.8 [151] with 1 point value were introditt as new objective parameters of
heart/lung involvement. The patient reported warsgnn ‘heart/lung component’ counted
for only 1 point in the new index, and the patiegptorted change in skin thickness was also
scored at half of the original weight (0.5 poirks an objectively measurable parameter of
change in skin status, we introduced the chand¢Ri$S>3-7.5 points at one year follow-up
(based on the minimal clinically relevant treatmefiiect defined by a Delphi exercise,
depending on the baseline MRSS score) [144]. Aalilly we introduced the ‘change in
ulcer score’ variable which scored the appearafceew ulcers on patients who had none at
baseline investigation and the increase in theridcere at one year follow-up. This variable
counted as an additional 0.5 points. Another halhfpwas added to the index, if the HAQ-
DI>1 (which means moderate or severe disability thay tbe caused by extensive skin
involvement, characteristic to early diffuse sctiona) and the change in HAQ=L.2 point

at one year assessment was also scored with Onfispdihus the total score of the newly

generated activity index was 12.0 points (Table 6).
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Table 6. The differences between the structure of the ESa8ifvity index and the newly

generated 12 point activity index in systemic sudes

EScSG activity index 12 point activity index
Domain Item point | Domain Item Point
Skin MRSS>14 1.0 Skin MRSS>14 0.5
17-area patient0.5
score>14
Scleredema 0.5 Scleredema 0.5
ASkin® (Patient) 2.0 ASkin® (Patient) 1.0
AMRSS>3-7.5 1.0
Vascular Digital ulcers 0.5 Vascular Digital ulcers 0.5
AVasculal (Patient) 0.5 AVasculal (Patient) 0.5
AUlcer scoré 0.5
Joints Arthritis 0.5 Joints Arthritis 0.5
HAQ-D>1 0.5
AHAQ-DI>0.2" 0.5
Lung/heart DLCO<80% 0.5 Lung/heart DLCO<80% 0.5
ALung/heart(Patient) 2.0 ALung/heart(Patient) 1.0
ADLCO>9% 0.5
FVC/DLCO>1.8 1.0
Laboratory ESR>30mm/h 15 Laboratory ESR>30mm/h 15
Hypocomplementaenfla 1.0 Hypocomplementaemia 1.0
Total 10.0 12.0
score

(Patient) — reported by the patients.

%hange in skin symptoms during last morftthange in vascular symptoms during last month,
‘change in cardiopulmonary symptorfi€3, C4 or total complement decreaséhange in patient
reported 17-area thickness score over one yedrange in modified Rodnan skin score over one year,
%appearance of ulcers and/or increase in severityloérs over one-year reinvestigatidchange in
Health Assessment Questionnaire Disability Indeeroone year,'change in carbon monoxide
diffusion capacity during one year. For detailse $dethods.
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The relationship of the 12 point activity index tbe clinical parameters of one-year
reinvestigation was also examined by CATPCA. Theedse activity related clinical
parameters were distributed into two dimensionsntidal to those seen in the previous
CATPCAs (Figure 5). However, the 12 point activitgex was equally associated with both
dimensions, as it appeared at almost equal distaeiveeen the axes of the two dimensions
indicating that pulmonary involvement and vascwdad fibrotic processes (predominantly
characterized in dimension 1) were equally repriesem this new index. The total variance
was 32% in the CATPCA.

Relationship of the investigated biomarkers to th&ScSG and 12 point activity index

Another aim of the study was to investigate thesme correlation of laboratory parameters
and biomarkers with the EScSG activity index. Aieserof laboratory parameters were
introduced in the CATPCA analysis, and those markegre considered to be related to the
activity index, which were associated with it bathbaseline and at one-year reinvestigation
(Figure 6).
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Figure 6. A. Relationships between the EScSG activity indeliadl data and various
laboratory parameters of 131 consecutive SSc patiey categorical principal component
analysis (baseline investigation).
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Figure 6. B. Relationships between the EScSG activity indexjicadl data and various

laboratory parameters of 123 consecutive SSc patiey categorical principal component
analysis (1 year follow-up data)
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Abbreviations used: EScSG: European SclerodermdyS@roup activity index, HAQ-DI: Health
Assessment Questionnaire Disability Index, Contnast number of contractures, Ulcers: ulcer
score, MRSS: modified Rodnan skin score, HAI: rearatomic index, LVEF: left ventricular ejection
fraction, BMI: body mass index, FVC: forced vitapacity, FVC/DLCO: ratio of forced vital capacity
and carbon monoxide diffusion capacity, PAH: pulamgnarterial hypertension verified by right
heart catheterisation, sE-selectin: soluble E-sitedCTX-1: crosslinked collagen | carboxiterminal
telopeptide, KL-6: Kerbs von Lungren 6 antigen, 40D soluble CD40 ligand, sPSGL-1: soluble P-
selectin glycoprotein ligand-1, LDH: lactate dehgdenase, VEGF: vascular endothelial growth
factor, vVWF: von Willebrand factor, CRP: C-reactiygotein, APRIL: A Proliferation-inducing
ligand, anti-topo I: anti-DNA-topoisomerase-l ardiy, PINP: procollagen type | N terminal
propeptide, PIIINP: procollagen type 1ll N terminptopeptide, BAFF: B-cell activation factor, SP-
D: surfactant protein D. Bold characters togethathathe ** mark indicate those parameters which
were found to be correlated with the EScSG actiniigx by CATPCA. For details, see Methods.
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Serum albumin, VEGF, vWF, sPSGL-1andCRP were found to be in consistent correlation
with the EScSG activity index at both investigation

