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CHAPTER ONE: SYSTEMIC SCLEROSIS 

 

1.1 Introduction 

Systemic sclerosis (SSc) is an autoimmune disease associated with significant 

premature mortality and morbidity (Belch, 1993). The clinical presentation of SSc 

varies from patches of localised cutaneous scar (morphea) to a lethal systemic disease in 

which organ insufficiency occurs in the gastrointestinal tract (GIT), lungs, kidneys and 

heart.  

 

Life expectancy for patients with SSc is 16-34 years less than age and sex matched 

peers (Nikpour et al, 2014). Furthermore, five year survival rates have been reported to 

vary between 34-73% (Altman et al, 1991) with no change in standardised mortality 

ratios (SMRs) over the past 40 years (Elhai et al, 2012). A meta-analysis of nine studies, 

totalling 2691 SSc patients followed for a period of between 5.8 to 10.8 years, 

demonstrated a 3.53 (95% CI 3.03, 4.11 p<0.0001) fold increase in mortality (Elhai et 

al, 2012) (using SMRs) with 29% of these deaths due to cardiovascular (CV) causes 

which was the single largest contributor to premature death.  

 

In the USA, Steen and Medsger’s (2007) large cohort study demonstrated that survival 

of SSc has improved dramatically since the 1970s; in particular, the advent of 

angiotensin-converting-enzyme inhibitors (ACEis) has improved management of renal 

crises.  The study revealed that death from SSc related complications, including: 

scleroderma related renal crisis, pulmonary artery hypertension, pulmonary fibrosis, 

gastrointestinal and heart defects (such as, cardiomyopathy, arrhythmias or conduction 

defects), had fallen from 70% in the period 1972-76 to 50% between 1997-2001. It had 
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been previously thought that organ insufficiency secondary to SSc was responsible for 

all deaths, however, deaths by non-scleroderma related causes, such as cancers, 

atherosclerotic CV disease or cerebrovascular disease, have increased correspondingly 

in that period using SMRs (Tyndall et al, 2010).  To date, much of the focus in 

managing SSc disease activity has concentrated on managing fibrotic and microvascular 

dysfunction. There is, however, evidence of a strong CV component to the disease that 

belies traditional risk factors and points to macrovascular dysfunction as being a key 

contributor to the premature mortality associated with SSc.  

 

SSc has been described as a generalised disorder of the small arteries and connective 

tissue, which is characterised by fibrosis, vascular spasm and obliteration in the skin and 

various internal organs (Silman, 1995). Due to these changes in the immune system, 

blood vessels and connective tissue, the body produces too much collagen. Collagen, 

which is produced by fibroblasts, is the major protein in connective tissues acting as the 

extracellular skeleton; its purpose is to help tissues withstand stretching. Too much 

collagen production results in fibrosis or scarring of the tissue. It is generally held that 

an autoimmune response is mounted in patients with SSc which acts as a trigger to a 

cascade of fibrotic processes. The causes of this initial auto-immune reaction are as yet 

unknown but are likely to be multifactorial.  

 

SSc displays three distinct pathophysiologic processes – these are, cellular and humoral 

auto-immunity, vascular injury and tissue fibrosis. It is an uncommon disorder which is 

typically difficult to study in single centre study sites due to the relatively small 

numbers of patients seen at any one hospital. It is, nevertheless, a disorder which has 
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significant mortality and, therefore, effective treatments are much needed not only to 

address the devastating effects of the disease but also to prevent disease progression. 

 

1.2 Epidemiology 

The epidemiology of SSc is difficult to establish as it is relatively rare, is a challenge to 

diagnose, and there is large variability in the clinical presentation and severity of the 

disease. Nonetheless, it has been suggested that the incidence of SSc is broadly similar 

across the World with approximately 20 new cases per million identified annually based 

on the American College of Rheumatology (ACR) or Le Roy and Medgser’s early 

diagnostic criteria (Nikpour et al, 2010). In cohorts where ACR criteria only were used, 

this incidence falls to around 12 cases per million (Arias-Nunez et al, 2008). This 

highlights the importance of accurate disease identification when measuring the 

frequency of incidence and prevalence.  

 

Nikpour et al’s (2010) epidemiological summary of SSc, reporting on literature between 

2000 and 2010, indicated a prevalence of between 38-53 cases of SSc per million in 

Japan, 71-88 in Northern Europe, 154-277 in mainland Europe, and 233-443 in 

Australia and North America. Although incidence may be comparable across the World, 

an earlier systematic review of the epidemiology of SSc, based on data from 41 papers, 

revealed significant differences in mean age at time of diagnosis, disease duration, 

gender differences and subsets of SSc (Coral-Alvarado et al, 2009) (Table 1.1). 

 

1.2.1 Age and disease subset 

Age of onset of SSc is significantly lower in the Asian population compared with 

Europe and the Americas (34 years versus 48-52 years). In addition, diffuse SSc, 
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accounted for 26% of SSc diagnoses in Asia, compared to 32% SSc diagnoses in South 

America, 35% in Europe and 39% in North America (Coral-Alvarado et al, 2009).   

 

Table 1.1 Demographic comparisons of SSc patients (based on Coral- 

Alvarado et al, 2009) 

 Europe Asia Nth. America Sth. America 

Age at onset 48 (47-48) 

n= 5307 

34 (32-36) 

n=128 

52 (51-52) 

n=2151 

51 (50-52) 

n=549 

Disease 

duration (years) 

 7 (6-7) 

n=4918 

11 (9-13) 

n= 128 

4 (4—5) 

n=1039 

7 (7-8)  

n=491 

Female % 86 (85-87) 

n= 7149 

90 (88-90) 

n=560 

76 (75-77) 

n=4590 

91 (89-93) 

n=1168 

Diffuse SSc % 35 (34-36) 

n= 7077 

26 (22-26) 

n=385 

39 (38-40) 

n= 5199 

32 (29-35) 

n=918 

Limited SSc % 61 (59-62) 

n=7077 

33 (28-33) 

n=385 

53 (52-55) 

n=5199 

72 (69-74) 

n=1035 

Values in brackets (X) are 95% confidence intervals  

 

1.2.2 Gender differences 

The majority of patients with SSc are female. Coral-Alvarado et al’s (2009) systematic 

review collated the results of data from over 6000 patients and demonstrated a lower 

female prevalence of SSc in North America – that is, 76% compared with 86-91% in 

Europe, Asia and Latin America. Although it is surmised that sex hormones play a 

modifying influence on the disease, there is no widely accepted biological explanation 

for the marked female predominance in SSc. 
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1.2.3 Race 

Several international studies have suggested that ethnic and racial differences influence 

the occurrence of the disease, the diversity of subsets and the degree of organ 

involvement. For example, SSc is generally observed more often in black females with 

a peak incidence between 45 and 64 years of age, and several studies have suggested 

that Afro-American subjects have more severe disease than Caucasian subjects (Laing 

and Siddique, 1997; McNearney et al, 2007; Reveille et al, 2001; Villalba et al, 2007). 

Arnett et al’s (1996) seminal epidemiological study of full-blooded Choctaw Indians, 

Oklahoma, showed the highest reported prevalence in any race, equivalent to 4690 cases 

per million. The overall prevalence in the tribe, which included full-blooded as well as 

half-blooded Choctaw Indians, was 660 per million. This was in stark contrast to a 

generalised Caucasian prevalence of 2.1-25.3 per million. 

 

Table 1.2 Prevalence of SSc reported from epidemiology studies  

Country/ region Prevalence rate  

(cases per million) 

Study 

 

Japan 38-53 Alamanos et al (2005) 

Northern Europe 711- 882 1 Geirsson et al (1994) 

2 Hudson et al (2008) 

England 150 Silman and Symmons 

(1990) 

Mainland Europe 1541- 2772 1 Allcock et al (2004) 

2 Arias-Nunez et al  (2008) 

South Australia 233  Roberts-Thomson et al 

(2008) 

United States 242 Mayes et al (2003) 

Canada 443 Bernatsky et al  (2009) 
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1.2.4 Clusters/ Geographic Variations 

Over two decades ago, Silman and Symmons (1990) demonstrated a statistically 

significant cluster of patients with SSc in areas to the South and West of London. 

Additionally, a higher prevalence of SSc, as previously highlighted, has been observed 

in some regions of the World, most notably in Choctaw Native Americans in South East 

Oklahoma (Arnett et al, 1996) and in a small rural area of Rome (Valesini et al, 1993). 

In all of these regions, no particular environmental factors to account for the higher 

prevalence could be identified. This contrasts with the more recently described South 

Australian cohort where Englert et al’s (2005) case control study identified a tenfold 

increase on predicted prevalence, albeit in a small rural population, and postulated a link 

to exposure to silica dust. These cluster analyses were of interest as they appeared to 

identify populations with higher prevalence of SSc even though it remained unclear 

whether these clusters were based on intrinsic or extrinsic factors, or indeed interaction 

between both.  

 

Table 1.3 Clusters of higher prevalence of SSc 

Country/Region Prevalence rate 

(cases per million) 

Study 

 

Western Australia 610 Englert et al (2005) 

Rome, Italy n/a 5 cases in village of 572 Valesini et al (1993) 

Oklahoma, USA 4690 (full-blooded Choctaw) 

660 (All Choctaws) 

95 (Native Americans, Oklahoma) 

Arnett et al (1996) 

 

 

More recently, evidence of a genetic predisposition to SSc has been suggested by case 

reports of familial SSc, animal models and disease-associated studies where a wide 



7 

 

variety of genes, including those involved in fibrosis, vascular function and structure 

and autoimmunity, have been examined. However, it is salient that Walker et al’s 

(2009) EULAR Scleroderma Trials and Research group (EUSTAR) analysis showed 

large local variability in presentation and characteristics of SSc in a European 

population and precluded the identification of genetic or environmental factors. 

 

1.3 Aetiology 

Although ongoing studies of the pathogenesis of SSc have yielded improved 

understanding of the complex cellular interactions that occur, the precise events that 

underlie the development of this heterogeneous connective tissue disease (CTD) disease 

remain unclear (Abraham et al, 2009). 

 

Crucial to the development of SSc is insult to the epithelium. The epithelium is found 

throughout the body; it forms the outer layer of the skin as well as the lining the internal 

organs and body cavities. It has a variety of functions, including, protection, absorption, 

sensation, secretion, transcellular transport and selective permeability. Following injury 

to tissues, the epithelium plays a crucial role in repairing and resurfacing the wound; in 

SSc, this activity of repair and resurfacing is severely dysregulated. 

 

Studies of lesional skin in SSc indicate that there is a common sequence of pathogenic 

events. This sequence starts with microvascular change, including endothelial cell 

activation/ damage. This is followed by inflammation and immune cell activation, with 

a perivascular infiltration of inflammatory cells initially from the innate immune system 

and including cells of monocyte/ macrophage lineage. Later, there is evidence of 
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involvement of the adaptive immune system, with lymphocytic infiltration being noted 

and T-cells bearing markers of activation (Denton, 2007).  

 

Impaired communication between endothelial cells, epithelial cells and fibroblasts, 

lymphocyte activation, autoantibody production, inflammation and connective tissue 

fibrosis leads to pathological events that may trigger SSc development. These events 

result in replacement of the normal tissue architecture, by components of the extra 

cellular matrix, and can lead to organ failure, be that in the skin, lungs or kidneys.  

 

Studies have also identified B-cell genetic signature as a hallmark feature of SSc skin. 

As the disease progresses, there is evidence of a pro-fibrotic fibroblastic cell population 

becoming established within the skin. This leads to increased extracellular matrix 

deposition. Early studies showed that these pro-fibrotic cells are initially located around 

blood vessels but that later they are more generally distributed. As the disease becomes 

well established, lesional skin becomes relatively avascular and after 12 to 18 months 

there is often little evidence of ongoing inflammation. This suggests that there are 

probably distinct phases, at least in the skin, when the component processes of SSc 

might be amenable to therapeutic modulation (Denton, 2007). 

 

There is evidence that epithelial to mesenchymal trans-differentiation (EMT) occurs 

(Willis et al, 2006). For example, both TGF-β and ET-1 are known to encourage pro-

fibrotic activity (Denton, 2007; Gabreilli et al, 2012; Shi Wen et al, 2001). Indeed, in 

the murine model of lung fibrosis, the fibrosis is preceded by epithelial injury 

suggesting that the epithelium may play an important role in the pathogenesis of SSc 

(Abraham et al, 2009). 
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Vascular remodelling is also dysregulated in SSc and vasculopathy occurs, resulting 

from a disrupted or inappropriate repair process following endothelial cell insult or 

injury. Vasculopathy involves all layers of the blood vessel wall and is characterised by 

fibrosis of the intima of the vessel. This causes vessels to lose their elasticity, become 

narrower and can lead to occlusion of the small vessels or facilitate the formation of in 

situ thrombosis. Dependent on the organ involved this can lead to complications, such 

as, digital ulcers, pulmonary hypertension or scleroderma renal crisis (SRC). In all these 

complications, there is characteristic overgrowth of the epithelium and scar tissue 

becomes evident in the blood vessels. 

 

In conclusion, it is likely that there are different pathogenic processes occurring in the 

different disease subsets of SSc which may explain the heterogeneity of the clinical 

presentation of SSc from a fibrotic model to a predominately vascular model and indeed 

the overlap of both.  

 

1.3.1 Angiogenesis in SSc 

Breakdown and repair of endothelial cells is a normal process where angiogenesis 

occurs due to capillary breakdown and the resultant tissue hypoxia. To prevent over 

expression of angiogenic processes there is a ‘stop switch’ where angiostatic factors are 

expressed. In SSc, this finely balanced process between angiogenic and angiostatic 

factors is severely dysregulated. A number of angiogenic factors including PDGF, 

VEGF, ET-1, TGF-β, MCP-1 and urokinase type plasminogen activator receptors are 

upregulated in SSc, without the corresponding increase in angiogenic response required 

in ischaemic tissues. It is possible that angiogenic factors such as VEGF are having 

deleterious effects as there may be an uncontrolled chronic over expression which 
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prevents the promotion of new vessels being formed. An alternative explanation is that 

angiostatic factors such as angiostatin and endostatin are produced in such high 

concentrations that they overwhelm the angiogenic factors (see Figure 1.1).  

 

1.3.2 Possible triggers for SSc 

The identity of the initial trigger underlying the aetiology of vasculopathy in SSc has 

not been identified. It is hypothesised that autoantibodies showing cross reactivity 

between cytomegalovirus (CMV) and specific surface molecules of endothelial cells 

induces apoptosis. This is unlikely to be the sole trigger as CMV is widespread in the 

normal population and SSc is a rare disease. Other possible causes include anti-

endothelial cell antibodies that can activate endothelial cells, causing them to produce 

adhesion molecules such as IL-1 and TNFα. Oxidative stress and the presence of 

reactive oxygen species (ROS) have been suggested as early mediators in the vascular 

pathogenesis of SSc (Abraham  et al, 2009). Since then it has been demonstrated that 

TGF-β increases ROS production in non-phagocytic cells and in various cell 

compartments (Gabrielli et al, 2012). Whatever causes the early breakdown in the repair 

process in the endothelium, the consequences are that ongoing endothelial cell damage 

leads to apoptosis. If these cells are not replaced, capillary breakdown occurs and there 

is an inevitable appearance of vasculopathy.  
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Figure 1.1 Cellular interactions in pathogenesis of SSc  
The multiple cell types implicated in pathogenesis of SSc are illustrated.  bFGF, basic fibroblast growth 

factor; CTGF, connective tissue growth factor; EC, endothelial cell; ECM, extracellular matrix; ET, 

endothelin; IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant protein; PDGF, platelet-

derived growth factor; SMA, smooth muscle actin; SSc, systemic sclerosis; TGF, transforming growth 

factor; TH, T-helper (cell); Treg, regulatory T (cell); VEGF, vascular endothelial growth factor. 

Reproduced with permission from Denton et al (2006).  

 

 

1.3.3 Pollutants and environmental triggers 

Over a century ago, Bramwell described an increased frequency of diffuse SSc in 

Scottish male stonemasons, postulating environmental triggers had a role in the 

development of SSc. There have been a number of case reports since then suggesting 

that silica exposure (Englert et al, 2005; Koeger et al, 1995; Schmidt et al, 1990) may 

contribute to an increased risk of development of SSc.  McCormic et al’s (2010) meta-

analysis examined three cohort studies, nine case control studies and four studies of 

other design; they demonstrated an association with silica exposure in the development 

of SSc in males only with an odds ratio (OR) of 3.2. When the three cohort studies were 
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examined together this OR conferred a 15 times greater risk of development of SSc than 

no exposure to silica. 

 

Exposure to solvents has also been examined in a number of studies and a positive 

association with SSc has been noted in Garabrant et al’s (2003) case control study 

where 660 females and 2277 matched controls were interviewed. Paint thinners and 

removers were significantly associated with SSc both by self-report (OR 1.9) and expert 

review (OR 2.0). Trichloroethylene exposure conferred an OR 2.0 by self-report and 

OR 1.9 by expert review; exposure to gasoline and mineral solvents did not show a 

positive correlation. Similar results for exposure to trichloroethylene were noted in 

studies by Nietert et al (1999) and Diot et al (2002). 

 

 Cooper et al’s (2009) meta-analysis, which combined the results of these three papers, 

computed a risk estimate of 2.5 (95% CI 1.1- 5.4) for men and 1.2 for women (CI 0.6 – 

2.6) when exposed to occupational trichloroethylene. Another study found a 2.5-fold 

higher risk of SSc associated with any combination of vinyl chloride, epoxy resins, or 

formaldehyde (OR 2.5; 95% CI 0.8–8.0) that was statistically significant among men 

(Bovenzi et al, 2004). Other studies found associations between SSc and synthetic 

adhesives (Maitre et al, 2004) and exposure to welding fumes were also noted by Diot 

et al (2002).  

 

1.4 Classification 

Classification of SSc is essentially based on the extent of skin thickening. Patients with 

limited cutaneous SSc (lcSSc) have a composite of Raynaud’s Phenomenon (RP) 

(vasospasm of the extremities associated typically with a tri-phasic colour change after 
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exposure to the cold or stress), calcinosis (calcium deposits in the skin), telangiectasia 

(small dilated blood vessels near surface of the skin) and skin sclerosis of the face and 

distal extremities only. This was previously described as CREST syndrome: CREST is 

a synonym for lcSSc – Calcinosis; Raynaud’s phenomenon; Oesophageal involvement; 

Sclerodactyly; Telangiectasia (Velayos et al, 1979). Those with diffuse cutaneous SSc 

(dcSSc) have, in addition to the features of lcSSc, cutaneous involvement of the trunk, 

abdomen and proximal extremities; they are also more prone to internal organ 

involvement, such as renal and lung fibrosis.   

 

Diffuse SSc is much more of an inflammatory disease than lcSSc.  In dcSSc, 

widespread inflammation is seen in the skin and musculoskeletal system and there is 

increased oedema suggestive of deranged endothelial variability. After this initial 

inflammatory response, extensive fibrotic changes are evident and are often followed by 

atrophy in the latter stages of the disease. There is generally a much slower onset and 

progression with lSSc, and vascular presentation of the disease is more evident, 

including, earlier onset of Raynaud’s symptoms, increased risk of pulmonary artery 

hypertension, digital ulceration and SRC. In lcSSc, evidence of fibrosis typically 

presents as sclerosis of the skin in the extremities and face, within the GIT and there is 

almost inevitably gastro-oesophageal reflux and fibrosis of the oesophagus causing 

oesophageal stricture (Denton 2007). 

 

It should be noted that the American Rheumatism Association (ARA, 1980) criteria for 

the classification of systemic sclerosis were formulated to aid the distinction between 

SSc patients and patients with another CTD (see Table 1.4). Although the ARA criteria 

are widely used within current clinical practice, these criteria were not actually 
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originally intended for use beyond differential diagnosis. In addition, the ARA criteria 

do not aid in the distinction of disease heterogeneity (ARA, 1980).  

 

Table 1.4 Preliminary criteria for the classification of SSc (ARA, 1980) 

Major Criterion Proximal cutaneous sclerosis  

 Tightness, thickening and non-pitting induration of 

the skin proximal to the metacarpophalangeal or 

metatarsophalangeal joints, affecting other parts of 

the extremities, face, neck or trunk 

 Usually bilateral, symmetrical and almost always 

including sclerodactyly 

Minor Criteria  Sclerodactyly 

 Digital pitting of fingertips or loss of substance of 

distal finger pad 

 Bibasal pulmonary fibrosis (in absence of proximal 

scleroderma) 

One major criterion, or two or more minor criteria, has 97% sensitivity and 98% 

specificity for definite diagnosis of SSc 

 

 

A more practical classification to differentiate between diffuse (dcSSc) and limited 

cutaneous systemic sclerosis (lcSSc) was subsequently published by LeRoy et al (1988) 

(see Table 1.5). 

 

By 2001, Le Roy and Medsger had recognised the limitations of their original 

classification and proposed criteria to distinguish an additional early or limited subset of 

SSc (lSSc) to supplement the recognised lcSSc and dcSSc phenotypes (See Table 1.6). 

