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SUMMARY, CONCLUSIONS
AND FUTURE PERSPECTIVES

The studies described in this thesis contribute to the identification of biomarkers for risk 

stratification in systemic sclerosis (SSc). Luckily, nowadays many SSc prospective cohorts 

have been set up worldwide which allows high-quality research. Given the rarity and 

the heterogeneity of the disease, relatively large cohorts are needed to draw valuable 

conclusions. For the studies described in the current thesis, I was able to incorporate 

data from the Leiden prospective SSc cohort and data from other prospective cohorts in 

Europe, which made it possible to strengthen the data. In this final chapter, I summarize 

the main findings of the studies presented in this thesis, put our findings in a broader 

perspective, discuss future perspectives and formulate research questions that are 

relevant to assess in the years ahead of us.
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PART I: IMPACT OF SYSTEMIC SCLEROSIS

Diagnosis of Systemic Sclerosis

SSc can be difficult to diagnose due to its rarity and heterogeneity. In most patients, 

receiving the diagnosis of SSc takes years as it is often not immediately recognized at time 

of first symptoms (1, 2). The new ACR/EULAR 2013 criteria and the very early diagnosis of 

SSc (VEDOSS) classification criteria help us with early diagnosis (3-5). Earlier diagnosis in 

SSc is necessary to manage and treat patients at a point in their disease where damage 

of skin and internal organs is still reversible. On the other hand, physicians should be 

aware that even in patients with early disease, without any organ complications, receiving 

a diagnosis of SSc can have a major impact on daily life (chapter 1)(6).

Patient perception of disease burden

Since early diagnosis lengthens the time window of patients in which the prognosis 

is unclear, it is necessary to know how this affects the patients (7, 8). A focus group 

study (chapter 1) among 7 patients with a recent diagnoses of SSc showed that patients 

indeed worry, mainly about the chronic nature, the unpredictable disease course and the 

negative consequences of the disease (9-13). It is known that these illness perceptions 

have an impact on physical health, mental health and illness behavior in SSc (14) (15). As 

illness perceptions influence illness behavior, it is important for physicians to be aware 

of the decoupling of patients perceptions of disease and objectified disease activity 

(chapter 1). Moreover, these perceptions are associated with the disease course, since 

a patient’s own personal beliefs and emotional responses to symptoms affect disease 

management. We did not only analyze illness perceptions during the focus group but 

we also asked patients to make a drawing of their disease. In contrast to the illness 

perceptions evaluated during the focus group and the questionnaires, which were 

predefined, drawings can provide an unbiased image of patients’ perceptions. The most 

common features displayed in the drawings were; experienced symptoms, emotional 

functioning and social functioning. The images drawn by the patients gave us some 

insights in patients thoughts and concerns and highlighted the importance of psychosocial 

support. Finally, we learned from this study that patients experienced negative thoughts 

caused by internet based information and little understanding of the disease in their 

personal environment. This indicates the importance of patient education after receiving 

a diagnosis. Patient-centered care that encompasses strategies to promote self-esteem, 

self-efficacy, and open communication may help to decrease the SSc disease burden. 
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SSc-related quality of life

Improving patients’ quality of life should be one of the main goals for every physician. 

Health related Quality of Life (HRQoL) includes both physical and mental health, and 

several validated questionnaires have been developed to assess HRQoL (16-19). HRQoL 

in SSc patients can vary greatly, independent of disease severity. Even in SSc patients 

without organ manifestations HRQoL is lower when compared to patients with other 

chronic diseases (20-22). 