We also examined the relationship between theswdsdry parameters and 12 point activity
index. TheVEGF, albumin, sPSGL-1 and CRP were related to the EScSG activity index
and also our 12 point activity index. Furthermaryer modified index was associated to the
anti-topoisomerase | titer, KL-6, SP-D, PINPandPIIINP (Figure 7). The total variance of
this model was similar to the original (28% vs.126.in the original EScSG model).

Figure 7. Relationships between the 12 point activity indeknical data and various
laboratory parameters of 123 consecutive SSc patiey categorical principal component
analysis (1 year follow-up data)
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Abbreviations usedsee Figure 6.
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As the 12 point activity index proposed by our egsh team cannot be used at first visit of
the patient at the physician’s office, in a furtsézp we studied the simplified activity index,
omitting the parameters of changdMRSS, AUIcer score,AHAQ-DI, ADLCO), without
modifying the weight of the remaining variables.ush in comparison with the EScSG
activity index, this 8.5 point activity index coirtad the 17-area thickness score reported by
the patient, the moderate to severe disabilityectfid by the HAQ-DI and pulmonary
vascular involvement characterized by the FVC/DL@@o. This particular index showed a
good correlation with the EScSG activity index bathbaseline and one-year reinvestigation
(Spearman’s rh0=0.911, p<0.001, respectively rh#8310.p<0.001), and furthermore the total
variance of the 8.5 point activity index was algoikr to the EScSG activity index (34.6%
vs. 32.9% at baseline investigation, and 32.2%3@8 at 1 year follow-up, respectively)
(data not shown). The distribution of the variabless very similar to that seen with the
EScSG activity index. The 8.5 point activity indalso showed the same correlations with the
biomarkers, as seen with the EScSG activity inddxaaeline, and with the 12 point activity
index at the one-year reinvestigation (data nowsho

B. Investigations of the socio-economic impact asehse activity and severity in systemic

sclerosis, and characterisation of cardiopulmonawasculopathy in systemic sclerosis, a

leading cause of morbidity and mortality, by invasitechniques

Socio-economic impact of disease activity and sgyen systemic sclerosis

Among the 80 patients there were 8 (10%) men an@®d%) women, with mean age (SD) of

57.4 (9.6) and disease duration (SD) of 6.2 (6e®ry /IcSSc: mean 6.2 (7.2) years, dcSSc:
mean 6.2 (4.8) years/, 5 (6.3%) patients had deselasation <2 years. Limited SSc was

present in 60 (75%) and diffuse SSc in 20 (25%)ep&t. The distance between patients’

residence and the care centre was mean 143.2 (%P l98. The main characteristics of the

patients are presented in Table 7.
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Table 7.Characteristics of patients with SSc (n=80)

Variable Value, mean (SD)
Clinical characteristics leSSe deSSe Total
(n=60) (n=20) (n=80)
Disease duration (years) 6.2 (7.2) 6.2 (4.8) 6.8)(
BMI (kg/m?) 26.4 (5.2) 25 (4.4) 26.1 (5)
C-reactive protein (mg/l) 6.3 (11.8) 8(9.1) 6.7.00)
Erythrocyte sedimentation rate (mm/h) 25.4 (15.4) 0.4319.6) 26.7 (16.9)
Modified Rodnan skin score (0-51) 2.3 (2.0) 3.3]3. 2.5(2.4)
EScSG Activity Indek(0-10) 2.03 (1.42) 1.78 (1.43) 1.96 (1.42)
Disease Severity Scale:
- general health (0-4) 0.38 (0.69) 0.75 (1.02) qeL8)
- peripheral vascular (0-4) 1.23 (0.56) 1.25(0.55) 1.24(0.56)
- skin (0-4) 0.68 (0.47) 0.75 (0.44) 0.7 (0.46)
- joint/tendon (0-4) 0.45 (0.89) 0.6 (1.27) 0.4%94a)
- muscle (0-4) 0.5 (0.68) 0.45 (0.51) 0.49 (0.64)
- gastrointestinal tract (0-4) 0.28 (0.72) 0.68).7 0.36 (0.73)
- lung (0-4) 1.47 (0.79) 2.0 (0.92) 1.6 (0.85)
- heart (0-4) 0.25 (0.63) 0.6 (1.1) 0.34 (0.78)
- kidney (0-4) 0.03 (0.18) 0.05 (0.22) 0.04 (0.19)
HAQ-DI’(0-3) 0.8 (0.67) 0.93 (0.70) 0.83 (0.68)
S-HAQ (0-3) 0.75 (0.56) 0.83 (0.51) 0.77 (0.55)
Raynaud phenomenon VA®-3) 1.1 (0.74) 0.94 (0.66) 1.06 (0.72)
Digital ulcer VAS (0-3) 0.48 (0.8) 0.42 (0.45) 0.4573)
Digestive VAS (0-3) 0.35 (0.61) 0.43 (0.63) 0.37Q)
Pulmonary VAS (0-3) 0.51 (0.73) 0.76 (0.6) 0.5870.
Overall disease severity VAS (0-3) 0.87 (0.74) q&s1) 0.86 (0.7)
EQ-5D score (-0.594-1) 0.58 (0.27) 0.58 (0.32) q®129)
EQ-5D Visual Analogue Scale (0-100) 57.32 (19.3) .05316.98) 56.25 (18.73)
Presence of organ involvement* Number of patient$/)
-Cutaneous manifestations 43 (72) 17 (85) 60 (75)
-Gastrointestinal 21 (35) 9 (45) 30 (38)
-Heart, lung, kidney 41 (68) 15 (75) 56 (70)
-Musculoskeletal 41 (68) 12 (60) 53 (66)
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Table 7.Characteristics of patients with SSc (n=80) (cwurdtion)

