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General introduction

—

8

Background
Systemic sclerosis (SSc), also commonly referred to as scleroderma, originates
from the Greek words skleros (hard), and derma (skin). The occurrence of SSc has
been mentioned in the course of history of medicine. Hippocrates was the first to
mentioned this condition as thickened skin (1). Throughout the years more cases
were mentioned, but it was not until 1945 that Robert H. Goetz described this disease
as being a systemic disorder. Goetz also introduced the term progressive systemic
sclerosis to entail the systemic and often progressive nature of this disease (2).
Systemic sclerosis does not only affect the skin, but also visceral organs including
the heart, lungs, kidneys and the gastro-intestinal tract. This generalized connective
tissue disease is characterized by a triad of immunological abnormalities, vasculopathy
and progressive cutaneous and visceral fibrosis (3).
In this thesis, we aim to improve the recognition of patients at risk for early,
severe organ involvement and therewith, hopefully improve early treatment.

Epidemiology
Systemic sclerosis is a rare disease, with widely varying prevalence in all ethnicities.
The prevalence varies between 3 and 66 per 100,000 persons, and appears to be
higher in the United States and Australia compared to Europe and Japan (4). The
estimated prevalence of SSc is 8.9 per 100.000 inhabitants in the Netherlands (5).
There is a predominance in women, with varying ratios between 3:1 to 14:1
(6). The onset of SSc is most common between the 40th and 50th year of life (7).

Diagnostic criteria

According to the ACR/EULAR classification criteria, a patient can be classified as
having definite SSc when a total score of 9 or more is calculated from adding all
items present in a patient (table 1).
These classification criteria have a proven sensitivity of 91% and a specificity
of 92% (8).
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Classification criteria

Introduction

To date, no diagnostic criteria for SSc are available, however, the ACR and EULAR
have designed classification criteria in 2013.

Table 1 ACR/EULAR classification criteria for systemic sclerosis (8).
Items

Sub-items

Skin thickening of the fingers of both hands extending
proximal to the metacarpophalangeal joints

Weight
9

Skin thickening of the fingers

Puffy fingers

2

(only count the highest score)

Whole finger,
distal to MCP

4

Finger tip lesions

Digital tip ulcers

2

(only count the highest score)

Pitting scars

3

Teleangiectasia

2

Abnormal nailfold capillaries

2

Pulmonary arterial hypertension and/or interstitial lung
disease

2

Raynaud’s phenomenon

3

Scleroderma related antibodies (any of anti-centromere,
anti-topoisomerase-I (anti-SCL70), anti-RNA polymerase-III)

3
Total score:

Patients having a total score of 9 or more are being classified as having definite systemic sclerosis.

The criteria are not applicable to patients with skin thickening sparing the fingers
or to patients who have a scleroderma-like disorder that better explains their
manifestations.

VEDOSS criteria
The EULAR (European League Against Rheumatism) Scleroderma Trials and
Research Group (EUSTAR) have identified preliminary criteria for the very early
diagnosis of SSc (VEDOSS).
Patients with a trias of red flags (Raynaud’s phenomenon, puffy fingers and
antinuclear antibodies) are suspected of very early SSc (figure 1). Additional
findings of abnormal nailfold capillaries and SSc-associated autoantibodies confirm
the diagnosis of very early SSc.
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1st step

Raynaud’s phenomenon
AND
Puffy fingers
AND
Antinuclear antibodies

Suspected very early SSc

2nd step

Abnormal nailfold capillaries
+
SSc-associated auto-antibodies
(anticentromere or anti-topo-I)

Definite very early SSc

Figure 1 Preliminary criteria for the very early diagnosis of systemic sclerosis
(VEDOSS) (9).
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The cause of systemic sclerosis is still not fully unravelled, although it is thought
that environmental, genetic and epigenetic factors contribute in the onset of this
disease.
The pathogenesis of SSc is complex and remains poorly understood. Activation
of the immune system, activation of endothelial cells and vascular damage are
considered as the initial events. Vascular damage is followed by extravasation of
inflammatory cells and eventually activation of fibroblasts (10). This fibroblast
activation initiates production of excessive extracellular matrix, which manifests
in fibrosis.
The role of autoantibodies in the pathogenesis of SSc remains unclear, although
previous studies have shown a direct relation between anti-topoisomerase-I antibodies and fibroblasts (11-13).

Introduction

Pathogenesis and pathophysiology

Subset classification
Patients with SSc can be classified according to the extent of their skin involvement
in either limited cutaneous systemic sclerosis (lcSSc) and diffuse cutaneous
systemic sclerosis (dcSSc) (14).
Patients with lcSSc have skin sclerosis restricted to the forearms, lower legs
and face and neck (figure 2). DcSSc patients have extensive skin sclerosis, including
involvement of the skin of the trunk, upper arms and thighs. Usually, about one
third of patients are classified as dcSSc (15). In general, patients classified as dcSSc
have rapid skin progression and more early and severe organ involvement.

Figure 2 Pattern of skin involvement (limited and diffuse cutaneous SSc,
respectively).

The majority of the patients classified as lcSSc have a disease course which
progresses slowly in terms of skin involvement. However, the rate and severity of
organ involvement is highly variable in this disease subset (14). Presence of
autoantibodies is also different between lcSSc and dcSSc; anti-centromere
antibodies are almost exclusively found in lcSSc patients. According to literature
and presented in this thesis, anti-topoisomerase-I antibodies are present in about
half of dcSSc patients, but also in about 20% of lcSSc patients (16, 17).
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Skin and organ involvement
Skin

One of the first symptoms mentioned by SSc patients is puffiness of the fingers.
This oedematous phase often gradually evolves to tightening and thickening of
the skin of fingers and other parts of the body. Involvement of the face leads to the
development of a so-called mouse face. The thickening and tightening of the skin
can lead to impaired mobility of muscles and tendons and also can cause
contractures of joints. During the process of skin thickening, hair and sweat
glands are lost and hypo- and hyperpigmentation causes characteristic salt and
pepper skin.
Appearance of Raynaud’s phenomenon, present in > 95% of the patients,
is a manifestation of vascular disease. The typical discoloration in reaction to cold
or stress is often already present for many years in lcSSc, while in dcSSc other
symptoms follow shortly after or even before occurrence of Raynaud’s phenomenon.
These symptoms are known as non-Raynaud’s symptoms. Changes in nailfold
capillaries are another expression of vascular disease and consists of enlarged
vessels or haemorrhages at the nailfolds. Nailfold capillaroscopic changes can
conceal a typical scleroderma pattern and as such can be used for early diagnosis
and for classification. A vascular complication in the skin in SSc is the appearance
of digital tip ulcers, caused by a decreased capillary blood flow. Ulcers at joint sites
are probably caused by trauma to the vulnerable skin. Throughout the disease
course, teleangiectasias, clusters of dilated and tortuous capillaries and venules,
may develop. Intra- or subcutaneous calcinosis can occur in both lcSSc and dcSSc
and can be complicated by ulcers and secondary bacterial infections.

Pulmonary involvement
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Interstitial lung disease (ILD) is the primary cause of death in SSc. Depending
on the method used for diagnosis, SSc-ILD is present in 25-90% of the patients.
To date, an uniform definition for ILD is lacking. A decline in pulmonary function
test results in the total lung capacity (TLC), forced vital capacity (FVC) and/or
diffusion capacity for carbon monoxide (DLCO) with or without signs of fibrosis
and/or alveolitis on the HRCT-scan is suspected for SSc-ILD.
As described in the Dutch care pathway for SSc, HRCT and pulmonary
function testing are done at baseline (18). Follow-up screening using HRCT and
pulmonary function tests are be done according to the risk for development of
SSc-ILD, however, pulmonary function tests are done at least every year.
Classification of ILD is performed using the Goh algorithm (figure 3) in which
pulmonary function and extend of changes on HRCT images are assessed, resulting

Introduction

a. Interstitial lung disease

in either limited of extensive ILD associated to SSc (figure 3). Treatment withimmunosuppressive therapy is strongly considered in the case of progressive and
extensive disease.
HRCT extent

≤ 10%

indeterminate

FVC ≥ 70%

Limited
Disease

> 30%

FVC < 70%

Extensive
Disease

Figure 3 Algorithm Goh et al (19).

b. Pulmonary arterial hypertension

Pulmonary arterial hypertension (PAH) is a fatal complication of SSc with an
estimated prevalence of 12-15% (20). PAH is the second cause of death in patients
with SSc. The definition of this manifestation is based on right heart catheterization
results: a mean pulmonary arterial pressure ≥25 mmHg with a normal wedge
pressure as measured in absence of significant ILD. Several targeted treatments
for PAH, also in PAH associated to SSc, are available aiming to improve symptoms
and prognosis. International guidelines prescribe annual testing of pulmonary
function, Nt-proBNP (a biomarker for among others PAH) and echocardiography
for screening of PAH.

Cardiac involvement
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Cardiac involvement, the third cause of death in patients with SSc, can be
subdivided in primary (without influence of other organ involvement) and
secondary (as a consequence of other organ involvement, such as interstitial
lung disease and pulmonary arterial hypertension). The most common primary
cardiac manifestations are pericarditis, conduction disorders, myocarditis and
systolic or diastolic dysfunction. Diffuse cutaneous SSc, rapid skin progression
and ‘late onset’ SSc are identified as risk factors for primary cardiac involvement
(21-23).

Echocardiography and EKG in SSc patients often show clinical non-relevant
abnormalities, such as pericardial effusion or mild myocardial dysfunction.
Most often clinical relevant cardiac manifestations are secondary, as a result of
pulmonary arterial hypertension.
Detection of cardiac involvement is an important aspect in the initial
screening and follow-up of SSc patients. At baseline and during follow-up, physical
examination, laboratory research (including CK and Nt-pro BNP), EKG and echocardiography are performed to identify cardiac function and possible cardiac
involvement.

Renal involvement

In about 50% of SSc patients, the kidneys are involved in the disease process.
Symptoms of renal involvement can be micro-albuminuria, slightly increased
creatinin and/or mild hypertension. However, Scleroderma Renal Crisis (SRC) is a
severe complication which occurs in <5% of the SSc patients(16). SCR is defined as
new onset hypertension in combination with progressive renal failure, together
with at least one of the following symptoms: microangiopathic haemolytic
anaemia, thrombopenia, hypertensive encephalopathy, pulmonary oedema,
oliguria or anuria, signs of hypertensive retinopathy.
SRC is more common in dcSSc than in lcSSc and occurs most often in the first
4 years of the disease (24). Predisposing factors for the development of SRC are
dcSSc, rapid progression of skin involvement, presence of anti-RNA-polymerase-III
antibodies, recent occurrence of clinical relevant cardiac symptoms, presence of
tendon friction rubs and the use of high doses of prednisone (>15 mg/day) (25-28).
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Gastro-intestinal (GI) involvement is the most common organ manifestation of
SSc and can occur in the whole gastro-intestinal tract. The prevalence varies
widely, but is high in all GI-organs (29). Oropharyngeal dysphagia, oesophageal
dysmotility, reflux, bloating, nausea, abdominal pain, malaborption, constipation
and faecal incontinence are all symptoms of GI-involvement in SSc. Teleangiectasias in the stomach or Gastric Antral Vascular Ectasy (GAVE) can lead to occult
blood loss and anaemia.
Routinely performed additional functional studies of the GI tract are not
indicated in SSc, except when patients are suspected of serious complications,
such as a GAVE or oesophageal carcinoma. Treatment of GI-involvement is focused
on symptom management (18).

Introduction

Involvement of the gastro-intestinal tract

General manifestations
Next to specific organ involvement, SSc often entails various other symptoms
affecting all aspects of life. A majority of the patients suffer from fatigue, arthralgia,
myalgia, loss of strength, pain, sleep difficulties, depression, sexual impairment
and/or psychosocial disorders related to body image.

Prognosis
In SSc, prognosis is determined by involvement of heart, lungs, kidneys and
gastro-intestinal tract. The 5-year survival rates improved drastically over the last
decades, with a current survival rate of 91% in lcSSc compared to 84% in dcSSc
(30-33). Survival in patients with organ involvement is worse than in patients
without these complications.
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Figure 4 Long-term survival of patients with systemic sclerosis, according to
the presence or absence of cardiac, renal, or pulmonary involvement.
Thick lines denote no organ involvement during follow-up; thin lines denote organ involvement
during follow-up (34).

Treatment of skin and organ involvement
General

The positive effects of methotrexate in early dcSSc and possibly also progressive
lcSSc has been showed in two randomized controlled trials (35). Patients with a
dcSSc, lcSSc with mRSS >15, rapid progression of mRSS (increase >10 within 12
months) and/or tendon friction rubs have a higher risk of organ involvement. In
these patients, referral to an expert centre is recommended, for evaluation of
suitability of treatment with cyclophosphamide, mycophenolate or study-drugs
(18). In rapid progressive skin involvement, autologous stem cell transplantation
(ASCT) is considering treatment option in well selected patients. In the ASTIS trial,
event-free survival after ASCT increased compared to cyclophosphamide pulses.
However, the treatment related mortality of ASCT in SSc is 10% (36).

Interstitial lung disease

All patients diagnosed with SSc-ILD are considered for treatment with intravenous
cyclophosphamide pulses, as recommended by the European League Against
Rheumatism (EULAR) (37) at the time this study was conducted. Currently,
cyclophosphamide and mycophenolate are found equal in treatment of ILD.
In advanced stages of ILD, eligible patients receive a pulmonary transplantation.
In the Radboud umc, cyclophosphamide treatment is continued for a maximum
of 12 pulses, the treatment effect is evaluated after three or six months by
pulmonary function testing and optional HRCT. After treatment with cyclophosphamide, or progressive disease during cyclophosphamide treatment, patients
receive mycophenolate mofetil (MMF) during at least four years.

Cardiac involvement

Treatment of cardiac involvement is symptomatic and should be done adequately
for the different types of cardiac abnormalities. There are no prospective, randomized,
controlled studies on treatment affecting the progression of cardiac involvement in
SSc to date.
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In the Netherlands, treatment of pulmonary arterial hypertension is restricted to
the eight designated PAH centres. There are four types of drugs registered in the
Netherlands: endothelin receptor antagonists, phosphodiesterase-5 inhibitors, soluble
guanylate cyclase stimulators and prostacyclin analogues. Depending on the NYHA
functional classification, patients receive treatment with two or more of these drugs
if they are diagnosed with PAH. Besides PAH, targeted treatment is available for chronic
thrombo-embolic PH. For the other forms of PH these treatments are not effective.

Introduction

Pulmonary (arterial) hypertension

Renal involvement

The treatment of SRC requires a rapid and adequate in drop in blood pressure
with antihypertensive drugs, in particular ACE-inhibitor, which is crucial in the
prevention of terminal renal failure and life-threatening complications. Since
ACE-inhibitors have become available, the prognosis and survival of SRC has
increased tremendously due to the large antihypertensive effect and preserved
renal function of ACE-inhibitors. At the moment, the 1-year survival rate of SRC
patients is 80% (39, 40).

Rationale of this thesis
Due to the complexity of systemic sclerosis, doctors involved in SSc patients
experience challenges in diagnosing as well as treating the disease and its
complications. As demonstrated above, patients may have a large variability in
symptoms as well as prognosis. To date, evidence is accumulating that early
diagnosis could improve the outcomes of patients with SSc, as treatment could
be initiated earlier. However, evidence based treatment options in SSc are scarce
with no available curative options yet. Management of SSc is focused on prevention
of progression of skin- and organ involvement besides symptomatic treatment.
Early diagnosis of SSc proofs to be difficult in many patients, due to both a
patient’s and a doctor’s delay. This leads to organ involvement often already being
present at the moment of first presentation to a rheumatologist.
In order to improve the outcome of SSc, patients who are at risk for organ
involvement and premature death should be recognized as soon as possible.
This might yield the possibility to start timely treatment to prevent progressive
damage.
Therefore, in this thesis we have aimed to 1) improve recognition of patients
who are at risk for a more severe disease course including early organ involvement
and death from the moment of diagnosis, 2) improve treatment in both SSc-ILD
and very early systemic sclerosis.
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Outline

Introduction

This thesis starts with a general introduction on systemic sclerosis in chapter 1.
In chapter 2, a model is shown with predictive value to distinguish dcSSc and
lcSSc as early as the moment of diagnosis. We hope to recognize dcSSc as early as
possible, as these patients tend to have a more severe and rapid disease course,
often with early organ involvement and premature death. The occurrence of early
organ involvement and premature death is studied in chapter 3. A collaboration
with other European centres made it possible to make a predictive model for
development of early organ involvement, which is shown in chapter 4.
The differences between patients with limited and diffuse skin involvement
combined with different autoantibodies is shown in chapter 5, underlining
neither skin involvement nor presence of autoantibodies entirely explain disease
course.
In chapter 6, the effect of cyclophosphamide on pulmonary function in studied
in order to explore whether different subgroups of patients have a larger response
to treatment.
Nailfold capillaroscopy in widely used as a diagnostic tool for SSc, but has not
yet been proven to be helpful in prognosis and treatment evaluation. In chapter 7,
the treatment effect of different therapies on nailfold capillary abnormalities
during one year has been studied in a small group of patients.
The inflammatory component in SSc seems to be an interesting target for
treatment. Corticosteroids have been widely used in SSc, but never in a selected
group of very early SSc patients, who have been assumed to be in the inflammatory
phase of SSc. Chapter 8 shows a study protocol of high dose corticosteroids in very
early SSc, currently running in the Radboud umc.
In the end, chapter 9 entails a discussion on study results of this thesis and
future perspectives on SSc research.

Chapter 1
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An easy prediction rule for diffuse
cutaneous systemic sclerosis using
only the timing and type of first
symptoms and auto-antibodies:
derivation and validation
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Abstract
Objective. DcSSc is associated with high morbidity related to widespread skin
disease and poor prognosis due to earlier and more severe organ involvement.
The objective of this study is to derive and validate a simple prediction rule for
identifying patients at the time of initial diagnosis of SSc who are likely to
progress to dcSSc.
Methods. The Nijmegen cohort consists of 619 SSc patients. Logistic regression
was used for predictive modelling. A prediction rule was created by rounding
regression coefficients. Patients were stratified as being at low risk (<1) or high risk
(51) of progression to dcSSc. Performance was analysed in 445 SSc patients from
Madrid.
Results. One hundred and seventy-four out of 535 patients were classified as dcSSc.
The final model consisted of gender, time between RP and non-RP, sclerodactyly
(first non-Raynaud symptom) and SSc specific auto-antibodies. The model
performed well in the derivation cohort [area under the curve = 0.78 (95% CI: 0.74,
0.82)] and validation cohort [area under the curve = 0.78 (95% CI: 0.74, 0.83)]. At the
optimal cut point (1) for the prediction rule, sensitivity was 87% and specificity
61% in the derivation cohort, compared with 78% and 65% in the validation cohort.
Upon application of the prediction rule to 392 lcSSc patients at initial diagnosis,
32 out of 34 patients were correctly classified as dcSSc.
Conclusion. A simple prediction rule was designed to attribute a low/high risk
category for development of dcSSc. This method is suited for assigning intensified
screening at the time of initial diagnosis of SSc to patients most at risk for dcSSc.
It provides the opportunity for early identification of potential dcSSc patients for
enrolment into clinical trials.
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SSc is a generalized autoimmune disease characterized by immunological
abnormalities, vasculopathy and progressive cutaneous and visceral fibrosis [1].
There are two main subtypes in SSc: dcSSc and lcSSc [2]. Usually, about one-third
is classified as dcSSc [3]. Disease course generally is more severe in dcSSc, with a
5-year survival rate worse than that of lcSSc (84% vs 91%, respectively) [4-7].
Presumably, treatment in SSc might be more beneficial when applied early [8, 9].
Recognition of patients at risk for development of dcSSc would provide the
opportunity to apply immunosuppressive treatment earlier in the disease course,
when organ involvement might not have occurred, or is still limited in extent.
Furthermore, early initiation of immunosuppressive treatment might slow skin
involvement and development of cutaneous contractures, and thus improve
patient outcomes. Also, prediction of dcSSc provides the opportunity to select
patients with a developing dcSSc for clinical trials earlier. Although it has been
widely recognized that there are differences between dcSSc and lcSSc throughout
the disease course, it has not been clear whether the earliest clinical differences
were able to predict subtype development [10].
The difficulty in differentiation between dcSSc and lcSSc is due to incomplete
skin involvement at the moment of initial diagnosis of SSc. Therefore, it would be
helpful to find early and easily detectable signs and symptoms that could predict
disease subtype at a very early stage. In dcSSc, the time between the onset of RP
and the first non-RP symptom is thought to be relatively short, and RP may even
appear after other disease manifestations have already occurred. In the majority
of lcSSc, RP is present for many years before the occurrence of other symptoms.
There might conceivably be differences in the type of the first (non-RP) symptoms
between dcSSc and lcSSc, such as puffy fingers, sclerodactyly or digital ulcers,
although this has never been studied. ANAs are present in>90% of SSc patients, so
this does not discriminate between lcSSc and dcSSc. However, SSc specific auto-antibodies are known to be a reasonably good predictor of disease subtype.
There is a strong association between ACAs and lcSSc [11, 12]. Anti-topo-I antibodies
(ATAs) occur in dcSSc [13-15], but also in 20% of lcSSc patients [16, 17]. Second, in
lcSSc, 40% of patients are ANA positive without ACAs and ATAs; in dcSSc patients
it can be as high as 60% [17].
Together, these differences might make it possible to predict which patients
are prone to development of dcSSc. Moreover, these first manifestations would be
quite independent of the time that the diagnosis is made, opening opportunities
for earlier screening.
Therefore, the objectives of this study were (1) to analyse the differences in
early signs and symptoms between dcSSc and lcSSc and (2) to derive and validate
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Introduction

a model combining these earliest signs and symptoms (timing of both RP and first
non-RP symptoms, the type of the first non-RP symptoms and disease-specific
autoantibodies) to predict dcSSc at the moment of initial diagnosis of SSc.

Methods
Design

Two separate SSc cohorts were used: one for derivation (Nijmegen) and one for
external validation (Madrid). The Nijmegen Systemic Sclerosis inception cohort
was initiated in 1989. Up to 2013, 619 patients referred to the Radboud University
Medical Center were included. Early signs and symptoms (occurring prior to initial
diagnosis) and auto-antibodies were used to predict disease subtype (dcSSc or lcSSc)
at follow-up. According to the observational nature of this cohort,no ethical review
was needed according to Dutch law and regulations. The results were validated in
an external cohort of SSc patients from the University Hospital 12 de Octubre in
Madrid, Spain, prospectively included in a similar database from 1990.

Patients

Patients from the Nijmegen cohort were included in this study when classified as
either dcSSc or lcSSc according to the subclassification criteria by Leroy and
Medsger [2, 18, 19]. DcSSc refers to skin thickening affecting the trunk and the skin
of the extremities proximal to the elbows and knees, but not the face. In lcSSc,
the skin involvement is restricted to the areas distal to the elbows and knees and
may involve the face and neck. Patients referred to our centre were only included
when data from the moment of diagnosis were available. After diagnosis, patients
were followed-up for at least 1 year to confirm SSc subtype (follow-up duration:
1_2 years: 6%; 2_3 years: 10%; >3 years 84%). Overlap syndromes were also
categorized into dcSSc or lcSSc, based on the same subtype criteria [2]. SSc sine
scleroderma, no documentation on first symptoms, and<1 year follow-up were
exclusion criteria. Fulfilment of the ACR/EULAR 2013 classification criteria for SSc
was retrospectively evaluated. Patients in the Madrid cohort were also included
in the database at the moment of clinical diagnosis of SSc. Inclusion and exclusion
criteria were the same as in the Nijmegen cohort.

Assessments
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Patients were seen at least annually on scheduled visits. Date of occurrence of RP
and of the first non-RP symptom was collected by patient recall, as standard in
clinical practice. Time from first non-RP symptom to RP and time from first non-RP
symptom to diagnosis were calculated.

Type of the first non-RP symptom was reported as the first symptom that reasonably
could be attributed to SSc [20]. This included puffy fingers, sclerodactyly, digital
ulcers, oesophageal dysmotility, arthralgia and dyspnoea. Presence of ANAs, ACAs,
ATAs and anti-RNPs were determined according to local laboratory standards.