Clinical manifestations associated with SSc-related quality of life

Due to the chronic nature of SSc and it’s heterogeneity, it is important to know which 

disease manifestations have the largest impact on HRQoL. A thorough understanding of 

HRQoL determinants may help treating physicians to identify the unmet needs of SSc 

patients and the areas where more effective pharmacological or non-pharmacological 

interventions are indicated. We confirm, in chapter 2, that gastrointestinal (GIT) symptom 

burden, Raynaud phenomenon (RP) symptoms, and digital ulcers are associated with 

lower HRQoL (13, 23-25). In addition, in SSc, patients with organ involvement experience 

a lower HRQoL compared to patients without organ involvement. During the disease 

course and during follow-up, an increase of GIT symptoms and/or RP symptoms were 

found to be predictive for a decrease in HRQoL in all SSc patients. Skin involvement 

changes specifically impact HRQoL in patients with early disease (since first non-RP 

symptom < 24 months), whereas pulmonary arterial hypertension (PAH) had a significant 

impact on HRQoL in patients with long standing disease. Functional impairments, as 

shown by a decrease in six-minute-walking distance (6MWT) and hand function, were 

also associated with impaired HRQoL over time, meaning that loss of function significantly 

impacts HRQoL. Remarkably, quality of life in SSc patients is significantly affected by 

troublesome and difficult to control symptoms including RP and GIT, even more than 

by life threatening complications such as ILD and cardiac involvement. In contrast, 

treating physicians often focus on life-threatening manifestations. Our results suggest 

that despite the non-life threatening nature these burdensome disease manifestations 

deserve attention as these are highly important for the patient. In my opinion, HRQoL 

assessment measures should play a prominent role also in clinical trials investigating 

the efficacy of novel therapies for SSc. Future studies should focus on how to address 

functional impairment, RP and GIT. By improving treatment and care for these symptoms, 

HRQoL can significantly improve and, consequently, this can have a positive influence on 

illness and risk perceptions which will also improve disease management and will have 

a positive effect on the disease course. 
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PART II:	 DISEASE PROGRESSION
IN SYSTEMIC SCLEROSIS

Disease progression

Clear guidance regarding follow-up is very important for clinicians, not only to identify 

progression in time but also to limit overdiagnosis and overtreatment in mild patients. 

Pulmonary, cardiac, gastro-intestinal (GIT), renal, musculoskeletal, functional, and 

vascular symptoms are annually investigated in our multidisciplinary SSc care pathway, 

however no evidence based guidelines on the extent and frequency of follow-up exists. 

Currently, only an expert consensus based guideline exists which describes 55 tools/

measurements to assess on an annual basis in every SSc patient (26). Whether these items 

are sufficient to identify progression timely is yet to be determined. Approximately 50% 

of the SSc patients never show any signs of progression and annual follow-up might be 

redundant in this group of patients (chapter 3). On the other hand, also approximately 50% 

of the patients experiences relevant progression somewhere during their disease course. 

The most common cause of progression was cardiopulmonary deterioration, which is 

also the number one cause of death in SSc (27). Although research and guidelines often 

mention disease progression is most likely to occur in early disease, our data showed that 

in 24% of the patients progression occurred after a disease duration of > 10 years since 

first non-RP symptom. We observed that skin progression occurred more frequently 

in early disease. The proportion of patients with lung, heart or GIT progression was 

relatively stable over time. Anti-topoisomerase antibody (ATA) positive patients showed 

progression most often in early disease, while in anti-centromere antibody (ACA) positive 

patients the proportion of patients with progression seemed to increase over time. This 

study indicates the importance of follow-up, as half of the patients experience disease 

progression. The fact that progression can occur both early and late demonstrates why 

it is difficult to design guidelines on the extent and frequency of follow-up. The fact that 

half of the patients never show any signs of progression indicates at the same time the 

importance to identify biomarkers to predict progression in order to enable tailormade 

follow-up of the individual SSc patient. 

