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SUMMARY 

Diffuse systemic sclerosis is a rare but severe disease, with a high morbidity 
and mortality. Regrettably, the therapeutical options are limited. Around 1990, 
some preliminary case-reports were published suggesting that photopheresis 
might be effective in systemic sclerosis. Between 1992 and 1996, we were able 
to evaluate this new and expensive treatment modality, thanks to a research 
grant from the Dutch Health Care Insurance Council (ZFR). Primary outcome 
variables in this study were the effect of photopheresis on clinical parameters 
(skin score, internal organ function, immune system) and quality of life. 

In the introductory chapter I several aspects of systemic sclerosis are 
discussed, such as diagnostic criteria, classification, epidemiology, etiology, 
therapeutical options, and the working mechanism of photopheresis. 

Diagnostic criteria and classification. 
Systemic sclerosis is a heterogeneous disease with various clinical 
manifestations. The addition 'systemic' or 'generalized' sclerosis separates this 
disease from morphea (localized scleroderma). In morphea, the sclerosis of the 
skin is histologically indistinguishable, but there is no internal organ 
involvement. 
There are many different classification systems for systemic sclerosis. In 1980, 
generally accepted preliminary diagnostic criteria for systemic sclerosis were 
formulated by the American Rheumatism Association. As major criterium, the 
presence of proximal scleroderma (sclerosis of the skin, proximal of the 
metacarpo- or metatarsophalangeal joints) was defined. Minor criteria were 
sclerodactyly, digital pitting scars, loss of substance of the distal finger pad, 
and bibasilar pulmonary fibrosis. The diagnosis systemic sclerosis required the 
major criterium or two minor criteria. Some regard the ARA criteria not precise 
enough and prefer the subdivision in a limited form (ISSc: limited systemic 
sclerosis) and a diffuse form (dSSc: diffuse systemic sclerosis). In ISSc the 
sclerosis of the skin is usually limited to the acral regions (hands, forearms, 
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face). The internal manifestations of the disease are mostly limited to 
esophageal dysmotility and sometimes pulmonal hypertension. The course of 
the disease tends to be more benign and has a rather favorable prognosis. The 
skin involvement in dSSc is usually rapidly progressive. The trunk is always 
involved. The internal involvement in dSSc can be variable. It is associated 
with a higher morbidity and mortality. The extent of skin sclerosis is of major 
importance for the classification in the different subgroups and for the 
prognosis of the disease. For the photopheresis study we subdivided the 
patients in type I (acrosclerosis, sclerodactyly only), type II (scleroderma skin 
changes proximal to the MP joints with sparing of the trunk) and type III 
(diffuse scleroderma skin changes including the trunk). This subdivision was in 
that period the most accepted classification system in Europe. 

Epidemiology 
Of these three subtypes, incidence, prevalence and mortality rates are known 
from different European countries and the United States. After extrapolation of 
these figures to the Dutch situation, it was estimated that approximately 25 new 
patients per year with type II or III sclerosis were available in the Netherlands. 