Statistical analysis

Derivation cohort

A total of 535 patients were included, and 84 patients were excluded (no sufficient
data, n = 82; SSc sine scleroderma, n = 2). Ninety-four percent fulfilled the ACREULAR 2013 classification criteria for SSc at diagnosis (90%) or during follow up
(4%). Patients were subclassified as dcSSc (33%) and lcSSc (67%).
Clinical characteristics are displayed by disease subtypes (Table 1): the odds
ratio (OR) points towards the probability of developing dcSSc; an OR51 indicates a
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Results
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After inspecting its distribution, timing of the first non-RP symptom was
arbitrarily categorized into three levels: RP onset occurred >3 months before first
non-RP, RP occurred within 3 months of the first non-RP symptom and RP occurred
>3 months after first non-RP. RP and the first non-RP symptom occurring within
3 months of each other was regarded as a reasonable approximation of ‘occurring
at the same time’. Presence of RP, timing of first non-RP, type of first non-RP and
presence of disease- specific auto-antibodies were compared between dcSSc and
lcSSc using the Chi-square test or Fisher’s exact test, as appropriate.
Univariate and multivariate logistic regression analysis was used for building
a tentative predictive model for development of dcSSc or lcSSc. Variables with a
deliberately liberal P < 0.2 in univariate analysis were selected for multivariate
analysis. Backward selection with a P < 0.2 was used to develop three different
models: one with clinical variables, one with auto-antibodies and one combining
clinical variables and auto-antibodies. Cut-points to discriminate between dcSSc
and lcSSc were arbitrarily chosen based on a sensitivity of at least 80%.
Discriminatory performance of the models was compared using the area under
the receiver-operating-characteristic curve with 95% CIs. A prediction rule was
created by rounding the regression coefficients from the final model. Agreement
between predicted and observed frequencies of dcSSc was evaluated using the
Hosmer-Lemeshow test. For predictive validity, the prediction rule was applied to
all patients with lcSSc at diagnosis who developed diffuse skin involvement
during follow-up. Performance of the scoring system was also validated in the
Madrid cohort. Statistical analysis was performed using SPSS 20.0.

larger risk of dcSSc, while an OR less than 1 indicates ‘protection’ against dcSSc,
and thus indicates lcSSc. Time since first non-RP symptom to diagnosis (disease
duration) had a median of 8 months in dcSSc compared with 14 months in lcSSc.
In dcSSc, 47% of patients were male, compared with 25% in lcSSc. RP occurred
mostly previous to the first non-RP symptom in dcSSc (74%) as well as in lcSSc
(82%). The median time between RP and the first non-RP symptom was longer in
lcSSc (6 vs 0 months). In 49% of dcSSc compared with 31% of lcSSc, the first non-RP
symptom and RP developed more or less simultaneously (i.e. within 3 months of
one another). Development of the first non-RP symptom >3 months after RP was
more frequent in lcSSc (53%) than in dcSSc (31%). Also displayed is a variable
composed of the three time frames, which divides the patients based on the
development of the first non-RP symptom simultaneously, before or after
occurrence of RP. Puffy fingers and sclerodactyly as the first non-RP symptom
occurred more often in dcSSc; digital ulcers and dyspnoea as the first non-RP
symptom occurred
more in lcSSc.
ANAs were highly prevalent in dcSSc (96%) and lcSSc (94%). Disease-specific
auto-antibodies were present in 54% of dcSSc and 64% of lcSSc patients. ACAs
were detected less often in dcSSc (4%) than in lcSSc (39%) patients; ATAs were
detected more frequently in dcSSc (47%) compared with lcSSc (17%) patients;
prevalence of RNP positivity was low in both dcSSc (3%) and lcSSc (8%) patients.

Validation cohort

From the Madrid cohort 445 patients were included: 129 dcSSc and 316 lcSSc
patients. Patient characteristics are displayed in Table 4 of Appendix. Age did not
differ significantly (P = 0.053) between dcSSc (43 years ± 16) and lcSSc (46 years
± 16) patients. Males were more prevalent in dcSSc (21.5 vs 10.7%, P = 0.002).
The median time between RP and the first non-RP symptom was 0 months
(p25-p75: 0-6) in dcSSc and 5 months (p25-p75: 0-65) in lcSSc patients (P<0.001).
ACAs occurred more frequently in lcSSc patients (49.4 vs 13.3%, P<0.001). ATAs
were more often present in dcSSc patients (45.2 vs 16.7%, P<0.001). Anti-RNPs were
present infrequently in both dcSSc and lcSSc patients (5.9% vs 11.6%, P = 0.063).
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6 (0-48)

0 (-1 to 7)
36 (21)
86 (49)
54 (31)
122 (69)
77 (44)
52 (29)
18 (10)
5 (3)
18 (10)
5 (3)
170 (96)
7 (4)
83 (47)
6 (3)

1 (0-33)
91 (17)
195 (37)
241 (46)
286 (54)
198 (37)
120 (22)
81 (15)
15 (3)
67 (13)
37 (7)
506 (95)
145 (27)
145 (27)
36 (7)

336 (94)
138 (39)
62 (17)
30 (8)

121 (34)
68 (19)
63 (18)
10 (3)
49 (14)
32 (9)

55 (16)
109 (31)
187 (53)
164 (46)

91 (25)
352 (98)
291 (82)
48 (14)
14 (5-39)

lcSSc (n = 361)

83 (47)
176 (99)
130 (74)
48 (13)
8 (5-18)

dcSSc (n = 174)

174 (33)
528 (99)
421 (79)
48 (14)
12 (5-31)

Total (n = 535)

OR (95% CI)

1.5 (0.6, 3.6)
0.07 (0.03, 0.14)
4.2 (2.8, 6.3)
0.4 (0.2, 0.9)

1.5 (1.0, 2.2)
1.8 (1.2, 2.7)
0.5 (0.3, 0.9)
1.0 (0.3, 3.0)
0.7 (0.4, 1.3)
0.3 (0.1, 0.8)

1.2 (0.7, 2.0)
0.4 (0.3, 0.7)
2.6 (1.8, 3.8)

0.99 (0.99, 1.0)

2.6 (1.8, 3.8)
3.0 (0.4, 25.1)
0.6 (0.4, 0.9)
1.0 (0.98, 1.01)
0.99 (0.98, 0.99)

0.35
<0.001
<0.001
0.04

0.03
0.01
0.02
0.98
0.25
0.01

0.47
0.002
<0.001

<0.001

<0.001
0.31
0.03
0.60
<0.001

P-values
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a Missing data: n = 9 did not develop RP during follow-up; n = 2 unknown autoantibody status. IQR: interquartile range; nRP non-Raynaud symptom; nRP before
RP: nRP occurs >3 months before RP; nRP = RP: nRP and RP occur within 3 months of each other; nRP > RP: nRP occurs >3 months after RP; disease duration at
diagnosis since first non-Raynaud symptom; OR: Odds ratio; ATA: anti-topoisomerase-1 antibodies.

Male, n (%)
RP positive at diagnosis, n (%)a
RP positive at first nRP, n (%)a
Age at first nRP, mean (S.D.)
Disease duration, median (IQR)
First symptoms
Timing first non-RP symptom
Months RP-nRP, median (IQR)
Three time frames
nRP before RP, n(%)
nRP = RP, n (%)
nRP after RP, n (%)
Occurrence nRP before/= RP, n (%)
Type first non-RP symptom
Puffy fingers, n (%)
Sclerodactyly, n (%)
Digital ulcers, n (%)
Oesophagus dysmotility, n (%)
Arthralgia, n (%)
Dyspnoea, n (%)
Auto-antibodiesa
ANA positive, n (%)
ACA positive, n (%)
ATA positive, n (%)
anti-RNP positive, n (%)

Characteristics

Table 1 Univariate analysis: dcSSc vs lcSSc
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Table 2 Prediction models
Model 1
Characteristics

B

P-values

Model 2
B

P-values

Model 3
B

P-values

Scoring
method

Male

0.9

<0.001

0.4

0.049

+0.5

Time RP to
non-RP <3 months

0.9

<0.001

0.7

0.001

+1

Sclerodactyly

0.7

0.001

0.6

0.014

+1

-2.4

<0.001

-2.5

<0.001

0.7

0.004

+1

0.018

-1.1

0.023

-1.5

<0.001

-1.2

<0.001

ACA

-2.7

<0.001

ATA

0.8

RNP

-1.1
-0.54

Constant

-1.8

<0.001

Time RP to non-RP <3 months: the first non-Raynaud symptom occurred <3 months after RP; B: regression
coefficient; ATA: anti-topoisomerase-1 antibodies. A score of - 1 or less points towards lcSSc; a score of 52.5
points towards dcSSc. Probability of development of dcSSc: score 51 ±70%, score 52 ±84%, score 53 ±95%.

Composition of the prediction model

Univariate predictors for development of dcSSc were: gender, presence of RP at
occurrence of first non-RP, timing of the first non-RP symptom <3 months after RP,
puffy fingers, sclerodactyly, digital ulcers, dyspnoea and presence of SSc-specific
auto-antibodies (ACAs, ATAs, anti-RNPs) (Table 1).
In development of the three prediction models, all non-contributory variables
were excluded one by one by means of stepwise backward selection of the
multivariate model. The third model included six variables (Table 2): gender,
timing of the first non-Raynaud symptom <3 months after RP, sclerodactyly, ACAs,
ATAs and anti- RNP antibodies. Positive regression coefficients indicate a higher
probability of developing dcSSc. For example, it can be appreciated from the
regression coefficients that male patients have a higher probability of developing
dcSSc, and ACA-positive patients are more prone to developing lcSSc.
The discriminative ability of the models is shown in figure 1. The area under
the curve of model 1 was 0.69 (95% CI: 0.64, 0.73), and that of model 2 was 0.75
(95% CI: 0.71, 0.79). Incorporating these into model 3 improved the area under the
curve to 0.78 (95% CI: 0.74, 0.82). In comparison, in the validation cohort the area
under the receiver-operating-characteristic curve was 0.78 (95%
CI: 0.74, 0.83).
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The box-plots (Figure 2) show the scores in dcSSc and lcSSc patients, as well as the
overlap in scores between lcSSc and dcSSc patients. The upper image represents
the derivation cohort (Nijmegen), and the lower image represents the validation
cohort (Madrid). The boxes in the figures show the quartiles of the actual scores

1,0

Model 1
Model 2
Model 3
Reference Line

Sensitivity

0,8

0,6

0,4

0,2

0,0
0,0

0,2

0,4

0,6

0,8

1,0

1 - Specificity

Figure 1 Receiver operating characteristic curves of the three predictor models.

Application in clinical practice

In order to present this model in a form feasible for daily practice, a prediction rule
was made by using rounded regression coefficients from model 3, with clinical
variables and auto-antibodies (Table 2). By adding up the score values of gender,
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In Table 3, the performance of the prediction model is shown in both cohorts. The
observed and expected scores of dcSSc patients are displayed. The non-significance of the Hosmer-Lemeshow test (P = 0.9 and P = 0.16) indicates that the
numbers of patients predicted to develop dcSSc were in agreement with the
numbers observed. Deciles were created based on increasing probability of dcSSc.
To illustrate this, of the 74 patients in the first decile of the derivation cohort (the
10% with the lowest probability of dcSSc), it was predicted that ‘1.9’ patients would
develop dcSSc, while 3 patients were observed to have dcSSc. The consequent
probability of dcSSc was (3/74)*100% = 4.1%. The higher deciles had a higher
number of predicted and observed dcSSc patients and therefore an increasing
probability of developing dcSSc.
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derived from the scoring method. Overall scores in dcSSc patients were higher in
both the derivation and the validation cohort (both P<0.001).

A
4,00

3,00

Score

2,00

1,00

,00

-1,00

453

374

-2,00
524

-3,00

dcSSc

lcSSc

B
4,00

3,00

2,00

1,00

,00

-1,00
397

-2,00

447 433
384
445

-3,00
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dcSSc

lcSSc

Figure 2 Boxplot of scores.
Boxplot of scores in dcSSc and lcSSc patients: derivation cohort (A) and validation cohort (B).

timing of non-RP, sclerodactyly and disease-specific auto-antibodies, a total score
is calculated for each patient (scores vary between _2.5 and 3.5). For example,
when patients are male (+0.5 point), developed puffy hands before developing RP
(+1 point) and have ATAs (+1 point), they are very likely to develop dcSSc.
Table 3 Contingency table for calibration of the dcSSc prediction model
Derivationa
Decile

P (%)

N

1

4.1

74

2

3.1

63

Predicted
(n)

Validationb

Observed
(n)

P (%)

N

Predicted Observed
(n)
(n)

1.9

3

8.3

84

4.5

6

2.9

2

6.1

66

7.2

4

3

9.1

44

5.1

4

22.2

36

5.6

3

4

21.3

47

10.6

10

24.4

45

9.9

16

5

31.8

66

22.1

21

31.0

58

19.9

18

6

36.6

71

25.9

26

39.6

48

18.2

20

7

53.8

52

24.0

28

48.1

27

12.9

12

8

52.6

57

29.9

30

51.1

47

27.0

24

9

63.3

76.5

79

51.6

50

553

174.0

174

34

23.9

26

445

132.6

129

a x 2 = 2.8, df = 7, P = 0.90. bx 2 = 10.5, df = 7, P = 0.16.
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A cut-off score of 1 seems the most favourable, recognizing 154 out of 177 dcSSc
patients (sensitivity 87%). In contrast, 218 out of 358 patients were correctly classified
as not having dcSSc (specificity 61%). A positive predictive value of 0.51 and a
negative predictive value of 0.87 were extracted from these data. This prediction
rule was also tested for feasibility at the moment of diagnosis by physicians.
All patients who were classified as lcSSc (n = 392) at the moment of diagnosis
were included for this analysis. Out of these 392 patients, 34 patients later on
developed dcSSc. The time between initial diagnosis of SSc and the time to
transition to dcSSc had a median of 24 months (p25_p75: 4_45 months). When the
prediction rule was applied only to these patients, 32 out of 34 dcSSc patients were
correctly classified as dcSSc (sensitivity 94%, specificity 61%).
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Figure 3 shows how the resulting clinical prediction score relates to the probability
of dcSSc. Higher scores relate to a higher probability of dcSSc. In the consideration
to choose a cut-off point, it is of importance to miss few dcSSc patients (high
sensitivity). The drawback of this is that a fairly large group of lcSSc patients is
enrolled (low specificity).

1,00

Probability

,80

,60

,40

,20

,00
-2,00

-1,00

,00

1,00

2,00

3,00

4,00

Score

Figure 3 Probability of dcSSc calculated from scoring method.

Discussion
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Early prediction of dcSSc can provide opportunities for both customizing screening
and treatment, and for early identification of potential dcSSc patients for enrolment in
clinical trials. Although it is widely recognized that are differences between dcSSc
and lcSSc throughout the disease course, it has been unclear whether early clinical
differences are able to predict subtype [10, 21, 22].
In order to build a prediction model usable at initial diagnosis of SSc, we only
used variables that are generally clinically available for all patients—namely,
patient history on the course of symptoms and generally used laboratory values.
According to the results of this study, timing and type of first symptoms have
some value for predicting development of dcSSc. When combined with autoantibodies, the predictive value increased. The final prediction model shows fairly
good performance in both the derivation and the validation cohort: it discriminated
fairly well, and the observed and predicted probabilities agreed well. The model
was also applied on patients classified as having lcSSc at diagnosis but who evolved
to having dcSSc, with stable results. The a priori probability of developing dcSSc
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is approximately one-third. With the use of the developed model, the posterior
probability is 53% (based on Bayes’ theorem)[3].
This provides opportunities to intensify screening in a more select group of
patients and also to select patients likely to develop dcSSc for clinical trials earlier.
The advantage of these findings is that, with generally available clinical information,
we can improve early prediction of dcSSc. The disadvantage is that with a
sensitivity close to 90% and a specificity of only ~60%, many patients with lcSSc
would still be labelled as ‘might develop dcSSc’. The current findings provide a
promising starting point for clinical application as well as improvements in
prediction and classification.
It is a common perception that RP is present years before onset of the first
non-RP symptom in the majority of lcSSc [23, 24]. In dcSSc, RP is believed to occur
coincidental with, and in part, even after onset of other symptoms [10, 24].
The predictive value of these differences in subtype development has not been
studied. The results of this study support the hypothesis that there is some
predictive value; nevertheless, differences in timing of the first non-RP symptom
between both subtypes were not able to predict disease subset on their own.
SSc patients present a wide variety of first symptoms. The existence of
differences in the type of the first non-RP symptom between dcSSc and lcSSc
patients is mentioned in some studies, but this has never been evaluated for
predictive value concerning disease subtype [16, 25]. This study provides, for the
first time, a description of the first non-RP symptom in a large SSc cohort, and
evaluates the predictive value of these first non-RP symptoms. Although
sclerodactyly as the presenting first symptom is more frequently present in
patients who developed dcSSc later on, the types of first non-RP symptoms very
much overlap between the two SSc subsets, and consequently has little predictive
value for disease subtype. Males are a minority in SSc. However, in dcSSc the
proportion of males and females seems to be more equally distributed [16, 26].
In this study, male sex shows some predictive value.
Disease-specific auto-antibodies have been studied extensively, and might be
considered as a biomarker of disease subset [27_29]. Some studies suggest that
ATAs are almost exclusively present in dcSSc patients, whereas other studies
mention rather large groups of patients with ATAs that never progress to the
diffuse skin type [17, 18, 29_32]. The latter is supported by results in this study,
which show that 17% of lcSSc patients are ATA positive. Although ACA is firmly
linked to the limited cutaneous subtype, presence of this auto-antibody is also
reported in dcSSc patients [29]. In this study, 3% of dcSSc patients were ACA
positive, which is in line with the literature [27, 29]. In summary, although ATA is
mostly found in dcSSc and ACA mostly in lcSSc patients, auto-antibodies alone
cannot completely distinguish dcSSc from lcSSc. This study proposes a model,
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combining early symptoms and laboratory variables, for the prediction of
development of dcSSc. The presented prediction rule helps to easily select patients
with high vs low probability of development of dcSSc. The model performs
reasonably well in the derivation cohort and reassuringly shows very similar
results in the validation cohort. Especially, this also was true when the model was
applied on patients classified as lcSSc at diagnosis who may or may not have
developed diffuse skin involvement at follow-up. This means that the results
appear to be quite stable when applied in new patients.
The positive and negative predictive values were moderate in this study.
This implies the prediction rule correctly classifies most of the dcSSc patients,
which comes at the cost of the proportion of lcSSc patients who are erroneously
‘classified’ as dcSSc. It is important that almost no dcSSc patients are missed, but a
reasonable proportion of lcSSc patients can be wrongly classified as dcSSc.
Therefore, we regard that this prediction rule is not completely accurate for
proper classification; nevertheless, it seems useful for screening patients in
clinical practice. The prediction rule is built from details readily available at initial
diagnosis of SSc and provides a possibility for risk stratification. Now, patients are
regularly screened, usually according to the ‘one size fits all’ principle. In the
predicted dcSSc patients, the prediction rule would enable an increase in follow-up
according to the increased risk for early organ involvement, resulting in more
timely treatment and hopefully eventually in a reduction in patient burden and
health care costs. This would be a step forward in applying personalized medicine
in SSc.
There are some limitations to this study. Because of the rather low specificity,
the model is imperfect in proper classification. However, the tool may be useful
for screening, rather than for being decisive. Second, some of the clinical variables
have a degree of uncertainty due to error in patient recall. Third, the study only
includes data on three disease-specific antibodies. Inclusion of other common
antibodies, such as anti-RNA polymerase-III, and other biomarkers or imaging
studies could refine the proposed prediction rule. Also, the time after which no
more patients will transition from lcSSc to dcSSc has not been elucidated. Based on
clinical practice, this mostly takes place within the first year after clinical
diagnosis; therefore, we chose this as a minimal follow-up time. Finally, dividing
SSc patients into subsets based solely on skin involvement is not conclusive
regarding organ involvement and prognosis, but is used here for the provision of
novel possibilities for more targeted screening and therapy. A key issue for future
research is defining better subsets in SSc, to serve both research and practice.
There are also several strengths to the study, including a large cohort of
well-characterized SSc patients followed prospectively, and a similar cohort for
validation. The main strength of the proposed model is the high reproducibility in

Prediction rule dcSSc

both cohorts. Also, the model only includes easily available items at diagnosis,
making it very appropriate for routine clinical practice.
In conclusion, this study has resulted in an easy, applicable clinical
measurement to improve recognition of SSc patients prone to development of
dcSSc. This will help clinicians to select adequate screening and therapeutic
strategies for individual patients to provide them with the best possible quality of
care, according to their expected prognosis. It provides the opportunity for early
identification of potential dcSSc patients for enrolment into clinical trials.

Chapter 2

37

References
1.
2.
3.

4.
5.
6.
7.

8.
9.

10.
11.

12.
13.

14.

15.
16.

17.
18.

19.

38

20.

Varga J. Systemic sclerosis: an update. Bull NYU Hosp Jt Dis 2008;66:198-202.
LeRoy EC, Black C, Fleischmajer R et al. Scleroderma (systemic sclerosis): classification, subsets and
pathogenesis. J Rheumatol 1988;15:202-5.
Simeo n-Aznar CP, Fonollosa-Pla , V, Tolosa-VilellaC et al. Registry of the Spanish network for systemic
sclerosis: clinical pattern according to cutaneous subsets and immunological status. Semin Arthritis
Rheum 2012;41: 789-800.
Steen VD, Medsger TA Jr. Severe organ involvement in systemic sclerosis with diffuse scleroderma.
Arthritis Rheum 2000;43:2437-44.
Al-Dhaher FF, Pope JE, Ouimet JM. Determinants of morbidity and mortality of systemic sclerosis in
Canada. Semin Arthritis Rheum 2010;39:269-77.
Nihtyanova SI, Tang EC, Coghlan JG et al. Improved survival in systemic sclerosis is associated with
better ascertainment of internal organ disease: a retrospective cohort study. QJM 2010;103:109-15.
Komo csi A, Vorobcsuk A, Faludi R et al. The impact of cardiopulmonary manifestations on the
mortality of SSc: a systematic review and meta-analysis of observational studies. Rheumatology
2012;51:1027-36.
Matucci-Cerinic M, Bellando-Randone S, Lepri G, Bruni C, Guiducci S. Very early versus early disease:
the evolving definition of the ‘many faces’ of systemic sclerosis. Ann Rheum Dis 2013;72:319-21.
Kowal-Bielecka O, Landewe R, Avouac J et al. EULAR recommendations for the treatment of systemic
sclerosis: a report from the EULAR Scleroderma Trials and Research group (EUSTAR). Ann Rheum Dis
2009;68:620-8.
Hachulla E, Launay D. Diagnosis and classification of systemic sclerosis. Clin Rev Allergy Immunol
2011;40:78-83.
Tan EM, Rodnan GP, Garcia I et al. Diversity of antinuclear antibodies in progressive systemic
sclerosis. Anti-centromere antibody and its relationship to CREST syndrome. Arthritis Rheum
1980;23:617-25.
Medsger TA. Classification, prognosis. In: Clements PJ, Furst DE ed. Systemic sclerosis, 2nd edn. New
York: Lippincott Williams & Wilkins, 2004: 17-28.
Reveille JD, Fischbach M, McNearney T et al. Systemic sclerosis in 3US ethnic groups: a comparison of
clinical, sociodemographic, serologic, and immunogenetic determinants. Semin Arthritis Rheum
2001;30:332-46.
Kuwana M, Kaburaki J, Okano Y, Tojo T, Homma M. Clinical and prognostic associations based on
serum antinuclear antibodies in Japanese patients with systemic sclerosis. Arthritis Rheum 1994;
37:75-83.
Mayes MD. Epidemiology, demographics, and genetics. In: Clements PJ, Furst DE ed. Systemic
sclerosis, 2nd edn. New York: Lippincott Williams & Wilkins, 2004: 1-15.
Walker UA, Tyndall A, Czirjak L et al. Clinical risk assessment of organ manifestations in systemic
sclerosis: a report from the EULAR Scleroderma Trials And Research group database. Ann Rheum Dis
2007;66:754-63.
Steen VD, Powell DL, Medsger TA Jr. Clinical correlations and prognosis based on serum autoantibodies
in patients with systemic sclerosis. Arthritis Rheum 1988;31:196-203.
Perera A, Fertig N, Lucas M et al. Clinical subsets, skin thickness progression rate, and serum antibody
levels in systemic sclerosis patients with anti-topoisomerase I antibody. Arthritis Rheum 2007;
56:2740-6.
van den Hoogen F, Khanna D, Fransen J et al. 2013 classification criteria for systemic sclerosis: an
American College of Rheumatology/European League against Rheumatism collaborative initiative.
Arthritis Rheum 2013;65:2737-47.
Vonk M. Systemische sclerose. In: Bijlsma JWJ, ed. Leerboek Reumatologie en Klinische Immunologie.
Houten: Bohn Stafleu van Loghum, 2013: 159-78.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Prediction rule dcSSc

22.

Vanthuyne M, Smith V, De Langhe E et al. The Belgian Systemic Sclerosis Cohort: correlations
between disease severity scores, cutaneous subsets, and autoantibody profile. J Rheumatol
2012;39:2127-33.
Hunzelmann N, Genth E, Krieg T et al. The registry of the German Network for Systemic Scleroderma:
frequency of disease subsets and patterns of organ involvement. Rheumatology 2008;47:1185-92.
Hunzelmann N. [Systemic scleroderma]. Hautarzt 2013;64:299-310. quiz 311-2.
Mayes M. Systemic sclerosis. In: Klippel J, ed. Primer on the rheumatic diseases. New York: Springer,
2008: 343-62.
Li Q, Sahhar J, Littlejohn G. Red flags in scleroderma. Aust Fam Physician 2008;37:831-4.
Nihtyanova SI, Schreiber BE, Ong VH et al. Prediction of pulmonary complications and long-term
survival in systemic sclerosis. Arthritis Rheumatol 2014;66:1625-35.
Castro SV, Jimenez SA. Biomarkers in systemic sclerosis. Biomark Med 2010;4:133-47.
Koenig M, Dieude´ M, Sene´ cal JL. Predictive value of antinuclear autoantibodies: the lessons of the
systemic sclerosis autoantibodies. Autoimmun Rev 2008;7:588-93.
Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis Rheum 2005;35:35-42.
Basu D, Reveille JD. Anti-scl-70. Autoimmunity 2005;38:65-72.
Czo mpoly T, Simon D, Czirjak L, Nemeth P. Anti-topoisomerase I autoantibodies in systemic sclerosis.
Autoimmun Rev 2009;8:692-6.
Kallenberg CG. Anti-centromere antibodies (ACA). Clin Rheumatol 1990;9(1 Suppl 1):136-9.

39
Chapter 2

21.

