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Abstract

This article discusses points to consider when undertaking a clinical trial to test therapy for skin ulcers in

SSc. A validated definition of skin ulcers should be used if available. Defining a uniform SSc patient

population, including consideration of disease duration, history of digital ulcers and capillaroscopic pat-

terns, is important. Excluding confounding factors such as infection, calcinosis and trauma should be

strongly considered, or at least accounted for, in defining patients. Outcome measures such as time to

healing, prevention of new ulcers, function, pain and objective measures such as US, laser Doppler and

thermography can be considered as outcome measures, although their validation has not yet been

achieved and efforts may be needed to validate them before use. Likewise, biomarkers should be con-

sidered or consideration should be given to storing serum, plasma or cells for possible future analysis.

A pre-planned analysis is important and should include consideration of missing data.
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Rheumatology key messages

. Randomized controlled trials are recommended for skin ulceration in SSc.

. A validated specific definition of skin ulcers should be used in trials if available.

. Outcome measures for skin ulcers in SSc such as time to healing and quality of life should be carefully
considered.

Introduction

Digital ulcers (DUs) are a frequent complication that af-

fects almost half of SSc patients; �75% of the affected

patients have their first DU episode within 5 years of their

first non-RP symptom [1�3]. However, DUs are present in

almost 25% of patients with very early SSc and there is

significant correlation with gastrointestinal involvement.

For this reason, some believe that DUs may be a sentinel

sign for early organ involvement [4]. DUs are persistent,

difficult to heal, extremely painful and can cause tissue

loss, auto-amputation and impaired hand function and

greatly impact quality of life [5, 6]. Moreover, DUs can

become infected and, if not treated early, may lead to

osteomyelitis, gangrene and septicaemia [7]. The fre-

quent, persistent and severe nature of DUs in SSc pa-

tients has been confirmed by data from disease

registries [8�11]. Data from a French study identified

44% of patients as having one or more ischaemic DUs,

resulting in hospitalization in 33% of cases, with 46%

requiring systemic antibiotics [1]. In a Canadian study, re-

current DUs were reported in 31.8�71.4% of SSc patients,

with progression to gangrene and auto-amputation in

14�29% of cases [12]. DUs may develop on the fingers

or toes and can occur over the extensor surface of the

joint, on the finger creases, under the nails and on the

fingertips. DUs may also develop from pre-existing calci-

nosis and at the site of digital pitting scars [13]. In the last

decade, several randomized controlled trials (RCTs) have

studied the effects of different drugs on the prevention

and healing of DUs in SSc [14�32]. However, the lack of
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data uniformity makes it difficult to compare and use the

results. For example, DUs were defined differently and

only healing and the number of new DUs were used as

outcome measures.

While DUs have been extensively studied [13], small

case series have been published reporting both venous

insufficiency and macrovascular obliterative arterial dis-

ease [33, 34]. Recently it has been shown that lower

limb ulcers have a multifactorial pathogenesis and are

therefore difficult to manage [35]. However, a recent clas-

sification may serve in the future to assess the most ap-

propriate management of lower limb ulcers [36]. Lower

limb ulcers, although not common, greatly affect SSc pa-

tients and further studies are needed to find a shared and

validated classification and management [35].

Recently the importance of DUs in SSc patients has

been highlighted by evidence that they predict the occur-

rence of DUs at follow-up and are associated with cardio-

vascular worsening and decreased survival [36]. We

suggest points to consider when designing and conduct-

ing clinical trials of skin ulceration in SSc patients.

Trial design and duration

One should strongly consider double-blind RCTs, either

placebo controlled on a background of standard local

therapy or positively controlled trials versus proven ther-

apy [14, 17]. In the first circumstance, a uniform and

homogeneous protocol of background medications

among the different study arms would be best to promote

uniformity and avoid biases [20]. In a positively controlled

trial, the validity of the positive control must be carefully

considered. Due to the high rate of complications, such as

amputations, the use of placebo without background ther-

apy should be considered very carefully and fully justified.