It is thought that lSSc may correspond to an early stage of SSc, although if a patient has 

no cutaneous involvement after 5 years but has other organ involvement, they can be 

considered to have SSc sine scleroderma; they may never go on to develop skin 

thickening (Hachulla and Launay, 2011). 
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Table 1.5 Criteria for classification of diffuse and limited cutaneous SSc (Ley 

Roy et al, 1988) 

Diffuse cutaneous SSc (dcSSc) Limited cutaneous SSc (lcSSc) 

 Onset of Raynaud’s within 1 year 

of onset of skin changes (puffy or 

hidebound) 

 Truncal and acral skin 

involvement 

 Presence of tendon friction rubs 

 Early and significant incidence of 

interstitial lung disease, oliguric 

renal failure, diffuse 

gastrointestinal disease and 

myocardial involvement 

 Absence of ACA 

 Nail fold capillary dilatation and 

capillary destruction 

 Antitoposomerase (Scl-70) 

antibodies (30% of patients) 

 Raynaud’s Phenomenon for years 

(occasionally decades) 

 Skin involvement limited to 

hands, face, feet and forearms 

(acral) or absent 

 A significant late incidence of 

pulmonary hypertension, +/- 

interstitial lung disease, trigeminal 

neuralgia, skin calcification, and 

telangiectasia 

 A high incidence of anti-

centromere antibody (ACA) (70-

80%) 

 Dilated nail fold capillary loops, 

usually without capillary dropout 

 

 

Table 1.6 Criteria for classification of limited SSc (Roy et al, 2001) 

Limited SSc (lSSc) Limited cutaneous SSc (lcSSc) 

Raynaud’s Phenomenon, objectively 

documented by: 

 Direct observation of any two of 

 Pallor (well demarcated whitening 

of acral skin) 

 Cyanosis (dusky blueness which 

disappears on rewarming) 

 Suffusion (well-demarcated 

redness) 

Direct measure of response to cold by:  

 Objective evidence of delayed 

recovery after cold challenge 

 Neilsen Test or equivalent 

 Abnormal widefield nail fold 

capillaroscopy (consisting of 

dilation and/or avascular areas) 

 SSc selective autoantibodies 

(anticentromere, antipoisomerase 

I, antifibrallarin, anti-PM- Scl, 

anti- fibrillin, or anti RNA 

polymerase I or III in titre of 

1:100 or greater) 

Criteria for lSSc plus: 

 Cutaneous involvement distal to 

elbows, knees, and clavicles. 

 Absence of skin tightness to arms, 

chest, abdomen, back or thighs- 

which define dcSSc.  

 

May overlap with other diseases. 

 

CREST is a synonym for lcSSc 

Calcinosis, 

Raynaud’s Phenomenon 

Oesophageal involvement 

Sclerodactyly 

Telangiectasia 



16 

 

1.5 Clinical presentation  

 

1.5.1 Raynaud’s disease 

Raynaud’s disease is almost universal in SSc and normally presents as a tri-phasic 

colour change in the peripheries (usually fingers or toes) triggered by changes in 

temperature or stress. These triggers cause arterioles to go into spasm and the digital 

arteries collapse, leading to pallor as blood stops flowing to that area. This is followed 

by cyanosis where the extremity is not getting oxygen rich blood and finally when the 

extremity begins to warm up, a characteristic rubor occurs as the arterioles dilate and 

blood rushes back into the extremities. Raynaud’s disease can be painful and cause 

transient numbness of the area affected. 

 

 

 

 

 Figure 1.2 Raynaud’s Phenomenon  
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1.5.2 Scleroderma 

Most patients will have varying degrees of skin sclerosis (scleroderma; referred to as 

sclerodactyly if noted on the fingers). Usually this presents in the fingers, hand and 

face; early in the disease, soft tissue swelling (eg. puffiness of finger and/or the face) 

may precede sclerosis. RP usually precedes skin involvement, and this can be by 

anything from several weeks to several years. 

 

As skin involvement is often the hallmark feature of SSc due to the presence of skin 

fibrosis, early assessment to help determine the classification into one or other of the 

two major subsets is necessary – lcSSc (characterised by skin distal to the elbows and 

knees being affected) or dcSSc (characterised by skin thickening in the distal areas but 

also progression and spread to the proximal areas). The importance of physical 

examination findings can be seen in the ACR (formerly ARA) criteria for diagnosis (see 

Table 1.4).  

  
 

Figure 1.3                  Figure 1.4 

Scleroderma on hand and      Sclerodacytly (early puffy fingers) 

infected nail bed  

 

During the early phases of the disease, patients with dSSc develop worsening of their 

skin thickness over the first one to three years from onset. After one to three years of 
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progressive skin thickening the skin tends to soften irrespective of treatment (Shand et 

al, 2007). Thus accurate measurement and recording of the extent of skin thickening is 

essential to track and monitor deterioration or improvement (see Figures 1.3 and 1.4).   

 

 

1.5.3 Calcinosis 

Calcinosis occurs in between 20-35% of cases of SSc (Coral-Alvarado et al, 2009) and 

presents as white subcutaneous deposits of the salt, calcium hydroxyapatite. These can 

be painful, occurring usually over joints and can be prone to infection leading to digital 

ulceration (see Figures 1.5 and 1.6).   

 

  

Figure 1.5 X-ray showing        Figure 1.6 Infected calcification on thumb  

subcutaneous calcification of hand 
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1.5.4 Telangiectasia 

Telangiectasia are common in SSc, with 49-67% of patients with SSc presenting with 

these distinctive ‘spider like veins’ (see Figure 1.7). The blood vessels are permanently 

dilated and often appear on the face or hands, more commonly in women.  

 

 

Figure 1.7 Telangiectasia on fingers of SSc patient 
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1.5.5 Gastrointestinal tract symptoms 

GIT involvement is very common, occurring in approximately 90% of SSc cases and 

has a major impact on quality of life. Gastro-oesophageal problems are the most 

frequent experienced by SSc patients, with gastro oesophageal reflux disease (GORD) 

being almost universal. Severe involvement of the small intestine usually only occurs in 

patients with established SSc and may lead, at its most severe, to pseudo–obstruction 

due to ileus with small dilated hoops of bowel. In addition, small bowel bacterial 

overgrowth can occur due to poor peristalsis in the GIT, presenting as bloating/ 

abdominal distension, recurrent diarrhoea and weight loss. 

 

1.5.6 Dyspnoea 

The most common initial symptoms of interstitial lung disease (ILD) in SSc are 

shortness of breath, especially on exertion, accompanied by a dry cough. On physical 

examination, bilateral inspiratory crackles at the lung bases are the most frequent 

finding and are indicative of early ILD. ILD can develop slowly and generally leads on 

to irreversible pulmonary fibrosis. 

 

Patients with pulmonary artery hypertension (PAH) may also have symptoms that 

include shortness of breath on exertion, and infrequently chest pain or syncope. PAH 

may, however, remain asymptomatic until disease progression is quite advanced.  

 

1.5.7 Conduction defects and arrhythmias 

Abnormal electrocardiograms (ECGs) with bundle branch and fascicular block are seen 

in 25-75% of patients with SSc and are independent predictors of mortality (Janosik et 

al, 1989). Additionally both atrial and ventricular arrhythmias are relatively common, 
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being seen in 20-30% of asymptomatic SSc. These conduction defects and arrhythmias 

may increase the risk of sudden cardiac death in this population (Seferovic et al, 2006). 

Myocardial fibrosis, potentiated by the SSc process, gives an increased risk of 

developing these potentially deadly arrhythmias and will undoubtedly contribute to the 

conduction defects associated with SSc.  

 

1.6 Diagnosis  

Diagnosis of systemic sclerosis is made mainly on a careful clinical history, physical 

examination, and laboratory, imaging and organ screening findings. Early diagnosis and 

accurate baseline measurements of organ function allows an assessment of the extent 

and pattern of disease and helps determine the likelihood of progression, risk of severe 

life threatening complications and need for therapeutic intervention. Furthermore, due to 

the diverse nature of the complications of the disease, SSc morbidity makes systematic 

assessment and long term follow up essential to good clinical management of the 

disease.  

 

1.6.1 Clinical history and physical examination 

Determining the duration of the disease is important, so a careful assessment and note of 

the first presentation of non-Raynaud’s disease signs and symptoms (ie. scleroderma, 

joint pain and swelling, oesophageal reflux disease and appearance of digital ulcers) is 

essential to aid diagnosis and to ensure that a patient that may have been referred with 

Raynaud’s is thoroughly assessed.  Additionally the presence of tendon friction rubs 

(TFRs) (a ‘leathery crepitus’ on palpation of knees, wrists, fingers and ankles during 

motion) is a significant predictor for developing diffuse SSc and should be noted on 

examination (Steen and Medsger, 1997). 
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Other features can include the presence of calcinosis (usually in fingers and/or pressure 

points) and/or telangiectasia. The diagnosis is supported by the presence of other 

features of sclerosis of connective tissue, such as gastrointestinal involvement with 

oesophageal dysmotility (which features in 80-90% of cases) or bacterial overgrowth 

causing malabsorption (resulting in bloating/ abdominal distention, diarrhoea, weight 

loss or inability to put weight on).  

 

1.6.2 Nail fold capilloroscopy 

The presence of nail fold abnormalities under capillaroscopy is a recognised early sign 

of SSc, and improves the sensitivity of the 1980 ARA criteria (see Table 1.4) from 

33.4% to 91.5% (Lonzetti et al, 2001) which supports the use of the criteria used for 

diagnosis noted in Tables 1.5 and 1.6.  

 

Figure 1.8 Nail fold capilloroscopy on fingers of SSc patient 

 

1.6.3 Antibody testing 

The presence of characteristic autoantibodies also can help the diagnosis of SSc.  Anti-

nuclear antibodies (ANA) are present in up to 90% of SSc patients (Meyer et al, 2007), 

with a nucleolar staining pattern also frequently observed (Reveille et al, 2003). Anti-
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centromere antibodies (ACA) are found in 20-30% of patients with SSc, and are rarely 

seen in healthy patients or in other CTDs (Ho and Reveille 2003). Anti-scleroderma-70 

antibodies (Anti Scl-70), also known as anti-topoisomerase 1, are found in 15-20% of 

patients with SSc, and virtually never found in healthy controls, or those with primary 

Raynaud’s disease or other CTDs (Clegg et al, 1991; Kallenberg et al, 1988; Spencer-

Green et al, 1997). 

 

Presence of ACA or Anti Scl-70 antibodies in patients evaluated for Raynaud’s disease 

confers an increased risk of future development of SSc (Kallenberg et al, 1988) and, 

thus, if found on evaluation of a patient, without other immediate clinical features 

supporting a diagnosis of SSc, may warrant further review of that patient in the future. 

Autoantibody testing demonstrates anti-centromere antibodies predominantly in lSSc 

whilst Anti Scl-70 is found predominantly in dSSc. 

 

1.6.4 Overlap syndrome 

Approximately 10% of SSc patients will have overlap with other connectives diseases, 

such as rheumatoid arthritis (RA), systemic lupus erythematosus or polymyositis 

(Hunzelmann et al  2008).   

 

1.6.5 Mixed connective tissue diseases 

Mixed connective tissue diseases (MCTDs) may mimic the clinical presentation of SSc, 

with RP, arthralgia, swollen hands, swollen puffy fingers and muscle weakness 

appearing in 90% of these patients.  Unlike those with SSc, MCTDs patients can 

develop PAH, glomerulonephritis, vasculitis, GI bleeding, and severe central nervous 

system involvement (Ortega-Hernandez and Shoenfeld, 2012). Anti U1-RNP antibodies 
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are a hallmark of MCTD and their presence, in conjunction to assessment using the 

Alarcon-Segovia et al (1987) criteria for diagnosis of MCTD, had 100% sensitivity and 

99.6% specificity for diagnosis.  Interestingly, the same researchers carried out a 10-

year follow up of the original cohort and found that 17.3% evolved into SSc cases 

(Cappelli et al, 2011). This highlights again the heterogeneity of SSc and the other 

CTDs.   

 

1.7 Systematic organ screening 

 

1.7.1 Skin assessment 

A diagnosis of SSc is usually suggested by the presence of skin thickening and 

hardening (sclerosis) of the skin, usually in the fingers. Skin biopsies are rarely required 

to confirm diagnosis but can be used to differentiate SSc from other syndromes such as 

scleredema, scleromyxedema, or eosinophilic fasciitis.  

 

The skin thickening is measured systematically in SSc by using a skin score; almost 

always the modified Rodnan skin score (mRSS) (Furst et al, 1998).  It assesses the skin 

thickness in 17 body surface areas (face, chest, abdomen, plus left and right sided 

fingers, hands, forearms, upper arms, both thighs, lower legs and feet). Each area is 

assessed for thickness on a 0-3 scale; 0 = normal, 1 = mild but definite thickening, 2 = 

moderate skin thickening, and 3= severe skin thickening. The sum of measurements 

from all 17 body areas is then calculated, giving a possible range of 0-51. A score of 

>20 is associated with a poor overall prognosis. The mRSS was validated against wet 

and dry skin biopsies in 141 SSc patients who were entering a clinical trial; the mRSS 

correlated well with the underlying pathology of the SSc skin (Furst et al, 1998).   



25 

 

Current practice is that mRSS assessment is undertaken at each clinic visit for patients 

with SSc, giving an indication of progression or indeed improvement in the extent of 

skin fibrosis. The reason for this concentrated effort to accurately categorise the skin 

involvement is that it is often a predictor of development of internal organ involvement 

and progression. It is essential that early diagnosis of internal organ involvement is 

made in order to instigate appropriate therapies.  

 

1.7.2. Renal assessment 

Renal involvement can be seen manifesting in SSc most commonly in the form of SRC, 

but also as chronic kidney disease and inflammatory renal pathology. SRC is by far the 

most critical renal complication in SSc and occurs in 10-15% of patients with dSSc and 

less so (1-2%) in lSSc (Penn et al, 2007). The typical features of SRC are new onset of 

systemic hypertension (>150/85mmHg) and decreased renal function (>30% reduction 

in estimated glomerular filtration rate (eGFR)). As eGFR measurements are often not 

reported on lab reports if they are greater than 60ml/min, then the gold standard test 

used in SSc is nuclear GFR measurements which give a more accurate indication of the 

extent of renal activity. An estimated 66% of SRC develop within a year of diagnosis of 

SSc (Penn et al, 2007).  

 

SRC has been linked to high dose corticosteroid use (eg. prednisolone or equivalent at 

>15mg/day) (Teixeira et al, 2008) but even low dose corticosteroids have been 

associated with SRC (De Marco et al, 2002). Therefore extreme caution must be used 

when prescribing corticosteroids in dSSc.  

 



26 

 

Testing for anti RNA polymerase antibodies I and III can be recommended for the risk 

stratification of those SSc patients at risk of developing SRC as 59% of SRC patients in 

one cohort were positive for these antibodies (Bunn et al, 1998). This is the single 

strongest clinical association of any scleroderma specific auto antibody (Khanna and 

Denton, 2010).  

 

Routine urinalysis should also be undertaken at clinic to look for the presence of 

proteinuria or haematuria both of which may indicate renal damage. If either sign is 

present, microscopy to examine for granular casts may be indicated and assessment via 

microbiology for evidence of treatable urinary infection is warranted.  

 

1.7.3 Pulmonary assessment 

PAH and ILD are now the primary causes of late stage morbidity and death among 

patients with SSc (Steen and Medsger, 2007). As lung fibrosis is irreversible, early 

diagnosis is essential. Investigation and assessment of ILD in SSc focuses on early 

detection, assessment of severity and determination of progression. This is best 

performed by regular pulmonary function tests (PFTs). A forced vital capacity (FVC) of 

75% predicted has been noted in 40% of patients with SSc (Highland and Silver, 2005). 

The single breath diffusion capacity (DLCO) is abnormal in over 70% of patients with 

dSSc, including asymptomatic patients with no complaints and unremarkable chest x-

rays (Wells et al, 1997). A reduction in DLCO is the earliest detected abnormality in 

SSc patients who go on to develop ILD. A combination of normal lung volumes but 

reduced gas transfer, with normal chest imaging, is suggestive of pulmonary vascular 

disease (Robertson et al, 2005). 
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PFTs with DLCO should be performed at baseline diagnosis and every 3-6 months 

during the first 4 years of onset of disease irrespective of limited or diffuse SSc, whilst 

high resolution computed tomography (HRCT) imaging of the lungs is useful to 

characterise fibrosis (Khanna et al, 2010), ground glass opacity in lungs (Goldin et al, 

2008) and is the gold standard test for detection of early lung fibrosis (Au et al, 2009). 

 

1.7.4 Cardiac assessment 

  

1.7.4.1 Pulmonary hypertension 

PAH can occur in both limited and diffuse forms of SSc. It is defined as an elevation in 

the mean pulmonary artery pressure to >25mmHg at rest with normal pulmonary 

capillary wedge pressure (PCWP) on right heart catheterisation. SSc associated PAH is 

a consequence of fibrosis in the pulmonary vasculature and has a prevalence of 10-15%; 

it typically appears a number of years after diagnosis but can be associated with early 

SSc (Hachulla et al, 2009). 

 

PAH is usually discovered through regular echocardiographic Doppler monitoring, 

along with PFTs and ECG examination. Confirmation of diagnosis is through right heart 

catheterisation which is necessary to confirm pulmonary venous hypertension, and to 

precisely determine pulmonary vascular resistance, cardiac output and pulmonary artery 

pressure. Chest x-ray and ECG by themselves are inadequate screening tools for PAH. 

Doppler echocardiography is employed as it can help identify the differential diagnosis 

of pulmonary hypertension, identifying elevated pulmonary pressures due to systolic 

and to a lesser extent diastolic left ventricular dysfunction. It can detect right ventricular 

overload and estimate pulmonary pressure. A calculation can be made of the right 
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ventricular systolic pressure, cardiac output, and mean pulmonary pressure by 

pulmonary velocity (Vachery and Coghlan, 2009). Echocardiography has an estimated 

sensitivity of 0.79-1.00 and a specificity of 0.6-0.98 for detection of pulmonary 

hypertension (Barst et al, 2004). 

 

In SSc, screening for PAH is necessary as it is a life threatening complication that can 

lead to right heart failure which, in turn, carries a significant morbidity burden. Early 

detection can lead to prompt effective treatment. Survival with PAH is poor with an 

estimated median survival of 2.8 years for idiopathic PAH (D’alonzo et al, 1991) and 

significantly worse prognosis for PAH associated with SSc (Kawut et al, 2003) with a  

reported  3 year survival of only 47% -52% (Condliffe et al, 2009; Lefevere et al, 2013). 

 

There is a strong correlation between peak pulmonary artery pressure, estimated by 

Doppler echocardiography, and direct measurements at right heart catheterisation with 

the exception of when pulmonary artery pressures are in the 30-50mmHg range 

(Mukerjee et al, 2003). It is for this reason that regular screening with echocardiogram 

for PAH is essential in SSc, but it is known that this can be associated with false 

negatives in early PAH and false positives in pulmonary fibrosis. An isolated decline in 

DLCO <55% and/or a FVC/DLCO ratio of >1.4-1.6 is a specific predictor of PAH 

(Khanna et al, 2010). 

 

To ensure early intervention in patients with SSc who have undiagnosed PAH it is 

necessary to screen annually for evidence of PAH. There are good arguments for not 

just screening symptomatic patients, as evidence for treatments in screening 

programmes shows there are benefits to identifying mildly symptomatic, New York 
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Heart Association (NYHA) functional class II patients, who may still have good 

exercise tolerance and therefore identify and treat them before they deteriorate further 

(Vachery and Coghlan, 2009). 

 

1.7.4.2 Assessing conduction defects and arrhythmias  

In view of the high rate of conduction defects and arrhythmias seen in SSc patients (as 

outlined in section 1.5.7), it is good practice to carry out a 12-lead ECG, with rhythm 

strip, on newly diagnosed SSc patients to examine for these abnormalities, which are 

often asymptomatic. Furthermore, an ECG should routinely be performed as part of the 

annual screening of all SSc patients. Following ECG, an analysis of the rate, rhythm, 

PR interval, QRS morphology and QT interval should be undertaken to examine for 

arrhythmias, or presence of heart block. Ambulatory ECG monitoring for 24-48 hours is 

indicated if the patient reports episodes of syncope, dizziness, atypical chest pain or 

palpitations, in order to test for intermittent arrhythmias or heart block. Particular 

attention should be paid to patients with sustained episodes of VT as this can be a poor 

prognostic indicator for increased risk of sudden cardiac death.  

 

1.7.5 Gastrointestinal tract assessment 

Assessment of GIT involvement in SSc involves history-taking to identify if the patient 

has evidence of gastric reflux, swallowing difficulties or heartburn. Breath testing for 

Helicobacter pylori may be indicated, and gastroscopy or barium swallow can confirm 

presence of GORD.  

 

Lower GIT symptoms may also involve bacterial overgrowth presenting as bloating/ 

abdominal distension and/or severe diarrhoea.  Constipation or pseudo-obstruction may 
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also indicate lack of peristalsis and subsequent fibrosis of the bowel wall. Confirmation 

of presumed diagnosis is made by endoscopy or by a breath test for hydrogen to 

determine if there is small bowel bacterial overgrowth. Some patients may also 

experience faecal incontinence due to loss of anal tone. This may not be reported 

voluntarily by patients but should be prompted for discussion at their initial assessment.  

 

 

1.8 Microvascular disease in SSc 

 

Microvascular disease, and the almost universal appearance of Raynaud’s disease in 

patients with SSc, together with structural vasculopathy, can result in ulceration and 

critical digital ischemia. Structural vascular damage occurs in many vascular beds and 

contributes to pulmonary, renal, cardiac and gastrointestinal complications (Guiducci et 

al, 2007).  

 

The QUINS trial (Gliddon et al, 2007) examined the use of Quinapril, a long acting 

ACEi, as a means of reducing the occurrence of vascular complications in lSSc patients. 

Despite following up a group of 210 patients for 2-3 years, the researchers did not 

publish any data on effect of Quinapril on disease progression or mortality. In fact, this 

study showed no demonstrable benefit from the treatment and was insufficiently 

powered to take full advantage of mortality or disease progression data. 

 

1.9 Macrovascular disease in SSc 

Cardiac disease is well recognised in SSc and 24 hour ambulatory ECG monitoring has 

demonstrated serious ventricular and supraventricular arrhythmias in 62% of SSc 

patients. Conduction defects can occur due to microvascular changes in the myocardium 

or fibrosis at the Bundle of His and there can be left ventricular hypertrophy (Henein et 
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al, 1995) with impaired right and left ventricular function (Armstrong et al, 1996). 

While some of this cardiac pathology is undoubtedly due to the involvement of the 

myocardium in the SSc process (Candell-Reira et al, 1996) it can be atherosclerotic in 

origin and is often asymptomatic until death (Guiducci et al, 2007). It has also been 

postulated that prolonged QTc is present in CTD patients and contributes to the 

increased risk of cardiac events (Lazzerini et al, 2004)
.  