Gastrointestinal symptoms and progression; underestimated in SSc

GIT symptoms hamper SSc patients’ HRQoL and, after skin involvement, are the most 

common complications in SSc (28). Approved treatment options for GIT involvement 

in SSc are very limited, but this may, at least partially, relate to little knowledge and 

focus. Little is known on GIT progression, and the potential effects on GIT symptom 

burden by the standard of care treatments in SSc (immune modulating and/or vaso-

dilating treatment). Therefore, in chapter 4, we performed a multicenter study (Oslo 

and Leiden) with longitudinal data on patient-reported GIT symptoms and standard of 
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care treatment. We identified that GIT symptoms are very common in SSc, and a high 

symptomatic burden from early in the disease course predicted progressive behavior 

of the GIT symptoms over time. Many patients reported severe reflux and distension/

bloating symptoms already at time of SSc diagnosis. All GIT symptoms progressed 

during the observation period, with highest progression rates for reflux and distension/

bloating. Female sex and presence of ACA were significantly associated with total GIT 

symptom burden and with GIT progression, no other predictors could be identified. With 

the exception of corticosteroids, standard of care therapies for SSc seem to have little 

impact on GIT symptoms. This study shows that clinicians should be aware of the high 

GIT symptom burden at time of SSc diagnosis and should identify patients at risk for 

progressive GIT disease early to tailor disease management. In addition, more knowledge 

on the correlation between GIT patient-reported-outcome measurements and objective 

measurements is necessary. In a very recent study performed by Zampatti et al.(29) 

the correlation between the UCLA GIT 2.0 score (reflux domain) and esophago-gastro-

duodenoscopy (EGD) were investigated, and the reflux subscale was able to discriminate 

patients with SSc who had an indication for EGD, but this did not correlate with the findings 

in the EGD. Therefore, this study concluded that the UCLA GIT 2.0 is helpful but should not 

be used as a stand-alone instrument to identify an indication of EGD (29). We showed that 

all gastro-intestinal domains can be affected and therefore evaluation of all the different 

gastro-intestinal domains should be taken into account and should be included in the 

guideline for follow-up in SSc patients. However, the definition for GIT involvement in SSc 

patients remains very difficult. Kaniecki et al.(30) published an extended review on the 

practical approach to the evaluation and management of GIT symptoms in SSc which is 

of major clinical relevance for physicians following SSc patients (30). Knowledge about 

severity and the natural behavior of GIT symptoms is a prerequisite to identify patients 

for inclusion in clinical trials targeting GIT involvement, and to assess treatment effects. 

This is particularly important in times of evolving new therapeutic options, such as fecal 

microbiota transplantation. This study helped us to gain knowledge on the severity and 

evolution of GIT involvement in SSc. A next step would be to identify biomarkers for GIT 

disease activity or GIT disease progression. 

Prediction model

Over 50% of patients with SSc showed disease progression over time, disease progression 

was very diverse and occurred in a heterogeneous group. To identify which patients were 

at risk for overall disease progression we developed, with the use of machine learning, 

a prediction model including 90 variables (100% complete, chapter 5). With this model 

we were able to stratify patients for low, intermediate or high risk of disease progression. 

Twenty-nine percent of the patients had a low risk of disease progression (negative 

predictive value [NPV] 1.0), and annual follow-up could be less extensive in these patients. 
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The Machine-Learning-Assisted prediction model could therefore significantly reduce 

health-care costs without substantial risk to our patients, and we might be able to reduce 

the amount of worry in some of the patients. In addition, we compared the Machine-

Learning-Assisted driven model with the expert opinion model (26). Where the Machine-

Learning-Assisted driven model included 10 variables in the final model, the expert 

model included 51 variables. Interestingly, the ROC of both models was comparable 

(ROC of 0.68), however, cutoffs for low, intermediate and high risk of progression were 

only identifiable in the Machine-Learning-Assisted driven model. This model allows us 

to confidently identify a subset of patients who can safely reduce their visit frequency. 