Patients with early or very early SSc [37] may respond

better and may have less irreversible damage (expert

opinion). A short preliminary trial to examine the feasibility

of such an approach could be considered before embark-

ing on a large trial. The need for a valid definition of early

SSc and the problem of recruiting should be acknowl-

edged and may influence decisions on the study design.

The minimum duration of a trial evaluating efficacy in

terms of prevention is most frequently at least of 24 weeks

[15]. For trials on ulcer healing, a shorter period may be

acceptable [19, 20].

When designing a DU trial, with placebo as a control, a

single active comparator or two active comparators (drug

A vs B) added to the standard of care can be used.

Moreover, different arms of various doses (e.g. low dose

vs high dose of a drug vs placebo) can be employed. Even

combination therapy compared with monotherapy is an

option in a trial on DUs [38].

Inclusion criteria

When considering trials in SSc, patients fulfilling the ACR/

EULAR classification criteria should be used [39]. If sub-

sets are considered, this may raise an issue with respect

to the power analysis and may require increasing the

number of patients for the trial [10]. To date, for DUs,

the only proposed classification has been loss of tissue

secondary to gangrene, calcinosis and digital pitting scars

[14]. In the future, a specific definition of skin ulcers should

be strongly considered and validated.

In the interest of having uniform patient populations and

increasing the probability of obtaining a clear answer,

strong consideration should be given to disease duration

[8], to the time from onset of the first DU [9] and the capil-

laroscopic pattern (early, active or late) [40]. In a trial

studying DUs, capillaroscopic patterns can be studied

as a substudy, but a limitation in using capillaroscopy is

the fact that patterns are unlikely to change over a short

trial. As infections occur in patients with DUs, one should

consider whether antibiotics will be allowed during the trial

or if patients will be dropped if infections occur. Often,

antibiotics are allowed and their use is carefully noted to

be included in the analysis [14]. To obtain patients whose

DUs have a more uniform origin (e.g. vasculopathy) and

who have a propensity for the development of these

ulcers, inclusion of a limited subset of patients, such as

patients with a history of ischaemic ulcers that are not

traumatic or based on calcinosis, could be considered

[13]. DUs derived from calcinosis are a problem because

these ulcers usually heal very slowly. Therefore we believe

that calcinosis should either be carefully removed or pa-

tients should be excluded from trials devoted to DUs be-

cause they may bias the results. A separate trial may be

needed to evaluate the ability of test medications to heal

DUs with underlying calcinosis.

If DUs of varying aetiologies are included, consider-

ation should be given to stratifying by aetiology and

including the stratification in the analysis. In DU trials,

the rate of complications may be considered an import-

ant exploratory or secondary outcome. To enhance the

likelihood of recurrent ulcers, data indicate that a his-

tory of previous ulcers is useful [4, 14]. Thus one could

consider including patients with a history of at least one

ischemic DU or a recent history of such an ulcer. Ulcers

on the distal palmar aspect of the finger and distal to

the DIP may be considered. While DU location has been

used to define inclusion or exclusion in trials (e.g.

excluding ulcers proximal to the PIPs), it may be

better to consider pathophysiology rather than location

to define whether to include specific ulcers in clinical

trials. The study of DUs in locations other than on

the distal palmer aspect of the finger remains an

unmet need. At present, based on previous trials,

one could justify excluding these patients in DU

trials. Whatever DU location is considered, information

on all DUs should be collected even if they are not

part of the outcome measures. If a trial of ulcer preven-

tion is being considered, patients without baseline

ulcers could be included, but an enrichment strategy

could be considered to include patients with a history

of ischaemic ulcers or who express predictive bio-

markers, if validated, for development of new ulcers

[41].
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Exclusion criteria

As other diseases can confound the results, one should

carefully consider whether one wishes to allow the inclusion

of other CTDs or scleroderma-like diseases [16]. In most

published trials and among experts, other CTDs and sclero-

derma-mimicking diseases have been excluded [42].

