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Introduction

Diffuse cutaneous systemic sclerosis (dcSSc) is a poten-
tially devastating illness with a very major impact on 
quality of life as well as on survival. Affected patients 
typically experience rapid progression of skin thickening, 
commencing distally but going on to involve proximal 
limb and/or trunk, often with early involvement of inter-
nal organs. Early dcSSc is characterised by pain, stiffness, 
disability, disfigurement, fatigue, intractable itch and 
(often) a feeling of helplessness. Currently, there is no 
cure. The major impact on quality of life in patients with 
early dcSSc is in the context of a 10-year survival rate of 
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little more than 50%.1 Risk factors for death include 
extensive skin involvement, early internal organ involve-
ment (lung, heart and kidney) and anti-topoisomerase 
(anti-Scl70) antibodies.2,3 Understandably, clinicians car-
ing for patients with early dcSSc have therefore tended to 
focus on early identification and treatment of internal 
organ involvement, and on immunosuppressive therapy,4,5 
on the basis that there is evidence of immune activation 
with inflammation early in the disease course.6,7 Although 
randomised controlled trials (RCTs)8,9 have shown that 
haemopoetic stem cell transplantation (HSCT) confers 
survival advantage, these trials were in highly selected 
patients, and HSCT tends to be reserved for those patients 
with the poorest prognosis.

Focusing on the internal organ involvement of early 
dcSSc risks ignoring the aspects of disease which have the 
most impact upon patients’ day-to-day lives, namely, pain-
ful and itchy skin, fatigue and loss of function due to a 
combination of early contractures (especially of the fin-
gers) and musculoskeletal involvement. This musculoskel-
etal involvement includes tendinitis, myositis and/or joint 
inflammation which may be unrecognised. Many of these 
early features which severely impact on quality of life 
have an inflammatory component and are potentially treat-
able with steroid therapy. However, corticosteroids are 
much less frequently prescribed in patients with systemic 
sclerosis (SSc) than in patients with other connective tis-
sue diseases. This is because (a) SSc is not generally con-
sidered primarily an inflammatory disease (instead being 
characterised by fibrosis and ischaemia, although as stated 
above, there is a degree of inflammation in early diffuse 
disease) and (b) corticosteroids are a risk factor for renal 
crisis,10–12 which is most likely to occur in that subset of 
patients with early diffuse cutaneous disease. Patients who 
are anti-RNA polymerase III antibody positive are at par-
ticular risk of renal crisis.13,14

Hence, there is a clinical dilemma: should corticosteroids 
be prescribed or not?7,15 Anecdotally, many clinicians with 
an interest in SSc prescribe low dose corticosteroids (e.g. 
prednisolone 10 mg/day or less) and report that patients are 
symptomatically improved. However, other clinicians will 
not prescribe corticosteroids because of understandable 
concerns about adverse effects (hypertension, renal crisis), 

although open-label studies in patients with early dcSSc 
including low to medium dose corticosteroids did not 
report renal crises16–18 and several other studies in patients 
with SSc in which treatment regimens have included ster-
oid therapy have not reported adverse renal outcomes 
(reviewed in 15). The difference in opinion as to whether 
steroids should or should not be prescribed in early dcSSc 
was recently well illustrated by experience from the 
European Scleroderma Observational Study (ESOS)19: of 
326 patients recruited, 141 (44%) reported current or pre-
vious corticosteroid use. A meta-analysis published in 
2014 also reported a high prevalence of corticosteroid use 
in patients with dcSSc.20

Against this background, our overall hypothesis is that 
moderate dose prednisolone confers symptomatic and 
functional benefit in patients with early dcSSc and that the 
benefit outweighs any side effects. This hypothesis relates 
specifically to patients with early diffuse (as opposed to 
limited) cutaneous SSc. The main benefits are expected 
through anti-inflammatory effects in the skin and in the 
musculoskeletal system, thus preventing late and irrevers-
ible complications including finger contractures (Figure 
1). Therefore, the overall aim of ‘PRednisolone in early 
diffuse cutaneous Systemic Sclerosis’ (PRedSS) is to eval-
uate the efficacy and safety of moderate dose prednisolone 
in early dcSSc. Specific objectives are to evaluate whether

1. Moderate dose prednisolone is effective in patients 
with early dcSSc in terms of reducing pain and dis-
ability and improving skin score.

2. Moderate dose prednisolone is a safe therapy in 
patients with early dcSSc (with particular reference 
to renal function).