Chapter

3

Early organ involvement, survival
and causes of death in an unselected cohort of Dutch patients with
systemic sclerosis

WMT van den Hombergh
J Fransen
HKA Knaapen-Hans
FHJ van den Hoogen
MC Vonk

Submitted

Abstract
Objectives. Systemic sclerosis (SSc) patients are at risk for organ involvement and
premature death. Large variations in occurrence of organ involvement and
survival are reported. Therefore, the objective was to assess occurrence of organ
involvement and death in a large, unselected cohort of Dutch SSc patients at the
moment of diagnosis and during 5 years of follow-up, stratified by disease subtype
and auto-antibodies.
Methods. Up to 2015, 690 SSc patients were included in the Nijmegen SSc cohort.
Occurrence of interstitial lung disease (ILD), pulmonary arterial hypertension
(PAH), cardiac involvement (CI), scleroderma renal crisis (SRC) and occurrence of
death were determined using survival analysis, stratified by disease subtype
(limited cutaneous SSc and diffuse cutaneous SSc) and auto-antibodies (ACA,
ATA, anti-RNP).
Results. Organ involvement was already present at SSc diagnosis in 32% of patients.
In 25%, organ involvement developed during follow-up, mostly ILD (22%).
Significant differences between lcSSc and dcSSc were found in SRC at baseline and
ILD, PAH and SRC during follow-up. Between the autoantibody subgroups, the
occurrence of ILD, PAH and SRC at baseline and ILD during follow-up differed.
There were no differences in survival between subtypes and auto-antibodies. The
overall 5-year survival rate was 89%. Patients without organ involvement at SSc
diagnosis 95% versus patients with organ involvement 73% (p<0.001).
Conclusions. In many SSc patients, organ involvement is already present at
diagnosis or develops in the first 5 years after diagnosis. Survival is significantly
worse in patients who already have involvement at the moment of SSc diagnosis.
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Systemic sclerosis (SSc) is a generalized auto-immune disease characterized by
inflammation, micro-angiopathy and fibrosis, affecting skin and visceral organs
including lungs, heart and kidneys. Organ involvement is reported to often occur
early in the disease course and as the major factor determining survival in SSc
patients [1]. The main causes of death in SSc are interstitial lung disease (ILD),
pulmonary arterial hypertension (PAH), cardiac involvement (CI), and
scleroderma renal crisis (SRC). It appears that survival improves and the main
cause of death changes over the years [2]. However, the occurrence of organ
involvement that is reported differs widely between various long term cohort
studies; ILD 25-90%[3-7], PAH 8-32% [8-16], CI 5-30% [4, 17-19], and SRC 4-12% [4,
20-22]. Differences in findings also apply to survival, the 5- and 10-year survival
rates vary between studies from 80% to 90% and from 60% to 85% [18, 19, 23-29].
In order to clarify the prognosis of SSc patients in a population resembling
current clinical practice, unselected cohorts with appropriate length of follow-up
are needed. In the last decades, numerous studies have been performed on the
occurrence of organ involvement and survival in SSc patients [3-7, 9-14, 16, 17, 19,
21, 23, 30]. Several studies describe one type of organ involvement or survival [7,
22, 31, 32], others describe predictors of poor outcome in selected high risk
subgroups of patients, such as patients with already diagnosed ILD or PAH [16, 19,
33]. Only a limited number of studies included unselected SSc cohorts, but often
with limited duration of follow-up [4, 5, 34]. Consequently, there is a lack of studies
in unselected SSc cohorts with long term follow-up describing disease specific
organ involvement and survival.
Differences in occurrence and severity of organ involvement are seen
between the two main clinical subtypes of SSc: diffuse cutaneous SSc (dcSSc) and
limited cutaneous SSc (lcSSc) [19]. ILD, cardiac involvement and SRC are reported
to occur more often early in dcSSc; PAH occurs in both subtypes but tends to occur
more frequently in late lcSSc. Both dcSSc and lcSSc are associated with SSc specific
auto-antibodies. Anti-topoisomerase-I antibodies (ATA) are linked to dcSSc and
development of ILD and SRC, whereas anti-centromere antibodies (ACA) are
related to lcSSc and development of PAH[35]. Presence of auto-antibodies, SSc
subtype, occurrence of organ involvement and survival are related, therefore,
analyzing these characteristics together increases insight in patients with SSc
regarding early organ involvement and survival.
Therefore, the objective of this study was to assess the occurrence of organ
involvement and death in a large, unselected cohort of Dutch patients with SSc at
the moment of diagnosis and during 5 years of follow-up, stratified by disease
subtype (lcSSc and dcSSc) and auto-antibodies (ACA, ATA, anti-RNP).

Early organ involvement in a Dutch cohort

Introduction

Patients and methods
Design

The Nijmegen Systemic Sclerosis database was initiated in 1989 at the department of
Rheumatology of the Radboud University Medical Centre. Up to 2015, 690 patients
diagnosed as having SSc were consecutively included in the cohort and all patients
were followed up at least annually. Clinical variables and data from laboratory
tests and imaging were standardly obtained at the moment of diagnosis and
during follow-up. Patients were followed-up for 5 years, up to death or censoring,
whichever came first.
Due to the observational nature of this cohort, no ethical review was needed
according to Dutch law and regulations.

Patients

Patients from the Nijmegen cohort included between 1989 and December 2014
were eligible for the current analyses if they were diagnosed as having SSc by a
rheumatologist, if data were available also after the moment of diagnosis (baseline).
Patients with only a baseline visit were usually referred only for diagnosis or
‘second opinion’, and thus were excluded. Retrospectively, 94% of the patients
fulfilled the 2013 ACR/EULAR classification criteria for SSc [36].

Assessments

Subclassification into lcSSc or dcSSc at baseline was based on the Leroy and
Medsger criteria [35]. Disease specific auto-antibodies: antinuclear antibodies
(ANA), anti-centromere antibodies (ACA), anti-topoisomerase-I antibodies (ATA)
and anti-ribonucleoprotein antibodies (anti-RNP) were assessed according to local
laboratory standards. Lung function tests, high-resolution-CT (HRCT) and echocardiography were performed at baseline and annually thereafter. The occurrence
of organ involvement at baseline and in the first 5 years from diagnosis was
determined based on physician report in the patient files.

Outcomes
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Definitions of organ involvement in SSc were as follows. ILD was defined as
bibasilar fibrosis, ground glass or honeycombing on HRCT and pulmonary function
test abnormalities concerning a reduced vital capacity (FVC) (<70%) and/or a
reduced diffusion capacity (DLCO) (<80%) and/or a documented decline of >15%
in FVC or DLCO.[31] The diagnosis of PAH was established using right heart
catheterization: a mean pulmonary arterial pressure of ≥25mmHg and a normal
pulmonary capillary wedge pressure (<15 mmHg) [37]. Scleroderma renal crisis
(SRC) was defined as a new onset arterial hypertension (>150/90 mmHg, measured

twice over 24 hours) and rapidly progressing renal failure[38]. SSc-related cardiac
complications were defined as pericarditis verified by echocardiography, a diastolic
dysfunction > grade 1 or an ejection fraction <50% [4, 21]. Patients who, at the
moment of diagnosis, presented with either ILD, PAH, SRC or cardiac involvement
were excluded for follow-up analysis concerning that particular type of organ
involvement. Cause of death was determined from the patient files by two
physicians (WH, MV) independently from each other. A meeting was held to reach
consensus in all cases.

Statistical analysis

Baseline comparisons between subgroups based on SSc subtype and on auto-antibodies, were performed using the Student’s t-test, Mann-Whitney U-test,
Chi-Square test, Fisher’s exact test, ANOVA, Kruskall-Wallis test, as appropriate.
All five disease outcomes (ILD, PAH, SRC, CI and survival) were analyzed using
Kaplan Meier curves and compared using Log rank tests or Cox proportional
hazards’ modelling, as appropriate. Analyses were done using SPSS version 22.0.
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A total of 240 out of 690 were excluded from this study due to a lack of follow-up
data (patients with only a baseline visit, see methods). Baseline characteristics
based on subtype classification and auto-antibodies are summarized in table 1.
A total of 299 patients (66%) were classified as lcSSc and 151 patients (34%) as
dcSSc. As shown, the percentage of males was higher in the dcSSc patients
compared to the lcSSc patients (47% vs. 28%, p<0.001). No differences were found
in age between the subtypes. The time between occurrence of symptoms (both
Raynaud’s phenomenon and first non-Raynaud symptoms) and the diagnosis of
SSc is shorter in dcSSc patients (p<0.001).
Anti-nuclear antibodies were found in 426 of the patients (95%) (not shown in
the table). Anti-centromere antibodies were present in 124 patients (28%), ATA in
129 patients (29%) and RNP antibodies in 26 patients (6%). A total of 147 patients
(33%) were ANA positive without the presence of ACA, ATA and RNP. In only 21
patients (5%) ANA were found to be negative.
Most patients positive for ACA were female (89%). The ratio between men
and women was about 1:2 in patients who were RNP positive or ANA positive
(without ACA, ATA and RNP), while patients who were ATA positive or ANA
negative had a 1:1 men/women ratio. Only 2% of patients positive for ACA were
classified as dcSSc. This percentage increased in the other auto-antibodies
subgroups: 55% of ATA positive patients were classified as dcSSc, 27% of RNP

Early organ involvement in a Dutch cohort

Results

Table 1 Disease subtype and auto-antibodies at diagnosis
Characteristics

total
n=450

lcSSc
n=299

dcSSc
n=151

p-value

Male, n(%)

156 (34.7)

85 (28.4)

71 (47.0)

<0.001

Age nRP*

49 ± 13

50 ± 13

48 ± 13

0.66

Time RP-SSc**

12 (6 – 34)

16 (7 – 48)

8 (5 – 15)

24 (8 – 72) 41 (12 – 95) 11 (5 – 24)

<0.001

<0.001

Time RP-nRP

3 (0 – 32)

10 (0 – 48)

0 (0 – 7)

<0.001

total
n=450

ACA
n=124

ATA
n=129

RNP
n=26

ANA+
n=147

ANAn=21

p-value

Male, n(%)

156 (34.7)

13 (10.5)

73 (56.6)

9 (34.6)

49 (33.3)

10 (47.6)

<0.001

Age nRP*

49 ± 13

52±13

49±13

45±10

50±13

45±14

7 (26.9)

62 (42.2)

18 (7-52)

Age SSc*

Time nRP-SSc**

Age SSc*

DcSSc, %

Time nRP-SSc**

52 ± 13

52 ± 13

151 (33.6)

53 ± 13

56±13

3 (2.4)

Time RP-SSc**

12 (6 – 34)

26 (9-74)

Time RP-nRP

20 (0 – 73)

50 ± 12

50±12

71 (55.0)

0.42

47±11

24 (8 – 72) 62 (23-145)

8 (4-14)

10 (5-31)

12 (6-26)

3 (0 – 32)

1 (0 -12)

52±13

13 (6-36)

48±13

5 (23.8)

0.07

<0.001

<0.001

22 (8-62)

12 (7-27)

29 (18-99)

<0.001

2 (0 – 30) 1 (0 – 18)

22 (0 – 84)

<0.001

<0.001

* mean in years (±SD); ** median in months (p25-p75); dcSSc diffuse cutaneous systemic sclerosis; ACA
anti-centromere antibodies; ATA anti-topoisomerase-1 antibodies; anti-RNP anti-ribonucleoprotein; ANA+
anti-nucleair antibodies positive but ACA/ATA/RNP negative; ANA- ANA negative; nRP: first non-Raynaud
symptom; RP Raynaud’s phenomenon; Time RP-SSc: time between RP and SSc diagnosis in months; Time
nRP-SSc: time between rRP and SSc diagnosis; Time RP-nRP: time between nRP and RP

positive patients, 42% of ANA positive patients (without ACA, ATA and RNP) and
24% of ANA negative patients.

Organ involvement at diagnosis
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Presence of organ involvement at the moment of SSc diagnosis and development
of organ involvement and survival during the 5 years of follow up is shown in
table 2, again stratified by both skin involvement and auto-antibodies.
At the moment of diagnosis, in 32% (144/450) of the patients organ involvement
already was present, most often ILD (22%; 77/358) (table 2). Between lcSSc and
dcSSc, presence of ILD, PAH and CI did not differ significantly, though PAH
appeared to occur more often in patients with lcSSc (p=0.07). SRC had occurred in
5 dcSSc patients, while this was never observed in lcSSc patients (p=0.004).
Autoantibodies present in patients diagnosed with ILD were most often ATA or
ANA (without ACA, ATA and RNP). In PAH, most patients were ACA positive. There
were no significant differences in auto-antibodies between patients with CI. SRC had
occurred rarely, and only in ANA positive (without ATA, ACA and RNP) patients.

Table 2 Organ involvement and survival

p-value

During
follow-up
LcSSc, n(%)

DcSSc, n(%)
p-value
ACA+, n(%)
ATA+, n(%)
RNP+, n(%)
ANA+ n(%)*
ANA-, n(%)
p-value

ILD
(92/450)

PAH
(32/450)

CI
(14/450)

SRC
(5/450)

299
151
124
129
26
147
21

60 (20.1)
32 (21.2)
0.78
7 (5.6)
33 (25.6)
5 (19.2)
42 (28.6)
3 (14.3)

26 (8.7)
6 (4.0)
0.07
16 (12.9)
4 (3.1)
2 (7.7)
9 (6.1)
1 (4.8)

8 (2.7)
6 (4.0)
0.57
1 (0.8)
6 (4.7)
2 (7.7)
5 (3.4)
0 (0.0)

0 (0)
5 (3.3)
0.004
0 (0)
0 (0)
0 (0)
5 (3.4)
0 (0)

Total
n=450

ILD
(77/358)

PAH
(14/418)

CI
(18/436)

SRC
(12/445)

36 (15.1)

12 (4.4)

299
151

124
129
26
147
21

<0.001

0.04

41 (34.5)
<0.001
8 (6.8)
37 (38.5)
3 (14.3)
26 (24.8)
2 (11.1)
<0.001

2 (1.4)
0.14
5 (4.6)
4 (3.2)
1 (4.2)
3 (2.2)
1 (5.0)
0.99

0.22

7 (2.4)

11 (7.6)
0.019
5 (4.1)
5 (4.1)
2 (8.3)
6 (4.2)
0 (0.0)
0.78

0.04

3 (1.0)

9 (6.2)
0.001
0 (0.0)
3 (2.3)
1 (3.8)
8 (5.6)
0 (0.0)
0.07

Death
(49/450)
29 (9.7)

20 (13.2)
0.15
11 (8.9)
11 (8.5)
4 (15.4)
21 (14.3)
2 (9.5)
0.53

ILD interstitial lung disease; PAH pulmonary arterial hypertension; CI cardiac involvement; SRC scleroderma
renal crisis; ACA anti-centromere antibodies; ATA anti-topoisomerase-1 antibodies; anti-RNP antiribonucleoprotein; ANA anti-nucleair antibodies; *ACA/ATA/RNP negative

Organ involvement during follow-up

During follow-up, in a total of 24.9% (112/450) of the patients, at least one type of
organ involvement developed. Within 5 years after diagnosis, 21.5% developed
ILD, 3.3% developed PAH, 4.1% developed CI and 2.6% developed SRC.
In table 2 it can be seen that occurrence of PAH did not differ between lcSSc
and dcSSc, while ILD, CI and SRC occurred more often in dcSSc (p<0.05). While ILD
occurred most often, the occurrence of ILD over time is depicted in figure 1.
In dcSSc patients, 35% developed ILD, compared to 15% in lcSSc patients (p<0.001)
(figure 1A).
Regarding autoantibodies, ILD developed in 39% of ATA positive patients, but
also in 25% of patients who were ANA positive (without ACA/ATA and anti-RNP)
(figure 1B). There were no differences between PAH, CI and SRC in occurrence of
autoantibodies.

Early organ involvement in a Dutch cohort

LcSSc, n(%)
DcSSc, n(%)
p-value
ACA+, n(%)
ATA+, n(%)
RNP+, n(%)
ANA+ n(%)*
ANA-, n(%)

Total
n=450
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At the
time of SSc
diagnosis

A

Survival Functions
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Figure 1 Kaplan Meier curves: development of ILD in sub types based on skin
involvement (A) and auto-antibodies (B).

Survival

During the 5 years of follow-up after diagnosis 49 patients died and overall
survival after the five year follow-up period was 89%. Survival between patients
classified as lcSSc or dcSSc and between different autoantibody profiles did
not differ significantly (table 2). ANA, without presence of ACA, ATA or RNP,
was positive in 21 (43%) out of the 49 patients who died.
When patients already had organ involvement at the moment of initial
diagnosis of SSc, their prognosis was significantly poorer than in patients without
organ involvement at diagnosis (figure 2).
Only 20 out of 325 patients (6.2%) without organ involvement at the moment
of SSc diagnosis died during follow-up compared to 29 out of 134 patients (21.6%)
who already had organ involvement at the moment of SSc diagnosis (log-rank test
p<0.001). The 5-year survival rates in these groups are 95% and 73%, respectively.
Out of the 20 patients without organ involvement at diagnosis, 10 patients
developed organ involvement, most often ILD, before they died.

Causes of death

Twelve patients died of cardiac causes in which it was very difficult to distinguish
whether this was directly due to SSc. The most probable cause of death in more
than half (27/49) of the patients who died was SSc-related. In 10 patients, ILD was

1,0

Overall survival

0,6

0,4

0,2

0,0
0

12

24

36

48

60

Time to death (months)

Figure 2 Survival in patients with organ involvement present or absent at the
moment of SSc diagnosis.
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Present
0,8
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Absent

the probable cause of death (37%), 9 patients died as a result of PAH (33%). Another
eight patients died due to a cause presumably associated to SSc or presumably due
to medical intervention indicated by SSc: during the trajectory of an autologous
stem cell transplantation (2), aspiration pneumonia (2), infection (2), gastrointestinal bleeding (1) and complications after surgery for pneumatosis intestinalis (1).
Five patients died due to a malignancy, and in another 5 patients the cause of
death was unclear.
At the moment of death, as much as 12 patients were diagnosed with more
than one particular type of organ involvement. A total of 28 patients had been
diagnosed with ILD (thus regardless whether this was the cause of death or not).
Fifteen patients had established PAH at the time of death. Six patients had cardiac
involvement and 4 patients have had SRC. Only 10 out of 49 patients did not have
organ involvement consisting of ILD, PAH, SRC or CI.

Discussion
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SSc is known for its heterogeneity in development of organ involvement and
associated decreased survival. Knowledge on occurrence of organ involvement
and death in SSc patients presently depends on fragmented data from studies
with selected subsets of patients, or from studies performed at a crossectional
manner. An overview of occurrence of organ involvement and death in a large
unselected cohort, including follow-up from the moment of diagnosis, currently
lacks. For a more complete and less biased understanding of incidence and
prevalence of these events, we present data from a large, unselected cohort of SSc
patients from the Radboud University Medical Centre.
According to the results of this study, one-third of the SSc patients already
have organ involvement at the moment of diagnosis. Another fourth of patients
developed at least one type of organ involvement during the follow-up period. The
occurrence of organ involvement was significantly influenced by subtype and the
presence of autoantibodies. In patients who already have organ involvement at
the moment of SSc diagnosis, survival is worse than in patients without organ
involvement at the moment of diagnosis.
Presence of ILD at the moment of SSc diagnosis was equally distributed
between lcSSc and dcSSc in our cohort. However, during subsequently follow-up,
dcSSc patients developed ILD over twice as much than lcSSc patients (35% vs. 15%).
These findings differ partly from current literature, as the overall presence of ILD
in lcSSc patients is found to be lower.
The association between ATA and the occurrence of ILD seems to be strong, which
is seen in this study, as well as in other studies [39-42]. Next to ATA positivity, a
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large proportion of patients who developed ILD in our cohort were found to ANA
positive without presence of ATA, ACA or RNP. This points out that there is a large
part of patients who develop ILD, but who are ATA negative. A part of these
patients might be positive for U3-RNO and Th/To, as this nuclear antibody has
shown an association with an increased frequency of severe fibrosis. Also, some
patients might be positive for anti-RNA polymerase-III positive [43, 44]. An additional
explorative analysis (not shown) showed that patients classified as lcSSc were
usually ATA negative (73% in patients who presented with ILD at SSc diagnosis
and 64% in patients who developed ILD after SSc diagnosis).
Presence of PAH at the moment of SSc diagnosis was equally distributed
between lcSSc and dcSSc, which supports the evidence that PAH can occur in both
subtypes [5]. Regarding a linkage between auto-antibodies and PAH, this was
only found at the moment of SSc diagnosis, when ACA are the most prevalent
autoantibody.
Cardiac involvement is known to be difficult to determine, as it can manifest
in several different ways [45]. In our study, we have included the CI that can be
determined by echocardiography. During follow-up, in dcSSc patients CI developed
more often than in lcSSc. This is in line with literature stating the higher
occurrence of CI in dcSSc [17, 18]. No associations between the presence of autoantibodies and occurrence of CI were found.
Scleroderma renal crisis mostly occurred in dcSSc patients, as presenting
symptom/before SSc diagnosis and during follow-up. Most patients who developed
a SRC were ANA positive without the presence of ACA, ATA and RNP. A part of
these patients probably is positive for anti-RNA polymerase III, which unfortunately,
at the time, was not tested in our patients.
The overall 5-year survival (89%) in the Nijmegen SSc cohort is quite equivalent
to current literature (lcSSc 91%; dcSSc 87%) [27-29]. Differences in subtype and
auto-antibodies were non-significant in this study, although in other studies
these associations were found [5, 27, 46]. However, a striking 43% of the deceased
patients in our cohort were ANA positive without the presence of ACA, ATA and RNP.
These specific patients also often developed early organ involvement (mainly ILD
and SRC). As already mentioned, a part of these patients could have been positive for
anti-RNA polymerase-III antibodies, unfortunately, this was not tested standardly.
The most striking result was the difference in survival between patients with
and without organ involvement at the moment of SSc diagnosis (5-year survival
73% vs. 95%, respectively), which was also found in another study [5].
The main strength of this study is the representation of a domain of SSc
patients as seen in current daily clinical practice, which is due to the unselected
nature of this large cohort. In contrast to other studies [13, 17, 47, 48], we present
data on organ involvement and death from SSc diagnosis up to 5-years of

subsequent follow-up [4, 18, 48]. Also, this cohort represents the current patient
population as 84% of the patients were diagnosed with SSc after 2000.
The limitations of this study are based on the absence of certain clinical data.
Due to the retrospective design of the study, all data were extracted from medical
records, which may lack some information. Also, at the time of the study, anti-RNA
polymerase III was not determined standardly in our centre. This auto-antibody
seems an important biomarker for SRC, although its prevalence is low in other
European centres.
This study presents the incidence and prevalence of organ involvement and
death in a key setting of an unselected cohort of SSc patients with follow-up from
the moment of diagnosis. These data are of strengthening value to current
literature, in which mostly scattered information was presented.
The presented high percentage of patients who already have organ involvement
at the moment of SSc diagnosis underlines the importance of early diagnosis of
SSc. In patients who develop organ involvement during the first years of follow-up,
the importance lays in the recognition of high risk patients, in which tight
screening and timely treatment probably is of vital importance.
The findings presented in this cohort might be helpful in future research in
the development of a prediction model for patients at risk for early organ
involvement and death.
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Abstract
Background. Organ involvement often occurs in early systemic sclerosis (SSc) and
has been related to premature death. Identifying patients at diagnosis at risk of
developing early organ involvement would be useful to optimize screening and
management strategies.
Objective. To develop prediction models for the 5-year development of interstitial
lung disease (ILD), pulmonary arterial hypertension (PAH) and death.
Methods. A European multicentre inception cohort was created. For modelling,
predefined clinical variables with known predictive value at diagnosis were used.
Univariate and multivariate regression analysis were done to select baseline
predictors and build the prediction models. The models were tested using the area
under the receiver operating characteristic (ROC) curve comparing observed and
expected frequencies.
Results. Of 735 patients, 23% developed interstitial lung disease, 8% developed
pulmonary arterial hypertension 12% died. The interstitial lung disease model
included diffuse cutaneous systemic sclerosis (OR = 1.8), systemic sclerosis disease
duration<3years (OR = 1.4), puffy fingers (OR = 1.6), and anti-topoisomerase-I-antibodies (OR = 1.8). The pulmonary arterial hypertension model included
age>65years (OR = 3.2), forced vital capacity<70% (OR = 2.5) and diffusing capacity
of the lung for carbon monoxide<55% (OR = 1.9). Death was predicted best by
age>65years (OR = 4.1), male gender (OR = 1.9), no anti-centromere antibodies (OR
= 0.5), proteinuria (OR = 1.9), forced vital capacity < 70% (OR = 1.8) and pulmonary
arterial hypertension at diagnosis (OR = 10.1). The area under the receiver operating
characteristic was 0.66 (95% CI 0.64–0.67), 0.66 (95% CI 0.64–0.68) and 0.70 (95%
CI 0.69–0.72), respectively.
Conclusion. We have shown that it is possible to predict interstitial lung disease,
pulmonary arterial hypertension and death using established variables already
available at the moment of systemic sclerosis diagnosis. Discriminatory
performance of the models was suboptimal. Further research including new
variables is necessary to improve performance.
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Systemic sclerosis (SSc) is a systemic autoimmune disease characterized by a triad
of inflammation, micro-angiopathy and fibrosis, affecting skin and internal
organs. This disease has a heterogeneous nature with large differences in severity
and extent. Internal organ involvement, including interstitial lung disease (ILD),
pulmonary arterial hypertension (PAH), cardiac involvement (CI) and scleroderma
renal crisis (SRC), has an unfavourable impact on survival and is the main cause
of death in SSc {Elhai, 2017 #358}. Five years after diagnosis, 91% of limited
cutaneous SSc (lcSSc) patients are still alive, compared to only 84% in the case of
diffuse cutaneous SSc (dcSSc) patients (1).
Organ involvement often starts in the early years of the disease. An analysis
of the Pittsburgh Scleroderma Databank showed that in up to 70% of patients
with dcSSc, organ involvement developed in the first 3 years after disease onset (2,
3). It is well established that both SRC and ILD occur early in SSc (4-6), and in about
half of the patients with PAH associated to SSc, PAH is diagnosed within 5 years
from disease onset (7).
Treatment in patients with SSc is often initiated only when organ involvement
is already clinically apparent. Currently it is generally accepted that treatment of
SSc might be more effective when initiated early in the disease course, before
organ involvement is clinically detectable or when it is even absent. In this regard,
an increasing number of studies focus on screening and subsequently treating
SSc patients with early organ impairment (8, 9) {Wu, 2018 #379}.
In clinical practice, it would be useful to know which SSc patients are at risk
for the development of organ involvement and consequently premature death.
Identified patients at risk might benefit from personalized management, through
appropriate screening strategies and prompt treatment, in order to prevent
disease progression. Therefore, the development of a risk assessment instrument
for patients with early SSc, which can be used at time of diagnosis, would be very
useful.
Several studies have developed and/or evaluated prediction models on both
organ involvement and survival over the years (10-23). However, most of these
studies only described either ILD, PAH or survival but not their combination (10-13,
16-19, 23). In addition, some studies evaluated predictive factors in SSc cohorts
with short follow-up (11), others included patients with long-standing SSc (13, 17,
18, 23) or included clinical factors which are detected only after diagnosis (16, 17,
20). In summary, most studies displayed data that can be applied only to specific
subgroups. A single study analyzes risk factors predicting both organ involvement
and survival in an unselected cohort of SSc patients (17). However, this study
includes not only baseline clinical data, but also follow-up data, making it difficult
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to apply the results to patients with early SSc, at the time of diagnosis. (15). In order
to develop solid prediction models applicable to patients with SSc at time of
diagnosis, complete data at that moment in unselected patients is needed.
Therefore, the objective of this study is to develop prediction models for the 5-year
occurrence of organ involvement (ILD and PAH) and death in an unselected
inception cohort of patients with SSc.