Calcinosis can delay healing [13] and involvement of the

ulnar or radial arteries by the SSc can also affect healing

[43]. These variables should be considered when develop-

ing inclusion and exclusion criteria, either excluding these

groups, stratifying them or assuming that randomization

will compensate for them. Smoking habits, concomitant

diseases (e.g. diabetes or other illnesses that could delay

ulcer healing) and concomitant therapies should be ac-

counted for when designing the study protocol (i.e. smok-

ing vs non-smoking) [42].

It is also recommended to record organ involvement,

skin score and antibodies along with tendon friction rubs

that may significantly affect hand function. In fact, DUs are

associated with worse disease, including skin and lung

involvement [48]. Those patients with organ involvement

that may affect the test or control drug should be con-

sidered for exclusion.

Outcome measures

As reported in the literature, time to healing (expressed in

days), prevention (expressed as the number of new ulcers

during the treatment period) and validated measures

of quality of life and/or disability indexes are often con-

sidered to be primary outcomes (Table 1) [13]. To assess

function, the Scleroderma HAQ, consisting of the HAQ

Disability Index (HAQ-DI) and five visual analogue scales

(VASs), may be used. It may be appropriate to use only

the specific VAS related to the outcome of interest. For

example, ulcer and pain VASs may be useful while gastro-

intestinal and lung VASs may not. While the HAQ-DI has

been validated, the VASs have not been fully validated

and thus need to be used with caution if considering

VASs for registration. It may be necessary to validate

these measures before using them for a registration trial.

It is often useful to consider secondary outcomes in clin-

ical trials (Table 1).

In patients refractory to standard treatments and/or with

non-healing or recurrent ulcers, a meaningful exploratory

or secondary outcome, unvalidated but reasonable, might

be time to healing; partial improvement or response to

therapy during the treatment period, including reduction

of dimension (in square millimetres, measured on sterile

graph paper); reduction of ulcer-related pain (expressed

by a VAS or numeric rating scale) [12] and the time until

the occurrence of a new ulcer (in patients with recurrent

ulcers). Functional measures such as the Cochin or

Michigan hand score could be used, as can a multitude

of other measures; in all cases, formal validation, including

responsiveness and discrimination, should be considered

before they are used.

Inclusion of capillaroscopy, thermography, arteriog-

raphy, Doppler US, laser Doppler and transcutaneous ten-

siometry and other new but not yet validated methods of

digital image analysis are warranted, as are the develop-

ment of novel composite scores for the evaluation of wor-

sening or amelioration of ulcers [43�48].

Analyses

Analysis should include as a minimum descriptive analysis

and stratification of the population (if done as part of the

study). Outcome statistical analysis could include analysis

of variance, analysis of covariance, linear or logistic regres-

sions, generalized estimating equations and survival

analyses, among others. The primary outcome should be

defined a priori. For proof-of-concept studies, testing

for less traditional alpha values might be considered

(e.g. alpha P-values of 0.10�0.15). A statistical power ana-

lysis should be considered before undertaking the study.

A strategy to account for missing data should be considered.

Very strong consideration should be given to having a

predefined plan for analysis, including considerations of

TABLE 1 Validity of measures used in SSc trials of skin ulcers

Measure

Truth Discrimination

Feasibility

Ready for
use in clinical
trials as
primary/
secondary
outcome?

Face
validity

Content
validity

Construct
validity

Criterion
validity Reliability

Sensitive
to
change

Healing Y Y Y Y Y Y Y P

Prevention Y Y Y Y Y Y Y P

SHAQ-DI Y Y Y Y Y Y Y P
Reduction of dimensions N N N N N N N S

Pain scale (VAS/NRS) Y Y Y Y Y Y Y S

Time until new DU N N N N N N N S

N: no; NRS: numeric rating scale; P: primary endpoint; S, secondary endpoint; SHAQ-DI: Scleroderma HAQ Disability Index;

VAS: visual analogue scale; Y: yes.
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statistical power and how to handle missing data. A dis-

position figure, descriptive statistics and outcomes statis-

tical analysis (parametric or non-parametric analysis)

would be appropriate. If patients have or develop DU in-

fections during the trial, their analysis as a separate

subpopulation should be considered.