Preferably, in the future we will be able to predict the risk for progression on each specific 

organ system in every individual patient. We were not able to accomplish this in our cohort 

due to the sample size and the heterogeneity of the disease. To evaluate organ systems 

separately in both a test and training set we need a large amount of patients followed 

over a long period. Besides, predictors for organ progression on one certain domain 

might be protective for progression on another domain, which means a large amount 

of predictors are needed in the model. To be able to develop a model with this goal we 

need to collect data from a few international SSc cohorts (preferable also outside of 

Europe) and identify models for each organ system and externally validate these models. 

To be able to accomplish this it is important to identify the most important predictors 

and evaluate if these predictors are internationally collected in the same manner. If we 

will be able to develop a model that predicts accurately enough to identify the low and 

high risk patients we can develop an online tool where physicians can calculate the risk 

score of every individual patient, and this will help us to provide tailormade follow-up 

and treatment for every individual patient. 
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PART III:	MICROANGIOPATHY AND 
SSC SPECIFIC AUTOANTIBODIES

Biomarkers in systemic sclerosis

A better understanding of SSc is the best way to identify important biomarkers, and 

these biomarkers are the key to improve prediction of the disease course. Currently, the 

classification criteria for SSc consists out of clinical characteristics, laboratory findings and 

microvascular abnormalities. Ideal biomarkers are indicators of SSc that can be measured 

accurately, easily, cheap, and preferably with non-invasive techniques. They are not only 

helpful for early diagnosis and understanding distinct pathophysiological processes of 

the disease but are also useful for patient care in terms of prediction of prognosis, and 

treatment decision-making (31). SSc specific autoantibodies and nailfold capillaroscopy 

(NC) patterns are used as biomarkers based on significant and sometimes exclusive 

associations with the disease itself or certain clinical phenotypes of the disease and in 

this thesis we evaluated these two biomarkers more extensively. 

Degree of microangiopathy

Vasculopathy plays an important role in the pathophysiology of SSc (32). The factors that 

trigger vascular injury in SSc have not been elucidated so far. Antinuclear auto-antibodies 

(ANAs) have been mentioned as one of the possible triggers for vascular injury (33, 34). 

In addition, hormonal factors also have been suggested as trigger for microangiopathic 

manifestations (35). To gain more evidence on this subject we performed a systematic 

review in chapter 6 to evaluate whether sex or expression of specific ANA might 

associate with the degree of microangiopathy in SSc patients. Eleven studies were 

included that report on the relationship between SSc specific auto-antibodies and 

microangiopathy, and six studies were included that report on the association between 

sex and microangiopathy in SSc. The number of included articles already indicates 

that limited evidence was available for our review. Contradictory results were found on 

the association between auto-antibodies and microangiopathy, with a trend towards 

more severe degree of microangiopathy in ATA positive patients. No association was 

found between sex and microangiopathy based on the current literature. Due to limited 

evidence on the association between autoantibodies and degree of microangiopathy we 

decided to evaluate this in our own cohort. In chapter 8 we demonstrated an association 

between ACA and ATA specific immune response and degree of microangiopathy 

(36). We confirmed the association between more severe microangiopathy and organ 

involvement in SSc patients. Secondly, we showed that ATA positive SSc patients more 

often have severe microangiopathy compared to ACA positive patients. Finally, and 

completely novel, was the significant association between ACA-IgG and ATA-IgM levels 

with a more severe degree of microangiopathy. As ATA positive and ACA positive patients 
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display clearly different clinical phenotypes, one might hypothesize that behavior of ATA 

and ACA specific isotypes differs which might impact on their roles in pathophysiology. 

The continuous presence of IgM indicates a constant trigger of the immune system 

which might be more obvious in ATA positive patients compared to ACA positive patients. 