Patients and methods
Design

This cohort is a European multicentre inception cohort created from pre-existing
databases from participating centres. A total of 735 patients were included from 5
different rheumatology departments: Nijmegen (Radboud University Medical
Centre), Napoli (Università della Campania “Luigi Vanvitelli” Seconda Università
di Napoli), Zurich (University Hospital Zurich), Lund (Lund University) and
Cologne (Uniklinik Köln). According to local regulations, the pre-existing
databases, as well as the present project, were approved by the Ethical Committees
in every centre, and patients provided informed consent if needed.
Table 1 Overview predictors from current literature
Variables
Gender
Higher age at SSc onset
RP before SSc onset
dcSSc
Organ involvement
Teleangiectasias
ATA positive
ACA positive
Proteinuria
Haemoglobin
ESR
Creatinin
CK
FVC
DLCO

60

ILD

PH

(15)

(15)
(13)
(14)
(13, 15)
(17)
(14, 15)
(14)

(12, 14, 15, 20)

(12, 14, 15, 20)
(12, 14, 15)

(20)
(15)
(15)

Death
(10, 15, 22)
(10, 11, 18, 22, 23)
(15, 16, 18)
(11, 15, 16, 22)

(15)

(10, 11)
(15, 18)
(10, 18)
(15)

(13, 17)
(15, 17)

(11, 22, 23)
(10, 11, 15, 22, 23)

Literature references between brackets. RP Raynaud’s’ phenomenon; dcSSc diffuse cutaneous SSc; ATA
anti-topoisomerase-I antibodies; ACA anti-centromere antibodies; ESR erythrocyte sedimentation rate;
CK creatinin kinase; FVC forced vital capacity; DLCO diffusing capacity of the lung for carbon monoxide

Patients

For the purpose of the present study, patients fulfilling the EULAR/ACR 2013
classification criteria (24) and with follow-up after diagnosis of at least a 5-year
duration were selected. The 5-year cut-off represents the early phase in the disease
course of SSc (4) and has been previously used in other studies (7). Clinical
variables and data from laboratory tests and imaging were obtained at the time
of diagnosis and at least annually during the follow-up. Occurrence of the first-non
Raynaud symptom (NR) was appointed as disease onset. For all patients,
demographic data, pulmonary function tests, HRCT and echocardiographic data,
closest to date of diagnosis, were collected.
For modelling, clinical variables available in our cohort, which had previously
demonstrated some predictive value for ILD, PAH or death when evaluated at the
time of diagnosis (Table 1), were used.

Statistical analysis

Baseline variables were analysed by outcome (ILD, PAH, SRC, CI and death) using
one-way ANOVA, Kruskal Wallis test or χ2 test, as appropriate. Missing baseline
values were replaced by twenty-fold multiple imputation, based on an average of
10-30% missing values and conditionally on being missing at random (27).
Next, all baseline variables were analyzed using univariate binary logistic
regression analysis with ILD, PAH and survival as independent variables. Both
SRC and CI were not analyzed because of the small number of events. Selection for
each outcome was based on a deliberately liberal p-value of <0.2, given the
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The primary outcomes of interest of this study were ILD, PAH, SRC, CI and survival.
However, due to the small numbers of SRC and CI, these results were not shown in
table 1. Interstitial lung disease was defined as bibasilar fibrosis on chest X-ray or
fibrosis / ground-glass attenuation on HRCT or lung function test abnormalities
with a reduced forced vital capacity of <70% and/or diffusion capacity <80%.
Pulmonary functions test were subdivided in categories based on their FVC and
DLCO results: FVC over or below 70% of predicted and DLCO over 55% or below 70%
of predicted. This is clinically meaningful ILD. The diagnosis of PAH was assessed
by right heart catheterization, with mean pulmonary arterial pressure of
≥25mmHg and normal pulmonary capillary wedge pressure (<15 mmHg) in the
absence of ILD (25). Scleroderma renal crisis was defined as a new onset arterial
hypertension (>150/90 mmHg, measured twice over 24 hours) and rapidly
progressing renal failure (26). SSc-related cardiac complications were defined as
pericarditis verified by echocardiography, a diastolic dysfunction > grade 1 on
echocardiography or an ejection fraction <50%.
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direction of the effect is in line with the previous knowledge (30). For ILD,
the variables included in the model were dcSSc, SSc disease duration < 3 years,
puffy fingers and anti-topoisomerase-I-antibodies. The PAH model consisted of
the following variables: age >65 years, FVC < 70% and DLCO <55%. Death was
predicted best by age >65 years, male gender, no anti-centromere antibodies,
proteinuria, FVC < 70%, PAH at diagnosis.
All selected variables for an outcome were entered in a ‘full’ multivariate
logistic regression model by stepwise backward selection. Age and gender were
included by default, except if the p-value was >0.5, to prevent unnecessary bias.
The 20 multiple imputed datasets were used for internal validation. A shrinkage
factor was applied to all models, to improve prediction in new patients (28).
The shrinkage factor was estimated as χ2model – df / χ2model, referring to the model
chi-square (χ2) and the number of degrees of freedom(29). Discrimination of the
model was tested using the area under the receiver operating characteristic (ROC)
curve with 95% confidence intervals. Calibration of the model was analyzed using
intercept and slope, p-value of the Hosmer and Lemeshow test and a probability
plot comparing the observed and expected frequencies of ILD, PAH and survival.
All analyses are performed using SPSS 22.0.

Results
Patients
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Data were available from 735 patients: 460 (62%) from Nijmegen, 116 (16%) from
Napoli, 87 (12%) from Zürich, 50 (7%) from Lund and 22 (3%) from Cologne. Patient
characteristics are summarized in table 2. The number of missing values was
<30% in 25/30 variables, 30-40% in 4 variables and >80% in one variable (anti-RNA
polymerase III, which therefore was not imputed). The majority of patients in
this cohort had between 45 and 65 years of age, followed by under 45 years and
over 65 years of age; these percentages are comparable with data from literature.
One fourth of all patients was male, and also one fourth was classified as dcSSc.
The average disease duration from first non-Raynaud SSc symptom to diagnosis
was 17 months. Most patients had antinuclear antibodies (ANA) (96%). Anticentromere antibodies (ACA) were found in 29% of the patients, and anti-topoisomerase (ATA) antibodies in 34%. In 36% of the patients only a positive ANA was
present (no ACA or ATA).
Interestingly, internal organ involvement was already present at SSc diagnosis
in 279 (37%) of the patients, most often this concerned ILD (186 out of 279 patients)
(lower part of table 2).

Table 2 Baseline characteristics
Characteristics

N=735

N missing (%)

Age at SSc diagnosis, mean ± SD

52 ± 13

0 (0)

Age category
<45 years, n (%)
45 - 65 years, n (%)
>65 years, n (%)

213 (29)
384 (52)
138 (19)

0 (0)
0 (0)
0 (0)

Male, n (%)

207 (28)

0 (0)

DcSSc, n (%)

199 (27)

0 (0)

1.4 (0.5 – 4.3)

3 (0)

Disease duration <3 yrs, n (%)

Disease duration, median (p25-p75)

496 (68)

3 (0)

Puffy fingers, n (%)

262 (36)

0 (0)

Digital ulcers, n (%)

156 (21)

0 (0)

Pitting scars, n (%)

187 (30)

116 (16)

Teleangiectasias, n (%)

203 (38)

203 (28)

Tendon friction rubs, n (%)

44 (7)

72 (10)

Arthralgia, n (%)

53 (12)

275 (37)

Dyspnea, n (%)

275 (37)

0 (0)

Oesophageal symptoms, n (%)

295 (40)

0 (0)

Intestinal symptoms, n (%)

188 (26)

0 (0)

704 (96)

1 (0)

ACA, n (%)

212 (29)

1 (0)

ATA, n (%)

246 (34)

1 (0)

Non ACA/ATA, n (%)

256 (36)

1 (0)

11 (8)

600 (82)

8.2 (7.6 – 8.8)

119 (16)

Anti-RNA pol III, n (%)
Hemoglobin, median (p25-p75)
ESR, median (p25-p75)

13 (6 – 26)

87 (12)

69 (60 – 79)

166 (23)

Proteinuria, n (%)

90 (16)

176 (24)

Increased CK, n (%)

86 (19)

273 (37)

98 (82 – 110)

122 (17)

Creatinin, median (p25-p75)

Pulmonary function test
FVC, median (p25-p75)
FVC <70%, n (%)
DLCO, median (p25-p75)

74 (12)

122 (17)

70 (54 - 83)

226 (31)

DLCO <55%, n (%)

136 (27)

226 (31)

DLCO <70%, n (%)

263 (52)

226 (31)
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ANA, n (%)
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Laboratory values

Table 2 Continued
Characteristics

N=735

N missing (%)

ILD at diagnosis, n (%)

186 (25)

0 (0)

Organ involvement
PAH at diagnosis, n (%)

58 (8)

0 (0)

SRC at diagnosis, n (%)

17 (2)

0 (0)

CI at diagnosis, n (%)

18 (2)

0 (0)

SD standard deviation; p25-p75 percentile 25 and 75; dcSSc diffuse cutaneous systemic sclerosis; SSc
duration: disease duration since first non-Raynaud symptom; ANA anti-nuclear antibodies; ACA anticentromere antibodies; ATA anti-topoisomerase-I antibodies; non ACA/ATA no ACA or ATA present;
ESR erythrocyte sedimentation rate; increased CK >200 male/>170 female; FVC forced vital capacity;
DLCO diffusing capacity of the lungs for carbon monoxide; ILD interstitial lung disease; PAH pulmonary
arterial hypertension; SRC scleroderma renal crisis; CI cardiac involvement; N.A. not applicable

During the 5 year follow-up period after diagnosis, ILD developed in 128 patients
(23.3%), PAH in 53 patients (7.8%), SRC in 12 patients (1.7%), CI in 22 patients (3.1%)
and 88 (12.0%) patients died. The occurrence of SRC (12 cases) and CI (22 cases) was
too low to be included in the subsequent analyses.

Univariate and multivariate logistic regression

Results of the univariate and multivariate logistic regression analysis are shown
in tables 3 and 4. Twenty fold multiple imputation was used for patients lost to
follow-up. Baseline values selected for multivariate modelling are shown with
their p-value in bold. An OR >1 indicates a higher probability of ILD, PAH or death
in the 5-year period after SSc diagnosis. For example, in the final multivariate
model for ILD, patients who were classified as dcSSc at diagnosis were almost
twice (OR 1.75) as likely to develop ILD in the first 5 years after SSc diagnosis
compared to patients not classified as dcSSc at diagnosis.
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The shrinkage factors (ideally: 1, no shrinkage necessary) were 0.83 for the ILD
model; 0.80 for the PAH model and 0.93 for the model with death as outcome.
Discriminative performance of the three models is shown in the receiver operating
characteristic (ROC) curves in figure 1A. The area under the ROC curve (AUC) of
the ILD prediction model was 0.66 (95% CI 0.64 to 0.67). The PAH model had an
AUC of 0.66 (95% CI 0.64 to 0.68). The model with death as outcome had an AUC of
0.70 (95% CI 0.69 to 0.72).
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ILD

0.73 (0.38 – 1.42)
0.96 (0.51 – 1.82)
1.01 (0.96 – 1.06)
0.73 (0.41 – 1.31)
0.77 (0.42 – 1.41)

0.13
<0.001
0.13
0.01
0.01

0.97 (0.93 – 1.01)

SSc duration

1.67 (0.86 – 3.27)
1.24 (0.63 – 2.46)
1.31 (0.46 – 3.77)

0.19
0.10

1.20 (0.78 – 1.85)

Digital ulcers

Pitting scars

1.18 (0.65 – 2.13)
1.02 (0.57 – 1.83)
0.73 (0.36 – 1.50)

<0.001
0.10

2.28 (1.54 – 3.36)

0.67 (0.42 – 1.08)

ATA

Non ACA/ATA
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2.33 (0.31 – 17.47)

0.18

ACA

ANA
0.02

1.70 (0.94 – 3.05)

0.56 (0.35 – 0.89)

0.62

2.69 (0.64 – 11.29)

Laboratory values

1.12 (0.73 – 1.72)

0.13

Intestinal symptoms

1.97 (1.13 – 3.46)
1.06 (0.60 – 1.88)

0.41

1.18 (0.80 – 1.74)

1.34 (0.92 – 1.97)

Dyspnea

Oesophageal sympt.

0.72 (0.30 – 1.72)

Arthralgia

0.87 (0.29 – 2.47)

0.45

0.72 (0.45 – 1.18)

1.81 (0.89 – 3.68)

Teleangiectasias

Tendon friction rubs

1.09 (0.56 – 2.14)

0.41

0.94 (0.58 – 1.50)

Puffy fingers
0.78

1.79 (1.14 – 2.80)

1.70 (1.16 – 2.50)

SSc duration <3 yrs

Male

2.14 (1.44 – 3.19)

1.65 (0.76 – 3.58)
3.40 (1.48 – 7.81)

0.42
0.02

1.37 (0.91 – 2.06)

0.84 (0.55 – 1.28)
0.47 (0.25 – 0.88)

Age <45 years
45 – 65 years
>65 years

1.04 (1.01 – 1.06)

0.05

PAH
OR (95%-CI)

P-value

DcSSc

0.99 (0.97 – 1.00)

OR (95%-CI)

Age at SSc diagnosis

Characteristics
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Death

1.17 (0.67 – 2.02)

0.39

0.95

0.60

0.41

1.42 (0.90 – 2.25)

1.03 (0.64 – 1.65)

0.65 (0.38 – 1.10)

1.25 (0.37 – 4.20)

1.70 (1.06 – 2.72)

0.08

1.80 (1.15 – 2.82)
0.93 (0.59 – 1.47)

0.02
0.83

0.74 (0.29 – 1.93)

1.09 (0.45 – 2.68)
0.80

0.61

0.53

1.78 (1.09 – 2.91)
1.13 (0.69 – 1.86)

0.13

0.61 (0.37 – 1.00)

0.69 (0.43 – 1.09)

1.04 (1.01 – 1.07)

1.46 (0.91 – 2.35)

1.73 (1.09 – 2.74)

2.32 (1.17 – 4.59)
6.00 (2.92 – 12.33)

1.06 (1.04 – 1.08)

OR (95%-CI)

0.79

0.39

0.29

0.81

0.91

0.36

0.21
0.004

0.002

P-value

0.14

0.91

0.11

0.72

0.03

0.76

0.01

0.54

0.85

0.58

0.63

0.02

0.05

0.11

0.02

0.12

0.02

0.02
<0.001

<0.001

P-value

0.32

1.59 (0.62 – 4.07)

1.24 (0.70 – 2.22)

0.99 (0.98 – 1.01)

1.02 (0.61 – 1.73)

1.15 (0.74 – 1.78)

DLCO % of predicted

DLCO <55%

DLCO <70%

1.47 (0.47 – 4.60)

0.27 (0.04 – 2.07)

SRC at diagnosis

CI at diagnosis

0.13

0.21

0.50

0.27

N.A.

0.53

0.93

0.27

0.46

0.75 (0.10 – 5.77)

1.74 (0.39 – 7.84)

N.A.

2.24 (1.26 – 3.98)

1.93 (0.86 – 4.3)

2.45 (1.26 – 4.75)

0.97 (0.95 – 0.98)

3.01 (1.55 – 5.84)

0.98 (0.96 – 0.99)

1.18 (0.31 – 4.52)

2.72 (1.29 – 5.76)

1.00 (0.98 – 1.01)

1.02 (1.01 – 1.04)

0.82 (0.58 – 1.16)

OR (95%-CI)

PAH

0.96 (0.95 – 0.98)
2.37 (1.37 – 4.11)
2.42 (1.14 – 5.13)

<0.001
0.01
0.11

0.78

0.47

N.A.

1.49 (0.42 – 5.24)

0.98 (0.22 – 4.36)

13.65 (7.60 – 24.51)

1.73 (1.08 – 2.77)

2.48 (1.36 – 4.52)

0.01

0.98 (0.97 – 0.99)

0.001

0.99 (0.50 – 1.94)

0.001

0.80

2.72 (1.55 – 4.78)

0.01

1.02 (1.01 – 1.03)
1.00 (1.00 – 1.01)

0.001
0.50

0.69 (0.50 – 0.95)

OR (95%-CI)

0.25

P-value

Death

0.54

0.98

<0.001

0.02

0.02

0.002

<0.001

0.003

<0.001

0.97

0.001

0.29

<0.001

0.02

P-value

ILD interstitial lung disease; PAH pulmonary arterial hypertension; OR odds ratio; CI confidence interval; dcSSc diffuse cutaneous systemic sclerosis; SSc duration:
disease duration since first non-Raynaud symptom; ANA anti-nuclear antibodies; ACA anti-centromere antibodies; ATA anti-topoisomerase-I antibodies; non
ACA/ATA no ACA or ATA present; ESR erythrocyte sedimentation rate; increased CK >200 male/>170 female; FVC forced vital capacity; DLCO diffusing capacity of
the lungs for carbon monoxide; SRC scleroderma renal crisis; CI cardiac involvement; N.A. not applicable

N.A.

0.63 (0.28 – 1.42)

ILD at diagnosis

PAH at diagnosis

Organ involvement

0.99 (0.98 – 1.00)

FVC % of predicted

FVC <70%

Pulmonary function test

Increased CK

0.44

1.30 (0.67 – 2.49)

0.65

Proteinuria

0.99

1.00 (0.99 – 1.01)

1.00 (0.99 – 1.01)

ESR

0.40

P-value

1.12 (0.87 – 1.43)

OR (95%-CI)

ILD

Creatinin

Hemoglobin

Laboratory values

Characteristics

Table 3 Continued
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0.03
0.01

1.44 (0.90 – 2.28)

1.56 (1.04 – 2.34)

1.79 (1.19 – 2.70)

SSc duration <3 yrs

Puffy fingers

0.03

<0.001

0.03

10.11 (5.28 – 19.4)

<0.001

<0.001

0.11

0.04

0.07

0.03

0.06
<0.001

P-value
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ILD interstitial lung disease; PAH pulmonary arterial hypertension; OR odds ratio; CI confidence interval; dcSSc diffuse cutaneous systemic sclerosis; SSc duration:
disease duration since first non-Raynaud symptom; ACA anti-centromere antibodies; ATA anti-topoisomerase-I antibodies; FVC forced vital capacity; DLCO
diffusing capacity of the lungs for carbon monoxide

Constant

PAH at diagnosis

1.87 (0.90 – 3.90)

DLCO <55%

0.09

1.80 (0.89 – 3.65)

2.53 (1.18 – 5.40)

FVC <70%

0.54 (0.28 – 1.05)

1.85 (1.07 – 3.19)

1.99 (0.97 – 4.09)
4.13 (1.87 – 9.15)

OR (95%-CI)

Death

1.90 (1.02 – 3.54)

<0.001

0.27

0.68 (0.34 – 1.35)

0.02

0.20
0.01

P-value

1.67 (0.76 – 3.70)
3.15 (1.34 – 7.40)

OR (95%-CI)

PAH

Proteinuria

ATA

ACA

0.10

0.01

1.75 (1.15 – 2.68)

DcSSc

Male
0.13

0.88
0.16

0.97 (0.78 – 1.21)
0.63 (0.45 – 0.87)

Age <45 years
45 – 65 years
>65 years

P-value

OR (95%-CI)

Characteristics

ILD

Table 4 Multivariate logistic regression: final models
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Figure 1A. Receiver operating characteristic (ROC) curves of the three different prediction model: A. ILD; B. PAH; C. Death.
B. Comparison of the probability and score of the model: A. ILD; B. PAH; C. Death.
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Figure 1B shows a plot of the proportions of the probability of an event (ILD, PAH
or death) against the maximal score of the models applied to the individual
patients. It shows that the probability of an event increases with the presence or
absence of different variables included in the models. As expected, the relations
are non-linear. Especially in ILD the curve does not cover the full range of
probabilities while it has a flat slope, indicating lower prognostic performance.
Figure 2 shows the agreement of expected and observed probabilities of the three
prediction models. The calibration slope (95%CI) were 0.97 (0.61 – 1.33) in the ILD
model; 0.59 (0.29 – 0.89) in the PAH model and 0.54 (0.40 – 0.68) in the model with
death as outcome, which means a calibration close to 1 for the ILD model and
deviating from 1 for the PAH and death model, compared to the baseline model. In
figure 2, the observed and expected number of events are displayed in deciles. The
non-significance of the Hosmer and Lemeshow test in the ILD and PAH model (p=
0.50; p=0.39) indicates that the numbers of patients predicted to develop ILD or
PAH were in agreement with the numbers observed. The p-value of the Hosmer
and Lemeshow test in the death model (p=0.001) indicates that the observed and
expected number are not completely in agreement.
Deciles were created based on increasing probability of an event (development of
ILD or PAH, or death). For example, in the first decile (lowest probability of ILD),
it was predicted that 6 patients would develop ILD, while 7 patients were observed
to have ILD. The consequent probability of dcSSc was (6/127)*100% = 5%. The higher
deciles had a higher number of predicted and observed ILD and therefore an
increasing probability of developing ILD. Thus, the more factors predictive for
either ILD, PAH or death, present in SSc patients, the greater the risk for development
of such event.
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Figure 2 Observed and expected plot: A. ILD; B. PAH; C. Death.