lcSSc dcSSc Total

(n=60) (n=20) (n=80)
Current drug treatment Number of receiving patients (%)
Cyclophosphamide 5(8.3) 9 (45) 14 (17.5)
Azathioprine 5(8.3) 3(15) 8 (10)
Other cytostatic drugs 4 (6.7) 0 (0) 4 (5)
Corticosteroids 13 (21.7) 12 (60) 25 (31)
Proton pump inhibitors 27 (45) 5 (25) 32 (40)
H2-receptor inhibitor 19 (31.7) 7 (35) 26 (33)
Other gastrointestinal drugs 4 (6.7) 5 (25) 9(11)
Ca antagonists 29 (48.3) 10 (50) 39 (49)
ACE - inhibitor$ 28 (46.7) 7 (35) 35 (44)
Other (bosentan, pentosan polysulfate sodidnll1.7) 1(5) 8 (10)

PGET)

*according to the evaluation of the rheumatologist

Abbreviations used:®European Scleroderma Study Group activity ind8dealth Assessment
Questionnaire disability indexScleroderma Health Assessment QuestionnéWésuaI analogue
scale ®Angiotensin-converting enzyme inhibitdBrostaglandin E1

Regarding organ involvement during the course ot tHisease, gastrointestinal,
heart/lung/kidney and musculoskeletal symptoms weduin 65 (81%), 77 (96%), 76 (95%)
patients respectively, and 11 (13.4%) had neopléstarus, kidney, breast, malignant
melanoma, fibroadenoma, basocellular carcinomana@cinoma) in their case history.
Osteoporosis was present in 30 (37.5%), diabetefitumein 8 (10%) patients, thyroid

disorder and ophthalmological disorders (glauconaaracta, conjunctivitis) were present
equally in 5 (6.3%).

Health care utilisation

Use of diagnostic procedures, rates of outpatient iapatient care and other services are

presented in Table 8.
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Table 8. Utilisation of main diagnostic procedures and othealth care services due to SSc

in the past 12 months

Annual utilisation frequency of services:

Patients
number of cases per year

Number Rate (%) Mean SD
Diagnostics
Hand x-ray 60 75 1.0 0.8
Chest x-ray 74 92.5 15 1
Barium swallow 47 58.8 0.6 0.6
HRCT 18 22.5 0.3 0.6
Echocardiography 72 90 1.6 1
Doppler echocardiography 8 10 0.1 0.4
Spirometry 80 100 2 1.1
Gastroscopy 21 26.3 0.4 1
Abdominal ultrasound 48 60 0.9 0.9
Consultations
GP visit 71 88.8 10.3 6
Specialist visit 70 87.5 7.1 7.6
Admission to hospital 78 97.5 4.9 3.1
Surgical procedures 4 5.0 15 0.6
Diet consultation 22 27.5 0.6 1.7
Physical therapy 49 61.3 3.6 10.5
Electrotherapy 15 18.3 1.4 4.8
Dermatologic ulcer care 11 13.8 2.6 20.3
Home care 2 2.5 0.0 0.16
Transportation
Ambulance 14 175 14 4.1
Reimbursed travel vouchers 50 62.5 3.8 5.9

Aids and devices
Orthopaedic  shoes, cane,

elbow-crutches, frame, other 25 31.2 n.a. n.a.
Not reimbursed services*

Physiotherapy, private

specialist visits 18 22.5 - -
Home remodelling 11 13.7 - -
Informal care (hours/week) 31 38.7 7.23 21.5