Clinical features of systemic sclerosis 
The skin changes in systemic sclerosis can be divided into 3 phases. The first 
phase is edema, on the hands noticed as stiff and swollen fingers. The second 
phase is the characteristic sclerosis. The skin is tight and shiny, causes 
restriction of movement nearby joints, and cannot be normally picked up or 
pinched because of the induration. There may be reduced hair growth, 
hypopigmentation or hyperpigmentation in the involved areas. 
Hypopigmentation is most easily noticed in dark skin and typically occurs in 
the neck area, in a perifollicular pattern. In the third phase the skin may become 
atrophic and soft. 
The recognition of systemic sclerosis is relatively easy when the skin becomes 
tight and indurated. The changes always start at the hands and face; if not, 
another diagnosis should be considered. In the face, the skin around the eyes 
becomes tight, wrinkles disappear and the nose is small and pinched. The lips 
are thin, the opening of the mouth is restricted (microstomia) and there are 
radial furrows around the mouth. These facial changes are characteristic for 
systemic sclerosis. Telangiectases in the face, on the hands and the upper chest 
are seen in the whole spectrum of the disease; they cannot differentiate between 
ISSc, dSSc and the CREST-syndrome (calcinosis, Raynaud phenomenon, 
esophagus dysmotility, sclerodactyly, telangiectasia.) Calcinosis cutis is most 
often found in patients with the CREST syndrome, but can be found in the 
whole spectrum of the disease. 
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Raynaud's phenomenon is defined as episodic attacks of well-demarcated 
blanching or cyanosis of the fingers or toes, usually provoked by triggers such 
as changes in temperature and emotions. It occurs in 90-98% of patients with 
systemic sclerosis. In the limited form (1SSC), Raynaud's phenomenon is 
present for years without sclerosis of skin or viscera. In the diffuse form 
(dSSc), Raynaud's phenomenon is of recent onset or starts together with the 
skin changes. In all patients Raynaud's phenomenon causes serious morbidity, 
ranging from discomfort and pain to ulcerations and loss of digits. 
Several gastrointestinal symptoms may occur, such as dysphagia, heartburn due 
to esophageal dysmotility and reflux, esophagitis, strictures of the esophagus, 
intestinal pseudo-obstruction, malabsorption, megacolon, transverse and 
sigmoid colon volvulus, stenosis and diverticular ulcerations. Renal failure is 
often associated with dSSc. Clinical symptoms are hypertension and 
proteinuria. The mortality has declined drastically after the introduction of 
haemodialysis and angiotensin converting enzyme inhibitors. Risk factors for 
the onset of renal crises are rapid progression of skin fibrosis, congestive heart 
failure, hypertension, and the use of high doses of corticosteroids. Pulmonary 
disease is a major cause of death in systemic sclerosis. The major 
manifestations are fibrosing alveolitis, mostly seen in dSSc, and probably 
caused by an inflammatory reaction leading to increased collagen deposition, 
and pulmonary hypertension, mostly seen in ISSc, caused by the vascular 
abnormalities. Cardial involvement may present as non-specific tiredness, 
dyspnea or palpitations, arrythmias due to fibrosis of the conduction system, 
pericarditis, and right-sided cardiac failure due to myocardial fibrosis or 
pulmonary hypertension. The joints and muscles may be affected. Symptoms 
are flexion contractures, arthralgias, disabling arthritis, and myositis. 

Therapeutical options in systemic sclerosis 
Raynaud's phenomenon causes a considerable morbidity. Avoidance of 
exposure to cold is very important. Vasodilating drugs such as nifedipine can 
reduce the frequency and severity of the attacks. Gastric reflux can be improved 
by practical measures such as elevation of the head of the bed and avoidance of 
food that lowers the gastroesophageal sphincter tone. Pharmacological 
treatment with proton pump inhibitors such as omeprazole is effective. Delayed 
gastric motility can be treated with cisapride. Renal crisis can be treated with 
angiotensin-converting enzyme inhibitors. Pulmonal hypertension can be 
treated with calcium-channel blockers or intravenous prostaglandins. Alveolitis 
can be treated with cyclophosphamide, sometimes combined with prednisone. 
Arrythmias can be treated with antiarythmic medication and pacemakers. 
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Most medications used in systemic sclerosis are only symptomatic; they do not 
prevent disease progression. In the past years, treatment was focused on the 
fibrotic component. D-penicillamine, believed to alter the process of fibrosis by 
inhibiting the cross-linking of collagen, was the drug of choice until a recently 
performed controlled trial could not confirm the effectivity of D-penicillamine. 
Interferon-gamma inhibits collagen synthesis but has no effect on established 
fibrosis and is associated with considerable side-effects. There is an increased 
use of methotrexate. A recent randomized, double-blind trial showed favorable 
outcomes in skin scores, general well-being and creatinine clearance, but 
studies with larger patient numbers and a longer follow-up period are required. 
Corticosteroids are still used in the inflammatory phase of systemic sclerosis, 
especially inflammatory myositis, pericarditis and alveolitis. The induction of 
scleroderma renal crises by high-dose corticosteroids remains a topic of 
discussion. Recently, procedures using purified autologous stem cells to 
eliminate potentially autoreactive T-cells. show promising results. This 
treatment modality is applied in auto-immune diseases with an unfavorable 
prognosis. 