 

Within our group, the Vascular and Inflammatory Diseases Research Unit, Institute of 

Cardiovascular Research, Dundee, demonstrated the novel finding of increased 

prevalence of generalised macrovascular disease in SSc of a type commonly associated 

with atherosclerosis. This work showed that 61% of SSc patients had carotid artery 

disease versus 33% of the matched control population
 

(Ho and Belch, 2000). 

Furthermore, 32% had signs of peripheral arterial disease (PAD) (Veale and Belch, 

1993) and this compared to an incidence of only 8% in the controls. Both these findings 

were highly statistically significant (p=0.01, p=0.004 respectively). This suggests that 

there is a large amount of previously unrecognised CV disease occurring in the SSc 

population and that this may contribute to their premature mortality. PAD itself, even in 

the absence of SSc, is associated with increased CV mortality.   

 

A retrospective study by a team in London of over 1000 SSc patients, followed up over 

a six year period, examined the numbers referred for coronary angiograms for 

investigation of chest pain or shortness of breath (Akram et al, 2006). Of the 172 

eligible patients investigated, they found that 22% had significant coronary artery 

disease (CAD), which is comparable to a normal age and sex matched population 

without SSc. However, the large number (116/172) referred for investigations of 
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shortness of breath would suggest that the ‘gold standard’ angiograms were done as part 

of a screening programme for investigations of pulmonary hypertension, a recognised 

complication of SSc, rather than as an investigation to establish if the patient had 

significant coronary artery disease (CAD) or for investigations of angina. This may 

have added patient selection bias to the study.  

 

Another retrospective review of patient’s records (N=26), at the same London site, set 

out to identify patterns of angiographic disease in SSc patients with, and without, other 

vascular risk factors. These patients had been referred for upper or lower limb 

angiogram and/or angioplasty for investigation of critical limb ischaemia or PAD. 

Eighty six percent of these patients had demonstrable distal macrovascular disease in 

their arms. In the legs, there was evidence of macrovascular disease suitable for 

angioplasty and this lower limb disease correlated well with other CV risk factors such 

as smoking (Dick et al, 2001).  

 

This increase in coronary artery disease and PAD cannot be explained in a basic profile 

of CV risk factors. Smoking status, cholesterol and triglyceride levels, glucose and 

thyroid status were all similar between SSc and a matched control group in the Dundee 

study (Ho and Belch, 2000), nor was there any difference in blood pressure (BP) 

measurements between the two groups. It seems, therefore, that SSc is associated with a 

high rate of CV mortality compared to unaffected individuals without any obvious 

increase in conventional CV risk factors (Bryan et al, 1996).  

 

More recently in Australia, Ngian et al (2012) measured the prevalence of coronary 

heart disease (CHD) and CV risk factors in a well-characterised cohort of 850 SSc 
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patients. Ngian et al found that the OR for coronary heart disease (CHD) in SSc was 1.9 

compared with the AusDiab survey participants - the AusDiab survey was tracking a 

general population cohort to examine the epidemiology of diabetes, CVD and obesity 

(Dunstan et al, 2002). This OR was broadly similar, when corrected for age and gender, 

to that of controls from another Australian National Health Survey (OR 2.0) (Dunstan et 

al, 2002). Although hypercholesterolaemia and diabetes were significantly less 

prevalent in the SSc cohort than the AusDiab cohort, these ORs increased for SSc (to 

3.2) when adjusted further for CVD (Ngian et al, 2012). This was the first report of a 

clinical CHD increase in SSc rather than surrogate markers or those patients undergoing 

clinically-indicated coronary angiography.  

 

These OR of 2.0 to 3.2 compare to OR of 1.5 to 2.0 times in other inflammatory 

rheumatological conditions, such as RA, which is roughly equivalent to that of patients 

with diabetes where the OR is 1.7 for CHD. However in RA it is now widely accepted 

that CV risk factor management is an important part of care for RA patients (Wolfe et 

al, 2003). 

 

1.10 Pharmacological management of SSc 

Management of SSc is complex and requires the identification of high risk patients, 

early diagnosis of internal organ involvement and commencement of appropriate 

therapies, either pharmacological or non-pharmacological. Non-pharmacological 

therapies, such as patient support groups, provision of dedicated specialist nurse 

services and evidence based support from health care professionals (in specialist, 

secondary and primary care) are important components in managing the morbidity 

associated with SSc. After all, SSc is a long term condition and those with SSc will 
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benefit from general advice about how to self-manage day-to-day skin care, prevent 

digital ulcers and minimise the effects of Raynaud’s disease symptoms. Further 

consideration of these non-pharmacological measures is, however, beyond the scope of 

this thesis.  

 

With the exception of a few standardised investigational tests, the management of SSc 

is primarily left to the discretion of the treating physician (Walker et al, 2012). Whilst 

there is a dearth of national guidelines to assist the physician in making decisions based 

on clear evidence of benefit of therapies in this condition, Khanna and Denton’s (2010) 

algorithm provides a useful guide. It is evident from this algorithm that there is no 

specific treatment solely for SSc (see Figure 1.9). 

 

Current therapies for scleroderma target the immune system, with the goal of reducing 

inflammation and secondary tissue injury and fibrosis. Therapies targeting underlying 

vascular disease are designed to improve the symptoms of Raynaud's disease and to 

reduce ischemic injury to involved organs.  Few controlled trials have been undertaken 

in relation to pharmacological therapies for scleroderma. In reality, current treatments 

are largely based on evidence related to organ-specific therapies and uncontrolled case 

series which have examined the potential to modify disease progression in SSc.  In 

recent years, there have been a number of negative trials in the SSc field. For example, 

the aforementioned QUINS trial was disappointing in that treatment with quinapril did 

not appear to reduce the development of digital ulceration (Gliddon et al, 2007; Henness 

and Wigley, 2007).  
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This next sections will focus on the pharmacological management of SSc, first 

exploring clinical trials of interest in relation to treatments for symptomatic relief, and 

then moving on to consider disease-modifying treatments. 

 

 

 

 

 

Figure 1.9 Algorithm for treatment of severe progressive SSc (from Khanna et 

al, 2010) 

 

 

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=2884006_nihms164541f2.jpg
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1.10.1 Symptomatic treatments 

 

1.10.1.1 Raynaud’s disease 

Two Cochrane reviews have been published on the use of calcium channel blockers 

(CCBs) for Primary Raynaud’s (Thompson and Pope, 2005) and RP in SSc (Thompson 

et al, 2001).  Despite the low evidence of efficacy, it remains standard clinical practice 

to prescribe this group of drugs for treatment of Raynaud’s attacks in SSc patients and 

use of CCBs as first line therapy for RP in SSc (Kowal-Bielecka et al, 2009). In clinical 

practice, Nifedipine modified-release is generally the first line of pharmacologic 

treatment for Raynaud’s disease, although Diltiazem or Amlodipine may also be 

prescribed.  

 

1.10.1.2 Skin therapies 

Symptomatic relief of the dryness and tethering of skin can be provided by frequent use 

of oil-based emollients, such as Diprobase, or water-based products, such as E45 cream. 

Use of corticosteroids is not generally recommended due to their potential for systemic 

side effects (as previously mentioned). However, low-dose topical corticosteroids may 

be appropriate for localised patches of scleroderma but should be used on a short-term 

basis, typically for not more than three months. Low dose ultraviolet phototherapy has 

can also be used for patches of localised scleroderma, specifically to ameliorate some of 

the skin thickening, but is only available in specialist centres.  

 

As skin thickening is an almost universal feature of SSc, there have been efforts to 

develop therapies which will effect change and improvement in skin thickening - these 

are discussed below in section 1.10.2 ‘Disease-modifying treatments’.  



37 

 

1.10.1.3 Renal Crises 

In cases of hypertension or renal impairment, ACEis are recommended. There is a long 

history and clear evidence for the benefit of ACEis for the prevention of SRC (Kowal-

Bielecka et al, 2009; Steen et al, 1990). The European League Against Rheumatism 

(EULAR) recommendations reaffirmed the results of Steen and Medsger’s (2007) 

review – that is to say, SRC patients on ACEis have significantly better survival rates 

than those that are not (66% survival at 10 years compared with 10% when not; 

p=0.001). A subsequent analysis of the data indicated that there was also decreased need 

for permanent dialysis in patients who had had received ACEis (Steen and Medsger 

2000). 

 

1.10.1.4 Gastrointestinal symptoms 

Proton pump inhibitors (PPIs) are recommended by the EULAR/EUSTAR group to 

prevent SSc-related GORD oesophageal ulcers or strictures. They also advocate the use 

of prokinetic drugs for symptomatic motility problems, such as bloating/ abdominal 

distention, pseudo-obstruction; and use of rotating antibiotics for malabsorption related 

to small bowel bacterial overgrowth (Kowal- Bielecka et al, 2009).  

 

1.10.2 Disease-modifying treatments 

 

1.10.2.1 Methotrexate 

Pope et al (2001) undertook a randomized controlled trial (RCT) examine the efficacy 

of Methotrexate (MTX) in improving the skin scores physician global assessment 

parameters in early diffuse SSc. Although this early study showed a trend towards 

favouring MTX, even with a well-characterized sample of dSSc patients (N=71), the 
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results indicated no significant benefit for MTX over placebo. It is possible that, had 

there been a larger study population or longer follow up, the researchers may have 

demonstrated a more positive effect. This problem of ‘underpowered’ studies is 

frequently seen in SSc and was an important consideration in the planning of this thesis.  

 

1.10.2.2 Minocycline 

Mayes et al (2004) also chose improvement in skin score as the primary endpoint for 

their trial examining the role of Minocycline, which was an antibiotic that had shown 

some promise in an earlier open label trial in dSSc (Le et al, 1998). Unlike the original 

trial, Mayes et al had a larger cohort (N=31 completed to 1 year follow up compared 

with only 9 subjects in Le et al’s trial). Nonetheless, the study was again negative (with 

every likelihood still underpowered) with the results indicating no significant benefit 

from Minocycline. 

 

1.10.2.3 D- Penicillamine 

A trial by Clements et al (2004), examining the effects of low dose versus high dose 

penicillamine in SSc, stimulated much debate within the field. Although Clements et al 

did not provide a definitive answer as to whether D-Penicillamine slowed progression 

of SSc (the argument being that there was no placebo group and that any dose improved 

skin score), it was a valuable trial in that it provided a framework and guidance for the 

conduct of a further trial by Khanna et al (2006). In addition, Clements et al laid out ten 

recommendations for the success of future clinical trials in SSc. These ranged from 

securing adequate funding to validation of the Health Assessment Questionnaire, 

Disease Indicator (HAQ-DI) in this group (Clements et al, 2004).  
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1.10.2.4 Cyclophosphamide 

Cyclophosphamide (CYC) has been studied as a treatment that shows some potential for 

treating active alveolitis and established ILD in patients with SSc (Tashkin et al, 2006). 

CYC is not a suitable candidate drug for study in early SSc as the risks of cytotoxic side 

effects outweigh any potential benefits. However, Hoyles et al (2006) conducted a RCT 

to investigate the effects of intravenous (IV) CYC followed by azathioprine (AZO) for 

treatment of pulmonary fibrosis in patients with SSc (N=45). Once again, the study was 

negative with no significant difference being found between the active CYC and AZO 

treatment group and the placebo group.   

 

1.10.2.5 Mycophenolate mofetil or mycophalate sodium 

A recent meta-analysis, involving five previously published studies (N=59) and the 

researchers’ own unpublished work (N=10), examined the effect of mycophenolate 

mofetil (MMF) or mycophenolate sodium (MS) on SSc patients with ILD (Tzouvelekis 

et al, 2012). The results suggested that MMF and MS were both safe treatments to use 

but pooled data indicated that MMF and MS treatment failed to produce a statistically 

significant beneficial functional effect, assessed by FVC and/or DLCO. The researchers, 

however, proposed that MMF and MS may be useful therapeutic agents for stabilisation 

of ILD in SSc patients (Tzouvelekis et al, 2012). Importantly, they also noted a trend 

towards improvement in FVC in association with MMF and MS. Given that the natural 

history of ILD in SSc is associated with a 32% loss of VC during the first two years of 

the disease, 12% loss at 2-4 years and a further 3% loss for year 5 (according to Steen 

and Medsger 2003), any slight improvement or halt in decline of FVC is potentially 

clinically significant as ILD is an extremely difficult complication of SSc to treat.  

 



40 

 

1.11 Chapter summary  

SSc is a comparatively rare disease but it has potentially devastating consequences for 

individuals and their families. In recent years, diagnosis and management of SSc has 

improved, as has the understanding of the epidemiology, aetiology and clinical 

presentation of the disease. To date, much of the management of SSc has focused on 

reducing morbidity and mortality related to readily identified complications related to 

fibrosis. However, cardiovascular disease has recently emerged as a considerable 

problem for those with SSc and, now that many of the fibrosis-related complications 

can be more effectively treated, cardiovascular-related complications account for many 

premature deaths amongst this group of patients. Thus, in terms of pharmacological 

management of SSc, research efforts must now move towards addressing this emergent 

challenge. 
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CHAPTER TWO: ILOPROST 

 

2.1 Introduction 

This chapter provides an overview of the pharmacology, pharmacodynamics and 

pharmacokinetics of the investigational medicinal product used in this study. It also 

provides a rationale for the choice of Iloprost as a possible agent to prevent CV events 

and disease progression in SSc.  

 

2.2 Prostanoids 

Prostanoids are derivatives of arachonodic acid and are involved intricately in the 

regulation of vascular homeostasis. Different groups of prostanoids have different 

effects on this vascular homeostasis so, for example, TXA2 induces vasoconstriction 

and platelet aggregation whilst another compound, prostacyclin (PGI2), has the opposite 

effect, promoting vasodilation and diminishing platelet aggregation (Coleman et al, 

1990). 

 

2.3 Iloprost chemistry 

Iloprost is a synthetic analogue of this naturally occurring, highly unstable PGI2 and is a 

mixture of two diasteromers (4R- Iloprost and 4S Iloprost).   
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Figure 2.1 Chemical structure of Iloprost: molecular formula C22H32O4 

 

2.3 Iloprost mode of action 

Iloprost has a spectrum of pharmacologic activity similar to epoprostenol sodium in 

some animal model systems, with both compounds displaying similar anti-platelet, 

haemodynamic, cardiodynamic, pharamcodynamic and cardio-protective effects. 

Epoprostenol sodium is the drug name for the prostacyclin (PGI2).    Iloprost is more 

stable though and unlike epoprostenol it is not catabolised by 15-hydroxy-prostoglandin 

dehydrogenase.  Iloprost has a variety of cyto-protective effects that have been 

demonstrated in animal and in vitro models. The vaso-protective effects of Iloprost 

include, anti-thrombogenic activity, protection against experimentally induced 

atherosclerosis, the limitation of localised tissue damage following experimentally 

induced ischaemia, limitation of blood vessel damage following experimentally induced 

hypoxia (Thiemermann et al, 1984) and  reduction of white blood cell (WBC) adhesion 

to electrically damaged blood vessel walls (Muller et al, 2010).  
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Additionally, Iloprost offers some protection against ischaemia or ischaemia reperfusion 

induced damage in the heart, limiting the damage done to the myocardium even when 

the coronary artery is completely occluded (van Gilst et al, 1983). It has also been 

shown to have beneficial effects in other organs in animal models, for example, 

attenuating ischaemia induced damage in the brain (Dogan et al, 1996) and 

experimentally induced tissue damage in the liver and pancreas (Bursch et al, 1986). 

 

Iloprost is chemically stable and has a longer half-life (t1/2=20 minutes) in IV form and 

in aerosol preparation than PGI2, its naturally occurring equivalent (Schermuly et al, 

2002). This metabolic and chemical stability allows the drug to be stored at room 

temperature (of less than 30
0 

C) making it an attractive drug for clinical use.   

 

2.3.1 Effect on platelet function 

In pharmacological studies, Iloprost inhibited in vivo and/or in vitro platelet aggregation 

in rats, dog, monkey and humans. It has been demonstrated that it does this by binding 

to platelet PG12 receptors. 

 

Iloprost is a potent inhibitor of platelet activation with this anti aggregatory effect being 

independent of the aggregating stimulus. In vitro exposure of platelets to Iloprost results 

in increased production of cyclic adenosine monophosphate (cAMP).  The formation of 

cAMP is mediated by this binding of Iloprost to platelet PG12 receptors, and this 

increase in platelet cAMP levels is one of the reasons for Iloprost’s anti-aggregatory 

activity on platelets (Adderley et al, 2009). Normalisation of platelet survival time and 

inhibition of platelet adhesion and release reaction have been demonstrated at 
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therapeutic doses in vitro. Possibly due to this inhibition of platelet activation, Iloprost 

decreases the release of platelet derived growth factor in plasma. 

  

Intravenous (IV) infusion of Iloprost has been shown to give a progressive attenuation 

of this anti-platelet activity over time but this can be ameliorated by using an 

intermittent infusion regime (Singinzeret et al, 1987). Rebound hyper-aggregation of 

platelets has also been recorded after IV Iloprost infusion and can be minimised by 

reducing the infusion rate prior to stopping the infusion or by use of concomitant 

aspirin. This hyper-aggregation was not associated with clinical thrombosis (Grauso et 

al, 1987).  

 

Regardless of the route of administration of Iloprost, it lowers BP due to its vasodilatory 

effect; that is, the relaxation of isolated constricted arteries or arterioles leads to a 

decrease in the mean arterial pressure and total peripheral resistance.  

 

2.3.2 Effect on white cell function 

Iloprost inhibits WBC aggregation and adhesion (Belch et al, 1987). It does so by, 

reducing neutrophil infiltration (Simpson et al, 1987) and inhibiting the adhesion of 

neutrophils at the site of tissue damage (Muller et al, 2010) and thereby diminishing the 

free radical production by these cells (Thiemermann et al, 1984). It can inhibit the 

expression of tissue factor by human monocytes stimulated with bacterial 

lipopolysaccharides and the synthesis of various cytokines (eg. tumour necrosing factor 

(TNFα), interleukin 1β) (Crutchley and Hirsh, 1991).  T-lympochyte cytokine 

production (IL-2,IL-4, interferon gamma) is also inhibited by Iloprost (Marcinkiewicz 

and Chain, 1993). 
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Figure 2.2 Scanning electron microscope image of platelet aggregation  

 

2.3.3 Effect on the coagulation system 

There have been no reports of significant effects on coagulation factors with IV Iloprost 

in healthy subjects or patients receiving infusions. There is, however, some evidence 

that the inhibition of fibrinolysis by aspirin in healthy subjects and in PAD patients can 

be reversed by Iloprost (Bertele et al, 1988).  

 

2.3.4 Effect on lactate and pyruvate levels 

Patients with PAD, (Fontaine stage IV) who were given 28 days infused Iloprost, were 

found to have improved arterio-venous levels of lactate and venous lactate /pyruvate 

levels in the affected limb. This suggested that Iloprost can improve oxygen 

consumption in ischaemic areas (Altstaedt et al, 1993).  
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2.3.5 Effect on the microcirculation 

Iloprost is a potent antiplatelet and vasodilator (Schillinger et al, 1986)
 
and, therefore, it 

seems logical that it would offer therapeutic benefits in a disease, such as SSc, which is 

characterised by abnormal vasomotor activity and platelet aggregability (Lau et al, 

1993). In a study examining vital capillary microscopy in PAD, 7 days of continuous IV 

Iloprost improved blood flow to nutritive capillaries and reduced endothelial swelling in 

ischaemic muscles in patients undergoing bypass surgery (Caspary et al, 1991).  

 

2.3.6 Effects on the macrocirculation 

Early studies on the effects of Iloprost on macrocirculation in PAD and CAD showed 

generally that there was a reduction in systemic and pulmonary vascular resistance, 

accompanied by moderate increases in stroke volume and heart rate, without a 

significant decrease in BP (Grant and Goa, 1992). The effect of Iloprost on leg blood 

flow was minimal, with no effect of IV Iloprost on total limb blood flow (measured by 

venous plethysmography) in PAD (Fontaine stage IV). When measured by air 

plethysmography, blood flow increased in patients (with pre-existing rest pain and who 

had a moderate baseline blood flow of more than 40ml/min) after 8 days of infused 

Iloprost; patients also reported a corresponding improvement in rest pain symptoms 

(Volteas et al, 1993).  

 

2.3.7 Endothelial repair 

The hypothesis that Iloprost promotes endothelial repair is supported by the finding that 

an abnormal fibrinolytic response to venous occlusion, in patients with vascular disease, 

can be normalised by Iloprost infusion (Bertele et al, 1988; Musial et al, 1986). Iloprost 

has also been shown to prevent hypoxia-induced loss of endothelial function mediated 
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by endothelium-derived relaxing factor (Dumas et al, 1997) and Iloprost is known to 

improve tissue resistance to ischaemia (Andreozzi et al, 1994). Furthermore, it may 

usefully attenuate the systemic vasospasm associated with SSc; this is important given 

that systemic vasospasm contributes significantly to disease progression (Belch et al, 

1995). 

 

2.4 Uses of intravenous Iloprost  

A number of RCTs have demonstrated the potential benefits of Iloprost as a treatment 

for Raynaud's syndrome (RS) associated with SSc (Belch et al: 1995; McHugh et al, 

1988; Rademaker et al, 1987; Seibold and Wigley, 1992) and pulmonary hypertension 

associated with SSc (Grunig et al, 2012; Higenbottam et al, 1998; Wigley, 1996).  

 

Iloprost has also been given to patients with large vessel disease as detected by a low 

ankle brachial index (ABI) (UK Severe Limb Ischaemia Study Group, 1991). Low ABI 

is a significant predictor of CV events. Most of these studies show improved limb 

salvage with the treatment. Most importantly, patients who received Iloprost had a 

statistically significantly (p=0.05) greater probability of completing the follow-up 

period alive than patients who received placebo.  