70

71
Chapter 4

Risk stratification in SSc patients is an important issue. Intensifying screening
strategies and timely starting treatment to prevent irreversible organ damage in
high risk subgroups may improve prognosis. The objective of our study was to
develop prediction models for the 5-year occurrence of organ involvement and
death in an unselected cohort of early SSc patients.
In order to develop these models, we used clinical variables with known
predictive value which were also generally available in all patients at the time of
initial SSc diagnosis. The results of the univariate analysis in this study show that
several baseline variables have predictive value for organ involvement and death.
Multivariate logistic regression modeling resulted in three final prediction
models, including age, gender, disease subtype, disease duration, puffy fingers,
auto-antibodies, proteinuria, pulmonary function test results and presence of
PAH at SSc diagnosis.
It is worth noting thate an age>65 years at diagnosis was found to have a
protective value for the development of ILD while it was predictive of the
development of PAH and death. This result can be be easily attributed to likely
comorbidities as far as death is concerned; it might intriguingly mean that
patients developing SSc late in life course are at a lower risk of ILD.
Performance of all three models was moderate. Sensitivity was set at a
minimum of 80%, resulting in a rather low specificity between 30% and 42%.
Calibration of the ILD and PAH model showed to be tolerable, according to the
non-significant Hosmer and Lemeshow test. However, in the model for death, the
observed and expected probabilities did not agree, as reflected by the significant
Hosmer and Lemeshow test. Despite the moderate performance of the models, the
results show that prediction of organ involvement and death based on different
clinical, laboratory and function test results is possible.
In every day clinical practice, it is of the utmost importance to recognize
development of organ involvement in an early stage of SSc. The available
treatment options might be more effective if applied timely, before organ
involvement becomes clinically apparent and damage is already irreversible.
Therefore, prediction of organ involvement and death at diagnosis may be critical
for intensifying both screening strategies and treatment. This study states some
predictive value in several different clinical characteristics. However, our results
do not allow us to give a perfect risk stratification for early SSc patients.
Nevertheless, the present study could serve as a starting point to improve risk
stratification in early SSc by using l arge sets of patients with extented follow-up,
and inclusion of other variables, such as mRSS trend, anti-RNA polymerase-III
and other auto-antibodies in order to design solid clinical prediction models.
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Discussion

The main strenght of our study is the inclusion of an unselected cohort of early SSc
patients with extended follow-up from the time of diagnosis, using only possible
predictors easily available at baseline. In previous studies, numerous factors have
been found to be more or less predictive for organ involvement and death.
However, no clinical (set of) biomarker(s) able to predict disease course from SSc
diagnosis has been found. Most studies have analyzed subgroups of patients who
were already at risk for the development of specific organ involvement, such as
PAH (13, 17). Others have investigated predictive factors at one moment in time,
without taking into account the follow-up findings (14). Finally, one study
analyzed predictive factors from baseline, but also included variables which are
time dependent, making the results not clear to be used at the precise time of
diagnosis (15). Therefore, our study has additive value for future research by
supplying predictive variables applicable to all SSc-patients.
All patients diagnosed with SSc, and available clinical baseline data, were
included in this cohort. Therefore, our design is also suitable for the calculation of
incidence of both pulmonary involvement and death. Furthermore, this cohort is
adequate for the development of a prediction model, due to the fairly complete
follow-up data. Inclusion of patients from different countries also increases the
possibility for a solid analysis of predictive value.
Our study has also some limitations. Patients were lost to follow-up, therefore
the occurrence of organ involvement and death can be underestimated. Due to
the retrospective data collection, there is a risk of selection bias since the outcomes
have already occurred at the time of selection. The risk of selection bias is
estimated to be small because all patients, with and without an occuring event,
have been followed in this inception cohort from SSc diagnosis. Despite the large
number of patients included in this study, the number of occurring events is
small, resulting in only a small number of predictors in the models.
In summary, the predictive properties of several variables already available
at the time of SSc diagnosis are shown in this study. Discrimination and calibration
of the models showed moderate performance indicating that there are possibilities
for prediction of severe organ damage and death at baseline. Further research is
necessary to improve the efficacy and success of these models.
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Abstract
Objective. LcSSc is associated with ACAs and a mild course, whereas dcSSc is
associated with antitopoisomerase antibodies (ATAs) and a more severe course.
However, ATAs are also present in lcSSc. Little is known about survival and organ
involvement in this subgroup. The aim of this study is to determine whether
survival and organ involvement of lcSSc ATA-positive patients differs from lcSSc
ATA-negative or dcSSc ATA-positive patients. Furthermore, transition from lcSSc
to dcSSc was evaluated.
Methods. Data from The Nijmegen Systemic Sclerosis cohort were used, with up to
15 years of follow-up. Kaplan-Meier analysis was performed for survival and
organ involvement, including interstitial lung disease, pulmonary arterial
hypertension, cardiac involvement and Scleroderma Renal Crises. Cox proportional
hazard modelling was performed to adjust for confounders.
Results. A total of 460 patients were included: 58 (13%) lcSSc ATA-positive patients,
237 (52%) lcSSc ATA-negative patients and 78 (17%) dcSSc ATA-positive patients.
Cumulative survival in lcSSc ATA-positive patients was 75%, in lcSSc ATA-negative
patients 58% and in dcSSc ATA-positive patients 53%. Interstitial lung disease was
more prevalent in lcSSc ATA-positive patients (49%) than in lcSSc ATA-negative
patients (25%), but less than in dcSSc ATA-positive patients (60%). Forty-eight
patients developed dcSSc: 24 ATA-negative and 24 ATA-positive (P<0.001).
Conclusion. LcSSc ATA-positive patients differ from lcSSc ATA-negative patients
and dcSSc ATA-positive patients concerning survival and organ involvement.
LcSSc patients who are ATA-positive are more likely to develop dcSSc than lcSSc
patients who are ATA negative.
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SSc is a generalized autoimmune disease characterized by microvascular changes,
immunological abnormalities and accumulation of connective tissue. The hallmark
of SSc is fibrosis of the skin; however, the fibrosis of internal organs, including
the heart, kidneys, lungs and gastrointestinal tract, may cause severe morbidity
and premature death.
The pathogenesis of SSc is complex and involves inflammatory cells, cytokines
and fibroblasts [1]. The role of auto-antibodies in the pathogenesis of SSc remains
unclear. However, previous studies have shown that anti-topoisomerase antibodies
(ATAs) bind directly to fibroblast surfaces, which indicates a pathogenetic role for
these auto-antibodies in SSc [2, 3]. The possibility arises that ATAs transform
fibroblasts into myofibroblasts and therewith induce the production of collagen I,
leading to fibrosis [4]. Still, the pathogenesis of SSc is not well understood [1].
To date, no cure for SSc is available; however, evidence is accumulating
that early and aggressive immunomodulation may result in less severe organ
involvement [5]. For prognostication it is of importance to recognize patients
prone to severe organ involvement and premature death. In current clinical
practice, patients with SSc are subclassified in two main clinical subsets: lcSSc
and dcSSc, based on the extent of skin involvement by the classification
criteria of Leroy et al. [6].
Clinical differences in the natural disease course of lcSSc and dcSSc are
apparent. Patients classified as having lcSSc are known to generally have a less
severe disease course and slow progression of symptoms, whereas patients classified
as having dcSSc tend to have a more severe disease course, with rapid progression
and a higher mortality [7].
The difference in mortality between lcSSc and dcSSc has grown smaller over
recent decades [8, 9]. Mortality is tightly linked to organ involvement, with
interstitial lung disease (ILD), pulmonary arterial hypertension (PAH) and cardiac
involvement being the main causes of death [10]. Until the 1980s, scleroderma
renal crisis (SRC) was the most frequent fatal complication of SSc, but its occurrence
has decreased since then [11].
Different patterns of organ involvements occur in the two subtypes of SSc.
PAH occurs in both dcSSc and lcSSc; however, it tends to develop earlier in the
disease course in dcSSc [12]. ILD, cardiac involvement and SRC occur more often
and earlier in dcSSc [13-17], but also occur in lcSSc.
Dividing SSc patients into lcSSc and dcSSc subsets based solely on skin involvement
may be insufficient to differentiate between SSc patients concerning survival
and organ involvement [13]. Recent literature suggests that auto-antibodies may
also play a part in survival and in the distribution of organ involvement [13, 18].
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Introduction

LcSSc is associated with ACAs and dcSSc is associated with ATAs [15, 18-22]. Patients
positive for ACAs have a propensity for the development of PAH, whereas patients
positive for ATAs have a propensity for the development of ILD, cardiac involvement,
SRC and a higher mortality [18, 23]. Interestingly, a proportion of patients (11-18%)
with limited skin involvement are ATA positive [14, 21]. To date, it is not known
how this combination of ATA and limited skin involvement influences morbidity
and mortality compared with that of other SSc patients. Are these patients in essence
patients with dcSSc who happen to have less skin involvement than usual?
In order to potentially improve subclassification of SSc patients, it is relevant
to know whether the mentioned subgroup of lcSSc ATA-positive patients resembles
one of the two main subtypes or whether these patients are a separate entity
concerning survival and organ involvement. Probably, ATA-positive lcSSc patients
also have dcSSc, but take longer time to develop their maximal skin involvement.
However, it is unknown what influence auto-antibodies have in the transition
from lcSSc to dcSSc, and at what moment in the course of the disease a clinician
can classify patients as definite lcSSc [24]. By acquiring knowledge about these
issues, it might be possible to refine the subclassification of SSc patients and
improve the early recognition of high-risk patients. Those patients might benefit
from early immunomodulating treatment and tight control of organ involvement.
Therefore, the objective of this study was to determine whether survival and
organ involvement of lcSSc ATA-positive patients differs from lcSSc ATA-negative
patients and dcSSc ATA-positive patients. The second objective was to analyse
whether ATA-positive patients classified as lcSSc at the moment of diagnosis
transitioned to dcSSc more frequently than ATA-negative lcSSc patients.

Methods
Design

The Nijmegen Systemic Sclerosis cohort consists of 690 patients clinically
diagnosed with SSc. This database was established in 1989 and is still open for
inclusion. All patients were enrolled in the Radboud University Medical Centre in
Nijmegen from the moment of diagnosis with SSc and followed-up at least
annually, with a follow-up time of up to 15 years. Due to the observational nature
of this cohort, no ethical review was needed according to Dutch law and
regulations.
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Patients

Patients were classified as having lcSSc or dcSSc according to the subclassification
criteria of Leroy et al. [6] and categorized at the end of follow-up using information
gathered over the disease course (once dcSSc, always dcSSc). Overlap syndromes
were also categorized into lcSSc or dcSSc, based on the same subtype criteria [6].
Of the 690 patients, 230 patients were excluded due to lack of baseline measurements
or follow-up shorter than a year (n = 228) or because of SSc sine scleroderma (n = 2).
If patients were lost to follow-up or observation time ended, they were
censored in the analyses.
For all patients, demographic characteristics and disease-specific characteristics
were collected, including disease-specific auto-antibodies. Four subgroups were
made based on the above-mentioned subclassification criteria (lcSSc or dcSSc)
and the presence of ATAs (positive or negative). The first symptom that could be
reasonably attributed to SSc, other than RP, was taken as indicating the moment
of disease onset. Immunomodulating therapies were recorded, namely MTX, CYC,
MMF, prednisone and autologous stem cell transplantation (ASCT).
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The primary outcome measure of this study was survival, calculated from the
moment of diagnosis until the moment of death, or at end of observation or after
15 years, whichever came first. ASCT is only performed in certain patients with
progressive dcSSc who have a poor prognosis quoad vitam, and it has proven to
be very effective in these patients. A combined end point of death and ASCT was
also used in the analysis [25, 26]. The secondary outcomes were time to organ
involvement (ILD, PAH, cardiac involvement or SRC) and time to transition from
lcSSc to dcSSc.
Organ involvement was defined as follows: ILD: high resolution CT (HRCT)
anomalies, consisting of ground glass opacity, fibrosis or honeycombing, or,
if HRCT was not available, chest X-ray with bibasilar fibrosis, and a pulmonary
function test with a vital capacity<70% and/or carbon monoxide diffusing
capacity<80%. PAH was defined as a mean pulmonary arterial pressure of
>25mmHg combined with a normal capillary wedge pressure of415mmHg
measured by right heart catheterization. Cardiac involvement was determined by
echocardiography, as a diastolic dysfunction grade of 52, an ejection fraction of
450% or symptomatic pericardial effusion. Scleroderma renal crisis was defined
as new-onset hypertension with a systolic blood pressure of>150mmHg and
rapidly progressive kidney failure with a decrease of the estimated glomerular
filtration rate of>30%.

Skin subtype and auto-antibodies

Outcome measures

Patients who already had organ involvement at diagnosis were not included in
the Kaplan-Meier analysis for the time to develop organ involvement. Organ
involvement at the moment of diagnosis was defined as organ involvement
established before or at the moment of diagnosis (or during the first follow-up
visit that was within 3 months of completion of research). During follow-up, the
modified Rodnan Skin Score, laboratory tests and pulmonary function tests were
assessed at least annually. When clinically indicated, echocardiography and/or
HRCT were performed.
The time to transition from lcSSc to dcSSc was based on the time from diagnosis
to the determination of diffuse skin involvement. When patients already had diffuse
skin involvement at diagnosis, these patients were excluded from this analysis.

Statistical analysis

To compare demographical and disease characteristics at baseline between
subsets (lcSSc/dcSSc) and ATAs (positive/ negative), one-way analysis of variance,
the Kruskall-Wallis test and the Chi-square test were used, as appropriate.
The primary comparison of interest was between the lcSSc ATA-positive and the
lcSSc ATA-negative patients, followed by comparing lcSSc ATA-positive and dcSSc
ATA-positive patients. Kaplan-Meier curves were used for analysis of survival,
time to occurrence of the four types of organ involvement and time to transition
to dcSSc. Log-rank tests were performed to compare the outcome measures
between the different subtypes based on a combination of skin involvement and
auto-antibody status. Next, Cox proportional hazard modelling was performed to
compare the subgroups, including correction for confounders (gender, age, and
immune-modulating drug therapies). Potential confounders were handled as real
confounders if their addition to the model changed the main effect by 10% or
more. All analyses were performed using SPSS version 20.0.

Results
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Of the total of 460 patients, 295 (64%) patients were classified as lcSSc, and 165
(36%) were classified as dcSSc. Fifty-eight of the lcSSc patients were ATA positive
and 237 were ATA negative. Within the dcSSc subgroup, 78 patients were ATA
positive and 87 were ATA negative.
The baseline characteristics are displayed in Table 1. Female gender was less
prevalent in lcSSc ATA-positive patients (51.7%), compared with in lcSSc ATAnegative patients (77.2%), and more prevalent compared with dcSSc ATA-positive
patients (33.3%). The median time between RP and the first non-RP symptom was
2 months in lcSSc ATA-positive patients, compared with 12 months in lcSSc

13.04 (6.7-37.5)

Disease duration, median (IQR), months

32 (7.0)
15 (3.3)
6 (1.3)

PAH, n (%)

Cardiac involvement, n (%)

SRC, n (%)

0 (0.0)

4 (6.9)

1 (1.7)

17 (29.3)

8.2 (5.0-18.5)

2.0 (0.0-26.7)

48.9 ± 13.1

50.2 ± 12.8

30 (51.7)

ATA+
(n=58)

0 (0.0)

5 (2.1)

22 (9.3)

43 (18.1)

20.0 (8.0-53.0)

12.0 (0.0-59.5)

50.6 ± 12.9

53.9 ± 13.0

183 (77.2)

ATA(n=237)

LcSSc (n=295)

1 (1.3)

2 (2.6)

3 (3.8)

20 (25.6)

7.0 (4.0-13.0)

1.00 (0.0-7.0)

49.4 ± 12.4

50.3 ± 12.4

26 (33.3)

ATA+
(n=78)

5 (5.7)

4 (4.6)

6 (6.9)

15 (17.2)

9.0 (5.9-24.9)

0.0 (-1.0-9.5)

49.3 ± 13.2

51.3 ± 13.1

59 (67.8)

ATA(n=87)

DcSSc (n=165)

0.001

0.260

0.130

0.150

<0.001

<0.001

0.700

0.055

<0.001

p-value
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Median disease duration: time between first non-RP and diagnosis. Non-RP: non-Raynaud symptom; ILD: interstitial lung disease; IQR: interquartile range

95 (20.7)

ILD, n (%)

Organ involvement at diagnosis

50.0 ± 12.9
3.0 (0.0-31.1)

Time between RP and non-RP,
median (IQR), months

52.3 ± 12.9

Age at first Non-RP, mean (S.D.), years

298 (64.8)

Age, mean (S.D), years

Total
(n=460)

Female, n (%)

Table 1 Baseline characteristics
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ATA-negative patients, and this was statistically significant. The same applied to
the disease duration (first non-RP symptom): 8 months compared with 20 months
in lcSSc ATA-positive versus lcSSc ATA-negative patients, respectively. Presence of
organ involvement (ILD, PAH, cardiac involvement or SRC) at the moment of
diagnosis was not significantly different or clinically relevant between the four
subgroups.

Treatment

During follow-up various immunomodulating therapies were used (Table 2).
LcSSc ATA-positive patients received MTX, CYC, MMF and prednisone treatment
more frequently than lcSSc ATA-negative patients, but less frequently than dcSSc
ATA-positive patients. Almost 5% of the dcSSc patients underwent ASCT, which
was only performed in selected progressive dcSSc patients.

Table 2 Treatment among subtypes
LcSSc (n=295)

DcSSc (n=165)

Total
(n=460)

ATA+
(n=58)

ATA(n=237)

ATA+
(n=78)

ATA(n=87)

p-value

MTX, n (%)

220 (47.8)

34 (58.6)

80 (33.8)

51 (65.4)

55 (63.2)

<0.001

Cyclo, n (%)

150 (32.6)

17 (29.3)

34 (14.3)

49 (62.8)

50 (57.5)

<0.001

MMF, n (%)

120 (26.1)

16 (27.6)

39 (16.5)

33 (42.3)

32 (36.8)

<0.001

PRD, n(%)

188 (40.9)

27 (46.6)

81 (34.2)

45 (57.7)

35 (40.2)

0.003

22 (4.8)

0 (0.0)

0 (0.0)

16 (20.5)

6 (6.9)

<0.001

ASCT, n (%)

Table includes the use of drug therapy at baseline and during follow-up. ATA: anti-topoisomerase antibodies;
PRD: prednisone; ASCT: autologous stem cell transplantation.

Survival
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The cumulative survival during 15 years of follow-up was 75.1% in lcSSc ATApositive patients, compared with 57.9% in lcSSc ATA-negative patients and 52.9%
in dcSSc ATA-positive patients (Table 3 and figure 1). Analysis of the combined end
point (death and ASCT) showed a survival difference between lcSSc ATA-positive
patients (75.1%) and dcSSc ATA-positive patients (37.9%).
To adjust for confounding variables, a Cox proportional hazard analysis was
performed, which is shown in Table 4. In this analysis, the lcSSc ATA-positive
patients Were used as the reference group to make the comparison with lcSSc
ATA-negative patients and dcSSc ATA-positive patients. Possible confounders
were gender, age at diagnosis and the use of MTX, CYC, MMF and prednisone.

When adjusted for confounding variables, survival in lcSSc ATA-positive patients
was significantly better compared with that of dcSSc ATA-positive patients.
This contrast was also present for the combined death/ASCT end point (Table 4).
Table 3 Death and organ involvement during follow up
lcSSc

dcSSc

Total

ATA+

ATA-

Death, n (%)

85 (18.5)

6 (10.3)

Death/ASCT, n (%)

102 (22.2)

6 (10.3)

ILD, n (%)

131 (35.9)

PAH, n (%)
Cardiac Involvement, n (%)
SRC, n (%)

ATA+

ATA-

44 (18.6)

17 (21.8)

18 (20.7)

44 (18.6)

30 (38.5)

22 (25.3)

20 (48.8)

48 (24.7)

35 (60.3)

28 (38.9)

32 (7.5)

4 (7.0)

21 (9.8)

5 (6.7)

2 (2.5)

49 (11.0)

6 (11.1)

19 (8.2)

13 (17.1)

11 (13.3)

14 (3.1)

0 (0.0)

3 (1.3)

4 (5.3)

7 (8.5)

ASCT: autologous stem cell transplantation, ILD: interstitial lung disease, PAH: pulmonary arterial
hypertension, SRC: Scleroderma renal crisis.

A

1,0

0,6

0,2
0,0
0

60

120

180

Survival (months)

Figure 1 Time to death and organ involvement after diagnosis in subgroups
divided for skin subtype and auto-antibody status.
(A) death, (B) combined end point and ASCT, (C) ILD, (D) PAH, (E) cardiac involvement,
(F) SRC. ASCT: autologous stem cell transplantation; ILD: interstitial lung disease; PAH;
pulmonary arterial hypertension; SRC: scleroderma renal crisis.
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Cum Survival

0,8

B

lcSSc ATA+
lcSSc ATAdcSSc ATA+
dcSSc ATA-

1,0

Cum Survival

0,8
0,6
0,4
0,2
0,0
0

60

120

180

Survival/ASCT (months)
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Cum Survival

0,8
0,6
0,4
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0,0
0

60
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180

ILD (months)

Figure 1 Continued.
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(A) death, (B) combined end point and ASCT, (C) ILD, (D) PAH, (E) cardiac involvement,

(F) SRC. ASCT: autologous stem cell transplantation; ILD: interstitial lung disease; PAH;
pulmonary arterial hypertension; SRC: scleroderma renal crisis.

D

1,0

Cum Survival

0,8
0,6
0,4
0,2
0,0
0

60

120

180

PAH (months)

E

1,0

0,6

0,2
0,0
0

60

120

180

Cardiac involvement (months)

Figure 1 Continued.
(A) death, (B) combined end point and ASCT, (C) ILD, (D) PAH, (E) cardiac involvement,

(F) SRC. ASCT: autologous stem cell transplantation; ILD: interstitial lung disease; PAH;
pulmonary arterial hypertension; SRC: scleroderma renal crisis.
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Cum Survival

0,8

F

1,0

Cum Survival

0,8
0,6
0,4
0,2
0,0
0

60

120

180

SRC (months)

Figure 1 Continued.
(A) death, (B) combined end point and ASCT, (C) ILD, (D) PAH, (E) cardiac involvement,
(F) SRC. ASCT: autologous stem cell transplantation; ILD: interstitial lung disease; PAH;
pulmonary arterial hypertension; SRC: scleroderma renal crisis.

Organ involvement
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The most frequently occurring organ involvement was ILD. LcSSc ATA-positive
patients had a higher occurrence of ILD than lcSSc ATA-negative patients, although
ILD was most prevalent in dcSSc ATA-positive patients (Table 3 and figure 1). After
adjusting for confounding variables, lcSSc ATA-positive patients were significantly
different from lcSSc ATA-negative patients, but they were not significantly different
from dcSSc ATA-positive patients (Table 4). Significant differences in PAH were
not seen between lcSSc ATA-positive patients, lcSSc ATA-negative and dcSSc
ATA-positive patients. Cardiac involvement occurred less frequently in lcSSc
than in dcSSc patients (P = 0.003); but, when based on both skin involvement and
auto-antibody status, there was no significant difference (figure 1 and Table 4).
After correction for earlier mentioned confounders, no significant differences
were found for either PAH or cardiac involvement (Table 4). SRC occurred in 3.1%
of all the patients (n = 14), but did not occur in lcSSc ATA-positive patients. A Cox
proportional hazard analysis was not performed for SRC due its low occurrence.

Table 4 Cox Regression for survival and organ involvement
95% CI

p-value

0.066

lcSSc ATA+

Reference

lcSSc ATA-

0.835

2.304

0.947 to 5.605

dcSSc ATA-

1.224

3.400

1.326 to 8.720

dcSSc ATA+
Death/ASCT

0.942

2.565

lcSSc ATA+

Reference

lcSSc ATA-

0.764

2.147

dcSSc ATA-

1.484

dcSSc ATA+
ILD

1.735

5.667

4.410

1.752 to 11.099

0.340 to 0.817

0.004

lcSSc ATA-

-0.641

0.527

dcSSc ATA-

-0.684

0.505

PAH

0.089

<0.001

Reference
-0.300

0.891 to 5.177

0.050

0.011

2.314 to 13.878

lcSSc ATA+
dcSSc ATA+

1.000 to 6.582

0.002

0.741

0.474 to 1.158

0.188

0.313 to 0.813

0.005

lcSSc ATA+

Reference

lcSSc ATA-

0.631

1.879

0.699 to 5.050

0.211

dcSSc ATA-

-0.180

0.835

0.253 to 2.758

0.767

dcSSc ATA+

0.027

Cardiac Involvement

1.027

0.332 to 3.181

0.963

lcSSc ATA+

Reference

lcSSc ATA-

-0.057

0.945

0.364 to 2.451

0.907

dcSSc ATA-

0.570

1.767

0.662 to 4.722

0.256

1.469 to 4.800

0.001

dcSSc ATA+
Transition

0.598

ATA-

Reference

ATA+

0.977

1.819

2.655

0.684 to 4.839

0.231

β: bèta, HR: hazard ratio, 95% CI: 95% confidence interval, model was adjusted for gender, age at diagnosis, methotrexate, cyclophosphamide, aside from transition, which was adjusted gender and age at
diagnosis, ATA: antitopoisomerase antibodies; ASCT: autologous stem cell transplantation; ILD: interstitial lung disease
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β

Time to transition

The secondary objective was to determine the time to transition from limited to
diffuse skin involvement from the moment of diagnosis. All patients who were
already classified as dcSSc at diagnosis (n = 117) were excluded from this analysis.
In total, 48 (14.0%) patients of the remaining 343 lcSSc patients were classified as
dcSSc during follow-up. Of the lcSSc patients who transitioned to dcSSc, 24 (29.3%)
were ATA positive and 24 (9.2%) were ATA negative (P = 0.001) (figure 2).
Of the 24 patients in the ATA-positive subset, 50.0% evolved to dcSSc within
the first year after diagnosis, which is in contrast to only 33.3% of the 24 patients
in the ATA-negative subset (P<0.001). According to the hazard rate (95% CI) of 2.7
(1.47, 4.80) lcSSc patients who are ATA positive are two to three times more likely
to make a transition to dcSSc than lcSSc patients who are ATA negative. There was
no correction for the immunomodulating therapies necessary for the time to
transition, because in most patients therapy was started only after transition
from lcSSc to dcSSc. Notably, differences in medication use between the two
subgroups became apparent after transition: in 22 patients who transitioned to
dcSSc, MTX, CYC, MMF and prednisone treatment was given after dcSSc developed.