Photopheresis 
Photopheresis, or extracorporeal photochemotherapy, is the extracorporeal 
exposition of the patient's lymphocytes to ultraviolet A (UVA), in the presence 
of psoralen. Blood is drawn from the patient, heparinized and separated in 
plasma, leucocyte fraction and erythrocytes by means of a continuous 
centrifugation process. The leucocytes are collected in a separate bag which 
also contains the psoralen. From this bag, the leucocytes continuously circulate 
through a thin photoceptor, positioned between UVA light bulbs. The 
leucocytes are irradiated for 1.5 hours and then reinfused into the patient. 
Photopheresis was initially developed for the treatment of cutaneous T-cell 
lymphoma (CTCL). Psoralens, after activation by UVA bind to DNA and 
inhibit DNA replication. Based on the hypothesis that standard PUVA 
treatment works in CTCL through a direct cytotoxic effect on T-lymphocytes, a 
machine was developed to expose the lymphocytes extracorporeally to high-
dose UVA and psoralen. This method was effective in the treatment of CTCL. 
Because per treatment only a small fraction of the total pool of lymphocytes is 
irradiated, the therapeutic effect could not be explained by the cytotoxic effect 
on the lymphocytes only. This led to several theories about the working 
mechanism of photopheresis. One idea was that photopheresis changes the T-
lymphocytes in such a manner that their reinfusion elicits an immunological 
response, leading to inhibition of the malignant or disease specific T-cell clone. 
Until now, the working mechanism of photopheresis is still not elucidated. 
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In chapter 2 some closely related clinical conditions are described: systemic 
sclerosis, morphea, eosinophilic fasciitis, and scleredema. 

Morphea 
On histological grounds, systemic sclerosis and morphea are indistinguishable. 
Clinically, the difference is clear. Patients with morphea often have one or more 
sharply demarcated indurated maculae or plaques on the trunk or extremities. 
The lesions vary from 1-30 centimeter and have a shiny, waxy and ivory-white 
appearance. Sclerotic plaques of recent onset are surrounded by a purple-red 
ring (lilac ring). The hands and especially the fingertips are not involved, 
Raynaud's phenomenon and visceral involvement are absent. 

Eosinophilic fasciitis ( Shulman's disease). 
This disease is characterized by rapidly progressive and painful swelling of one 
or more extremities, followed by an orange-brown, woody induration and a 
'peau d'orange' appearance of the involved skin, which distinguishes it from 
systemic sclerosis. Nailbed changes and Raynaud's phenomenon are absent. 
The face and the hands are not involved. Antinuclear antibodies are absent, 
eosinophilia is often seen. The diagnosis can be confirmed histologically. 

Scleredema (Buschke or diabeticorum). 
Scleredema is a very rare collagen disorder. The skin of the upper part of the 
back, the neck and shoulders is most frequently involved. Two types exist, 
scleredema of Buschke (adultorum) and scleredema diabeticorum. The first is 
usually preceded by a febrile illness and regarded as a post-infectious 
condition. Scleredema diabeticorum is found in longstanding and often 
unsatisfactorily controlled diabetes. 
In scleredema of Buschke, a rapidly progressive, symmetrical and painless, 
non-pitting induration of the skin of neck, back and shoulders is observed. 
Hands and feet are seldom involved. It can resolve spontaneously in 6 to 24 
months. Occasionally the skin lesions persist for years. The skin shows no 
atrophy or pigment changes. There is no visceral involvement. No specific 
laboratory or immunological anomalies have been noticed. 
Scleredema diabeticorum shares the same clinical and histological features with 
exception of the infectious phase. The onset of the skin indurations is more 
gradually. Better control of the diabetes mellitus has no effect on the clearing of 
the skin indurations. In contrast to scleredema of Buschke, regression of the 
skin tightness is seldom seen. 
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In chapter 3 the results of the photopheresis study are described, with the focus 
on clinical efficacy. Nineteen patients with progressive systemic sclerosis of 
less then 5 years" duration were randomized into two groups. The first group 
received photopheresis for 1 year, the other group served as a control and 
received no treatment. After 1 year, the groups switched (randomized 
controlled cross-over design). The main outcome parameter was the change in 
induration of the skin, measured by an independent observer, by using the skin 
score. The change in skin score after 1 year treatment was compared with the 
change in skin score in the control group. 
Also the effect on esophageal motility, lung, kidney and cardiac function, 
routine blood parameters, and the immune system was measured. In addition, 
quality of life, general health, psychologic and physical distress, and general 
well being were assessed. All costs related to treatment were calculated. 
The average skin score in the photopheresis group improved by 5.4%, in the 
control group it deteriorated by 4.5% (p=0.7). None of the other above 
mentioned parameters showed significant changes during photopheresis 
treatment. 
We concluded that photopheresis, twice a month for 1 year, is not effective for 
the treatment of systemic sclerosis. 