Methods

Study design

PRedSS (ClinicalTrials.gov Identifier: NCT03708718) is 
a Phase II, multicentre, double-blind RCT which will eval-
uate the efficacy and safety of moderate dose prednisolone 
in 72 patients with early dcSSc over a 6-month period, 
with the co-primary endpoints (see below) being assessed 
at 3 months. The decision to have the primary endpoint at 
3 (as opposed to 6) months was taken to maximise patient 
retention in the study up until the primary endpoint. The 
study was approved by the North West – Greater 
Manchester South Research Ethics Committee on the 28 
June 2017: all patients sign informed consent.

Randomisation. Eligible patients are randomised 1:1 to 
receive either enteric-coated prednisolone or matching 
placebo capsules (1 active capsule = 5-mg prednisolone) 
(Figure 2). Randomisation is stratified according to 
whether the patient is positive for anti-topoisomerase anti-
body. Although ideally randomisation would have been 
stratified for anti-RNA polymerase III positivity, this was 

Figure 1. Finger flexion contractures in a patient with 
established dcSSc.
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deemed too logistically difficult because not all participat-
ing centres have rapid access to testing for anti-RNA poly-
merase III. Because anti-topoisomerase antibody and 
anti-RNA polymerase III are almost invariably mutually 
exclusive, it is likely that this chosen approach will result 
in similar numbers of patients who are anti-RNA polymer-
ase III antibody positive being randomised to each of the 
two treatment groups.

Treatment. The dosage schedules have been designed so that 
patients receive approximately 0.3 mg/kg of prednisolone or 
less: weight <50 kg = 10 mg; ⩾50 kg but <60 kg = 15 mg; 
⩾60 kg but <80 kg = 20 mg, ⩾80 kg but <100 kg = 25 mg; 
⩾100 kg = 30 mg. These doses were chosen because they are 
thought to be high enough to be associated with substantial 
anti-inflammatory effects, but at the same time not so high as 
to deter clinicians concerned about the renal side effects 
thought to be associated with high dose. If a patient experi-
ences adverse effects deemed in the opinion of the investiga-
tor to be likely related to trial treatment and to warrant 
reducing the dose of prednisolone (or placebo equivalent), 
then the dose may be reduced at the clinician’s discretion, 
and the reason recorded. This trial treatment is additive to 
(and not a substitute for) any other therapies which might be 
prescribed. For example, as described below under inclusion 
and exclusion criteria, a patient on immunosuppressant ther-
apy may be entered into the trial. This reflects the ‘real-
world’ situation post-RCT if prednisolone is found to be 
effective: prednisolone will be prescribed in addition to other 
therapies. A proton pump inhibitor, and a calcium and vita-
min D supplement, are co-prescribed with the trial treatment 
on the basis that there is a 50% chance that this is predniso-
lone which may cause upper gastro-intestinal side effects and 
which is a risk factor for osteoporosis.

Visit schedule and study exit. Patients attend on five occa-
sions (Figure 2): a screening visit (up to 28 days before the 
baseline visit), baseline, 6 weeks, 3 months and 6 months. 
At the 6-month (final) visit, the treatment code is broken, 
because corticosteroid therapy cannot be stopped suddenly 

and it is therefore important that both clinician and patient 
know whether the patient is on prednisolone therapy. For 
those patients randomised to prednisolone, the clinician 
then makes a decision as to whether or not to continue the 
current dose, whether to reduce the dose or whether to 
gradually taper the dose with a view to discontinuing.

The trial will complete when the last patient has com-
pleted the 6-month visit. Any patients discontinuing treat-
ment prior to their 6-month visit are asked to attend all 
visits and complete all assessments as previously intended.

Patients

Inclusion and exclusion criteria are listed in Table 1.

Outcome measures

Primary and secondary efficacy outcome measures, and 
safety measures, are shown in Table 2.

Efficacy. There are two co-primary outcome measures: the 
difference in mean Health Assessment Questionnaire Dis-
ability Index (HAQ-DI) at 3 months and the difference in 
modified Rodnan skin score (mRSS) at 3 months (com-
pared to baseline). The HAQ-DI is a self-administered 
questionnaire which has been widely applied in studies of 
early dcSSc.21 It includes a visual analogue scale (VAS) 
for pain. It captures many of the clinical features of early 
dcSSc expected to be improved by corticosteroids. The 
mRSS22,23 is often the primary outcome measure in trials 
of early dcSSc24–26 because it reflects the overall disease 
process and is a predictor of outcome.27 Despite the short 
study duration (primary endpoint at 3 months), having the 
mRSS as a co-primary outcome measure will allow com-
parisons between PRedSS and other studies of early dif-
fuse cutaneous disease. Both HAQ-DI and mRSS are 
validated in SSc as per OMERACT (Outcome Measures in 
Rheumatology) criteria.28