* = Yearly costs of non-reimbursed services and édoemodelling was asked in the questionnaire but
not the number of cases.
n.a. = not applicable
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The most commonly visited out-patient cares weten(mer of patients, %): rheumatology 58
(72.5%), cardiology 34 (42.5%), ophthalmology 33L.8%6), pulmonology 18 (22.5%),
dermatology 17 (21.3%), orthopaedics 11 (13.6%hoalgh other specialist visits occurred as
well (gynecology 10, surgery 9, internal medicing gastroenterology 5, angiology 4,
rehabilitation 3, nephrology 2, other 11 patienfglean annual number of visits among
receiving patients was: rheumatology 4 (SD 3.8)dickogy 1.7 (SD 0.8), ophtalmology 2.1
(SD 2.1), pulmonology 1.4 (SD 0.86), dermatolodg® (ED 0.9), orthopaedics 1.5 (SD 1.2).
Nearly all patients, 78 (97.5%) were admitted teurnatology department at least once in the
past 12 months but other hospitalisations alsorectu.e. ophthalmology 11 (13.8%) patients
(3 of them had cataract surgeries). Admittance tteerodepartments (internal medicine,
cardiology, pulmonology, dermatology, nephrology,gery) occured for 19 (23.8%) patients.
Two patients (2.5%) were admitted to rehabilitatidepartment and 3 (3.8%) received
inpatient balneology care. Four patients (5%) wwdet surgical procedures in the past 12
months (5 cases of cataracta surgery, 1 water-m&tiomach argon plasma coagulation)
during in-patient care. Several aids and devica® wsed by the patients at the time of the
survey: orthopaedic shoes 18 (22.5%), cane 6 (7.6%6) elbow-crutches 2 (2.5%), frame 1
(1.25%), other (e.g. grips, sock) 7 (8.75%) patient

Ambulance transportation to attend health care wsasl by 8 (13.3%) IcSSc patients living
mean 91.3 (SD 55.1) km from the care centre, agetsgge among them was 5.3 (SD 5.3)
cases/year. In the dcSSc group these variables Gvpatients, 151.4 (SD 63.1) km and 11.3
(SD 7.9) caseslyear.

Employment status

Only 7 (8.75%) patients were in a full time jobthe time of the survey, 2 (2.5%) were
employed in a part time job, 1 (1.25%) was on pemna sick-leave, 39 (48.8%) were
receiving disability allowance and 32 (40.0%) patisewere retired.

Determinants of costs

Mean yearly costs of SSc are presented in Table 9.
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Table 9. Average annual costs of patients with SSc, in 280&erted into euros

IcSSc (n=60) dcSSc (n=20) All patients (n=80)

(proportion of total

costs)
DIRECT MEDICAL COSTS
X-ray (hand. chest. barium swallow) 16.5 19.6 317.
Diagnostic procedures (chest CT,
echocardiography, doppler
echocardiography, spirometry, 259 45:9 30-9
gastroscopy, abdominal ultrasound)
Drugs 393.6 397.5 394.6
GP visits 35.2 36.5 35.5
Specialist visits 47.2 354 44.3
Other therapies (diet consultation,
physiatry, dermatologic ulcer care, 16 5.9 13.5
professional home care)
Hospitalisation 2514.4 3329.6 2718.2
Surgical procedures 40.1 27.2 36.9
Aids and devices 10 5.9 8.9
Total direct medical costs 3098.9 3903.5 3300 (3%)
DIRECT NON-MEDICAL COSTS
Home remodelling 172.7 220 184.5
Transportation (ambulance, travel
voucher) 155.7 1343.2 452.6
Transportation (not reimbursed) 33.5 83.4 46
Informal care 196.8 393.2 245.9
Total direct non-medical costs 558.7 2039.8 929.1%)
INDIRECT COSTS (productivity loss)
Disability pensioners 5025 6142 5305
Sick leave 110.8 8 85.1
Total indirect costs (productivity loss)  5135.8 &0 5390 (56%)
Total costs 8793.7 12093.4 9619 (100%)
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Correlation between costs and disease duratioeasksactivity and health status is presented

in Table 10.

Table 10.Correlation between clinical characteristics aostg, presented by rho values

Variable Direct costs Indirect costs Total costs
SSc duration, years -0.09 0.08 0.05
Modified Rodnan skin score 0.06 -0.12 -0.07
EScSG Activity Index 0.23 0.23 0.28
Disease Severity Scale 0.29 -0.01 0.14

- general health 0.06 0.08 0.14

- peripheral vascular 0.20 0.23 0.26

- skin -0.06 -0.09 -0.10

- joint/tendon 0.11 0.06 0.11

- muscle 0.21 0.08 0.18

- gastrointestinal tract 0.24 -0.04 0.10

- lung 0.19 0.11 0.01

- heart 0.08 0.01 0.06

- kidney 0.05 -0.19 -0.12
HAQ-DI (0-3) 0.33 -0.07 0.08
S-HAQ (0-3) 0.36 -0.04 0.11
Raynaud’s phenomenon VAS (0-3) 0.12 0.00 0.08
Digital ulcer VAS (0-3) -0.05 0.01 0.00
Digestive VAS (0-3) -0.14 -0.04 -0.03
Pulmonary VAS (0-3) 0.02 0.10 0.14
Overall disease severity VAS (0-3) -0.05 0.14 0.09
EQ-5D score (-0.594-1)* 0.17 -0.16 -0.04
EQ-5D Visual Analogue Scale (0-100)* -0.30 0.21 -0.35

*Higher value refers to better health status. Bdidracters represent significant correlations.