Currently, one of the ideas is that autoimmunity occurs early in the disease course and 

the auto-immune response is targeting other cell types (endothelial cells). ATA and ACA 

probably target different cells / pathways which might explain the clinical differences 

between the two groups. The observation between higher ACA-IgG and ATA-IgM levels 

and a more severe degree of microangiopathy might indicate that dysregulated B cell 

responses and microvascular damage interact with each other in the pathophysiology 

of SSc. To confirm these observations and to identify the possible mechanism behind 

this association further research is needed. For example, in clinical setting the effect 

of immunosuppressive therapy affecting B cells on microvascular damage can be 

evaluated, and a next step would be to isolate the (autoreactive) B cells from SSc patients 

to be able to evaluate their effect on an in vitro endothelial cell model. 

Anti-U3RNP SSc specific autoantibody

Anti-fibrillarin (anti-U3RNP) is a SSc specific autoantibody, which has been described 

in small subgroups. Previous studies suggested an association with cardiovascular 

complications, however due to its rarity clear clinical associations remains to be confirmed 

(37, 38). We evaluated if NC could be of contributive value to identify the anti-U3RNP 

positive patients with cardiopulmonary involvement (chapter 7). We did not observe 

a higher prevalence of cardiopulmonary involvement in anti-U3RNP positive patients 

compared to ATA or ACA positive patients, but we did confirm the association between 

degree of microangiopathy and cardiopulmonary involvement for all the antibody 

subgroups, which is in line with our results in chapter 8. As such, NC can also serve as 

biomarker in anti-U3RNP positive SSc patients for risk of cardiopulmonary involvement. 

SSc specific autoantibodies 

ACA generally carries a better prognosis than most other SSc autoantibodies, still 35% 

of the ACA positive SSc patients develop organ involvement. This already demonstrates 

that even within one autoantibody group the disease course is very heterogeneous. 

Therefore, in chapter 9 we analyzed the ACA isotype levels in ACA-IgG positive SSc 

patients in relation to clinical disease progression using data from five large and well 

defined SSc cohorts from European centers of expertise in SSc. We described the ACA 

isotype levels in patients with very early SSc and in patients with definite SSc, including 

the association with disease severity and disease progression. Using autoantibodies for 

risk stratification is not new (33, 39-42), however, evaluating the specific isotypes has never 

been performed extensively in SSc. Our study showed that in ACA positive SSc patients, 
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higher ACA-IgG and ACA-IgM levels associated with more severe disease. Moreover, 

higher ACA-IgG levels associated with disease progression over time in both established 

SSc and very early, pre-clinical SSc. The continuous presence of ACA-IgM suggests 

that there is ongoing immune activation triggering continuous production of IgM which 

is most likely caused by recently activated B cells. Also more mechanistic explanations 

could be considered. For example, IgM and IgG have the ability to induce inflammation by 

activating complement, where IgA is a weak complement activator, and therefore might 

not be involved at the same level. As there is no evidence regarding the nature of ACA-

IgA in SSc pathogenesis it is intriguing to hypothesize about its origin and implication. 

IgA is mostly found in mucous membranes, particularly the respiratory tract and the 

gastrointestinal tract; as such expression of disease specific ACA-IgA might implicate 

involvement of these mucous membranes in SSc pathogenesis. The frequent pulmonary 

and gastro-intestinal involvement in SSc patients supports this hypothesis. We conclude 

that the ACA isotypes can be seen as biomarker for the underlying immune response, 

and the presence and levels of the different isotypes can be used as a marker for ‘the 

breadth of the immune response’. In very early SSc disease [pre-disease], two features are 

present in > 90% of the patients; microangiopathy as clinically shown by RP symptoms, 

and dysregulated immunity reflected by presence of SSc specific autoantibodies. It 

is possible that these SSc specific autoantibodies contribute to microangiopathy by 

endothelial cell damage (34). Taking this in mind it is tempting to speculate that either 

ACA-IgG, and/or the B-cell responses underlying ACA production are involved in the 

disease pathogenesis. Based on these data, ACA isotype levels might be considered as a 

biomarker to predict which SSc patients are at risk for disease progression, and to predict 

which patients with very early SSc are at risk for future SSc. We believe that the results 

are therefore highly relevant for clinicians in rheumatology as these findings contribute 

to risk stratification in SSc using a simple biomarker. Additionally, our findings encourage 

further evaluation of the contribution of ACA antibodies to the pathogenesis of SSc.
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SUMMARY

Can we identify patients at risk for decreased health-related quality of life?