Secondary endpoints, most of which are self-adminis-
tered questionnaires, include the following:

Figure 2. Study design.
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a. The different VAS of the ‘Scleroderma HAQ’ 
(SHAQ)(21): in addition to pain, these relate to 
Raynaud’s phenomenon, digital ulceration, gastro-
intestinal and lung manifestations, and overall 
disease.

b. The 11-point Scleroderma Functional Index,29 
which is a SSc-specific index of functional ability, 
measuring mainly upper limb function.

c. The Scleroderma Skin Patient Reported Outcome 
(SSPRO).30 This was added 10 months after recruit-
ment had commenced, because it only became 
available after the study had started.

d. The 5-D Itch scale.31 Itch adversely affects quality 
of life in patients with SSc,32 and patients with 
dcSSc attending the user group meeting which 
informed PRedSS considered itch as one of the 
most troublesome symptoms.

e. The Cochin Hand Function Scale,33 which has 
been used extensively in studies of SSc and which 
associates with the mRSS.34

f. The Functional Assessment of Chronic Illness 
Therapy (FACIT) questionnaire. This quantifies 
fatigue35,36 which is a significant symptom in 
patients with SSc37 including in patients with early 
dcSSc.34

g. The Hospital Anxiety and Depression (HADS)38 
Questionnaire, which quantifies anxiety and 
depression and which has been widely applied in 
patients with SSc.39,40

h. A helplessness questionnaire. The five 
Rheumatology Attitudes Index (RAI) helplessness 
items are extracted from a larger helplessness 
scale, the RAI.41,42

i. The Short-form 36 (SF-36v2®)43 and EuroQol-5D 
(EQ-5D)44 questionnaires, which measure health-
related quality of life (HRQOL).

j. Patient global assessment.

Non-patient reported outcome measures are as 
follows:

k. Physician global assessment;
l. Examination findings: tender and swollen joint 

count,45 number of tendon friction rubs and num-
ber of digital (finger) ulcers.

We were concerned at the potential ‘questionnaire bur-
den’ of the study, and therefore patient representatives 
were asked to complete the questionnaires before the final 
decision as to which ones to include was made. The opin-
ion was that all should be included, because the patients 
felt it was important to gain as much information as pos-
sible from the study. Once finalised, the questionnaire 
pack was sent to a small sample of patients to assess aver-
age time taken. The questionnaires take approximately 
15–25 min to complete, which patients thought was feasi-
ble. The Composite Response Index in Systemic Sclerosis 
(CRISS) index46 is not being included as a secondary 

Table 1. Inclusion and exclusion criteria.

Inclusion criteria
a. Aged 18 years or more
b. DcSSc (with skin involvement extending to proximal limb and/or trunk)
c. Skin involvement of less than 3 years
Exclusion criteria
a. Previous renal crisis or significant renal impairment (estimated glomerular filtration rate (GFR) < 40 mL/min)
b. Currently on corticosteroid therapy, or previous corticosteroid therapy (with the exception of inhaled or 

topical steroids) within the last 4 weeks.
c. Currently on an immunosuppressant (e.g. mycophenolate mofetil, methotrexate) or biologic therapy the 

dose of which has changed in the previous 4 weeks, or is likely to change during the first 3 months of trial 
treatment. Patients on immunosuppressant therapies should ideally remain on the same dose throughout the 
study period, although it is recognised that this may not be possible.

d. Patients with significant uncontrolled Stage 1 hypertension (clinic BP >140/90 mmHg). Patients with previous 
hypertension which is controlled for at least 4 weeks are considered eligible.

e. Any condition which in the opinion of the attending clinician would make corticosteroid therapy unwise (e.g. 
chronic infection, unstable diabetes, uncontrolled blood pressure).

f. Patients with major myositis or inflammatory arthritis. Patients with low-level myositis or inflammatory 
arthritis are eligible for inclusion (e.g. in the case of myositis, a creatine kinase less than 4 times the upper 
limit of normal or myositis only demonstrable on magnetic resonance imaging).

g. Female patients who are pregnant at time of screening.
h. Female patients who are breastfeeding.
i. Patients with significant inflammatory bowel disease as judged by the investigator.
j. Patients currently participating in another randomised controlled trial.
k. Patients who do not fully understand the importance of not suddenly stopping taking the study medication.
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outcome because it includes lung function, which is not 
being assessed in this study.