 

This hypothesis is further supported by Airo et al’s (2007) study paper which compared 

SSc patients (N=56), who had received regular IV Iloprost therapy over a four year 

period, with a similar SSc control group who had not received this treatment. Both 

groups were well matched for age, gender, disease onset and subgroup. Whilst the 

results showed little difference between the groups in terms of lung disease progression, 

frequency of major disease-specific complications and survival, a highly significant 
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observation was that none of the Iloprost treated group developed PAH during the 

period of treatment. It should be noted that, in an earlier study (Higenbottam et al, 

1998), the effects of IV Iloprost were shown to be preventative rather than simply 

improving PAH.  

 

2.5 Safety and side effects of oral Iloprost 

In excess of 2000 patients have received oral Iloprost (50-300µg) for periods ranging 

from one day to more than one year (Bayer Schering Pharma, 2007). Patient populations 

studied have included PAD (Fontaine stages II-IV), Raynaud’s disease secondary to 

systemic sclerosis, thromoangilitis obliterans, stable angina, multiple sclerosis, RA and 

painful bone marrow oedema. The most commonly reported side effects were related to 

the vasodilatory effect of Iloprost, including, headache, flushing, nausea, vomiting and 

diarrhoea. These side effects were easily and promptly resolved by decreasing the dose 

or withdrawing the patient from this treatment. Although symptomatic hypotension was 

a rare event (and easily controlled by lying down), dizziness has also been reported and 

is likely to be related to reduced BP. Generally, any adverse events (AEs), routinely 

reported within study protocols, have been categorised as mild to moderate in intensity 

and transient; AEs were less frequently observed with longer treatment duration (Bayer 

Schering Pharma, 2007). 

 

In previous studies, when serious AEs have been recorded, they have reflected the high 

morbidity in some of the patient populations studied. For example, in patients with PAD 

(Fontaine stage IV), CV events such as myocardial infarction (MI) or stroke occurred at 

equal frequency in Iloprost and placebo groups. Similarly, haemorrhagic events were 
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reported with similar rates in both Iloprost and placebo groups in PAD and there was no 

increased risk of bleeding noted with Iloprost (Dormandy et al, 2000). 

 

Dormandy (2000) also studied the effect of oral Iloprost on 838 patients with PAD 

(Fontaine stages III-IV) and observed an increased rate of premature discontinuation of 

the treatment due to increased liver enzymes in the Iloprost group (1.5-2.6%) compared 

with the placebo group (0.6%). However, liver enzymes returned to normal after 

discontinuation of treatment in all bar one individual who had pre-existing renal failure. 

When analysis was undertaken of the laboratory values for liver function tests (LFTs) in 

the whole patient group, elevation of LFTs occurred at similar rates in both groups; 

there was no increased frequency of abnormal LFTs in the Iloprost group. This suggests 

that there is no clinical requirement to monitor LFTs regularly and possibly beyond the 

first month of treatment and six monthly thereafter.  

 

IV Iloprost should be prescribed with caution in any patients with pre-existing CAD as 

it may provoke angina through a ‘coronary steal effect’. This was demonstrated in 

Bugiardini et al’s (1985) study where IV Iloprost was given to six patients with severe 

CAD, inducing reversible ischaemia for four of them, independent of changes in oxygen 

demand. It was suggested that IV Iloprost dilated the small coronary arteries and caused 

a decrease in the subendocardial perfusion pressure. A decade later, Beurkes et al 

(1996) study challenged this hypothesis; the researchers demonstrated that IV or intra-

coronary infusion of Iloprost both increased blood flow in stenotic coronary blood 

vessels; there was no evidence of decreased perfusion or coronary steal phenomenon. In 

view of this conflicting evidence, and the possibility of inducing angina pain in patients 

with pre-existing CAD, it seems prudent to exert caution when using Iloprost with this 
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patient group. Therefore, patients with unstable angina or previous MI (within three 

months of study enrolment) were excluded from this doctoral study 

 

Chapter summary and rationale for doctoral thesis 

The potential of Iloprost to act as a disease modifier and CV protector in SSc can be 

suggested by both its cyto-protective and vaso-protective effects seen in animal models 

and in early studies in humans. There is sufficient evidence to conclude that Iloprost 

demonstrates antiplatelet activity, decreases WBC adhesion, protects against ischaemia 

(experimentally in animal models and seen also in PAD patients), reduces harmful free 

radicals, limits blood vessel damage and encourages endothelial repair. These factors, 

along with its relatively mild side effect profile and ease of administration in oral form, 

potentially make Iloprost an ideal candidate both to the study of CV events and disease 

progression in SSc and to evaluate mortality in this patient group. 

 

This thesis reports on the conduct a multi-centre, randomised, placebo-controlled 

clinical trial to assess whether oral Iloprost therapy was more effective than placebo in 

reducing coronary and cerebrovascular events in patients with SSc. A secondary 

hypothesis to be tested was that oral Iloprost is more effective than placebo in 

preventing SSc disease progression in terms of: renal function measured by glomerular 

filtration rate (GFR), pulmonary artery pressure (PAP) measurement, pulmonary 

function testing (DLCO) and skin score.  

 

This trial was novel for four reasons:  

 no-one had previously studied CVD as a major cause of morbidity and mortality 

in SSc; 
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 it targeted a very high risk group of patients which meant that a reasonably 

short-term trial had the potential to detect clinically relevant outcomes which 

were statistically significant;  

 should the development of cardiac events be significantly reduced by this novel 

approach, oral Iloprost therapy, it would be the first study to show benefit of 

primary prevention within the SSc population;  

 and, it presented the first opportunity to study the effects of Iloprost on disease 

progression of SSc and tested the hypothesis that the underlying mechanisms for 

both SSc and atherosclerosis were similar. 
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CHAPTER THREE: METHODS 

 

3.1 Introduction 

In order to evaluate the benefits or otherwise of oral Iloprost as a possible therapy to 

prevent CV disease and disease progression in SSc, consideration had to be given to the 

trial design and population, number of sites likely to recruit, and deliverability of this 

study over a reasonable time period. The ACR Guidelines (White et al, 1995) on design 

and outcomes in clinical trials for systemic sclerosis identified the need to have a 

sufficient treatment and follow up period in order to permit observation of any disease 

modification. They noted that the outcome measures should be quantitative, consistently 

and accurately reflect activity of SSc in major target organs (not solely the skin), be 

sensitive to change, and be standardised (with limited variability).  

 

This study was designed by the author to address these key elements and it was 

anticipated that its multi-centre design would both shorten the recruitment phase and 

make the results of the study more generalizable. It is a common feature of many orphan 

disease studies that they struggle to achieve sufficient recruitment to be powered for the 

outcome measures, necessitating addition of new sites during the study or prolongation 

of the planned recruitment period. Generous funding was obtained from the Raynaud’s 

and Scleroderma Association, a patient-led national self-help group for those with SSc 

and Raynaud’s disease. The author was a grant holder for the study. 

 

3.2 Study design 

The study was a randomised, placebo-controlled clinical trial with a one month placebo 

run in to ensure patients were compliant with study medication in that period. Following 
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this placebo run in phase, all patients enrolled in the study were reviewed first at three 

months (to ensure stability on treatment and absence of serious side effects); at six 

months; and then six monthly until their final visit at the end of the study period. As this 

was an intention-to-treat study, all patients formally enrolled after completing the 

placebo run in were followed up until the end of their study time unless they withdrew 

consent completely. As a member of the Trial Steering Committee (TSC), the clinical 

trial protocol was designed and developed by the author of this thesis in discussion with 

the other TSC members.  

 

3.2.1 Trial oversight committees and good clinical practice 

This study adopted the Medical Research Council (MRC) ‘Guidelines for Good Clinical 

Practice (GCP) for Clinical Trials’ (MRC, 1998), which was supplanted by the 

Medicines for Human Use (Clinical Trials) Regulations in (Medicines and Healthcare 

Products Regulatory Products Agency, 2004). Both these documents enshrine the 

principle that GCP, as outlined in the ICH Harmonised Tripartite Guideline for GCP 

(1996), is core to the conduct of a trial. The practical difference between these two sets 

of guidelines is that the earlier MRC (1998) document referred to the lead organisation, 

in this case the University of Dundee, as the ‘host organisation’ but when the MHRA 

(2004) regulations were brought into force, the University of Dundee became the 

‘sponsor’ of the trial.  

 

The MRC (1998) guidelines outlines a template for the oversight of clinical trials that 

acknowledges the requirement for independent oversight or supervision of trials and a 

need for independent unblinded review of the data in order to identify any ethical or 

safety issues that may have a bearing on the conduct of the trial or would recommend its 
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early termination. Within this doctoral study this meant a TSC was formed, consisting 

of an independent chairman (Professor George Nuki, Emeritus Professor of 

Rheumatology, University of Edinburgh), a representative of the funder (Professor Alan 

Silman, Consultant Rheumatologist, Manchester University), the Chief Investigator 

(Professor Jill Belch, Professor of Vascular Medicine, University of Dundee) and the 

trial manager (the author, Mr Steve McSwiggan, Senior Research Nurse/Raynaud’s 

Nurse Specialist, University of Dundee).  

 

A Trial Management Group (TMG) was also appointed, consisting of the principal 

investigators (PIs) at each site plus their senior research nurse or research fellows, 

alongside an independent Data Safety and Monitoring Board (DSMB) (Professor 

Howard Bird, University of Leeds, and an independent statistician, Dr Caroline Dore, 

MHRA). An independent Clinical Endpoints Committee (CEC) was also formed, 

chaired by Dr Tom Pullar (Consultant Rheumatologist, NHS Tayside). Additionally, a 

Data Analysis Committee (DAC) was formed consisting of Professor Robin Prescott 

and his staff at the Edinburgh Biostatistics Unit and joined by Professor Simon Ogston 

in 2008. Appendix 1 gives a full listing of the committees involved and their reporting 

mechanisms; a brief summary of the role of each is provided below. 
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Figure 3.1 Trial timeline for SSTEP Study 
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 3.2.1.1 Trial Steering Committee  

The role of the TSC was to provide oversight for the trial. It also provided advice 

through its independent Chairman to the TMG, and the funder, as appropriate on all 

aspects of the trial. The specific roles of the TSC included: 

 monitoring progress of the trial, adherence to the protocol, patient safety and 

consideration of new information of relevance to the research question;  

 ensuring appropriate ethical and other approvals were obtained; 

 giving initial approval of proposals for substantial protocol amendments and 

providing advice to the sponsor and funder regarding approvals for such 

amendments;  

 providing regular advice to the investigators on all aspects of the trial; 

 making decisions as to the future continuation (or otherwise) of the study; 

 monitoring recruitment rates and encouraging the TMG to develop strategies to 

deal with any recruitment problems; 

 reviewing trial reports (eg. follow-up rates) received from the author;  

 and receiving feedback letters from the DMSB and considering their 

recommendations. 

 

3.2.1.2 Data Safety and Monitoring Board 

The DSMB was the only body involved in the trial that had access to the unblinded 

comparative data. They gave interim reviews of the trial’s progress that included 

updated figures on recruitment, data quality, and main outcomes and safety data. The 

primary aim of the DSMB was to ensure the safety of the participants on the trial and to 

ensure that data was being collected in a timely and complete manner. 
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3.2.1.3 Trial Management Group 

The TMG were responsible for the day-to-day running of the study at each centre. They 

reported to the TSC and DSMB.  

 

3.2.1.4 Role of Author (Mr McSwiggan) 

The author was involved in the trial design, and was responsible for the formation and 

convening of the committees. He organised the TSC meetings and acted as secretary to 

record minutes and organise actions required post meetings. He helped design the Case 

Report Forms (CRFs) and developed the CEC Guideline for adjudication of clinical 

endpoints. He ensured the endpoint data were collected from sites and communicated to 

the CEC chairman, and then also passed these data on to the statistician and data 

management team in Edinburgh. All serious adverse events (SAEs) were reported to the 

author in the first instance; he then distributed these to the relevant notaries in the 

DSMB and liaised with sites where follow up information was required. As Trial 

Manager, he acted as the day-to-day contact for site personnel, and was responsible for 

training them at site initiation visits, both in terms of the protocol and the 

responsibilities of investigators and research nurse during the trial. The author also 

monitored 100% of data entry in the CRF at each site at least six monthly. He was noted 

as a co-chief investigator on the delegation of duties at the sponsor site.  

 

The author was personally responsible for the management of the study at three of the 

sites, recruiting all the participants and undertaking all study visits in Dundee, Aberdeen 

and Edinburgh. He organised drug supplies and stock control through Bayer Schering 

Pharma. He drafted and submitted annual reports to the funder, Research Ethics 

Committees (RECs) and to the MHRA and Irish Medicines Board, having obtained the 
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necessary approvals for study start-up. He also organised the Research and 

Development (R&D) Office Approvals for NHS Sites involved in the SSTEP study. The 

author also worked with the study statistician in cleansing and coding data during and at 

the end of the trial and prepared the End of Trial Report. He gave a number of talks to 

patient groups on the SSTEP study during and after the trial and ran a patient support 

advice line throughout (and after) the trial for Raynaud’s and SSc patients.  

 

3.2.2 Ethics and regulatory review 

As the study started before the Integrated Research Application System became live, 

individual site approvals for ethics and R&D had to be sought at each centre. Ethical 

approval was granted by the Scotland ‘A’ REC (ref: MREC 01/0/70) with local ethics 

approval also granted at each site (Appendix 2). NHS R&D management approval was 

arranged within each NHS Health Board.  

 

Regulatory approval was given by the MHRA firstly under a DDX exemption 

certificate in 2002 (MF8000/11171) and then by a Clinical Trials Authorisation in 2004 

(21726/0243/001) (Appendix 3). The study was registered on the ISRCTN website: 

ISRCTN67541323. In 2008, a new EuDRACT reference 2008/000195-025 was 

generated at the time of an amendment to extend the follow up period for some of the 

participants. For the site in Dublin, ethics and local review was obtained from the St 

Vincent’s Hospital Ethics committee and the local Hospital Board respectively with 

regulatory approval given by the Irish Medicines Board, CT900/316/1. 
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3.2.3 Study drug supply  

Randomisation lists were generated by the drug supplier (Bayer Schering Pharma Ltd.) 

and study drugs were dispatched from a central manufacturing location (in Berlin) to 

clinical trials pharmacies at each site. Block randomisation was done for each site in 

blocks of six (three active versus three placebo) to ensure even distribution, where 

possible, of active and placebo allocation at each site. Investigators and participants 

were blinded to treatment. Study drugs and placebo were in small identical capsules of 

50 mcg doses. 

 

3.2.4 Iloprost and placebo composition  

Active ingredient in the Iloprost capsules was 0.38 mg Iloprost β-cyclodextrin clathrate 

(50µg Iloprost and 0.33mg β-cyclodextrin) with the following inactive ingredients: 

 Lactose monohydrate 

 Microcrystalline cellulose 

 Methacrylic acid copolymer (Eudragit NE 3OD) 

 Magnesium stearate 

 Titanium dioxide 

 Polyethlene glycol 6000 

 Polysorbate 80 

 Silicon dioxide 

 Hard gelatin capsule (containing titanium dioxide, iron oxide (red) and gelatin) 

 

The matched placebo was identical to the Iloprost capsule but lacked the active 

ingredient, Iloprost β-cyclodextrin clathrate.  
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3.2.5 Data analyses 

 

3.2.5.1 Power calculation and sample size 

This study was powered to detect a change in an anticipated 23% rate of disease 

progression that would be reduced by 30% to 16% per annum over 5 to 7 years follow 

up (two sided 5% significance 80% power). This meant the sample size required was 

214 participants (107 in each group). 

 

3.2.5.2 Proposed statistical plan 

The principle and major secondary endpoints are survival measures. Accordingly, the 

intention was to use a Cox proportional hazards model as the primary method of 

analysis. The interventions were to be assessed by fitting terms corresponding to oral 

Iloprost and placebo. Assessment of the assumption of proportionality of hazards was 

an integral part of the analysis, as well as a presentation of the survival experience by 

treatment group, using Kaplan Meier plots. Supplementary analyses were used to 

explore the effect of other variables recorded prior to randomisation (eg. age, gender, 

ABPI, carotid Duplex abnormalities, concomitant drug therapy). Specific AEs were 

compared in relation to treatment group using Fisher's exact test. All analyses were 

planned on an intention-to-treat basis taken from the end of placebo run in. 

 

3.2.5.3 Planned recruitment rate 

The proposed recruitment rate for the study was 22 months but this was extended to 3 

years to allow sufficient opportunity to recruit to target numbers. This decision to 

extend recruitment was taken in September 2003 by the TSC who recognised that the 

planned end of recruitment of Feb 2004 was unachievable given that some sites were 
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slower to start recruiting than others and at that point only 154 of the planned total of 

214 had been enrolled. A no cost nine month extension was agreed with the Funder and 

approved by the relevant regulatory authorities.  

 

3.2.5.4 Compliance 

 A drop-out rate of 2%, due to non-compliance during the placebo run in phase, was 

anticipated. A higher level of non-compliance was seen in other interventional studies 

(West of Scotland Coronary Prevention Group, 1992). However, these studies related to 

primary prevention in a normal population and it was expected that a smaller drop-out 

rate would occur in the SSTEP study patient population who were well used to hospital 

attendance.  

 

3.2.5.5 Likely rate of loss to follow-up 

The power calculation took into account a projected 1% per annum non-compliance 

rate. This is similar to that seen in previous studies (Shepherd et al, 1995) and seemed a 

realistic projection.  

 

3.2.5.6 Proposed frequency of analyses 

There is an ethical requirement not to administer treatments which may be harmful to 

the patient. This argument is often extended to a need to stop a clinical trial as soon as 

there is evidence that the outcome is better in one of the treatment groups. Prior to the 

study commencing, the TSC agreed, however, that premature cessation of a trial can be 

unethical, as the result may be that the trial findings are insufficiently convincing to 

cause others to modify their treatment policies, resulting in the extended widespread use 

of inferior treatments. Accordingly, it was planned only to analyse our data for efficacy 
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at times when appreciable numbers of events were expected, and only to terminate the 

trial if statistically significant results were obtained for the primary efficacy variables at 

the 0.001 level or for safety issues. Therefore, the DSMB analysis only took place at 

four years. The use of such a small p-value to control early termination was to permit 

the final analyses to be conducted using conventional non-sequential methods. Analysis 

of safety data was to be left completely to the discretion of the DSMB.  

 

3.2.6 Outcome measures  

 

3.2.6.1 Primary outcome measures 

A composite primary endpoint was sought for this study: 

1. fatal coronary and stroke events plus non-fatal myocardial infarction and stroke;  

2. vascular disease death; and  

3. SSc disease progression, including:  

 deteriorating renal function as measured by 24-hour urine and blood 

sampling for creatinine clearance (CrCl);  

 deteriorating lung function as measured by changes in DLCO; 

 increase in pulmonary artery pressure measured in millimetres in 

mercury by echocardiography; and  

 skin score assessed using the modified Rodnan Skin Score.  

 

These primary endpoints were monitored regularly and percentage change from baseline 

were calculated. If deterioration was indicated by an increasing figure, then 30% change 

was required; and if deterioration was based on a decreasing number then 20% change 
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from baseline was required  (for further detail see Section 3.2.6.3 ‘Definitions of SSTEP 

study endpoints’). 

 

3.2.6.2 Secondary outcome measures 

The main secondary endpoints were:  

1. all-cause mortality;  

2. non-fatal myocardial infarction and stroke;  

3. occurrence of other vascular events including, coronary or peripheral arterial 

bypass surgery and/or angioplasty indicated, development of angina, 

claudication or development of critical limb ischaemia.  

 

The definition of the above CV events was made according to the ‘International 

statistical classification of diseases and health related problems’ (World Health 

Organisation (WHO), 2004). 

 

3.2.6.3 Definitions of SSTEP study endpoints  

Potential endpoints were reviewed and classified according to criteria agreed by the 

TSC and thereafter reviewed by the independent CEC. The following definitions were 

utilised within this study: 

 Renal: ≥20% reduction from baseline for GFR and/or 24hr urine CrCl 

 Pulmonary hypertension: result above normal range (30mmHg) or, if pre-value 

is > 30mmHg, then a > 30% increase in this value 

 ILD: ≥ 20% reduction from baseline for DLCO 
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 Skin: scores < 7 had to increase by a minimum of 3 points (rather than by a 

percentage) for achievement of a skin change endpoint; for scores > 8, an 

increase in skin score of 30% or greater was noted as an endpoint 

 Cardiovascular: 

o Cerebrovascular morbidity: All strokes (eg. Ischaemic and haemorrhagic, 

including minor strokes but excluding TIAs) were noted 

o Cardiovascular morbidity: 

 Angina (severe enough to warrant patient’s withdrawal from the 

study) 

 Revascularisation (CABG, PCI, other) 

o Myocardial infarction (MI): Defined by ECG and/or enzyme evidence 

(items recorded should include clinical diagnosis)  

o Heart failure: No single sign, symptom or test is diagnostic of heart 

failure syndrome. Diagnosis was established on the basis of a 

combination of clinical and investigational evidence.  Any reported event 

included support of the clinical diagnosis (eg. chest X-ray, cardiac echo 

result).  

 PAD:  

o Amputation (either major, at the level of the ankle or above) or minor 

(toe or metatarsal. specify leg (right or left) and type of amputation 

o Acute limb ischaemia, any ischaemic event requiring acute or elective 

limb revascularisation, procedure, including bypass, endarterectomy or 

angioplasty, with a possible stent placement or thrombolysis 

o Development of gangrene ulceration requiring conservative treatment, 

topical care/ concomitant medication, and/or revascularisation or 
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amputation. Items recorded should include primary cause (eg. acute 

ischaemia, ulcers-no gangrene, or gangrene, other).  Specify leg (right or 

left), location and revascularisation procedure. 

 Death: (unwitnessed or witnessed): An independent CEC adjudicated on all 

reports of death, to determine the most likely cause of death; the cause of death 

was deemed to be the underlying cause, not the immediate mode of death.  