By improving patients’ physical functioning, RP symptoms and GIT burden we will be able 

to influence HRQoL. In order to achieve this, assessment of these symptoms on a regular 

basis must be performed and pharmacological and non-pharmacological treatment 

options should be followed according to the EULAR guidelines (43). In addition, further 

research is needed to increase the treatment options for especially GIT involvement. In 

SSc, illness perceptions have an important influence on quality of life, independent of 

disease severity. As physicians we have the possibility to address these perceptions with 

clear guidance, monitoring and information. 

Can we predict SSc disease course?

Unfortunately, prediction of the disease course remains difficult, but we were able to 

develop a prediction model by means of which patients with a low risk of progression, 

can be identified in whom annual follow-up can be less extensive. Applying this model 

to provide tailor made care can influence illness perception, illness behavior and quality 

of life in SSc importantly. In the future, we need to develop models that can also identify 

patients with a high risk on specific organ involvement in whom we should interfere timely 

with the disease course before irreversible damage is done. 

Can we identify biomarkers for patients at high risk? 

In this thesis we confirmed that the degree of microangiopathy is associated with more 

severe disease, a next step would be to investigate the predictive role more extensively 

in a large subset of patients followed over time. We found ACA isotypes and isotype 

levels to be associated with the disease course which indicates that ACA isotype levels 

can be used as biomarkers to predict disease progression. Confirmation in larger cohorts 

with very early SSc patients and established SSc patients is necessary to confirm our 

observation and to confirm the relevant cut-offs. To be able to investigate this, early 

recognition of SSc is very important. New biomarkers are identified on a yearly basis and 

more and more research is and will be performed in the coming years. 
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FUTURE PERSPECTIVES

Health care

The multidisciplinary approach in SSc patients remains very important and to improve 

health care outcomes benefiting both patients and health professionals it is necessary 

to break down barriers and bridge professional boundaries. Ideally a multidisciplinary 

team involving a rheumatologist, a pulmonologist, a cardiologist, a gastroenterologist 

and a specialized nurse should determine the best care for every individual SSc patient. 

To be able to impact as much as possible on HRQoL we also need more information 

on a patients’ illness perceptions, this allows us to individualize our health care system 

in combination with a patients’ need. Illness perceptions should always be taken into 

account, as all patients are behaving and responding differently on receiving a diagnosis. 

In my opinion, in the future, SSc care pathways need to be based on the individual risks 

of a patients stratified for different organ systems; some patients need screening of the 

pulmonary system where others are more prone for vascular abnormalities. To change or 

improve the care of patients we need to expand our knowledge on SSc disease course 

and in order to do that we need to gain more insight on the pathophysiology of SSc. This 

is one of the examples of how research has a direct influence on health care (see figure). 

In the end, this will improve the quality of care and will reduce the health care costs. 

Research

Despite many advances made in elucidating the pathogenesis of SSc, the exact 

mechanism remains unsolved. Based on the above background, it is important both 

clinically and pathologically to elucidate the relationship between microvasculopathy and 

the immunological heterogeneity of SSc. I would argue for more longitudinal research on 

the associations between the clinical characteristics and the laboratory findings as these 

associations might be able to help us with risk stratification in this heterogeneous disease. 

The most ambitious goal still remains to identify the key elements, in particular in the 

earlier phases, for targeted intervention and to disease progression and prevent organ 

complications. Besides targeted therapies, in the future, individualized treatment options 

may also be dependent of a patients’ biomarker profile. This will not only influence daily 

care, but will also improve the selection of patients for clinical trials. That is how research 

and healthcare are continuously influencing each other (figure). 
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