Average direct, indirect and total costs were highepatients with dcSSc than with IcSSc,
the differences were 2286, 1014 and 3300 eurosfpiftear, respectively. The difference
between direct costs of dcSSc and IcSSc groupssigagdicant (P=0.005). Disease activity
had significant impact on both direct and indireosts whilst disease severity, disability
(measured by DSS, S-HAQ and HAQ-DI) and patientsception on health status (VAS)

correlated significantly only with direct costs.
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Comparison with costs of RA and PsA

In our previous collaborative RA survey (n=255, wveonB6%, mean age 55 years, disease
duration 9.1 years, DAS28 5.1, HAQ-DI 1.38, EQ-5fdre 0.46) the average annual costs
per patient was 6868 (SD 6196) euros on 2007 prigeish is lower than the present costs of
SSc. Rate of women and mean age were alike to $lsces&mple but disease duration of the
RA patients was higher (plus 3.4 years). Regartiegith care utilisation, a lower hospital
admission rate was observed in the RA sample (62:6%07.5%) but 88% were taking
disease modifying drugs whilst only 32.5% of thecSstients were on cytostatic or
immunmodulating therapy. (None of the RA patientsravon biological therapy as the
reimbursement started only in 2006 in Hungary. Wwadimide, a relatively costly disease
modifying drug was taken by 21%.) Less RA than $8tients were on disability pension
(35.3% vs. 48.8%).

Costs of psoriatic arthritis (PsA) according torass sectional survey in Hungary (n=183,
women 57%, age 50.1 years, disease duration 913,yPAS28 4.1, HAQ-DI 1.0, EQ-5D
score 0.47) involving 6% of patients on biologit¢herapy was also much lower (5574
euros/patient/year, in 2007) than the costs of 88th hospital admission (42.1%) and work
disability pension (24.6%) rates in PSA were lotian in SSc or RA.

Among total costs, the proportion of productivios$ related costs (indirect costs) were the
highest in all three diseases (SSc 56%, RA 67.488, $2.1%), the rate of direct medical
costs was the highest in SSc (SSc 34.3%, RA 18%%,33.6%).

Evaluation of different types of cardiopulmonary saulopathy in SSc

Of the 120 cases, 2 patients were excluded duevieres pulmonary fibrosis. Characteristics
of the patients are depicted in Table 11. Concegrrine cardiovascular risk profile,

hypertension and diabetes were more frequent iri‘'shsepected PAH” group, whereas the
distribution of hypercholesterinaemia, male gera®l obesity were similar among groups.

No significant difference was detected in any othboratory results.
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Table 11.Patient characteristics of the 120 systemic ssignqpatients included in the study

All patients | Patients with  Patients with Non
(n=120) |suspected PAH suspected CAD catheterized
(n=20) (n=10) patients (n=90)

Age (years) 55.5+12.8 62.7+9.6* 53.3112.0 54.2+13.0
Gender (male:female) 14:106 3:17 1:9 10:80
Follow-up (months) 53.3145.1 41.0+39.6 67.1+40.9 .4%46.5
Disease duration (years) 10.948.5 13.319.1 11.1+5.2 10.3t8.6
IcSSc:dcSSc 81:39 16:4 6:4 59:31
EScSG Activity Index 2.6+£1.9 2.5+1.8 3.8+2.8 2.5+1.8
HAQ-DI 1.0+0.7 1.0+0.7 1.1+0.6 1.0+0.8
Hypertension 52 (43.3%) | 13 (65.0%)* 5 (50.0%) 34 (37.8%)*
Diabetes mellitus 3 (2.5%) 2 (10.0%)* 0 (0.0%) 1(1.1%)
Hypercholesterinaemia 8 (6.7%) 1 (5.0%) 0 (0.0%) 7 (7.8%)
BMI (kg/m?) 25.2+4.8 25.745.3 26.3+4.2 24.9+4.7
Presentatior:
Dyspnea, breathlessness 71 (59.2%) | 19 (95.0%)** 7 (70.0%) 45 (50.0%)**
NYHA class 1.740.7 2.2+0.4* 2.0+0.5 1.6£0.7**
Chest pain 38 (31.7%) 8 (40.0%) 5 (50.0%) 25 (27.8%)
Anasarca and/ or nycturia 50 (41.7%) 11 (55.0%) 6 (60.0%) 33 (36.7%)
Dizziness 32 (26.7%) 7 (35.0%) 3 (33.3%) 22 (24.4%)
Faint 11 (9.2%) 2 (10.0%) 1 (10.0%) 8 (8.8%)
Palpitation 59 (49.2%) 8 (40.0%) 7 (70.0%) 44 (48.9%)
6-minutes walk test 359.2+74.4 323.0+53.9* 349.2+68.0 368.3+76.9*