 

3.2.6.4 Clinical Endpoints Committee process  

The author initially dealt with the DSMB and, if deemed necessary, with site personnel 

to collect, review, evaluate the CRF(s) and source documentation required in support of 

each event for adjudication. 

 

The author assembled this material in individual CEC endpoint packages and was 

responsible for proof-reading each endpoint package for completeness before it was sent 

to the CEC (see Appendix 4). Where the CEC submitted a request for additional 

documentation, the author was responsible for obtaining the requested documentation 

(or an acceptable surrogate) and providing it to the CEC.  The author also ensured that 

this additional information remained blinded and was suitably anonymised  

  

3.2.7 Inclusion and exclusion criteria 

Two hundred and sixteen patients, who fulfilled the inclusion criteria of being 

diagnosed with systemic sclerosis, were recruited from specialist connective tissue 

diseases referral centres and general rheumatology clinics between February 2002 and 

February 2005. These participants were then followed up for a period of 4 to 7 years.  
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This study was designed pragmatically, with two main aims, to ensure those enrolled 

into the study were a true reflection of those seen in clinical practice: 

1. Only patients with a definite diagnosis of SSc were recruited 

2. No unnecessary exclusion criteria were to be used except where life expectancy 

was thought by the investigator to be less than the five year planned follow up 

period, or where there were concerns about ability to provide informed consent. 

 

3.2.7.1 Inclusion criteria 

Participants were patients with either lSSc or dSSc as previous studies had shown 

atherosclerotic vascular disease to occur in both groups. The patients considered for 

inclusion in this study were as follows:  

 

 Patients fulfilling ACR criteria for SSc – that is, either:  

o proximal scleroderma (scleroderma proximal to the metacarpophalangeal 

joints of the hands) (see Figure 3.2) 

o or, two of the following features of SSc: 

 sclerodactyly 

 digital pitting scars or loss of finger pulp 

 pulmonary interstitial fibrosis (diagnosed by high resolution 

computed tomography (HRCT) or FVC >70% predicted and 

DLCO >80% predicted with >10% reduction in past year 

 

 Patients with Raynaud’s Phenomenon and at least 3 of the following 4 other 

features: 

o subcutaneous calcification 
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o oesophageal involvement (defined as evidence of gastric reflux, 

swallowing difficulties or heartburn) 

o sclerodactyly 

o telangiectasis 

 

 

Figure 3.2 Proximal scleroderma on hand and forearm 

 

 Patients with Raynaud’s Phenomenon and the presence of a SSc-related 

autoantibody:  

o Anti-centromere 

o antitopol1 [scleroderma 70]  

o anti-U1RNP, anti-ThRNP, anti-U3RNP, anti-PmScl.  
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3.2.7.2 Exclusion criteria 

The patients who had to be excluded from this study were as follows:  

 Patients with presence of any suspected serious physical illness which might 

interfere with the trial observation or interpretation of the data or be expected to 

curtail life expectancy 

 Female patients who were pregnant or breastfeeding, and females of child-

bearing age who are unable to practise an acceptable method of contraception 

throughout the course of the trial 

 Female patients of <40 years of age as thought to be too young to have CV 

events in the study follow up period 

 Patients experiencing stroke or myocardial infarction in the previous 3 months 

or the presence of unstable angina (due to risk of exacerbation of angina whilst 

on Iloprost) 

 Patients with a current history of substance or alcohol abuse or any mental 

disorder which may prevent compliance with the trial protocol 

 Patients experiencing bleeding diathesis or a platelet disorder (as Iloprost may 

potentiate bleeding and has an antiplatelet effect - as discussed in Chapter 1) 

 Patients who have participated in any other investigational drug studies within 

the previous 3 months 
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3.2.8 Study visit schedule 

Each site was provided with a study visit schedule to aid determination of data that 

required collection at each visit. 

 

 

 

Screening 

visit 

(-1month) 

Randomisa

tion 

(0 month) 

3 month 

visit 

6 monthly 

checks 

Annual 

visits  for 

5-7 years 

 

Screening and 

consent 

     

 ABI      

 Carotid 

Duplex scan 

     

 Physical exam      

 Organ 

screening 
Creatinine clearance 

ECHO PAP 

PFTs 
 Nuclear GFR 

(if available)  

     

 Endpoints 

check list 

     

 Adverse 

events check 

     

 Concomitant 

medications 

     

 Compliance 

check 

     

 Safety blood 

tests 

     

 ECG      

 Issue study 

drug 

(* no drug 

issued at final 

visit) 

    * 

 

Table 3.1 Study visit schedule 

 
KEY: 

 

ABI    = Ankle Brachial Index   

GFR = Glomerular Filtration Rate  

PAP = Pulmonary Artery Pressure 

PFTs = Pulmonary Function Tests 

ECG = Electrocardiogram 
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3.2.8.1 Screening visit 

Screening visits were scheduled up to one month prior to randomisation. Interested 

patients had been given a patient information leaflet (PIL) (see Appendix 5) at their 

previous clinic visit, outlining the background to the trial, planned study schedule, risks 

and potential benefits of the study and the local PIs and study staff’s contact details. All 

potential participants were given at least 24 hours to consider participation in the study 

and were then scheduled to attend a screening visit at their local centre. 

 

At this screening visit the trial was explained in detail and, after informed consent was 

given, the participants signed an informed consent form (see Appendix 6), witnessed by 

the local PI (or delegated sub-investigator) and were given the original consent sheet, 

with a copy of this being placed in their medical notes. At this point, the participants 

were also issued with a unique study identity number. Thereafter, a full medical history 

and detailed physical examination were undertaken, and a note of concomitant 

medications was recorded. A number of clinical procedures (detailed below), including 

ABIs, ECG, safety and research bloods, recording of vital signs, and record of recent 

organ screening measurements were taken. Where organ screening had not been done in 

the previous six months, echocardiography, pulmonary function tests with DLCO 

measures, 24 hour CrCl tests and/or nuclear GFR were organised and carried out locally 

prior to the randomisation visit. mRSS were also undertaken (Furst et al, 1998).  

 

At the end of the screening visit participants were issued with the first month’s supply 

of study medication which was, in fact, always placebo in order to review compliance 

and ensure participants were able to take the study tablets correctly. The participants’ 

GPs were also informed at this point (Appendix 7). 
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3.2.8.2 Randomisation visit 

The randomisation visit was organised one month (+/- 1 week) post-screening visit, 

with the main purpose being to begin titration of study medications. Any AEs were 

noted that had occurred from the screening visit, changes to concomitant medications 

were recorded and bloods for safety analysis and research purposes were collected. 

Compliance checks were also done on the first month’s supply of allocated medications 

and, where greater than 70% compliance had been achieved, participants were issued a 

further two month’s supply of study drug.  

 

Where compliance was not 100%, participants were reminded of the requirement to take 

study medications as prescribed, and formally re-educated on the trial design until the 

local researcher was confident that the patient understood the dosing schedule. These 

participants were then contacted after a week (by phone) to ensure they were now 

compliant and, if necessary, they were asked to return for an out-of-study-schedule visit 

to discontinue study medications or receive further advice on compliance.  

 

For the majority of participants, where compliance was acceptable at the randomisation 

visit, a further supply of study medication was issued with a titration schedule given to 

each participant to clearly identify the titration of study medications. This was explained 

carefully to them by the investigator or delegated sub-investigator.  Participants were 

advised to continue on one tablet (50mcg) daily for one week. This was then increased 

to one tablet twice daily for a further week, then one tablet three times daily for a further 

week and, if tolerated, then titrated to the maximum desired dose of 200mcg daily 

(100mcg bd) and maintained at that dose for the duration of the trial. 
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Where participants experienced adverse effects post-ingesting study medication (eg. 

headaches or light headedness), they were advised to contact the local PIs or the author 

and then, generally, advised to titrate back down to the previously tolerated dose. 

 

3.2.8.3 Regular monitoring visits and annual review visits 

All participants returned at three months (two months post randomisation visit) for 

review and thereafter at six monthly intervals. Study visits for the remainder of the 

study period were of two types: 

 Regular monitoring visits for drug re-supply (six monthly between annual 

review visits) 

 Annual review visits (where a full set of outcome measures were collected)  

 

3.3 Data collection 

A CRF was designed to collect the study data (see Appendix 8). All sites were provided 

with these in carbonated triplicate, with the top two copies being sent to the author after 

a monitoring and data verification visit; the bottom copy remained on site.  The author 

checked all data from the site on regular monitoring visits against source data (eg. 

echocardiography reports, PFT results, blood results, ECG print outs and from the 

medical notes). The middle copy of the CRF was retained by the author and the top 

copy was sent to Robin Prescott’s Biostatistics Unit in Edinburgh University for 

independent data entry and secure data storage (see Appendix 9).  

 

3.3.1 Data collection metrics  

The following information was collected on the paper CRF for transfer onto the data 

management system, with source data verification as noted above.  
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3.3.1.1 Demographic data 

Age, gender and race were recorded at the screening visit. 

 

3.3.1.2 Smoking history 

If participants were current or ex-smokers, the age at which they started smoking was 

recorded at the screening visit, along with duration of smoking and average 

consumption of tobacco per day. Any changes in smoking status were noted at the 

regular monitoring visits and annual review visits.  

 

3.3.1.3 Alcohol intake 

Participants were asked about their alcohol intake and this was recorded at the screening 

visit. In terms of recording alcohol intake, units were equated to 1 glass of wine = 1 

unit, 1 pint of beer = 2 units, 1 short of spirits (25ml) = 1 unit. Any changes in alcohol 

use were noted at the regular monitoring visits and annual review visits. 

 

3.3.1.4 Clinical history  

Duration of Raynaud’s symptoms and date of diagnosis of SSc was collected at 

screening. 

 

3.3.1.5 Medical and surgical history 

A record of past medical and surgical history (including: respiratory, cardiovascular, 

gastrointestinal, hepatic, genitourinary, musculoskeletal, endocrine, neurological, and 

psychiatric) was taken at the screening visit and updated at the annual review visits.  A 

record of past or current allergies was also made.  
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3.3.1.6 Cardiovascular history   

A CV checklist of previous or known CV risk factors including prior MI, angina, PAD, 

arrhythmias, heart failure, cerebrovascular disease and treated hypertension were 

recorded at the screening visit and repeated at every visit to monitor any changes since 

baseline.  

 

3.3.1.7 Physical examination 

A detailed systemic examination by the local rheumatologist (or delegate), including 

formal assessment of cardiovascular, respiratory and abdominal systems, was 

undertaken at the screening visit and repeated annually. Any changes noted in visits 

following the screening visit were recorded and reported as AEs.  

 

3.3.1.8 Clinical assessment 

Height (cm) and weight (kg) were measured at the screening visit and repeated annually 

to calculate the body mass index (BMI) as per formula (kg/m
2
). BP (mean of three 

measurements taken on the left arm, after 10 minutes rest, with the patient in a seated 

position) was measured at every visit.  

 

3.3.1.9 Ankle brachial index 

ABI measurements were done at the screening visits and repeated annually. A standard 

technique for measuring ABIs was taught to all the research nurses, by the author, to 

ensure uniformity of recording across all sites. All sites were provided with an 

ultrasonic Doppler flow detector from Parks Medical Electronic Inc, (Aloha, Oregon 

USA).  
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Figure 3.3 Measurement of ABIs 

 

After 10 minutes resting supine (semi-supine if participant unable to tolerate lying flat 

due to breathing difficulties), systolic BP was measured at the brachial artery on the 

right arm using the Doppler ultrasound probe. In order to obtain the systolic reading, the 

probe was placed on the arm prior to a 12cm cuff being inflated to ensure a strong 

signal could be heard. The cuff was inflated to occlude the brachial artery and continued 

to approximately 10mmHg above systolic pressure. The cuff was then slowly deflated at 

a rate of 2mmHg per second, until a systolic pulse could be heard. The pressure 

measured when this systolic beat was heard was noted.  Measurements were then 

repeated at the posterior tibial (PT) and dorsalis pedis (DP) pulses on the right leg, using 

a 10cm cuff. After the right leg measurements were recorded, the 10cm cuff was then 

applied to the left leg and PT and DP recordings were obtained and noted. Finally, the 
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12cm cuff was applied to the left arm and the brachial systolic pressure was recorded as 

described for the right arm. This ‘U’ shaped recording of pressures was chosen to 

standardise measurements. To calculate the ABI ratio the higher of the two pressures at 

each ankle (either the PT or DP) was divided by the higher of the two arm pressures 

(either left or right BP); this gave a ratio for each ankle.  

 

3.3.1.10 Electrocardiogram  

A 12-lead ECG with rhythm strip was obtained at the screening visit and repeated 

annually. Local equipment was used as available as it was not felt necessary to 

standardise equipment across all sites for practical and cost purposes. The ECG was 

examined by the local physician and any abnormalities were noted. Any changes from 

the screening visit which were noted at the annual follow up visits were recorded as 

AEs.  

 

3.3.1.11 Blood tests  

Local laboratories were used for all the safety and baseline immunology, biochemistry 

and haematology testing, and these blood tests were compared to local normal 

laboratory values. Results were obtained as per routine clinical practice. All laboratories 

provided normal ranges and copies of their laboratory certification to the author. Blood 

tests were done at the screening visits and recorded in the CRF, with both haematology 

and biochemistry repeated at the three month visit for safety review, and at annual visits 

only thereafter.  

 

Haematology recordings were: haemoglobin (Hb), platelets, WBCs, Haematocrit, 

plasma viscosity (PV) or erythrocyte sedimentation rate (ESR). The PV or ESR was 
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recorded as per local practice as not all centres used the same measurement for this 

marker of inflammation.  

 

Biochemistry recordings taken at all sites were: creatinine, urea, sodium, potassium, 

total bilirubin, aspartate transaminase (AST) or alanine aminotransferase (ALT) 

(dependent on local laboratory practice), alkaline phosphatase, total cholesterol, high-

density lipoprotein (HDL) ratio, triglycerides. 

 

Table 3.2 Safety blood measurements  

Haematology markers measured Biochemistry markers measured 

Haemoglobin 

Platelets 

White blood cells 

Haematocrit 

Plasma viscosity or erythrocyte sedimentation 

rate 

Creatinine 

Urea 

Sodium 

Potassium 

Total bilirubin 

AST or ALT 

Alkaline phosphatase 

Total cholesterol 

HDL cholesterol:  Total cholesterol ratio 

Triglycerides 

 

 

3.3.1.12 Immunology blood testing 

Immunology testing was only done at baseline for Anti- nuclear antibody (ANA), 

Extractable nuclear antigen (ENA), Scleroderma 70 and ACA, IgG Anti cardiolipin 

antibody, IgM anti- cardiolipin, C reactive protein (CRP), C3 & C4 and rheumatoid 
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factor. Where tests were repeated for clinical reasons during the study these results were 

recorded in the CRF.  

 

3.3.1.13 Routine urinalysis  

A fresh urine sample was tested at the screening visit and at the annual review visits for 

pH, presence of blood and/or protein and any other abnormality.  

 

3.3.2 Organ Screening 

 

3.3.2.1 Pulmonary function testing 

All SSc patients have regular assessment of their lung function by measurement of lung 

capacity and gas transfer. There is a well-established technique, standardised across the 

World, for measuring, as defined by the joint statement of the American Thoracic 

Society (ATS) and European Respiratory Society (ERS) (2005). All laboratories who 

participated in this study used this technique to measure participants’ lung capacity and 

gas transfer.   

 

The ability of the lung to exchange gas across the alveolar-capillary interface is 

determined by its structure and functional properties (ATS and ERS, 2005). In SSc, this 

gas transfer can be severely reduced structurally due to fibrosis and/or inflammation of 

the alveoli or capillary degradation; and functionally by the level of haemoglobin and, 

more importantly in SSc, the gas tension in blood entering the alveoli in the pulmonary 

vasculature.  
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Figure 3.4 Measurement of PFTs and gas transfer  

 

 

The rate of carbon monoxide (CO) uptake from the lungs is the product of alveolar 

partial pressure of CO in excess of any back pressure in the blood (the driving pressure). 

The CO uptake from the lung is measured as a concentration fall in alveolar CO per unit 

time per unit CO driving pressure (PA, CO).: KCO = ∆[CO]/ ∆ t/PACO.  When KCO is 

multiplied by the volume of gas in the lung containing CO (alveolar volume (VA)), the 

total uptake of CO by the lung per unit time per unit driving pressure is obtained. This 

product, KCO x VA, has previously been termed ‘transfer factor of the lung’ for CO by 

the ERS and ‘diffusing capacity of the lung’ (DLCO) by the ATS; the latter term is now 

more widely used (ATS and ERS, 2005). 
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When measuring DLCO in this project, the technique used was the ‘single breath testing 

technique’. This involved measuring the uptake of CO from the lung over a breath 

holding period of 10 seconds. Before beginning the test, the technique was 

demonstrated and clear instructions given, to the participants by the pulmonary 

physiologists. Since cigarette smoking is known to bind to haemoglobin (thereby giving 

a false decrease in the DLCO measurement), all patients were asked to refrain from 

smoking for 2 hours pre-test. The DLCO manoeuvre began with the patient giving an 

unforced exhalation to residual volume (RV). At this point, the mouthpiece was 

connected to a source of test gas, and the patient was instructed to inhale to total lung 

capacity (TLC). This inspiration should be rapid since DLCO calculations assume 

instantaneous lung filling.  

 

For ease of comparison of results between patients, the DLCO (as a percentage 

predicted value) was calculated, after adjustment for age, gender, race, weight and 

recent haemoglobin result, from standard reference charts. In terms of endpoints, it was 

the within-participant changes in DLCO measurements that were of interest. 

 

3.3.2.2 Echocardiography 

Assessment of pulmonary artery systolic pressure (PASP) at all participating sites was 

by an estimate obtained from trans-oesophageal echocardiography (TOE) with Doppler 

studies. The British Society of Echocardiography (BSE) (2010) published instructions 

on the preferred method for assessing PASP. This method relies on the fact that PASP 

approximates right ventricular systolic pressure (RVSP) in the absence of right outflow 

obstruction.  
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The most accurate echocardiographic method for estimating PASP uses the simplified 

Bernoulli equation to obtain a systolic trans-valvular pressure gradient DP RV-RA = 

4(VTR)2 (ATS and ERS, 2005). In this equation, VTR is the velocity of the tricuspid 

regurgitation jet. This figure is added to an estimate of right atrial pressure (RAP) to 

produce an estimate of RVSP; PASP ≡ RVSP = 4(VTR)2 +RAP.  

 

The accuracy of this method depends on the continuous wave Doppler beam being 

parallel to the regurgitant jet. A further limitation to this method is the false assumption 

that tricuspid regurgitation is present in all patients with pulmonary hypertension (BSE 

2008). All participants had annual echocardiography with measurement of PASP.  

 

 

Figure 3.5 Doppler echocardiography image of tricuspid regurgitation 

 

3.3.2.3 Renal 24 hour urine creatinine clearance 

Renal 24 hour urine CrCl was collected at the screening visits and at the annual review 

visits. Participants were asked to empty their bladder in the morning, note the time on a 

collection container, and then collect urine for the next 24 hours up to the time recorded 

the previous day. They were requested to note time of last sample collected in that 
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period. Urine was stored in a 5 litre container with boric acid preservative. Blood 

creatinine levels were measured on the day of return of the urine sample.  

 

Creatinine clearance (CCr) was calculated from the creatinine concentration in the 

collected urine sample (UCr), urine flow rate (V) (where V equals volume collected in 

period divided by number of minutes in collection period) and the plasma concentration 

(PCr). This is commonly represented mathematically as CCr = (UCr x V)/ PCr. 

 

3.3.2.4 Nuclear glomerular filtration rate  

In selected sites, routine assessment of renal function was done by nuclear glomerular 

filtration rate (isotope GFR) measurement which gave an accurate assessment of renal 

function. The participant was injected with between 1 and 3 MBq of Cr-51 EDTA. 

After two hours post-injection the first blood sample was taken, then samples were 

taken every 45 minutes for a further 4 samples.  It was important that the exact time that 

the samples were taken was recorded, as this can impact on the final result.  Once all 

samples were taken they were measured on a gamma counter, along with standard 

samples of known concentration.  All sites used the slope-intercept method as described 

in Fleming et al (2004), later adopted by the British Nuclear Medicine Society, along 

with the relevant corrections to determine a predicted value for that participant and then 

calculated percentage of predicted value for reporting as determined from the slope 

intercept method.  

 

3.3.3 Concomitant medication checks and coding  

Since there were a large number of participants to be followed up for a prolonged period 

of time, a modified standard WHO coding was made to group concomitant medications 

http://en.wikipedia.org/wiki/Urine_flow_rate
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into 13 distinct groups, each with an individual code based on the Anatomical 

Therapeutic Chemical Classification System with Defined Daily Doses (ATC/DDD), 

(Word Health Organisation, 2003). This was to aid analysis of the concomitant 

medications prescribed and to ensure that spelling errors (eg. on the concomitant 

medications or proprietary brand names for drugs) did not create unnecessary data 

queries, in order to focus on the important classes of drugs that may be prescribed in 

this patient group.  Concomitant medications were grouped into the following 

categories: 

1. IV Iloprost   

2. Calcium channel blockers  

3. Other treatments for Raynaud’s Phenomenon  

4. ACE inhibitors 

5. Penicillamine 

6. Azathioprine 

7. Cyclophosphamide  

8. Other immunosuppressants  

9. Anti-inflammatory agents  

10. Anti-platelet agents 

11. Lipid lowering agents 

12. Other cardiovascular drugs 

13. Others  

 

3.4 Adverse event monitoring 

AE reporting is a vital component of the conduct of a clinical trial. Within this study, as 

previously described, the DSMB was established to provide oversight of the study and 

to ensure robust and comprehensive reporting of AEs. It was the author’s responsibility 

to ensure that both serious and non-serious AEs were collected at each site and reported 

to him. He then reviewed the AE or SAE reports, determined if further supporting 

information was required, requested this information and then presented the information 
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to the DSMB members. Copies of SAE reports were sent to the Sponsor and summaries 

to the REC. All local PIs (or delegated sub-investigator) were advised of their 

responsibility for the detection and documentation (and reporting, where required) of 

AEs. All reported AEs were recorded in detail on an AE CRF page.  