1,0

ATAATA+

Cum Survival

0,8

0,6

0,4

0,2

0,0
0

60

120

180

Transition to dcSSc (months)
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Figure 2 Transition from lcSSc to dcSSc in ATA-positive and ATA-negative patients.
ATA: anti-topoisomerase antibodies

Within 5 years, 91.7% of all patients who made a transition to dcSSc during follow-up
had done so. After a follow-up time of 13.5 years, the last patient, who was in the
ATA-positive subgroup, made the transition to dcSSc.
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The objective of this study was to determine whether lcSSc ATA-positive patients
are more similar to lcSSc ATA-negative patients or to dcSSc ATA-positive patients,
by analysing differences in survival and organ involvement. According to the
results of this study, lcSSc ATA-positive patients differ from lcSSc ATA-negative
patients and dcSSc ATA-positive patients.
Concerning survival, lcSSc ATA-positive patients resemble lcSSc ATA-negative
patients. LcSSc ATA-positive patients had the highest survival rate and dcSSc
ATA-positive patients the lowest, which is in agreement with previous findings
[13, 24]. In a study of Srivastava et al., survival was compared between lcSSc
ATA-positive patients and lcSSc ACA-positive, dcSSc ATA-positive and dcSSc
ACA-positive patients. The results showed that survival of lcSSc ATA-positive
patients was better in comparison with that of the other subgroups [13]. In a study
of Perera et al., SSc patients who were ATA positive were compared based on skin
involvement. Again, lcSSc ATA-positive patients showed higher survival rates
than dcSSc ATA-positive patients [24].
Regarding organ involvement, lcSSc ATA-positive patients were similar to
dcSSc patients. ILD was most prevalent in dcSSc ATA-positive patients, followed
by lcSSc ATA-positive patients, and it occurred least in lcSSc ATA-negative patients.
After correction for confounding variables, a significant difference was found
between the lcSSc ATA-positive patients and the lcSSc ATA-negative patients.
However, lcSSc ATA-positive patients did not differ from dcSSc ATA-positive
patients; therefore, concerning the prevalence of ILD, lcSSc ATA-positive patients
resembled dcSSc ATA-positive patients more than they resembled the other
subgroups. Interestingly, survival in lcSSc ATA-positive patients was the highest,
as discussed above. However, this appears to conflict with the higher occurrence
of ILD in these patients. Perchance, lcSSc ATA-positive patients have a higher
propensity to have ILD, considering the association of ILD with ATA [18, 23].
Whether the type of skin involvement is associated with a milder course of ILD is
currently unclear. However, the disease course in lcSSc patients is often less
severe, and it has been speculated that organ involvement might also be less
severe in this subtype [7]. In contrast to lcSSc ATA-negative patients, lcSSc
ATA-positive patients received more immunomodulating therapy, which might
also partly contribute to a better survival in this subgroup.
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Discussion
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Regarding PAH and cardiac involvement, there were no significant differences in
the occurrence between the four subgroups, despite correction for confounding
variables. SRC occurred seldom in this study, and was not present in the lcSSc
ATA-positive patients, which is in line with the findings of Penn and co-workers
[16]. The occurrence of organ involvement found in this study is in agreement
with current literature. In a study of Walker et al. [14], it was shown that dcSSc
patients developed ILD more often than lcSSc patients. Also, recent literature
suggests that the differences in PAH occurrence between patients with lcSSc and
dcSSc do not appear to be significant, which was confirmed in this study [27].
To date, the percentage of patients first classified as lcSSc who transition to
dcSSc and the time necessary for a definite subclassification has been unknown.
Perera et al. [24] found a mean time of 5.6 years for transition of lcSSc to dcSSc,
with transition occurring in 14/212 (7%) of the ATA-positive patients. In this
current study, transition from lcSSc to dcSSc was found in 24/136 (18%) of the
ATA-positive patients, with 91% of the transitions occurring within 5 years and
33% within the first year of diagnosis. Anti-topoisomerase antibody-negative
patients were less likely to transit from lcSSc to dcSSc.
During 15 years of follow-up, patients who were ATA positive were between
two and three times more likely to transit to dcSSc. Combining the information on
transition, survival and organ involvement, frequent evaluation of skin involvement
and distribution seems to be important, especially in lcSSc ATA-positive patients,
which is valuable insight regarding the course of lcSSc ATA-positive patients. The
comparison in lcSSc between the three subgroups (lcSSc ATA-positive, lcSSc ATA/
ACA-negative and lcSSc ACA positive patients) could be interesting (double
positivity for ATA/ACA is very rare). We did compare lcSSc ACA-positive patients
with lcSSc ATA/ACA-negative patients to check robustness of the a priori group
formation. It appeared that differences in both survival and organ involvement
between these groups were very small, and we regarded that an additional group
would not be informative. Similarly, the findings of Srivastava et al. [13] showed
that lcSSc ATA-positive patients did not have a better survival than lcSSc
ACA-positive patients, which was confirmed in this study (results not shown).
This study has increased the knowledge on survival, organ involvement and
transition of lcSSc to dcSSc, in subgroups of SSc based on extent of skin involvement
and auto-antibodies. For clinical practice, risk stratification for lcSSc ATA-positive
patients should be conducted and implemented to improve personalized
treatment. Thus, lcSSc ATA-positive patients probably should be screened more
intensively for ILD and, if feasible, treated earlier. Considering the future
perspective, the suggestion arises that subtypes of SSc could be differentiated not
solely by skin involvement, but based on a combination of skin involvement and
auto-antibody status. There is a possibility that lcSSc patients who are ATA
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positive have an underlying pathophysiology that resembles dcSSc more than
lcSSc; but the pathophysiological differences between lcSSc and dcSSc are still
unclear [1-4].
There are some strengths and limitations to this study. One limitation is the
fact that anti-RNA polymerase III was not included. Although this auto-antibody
only occurs in small number in European studies [28], there are associations with
the development of diffuse skin involvement and SRC.
Second, a demarcated definition for disease-specific cardiac involvement is
missing in the literature. In this study, an effort was made to compose a complete
definition, but this has not been used in another cohort as yet. The strengths of
this study are a large sample size, a long follow-up time with annual observations,
and a minimal amount of missing data. Furthermore, in this study the definitions
of the disease-specific organ involvement, namely ILD, PAH and SRC, were well
defined. These strict definitions of organ involvement enable comparison with
other cohorts.
In this cohort, the proportion of males is high. This is probably due to the fact
the Radboud University Medical Centre is a tertiary centre with a high referral
rate for SSc. In order to rule out a bias of this male-to-female ratio, all analyses
were corrected for gender.
This study could be the first step towards a better risk stratification for lcSSc
ATA-positive patients and the development of a new subclassification for SSc
patients, not solely based on skin involvement, but including autoantibodies. We
propose that further research could be conducted in international collaborations
to enlarge the sample size of the patients in order to evaluate PAH, cardiac
involvement and SRC to a greater extent. Additionally, newly detected auto-antibodies should be taken into consideration, including anti-RNA polymerase III.
In conclusion, this study showed that lcSSc ATA-positive patients differed
from lcSSc ATA-negative patients and dcSSc ATA-positive patients concerning
both survival and organ involvement. LcSSc patients who are ATA positive are
more likely to develop dcSSc than lcSSc patients who are ATA negative.
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Abstract
Objective. Interstitial lung disease (ILD) is the primary cause of death in patients
with systemic sclerosis (SSc). It is thought that chronic inflammation is a key
component in SSc-ILD. Treatment, such as cyclophosphamide (CYC), targets this
inflammation. We hypothesized that treatment with CYC might be more effective
in the inflammatory phase.
Methods. Therefore, we analyzed whether the extent of inflammation, as assessed
by the proportion of ground glass compared to fibrosis, SSc disease duration, the
extent of ILD, or baseline diffusion capacity of the lungs (DLCO) < 60%, modifies
the effect of intravenous CYC pulse therapy (750 mg/m2) on pulmonary function
(as measured by FVC, DLCO) in SSc-ILD patients, after 12, 24, and 36 months.
Consecutive patients with SSc-ILD receiving CYC pulses between 2003 and 2015
were included. Pulmonary function tests were performed at 0, 6, 12, 24, and 36
months.
Results. There were 75 patients included. Forced vital capacity (FVC) (86% of
predicted) and DLCO (42% of predicted) were stable after 12, 24 and 36 months of
follow-up (p > 0.05). Forty-four patients completed 12 cycles of CYC. For the extent
of ILD, proportion of ground glass compared to fibrosis, SSc disease duration,
and baseline DLCO, there were no differences (all p > 0.05) in the course of FVC
and DLCO.
Conclusion. Treatment with CYC followed by maintenance therapy stabilizes
pulmonary function in patients with SSc-ILD over a 3-year period. The extent of
ILD, proportion of ground glass, SSc disease duration, and baseline DLCO < 60% did
not influence the effect of CYC on pulmonary function.
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Systemic sclerosis (SSc) is a generalized auto-immune disease characterized by
inflammation, micro-vasculopathy, and fibrosis, affecting skin and internal
organs. The primary cause of death in patients with SSc is interstitial lung disease
(ILD) [1]. The incidence of ILD in SSc varies from 25 to 90% depending on the
method used to identify ILD [2], with a 10-year survival rate in SSc-ILD patients of
70% from onset of SSc-ILD [3]. Although the pathogenesis of SSc-ILD has not been
elucidated, it is hypothesized that chronic inflammation of the alveoli leads to
progressive lung tissue damage and increasing fibrosis [4–8].
According to EULAR recommendations, cyclophosphamide (CYC) is the first
choice of therapy for treating SSc-ILD [9]. Cyclophosphamide acts as a cytotoxic
immunosuppressive agent through modulation of lymphocyte function that
leads to depression of the inflammatory response and less fibrosis [10, 11]. Several
uncontrolled studies showed a positive effect on pulmonary function in patients
receiving cyclophosphamide [12–19]. Based on these studies, two doubleblind
placebo-controlled randomized controlled trials were subsequently carried out
[20, 21]. The first, the scleroderma lung study (SLSI), investigated oral CYC and
showed a small positive effect on pulmonary function and quality of life after 12
months compared to placebo, which did not sustain after 24 months. The second,
the UK lung study, showed a trend towards improvement of forced vital capacity
(FVC) after six monthly intravenous (IV) CYC pulses during 12 months compared
to placebo. A third study (SLSII) compared CYC to mycophenolate mofetil (MMF) in
a randomized controlled setting. Both CYC and MMF were proven to be equally
effective in SSc-ILD after 24 months. These results show that CYC can have an
effect, albeit small, on pulmonary function in SSc-ILD and quality of life.
The small effect of these studies might be caused by differences in dosage,
treatment duration, and administration route as well as a longer SSc disease
duration. In the Radboud University Medical Center, patients with SSc-ILD are
treated with monthly CYC pulses according to a protocol in which patients are
given monthly iv CYC (750 mg/m2) for 12 months as soon as the ILD is diagnosed.
We hypothesized that the effects of CYC in our cohort of SSc-ILD patients would be
equal to or larger than in the aforementioned trials, because of this upfront,
high-dose treatment protocol. We also hypothesized that, based on what is known
about the mechanism of action of CYC in SSc-ILD [22], CYC may have a larger effect
in an “active” inflammatory phase of SSc-ILD than in a later fibrotic phase.
Therefore, in this study, we analyzed whether the extent of inflammation,
as assessed by the proportion of ground glass compared to fibrosis, SSc disease
duration, the extent of ILD, or baseline diffusion capacity of the lungs (DLCO)
< 60%, modifies the effect of intravenous CYC pulse therapy (750 mg/m2) on
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pulmonary function (as measured by FVC, DLCO) in SSc-ILD patients, after 12, 24,
and 36 months.

Methods
Design

This retrospective study was designed as an observational, long-term cohort
including prospective data collection and intention-to-treat analysis. Since 2003,
intravenous, monthly CYC pulse therapy is the first of choice therapy for SSc-ILD
and/or rapid progressive diffuse SSc at our Department of Rheumatology of the
Radboudumc. All patients since then diagnosed with SSc-ILD who started
treatment with monthly iv CYC pulses (dose 750 mg/m2) were analyzed in this
study. Pulmonary function tests (FVC and DLCO) obtained during scheduled
follow-up were used to analyze the treatment effect of CYC at 12, 24, and 36 months
after start of CYC pulses. Variables that were chosen to reflect the concept of an
“active” inflammatory phase of SSc-ILD included the percentage of ground glass,
SSc disease duration, extent of ILD by Goh’s classification criteria, and baseline
DLCO. These variables were used as inflammatory proxies to analyze the effect on
pulmonary function test results over time. Occurrence of adverse events (AE) and
survival were also analyzed. Due to the observational nature of this cohort, no
ethical review was needed according to Dutch law and regulations.

Patients

All patients with SSc-ILD as indicated by high-resolution computed tomography
(HRCT) who started intravenous CYC pulse therapy from 2003 in the Radboud
umc were included in this study. Patients who received cyclophosphamide for
skin involvement were not analyzed in this study. The dosage of CYC was 750 mg/
m2. Presence of SSc-ILD was defined as presence of ground glass opacity (GGO) or
honeycombing or pulmonary fibrosis on HRCT. Patients were followed from the
start of CYC treatment up to 3 years. Most patients in our center received
mycophenolate mofetil following CYC infusions, during at least 3 years. Before
2013, patients received MMF with an increasing rate; other patients received
azathioprine or no follow-up treatment; from 2013 onwards, follow-up treatment
with MMF is the standard.

Assessments
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Baseline demographic and clinical data and results from pulmonary function
tests (PFTs) and HRCT were collected. Occurrence of the first non-Raynaud (NR)
symptom was appointed as disease onset of SSc. Pulmonary function testing was

performed at 6, 12, 24, and 36 months after the start of CYC pulses. Spirometry
(FVC) and carbon monoxide DLCO were performed according the ATS/ERS
guidelines [23]. Predicted normal values were derived from the European
Community for Steel and Coal [24].
The presence and extent of GGO and fibrosis on HRCT was assessed according
to the criteria by Goh for limited and extensive ILD. HRCT images were scored at
five levels: (1) origin of great vessels, (2) main carina, (3) pulmonary venous
confluence, (4) halfway between the third and fifth sections, (5) immediately
above the right hemi-diaphragm. The total extent of interstitial lung disease was
estimated to the nearest 5 % in each of the five sections, with global extent of
disease on HRCT computed as the mean of the scores [25].
Two independent physicians were blinded for patient characteristics including
PFT results and blinded for purpose of the study performed this assessment,
respectively. Cases in which there was disagreement were discussed in a consensus
meeting and consensus was reached in every case.

Outcomes

Effect modifiers of interest, reflecting inflammatory activity of ILD by proxy, were
the presence of more GGO than fibrosis, SSc disease duration < 3 years, the extent
of ILD according to Goh, and DLCO < 60% at baseline. The method of Goh was used
to determine whether limited or extensive ILD was present [25]. This staging
system consists of a combination of HRCT scan and PFT data and provides
discriminatory prognostic information on SSc-ILD [25]. In short, the disease extent
on HRCT scan (more or less than 20% of the surface of the lungs) is combined with
FVC% predicted (higher or lower than 70%) to stage the ILD as limited or extensive
disease [25].
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The primary endpoint in this study was the FVC after 12 months since the first
CYC infusion. Secondary outcomes in pulmonary function were DLCO after 12
months, FVC and DLCO after 24 and 36 months, and therapy response according to
the American Thoracic Society [26]. A good response to therapy was defined as an
increase in FVC of > 10% or an increase in DLCO > 15% compared to baseline
(treatment start) [5, 17, 19, 26, 27]. Stabilization was defined as a change in FVC of <
10% and DLCO of < 15%, and a decrease of > 10% in FVC or > 15% in DLCO as worsened
SSc-ILD [28].
Further, secondary outcomes were serious adverse events (SAEs) and death
related to ILD.

Statistical analysis

All analyses of FVC and DLCO were conducted on all patients with SSc-ILD starting
a first pulse with CYC. Missing outcome data due to dropout were replaced by the
last observation carried forward (LOCF), except in the case of death. Per-protocol
analysis was also done, including all patients finishing a complete course of
12 pulses [29, 30].
The effect of the predefined variables, chosen to reflect the concept of an
“active” inflammatory phase of SSc-ILD, on the effect of CYC on pulmonary
function was analyzed. Linear regression analysis was performed with ΔFVC and
with ΔDLCO as the dependent variable. For these analyses, potential confounders
were regarded as actual confounders if their inclusion led to a change of > 10%
of the regression coefficient of the group effect. Analyses were done for every time
point: the difference in FVC and DLCO between 0 vs. 12 months, 0 vs. 24 months,
and 0 vs. 36 months. All four probable effect modifiers were analyzed separately.
Further, it was explored whether there were baseline differences between
responders and poor responders using Student’s t test, Mann–Whitney U test,
chi-square test, or Fisher’s exact test, as appropriate. Occurrence of SAEs was
tabulated; survival was analyzed using a Kaplan-Meier plot. A p value < 0.05 was
deemed to notify statistical significance. Analyses were done using SPSS version
22.0.

Results
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A total of 91 SSc patients were treated with CYC pulses for SSc-ILD; 16 patients
were excluded due to the lack of a baseline HRCT (n = 15) or PFT (n = 1). Baseline
characteristics of the 75 eligible patients are summarized in Table 1. Patients with
diffuse cutaneous SSc (dcSSc) were more often male with a shorter disease
duration. Fibrosis on HRCT was the most prevalent abnormality at baseline and
was found in 95% of the patients; GGO was found in 76% of the patients. Both
fibrosis and GGO were most often present in the lower lung fields.
All values are median (p25–75) unless stated otherwise. SD, standard
deviation; dcSSc, diffuse cutaneous sys- temic sclerosis; nRP, first non-Raynaud
symptom; SSc duration < 3 years, SSc disease duration shorter than 3 years; CYC,
cyclophosphamide; MTX, methotrexate; ANA, anti-nuclear antibodies (no ATA,
ACA, or RNP); ATA, anti-topoisomerase-I antibodies; ACA, anti-centromere
antibodies; RNP, anti-ribonucleoprotein antibodies; GGO > fibrosis, more GGO
than fibrosis; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for
carbon monoxide; HRCT, high-resolution computed tomography

Table 1 Baseline characteristics
Total (n=75)

lcSSc (n=33)

Age in yr, mean ±SD

58±11

59±10

57±12

0.45

Male (%)

41 (55)

11 (33)

30 (71)

0.001

20 (8 – 52)

26 (10 – 101)

19 (7 – 37)

0.07

Months SSc diagnosis-CYC*

3 (1 – 14)

4 (1 – 20)

3 (1 – 12)

0.49

SSc duration <3years (%)

50 (67)

18 (55)

32 (76)

0.048

Prior MTX use (%)

29 (39)

10 (30)

19 (45)

0.19

ATA (%)

36 (48)

12 (36)

24 (57)

0.074

Months since first nRP*

dcSSc (n=42)

P-value

ACA (%)

6 (8)

6 (18)

0 (0)

0.006

RNP (%)

3 (4)

2 (6)

1 (2)

0.58

ANA (%)

29 (39)

12 (36)

17 (41)

0.72

HRCT
% ground glass*

9 (1 – 21)

9 (1 – 24)

8 (0 – 19)

0.43

% fibrosis*

11 (6 – 22)

13 (6 – 22)

10 (4 – 24)

0.60

% disease extent*

23 (12 – 39)

24 (15 – 41)

23 (10 – 35)

0.29

GGO > fibrosis (%)

28 (37)

12 (36)

16 (38)

0.88

Limited ILD (%)

33 (44)

13 (39)

20 (48)

0.48

FVC, % of predicted*

86 (72 – 97)

83 (68 – 103)

87 (77 – 95)

0.58

DLCO, % of predicted*

42 (32 – 56)

42 (33 – 56)

43 (30 – 56)

0.87

59 (79)

26 (87)

33 (85)

0.55

All values are median (p25-75) unless stated otherwise; SD standard deviation; dcSSc diffuse cutaneous
systemic sclerosis; nRP first non-Raynaud symptom; SSc duration <3years: SSc disease duration shorter
than 3 years; CYC cyclophosphamide; MTX methotrexate; ANA anti-nuclear antibodies (no ATA, ACA
or RNP); ATA anti-topoisomerase-I antibodies; ACA anti-centromere antibodies; RNP anti-ribonucleoprotein antibodies; GGO>fibrosis: more GGO than fibrosis; FVC forced vital capacity; DLCO diffusing
capacity of the lung for carbon monoxide; HRCT high resolution computed tomography.

Course over time

PFT results after 12, 24, and 36 months are shown in figure 1. Both FVC and DLCO
showed a non-significant increase. Table 2 displays the change in FVC and DLCO
between baseline and 12, 24, and 36 months, sequentially. Results are shown for
the raw data, data adjusted with LOCF and the per-protocol analysis (PPA) of all
patients who completed 12 cycles of CYC (n = 44). On average, forced vital capacity
after 36 months was 1% higher than baseline (95% CI, − 5.5– 7.5%). Similarly, there
was a non-significant increase of 1.6% (95% CI, − 2.5–5.7) in DLCO after 36 months
compared to baseline. Adjusting results for lost-to-follow-up and per-protocol did
not lead to significant changes.
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Pulmonary function

Percentage of predicted

100
90
80
FVC (L)

70

DLCO (mmol/(min*kPa))

60
50
40

Baseline

12 months

24 months

36 months

Figure 1 Pulmonary function test results at baseline and during follow-up at 12,
24, and 36 months

PFT values are median (p25-p75). FVC, forced vital capacity; DLCO, diffusing
capacity of the lung for carbon monoxide; LOCF, last observation carried forward;
PPA, per-protocol analysis; CI, confidence interval; p value of paired samples t test
baseline versus follow-up (12, 24, or 36 months)

Effect modifiers
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To investigate whether the treatment effect was more pronounced in the early
inflammatory phase, we identified four proxies for active, early inflammation:
GGO, disease duration, extent of ILD, and baseline DLCO (see “Methods”). In Table 3,
“GGO > fibrosis” indicates the difference between GGO > fibrosis and GGO < fibrosis.
This is similar for the analyses of the variables “disease duration < 3 years,”
“limited vs. Extensive ILD,” and “baseline DLCO < 60%.”
None of these proxies for early, active inflammation were associated with a
higher treatment effect. For example, the change in percentage of predicted FVC
values between 0 and 12 months differed 0.2% between GGO > fibrosis and GGO <
fibrosis, which was a non-significant difference (p = 0.92). The other probable
effect modifiers also showed no significant differences in both FVC and DLCO at
all follow-up time points. In the per-protocol analysis in the 44 patients who
completed 12 cycles of CYC pulse therapy, similar results were seen (not shown).

Table 2 Pulmonary function test during follow-up

% Δ baseline
vs. 12 months

FVC

Baseline

Follow-up

Mean difference
with 95%-CI

86 (72 – 97)

87 (77 – 99)

2.0 (-0.7 – 4.7)

0.15

85 (72 – 98)

1.2 (-1.5 – 3.8)

0.38

FVC LOCF
FVC PPA

87 (80 – 101)

1.6 (-1.5 – 4.6)

0.31

45 (36 – 58)

-0.5 (-2.8 – 1.7)

0.64

DLCO LOCF

45 (33 – 57)

-1.1 (-3.1 – 1.0)

0.30

DLCO PPA

47 (37 – 59)

0.1 (-2.5 – 2.8)

0.92

91 (70 – 103)

2.0 (-2.3 – 6.2)

0.36

FVC LOCF

89 (70 – 100)

1.4 (-2.0 – 4.8)

0.41

FVC PPA

91 (70 – 106)

2.6 (-1.1 – 6.5)

0.17

43 (35 – 57)

0.3 (-3.0 – 3.5)

0.88

DLCO LOCF

43 (34 – 58)

-0.9 (-3.5 – 1.8)

0.51

DLCO PPA

48 (37 – 58)

0.7 (-2.7 – 4.0)

0.68

90 (72 – 103)

1.0 (-5.5 – 7.5)

0.77

DLCO

% Δ baseline
vs. 24 months

FVC

DLCO

% Δ baseline
vs. 36 months

P-value

FVC

42 (32 – 56)

86 (72 – 97)

42 (32 – 56)

86 (72 – 97)

FVC LOCF

89 (70 – 99)

1.3 (-2.7 – 5.3)

0.53

FVC PPA

90 (69 – 103)

2.2 (-1.9 – 6.3)

0.29

43 (36 – 61)

1.6 (-2.5 – 5.7)

0.43

DLCO LOCF

45 (36 – 61)

-0.1 (-3.0 – 2.9)

0.97

DLCO PPA

48 (37 – 61)

0.6 (-2.8 – 4.0)

0.72

DLCO

42 (32 – 56)

Out of the 75 patients who started treatment with CYC pulses, 14 patients (18.7%)
fulfilled the good response criteria during follow-up. A total of 41 patients (54.7%)
stabilized and 20 patients (26.7%) worsened during follow-up. There was a significant
difference (p = 0.008) between the different response groups in SSc disease
duration: the good responders had a median disease duration of 10 months (p25–
p75: 4–29); the stabilization group had a median of 25 months (10–98) and in
the worsened group the median was 19 (9–34). Baseline FVC was significantly
(p = 0.04.) lower in the good responders and stabilized patients (median 75 (p25–75:
71–92) and 83 (70–99)) compared to the poor responders (93 (84–113)). A per-protocol
analysis in the 44 patients who completed 12 cycles of CYC pulse therapy showed
similar results.
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PFT values are median (p25-p75); FVC forced vital capacity; DLCO diffusing capacity of the lung for
carbon monoxide; LOCF last observation carried forward; PPA per protocol analysis; CI confidence
interval; p-value of paired samples t-test baseline versus follow-up (12, 24 or 36 months).

2.2
4.8

2.4
-1.0
-0.7

Limited vs. extensive ILD

Constant

Baseline DLCO <60%
4.0

3.5

2.2

0.8

3.1
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Table 3 Linear regression analysis
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Concomitant medication

A total of 51 patients (68%) received treatment with mycophenolate mofetil during
follow-up. There were no baseline differences between the users and non-users of
mycophenolate mofetil. Also, there were no differences in FVC and DLCO, nor in
the change of FVC and DLCO, during follow-up between patients receiving
mycophenolate mofetil and patients not receiving mycophenolate mofetil.

Treatment discontinuation

A total of 31 patients (41%) withdrew before the completion of 12 monthly cycles of
CYC. During the monthly cycles of CYC pulses, four patients died (see section
Survival). The reasons for treatment discontinuation in the other 27 patients were
progression of ILD (13), pneumonia (3), excessive burden on the patient (2), renal
impairment (1), leucopenia/thrombopenia (1), allergic exanthema (1), and leukocytoclastic vasculitis (1). Additionally, there were four patients who completed
only six CYC pulses, due to a different choice for the treatment strategy, for
example to preserve fertility. In one patient, the discontinuation reason was
unclear. There were no significant differences regarding treatment discontinuation between the probable effect modifiers: limited and extensive ILD, more GGO
than fibrosis, disease duration, or baseline DLCO < 60%. Although not significant
(p = 0.35), in 11 out of 59 patients (18.6%) with a baseline DLCO < 60%, the reason for
treatment discontinuation was treatment inefficacy, compared to 0 out of 10
patients (0%) who had a baseline DLCO > 60%.

Survival

A total of 14 patients died during the CYC pulses (4) or during the 3-year follow-up
period (10).
Of the four patients who died during the CYC pulses, one patient died after a
complication of vascular surgery, and one died of respiratory insufficiency following
congestive heart failure due to progression of ILD and pulmonary hypertension
(PH). Two patients died after a probable pneumonia complicating their ILD. There
were another 10 patients who died during the 3-year follow-up period: progressive
ILD/PH (n = 4), progressive ILD (n = 2), metastasized colon carcinoma (n = 1), sepsis
(n = 1), acute cardiac asthma (n = 1), and SSc-related myocarditis (n = 1).
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Adverse events during treatment with CYC occurred in 17 cases (23%): pneumonia (7),
anemia (4), leucopenia (2), and hematuria, renal insufficiency, leukocytoclastic
vasculitis, and allergic exanthema (1). No significant differences were seen in
occurrence of adverse events between limited and extensive ILD, more GGO than
fibrosis, disease duration, or baseline DLCO < 60%.

Cyclophosphamide in SSc-ILD

Adverse events

In figure 2, the Kaplan–Meier survival curve is displayed, showing that most
patients died in the first year after the start of CYC pulses. The overall 3-year
survival rate in the 75 patients who started CYC pulses was 81%. Survival in the
lcSSc patients was 76% compared to 86% in dcSSc patients; this was a non-significant difference (log-rank 0.30). The effect modifiers (more GGO than fibrosis,
disease duration, limited ILD, or baseline DLCO < 60%) showed no significant
difference in survival (not shown).