Safety. The main safety endpoints are changes in blood 
pressure and in renal function (serum creatinine, estimated 
glomerular filtration rate, urinary protein/creatinine ratio) 
and any serious adverse events including infections. 
Patients are given the option of a personal blood pressure 
monitor and asked to check and record their blood pressure 
at home at least twice weekly, with advice to report imme-
diately any new symptoms (e.g. new breathlessness or 
headache) which could denote a sudden rise in blood pres-
sure. This voluntary self-assessment is not related to any of 
the outcome measures. A full blood count and blood glu-
cose are also checked at each visit.

Statistical aspects

Sample size calculation. This was based on HAQ-DI and 
mRSS as co-primary endpoints and employed a reduced 
2-tail significance level of 2.5% for each. Sample size was 

first calculated for a two-group t-test of mean values at 
3 months and then adjusted for the planned more efficient 
analysis of covariance (ANCOVA) analysis via a multi-
plier (1 − r2) where r is the assumed correlation between 
baseline and 3-month values.47 A standard deviation of the 
HAQ-DI of 0.9 was used (based on previous studies8,48 and 
data from the Salford Royal Hospital SSc database). The 
correlation between HAQ-DI scores at baseline and at 
1-year follow-up (calculated from the clinical database) 
was 0.6. On the basis that we want to see a large difference 
in the group means at 3 months in order to proceed with 
prednisolone as intervention for early dcSSc, we selected a 
minimum clinically relevant difference of 0.6 points on the 
HAQ-DI. This corresponds to ‘marked improvement’ in 
the study of Khanna et al.49 which compared change in the 
HAQ-DI to clinician assessment. An overall sample size of 
60 patients (30 per arm) then gives 82% power to detect a 
0.6 difference at a 2.5% significance level, assuming analy-
sis is performed by an ANCOVA adjusting for baseline 
scores. An analogous calculation was performed for mRSS, 
again informed by Autologous Stem cell Transplantation 

Table 2. Efficacy outcome measures and safety measures.

Primary outcomes Assessed at 
3 months (Visit 4)

Functional ability as measured by the Health Assessment Questionnaire Disability 
Index (HAQ-DI)
Modified Rodnan skin score (mRSS)

Secondary 
outcomes

Assessed at:
6 weeks (Visit 3)
3 months (Visit 4)
6 months (Visit 5)

HAQ-DI (6 weeks and 6 months)
mRSS (6 weeks and 6 months)
Perceived pain as measured by the HAQ Visual Analogue Scale (HAQ VAS)
Multisystem effects of SSc as measured by the Scleroderma Health Assessment 
Questionnaire Visual Analogue Scales (SHAQ VAS)
Functional ability as measured by the 11-point Scleroderma Functional Index (to 
complement the HAQ-DI)
Scleroderma Skin Patient Reported Outcome (SSPRO)
Pruritus as measured by the 5-D Itch Questionnaire
Hand disability as measured by the Cochin Hand Function Scale (CHFS)
Fatigue as measured by the Functional Assessment of Chronic Illness Therapy 
(FACIT) questionnaire
Anxiety and depression as measured by the Hospital Anxiety and Depression 
Scale (HADS)
Helplessness as measured by the 5-Item helplessness subscale of the 
Rheumatology Attitudes Index (RAI)
Health status, mental and physical aspects, as measured by the Short Form (36) 
Health Survey v2® (SF-36v2®)
Health utility as measured by the EuroQoL (EQ-5D-3L)
Patient and Physician Global Assessments
Digital ulcer count
Tendon friction rubs
Joint count

Safety measures Assessed at:
6 weeks (Visit 3)
3 months (Visit 4)
6 months (Visit 5)

Blood pressure
Renal function as assessed by:
 Serum creatinine
 Estimated Glomerular Filtration Rate
 Urinary protein/creatinine ratio
Full blood count
Blood glucose
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International Scleroderma (ASTIS)8 and the SSc clinical 
database. Assuming a standard deviation of 8.2, together 
with a correlation between baseline and follow-up scores of 
0.9, 60 patients would then provide 99% power to detect a 
difference of 5.5 points on the mRSS at a 2.5% significance 
level. Acknowledging that this estimate of the correlation is 
very high and may not be repeated in the trial, we repeated 
the calculation assuming a more modest correlation of 0.6. 
Sixty patients would then also provide 82% power to detect 
a difference of 5.5 points on the mRSS at a 2.5% signifi-
cance level. We anticipate having to recruit approximately 
12 more patients to account for attrition.