Clinical manifestations, case

history
Raynaud’s phenomenon

Subcutaneous calcinosis

Myositis

Modified Rodnan skin score

Abnormal Shirmer test
Pericarditis
Renal involvement

Esophageal involvement

Interstitial pulmonary involvement

117 (97.5%)
18 (15.0%)
6 (5.0%)
4.1#5.1
39 (32.5%)
3 (2.5%)

2 (1.7%)
63 (52.9%)
78 (65.0%)

19 (95.0%)
4 (20.0%)
1 (5.0%)
4.846.2
8 (47.1%)
0 (0.0%)
0 (0.0%)
9 (50.0%)
12 (60.0%)

10 (100.0%)
1 (10.0%)
1 (11.1%)

3.4+4.4
3 (33.3%)
0 (0.0%)
0 (0.0%)
2 (20.0%)
8 (80.0%)

88 (97.8%)
13 (14.4%)
4 (4.4%)
4.0+4.9
28 (31.1%)
3 (3.3%)
2 (2.2%)
47 (52.2%)
58 (64.4%)

Abbreviations: PAH: pulmonary arterial hypertensjd@AD: coronary artery disease, IcSSc: limited
cutaneous systemic sclerosis, dcSSC: diffuse autaneSystemic sclerosis, HAQ-DI: Health
assessment questionnaire disability index, BMI: yoadass index, NYHA: New York Heart

Association,

*: p<0.05 **p<0.001 unpaired t test or Fisher’s egatest as appropriate.
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Cardiac catheterisation was performed in 30 cdseall, 20 patients were included in the
“suspected PAH”, and 10 cases in the “susped@AD” group. Among the 120 patients
with SSc, the prevalence of PAH was 11.6% (14/12@)le the prevalence of verified CAD
and of severe CFR reduction were 12.5% (15/120)88% (10/120), respectively. Normal
coronary vessels and pulmonary pressure, as wehreserved CFR, were found in eight
cases. There was a considerable overlap among tivess. In all, 12 patients in the
“suspected PAH” group and 2 in the *“suspected [@Agroup had PAH. Coronary
angiography was positive in 9 cases in the “susgge®AH” group. Severely reduced CFR
was found in seven cases in the “suspected PARA & three patients in the “suspected
PAH” group (Figure 8). Of the 15 patients with ooary lesions detected by morphological
and functional assessment, 8 underwent revascatianz(1 bypass grafting, 7 percutaneous

coronary stent implantations).

Figure 8. Catheterisation findings in 30 systemic sclergsasients. Panel A displays the
frequency of coronary artery disease (CAD) and julany hypertension as the indications
for catheterisation. Panel B illustrates the comsitile overlap found among the abnormalities

of the pulmonary circulation as well as the corgmaicro and macrovasculature.

PAH: 14 (46.7%) Normal Results:
E= both PAH and CAD

EE PAH
(n=20)

Suspected CAD -:l v ’
(n=10) ‘

T T

T
0 10 20 30
Number of patients

A B CAD: 15 (50%) MVD: 10 (33.3%)

Abbreviations: PAH: pulmonary arterial hypertensjo©€AD: coronary artery disease, MVD:

microvascular disease
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CONCLUSIONS

The EScSG activity index developed in a European multicenter study, iy useful and
appropriate tool to assess the disease activiBsio, although some domains of this particular
index may be still a topic of debate [152, 153]rtRermore, its validity has only been tested
on a relatively small unselected patient cohorf.[Ti2 this present study, we evaluated the
EScSG activity index on a large, unselected, cartsax SSc cohort, containing both IcSSc
and dcSSc patients. We confirmed that the conswaladity of the EScSG activity index is
good. Additionally we have found that two feasipleysical examinations, namely th&er
score and number of contractures were also strongly correlated with the EScSGvdgti
index (Figure 4). Therefore, we recommend that tisefulness of these two clinical
parameters as disease activity markers shouldalsvaluated in forthcoming studies.

We previously assumed that patients could provale\and reliable data regarding their skin
involvement, and therefore we have developed andlatad a skin self assessment
questionnaire The ‘17-area thickness score’, reported by thgeptcorrelated with the
MRSS [69] and also with the EScSG activity indeX4]L

Based on the statistical analysis we have concltidgidthe EScSG activity index might not
reflect sufficiently the pulmonary interstitial andscular involvements of the disease, as the
lung-related parameters were sorted into a sepdiatension (Figure 4). To improve the
sensitivity of the existing activity index, we inded some new, feasible parameters including
the patient reportetl7-area thickness score, the HAQ-DI, change in MRSEAQ-DI, and
DLCO at one year follow-up, the change in ulcer sege and theFVC/DLCO ratio, and
constructed thd2 point activity index. This particular new index appropriately refletite
pulmonary interstitial and vascular involvementsleé disease, but the total variance of this
newly generated instrument was not significantiyhler than that of the EScSG activity index
(32% vs. 30%). As the EScSG activity index, our lyedeveloped index does also not
sufficiently include the gastrointestinal, and legrinvolvement of the scleroderma patients.
Further studies and validation steps will be rezpiito clarify the usefulness of the 12 point
activity index for the follow-up of SSc patients.