In chapter 4 the working mechanism of photopheresis is studied. One of the 
hypotheses was that the lymphocytes are modified during PUVA-exposure (a 
change in cell membrane rigidity, modifications in cell surface receptors, or 
induction of the release of cytokines) and elicit an immune-response after 
reinfusion to the patient. One important issue in this respect was the viability of 
the PUVA exposed cells. This was investigated by determining whether 
photopheresis induces apoptosis (programmed cell death) in lymphocytes. 
Qualitative gel electrophoresis and quantitative in situ nick translation analysis 
of DNA fragmentation was performed. Apoptosis of the treated (photopheresis) 
cells did occur (20-55%). The untreated leucocytes of the patients and the 
healthy control individuals showed no distinctive rise in apoptotic cells. We 
concluded that apoptosis of the leucocytes after photopheresis treatment might 
be a mechanism of action. 

In chapter 5 we describe a new objective method to measure induration of the 
skin, using the SEM 474 Cutometer. Exact registration of the distribution and 
severity of the skin induration in systemic sclerosis is important for the 
classification and prognosis of the disease. The skin score is an internationally 
used and validated semi-quantitative measure of cutaneous involvement in 
systemic sclerosis. Cutaneous sclerosis is assessed on a 0 to 3 scale (0 = normal 
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skin thickness, 1 = mild skin thickness, 2 = moderate skin thickness, 3 = severe 
skin thickness with inability to pinch the skin into a fold). A drawback of the 
skin score is its subjectivity. An objective measuring device to quantify skin 
sclerosis could be the SEM 474 Cutometer. This device measures elasticity of 
the skin. The elasticity of the skin in systemic sclerosis is changed due to 
collagen accumulation in the dermis. As a result of the increase of collagen in 
the skin it becomes impossible to pinch the skin into a normal skin fold. This 
'fixation' of the skin can be translated in 'less' elasticity. The elasticity meter 
consists of a unit containing a vacuum pump, a measurement probe with a 
defined diameter and a personal computer. The skin is lifted in the probe by 
vacuum. The depth of penetration into the probe is determined by a noncontact 
optical measuring system. This measurement is expressed in millimeters. 
The cutometer produced quantitative and reproducible data. The purpose of this 
study was to investigate whether the cutometer could measure skin elasticity 
more objectively than the skin score. Skin elasticity was measured in patients 
with systemic sclerosis by cutometer and skin score. There was a reasonable 
correlation between both methods. The cutometer showed a high interobserver 
and intraobserver correlation coefficient, this makes the cutometer very suitable 
for quantifying skin sclerosis in an objective manner. 

Chapter 6 describes 2 new methods to measure collagen bundle orientation and 
spacing. In normal skin, collagen bundles show a three dimensional basket 
weave pattern, whereas in scleroderma lesions the collagen bundles are oriented 
parallel to the epidermis, and the collagen bundles are tightly packed and 
broader. The two new methods, the laser scatter method and the fast Fourier 
transform method can measure the severity of dermal sclerosis based on the 
architecture of the collagen bundles. Both methods were compared with the 
skin score. 
The laser scatter method quantifies the overall orientation of collagen bundles 
in fibrotic tissue. The fast Fourier transform method is a mathematical analogue 
of the laser scatter plot. It calculates orientation and spacing of the collagen 
bundles in an image (tissue slide). Both methods proved to be suitable tools for 
the evaluation of dermal structure of scleroderma lesions in a quantitative 
manner. They can objectively quantify collagen bundle structure and can 
discriminate between fibrotic dermis and normal organized dermis. The fast 
Fourier transform method seems to be very accurate and reproducible and it 
could be a valuable method to follow-up the course of fibrotic skin diseases. 
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Chapter 7 describes the results of a pilot study of the treatment of morphea 
(localized scleroderma) with UVA. The sclerosis in morphea is limited to the 
skin and the subcutaneous tissue and can cause significant morbidity. Recent 
studies showed that in fibroblasts of lesional skin increased collagen expression 
was found together with decreased collagenase expression. Ultraviolet Al 
(UVA1) radiation is associated with induction of collagenase in fibroblasts of 
lesional skin. We treated 8 patients with morphea with medium-dose UVA1 
(48J/cm2) during 5 weeks, 4 times a week. The follow up period was 12 weeks. 
The results were evaluated by means of the skin score, the cutometer and the 
fast Fourier transform method. All patients responded to therapy. Skin score 
and cutometer results showed improvement of skin elasticity. The fast Fourier 
transform method measurements showed no change in bundle orientation ratio. 
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