 

3.4.1 Definitions of adverse events 

An AE is any untoward medical event affecting a clinical trial participant. Each AE was 

considered for seriousness, severity, causality or expectedness and could be reclassified 

as a serious event or reaction depending on prevailing circumstances by local PI (or 

delegated sub-investigator). 

 

An adverse reaction (AR) was where it was suspected that an AE had been caused by a 

reaction to the trial drug. A serious adverse event (SAE), serious adverse reaction 

(SAR) or suspected unexpected serious adverse reaction (SUSAR) was considered as 

any AE, AR or UAR that at any dose: 

 resulted in death 

 was life threatening  

 required hospitalisation or prolongation of existing hospitalisation 

 resulted in persistent or significant disability or incapacity 

 was a congenital anomaly or birth defect 

 or was otherwise considered serious 

 

3.4.2 Detecting adverse events and serious adverse events 

The local PIs were responsible for the detection and documentation of AEs and SAEs. 

Full details of contraindications and side effects that have been reported following 
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administration of the trial drug, Iloprost, were detailed in an investigator brochure (IB) 

and are summarised in Section 2.5 ‘Safety and side effects of oral Iloprost’. 

 

Participants were all instructed to contact local PIs (or delegated sub-investigator) at any 

time after consenting to join the trial if any new symptoms developed. All reported AEs 

that occurred after consent into the trial were recorded in detail in the AE log pages in 

the CRF.  In the case of an AE, the local PIs (or delegated sub-investigator) were 

instructed to initiate the appropriate treatment according to their medical judgment. 

Participants with AEs present at the last visit were followed up until resolution of the 

event by the local PIs (or delegated sub-investigator). 

 

3.4.3 Recording adverse events and serious adverse events 

Depending on severity, when an AE occurred, the local PIs (or delegated sub-

investigator) reviewed all documentation (eg. hospital notes, laboratory and diagnostic 

reports) related to the event.  The local PIs (or delegated sub-investigator) then ensured 

that all relevant information was recorded on the AE CRF page.  If the event was an 

SAE, SAR or SUSAR, an SAE form was also completed and sent to the author by fax 

within 24 hours of notification of the event. Information collected included dose, type of 

event, onset date, investigator assessment of severity and causality, date of resolution as 

well as treatment required, investigations needed and outcome of the event (if known). 

 

3.4.4 Evaluation of adverse events and serious adverse events 

In all cases of AEs or SAEs, causality, severity, seriousness and expectedness were 

evaluated as though the participant was taking an active drug.   
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Assessment of causality 

The local PIs (or delegated sub-investigator) made an assessment of whether the 

AE/SAE was likely to be related to treatment according to definitions set out in Table 

3.3. 

 

Table 3.3 Definitions of causality for AEs 

Category Definition 

Unrelated AE was not considered to be related to study drug 

Possibly  

 

 

Although relationship to study drug could not be completely ruled 

out, nature of AE, underlying disease, concomitant medication or 

temporal relationship made other explanations more likely 

Probably 

 

Temporal relationship and absence of a more likely explanation 

suggests AE could be related to study drug 

Definitely  

 

Known effects of study drug (or its therapeutic class) suggest that 

study drug is most likely cause 

 

All AEs/SAEs that were judged as having a reasonable suspected causal relationship 

(eg. possibly, probably or definitely) to the study drug were considered as ARs/SARs. 

Similarly, all AEs/SAEs judged as being related (eg. possibly, probably or definitely) to 

an interaction between the study drug and another drug were also considered to be 

ARs/SAR. Alternative causes, such as natural history of the underlying disease of SSc, 

concomitant therapy, other risk factors and the temporal relationship of the event to the 

treatment, were considered. The blinding of the study was not broken for the purpose of 

making this assessment.  
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Assessment of severity 

The local PIs (or delegated sub-investigator) made an assessment of severity for each 

AE/SAE according to definitions set out in Table 3.4. 

 

Table 3.4 Definitions of severity for AEs 

Category Definition 

Mild AE that was easily tolerated by participant, causing minimal 

discomfort and not interfering with everyday activities 

Moderate AE that was sufficiently discomforting to interfere with normal 

everyday activities. 

Severe AE that prevented normal everyday activities 

 

Note: the term ‘severe’, used to describe the intensity; it was not to be confused with ‘serious’ which is a 

regulatory definition based on participant/ event outcome or action criteria (eg. a headache may be 

severe but not serious, while a minor stroke is serious but may not be severe) 

 

 

Assessment of seriousness 

The local PIs (or delegated sub-investigator) made an assessment of seriousness using 

the definitions laid out above in Section 3.4.1 ‘Definitions of adverse events’. 

 

Assessment of expectedness 

If an event was judged to be an AR/SAR, the evaluation of expectedness was made 

based on knowledge of the reaction and the relevant product information documented in 

the IB, according to the definitions in Table 3.5.  
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Table 3.5 Definitions of expectedness for ARs 

Category Definition 

Expected AR was consistent with toxicity of study drug, Iloprost, listed in IB 

Unexpected AR was not consistent with the toxicity in the IB 

 

 

3.4.5 Reporting of SAEs/ SARs/ SUSARs 

Serious AEs were reported to the author within 24 hours of local PI (or delegated sub-

investigator) becoming aware of the event. The study specific SAE form was completed 

as thoroughly as possible with all available details of the event and was signed by the 

investigator. If any of the information was not available at the time of reporting, the 

investigators ensured that any missing information was provided on a follow up SAE 

form to the author as soon as this became available. It was indicated on the form that 

this information was follow-up information of a previously reported event. All SAEs 

were followed up to resolution and any additional information reported to the author 

using the SAE form. 

 

3.5 Study sites and trial management 

Nine centres across the United Kingdom (UK) and Ireland with expertise in caring for 

patients with SSc were recruited into this trial. All were specialist CTDs referral centres 

or general rheumatology clinics. A blend of recruitment sources was chosen in planning 

this study to ensure that results would be applicable to more than specialist centres who 

may traditionally see more complicated cases or presentations of SSc.  Recruitment of 

participants was undertaken between February 2002 and February 2005, with follow up 

at all sites until early February 2009.  
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The Scottish sites were situated in four major cities: Dundee (Ninewells Hospital), 

Aberdeen (Foresterhill and Woolmanhill Hospitals), Edinburgh (Western General 

Hospital and St John’s Hospital) and Glasgow (Glasgow Royal Infirmary).  The English 

sites were in Newcastle (Freeman Hospital), Leeds (Chapel Allerton and Royal St 

James), Northampton (Northampton General) and London (Royal Free Hospital). The 

final site was in Dublin, Ireland (St Vincent’s Hospital). One centre, Royal National 

Hospital for Rheumatic Diseases in Bath, was identified and initiated as a site but was 

withdrawn from the study having failed to recruit patients within the first six months of 

study start-up due to competing interest in another study. 

  

The author managed the trial on a day-to-day basis. He also recruited all patients at the 

sites in Dundee, Aberdeen and Edinburgh and did all the follow up visits of the 82 

patients at these three sites. He provided trial start-up training, regular monitoring (six 

monthly) at each of the other six sites (with 100% source verification of data at these 

sites) and was in regular, monthly contact with each of the other six centres (via phone 

or e-mail).  
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Figure 3.6 Study site locations across UK and Ireland 

 

3.6 Chapter summary 

This chapter summarises the governance and trial management procedures that were put 

in place to ensure this trial was conducted to good clinical practice standards. It outlines 

the data collection methods to address the outcome measures and ensure safety of the 

participants taking part in the trial. It also highlights the multi-centre nature of the study 

and the processes that were put in place to ensure monitoring, data authenticity and 

timely reporting of AEs. 
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CHAPTER FOUR: RESULTS 

 

 

4.1 Introduction 

 

This chapter outlines the recruitment of sites and participants to the SSTEP study. It 

gives a detailed breakdown of the patient demographics and clinical characteristics at 

study enrolment. An analysis of the composite primary endpoint is undertaken to 

explore the effect of oral Iloprost on mortality, cardiovascular events and disease 

progression compared to placebo in SSc. The reasons for withdrawal from treatment are 

explored along with an analysis of the use of IV Iloprost and other concomitant 

medications during the trial. A review of the safety reporting and examination of the 

reported serious adverse events is undertaken. 

 

 

4.2 Recruitment by centres 

 

The Systemic Sclerosis Trial of Events and Progression (SSTEP) study commenced 

recruitment in February 2002 with participants consented into the study in Dundee, 

Leeds and Northampton. Further enrolment started in Aberdeen (May 2002), London 

(Aug 2002), Glasgow (October 2002), Newcastle (May 2003), Edinburgh (November 

2003) and Dublin (April 2004). Recruitment ceased in April 2005 with participants 

followed up until the end of December 2008. A breakdown of the recruitment numbers 

per centre is listed in Table 4.1 below with a CONSORT diagram (Figure 4.1) of the 

patients flow through the trial (Schulz et al, 2010).  
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Table 4.1 Recruitment numbers per site for the SSTEP study 
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Figure 4.1 Consort diagram of patient flow through study 
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4.3 Recruitment of participants 

216 (38%) eligible patients were recruited to the study from a total of 568 formally 

assessed at rheumatology and connective tissue disease clinics. Unfortunately the pre-

screening activity, where patient’s noted were screened for the possibility of them being 

suitable for the SSTEP study, was not collected in a robust manner at all sites. Where 

this information was given the reasons for SSc patients (95, 27%) being unsuitable for 

the study at clinics were mainly age of <40 years for females or the presence of any 

suspected serious physical illness which might interfere with the trial observation or 

interpretation of the data or be expected to curtail life expectancy. 

 

For the 255 (73%) of suitable patients that declined the study unwillingness to 

potentially be on a placebo was given as the main reason (98, 38%), further the long 

study duration, work commitments or being too busy was a barrier (82, 32%), the 

number of visits, although these were scheduled to occur alongside normal clinic visits 

(49, 19%) and an unwillingness to alter contraception (26, 10%) were the reasons noted 

for declining to participate.  

 

4.4 Demographics and clinical characteristics 

216 patients were recruited into the trial between February 2002 and April 2005. The 

randomisation blocks of six (three active and three placebo) allocated to each site 

produced treatment groups that showed reasonable balance for all variables recorded at 

baseline. Table 4.2 summarises the age, gender, race, duration of disease and smoking 

status for the 216 patients who were randomised into the trial. 
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Table 4.2 Demographics of SSTEP study participants 

 

 Iloprost 

(n=106) 

Placebo 

(n=110) 

Total  

(216) 

Age (years)  mean 

(SD) 

57.4 (8.8) 56.0 (10.0) 56.7 (9.4) 

Gender     : males 14 (13%) 19 (17%) 33 (15%) 

               : females 92 (87%) 91 (83%) 183 (85%) 

Race - Caucasian 102 (96%) 106 (96%) 208 (96%) 

Afro Caribbean 0 2 (2%) 2 (1%) 

Asian 3 (3%) 0 3 (1%) 

Other 1 (1%) 2 (2%) 3 (1%) 

Age at diagnosis 

(years) (SD) 

50.4 (10.6) 50.2 (10.8) 50.3 (10.7) 

Duration of SSc 

disease (years) 

 Median (IQR) 

5 

(2 – 9) 

4 

(1 – 8) 

5 

(2 – 9) 

Duration of 

Raynaud’s 

(years) – median 

(IQR) 

15.0 

(5.0 – 27.0) 

14.9 

(5.4 – 

30.0) 

15.0 

(5.0 – 30.0) 

Smoking: never 42 (40%) 47 (43%) 89 (41%) 

             ex-smoker 50 (47%) 48 (44%) 98 (46%) 

            current  14 (13%) 15 (14%) 29 (13%) 
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As can be seen the two groups were well matched in terms of age at recruitment, 

gender, age at diagnosis, duration of SSc disease, duration of Raynaud’s disease and 

smoking status. The female prevalence of 183, (85%) is expected in this UK and Irish 

population whilst patients recruited were predominantly Caucasian (208, 96%). The 

mean age of diagnosis, of 50.3 years, is typical for a European population and compares 

well with most published data suggesting this is a disease of the middle aged and 

confirms Soare’s recent report (2014) where onset of disease was noted to be 49 years.  

 

Duration of physician confirmed SSc disease had a median value of 5 year with an IQR 

of 2-9 years. The presence of Raynaud’s is almost universal (202, 94%) with the 

duration of Raynaud’s of 15 years predating in many cases the secondary diagnosis of 

SSc by 10 years.  Fourteen (6%) of the patients did not experience Raynaud’s (see table 

3 also).  The majority of patients (187, 87%) were non-smokers and there was no 

difference in the smoking status between both groups.  

 

The variables constituting the criteria for entry into the trial are summarised in Table 3 

and were also not significantly different between the groups, bar the presence of 

subcutaneous calcification at screening.  

 

Proximal scleroderma occurred in 113 patients (50%). Sclerodactyly, which is a 

characteristic feature of SSc, was seen in 172 (80%) of the enrolled patients to this 

study. Digital pitting scars or loss of finger pulp (78/216, 36%) was common. Seventeen 

(16%) of the Iloprost group and 21 (19%) of the placebo group had confirmed 

pulmonary fibrosis at screening. Oesophageal involvement occurred less frequently in 

this cohort than expected with 123 (57%) patients having experienced upper GI 
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involvement, whilst the presence of telangiectasia in 114 patients (53%) was seen at 

levels expected at study entry. For all of these noted variables above there were no 

significant differences between the two groups.  

Table 4.3 Disease characteristics on entry to the study 

 Iloprost 

(n=106) 

Placebo 

(n=110) 

Total 

(216) 

Proximal scleroderma 53 (50%) 60 (55%) 113 (50%) 

Sclerodactyly 82 (77%) 90 (82%) 172 (80%) 

Raynaud’s Phenomenon 98 (92%) 104 (95%) 202 (94%) 

Digital pitting scars or 

Loss of finger pulp 

 

39 (37%) 

 

39 (35%) 

 

78 (36%) 

Pulmonary interstitial 

fibrosis 

17 (16%) 21 (19%) 38 (18%) 

Subcutaneous calcification 35 (33%) 22 (20%) 57 (26%) 

Oesophageal involvement 58 (55%) 65 (59%) 123 (57%) 

Telangiectasia 60 (57%) 54 (49%) 114 (53%) 

Positive antibody    

Anti-nuclear Ab 65/92 (71%) 83/96 (86%) 148/188 (79%) 

Extractable Nuclear 

Antigen 

18/68 (26%) 17/64 (27%) 35/132 (27%) 

Scleroderma 70 12/80 (15%) 15/86 (17%) 27/166 (16%) 

Anti-centromere Ab 46/80 (58%) 42/79 (53%) 88/159 (55%) 

  Anti-U1RNP 1 (1%) 0 1 (0.5%) 

  Anti-U3RNP 0 2 (2%) 2 (1%) 
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Only subcutaneous calcification showed a difference statistically significant at the 5% 

level between groups. Subcutaneous calcification is seen normally in 20-35% of 

patients who have SSc (Coral-Alvarado et al, 2009) and in this study 35 (33%) patients 

on Iloprost and 22 (20%) on placebo were found to have this symptom at screening. 

 

Serum anti-body profile testing is done routinely in assessment of connective tissue 

diseases. The presence of anti-centromere antibodies in 88 (55%) of this cohort is higher 

than previously reported expected range of 20-30% (Ho and Reveille, 2003). Anti- 

Scl70 antibodies were noted in 27 (16%) of subjects tested which was within previous 

estimates range of 15-20% tested (Kallenberg et al, 1988). The low level of testing for 

anti-u13RNP and anti U3-RNP reflected the fact that one specialist tertiary referral 

centre only carried out this test and the numbers tested (three patients from a cohort of 

216) makes any further analysis meaningless.  

 

The distribution of key clinical variables at the time of randomisation are summarised in 

Table 4.4. There was no clinically significant difference in ABI measurements at 

randomisation between the two groups. Nine patients had incomplete ABI screening 

measurements done either due to ankle ulceration, painful swollen ankles or inability to 

tolerate the cuff inflations at time of measuring. However the mean ABI for the 207 

patients was considered clinically normal at 1.02.  
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Table 4.4 Clinical findings at screening 

 

 Iloprost Placebo Total 

ABI – (N) 

 mean (SD) 

(99) 

1.02 (0.13) 

(108) 

 1.01 (0.14) 

(207) 

1.02 (0.14) 

DLCO (%) – (N) 

 mean (SD) 

(96) 

70.8 (19.0) 

(95)  

74.0 (20.1) 

(191) 

 72.4 (19.6) 

Pulmonary Artery Systolic 

Pressure – (N) mean (SD)  

(57) 

27.5 (8.4) 

(46) 

28.3 (7.1) 

(103) 

27.8 (7.8) 

Skin score – (N) 

 median (IQR) 

(106) 

7  (3 – 11) 

(109) 

7  (4 – 12) 

(215) 

7  (4 – 12) 

eGFR (mL/min/1.73m
2
) 

(N) median (IQR) 

(83) 

75 (61-103) 

(81) 

74 (58-96) 

(164) 

75 (60-97) 

Carotid duplex scan –N (%) 35 (33%) 33 (30%) 68 (31%) 

         Stenosis? – N (%) 4 (11%) 3 (9%) 7 (10%) 

    Left 0 0 0 

    Right 1 (3%) 3 (9%) 4 (6%) 

    Both 3 (9%) 0 3 (4%) 

    < 20% 0 0 0 

    ≥ 20% but < 50% 1 (3%) 3 (9%) 4 (6%) 

    ≥ 50% 3 (9%) 0 3 (4%) 

 

 

DLCO was quoted as a percentage of predicted value, on all subjects. Again not all 216 

subjects had baseline DLCO or gas transfer measurements done in the screening period 

with 191 patients only having this performed.  The reason for this was that not all 

patients with a restrictive lung defect are able to perform the 10 second breath hold 
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necessary to obtain a meaningful measurement for DLCO. However the two groups 

were well matched for DLCO values with mean DLCO% of 70.8% in the Iloprost group 

and 74.0% in the placebo group, with Standard deviation of 19.0% and 20.1% 

respectively.  

 

Only 103 out of 216 subjects (48%) had a measurable pulmonary artery systolic 

pressure (PASP) result. In all the other cases at screening, 113 (52%) echocardiograms 

were reported as ‘normal’ and PASP could not be measured as no tricuspid 

regurgitation (TR) was evident on Doppler echocardiography. Calculation of PASP on 

echo requires the presence of TR as the simplified Bernoulli equation used needs to 

obtain a systolic trans-valvular pressure gradient. Where there is no pressure gradient, 

ie. in the absence of TR, then no meaningful calculation can be done and there is no 

evidence of raised PASP. Where PASP was measurable the mean pressure of 27.8 

mmHg (SD 7.8) was just below the 30mmHg endpoint derivation range.  

 

There is no difference in the eGFR ranges between the two groups with median values 

of 83 mL/min/1.73m
2 

in the Iloprost group (IQR 61-103), and 81 mL/min/1.73m
2 

in the 

placebo group (IQR 58-96). 

 

Only one centre, Dundee, routinely carried out carotid Doppler scans in patients who 

consented to this extra test, (n=50) although the centre in Leeds also sent a number of 

patients (n=18) for these investigations. A clinically significant stenosis of >50% 

blockage of the carotid artery was seen in three of the Iloprost group at screening 

compared to three of the placebo group who were noted to have carotid stenosis of 20-

50%. However, as these measurements were not repeated no data is available on the 
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change of this variable over time in either group and total numbers reviewed were low 

with only seven patients noted to have any degree of carotid stenosis over 20%.  

 

4.5 Endpoint analyses 

 

 

4.5.1 Primary outcome measures 

As discussed in the methods section a composite primary endpoint was sought for this 

study comprising of fatal coronary and stroke events plus non-fatal myocardial 

infarction and stroke, and SSc disease progression to reflect a deterioration in organ 

function as determined by changes in renal, lung, skin and pulmonary artery pressure 

compared between the two groups.  The study was powered only to detect a change in 

an anticipated 23% rate of disease progression reduced by 30% to 16% pa over 5 to 7 

years follow up.  

 

 

An analysis of the combination of the two measures survival free from death or a 

cardiovascular endpoint is shown in a Kaplan Meier plot (Figure 4.2). It is clear from 

the plot that there is a trend towards favouring Iloprost over placebo but the difference 

is not statistically significant (Logrank test: Chi square=0.75, p=0.39). 
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Figure 4.2 Comparison of survival free from death or CV event 

 

 

 

4.5.1.1 Analysis of deaths alone 

During the study follow up period, there were 22 (10.2%), deaths from the 216 enrolled 

patients with 14 (12.7%) deaths occurring in the placebo group and 8 (7.5%) deaths in 

the Iloprost group. A survival analysis was done to compare the survival of those 

patients randomised to Iloprost to those randomised to placebo. This showed that there 

was an apparent small survival advantage to those randomised to Iloprost but the 

difference was not statistically significant (Logrank test, Chi square=0.69, p=0.41). This 

again is demonstrated on a Kaplan- Meier plot (Figure 4.3). Furthermore, a breakdown 

of the causes of death for the two groups is shown in Figures 4.4 and 4.5. 
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Of the 14 deaths in the placebo group, 3 (21%) were from cardiac disease, 5 (36%), 

from complications of SSc; (3 (21%) PAH, 1 (7%). ILD and 1 (7%) from an unspecified 

SSc cause as reported on the notification of death form. There were 3 (21%) deaths 

from cancers, 1 (7%) from infection and 1 (7%) death reported as being from 

complications of diabetes, following a left below knee amputation following a 

gangrenous foot. In 1 case (7%) the cause of death could not be established by the site 

concerned despite efforts to trace information from the General Practitioner and local 

registry of deaths.  