Statistical analysis. Primary analyses will be conducted on 
an intention-to-treat basis; withdrawn patients will con-
tinue to complete visits and their measurements will be 
included in the analysis. The two co-primary outcome 
measures (HAQ-DI and mRSS) will each be analysed as 
continuous variates using a Mixed Model for Repeated 
Measures (MMRM) to assess any differences between the 
treatment arms. Each model will include the fixed categori-
cal effects of treatment (i.e. prednisolone and placebo), 
time point (i.e. 6 weeks, 3 months and 6 months), whether a 
patient is anti-topoisomerase positive, baseline scores as 
well as the interactions of all fixed terms by time point. 
This will ensure the effects are permitted to vary for each of 
the three time points. The models will also be adjusted for 
any baseline characteristics found to be predictive of miss-
ing outcome values. A general unstructured covariance 
matrix will be used (six parameters). The models will be 
fitted using REstricted Maximum Likelihood (REML) and 
will employ Kenward and Roger degrees of freedom 
adjustment. The primary focus will be the contrast (adjusted 
mean difference) between treatment arms at 3 months.

There are a large number of secondary outcomes (listed 
in Table 2), and these will be analysed in an analogous 
manner to the co-primary outcomes. These analyses will 
be exploratory in nature each employing an unadjusted 
2-tail 5% significance level for the trial arm comparison at 
3 months.

Further exploratory analyses will compare the trial 
arms for the HAQ-DI, mRSS and other secondary out-
comes at the other time points, that is, 6 weeks and 
6 months, respectively. A single interim futility analysis is 
planned after approximately 30 participants have 3-month 
outcome data with early stopping only permitted for lack 
of benefit in both co-primary outcomes.

Study setting

PRedSS is an initiative of the UK Scleroderma Study 
Group and will recruit from 16 centres in the United 
Kingdom. The initial plan was for 13 centres to recruit 72 
patients over a 3-year period, but because of slow recruit-
ment 3 new centres have been added.

Results

Recruitment began at one centre in December 2017, with a 
second centre opening in March 2018. The first 12 centres 
opened by July 2019 and the 14th in January 2020: open-
ing the final two centres is currently on hold with the 
Covid-19 pandemic. Opening centres took longer than 
planned but with over 12 centres open by the end of 2019 
the study was recruiting as per the planned trajectory. To 
date, 25 patients have been recruited.

Covid-19 impact

On 23/3/2020, the decision was taken to break the code for 
the 11 patients currently on trial treatment, as it was felt 
inappropriate for patients and their clinicians to remain 
blinded to which patients were receiving prednisolone 
treatment during the pandemic. This was against the back-
ground of the British Society for Rheumatology recom-
mending that patients on both immunosuppressant therapy 
and prednisolone should be ‘social shielding’ as per 
National Health Service England guidance. Given that 10 
of the 11 patients were on either mycophenolate mofetil or 
methotrexate, it was therefore considered untenable to 
maintain the double-blind. All 11 patients remained on 
trial on an open-label basis. Recruitment was suspended 
until deemed safe to re-open. Ethics approval has been 
obtained to convert PRedSS to a randomised open-label 
study, which is now a preferable approach given that ongo-
ing concerns regarding Covid-19 would often make it dif-
ficult to maintain the double-blind.

Discussion

PRedSS seeks to answer a key question for patients with 
early dcSSc and their clinicians – should corticosteroids be 
prescribed or not? If the answer is ‘yes’, then the pathway 
to impact will be immediate as prednisolone is a low-cost 
drug with which rheumatologists are very familiar.

Since PRedSS was opened, there have been no other 
studies reported specifically examining the use of corticos-
teroids in early dcSSc, although a study of high dose meth-
ylprednisolone in very early SSc (without skin involvement) 
(ClinicalTrials.gov Identifier: NCT03059979) is currently 
underway.50 In the recently reported North America study 
of autologous stem cell transplantation,9 only one of 34 
patients randomised to the transplantation regimen, which 
included high dose corticosteroids (including six doses of 
intravenous methylprednisolone 1 mg/kg) developed scle-
roderma renal crisis. While this does not prove that corti-
costeroids are ‘safe’, it does lend some tentative support to 
our viewpoint that they may not be so nephrotoxic as to 
deprive patients with early dcSSc of the possibility of sub-
stantial symptomatic improvement, thus providing further 
rationale for PRedSS.
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