A further 3 years re-investigation of our cohoraiso underway.

We also constructed a simplified activity indexe(8h5 point activity index) that can be used
at the first visit of the patient, when no parametef change are available. This index
sufficiently reflects the disease activity, andsteimplified activity index is highly correlated
with the original EScSG activity index.

There is a need for findingomarkers that can reliably reflect either the overall oe thrgan

specific disease activity, as in many cases thera lack of evident clinical signs and
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symptoms in the progression of a certain organ lieroent. We have selected several
promising biomarkers to test their usefulness on latge consecutive patient cohort. We
found increased median values of the levaPiP, and type | collagen degradation marker,
the CTX-1 was also increased in our SSc patients comparedntools, as also seen in other
clinical investigations [93]. We also confirmed thhe SP-D and KL-6 may be useful
diagnostic markers and indicators of disease a@yplilamage in patients with pulmonary
interstitial diseases [94, 99]. On the contraryydo serum levels ddPSGL-1were found in
the SSc patients, compared to the healthy contnodsPRP patients potentially indicating a
protective role against pulmonary involvement [89].

The elevated levels ofWF andsE-selectinlevels in our patients with primary Raynaud’s
phenomenon might reflect that the endothelial eelivity in these patients with shorter
disease duration might be more pronounced comparéde SSc group with relative long
disease duration (mean 8 years).

The statistical analysis performed both with thedhiae and one-year reinvestigation data
revealed the relationship of five markers, nambaly@RP, alboumin, VEGF, sPSGL-1and
VWF, to the EScSG activity index. Our group has presip already found that the increase
in CRP influenced the prognosis of scleroderma.[32f quantification of gastrointestinal
involvement in SSc is difficult, because every prit can be involved. The relationship of
the albumin with both activity indices might be tie#lection of the malabsorption, associated
with a more active stage of disease, thus may atefldditional organ involvement. The
decrease in albumin can be also considered assigfiammation. The elevated markers of
endothelial cell activation (VWF) and angiogend$iEGF) were previously also found to be
signs of ongoing pathologic disease process [83195]. Endothelial cell activation is one of
the primary events in the pathogenesis. Moreowerattered angiogenesis and tissue hypoxia
cause many of the characteristic symptoms of tseadie (e.g. presence of digital ulcers,
capillary abnormalities, teleangiectasia). The sP-3Gvas identified in a study as possible
protective marker against pulmonary fibrosis, mferin disease activity should be further
evaluated.

Four out of these aforementioned five laboratorykes YEGF, aloumin, CRP, sSPSGL-)
identified by CATPCA were found to be associatethviioth theEScSG activity indexand
the 12 point activity index (Figures 6 and 7). The 12 point index reflectesd dhe pulmonary
involvement as well as the vascular and fibrotimponent of disease activation. Therefore
those laboratory markers which were related to XBepoint activity index may also be
potential candidates for further investigationstime search for further valuable activity
markers in scleroderma. These are dh#é-topoisomerase | titer, KL-6, SP-D, PINP and
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PIIINP , which might reflect the pathologic processes,clvhivere underrepresented in the
original index.

Regarding the costs of illness in systemic sclerasur collaborative study provides data on
health care utilisation and costs of patients V8®c in Hungary based on a cross-sectional
survey performed in 2007. Total costs amounted éamf619 euros/patient/year The rate

of direct costs was 44% and the proportion of digglpension and hospitalisation were the
highest among the cost items (55.2% and 28.3%e¢ctisply).

Costs of patients with dcSSc were higher than W85c. Disease activity had significant
impact on both direct and indirect costs whilsedse severity, disability (measured by DSS,
S-HAQ and HAQ-DI) and patients’ perception on healtatus (VAS) correlated significantly
only with direct costs.

Evaluating the costs of SSc in the field of rheumdiseases within the same country, SSc
related costs exceeded the costs of rheumatoiditertnd also of psoriatic arthritis in
Hungary, as also seen in a Canadian study [117, Ba6ed on these two comparisons, costs
of SSc seem to be higher than of RA although a neagmnded use of rather expensive
biological drugs for the treatment of RA in the fpgears has presumably decreased the
difference. Productivity loss of the SSc patiensswemarkable in our patient sample. The
rate of disability pension seems to be higher imgiary than in other countries [114, 157].
Among the 48 patients of working age, 9 (18.8%)eneremployment (one of them was on
permanent sick leave) and 39 (81.2%) were on disapension.