 

There were 8 deaths in the iloprost group, 3 (38%) were from complications of SSc (2 

(25%)from PAH and 1 (13%) from ILD),and there was one each (7%) from coronary 

heart disease, infection,  and one reported as central nervous system involvement of 

SSc. Again, one cause of death could not be established as the patient had moved away 

and the site could not get access to a cause of death.  
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Figure 4.3 Comparison of rate of deaths in the Iloprost v placebo groups 

 
 

Figure 4.4 Breakdown of reported causes of death in placebo group 
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Figure 4.5 Breakdown of reported causes of death in iloprost group 

 

 
 

 

4.5.1.2 Analysis of cardiovascular endpoints 

When time to a confirmed cardiovascular endpoint alone was examined (Figure 4.6) 

there is again a suggestion of a benefit to Iloprost, but the difference is not statistically 

significant (Logrank test, Chi square =0.82, p=0.37).  
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Figure 4.6 Comparison of time to a CV endpoint for Iloprost v placebo 

 

  
 

  

  

4.5.2 Organ screening endpoints analysis 

The deaths and cardiovascular endpoints were sent on an as reported basis to the CEC 

for review. The CEC Chairman then sent the author his adjudication which was 

forwarded to the trial statisticians for notification. The other clinical endpoints, renal, 

lung, pulmonary hypertension and skin were determined from the annual follow-up 

forms using an algorithm that was devised by the CEC which is described in the 

Chapter in the Section 3.2.1 ‘Trial oversight committees and good clinical practice’. 

This compared renal function, presence or absence of pulmonary hypertension or 
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300025002000150010005000

Days from Randomisation

1.0

0.8

0.6

0.4

0.2

0.0

C
u

m
u

la
ti

v
e
 s

u
rv

iv
a
l

Iloprost

Placebo

Survival Functions



107 

 

 

 

visit and if the deterioration in any area exceeded the limit specified by the CEC, then 

this was considered to be a clinical endpoint. For example for an endpoint to trigger a 

positive endpoint result then for each in turn: 

 Renal - required a ≥20% reduction from baseline for GFR and/or 24hr urine 

CrCl. 

 Pulmonary Hypertension - PASP result above normal range (30mmHg) or, if 

pre-value is > 30mmHg then a > 30% increase in this value. 

 Interstitial Lung Disease - ≥ 20% reduction from baseline for DLCO. 

 Skin - scores of less than 7 had to increase by a minimum of 3 points (rather 

than by a percentage) for achievement of a skin change endpoint. For scores of 8 

or more, an increase in skin score of 30% or greater was noted as an endpoint 

 

It is to be noted that that the CEC reviewed all these potential endpoints also, see Table 

(Table 4.5).  
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Table 4.5 Potential endpoints submitted to and total confirmed by CEC and/or 

trial statistician 

 Iloprost Placebo 

Endpoint Number 

submitted 

Number 

Confirmed 

Number 

submitted 

Number 

Confirmed 

Death 8 8 14 14 

Cardiovascular 15 13 13 13 

Renal 41 37 38 34 

Pulmonary 

hypertension 

22 22 25 22 

ILD 27 25 26 25 

Skin  29 29 39 39 

 

Potential endpoints were sent to the CEC for adjudication and when confirmed were 

sent to the trial statistician and reviewed against data submitted on the annual review 

CRF forms to ensure compliance between the CEC data and that derived from the study 

database. A summary of the endpoints submitted by sites and their confirmation split 

per group is noted in Table 4.5 above.   

 

As expected no death reports were rejected by the CEC though two potential 

cardiovascular endpoints were rejected by the CEC in the Iloprost group on the basis 

that in one case the patient had pre-existing angina before study enrolment and in the 

other case a reported stroke (CVA) was not confirmed on diagnosis or supported by the 

hospital records of the event which was noted as a carotid arterectomy. For potential 

renal endpoints, four in each group were rejected by the CEC. In the Iloprost group 4 
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(10%) from 41 submitted were rejected, one for poor urine collection in creatinine 

clearance and three where when the nuclear GFR results were examined the reduction 

was not more than 20% from baseline. For the 4 (11%) from 38 submitted in the 

placebo group, again poor compliance with urine collection was quoted in one case, 

with two cases where the GFR was not reduced by >20%, and one where the creatinine 

clearance had fallen by more than 20% but when the results of the isotope GFR were 

examined, from the same visit for this patient, the drop in GFR was less than 20%. The 

CEC committee adjudication was that the isotope GFR result in this case was the ‘gold 

standard’ and therefore should be given more weight in judging if that patient had 

indeed reached an endpoint.  

 

No potential pulmonary hypertension results were rejected by the CEC for the Iloprost 

group though 3 (12%) from 25 submitted were rejected all due to calculation errors 

from the local PIs. The percentage values rejected were 29.8%, 29.5% and 28.5% so it 

can be seen that in two cases the local PIs had simply rounded up to a whole number, 

30%,  though the cut off value for a PAH endpoint was >30% increase from baseline if 

the baseline value was more than 30mmHg at study entry.  

 

For the ILD endpoints, the CEC rejected 3 (5%) from 52 potential endpoints submitted. 

Two (8%) were in the Iloprost group, as in one case again there was a calculation error 

from the PI, with a less than 20% fall in DLCO, and in the other case although there 

was a more than 20% reduction in DLCO, the results were accompanied by a HRCT 

report that confirmed no evidence of lung fibrosis. For the one case rejected in the 

placebo group, the CEC noted that the patient had emphysema, and that the reduction in 
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DLCO, was accompanied by an increase in lung volumes, there was no fibrosis evident 

and that this case should not be considered as an ILD endpoint.  

 

All the skin endpoints reviewed were accepted by the CEC for both the 29 in the 

Iloprost group and 39 noted in the placebo group. 

   

For the renal, skin, ILD and pulmonary hypertension endpoints as these events were 

only documented at follow-up visit, this prevented normal survival curve analysis.  To 

aid analysis a series of contingency tables of what happens at each annual follow-up 

were created from the database. These tables only included the patients where both 

visits and relevant data were recorded, and with a baseline from which events could be 

determined. Once a patient has had an endpoint (eg. skin progression) subsequent visits 

were not utilised for skin but they were utilised for the other endpoints. The sets of 

tables for that endpoint were analysed using the Mantel Haenszel Test and a test for any 

trend in the rates of endpoints occurring throughout follow-up was conducted. 

 

A summary table of the frequency with which the clinical endpoints occurred for the 

organ screening outcomes is presented in Table 4.6, together with the results of the 

significance tests.  
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Table 4.6 Summary of frequency of clinical endpoints for organ screening tests, 

compared per group (Iloprost v placebo) 

Clinical 

endpoints 

Event rates 

per 

assessment: 

 

Iloprost 

Event rates 

per 

assessment: 

 

Placebo 

Mantel-Haenszel 

Test 

Overall test for 

trend in rates 

 

Chi 

square 

 

p  

value 

 

Chi 

square 

 

p 

value 

 

Renal 

 

37/163 

(22.7%) 

 

34/184 

(18.5%) 

 

0.64 

 

0.42 

 

0.50 

 

0.48 

 

Pulmonary 

hypertension 

 

22/127 

(17.3%) 

 

22/123 

(17.9%) 

 

0.004 

 

0.95 

 

0.43 

 

0.51 

 

ILD 

 

25/265 

(9.4%) 

 

25/300 

(8.3%) 

 

0.02 

 

0.90 

 

0.33 

 

0.57 

 

Skin 

 

29/304 

(9.5%) 

 

39/335 

(11.6%) 

 

0.61 

 

0.43 

 

1.18 

 

0.28 

 

 

For each endpoint; renal, pulmonary hypertension, ILD and skin, there is no statistically 

significant change in the rate at which endpoints occur throughout follow-up, and for 

each endpoint there is no statistically significant difference between results in patients 

randomised to Iloprost compared to those randomised to placebo. 
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4.6 Withdrawal from randomised treatment 

Withdrawal from the treatment to which the patient was randomised was frequent with 

97 (45%) of the total patients withdrawing from treatment. The following Kaplan-Meier 

survival curve (Figure 4.6) presents the proportion of patients who remain on their 

randomised treatment up to the time of reaching an endpoint of confirmed 

cardiovascular disease or death.  

 

Figure 4.7 Comparison of ‘medication survival’ Iloprost v placebo 
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withdrawing from treatment. This was considerably more than the 2% drop out per year 

anticipated in the study planning.   

 

A breakdown of the stated reason for withdrawal from treatment is given in Table 4.7 

below. The majority of withdrawals from treatment in the Iloprost group occurred in 

year one and were related to adverse events of headaches, flushing or nausea indicating 

a lack of tolerance to the study medication. Of these 62 patients who withdrew from 

treatment 38 (62%) continued in follow up in the study.  For those on placebo there was 

a lower withdrawal from treatment rate, 34 (31%) withdrew with 20 of those (59%) 

continuing in follow up.  

 

Table 4.7 Comparison of reasons noted for withdrawal from treatment 

Reason for Withdrawal from treatment Iloprost 

n=62/106 

(58%) 

Placebo n=34/110 

(31%) 

Adverse event, headaches/ flushing/ nausea 41 (66%) 20 (59%) 

Moved away 2 (3%) 2 (6%) 

Wished to go in another study 1 (2%) 2 (6%) 

Family/ work commitments, or unable to make 

appointments 

2 (3%) 3 (9%) 

Unwillingness to continue on contraception 0 1 (3%) 

No reason noted  16 (26%) 6 (18%) 
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4.7 On treatment analysis 

The main conclusions from a randomised controlled trial should be based on an 

intention-to-treat analysis. However in view of a possible, but non-significant benefit to 

Iloprost on death and cardiovascular endpoints, together with the high non-compliance 

rate, an ‘on treatment’ analysis was conducted also. In this analysis a comparison at any 

time point on whether or not Iloprost was being taken was undertaken. That is, those 

randomised to Iloprost who took their medication to the end of the trial were compared 

with the combined group of those randomised to placebo plus those who had stopped 

taking Iloprost. This was achieved by conducting a Cox proportional hazards analysis 

with a time-dependent covariate (current Iloprost or not current Iloprost). 

 

The results using the endpoint of death or a confirmed cardiovascular endpoint just 

failed to show statistical significance at the 5% level (p=0.054). The estimated risk ratio 

on Iloprost compared to placebo was 0.39 with a 95% confidence interval from 0.15 to 

1.02.. The individual endpoints of death and cardiovascular event gave similar point 

estimates for the risk ratio but the confidence intervals were wider and the p-values 

indicated the results were not significant at p= 0.15 for death and p= 0.13 for 

cardiovascular events. 

 

4.8 Concomitant medication 

Patients with systemic sclerosis may have a number of symptoms related to their 

condition that require the use of poly-pharmacy. In order to assist in the analysis of this 

recognised expected poly-pharmacy, all medications were coded before data entry by 

the author, into one of 13 groups, 12 of which were drugs commonly used in systemic 

sclerosis or that have an effect on cardiovascular risk in particular based on the 
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‘Anatomical therapeutic chemical classification system with defined daily doses 

(ATC/DDD)’, (Word Health Organisation, 2003). The 13
th

 group was termed ‘others’.  

Table 4.8 compares the two treatment groups and the test performed looks for a trend of 

greater use in one group or the other.  

 

There were no significant differences at the 5% level in the use of any concomitant 

medications between both treatment groups indicating that medication usage was well 

matched at randomisation (see Table 4.8). 

 

The majority of patients were on some form of treatment for their Raynaud’s symptoms, 

either calcium channel blockers used in 140 patients (65%) or other treatments such as 

Naftidofuryl used (25%) in 55 patients. 

 

ACE inhibitors were prescribed in 88 (41%) of the recruited patients, usually for renal 

protection. Lipid lowering (n=65) and anti-platelet agents (n=78) were used in 

approximately one third of patients, There was use of disease modifying drugs such as 

penicillamine, cyclophosphamide, azathioprine and other immune suppressants in 88 

(41%) of patients with no significant difference in prescribing of these between the 

Iloprost and placebo group (p values 0.38-0.85). 
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Table 4.8  Concomitant medication compared between iloprost and placebo groups 

Drug 

Code 

Number 

Drug Name or Class Iloprost 

(n=106) 

Placebo 

(n=110) 

p- value 

1 IV Iloprost 27 (25%) 26 (24%) 0.56 

2 Calcium channel blocker 66 (62%) 74 (67%) 0.94 

3 Other treatments for Raynaud’s 

 eg Naftidrofuryl  

 GTN cream 

24 (23%) 31 (28%) 0.43 

4 ACE inhibitors 41 (39%) 47 (43%) 0.48 

5 Penicillamine 8 (8%) 6 (5%) 0.61 

6 Azathioprine 9 (8%) 12 (11%) 0.38 

7 Cyclophosphamide 9 (8%) 7 (6%) 0.85 

8 Other immune-suppressants 

 eg Mycophenolate 

 Rituximab 

17 (16%) 20 (18%) 0.85 

9 Anti-inflammatory agents 48 (46%) 55 (50%) 0.25 

10 Anti-platelet agents 37 (35%) 41 (37%) 0.53 

11 Lipid lowering agents 31 (29%) 34 (31%) 0.75 

12 Other Cardiovascular drugs 

eg Angiotensin Inhibitors 

Nitrates 

38 (36%) 40 (36%) 0.34 

13 Others 101(95%) 106 (96%) 0.50 
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4.8.1 Intravenous Iloprost 

About one quarter (n= 42) of all patients enrolled in the SSTEP study required IV 

iloprost infusions during the trial either for treatment of digital ulceration or as 

prophylaxis against Raynaud’s disease. The majority of these admissions (32, 76%) 

were for one or two infusions only for one off episodes of digital ulceration.  These 

periods of hospitalisation are covered in more detail later in the SAEs reports table (see 

Table 4.10).  One subject in the oral Iloprost group received 55 separate hospitalisations 

for IV Iloprost for persistent digital ulceration, whilst one in the placebo group received 

48 separate periods of infusions and two others in the placebo group received more than 

20 separate admissions and infusions of IV Iloprost. The following table (Table 4.9) 

summarises the number of times individuals received IV Iloprost treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



118 

 

 

 

Table 4.9 Number of treatments with IV Iloprost 

 

Number of treatments Iloprost Placebo 

0 80 (75%) 84 (76%) 

1 13 (12%) 11 (10%) 

2   5 (5%)   4  (4%) 

3   1 (1%)   0 

4   2 (2%)   4 (4%) 

5   1 (1%)   1 (1%) 

6   1 (1%)   1 (1%) 

7   1 (1%)   1 (1%) 

17   1 (1%)   1 (1%) 

24    0   1 (1%) 

40    0   1 (1%) 

48   0   1 (1%) 

55   1 (1%)   0 

Total 106 110 
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4.9 Safety analysis 

 

Table 4.10 Breakdown of SAE’s reported to DSMB (9
th

 April 2002- 31
st
 Jan 2009) 

 
Centre Elective 

Admissions 

(organ screening 

& IV iloprost) 

Elective 

Surgery 

Complications 

of SSc  

Accident Other SuSAR Death Total 

Dundee 57 11 29 5 22 1 3 129 

Glasgow 64 3 3 0 5 0 2 77 

Edinburgh 1 1 2 0 1 0 0 5 

Dublin 0 2 12 0 11 0 5 30 

Leeds 0 2 6 0 5 0 1 14 

Aberdeen 0 1 7 0 19 0 2 29 

Northampton 9 5 3 0 10 0 2 29 

London 4 1 9 0 15 0 5 34 

Newcastle 0 1 1 1 6 0 2 12 

TOTALS 135 28 72 6 96 0 22 359 
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4.9.1 Elective admissions  

As expected in this patient cohort, there were a large number of hospital admissions for 

elective organ screening and routine admissions for IV Iloprost to manage Raynaud’s 

symptoms. These were mainly in two centres, Dundee and Glasgow, where 121 (90%) 

of the elective admissions were concentrated. As alluded to in the previous section, 

intravenous Iloprost infusions were given to one patient over 50 times which can skew 

the reporting figures here. Also in Dundee there were a number of patients admitted for 

organ screening tests reflecting the large rural population who may have some distance 

to travel to this tertiary referral centre and where tests may be organized in NHS Clinics 

necessitating an overnight stay to coordinate them. There were no elective admissions 

for iloprost in Dublin, Leeds, Aberdeen or Newcastle.  

 

4.9.2 Serious unexpected severe adverse reactions  

The SuSAR reported was for a Dundee patient who developed leg pains and cramps 

whilst on holiday and was diagnosed with peripheral neuropathy on her return to 

Dundee. A code break was undertaken for this case in view of the unexpected 

presentation of peripheral neuropathy and this code break confirmed that this patient 

had been randomised to placebo.   

 

4.9.3 Complications of SSc serious adverse events  

Table 4.11 summarises the breakdown of serious adverse events reported that were 

medically important events or involved hospitalisation for what were termed 

complications of SSc. These complications were divided into five groups;: infected 

digital ulcers requiring antibiotics with or without IV Iloprost, critical digital ischaemia 

requiring IV Iloprost, investigation of or treatment of pulmonary hypertension, 

investigations or treatment of pulmonary fibrosis and ‘assessment of SSc.  
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When analysed per groups there were 11 episodes of infected digital ulceration 

requiring antibiotics with or without IV Iloprost in the oral Iloprost group. (Where 

patients were admitted for IV Iloprost it was routine practice to stop all study 

medications for the duration of that hospitalisation).  In the placebo group there was a 

higher rate of SAEs for infected digital ulceration with 21 episodes reported, however 

for all these SAEs one patient may be admitted multiple times for the same 

complication.  

 

There were nine episodes of critical digital ischaemia in the oral Iloprost group that 

required emergency treatment with IV Iloprost to prevent this complication of SSc 

developing into a gangrenous finger or toe, and 11 such episodes in the placebo group. 

Investigation and treatment of pulmonary hypertension occurred 11 times in the placebo 

group and 5 times in the iloprost group, whilst there was one episode each of where 

patients were treated in hospital for pulmonary fibrosis in both the placebo and iloprost 

groups.  

 

Two patients were admitted for assessment of their SSc in the placebo group, both 

occurred in Dublin, which was the tertiary referral centre in the region for SSc and as 

some patients were travelling long distances to attend the service, some may have been 

admitted for investigations to ensure they were done in a timely manner.  
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Table 4.11 Complications of SSc, breakdown of SAE reports 

 Iloprost Placebo 

Infected digital ulceration requiring 

antibiotics +/- iv Iloprost 

11 21 

Critical digital ischaemia requiring IV 

Iloprost 

9 11 

Pulmonary hypertension 5 11 

Pulmonary fibrosis 1 1 

Assessment of SSc 0 2 

 

 

4.9.4 Analysis of serious adverse reports per group  

 

There were 96 serious adverse events noted in table 10 that were termed ‘others’. A 

detailed breakdown of these is included in table 4.12. For ease of reference these have 

been grouped into a number of categories; Infections, GIT, Cancers, Cardiovascular, 

Respiratory, Psychiatric, Neurological, Haematological, Musculoskeletal/ 

Dermatological, Surgical, Renal and Endocrine, and each has been split per group 

(Iloprost or placebo) to aid comparison.  

 

4.9.4.1 Infections 

There were a number of serious adverse events that could be categorised as infections, 

with 8 reports in the Iloprost group. Six (75%) of these were noted as respiratory 

infections with one report each of cellulitis and septicaemia. In the placebo group there 

were 7 infections that were noted to be serious adverse events, 4 (57%) were for 

respiratory infections, 2 (29%) were for urinary tract infections (UTI) and 1 (14%) was 

for an infected ankle ulcer.  
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4.9.4.2 Gastrointestinal tract 

Serious adverse events related to GIT complications were relatively common making up 

25 (26%) of the reports termed ‘others’. In the Iloprost group there were 11 separate 

SAE reports, 2 (18%) for diverticulosis or gastroenteritis, and one each for 

investigations of diarrhoea, gastritis, acute pancreatitis, ulcerative oesophagitis, gastric 

antral vascular ectasia (GAVE), an accidental overdose of warfarin causing a GIT bleed 

and an episode of rectal bleeding, abdominal pain and diarrhoea. There were more 

SAES in the placebo group for GIT symptoms with 14 reports received by the DSMB. 

Half of these (7) were for diverticulosis or gastroenteritis, with 3 (21%) for pseudo 

bowel obstruction, all for the same patient. It could be argued that these 3 cases of 

pseudo bowel obstruction be linked into the complications of SSc reports, but that adds 

little of worth to the safety analysis. The other four cases in the placebo group were for 

investigations of multiple antral angiod streaks, severe dyspepsia, a stoma formation 

and a requirement for a blood transfusion post GIT bleed.   

 

4.9.4.3 Cancers 

There were 10 reports of cancers in the SSTEP study, accounting for (5%) of the total 

cohort. In the placebo group there were 6 cancers reported, 2 (33%) were for breast 

cancer or ductal carcinoma in situ (DCIS), 2 (33%) were for lung cancers, and there was 

one rectal cancer and one liver cancer reported. In the Iloprost group there were 4 

reports associated with cancer, one each (25%) for a Warthins tumour that was resected, 

a basal cell carcinoma, and a stage 4B large cell diffuse lymphoma that was associated 

with a separate report for admission for chemotherapy.  
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4.9.4.4  Cardiovascular 

Cardiovascular related SAE reports were noted on 21 occasions with 9 (41%) in the 

Iloprost group and 12 (59%) in the placebo group. Six SAEs for ‘chest pain’ (2 in 

Iloprost and 4 in placebo groups) were received though none corresponded to a 

cardiovascular event. One of ‘atypical chest pain’ was noted for each group. There were 

two confirmed MI in the Iloprost group, (one non ST MI and one anterior MI) with one 

anterior MI noted in the placebo group. There was one left below knee amputation in 

the placebo group (this patient subsequently died due to complications of diabetes), and 

one TIA in the placebo group. One patient was also hospitalised for investigation and 

treatment of an atherosclerotic coronary artery in the placebo group. In the Iloprost 

group further SAEs were noted for a carotid arterectomy, an aortic plaque and an 

occluded femoral artery and there was one admission for congestive cardiac failure 

associated with a UTI.  