1,0

lcSSc
dcSSc

Overall survival

0,8

0,6

0,4

0,2
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0
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20
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40
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Figure 2 Kaplan–Meier curve. Survival in SSc-ILD treated with monthly CYC pulses.
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The present study shows that high-dose treatment with CYC leads to a sustained
stabilization of pulmonary function in patients with ILD associated with SSc.
We found that both vital capacity and carbon monoxide capacity of the lungs
remained stable for 3 years after treatment with CYC. The treatment effect seemed
to be independent of the inflammatory phase of ILD; proxies for disease activity
did not significantly alter the treatment effect.
According to the EULAR treatment recommendations, CYC is the first choice
treatment for SSc-ILD [9]. The effect of CYC on pulmonary function as demonstrated
in other studies is confirmed by the results of the current study [13–16, 19–21, 31].
In this study, we also were able to show longterm stabilization of pulmonary
function during 3 years of follow-up, as well as an overall 3-year survival rate of
81%. Besides, this study has identified a subgroup of good responders. On the
opposite, treatment with CYC also has its downsides, with adverse events occurring
in almost one in four patients.
As stated in the “Introduction,” we hypothesized that CYC might be more
effective if SSc-ILD still has a large inflammatory component while fibrosis is less
present. We have collected four proxies of inflammatory activity and inflammation
to approach this as closely as possible (the proportion of ground glass, SSc disease
duration, extent of ILD according to Goh’s criteria, and baseline DLCO < 60%).
Contrary to our hypothesis, none of these proxies showed could predict a
good treatment response in our cohort of SSc-ILD patients. This might have several
explanations. First, the treatment effect of CYC might be independent of the
extent of ILD. Second, the proxies we chose might have reflected the early
inflammatory phase inadequately. Third, inflammation might not be the driving
factor for the treatment effect of CYC. Thus, there is a lack of proper proxies for
treatment effect in SSc-ILD. The underlying issue is the lack of a gold standard for
inflammation in interstitial lung disease. In order to gain further insight, future
research should focus on the pathophysiology of SSc-ILD to identify relevant
markers that show good respond to CYC treatment.
Predictors of a good response on CYC therapy are pivotal. In our study, 19%
had a predefined good response, 55% of the patients had stabilized pulmonary
function test results, and 27% worsened during follow-up. Although we could not
find a robust treatment effect of our proxies, there was some evidence that
patients with a short disease duration respond better. Baseline FVC in the good
responders was remarkably significantly lower than that in the poor responder
group, but this might be a result of less loss of FVC in the poor responder group:
“less loss, less to regain.” The failure of our proxies to identify relevant subgroups
of patients that might respond better to cyclophosphamide treatment underlines
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Discussion

the need for better treatment surrogates in future trials, especially in light of the
rate of serious adverse events seen in the present study.
The use of MMF in SSc-ILD has increased over the last decade. In our center,
MMF is often described after CYC infusions. We found no differences in MMF
users and non-users in both baseline and follow-up results. Therefore, we could
not prove an additional effect of MMF following CYC treatment as was found in
the study performed by Tashkin et al. [31].
There are some limitations to this study. The most important limitation
probably is our choice of the four surrogate markers for an “early” inflammatory
phase in SSc-ILD. There is no gold standard available to measure the amount of
inflammation in ILD. We have tried to choose several components which might
reflect the early, inflammatory, reversible phase of SSc-ILD. Ground glass opacities
seen on HRCT indicate the presence of alveolitis, which is still reversible. Secondly,
75 out of 91 patients who started with CYC pulses because of SSc-ILD were analyzed
in this study. The 16 patients all dropped out due to missing baseline HRCT (n = 15)
or PFT (n = 1), not because of specific disease-related causes. Therefore, the
probability of bias is small.
In conclusion, overall pulmonary function in SSc-related ILD measured by
FVC and DLCO shows stabilization after intravenous CYC pulses during a 3-year
follow-up period. One fifth of the patients improved, more than half stabilized,
and a quarter worsened. A significant part of the patients died during the
follow-up period. The different inflammatory activity proxies, proportion of
ground glass, SSc disease duration, extent of ILD, and baseline DLCO do not
influence the effect of CYC on pulmonary function. Therefore, based on the results
of both previous RCTs and the results of this study, CYC appears to be an appropriate
therapy for a large proportion of patients with SSc-ILD; subgroups of patients with
good or no response could not be identified. Future studies should focus on
identifying relevant markers of inflammation to better select those patients with
SSc-ILD that will have the best response to this intensive treatment.
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Abstract
Background. Nailfold capillaroscopic changes occur in more than 95% of the patients
with apparent SSc. Next to a diagnostic role, the value of nailfold capillaroscopy
(NCM) in both prognosis of SSc and for evaluation of therapeutic effect has become
of increasing interest over the past few years. There is some evidence in the
literature that suggest that NCM abnormalities can be influenced by certain
treatment (i.e. autologous stem cell transplantation, cyclophosphamide).
Objective. To evaluate the changes of nailfold capillary abnormalities during
6 months of follow-up in of SSc patients who received no immunomodulating
therapy, methotrexate (MTX), mycophenolate mofetil (MMF), cyclophosphamide
(CYC) or an autologous stem cell transplantation (ASCT).
Methods. A total of 29 cases were included in different treatment groups (no
treatment: 7, MTX 4, MMF 6, CYC 12, ASCT 3). All patients had a disease duration of
less than 3 years of the moment of inclusion in this study.
Results. Nailfold capillary changes (loss of capillaries, enlarged capillaries, giant
capillaries, hemorrhages, capillary disorganization and ramifications) were analyzed
at baseline and 6 months. No significant differences were found between the
therapy groups.
Conclusion. No significant changes were found in the different therapy groups,
however, the results show interesting results, especially in ASCT patients, which
are definitely worth further research in larger number of patients.
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Systemic sclerosis (SSc) is characterized by a triad of immunological abnormalities,
fibrosis and microvasculopathy. These microvascular changes can be detected
with the use of nailfold capillaromicroscopy (NCM). In SSc, NCM typically shows
enlarged and giant capillaries, haemorrhages, loss of capillaries, disorganisation
of the microvascular array, and capillary ramifications (1). Specific nailfold capillary
abnormalities occur in more than 95% of patients with apparent SSc (2, 3).
Nailfold capillaroscopy can make a clear distinction between primary and
secondary Raynaud’s phenomenon and is a helpful diagnostic tool in SSc. In 2013,
nailfold capillaroscopic abnormalities were incorporated in the classification
criteria for SSc (4).
Besides this diagnostic role, the value of NCM in both prognosis and evaluation
of therapeutic effect has become of increasing interest over the past few years.
Nailfold capillary abnormalities have been associated to SSc related clinical
characteristics, such as SSc specific auto-antibodies, skin involvement, organ
involvement, mortality and future digital ulcers (5-9).
Studies investigating sensitivity to change of nailfold capillary abnormalities in
terms of treatment effect are fairly limited. A small observational study, in which
patients were treated with autologous stem cell transplantation (ASCT) or cyclophosphamide (CYC), nailfold capillaries only showed improvement in the ASCT
group (10). A retrospective study described beneficial effects of CYC on microvascular
changes in 5 out of 8 patients regularly treated with iloprost (11). In the same
study, nailfold capillary changes in patients treated with methotrexate (MTX)
and corticosteroids ameliorated, although patient numbers were small.
Accordingly, there is some evidence to suggest that NCM abnormalities can
be influenced by medication in SSc patients, although the amount of evidence is
not very conclusive yet. Nailfold capillaroscopy might provide us with a possible
biomarker for disease activity and evaluation of treatment.
Therefore, the objective of this study is to evaluate the change in nailfold
capillary abnormalities during 6 months of follow-up in SSc patients who either
received no therapy, methotrexate, mycophenolate mofetil (MMF), cyclophosphamide or an autologous stem cell transplantation.

Nailfold capillary changes in early SSc

Introduction

Patients and methods
Patients

SSc patients regularly visiting the Radboud UMC outpatient clinic and fulfilling
the 2013 ACR/EULAR classification criteria (4) or the criteria for early SSc ((12) were
eligible for this observational study.
Patients were included if they had a disease duration of less than three years
(since the first non-Raynaud symptom) and were currently not using immunosuppressive therapy or starting receiving (another) immunosuppressive treatment
shortly after inclusion. Patients who changed between therapy groups were again
included in the new therapy group. A total of 32 cases were included: 7 patients
received no immunomodulating therapy, 4 received MTX, 6 MMF, 12 CYC and 3
received an ASCT.

Assessments

Evaluation of the capillaries was done using nailfold capillaroscopy (VideoCap
3.0) before treatment start and every three months thereafter up to one year. NCM
was carried out in the second to fifth finger of each hand. Two consecutive fields
extending over 1 mm in the middle of the nailfold were collected. All images were
acquired by an experienced scopist and stored electronically. The images were
rated by two independent, experienced doctors. The average of these two raters
was set as the final score.

Outcomes
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The primary outcome in this study was the change of capillary loss after 6 months
of follow-up. If the 6 months follow-up was missing, follow-up of 9 months was
used, or if necessary, 3 months follow-up. Secondary outcomes were all other
nailfold capillary abnormalities (enlarged capillaries, giant capillaries, haemorrhages
and ramifications). In addition, three parameters (loss of capillaries, disorganisation
and capillary ramifications) were added to form the Microangiopathy Evaluation
Score (MES)(1).
Differences in nailfold capillaroscopic images were scored both qualitatively
and quantitatively, using previously described scoring systems (1, 13-16). A semiquantitative rating scale was chosen to score enlarged and giant capillaries,
haemorrhages, loss of capillaries, disorganization of the vascular array, and ramified/
bushy capillaries(1). Scores were assigned according to this: no changes = 0; <33%
capillary reduction / alterations versus normal (9/mm) = 1; 33% - 66% capillary
reduction / alterations = 2; >66% capillary reduction / alteration =3. A score for the
2nd to 5th finger for each of the mentioned parameters results in a mean score.

Statistical analysis

Baseline characteristics are displayed by mean ± standard deviation, median
with percentile 25 - 75 or percentage, as appropriate. Analysis comparing baseline
and follow-up means was done using a paired-sample t-test using SPSS version 22.0.

Results

Characteristics

Total
n=32

NT
n=7

MTX
n=4

MMF
n=6

CYC
n=12

ASCT
n=3

p-value

Male, n(%)

16 (50)

2 (29)

1 (25)

2 (33)

9 (75)

2 (67)

0.18

Age yrs, mean±SD

49±10

47±13

54±5

51±7

50±12

43±2

0.76

DcSSc, %

16 (50)

1 (14)

1 (25)

1 (17)

10 (83)

3 (100)

0.004

Disease duration,
median (p25-p75)

12
(6 – 24)

12
(1 – 21)

14
(1 – 43)

22
(7 – 30)

11
(6 – 29)

8
(6 – 8*)

0.86

ACA, n(%)

11 (34)

6 (86)

3 (75)

2 (33)

0 (0)

0 (0)

0.001

ATA, n(%)

13 (41)

1 (14)

1 (25)

2 (33)

7 (58)

2 (67)

0.29

NT: patients received no immunomodulating therapy during follow-up; MTX methotrexate; MMF
mycophenolate mofetil; CYC cyclophosphamide; ASCT autologous stem cell transplantation; DcSSc
diffuse cutaneous systemic sclerosis; disease duration in months since first non-Raynaud symptom;
ACA anti-centromere antibodies; ATA anti-topoisomerase-I antibodies; *percentile 50.
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Table 1 Baseline characteristics

Nailfold capillary changes in early SSc

Patients characteristics are summarized in table 1. Twenty eight patients were
included in this study. Out of these patients, four patients were included in two
different treatment groups due to subsequent therapy. Therefore, a total of 32 cases
is analyzed. Seven patients received no therapy during follow-up, 4 received MTX,
6 received MMF, 12 received CYC and 3 underwent an autologous stem cell
transplantation. Half of the included patients were male, most of them (9) were
treated with cyclophosphamide. The mean age in all patients was 49 years.
Patients receiving MTX seemed oldest (MTX), patients receiving ASCT had the
lowest mean age (43). Fifty percent of the included patients were classified as
dcSSc, most of these dcSSc patients (10) received CYC. Disease duration, counted
from the moment of occurrence of the first non-Raynaud, was longest in MMF
patients (average of 22 months) and shortest in ASCT patients (8 months). Anticentromere antibodies (ACA) were present in 11 patients, these patients all received
either no therapy, MTX or MMF. Out of the 13 patients positive for anti-topoisomerase
antibodies (ATA), they most often received CYC (7).
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(n=6)

MTX
(n=4)

NT (n=7)

Loss of
capillaries

Table 2 Change in nailfold capillary abnormalities after 6 month
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In table 2, changes in capillary variables are displayed for the different treatment
subgroups. All other parameters in the patients who did not receive immunomodulating therapy or received MTX, MMF or CYC during follow-up, showed
stable scores between baseline and follow-up. The only significant change in the
increase in enlarged capillaries in the MTX group. Although not significant due to
the small number of patients, in the ASCT subgroup, all capillaroscopic scores
(except ramifications), seem to decrease.
Figure 1 shows the trend in time of the microangiopathy evaluation score in two
ASCT patients at baseline and after 3 and 6 months. The MES decreased from
around a rough score of 3 to a score of 2 over 6 months of time.
3,5

2,5

Patient 1

2

Patient 2

1,5
1
0,5

0

3

Months

6

Figure 1 Baseline and follow-up MES scores in two ASCT patients

Figure 2 shows the evaluation of the nailfold capillary changes in one patient at
baseline and 3, 6 and 12 months after ASCT. All images are from the same finger,
namely the third finger of the right hand. In the first, baseline image, few
capillaries are seen which are enlarged and of abnormal shape. After 3 months,
the number of capillaries is increased, but capillaries are still evidently enlarged.
After 6 months and 12 months, capillaries are no longer enlarged and capillary
density has normalized.
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Microangiopathy
Evaluation Score (MES)

3

Figure 2 Images show capillary changes at baseline and after 3, 6 and 12 months,
respectively.
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Nailfold capillaroscopy has a role in SSc diagnosis. It also may possess properties
for follow-up of disease activity and therapy effectiveness, however, knowledge
on sensitivity to change of nailfold capillary changes is too small for definite
conclusions.
In current literature, associations between nailfold capillary abnormalities
and SSc related clinical characteristics are found (5-9), such as disease subtype
and severity.
The knowledge on amelioration of capillary changes after drug therapy is
still limited (10, 11, 17, 18): improvement of capillary abnormalities after ASCT is
shown in a small observational trial (10). Studies on treatment with cyclophosphamide showed opposite results (10, 11).

Nailfold capillary changes in early SSc

In this study, changes in nailfold capillary abnormalities during 6 months of
follow-up in SSc patients with a disease duration of less than 3 years with different
therapy regimens were analyzed. The results in this study show no significant
changes in nailfold capillary abnormalities were seen in patients receiving MTX,
MMF or CYC, although patient numbers are very small. Despite these small
numbers, in patients treated with ASCT the capillary abnormalities appear to be
improving.
The most important limitation of this study is the small sample size of the
subgroups of patients. However, the goal of this study was to assess whether
there were possibilities for further research.
Publication of various small samples eventually hopefully will lead to the
merging of larger datasets to assemble a sufficient number of patients.
In conclusion, this study may be a starting point for further studies in capillary
changes in different treatment subgroups. If we are able to find out whether
nailfold capillaroscopy is capable of reflecting disease activity and treatment
effect, this might be a practicable biomarker in SSc.
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Abstract
Background. Mounting evidence indicates that inflammatory mechanisms drive
systemic sclerosis (SSc) vasculopathy and fibrosis, especially early in the disease.
Therefore, patients with very early SSc could benefit from early treatments targeting
inflammation. Glucocorticoids are among the most potent anti-inflammatory
and immunosuppressive agents. Several studies have demonstrated a mixed
response to treatment with glucocorticoids in SSc, probably because it is seldom
initiated at very early stages of the disease. We hypothesise that by inhibiting the
inflammatory process driving SSc disease progression, glucocorticoid treatments
will induce remission in patients with very early SSc.
Methods/design. This study is a 12-week, randomised, double-blind, placebo-controlled
trial analysing the effects of high-dose intravenous methylprednisolone in very
early SSc. Thirty patients who fulfil the criteria for very early SSc will be randomly
assigned in a 2:1 ratio to receive either intravenous methylprednisolone or a
placebo on three consecutive days over three consecutive months. In this study,
the primary endpoint will be the change in capillary density between the
baseline and after 12 weeks of treatment. The secondary outcomes of this study
are a change in selected biomarkers, other changes in the nailfold capillaries,
signs of established SSc and changes in physical function, general health and
utilities, as reported through questionnaires.
Discussion. This trial is the first aiming to treat very early SSc and is promising
because it targets the very early stages of the disease process by using an
inexpensive and relatively safe treatment known to be highly effective against
inflammation. The use of vasculopathy and inflammatory biomarkers as well as
clinical signs and symptoms as the endpoints in our study enables us to meet the
patient need for markers of disease activity. If it is possible to prevent clinically
significant disease in patients with very early SSc by using a safe treatment, this
will cause a paradigm shift in scleroderma care and research.
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In systemic sclerosis (SSc), the extent of organ involvement largely determines
patient quality of life and disease burden. Organ involvement often occurs in the
first three years of the disease and is tightly linked to an increase in mortality,
decreasing the 5-year survival rate to 84% to 91%. To date, no treatment is available
to cure SSc and its aetiology is unknown [1]. The major pathogenic features of SSc
are a dysregulation of the immune system, dysfunction of the vasculature, and
the activation of fibroblasts and other resident cells. Several studies have indicated
that inflammatory mechanisms drive SSc vasculopathy and fibrosis, especially at
the early stages of the disease [2–7].
In addition, it is likely that SSc shares an autoimmune inflammatory basis
with other systemic autoimmune diseases such as lupus nephritis [8]. Glucocorticoids,
some of the most potent anti-inflammatory and immunosuppressive agents, can
induce remission in systemic autoimmune diseases, including lupus nephritis
and dermatomyositis, and have an immediate and profound effect on the
trafficking of leucocytes [9–11]. Furthermore, glucocorticoids affect both T- and
B-lymphocytes.
A systematic review on the use of glucocorticoids in treating SSc showed
conflicting results in skin and lung involvement but positive effects on myopathy
[12]. The partially poor clinical response to glucocorticoid treatment in SSc might
result from delays in its application, meaning that it cannot prevent the very early
induction of vasculopathy and fibrosis arising as a result of inflammation
[1, 13–15].
The European League Against Rheumatism (EULAR) Scleroderma Trials and
Research Group has identified preliminary criteria for the very early diagnosis of
systemic sclerosis (VEDOSS), which include the combination of Raynaud’s
phenomenon, disease-specific auto-antibodies, typical nailfold capillaroscopic
findings and “puffy fingers” [16, 17].
Recent developments in our understanding of the overlapping disease
mechanisms of SSc and other autoimmune diseases, the inflammatory
mechanisms involved in early SSc and the partial response of SSc treated with
glucocorticoids suggest a possible treatment opportunity in patients with early
SSc. The aim of this trial is to examine the effects of high-dose glucocorticoids on
the inhibition of the inflammatory process in very early SSc.
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Background

Methods/design
This 12-week, double-blind, randomised, placebo-controlled trial is under way
(inclusion began on January 1, 2017, and is open until July 1, 2018) at the Department of
Rheumatology of Radboud University Medical Centre in Nijmegen, The Netherlands.

Objectives

The aim of this study is to analyse whether high-dose methylprednisolone has an
effect on very early SSc in terms of nailfold capillaromicroscopy (NCM) abnormalities,
SSc signs and symptoms, and inflammation biomarkers. This led to the following
research questions.

Primary objective

The purpose of this study was to determine the effect of short-term treatment
with high-dose glucocorticoids on vasculopathic abnormalities, as measured by
using NCM in patients with very early SSc.

Secondary objectives

The key secondary objective is to determine the effects of the short-term treatment
of SSc with high-dose glucocorticoids on changes in the following:
• the signs and symptoms of disease progression,
• inflammation biomarkers, and
• general health and utilities, as measured by standardised questionnaires.

Study design rationale

In order to investigate the effect of high-dose methylprednisolone in very early
SSc, we have designed a randomised, placebo-controlled, double-blind, monocentre superiority trial with a primary endpoint of changes in nailfold capillary
density after 12 weeks. Randomisation will be performed in blocks of six after the
stratification of anti-centromere/ anti-topoisomerase auto-antibodies, sex and
age and there will be a 2:1 patient allocation to groups receiving intravenous
methylprednisolone or placebo.

Study outcome rationale
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In SSc, the outcome measures of interventions are not extensively available.
The most accepted outcome measure is a change in skin involvement, measured
by using the modified Rodnan skin score (mRSS). However, in our study population
of patients with very early SSc, the mRSS is 0 by definition at the outset. Nailfold
capillary abnormalities have been identified as a symptom for diagnosing early
SSc and are included in the American College of Rheumatology/EULAR (ACR/

EULAR) classification criteria for SSc. Nailfold capillary abnormalities are
evaluated by using NCM. The typical changes of the nailfold capillaries during
SSc consist of the appearance of the following capillaroscopic hallmarks: the
presence of enlarged or giant capillaries, haemorrhages, loss of capillaries, disorganisation of the microvascular array, and capillary ramifications. Semi-qualitative rating scores, especially of capillary density, have value in predicting the
occurrence of organ involvement and mortality in SSc [18]. To date, the effect of
immunosuppressant drugs on the nailfold capillaries in SSc has not been
extensively studied. The most successful treatment of progressive SSc to date
involved an autologous haematopoietic stem cell transplantation (ASCT), after
which microcirculation estimated by using NCM was reported to be improved in
separate studies [19, 20]. In patients who received ASCT, an improved capillary
density was observed just 3 months after treatment and persisted during
follow-ups over 24 months while no NCM modification was detected in patients
who received cyclophosphamide [20]. In early SSc, the presence of giant capillaries
is the dominant NCM feature, which can entail a decreased capillary density [21].

Participants, intervention and outcomes
Inclusion criteria

Patients who meet the following criteria at randomisation are eligible for the study:
1. age of more than 18 years,
2. fulfil VEDOSS criteria [16]: Raynaud’s phenomenon AND positive test for anticentromere or antitopoisomerase antibodies AND nailfold capillaroscopic findings
typical of SSc,
3. puffy fingers for less than 3 years, and
4. mRSS of 0.
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Patients who, at randomisation, meet any of the following criteria are not eligible
for the study:
1. presence of acrosclerosis, acro-osteolysis or digital ulcers,
2. presence of anti-RNA polymerase III auto-antibodies,
3. previous systemic treatment for SSc, namely methotrexate, prednisone (>14
days in the previous 6 months), mycophenolate mofetyl or cyclophosphamide,
4. clinically significant internal organ involvement: diffusing capacity for carbon
monoxide (DLCO) less than 80% predicted, vital capacity less than 70% predicted,
renal dysfunction with glomerular filtration rate less than 60 mL/min, diastolic
dysfunction more than grade 1 on echocardiography, pulmonary hypertension,
or weight loss more than 10% in the last 6 months with unknown cause, and
5. contra-indications for methylprednisolone.

Hit hard and early

Exclusion criteria

Intervention

Investigational product/treatment

Eligible patients will be randomly assigned to groups, receiving either a daily
infusion of methylprednisolone (1000 mg) or a placebo (physiologic salt solution
identical in appearance) on three consecutive days in three consecutive months.
The study drug and placebo will be provided by the local hospital pharmacy.
Infusions will be given at the outpatient facilities of the rheumatology department.

Use of co-medication

All patients will receive prophylactic therapy with an angiotensin-converting
enzyme inhibitor and a proton-pump inhibitor for the duration of the study.
Treatment with other systemic therapies for SSc symptoms will be avoided
whenever possible during the study and will be regarded as a protocol violation.

Follow-up treatment

After the 12-week assessment, patients will usually receive no treatment, as is the
standard care in very early SSc. However, methotrexate (25 mg per week) can be
started if a patient develops limited skin involvement but no significant internal
organ involvement. Intravenous pulses of cyclophosphamide or mycophenolate
mofetil can be started if a patient has rapidly evolving skin involvement or if
signs of significant internal organ involvement are present or if both occur.

Escape treatment

In case of the significant worsening of symptoms (development of diffuse skin
involvement, weight loss of more than 10%, or the occurrence of significant internal
organ involvement), the treatment with methylprednisolone will be stopped and
an appropriate treatment will be started in accordance with the EULAR treatment
recommendations for SSc [22].

Outcome measures
Primary outcome

In this study, the primary endpoint will be the change in capillary density
between the baseline and after 12 weeks of treatment.

Secondary outcomes

132

The secondary outcomes (all compared between the baseline and week 12 or
between the baseline and 1 year) of this study are (a change in):
• selected biomarkers: the interferon signature in peripheral blood cells, CXCL4,
interleukin-1 beta (IL-1β), IL-6, tumor necrosis factor-alpha (TNF-α), ET-1, intercellular
adhesion molecule 1 (ICAM-1) and vascular endothelial growth factor (VEGF)
[3, 23–27];

• nailfold capillary changes other than capillary density and the presence of
giant capillaries
• an mRSS; the presence of puffy fingers; the presence of synovitis; the presence
of tendon friction rubs; fulfilling EULAR/ACR classification criteria for SSc [28];
• pulmonary function tests; the presence of interstitial lung disease; a suspicion
of pulmonary hypertension; and
• physical function, general health and utilities as measured by the Scleroderma
Health Assessment Questionnaire (SHAQ), 36-Item Short Form Health Survey
(SF-36), EuroQOL five dimensions questionnaire (EQ5D) and Gastrointestinal
Tract Questionnaire (GIT).

Assessments

Regular visits are planned at the baseline and after months 1, 2, 3, 6, 9 and 12.
See figure 1—according to the Additional file 1: SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) checklist—for an overview of all
visits and assessments.