The study performed on the evaluation of diffetgpes of cardiopulmonary vasculopathy in
SSc demonstrated that coronary artery disease nmajcyjand can appear in combination
with PAH in patients with SSc. Patients with SSahwreduced physical capacity and
exertional dyspnoea showed a considerable ovedapeen PAH and CAD. The incidence of
PAH in our collaborative study was similar to thabserved previously [126, 149].
Intriguingly, in patients who showed signs of PAHW hon-invasive investigations, the
prevalence of CAD and PAH was comparable. Patiestts suspected CAD also showed
similar overlap, although this was less prominéRure” PAH without coronary disease was
a rather rare finding in our cohort, only affectihg% of the cases. These findings suggest
that the current screening methods are not idealigtinguishing CAD and PAH in patients
with SSc. A more invasive approach, such as coyoaagiography, may be necessary to
properly characterise heart involvement in SScerbgtingly, a reasonable explanation for
findings suggestive of cardiopulmonary involvemewas lacking in a remarkably high
number of patients (8/30) with normal RHC valuestnmal coronaries and without severe

pulmonary fibrosis.
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SUMMARY AND NEW RESULTS

In our study we proposed to further evaluate thgclpsmetric properties (in particular the
construct validity) of the EScSG activity index nggiour prospectively enrolled large patient
cohort. We also looked for possible additional ickh parameters and biomarkers, which
could be used in the assessment of disease acfiiy modified Rodnan skin score is a
feasible examination, which is an indicator of dise activity in scleroderma. We considered
that patients can also reliably appreciate thein sitatus, therefore we developed and
validated a new skin self assessment questionnaire.

As there is only little data about the socio-ecomommpact of disease activity and severity in
systemic sclerosis, we also surveyed our scleragleromort from this point of view. Our
results probably reflect the situation in the Canfuropean countries.

The clinical presentation of cardiopulmonary vasepakhies, one of the major causes of
mortality in systemic sclerosis, is often atypicalaking their distinction difficult. Our
invasive cardiac examination in SSc patients irtdcdéhat a more complex approach should
be developed for the evaluation of cardiopulmongmyolvement in SSc, as in selected
patients, coronary revascularization successfulges symptoms and improves physical

capacity.

A. Investigation of disease activity in systemitesosis

- Theconstruct validity of theEScSG activity indexwas found to be good in our study
carried out on a large, prospectively enrolled gudticohort, and reflected both the
vascular and fibrotic phenomena of the disease.

- We have found that the numberwéers andcontractures, two physical parameters that
can be easily assessed, showed consequent reft@piomish the EScSG activity index.
We propose the further investigation of these tammeters, to evaluate their use in the
assessment of disease activity.

- We developed and validated patient reported self assessment questionnairthat
provides reliable, valid data for the assessmeskiof thickness.

- The patient reported skin thickness score corrélatso with the EScSG activity index
on CATPCA.

- We have also shown, that the EScSG activity indegs not reflect sufficientlythe
interstitial and vascular componentmflmonary involvement.

- Therefore we have developed 12-point activity index, which reflects better the

interstitial and vascular component of lung invohent in systemic sclerosis.
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We have identifiedive biomarkers that consequently correlated to the EScSG activity
index based on CATPCA during both the baseline arygar investigations: th€éRP,
albumin, VEGF, sPSGL-1 and thesWF.

Four out of the five previously listed biomarker€RP, albumin, VEGF, and the
sPSGL-1)also correlated to thE2-point activity index by CATPCA.

If the use of thel2-point activity index in the assessment of disease activity will be
demonstrated, we consider worthy to further ingedé those biomarkerar{ti-DNA
topoisomerase-|l antibody, KL-6, SP-D, PINP, PIIINB that also correlated with the

newly developed activity index.

B. Investigations of the socio-economic impact asehse activity and severity in systemic

sclerosis, and characterisation of cardiopulmonawasculopathy in systemic sclerosis, a

leading cause of morbidity and mortality, by invasitechniques

To our knowledge, our study is the first that offelata both on direct and indirect costs
of SSc in Europe.

The investigation otosts-of-illnessshowed, that disease activity had significant ichpa
on both direct and indirect costs whilst diseasesty, disability (measured by DSS, S-
HAQ and HAQ-DI) and patients’ perception on heakbatus (VAS) correlated
significantly only with direct costs.

Productivity loss of the SSc patients was remakkabl our patient sample, 80% of
working age patients were on disability pension.

The costs in systemic sclerosis overseeded theofasieumatoid arthritis and also the
costs of psoriatic arthritis9619 Euros/patient/year in SSc6868 Euros/patient/year in
rheumatoid arthritis and 5574 Euros/patient/yegorsoriatic arthritis).

Based on the results of the left- and right heatheterisations we have demonstrated,
that patients with SSc with reduced physical capaand exertional dyspnoea show a
considerableoverlap betweenpulmonary arterial hypertension and coronary artery
disease

These findings suggest that the current screenegthads are not ideal for distinguishing
pulmonary arterial hypertensi@md coronary artery disease in patients with SSooke
invasive attitude should therefore be implemented in SSc the assessment and
adequate treatment of consequent cardiopathy, wbichprises also the systematic

coronarography even at the first heart cathetésisat
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