 

4.9.4.5  Respiratory 

SAEs for respiratory reasons were relatively uncommon with only three reported (3%). 

One patient in the placebo group was admitted twice for dyspnoea and one in the 

Iloprost group was admitted for an exacerbation of chronic obstructive pulmonary 

disease (COPD).  

 

4.9.4.6  Psychiatric 

Two patients in the iloprost group were admitted to psychiatric units, one for senile 

dementia and the other for treatment of depression. One patient in the placebo group 

was hospitalised for psychiatric care though further details of the reason for admission 

were not given.  
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4.9.4.7  Neurological 

There were three reports of neurological SAEs with one in the placebo group noted as a 

‘fit’. The investigators reporting this suspected the patient may have taken a ketamine 

overdose but this was not confirmed. In the Iloprost group, there was one SAE of 

labyrinthitis and another where the patient had a CT scan confirmed haemorrhagic 

stroke following a fall.  

 

4.9.4.8  Haematological 

Six reported SAEs were received for haematological events. Two in the Iloprost group 

were for investigations of anaemia with one of those requiring a blood transfusion. A 

further report of thrombosis was noted in the Iloprost group with 2 reports of 

thrombosis received in the placebo group.  The other report received for the placebo 

group was an admission for temporal arteritis.  

 

4.9.4.9  Musculoskeletal/Dermatological 

Musculoskeletal and dermatological SAEs were relatively rare also, with only one 

report of myalgia in the placebo group necessitating hospitalisation. A further three 

reports were received in the Iloprost group with one each for a skin papilloma and 

associated neutropenia, myositis and an exacerbation of eczema.  

 

4.9.4.10  Urgent Surgery  

Two episodes of urgent back surgery were reported for laminectomies in the iloprost 

and one for a hysterectomy in the placebo group.  
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4.9.4.11  Renal 

Two SAEs were noted in the placebo group for renal failure with one of these 

hospitalisations also involving a collapse and secondary diagnosis being renal failure. 

There were no reported SAEs for renal complications in the Iloprost group.   

 

4.9.4.12  Endocrine 

Only one SAE hospitalisation was coded as being endocrine with an admission for a 

patient on the placebo for hyperosmolar kinetic state. There were no reported SAEs in 

this category for patients on Iloprost.  

Table 4.12 Breakdown of ‘Other’ reported SAEs  

 

 Iloprost Placebo 

Infections   

Respiratory Infection 6 4 

Urinary Tract Infection 0 2 

Cellulitis 1 0 

Septicaemia 1 0 

Infected ankle ulcer 0 1 

   

GIT   

Diverticulosis/Gastroenteritis 2 7 

Pseudo bowel obstruction 0 3 

Diarrhoea 1 0 

Gastritis 1 0 

Cholecystectomy and hernia repair  1 0 

Cholecystectomy 1 0 
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Acute Pancreatitis  1 0 

Ulcerative oesophagitis 1 0 

Multiple Antral angiod streaks 0 1 

Blood transfusion (post GI bleed) 0 1 

Dyspepsia 0 1 

Stoma formation 0 1 

GAVE syndrome 1 0 

Gastrointestinal bleed- overdose of warfarin 1 0 

Rectal bleeding, abdominal pain, diarrhoea 1 0 

   

Cancers   

Breast Cancer or Ductal carcinoma in situ 0 2 

Lung Cancer 0 2 

Parotidectomy: Warthins Tumour 1 0 

Rectal Cancer 0 1 

Liver Cancer 0 1 

Stage 4B large cell diffuse lymphoma 1 0 

Chemotherapy for Lymphoma 1 0 

Basal cell carcinoma 1 0 

   

Cardiovascular   

Chest Pain 2 4 

Atypical Chest Pain 1 1 

Atherosclerotic coronary artery 0 1 
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Trans-ischaemic attack 0 1 

Non ST Myocardial Infarction/ Lower 

Respiratory Tract Infection 

1 0 

Anterior MI 1 1 

Carotid arterectomy 1 0 

Aortic plaque 1 0 

Congestive cardiac failure and UTI 1 0 

Occluded superficial femoral artery 1 0 

Left below knee amputation 0 1 

Peripheral Oedema 0 3 

   

Respiratory   

Dyspnoea 0 2 

Exacerbation of COPD 1 0 

   

Psychiatric   

Senility 1 0 

Depression 1 0 

Psychiatric Care 0 1 

   

Neurological   

Labyrinthitis  1 0 

Fit: possible ketamine overdose 0 1 

Fall- Haemorrhagic Stroke 1 0 
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Haematological   

Thrombosis 1 2 

Anaemia 1 0 

Anaemia- requiring blood transfusion 1 0 

Temporal arteritis 0 1 

   

Musculoskeletal/Dermatological   

Myositis 1 0 

Myalgia 0 1 

Exacerbation of eczema 1 0 

Skin papilloma & neutropenia 1 0 

   

Surgical   

Back surgery 2 0 

Hysterectomy 0 1 

   

Renal   

Renal failure- dialysis 0 1 

Collapse- renal failure 0 1 

   

Endocrine   

Hyperosmolar kinetic state 0 1 

Total 45 51 
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4.9.5 Safety reporting 

This study had an independent DSMB who received regular reports of all the serious 

adverse events that were noted as soon as they were received by the Trial Manager (the 

author, Mr McSwiggan). The DSMB raised no concerns during the trial about any 

safety issues from these safety reports.  

 

4.10 Conclusion  

The results of this trial showed that there was a trend towards favouring oral Iloprost 

over placebo in systemic sclerosis, though there was no statistically significant evidence 

to recommend its use to prevent disease progression. Neither can it be concluded that it 

is a useful therapy that may prevent premature mortality or progression to 

cardiovascular disease in this patient group though this study was underpowered to 

assess mortality.   

 

Both Iloprost and placebo groups were well matched in terms of age, sex, disease 

duration, and baseline characteristics of their features of SSc indicating randomisation 

was successful. The rigorous review of safety data and adverse event monitoring raised 

no concerns about the use of Iloprost in this patient group. The high rate of withdrawal 

from both Iloprost and placebo, (58% on Iloprost and 32% who withdrew or were 

withdrawn on placebo) hindered the possibility of achieving the desired outcome 

measures. The ‘on treatment’ analysis undertaken using the endpoint of death or a 

confirmed cardiovascular endpoint just failed to show statistical significance at the 5% 

level (p=0.054). 
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CHAPTER FIVE: DISCUSSION 

 

 

 

5.1 Introduction 

This chapter explores the results of this doctoral study, known as the SSTEP study, and 

sets out implications for clinical practice. First, the main hypothesis, ‘Is oral iloprost 

therapy more effective than placebo in reducing coronary and cerebrovascular events in 

patients with SSc’, will be examined with reference to the primary outcome measures of 

the study. Next, the chapter will consider the secondary hypothesis, ‘Is Iloprost more 

effective than placebo in preventing SSc disease progression, in terms of: renal function 

measured by glomerular filtration rate (GFR), pulmonary artery pressure (PAP) 

measurement, pulmonary function testing (DLCO) and skin score’. It will then move on 

to consider the results of this study in light of the emergent literature, since the end of 

the trial in 2011, relating to the use of Iloprost for the treatment of SSc patients. Finally, 

potential limitations of the study will be discussed and recommendations will be 

proposed for future clinical research.  

 

5.2 General discussion 

This thesis reports on the conduct of a multi-centre, randomised, placebo-controlled 

clinical trial. As noted in the introductory chapter, this trial was unique in four ways. 

CVD as a major cause of morbidity and mortality in SSc had not been previously 

researched, and in this respect, the study was successful in accomplishing its aim; it 

recruited and followed a large cohort of SSc patients (N= 216) for at least four years 

and monitored the impact of the planned pharmacological intervention on their CV 

events and SSc disease progression. The study was specifically targeted towards 

recruitment of a very high risk group of SSc patients with the intention of being able to 
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detect clinically relevant outcomes over a reasonably short-term trial – in fact, the 

study’s pragmatic design ensured that the patients, who were recruited, were at risk of 

CV events but would not have been expected to be receiving vascular prophylaxis at 

that point in their illness. The study was also one of the first studies, as far as the author 

was aware, to explore the potential benefits of oral Iloprost therapy as a means of 

primary prevention of cardiac events in SSc patients. And lastly, the study was novel in 

its attempt to study the effects of Iloprost on SSc disease progression and ascertain 

whether the underlying mechanisms for both SSc and atherosclerosis were similar – 

this, however, proved more difficult to achieve in view of the small number of patients 

who developed CV events during the time of the study.  

 

5.2.1 Oral Iloprost therapy and reduction in coronary and cerebrovascular events  

The survival analysis of the composite primary outcome measures revealed that there 

was a trend towards favouring Iloprost from the combined measure of death or a CV 

endpoint. As might be expected from this combined result, when death or CV endpoint 

data were split neither showed a clinically significant advantage for Iloprost over 

placebo. An on treatment analysis (see Chapter 4, Section 4.7 On treatment analysis) 

was undertaken to compare the event rates for death or CV events for those patients 

who continued on Iloprost until their final scheduled visit against a combined group of 

those allocated to the placebo and those who prematurely discontinued. Intriguingly, 

those who continued on Iloprost had better outcomes, in terms of a lower rate of death 

and CV events, than the other groups.  This ‘on treatment’ analysis just failed to reach 

statistical significance at the 5% level (p-0.054). Whilst the author acknowledges that 

the results from a RCT must be based on an intention-to-treat analysis, there is a trend 

towards the possible benefit of Iloprost in SSc. This ‘on treatment’ analysis is not 
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relevant but it raises important questions about what could have been done to maintain 

more patients on treatment for the duration of the trial and, if so, what impact that 

would have had on the results of the study. 

  

5.2.2 Oral Iloprost therapy and SSc disease progression 

The results that examined the impact of Iloprost on SSc disease progression, in terms of 

key organ damage (that is, assessed by GFR/ CrCl, PAP, DLCO and skin scores), did 

not actually show any evidence of the benefit of oral Iloprost as a potential therapy for 

SSc. Iloprost is a potent antiplatelet and vasodilator, however, since the mechanism of 

organ damage in SSc is predominantly through fibrosis of the connective tissue, it is 

possible that its ability to prevent fibrosis and prevent deterioration of these organs 

should not be expected. 

 

5.2.3 Challenges of trial management 

Recruitment to the SSTEP study was challenging, with a nine month extension to the 

planned recruitment period being necessary to achieve sufficient numbers of 

participants. Furthermore, the withdrawal of one site (Bath) due to competing studies, 

and delays in start-up in two of the other sites (Edinburgh due to retirement of the PI; 

Dublin whilst regulatory approval was obtained from the Irish Medicines Board (IMB) 

and local ethics committee, plus an initial lack of research nurse support at both sites) 

further compromised recruitment efforts in the initial stages of the study. The author 

had a key role in taking compensatory action. That is, the author helped to identify and 

recruit an alternative rheumatologist in Edinburgh to act as PI; travelled to the 

Edinburgh clinics to act as the research nurse for the duration of the study; and attended 

national and local patient support groups to champion the trial and promote recruitment. 
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The author also secured funding so that a dedicated research nurse could be appointed to 

the trial in Dublin.  

 

5.2.4 Patient population 

From the data collected at the screening visit, it was evident that the majority of 

participants had been diagnosed a number of years prior to entering the study; few were 

recently diagnosed with SSc. The median disease duration was 5 years, with an IQR of 

2 to 9 years. It is possible, therefore, that the majority of participants who were recruited 

to the study had benefited from contact with specialist clinicians over a number of 

years; they may have already had their treatment optimised; and they may have been a 

group of patients who were particularly motivated to explore new treatment options. 

This may, despite best efforts to undertake a pragmatic trial, have introduced some 

selection bias. 

 

As demonstrated in Chapter 4, Table 4.3, the Iloprost group and placebo group of 

patients were well-matched with the exception of two disease characteristics; 

randomisation could therefore be considered effective. Firstly, the presence of 

oesophageal involvement in SSc patients is considered to be an almost universal clinical 

finding (Kowal-Bielecka et al, 2009). In this study, presence of oesophageal 

involvement was much lower than might have been expected, being noted in 123 

participants (57%) with no significant difference between the Iloprost and placebo 

groups. Although the CRF stated clearly that oesophageal involvement should be 

defined clinically by the local PI at point of enrolment, it is possible that there may have 

been misinterpretation or lack of consistency around the recording of this information at 

the screening visit. Despite regular monitoring of the CRF data by the author, this 
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essentially ‘tick box’ data collection could not be independently verified. There may 

have been an assumption on the part of local PIs that, to check oesophageal involvement 

on the CRF, the patient had to be on treatment when this was not necessarily the case. 

Since no formal assessment of GIT signs and symptoms was being made, regardless of 

the lower than expected levels noted of oesophageal involvement, this difference is 

unlikely to have any impact on the other outcome measures of this trial. 

 

Secondly, the only clinically significant difference (at less than the 5% significance 

level ) in screening data between the two groups was in levels of subcutaneous 

calcification; in 35 (33%) of the Iloprost group and 22 (20%) of the placebo group, 

subcutaneous calcification was recorded. A review of the literature gives the author no 

reason to suspect that a lower level of subcutaneous calcification at screening would 

confer an advantage to the placebo group survival from CV or other events. Monitoring 

for the appearance of new onset or return of calcinosis was not part of the formal 

assessments in this study; ostensibly this could be considered an oversight. However, 

there may be a tendency within clinical trials to ‘over collect’ data, even that which does 

not relate directly to the outcome measures, and, mindful to this, the decision was taken 

to only collect data that was considered essential. 

 

Withdrawal from treatment in both groups, Iloprost at 62 (58%) and placebo at 38 

(31%), was considered surprisingly high (see Table 4.7). Two thirds of the withdrawals 

in the Iloprost group were related to recognised side effects of Iloprost, namely 

headaches, flushing and nausea; this most frequently occurred when the medications 

were being up titrated. Better education in relation to the management of side effects, 

for the local PIs, research nurses and participants, may have been had beneficial impact 
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on these withdrawal rates. For example, for participants presenting with troublesome 

side effects, the advice should consistently have been to stop the current dose of 

medication and resume at better tolerated, lower dose; rather than the patient withdraw 

completely from the study. 

 

As might have been anticipated, the use of concomitant medications was high in the 

study sample (see Table 4.8). Calcium channel blockers were prescribed in over 60% of 

the Iloprost (66/62%) and placebo groups (74/67%); these are commonly prescribed for 

the management of Raynaud’s symptoms. The observation that 24 (23%) Iloprost and 

31 (28%) placebo participants were on other oral treatments for Raynaud’s disease (eg. 

Naftidofuryl) demonstrates that Raynaud’s disease is a significant problem in this 

patient group and that efforts are being made by prescribers and patients to ameliorate 

the symptoms. ACE inhibitors were prescribed in 41 (39%) participants in the Iloprost 

group and 47 (43%) participants in the placebo group. ACE inhibitors are commonly 

prescribed in SSc for renal protection, as per recommendation from Kowal-Bielecka et 

al (2009) and Steen et al (2007), to prevent SRC. Both these recommendations were 

published after the start of the SSTEP study and demonstrate how clinical practice is 

evolving in SSc. 

 

It is worth noting that both calcium channel blockers and ACEi are used routinely in the 

management of hypertension, which is a recognised risk factor for CV disease. It is 

possible that the use of these drugs in the SSc participants taking part in this study 

contributed to the finding that in both Iloprsot and placebo groups there was a lower 

than expected rate of CV events over the duration of the study. In addition, there was 

also relatively high level use of anti-platelets, such as aspirin or clopidogrel (35/37%; 
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placebo group 41/37%), as well as lipid lowering agents, such as statins or fibrates 

(Iloprost group 31/29%; placebo group 34/31%).  

 

Whilst this high level of CV risk management with SSc patients may not have been 

expected when the SSTEP study was designed, it probably reflects changes in clinical 

practice. That is, there is an increased awareness of the importance of CV risk 

management in rheumatoid arthritis (RA), and an increasing acknowledgement within 

the rheumatology community that RA patients are at increased risk of CV events. Since 

those recruited to the SSTEP study were all treated by rheumatologists, who would 

routinely be managing this CV risk in RA, it is perhaps unsurprising that SSc patients 

were also having their treatment optimised to reduce CV risk. This is also supported by 

the use of other CV drugs, such as angiotensin and renin inhibitors, in both groups of 

participants. 

 

5.2.5 Safety 

The use of an independent Clinical Endpoints Committee (CEC) and separate Drug 

Safety and Monitoring Board (DSMB) allowed for robust endpoint definition and 

regular review of the safety of the participants in this trial. The DSMB raised no 

specific concerns in response to the adverse events (AEs) reported to them throughout 

the trial nor did they raise any other safety issues regarding the conduct of the trial.  

 

There were no serious adverse reactions (SARs) attributable to study drug, Iloprost, and 

no reason to suspect that Iloprost was unsafe for use in this patient group. 
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5.3 Strengths and limitations of the study 

This was the first study, globally, to assess the effects of Iloprost on CV disease and 

disease progression in terms of renal, skin, lung and pulmonary hypertension in SSc. 

The study design was a randomised, double blind, placebo controlled trial. Each of 

these design features are a mark of quality assurance and give confidence that efforts 

were made to minimise risk of bias within the trial (Altman and Schultz, 2001; 

Rothwell, 2006).  

   

The multi-centre collaboration allowed recruitment of a sufficiently large cohort of SSc 

patients to be enrolled within a reasonable timeframe. A sample size of 216 made this 

study one of the largest interventional studies undertaken in SSc and the results, if they 

had been more positive, would have allowed a change in treatment that would have had 

sufficient weight to influence clinical practice.  

 

At the time of planning and start-up of the SSTEP study, trial management followed the 

Medical Research Council (MRC) guidelines for the ‘Conduct and management of 

clinical trials’ (1998).  Clements et al (2004) published an influential paper after the 

SSTEP study had been initiated, proposing ‘10 recommendations for the future success 

of clinical trials in SSc’. The author reviewed these recommendations and identified that 

the SSTEP study already was compliant with several of these recommendations. For 

example, adequate funding was in place to conduct the trial effectively; study design 

was in line with placebo-controlled, randomised recommendation; used validated tool 

(namely modified Rodnan skin score) with trained personnel to ensure consistency; and 

other outcome measures were approved by CEC. 
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Clements et al (2004) highlighted that, ‘The medication(s) being tested help(s) 

determine the ease of recruitment’. In the SSTEP study, the drug being tested was oral 

Iloprost; this drug had already been used in its oral form in clinical trials in the UK with 

SSc patients experiencing Raynaud’s disease. Therefore, there may have been a number 

of participants and clinicians who were already familiar with the drug; some participants 

may have received intravenous Iloprost for digital ulceration or prophylaxis of 

Raynaud’s disease. The potential side effects profile was also well documented.  

 

In light of Clement et al’s (2004) recommendation that, ‘When study patients stop study 

medication early, it is important to have the patients return to have their primary 

outcomes assessed at the time when they should be ending the trial, even if they have 

stopped study medication earlier’, the author reinforced to all sites the importance of 

making sure that all patients returned for their study close-out visit. Having a long study 

follow-up period was an opportunity for local research staff to build up good working 

relationships with their participants, however, the time commitment could also present 

challenges when trying to encourage participants to return for close-out visits sometime 

after they has stopped study drugs. 

 

A limitation of the study may be the larger than expected drop out rate. This made the 

ability to detect a significant difference in the effect of Iloprost versus placebo less 

likely as many patients were possibly not on treatment for a sufficiently long enough 

period to see the effect on CV disease. Furthermore, the participants recruited had been 

diagnosed a number of years prior to entering the study; few were recently diagnosed 

with SSc.  
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Multi-centre studies are notoriously problematic to manage and ensuring regular review 

of the sites is crucial to their success. The large turnover of staff at some sites made the 

author less convinced that subjective measures, such as the mRSS, were being collected 

reliably at all sites. To address this concern, regular monitoring of the sites was 

undertaken by the author, and training on the trial protocol and methodology was given 

to any new staff. Additionally, a significant number of the total number of assessments, 

82/216 (38%), were completed by the author; this was because he was directly involved 

in assessments, data collection and review of the participants at three of the sites.  

 

The study was powered to detect a change in an anticipated 23% rate of disease 

progression reduced by 30% to 16% pa over 5 to 7 years follow up, however the rate of 

disease progression was much less than this at between 8.3% and 18.4% per annual 

assessment and therefore the study was underpowered to detect that change and there 

was a low rate of cardiovascular endpoints in this study.  

 

5.4 Concluding remarks 

This thesis has been an opportunity to conduct one of the largest clinical intervention 

trials in SSc ever undertaken. It hoped to address the serious issue of the increased 

mortality from CV causes in SSc and whilst the results did not indicate a benefit to oral 

Iloprost, the trend towards better survival on oral Iloprost was encouraging. From the 

results presented it suggests that CV risk management is beginning to become standard 

practice in SSc disease and also that CV events are less prevalent than initially 

anticipated when the SSTEP study commenced.  
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5.5 Further studies 

The completion of the SSTEP study has raised some issues that would be of interest to 

study further. 

 

1. All patients that consented into SSTEP gave their permission for their medical 

records to be followed up. In this well phenotyped cohort it would be interesting 

and potentially inexpensive to review their records for disease progress, 

cardiovascular events or mortality at the 10 year or more follow up period. The 

majority of these patients are now close to that period of follow up and results 

could be collated reasonably rapidly. 

2. A reasonably large cohort of the SSTEP patients received and may continue to 

receive IV Iloprost regularly. Further analysis of their records and comparison 

with the SSTEP patients who have never received this therapy may elicit useful 

information on whether there is any long term CV protection afforded by IV 

Iloprost.  

3. Stored blood samples for serum and plasma were archived for this group of SSc 

patients and could potentially be linked to other tissue banks for future analysis.  
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