Conclusion

In studies investigating the treatment of DUs, double-blind

RCTs should be strongly considered. A validated defin-

ition of skin ulcers should be used if available. Defining a

uniform SSc patient population and excluding confound-

ing factors such as infection, calcinosis and trauma

should be strongly considered, or at least accounted for,

in defining patients. Multiple exploratory/mechanistic out-

come measures, including US, laser Doppler and therm-

ography, can be considered, although they are not

validated and their use must be carefully considered and

justified. A pre-planned analysis is important.
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21 Gliddon AE, Doré CJ, Black CM et al. Prevention of vas-

cular damage in scleroderma and autoimmune Raynaud’s
phenomenon: a multicenter, randomized, double-blind

placebo-controlled trial of the angiotensin-converting

enzyme inhibitor quinapril. Arthritis Rheum
2007;56:3837�46.

22 Kawald A, Burmester GR, Huscher D, Sunderkötter C,
Riemekasten G. Low versus high-dose iloprost therapy

over 21 days in patients with secondary Raynaud’s phe-

nomenon and systemic sclerosis: a randomized, open,

single-center study. J Rheumatol 2008;35:1830�7.

23 Rosato E, Borghese F, Pisarri S, Salsano F. The treatment

with n-acetylcysteine of Raynaud’s phenomenon and is-
chemic ulcers therapy in sclerodermic patients: a pro-

spective observational study of 50 patients. Clin

Rheumatol 2009;28:1379�84.

24 Garc�ıa de la Pe ~na-Lefebvre P, Rodr�ıguez Rubio S, Valero

Expósito M et al. Long-term experience of bosentan for
treating ulcers and healed ulcers in systemic sclerosis

patients. Rheumatology 2008;47:464�6.

25 Air �o P, Rossi M, Scarsi M. Disease-modifying effects of

long-term cyclic iloprost therapy in systemic sclerosis. A

retrospective analysis and comparison with a control

group. Clin Exp Rheumatol 2007;25:722�7.

26 Sfikakis PP, Papamichael C, Stamatelopoulos KS et al.

Improvement of vascular endothelial function using the
oral endothelin receptor antagonist bosentan in patients

with systemic sclerosis. Arthritis Rheum 2007;56:1985�93.

27 Ferri C, Giuggioli D, Sebastiani M, Colaci M. Treatment of

severe scleroderma skin ulcers with recombinant human

erythropoietin. Clin Exp Dermatol 2007;32:287�90.

28 Chung L, Fiorentino D. A pilot trial of treprostinil for the

treatment and prevention of digital ulcers in patients with
systemic sclerosis. J Am Acad Dermatol 2006;54:880�2.

29 Ciompi ML, Bazzichi L, Melchiorre D et al. A placebo-
controlled study on urokinase therapy in systemic scler-

osis. Biomed Pharmacother 1996;50:363�8.

30 Robertson LP, Marshall RW, Hickling P, Treatment of cu-

taneous calcinosis in limited systemic sclerosis with

minocycline. Ann Rheum Dis 2003;62:267�9.

31 Filho JP, Sampaio-Barros PD, Parente JB et al. Rhythmic

external compression of the limbs: a method for healing

cutaneous ulcers in systemic sclerosis. J Rheumatol
1998;25:1540�3.

32 Zachariae H, Halkier-Sørensen L, Bjerring P, Heickendorff

L. Treatment of ischaemic digital ulcers and prevention of

gangrene with intravenous iloprost in systemic sclerosis.

Acta Derm Venereol 1996;76:236�8.

33 Hafner J, Schneider E, Burg G, Cassina PC. Management

of leg ulcers in patients with rheumatoid arthritis or sys-
temic sclerosis: the importance of concomitant arterial

and venous disease. J Vasc Surg 2000;32:322�9.

34 Shanmugam VK, Price P, Attinger CE, Steen VD. Lower

extremity ulcers in systemic sclerosis: features and re-

sponse to therapy. Int J Rheumatol 2010;2010:747946.

35 Blagojevic J, Piemonte G, Benelli L et al. Assessment,

definition, and classification of lower limb ulcers in sys-

temic sclerosis: a challenge for the rheumatologist. J

Rheumatol 2016;43:592�8.
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