Randomisation, concealment and blinding

Patients are randomly assigned in a 2:1 fashion to intravenous methylprednisolone or placebo in blocks of six, following stratification by either anti-centromere
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The effect of high-dose methylprednisolone on nailfold capillary changes and
other outcomes in early SSc is unknown; therefore, the optimal size of a pilot trial
is unknown. If the sample is too small, the estimate of the effect will be too
uncertain. If the sample is too large, it may be judged as unnecessarily exposing
participants to risks and burdens and therefore as being unethical. Furthermore,
setting the sample size too high may lead to a preventable failure to reach the
recruitment target. To minimise the risk for participants and maximise the
information gained, we judged that the inclusion of 30 patients (20 in the
treatment arm and 10 in the placebo arm) would be appropriate for this pilot
study. When adopting the usual alpha of 0.05, power of 0.80, standard deviation
of 0.9 and randomisation scheme of 2:1, a between-group difference of nearly 1.0
in the capillary density score thus would represent a statistically significant
difference, using the standard sample size formula. In previous ASCT treatments
for SSc, the change in capillary density over the first 12 weeks was 1.5 in the
intervention group, and there was no change in the control group [20]. Patients
are randomly assigned at a 2:1 ratio to maximise the information about the
experimental intervention, which can be justified as the risks of the intervention
are known and relatively low.
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Figure 1 Study visits and procedures.
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Pulmonary function tests consisting of vital capacity, total lung capacity and carbon
monoxide (CO) diffusion capacity. Plasma biomarkers consist of CXCL4, interleukin-1 beta
(IL-1β), tumor necrosis factor alpha (TNFα), IL-6, ET-1, intercellular adhesion molecule 1
(ICAM-1) and vascular endothelial growth factor (VEGF). Abbreviation: HRCT high-resolution
computer tomography.

or anti-topoisomerase auto-antibodies, sex and age. Patients will be randomly
assigned by using Castor, an online data collection tool for medical research.
Randomisation will result in the allocation of a unique number to each patient.
Physical examinations for efficacy outcomes are performed by a researcher who is
blind to the occurrence of both mild and serious adverse events. The physicians
who accompany the intervention and perform assessments for vital status and
adverse events do not assess the efficacy outcomes. To maintain the overall
quality and legitimacy of the clinical trial, the randomisation code can be broken
only when knowledge of the actual treatment is absolutely necessary for further
management of the patient or at the request of the safety monitoring committee.

Statistical analysis

The data will be analysed primarily according to the intention-to-treat principle.
Missing values due to participant drop-out are treated according to the last
observation carried forward. A P value of 0.05 will be used to denote statistical
significance for between-group differences in the primary outcome.
Between-group differences in the change in efficacy outcome variables
between the baseline and week 12 will be analysed by using an analysis of
covariance or logistical regression. Similarly, the ongoing changes to the
continuous outcomes will be analysed between the baseline and weeks 4, 8 and
12 by using a repeated-measures analysis of variance. Serious and minor adverse
events will be tabulated by group, and depending on the occurrence, a
time-to-event analysis may be used to analyse between-group differences in
serious adverse events. The use of any immunosuppressive therapy between
week 12 and the 1-year follow-up will be described for each of the two groups.

Ethics and dissemination

In designing this research protocol, we needed to address a number of clinical and
methodological issues. First, patients who are still in the inflammatory phase of
the disease are more likely to respond to treatment with glucocorticoids; therefore,
the choice was made to include only patients who fulfil the VEDOSS criteria, but
not the 2013 ACR/EULAR classification criteria, for SSc [28].
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Discussion
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The study has received ethical review board approval (number 2015–004613-24).
Data on the recruitment, efficacy, safety, protocol updates and all aspects concerning
good clinical practice are reviewed by the data safety monitoring board, which
consists of an internal medicine physician, a pharmacist and an epidemiologist.

Second, treatment consisting of short pulses of methylprednisolone is often better
tolerated than continuous high oral doses, while fewer long-term consequences
are seen when using short methylprednisolone pulses. The choice of an
intravenous infusion of high-dose (1000 mg) methylprednisolone was based on
the treatment regimens in other auto-immune diseases, such as lupus nephritis
and dermatomyositis, in cases of exacerbation or failing standard therapy or both
[9, 10]. In these diseases, high-dose methylprednisolone has been shown to induce
remission. The schedule of three consecutive days of treatment during three
consecutive months was chosen because this method is generally used in severe
autoimmune diseases.
Disease activity in SSc is measured mostly by mRSS and, in cases with
pulmonary involvement, by pulmonary function results. However, to date, no
biomarkers are available to follow-up the disease activity. The use of vasculopathy
and inflammatory biomarkers, as well as clinical signs and symptoms, as
endpoints in our study, enables us to meet the patient need for alternative markers
on disease activity, as the known signs and symptoms of worsening prognosis are
present in only a minority of patients.
This trial is the first to aim to treat very early SSc and is promising because it
targets the early stages in the disease process using a relatively safe and
inexpensive treatment known to be highly effective against inflammation. If it is
possible to prevent significant clinical disease in patients with very early SSc by
using a safe treatment, this will cause a paradigm shift in scleroderma care and
research. The knowledge gained from this project will facilitate further research
into the efficacy and safety of using high-dose glucocorticoids in SSc treatment
and enable this treatment to progress through a pivotal phase III trial. We anticipate
that, if successful, this project will enormously increase research efforts into the
early treatment of SSc and decrease the cost of health care for these patients.
In this trial, patients with SSc receive treatment very early in the progression
of their disease, which could change the long-term outcome of SSc. In current
daily practice, patients so early in the disease course do not receive treatment,
although they can be at risk for early escalation and internal organ involvement,
reducing their prognosis. A trial to investigate the efficacy of treatment using
high-dose glucocorticoids will provide us with the opportunity to change this
disease course, reducing the disease burden of a portion of patients with SSc. If the
treatment of very early SSc with high-dose glucocorticoids is effective, this will
prelude a pivotal change in the treatment of SSc.
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The main objective of this thesis is to improve the care for patients diagnosed
with systemic sclerosis (SSc): we examined risk stratification in different disease
subsets, evaluated the usefulness of nailfold capillaroscopy as a possible disease
activity monitor and discussed a possible new treatment strategy in very early
SSc. This chapter contains a summary on the main findings and conclusions of
this thesis.
For the studies displayed in this thesis we used data from patients from the
Nijmegen Scleroderma cohort, which was started in 1989 and prospectively
followed since 2001. This cohort currently consists of approximately 850 patients,
who are treated at the outpatient clinic of the Radboud University Medical Centre.
The first chapter is a general introduction on SSc, including epidemiology,
classification criteria, organ involvement and treatment options currently available
for this disease. Systemic sclerosis is a systemic autoimmune disease characterized by
vasculopathy, immunological abnormalities and fibrosis. Based on the degree of
skin involvement, patients are subclassified as either limited cutaneous SSc (lcSSc) or
diffuse cutaneous SSc (dcSSc). This subclassification can be helpful in both selecting
patients for research and for intensified screening for early organ involvement.
During the years working on this thesis, I was particularly challenged by the
heterogeneity of SSc. This heterogeneity made classification of patients into
disease subsets concerning skin involvement, risk factors for development of
organ involvement as well as efficacy of therapy in different subsets of patients
hard. With this thesis, I intend to contribute to an improvement of quality of life
and survival in SSc patients.
Chapter 2 displays a predictive study on the development of dcSSc. Patients
subclassified as having a diffuse cutaneous subtype more often develop severe
organ involvement early in the disease course. Our prediction model, using only
clinical data available at the moment of diagnosis, provides an easy prognostic
tool for clinicians. This tool can be used during the first encounter with newly
diagnosed SSc patients to predict the development of diffuse cutaneous disease. It
enables risk stratification, and as a consequence, screening can be intensified in
these patients. In my opinion, this creates a window of opportunity for timely
treatment of severe organ complications in high-risk patients.
In chapter 3, an overview of organ involvement, survival and causes of death
occurring in the Nijmegen Systemic Sclerosis cohort is shown. All included SSc
patients were stratified by skin subtype and presence of SSc specific autoantibodies.
At the moment of diagnosis, 32% of the patients already had at least one type of
organ involvement. During the 5-year follow-up period, another 25% developed
organ involvement. Survival was strongly dependent on the presence of organ
involvement at the moment of diagnosis. Patients who were without organ
involvement at the moment of SSc diagnosis had a better 5-year survival rate
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(95%) compared to those with organ involvement (73%). In 55% of those who died,
the most probable cause of death was SSc-related. This study underlines the
necessity of evaluation organ involvement at the moment of diagnosis.
A collaboration with 4 other European Scleroderma Centers provided the
possibility to create predictive models for the development of organ involvement
and death during the first 5 years of follow-up after SSc diagnosis (chapter 4). We
have shown that it is possible to predict ILD, PAH and death using established
variables already available at the moment of SSc diagnosis. However, the
discriminatory performance of the models was suboptimal.
In my opinion, further research should be done using larger cohorts of patients,
for example patients recorded in the EUSTAR database, to improve efficacy and
success of prediction models in systemic sclerosis.
In chapter 5, survival and organ involvement in anti-topoisomerase-I (ATA)
positive lcSSc patients were evaluated. The aim of this study was to determine
whether the disease course of these patients is more like the dcSSc subtype or
more like the lcSSc subtype. We showed that lcSSc ATA-positive patients differed
from lcSSc ATA-negative patients and dcSSc ATA-positive patients concerning
both survival and organ involvement. Patients with ATA positive lcSSc are more
likely to develop the clinical characteristics of dcSSc than ATA negative lcSSc
patients, although survival mimics that of ATA negative lcSSc. We recommend to
regard lcSSc patients who are ATA positive as a separate entity.
In my view, this study is the first step towards a better risk stratification for
ATA-positive lcSSc patients. I propose to confirm our findings in a larger cohort of
SSc patients.
In the period the study in chapter 6 was performed cyclophosphamide was
the first choice of therapy in SSc associated interstitial lung disease (ILD). The aim
of this study was to identify subgroups of patients with an improvement in
pulmonary function tests after cyclophosphamide treatment. Our hypothesis
was that cyclophosphamide might be more effective in the early inflammatory
phase of ILD. Therefore, we analyzed whether the extent of inflammation
determined the effect of cyclophosphamide treatment on pulmonary function in
SSc-ILD patients during follow-up. Although we observed a stabilization of
pulmonary function tests during the follow-up period, no specific subgroups
could be identified.
Taking these results into account, I concluded that immunosuppressive
therapy in ILD associated with SSc might improve outcomes. However, as the
effect of cyclophosphamide treatment was limited further treatment options
should be explored. Currently many preclinical studies focus on identifying
markers of inflammation in SSc that possibly can be used in selecting patients for
the timely and proper treatment.
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Chapter 7 displays the change in nailfold capillary abnormalities between
baseline and follow-up in subgroups of patients: no therapy, methotrexate,
mycophenolate mofetil, cyclophosphamide, and autologous stem cell transplantation. No significant differences were found, but the sample sizes were small.
However, in patients receiving autologous stem cell transplantation, all examined
capillaroscopic features ameliorated.
From this small study, I concluded that nail fold capillary abnormalities are
reversible. Therefore, I recommend using nail fold capillaroscopy findings as an
outcome measure in intervention studies in SSc.
In the final chapter (8), the protocol of our Hit Hard and Early study is
presented. The hypothesis of this study is that in patients with a very early
diagnosis of SSc (VEDOSS), inflammation is the driving factor and that antiinflammatory treatment might be able to halt the progression of the disease at
this point or even achieve remission in these patients. In current daily practice,
patients this early in the disease course do not receive treatment, although they
can be at risk for progression to internal organ involvement, impairing their
prognosis. This trial investigates the effectiveness of very early anti-inflammatory
and immunosuppressive treatment with high doses of glucocorticoids. I anticipate
that he results of this study will increase research efforts into the early treatment
of SSc.
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General conclusions
• Prediction of dcSSc at the time of SSc diagnosis creates the opportunity for selection
of patients for research for intensified screening for early organ involvement
• Survival is strongly dependent on the presence of organ involvement at the
moment of diagnosis
• The occurrence of early organ involvement in SSc is high, both before diagnosis
as in the first 5 years after diagnosis
• It is possible to predict organ involvement and death using variables from the
moment of SSc diagnosis, but our results need to be confirmed in larger populations
• LcSSc patients who are ATA positive should be regarded as a separate entity
regarding organ involvement and survival
• Treatment with cyclophosphamide in SSc associated ILD stabilizes pulmonary
function and might improve outcomes. Studies should be performed on identifying
relevant markers of inflammation to select suitable patients
• Nail fold capillary abnormalities can change after immunosuppressive treatment
and might be useful in monitoring treatment effect
• The Hit Hard and Early trial is the first study aiming to treat very early SSc.
This study underlines the concept that early treatment of SSc is a future goal
in SSc research.

146

147
Chapter 9

Research in SSc remains challenging due to the heterogeneity of this disease. In
early phases of the disease, there might be reversible manifestations driven by
inflammation. Intervention in this phase of the disease might prevent the disease
from advanced stages characterised by irreversible fibrosis. Future research should
focus on this window of opportunity. Three key points should be acknowledged:
early recognition, early screening and timely treatment.
Establishing the diagnosis is difficult before full-blown scleroderma is
present. No diagnostic criteria are available to date. The European Scleroderma
Trials And Research (EUSTAR) group has assembled preliminary criteria for Very
Early Diagnosis of Systemic Sclerosis (VEDOSS), which is a very important step in
recognition of patients who are highly suspected of development of full-blown
SSc. In my opinion, in future research the focus should be on recognition of these
very early patients and early treatment to prevent development of organ
involvement. Our current study Hit Hard and Early is one of the first studies
focussing on this specific subset of very early patients, hopefully more will follow
in the near future.
Also, recognition of patients at risk for the development of early organ
involvement should be one of the focus points in future research. The identification
of risk factors for early organ involvement might alert clinicians to early screening.
This way, patients with early organ involvement might in future be treated in a
timely manner, before irreversible fibrosis has occurred. In my view, larger (inter)
national collaboration with sharing of data between scleroderma centers on
specific projects, apart from the EUSTAR database, should be encouraged.
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Het hoofddoel van dit proefschrift is het verbeteren van de zorg voor patiënten
met systemische sclerose (SSc). De doelstellingen waren om een betere risico
inschatting te kunnen maken. We zouden dan beter kunnen voorspellen welke
patiënten een hoger risico op inwendige orgaanbetrokkenheid en overlijden door
de ziekte hebben, en welke patiënten een lager risico hierop hebben. Ook wilden
we inzicht krijgen in de effectiviteit van behandeling in bepaalde subklassen van
patiënten, de bruikbaarheid van nagelriemcapillairoscopie om de ziekteactiviteit
en ook effect van behandeling te monitoren en een mogelijke nieuwe behandelstrategie in zeer vroege SSc te onderzoeken.
Systemische sclerose is een gegeneraliseerde auto-immuunziekte die wordt
gekenmerkt door vasculopathie of vaatafwijkingen, ontstekingen en fibrose of
verlittekening. Er zijn vaak ook antistoffen in het bloed aanwezig, de 2 meest
voorkomende zijn anti-topoisomerase-1 en anti-centromeer antistoffen. Op basis
van de uitgebreidheid van huidbetrokkenheid, worden patiënten geclassificeerd als
ofwel gelimiteerde cutane SSc (lcSSc) of diffuse cutane SSc (dcSSc). Deze classificatie
kan nuttig zijn bij zowel de selectie van patiënten voor onderzoek en de selectie
van patiënten voor geïntensiveerde screening op vroege orgaanbetrokkenheid.
De studies in dit proefschrift zijn uitgevoerd in het Nijmegen Scleroderma
cohort, dat werd gestart in 1989 en prospectief wordt gevolgd sinds 2001. Het
cohort bestaat momenteel uit meer dan 850 patiënten, behandeld in het Radboud
umc. Daarnaast is voor één van de studies samengewerkt met een aantal Europese
centra (Madrid, Keulen, Lund, Zürich, Napels).
Het eerste hoofdstuk bevat een algemene inleiding over SSc, inclusief
epidemiologie, classificatiecriteria, orgaanbetrokkenheid en behandelingsopties
die momenteel beschikbaar zijn.
Allereerst het onderzoek naar voorspellen van ziektebeloop en risico inschatting.
Wij hebben een onderzoek gedaan met als doel om al bij de diagnose te kunnen
voorspellen of patiënten een diffuse huidbetrokkenheid krijgen. De meeste patiënten
hebben namelijk bij de diagnose nog geen uitgebreide huidbetrokkenheid, maar bij
hen zijn bijvoorbeeld alleen de vingers aangedaan. Het is van belang om juist de
patiënten die een diffuse huidbetrokkenheid krijgen te herkennen; dit deel van de
patiënten, zo’n 30 tot 40% van alle patiënten in ons cohort, heeft meer kans op een
ernstiger beloop van de ziekte, met als gevolg inwendige orgaanschade en zelfs
overlijden door SSc. Deze mensen zouden we intensiever moeten controleren.
Beginnende orgaanbetrokkenheid voel je als patiënt zelf niet, maar het is wel met
behandeling te beïnvloeden. In hoofdstuk 2 beschrijven we een voorspellende
studie over de ontwikkeling van dcSSc. Gebruik makend van alleen klinische
gegevens die beschikbaar zijn op het moment van diagnose, werd een voorspellend
model gemaakt wat dokters kunnen gebruiken op het moment dat een patiënt
voor de eerste keer wordt gezien. Met behulp van deze scoremethode kan een
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risico indeling worden gemaakt en daarmee kan screening worden geïntensiveerd
bij patiënten die at risk zijn voor de ontwikkeling van dcSSc (en daarmee dus een
ernstiger ziektebeloop). Dit zou een kans kunnen creëren voor tijdige behandeling
bij deze patiënten, voordat orgaanbetrokkenheid optreedt.
In hoofdstuk 3 wordt een overzicht gegeven van het voorkomen van orgaanbetrokkenheid, overleving en doodsoorzaken die voorkomen in het Nijmeegse SSc
cohort. Alle SSc-patiënten werden geclassificeerd op basis van huidbetrokkenheid
en de aanwezigheid van SSc-specifieke auto-antilichamen. Opvallend was dat op
het moment van SSc diagnose 32% van de patiënten al minstens één type orgaanbetrokkenheid had. Tijdens de 5 jaar durende follow-up periode ontwikkelde nog
eens 25% van de patiënten orgaanbetrokkenheid. De overleving was sterk afhankelijk
van de aanwezigheid van orgaanbetrokkenheid op het moment van SSc diagnose.
Patiënten die op het moment van de SSc diagnose geen orgaanbetrokkenheid hadden,
bleken een 5-jaars overlevingskans van 95% te hebben. Daar tegenover staat dat de
patiënten die al op het moment van diagnose van SSc wel orgaanbetrokkenheid
hadden, hadden een 5-jaars overlevingskans van 73%. Van alle mensen die stierven
was dat in meer dan de helft van de gevallen toe te schrijven aan SSc.
Samenwerking met 5 Europese sclerodermiecentra bood ons de mogelijkheid
om voorspellende modellen te maken voor de ontwikkeling van orgaanbetrokkenheid en overlijden tijdens de eerste 5 jaar follow-up na de diagnose SSc (zie ook
hoofdstuk 4). We konden het ziektebeloop van in totaal 735 patiënten analyseren.
Longbetrokkenheid ontstond in 23% en pulmonale arteriële hypertensie (PAH)
(een dodelijke complicatie waarbij de longbloedvaten betrokken zijn) in 8%.
Twaalf procent van de patiënten stierf. We maakten 3 modellen, een voor longbetrokkenheid, een voor PAH en een voor dood, waarbij er verschillende factoren
werden meegenomen zoals ziekteduur, antistoffen, geslacht en longfunctiewaarden.
Het was inderdaad mogelijk om deze orgaanbetrokkenheid en ook sterfte te voorspellen, maar de modellen zijn nog niet precies genoeg, we hopen dat toekomstig
onderzoek dit kan verbeteren.
In hoofdstuk 5 hebben wij de overleving en orgaanbetrokkenheid bij antitopoisomerase-I (ATA) positieve lcSSc-patiënten geëvalueerd. Meestal is namelijk
de andere antistof, de anti-centromeer antistof, aanwezig bij patiënten met de
gelimiteerde huidbetrokkenheid. Wij vroegen ons af of ATA positieve lcSScpatienten , meer op dcSSc-patiënten lijken of meer op IcSSc-patiënten in hun
ziektebeloop. We ontdekten dat de ATA-positieve lcSSc-patiënten vaker longbetrokkenheid ontwikkelden dan ATA-negatieve lcSSc-patiënten, maar minder
dan ATA-positieve dcSSc-patiënten. De overleving van ATA-positieve lcSScpatiënten was echter het best vergeleken met de andere subgroepen, zelfs
vergeleken met ATA-negatieve lcSSc-patiënten. LcSSc-patiënten die ATA-positief
zijn zouden daarom als een afzonderlijke entiteit moeten worden beschouwd.
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Ten aanzien van de effectiviteit van de beschikbare behandelingen hebben we
3 studies verricht.
Het doel van de studie in hoofdstuk 6 was om subgroepen van patiënten met
een groter effect van cyclofosfamide (CYC) te identificeren. Cyclofosfamide was
lange tijd de eerste keuze van therapie bij patiënten met interstitiële longziekte
(ILD) of longbetrokkenheid geassocieerd met SSc. Deze behandeling richt zich op
het zeer krachtig onderdrukken van de ontsteking(inflammatie) die bij ILD in
verschillende mate aanwezig is. Het effect van de behandeling wordt onder andere
bepaald door de longfunctie, waarbij we streven naar stabilisatie en hopelijk
vooruitgang. In deze studie werd de longfunctie bij patiënten die CYC kregen
gedurende 3 jaar opgevolgd. Om te onderzoeken of er subgroepen van patiënten
waren met een groter effect van CYC werden er vier verschillende maten voor
ontsteking gekozen, namelijk: het hebben van meer grondglas (afwijkingen op CT
passend bij inflammatie) dan fibrose, DLCO (diffusiecapaciteit, maat gebruikt bij
longfunctieonderzoek) <60%, uitgebreide ILD, ILD-ziekteduur. De longfunctie
bleef stabiel gedurende de follow-up periode. Geen van de inflammatoire maten
bleek echter geassocieerd met een groter effect van cyclofosfamide op de longfunctie. We hebben tot op heden geen specifieke subgroepen kunnen identificeren
waarbij CYC therapie meer effect heeft.
In hoofdstuk 7 hebben we het microscopische beeld van de nagelriem
bloedvaten gebruikt, door gebruik te maken van nagelriemcapillairoscopie. Bij de
meeste patiënten met SSc zijn er namelijk typische afwijkingen in die bloedvaten
te zien. We waren geïnteresseerd of er verandering in nagelriemcapillairoscopische afwijkingen zou zijn voor begin van een behandeling en na follow-up in
verschillende subgroepen van patiënten (geen therapie, methotrexaat (MTX),
mycofenolaat mofetil (MMF), CYC, autologe stamceltransplantatie (ASCT)). Bij
patiënten die een autologe stamceltransplantatie kregen, zagen we afname van
capillaroscopische veranderingen. Er werden echter geen significante verschillen
gevonden vanwege de zeer kleine steekproefgroottes.
In het laatste hoofdstuk (8) is het studieprotocol van een op dit moment
lopend onderzoek, de Hit Hard and Early studie, samengevat. De hypothese van
deze studie is dat bij patiënten met een zeer vroege fase van SSc ontsteking de
drijvende factor van de ziekte is en dat hoge doseringen immuunsuppressie in de
vorm van prednisolon de ziekte op dit moment zou kunnen afremmen en daarmee
voorkomen dat patiënten orgaanbetrokkenheid ontwikkelen. Indien dit een
effectieve behandelingsstrategie blijkt te zijn, dan zal dit waarschijnlijk leiden tot
een enorme toename zijn van onderzoek in vroege behandeling van SSc.

Toekomstig onderzoek
Juist omdat SSc een zeldzame en heterogene ziekte is, zal onderzoek naar SSc
uitdagend blijven. Wij denken dat ontsteking en vaatafwijkingen aanleiding
geven voor fibrose. Het zou dus zo kunnen zijn dat vroege behandeling van deze
ontstekingen en vaatafwijkingen de uiteindelijke fibrosering kan beperken.
Toekomstig onderzoek zou zich moeten richten op vroege herkenning van het
ziektebeeld, vroege behandeling en de juiste screening. Het kan moeilijk zijn om
de diagnose SSc te stellen voordat alle aspecten van de ziekte aanwezig zijn.
Vooralsnog zijn er geen diagnostische criteria beschikbaar om dokters hierin een
leidraad te geven. De Europese EUSTAR (European Scleroderma Trials And
Research) heeft voorlopige criteria opgesteld voor een vroege diagnose, de VEDOSS
(Very Early Diagnosis of Systemic Sclerosis) criteria. Deze criteria lijken van grote
waarde om patiënten te herkennen die een hoog risico hebben op het krijgen van
SSc. Mijn mening is dat toekomstig onderzoek moet focussen op vroegtijdig
herkennen van deze zeer vroege patiënten en vroege behandeling om
orgaanschade te voorkomen. Onze huidige studie: Hit Hard and Early is een van
de eerste studies die zich hier op richt en hopelijk volgen er meer in de nabije
toekomst. Daarbij zou ook het risico op orgaanbetrokkenheid een focus van
onderzoek moeten zijn. Daarmee zou orgaanbetrokkenheid eerder opgespoord en
behandeld kunnen worden, en wellicht is gepersonaliseerde screening dan
mogelijk. Vanwege de zeldzaamheid van het ziektebeeld SSc is meer (inter)
nationale samenwerking met het delen van data tussen sclerodermie centra
nodig, ook buiten de EUSTAR database.
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Dankwoord
Dit proefschrift is tot stand gekomen dankzij de hulp van velen. Allereerst dank
aan alle patiënten, zonder jullie zou er geen onderzoek bestaan.
Ook wil ik graag mijn promotieteam, Madelon Vonk, Jaap Fransen en Frank van
den Hoogen, hartelijk danken voor hun begeleiding.
Madelon, ik heb altijd het gevoel gehad dat je voor me klaar stond, je was altijd
beschikbaar voor vragen en overleg. Dank voor al je goede adviezen tijdens al onze
overlegmomenten op onderzoeksgebied, maar ook voor alle wijze levenslessen!
Jaap, je altijd aanwezige gedrevenheid, precisie in onderzoeksmethoden en
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