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Abstract
Objective
Iloprost is a stable prostacyclin anal ogue which has been shown to be effective in the short-term symptomatic treatment
of Raynaud’s phenomenon (RP) secondary to systemic sclerosis (SSc). The aim of this study was to evaluate the effects of
long-term cyclic therapy with iloprost in comparison with nifedipine on the skin score, pulmonary function and
Raynaud's severity score in patients with SSc and RP.

M ethods
We conducted a 12-month prospective, randomised, parallel-group, blind-observer trial to compare the effects of intra-
venously infused iloprost (2 ng/kg/min on 5 consecutive days over a period of 8 hours/day and subsequently for 8 hours
on one day every 6 weeks) with those of conventional vasodilating therapy with nifedipine (40 mg/day per os) in 46
patients with SSc and RP.

Results
At 12 months, iloprost but not nifedipine reduced the skin score (iloprost: from 13.26 + 2.05t09.26 + 1.32, p = 0.002;
nifedipine: from 10.83+ 2.09to 12.17+ 3.02, p = n.s.; iloprost vs nifedipine: p = 0.016) and the RP severity score
(iloprost: from2.17 + 0.2t01.22 + 0.13, p = 0.02 vs baseline; nifedipine: from2.08 + 0.34t01.33+ 0.22, p= n.s.).
Carbon monoxide diffusing capacity (DLCO), expressed as % of the predicted normal value, worsened significantly in
the nifedipine group (from 69.6 + 7.4% to 61.5 £ 6.5%, p = 0.044) and remained stable in patients treated with iloprost
(from53.2 £ 4.81056.0 £ 4.6%, iloprost vs nifedipine: p = 0.026).

Conclusion
In S patients, cyclic intravenous iloprost infusion is able to control vasospastic disease. Our results suggest that it
might also act as a disease-modifying agent, asit seems to improve the course of the disease. Further studies principally
focused on organ involvement and the natural history of the disease are needed to confirm our results.

Key wor ds
Systemic sclerosis, Raynaud’s phenomenon, iloprost, controlled clinical trial.

Clinical and Experimental Rheumatology 2001; 19: 503-508.



Long-term iloprost for systemic sclerosis/ R. Scorza et al.

Raffaella Scorza, MD; Monica Caronni
MD; Barbara Mascagni, MD; \ttorio
Berruti, MD, Sonia Bazzi, MD, Enrico
Micallef, MD, Guido Arpaia, MD;
Marco Sardina, MD; Laura Origgi MD;
Massimo Vanoli, MD.

Please address correspondence and reprint
requests to: Raffaella Scorza, MD, Clinical
Immunology and Allergy, University of
Milan, IRCCS Ospedale Maggiore,

MaF. Sorza no. 35, 20122 Milan, Italy.
E-mail: raffaella.scorza@unimi.it

Received on March 27, 2000; accepted
in revised form on March 15, 2001.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2001.

Introduction

Systemic sclerosis (SSc) is amulti-sys
tem disease of unknown aetiology
characterised by progressive fibrotic
changes of skin and internal organs and
by characteristic involvement of the
arterial and microvascular beds (1).
There is evidence to suggest that the
immune system, endothelial cells and
platelets al play pivota roles in the
pathogenesis of SSc by enhancing the
proliferation of fibroblasts and the syn-
thesis of collagen and extracellular
matrix (2, 3).

Severe Raynaud' s phenomenon (RP) is
the early onset symptom in most SSc
patients. lloprost, a stable prostacyclin
analogue with vasodilating, anti-plate-
let, cytoprotective and immunomodu-
lating properties (4-6), has been found
to be an efficacious dternative to nife-
dipinefor the treatment of RPin sclero-
derma patients (7-11). lloprost’s bene-
ficia effectsare sustained for far longer
than its short half-life would predict
(12, 13) and there are data showing sig-
nificant and long-lasting effects at the
level of cutaneous microcirculation
(14) and of the resistance index of renal
vessels in SSc patients (15). These ob-
servations raise the possibility that ilo-
prost might be a disease-modifying
agent for SSc. However, this hypothe-
sis has not been extensively tested so
far, since long term trials with cyclic
iloprost are few and have been conduct-
ed on limited SSc series (6, 15-17). In
this study we carried out a 12-month,
randomised, between-patient, blind-
observer study, with the aim of evaluat-
ing the effects of iloprost in compari-
son with nifedipine in patients with
SSc and secondary RP, on cutaneous
involvement (primary end-point), pul-
monary function and Raynaud’ s symp-
toms (secondary end-points). Our
results show that both iloprost and nife-
dipine are able to improve vasospastic
disease. Indeed, in SSc patients, ilo-
prost but not nifedipine seems to
improve skin fibrosis and stabilize lung
CO diffusion capacity.

Materials and methods

Patients

SSc with secondary RP was the main
inclusion criteria for the study. The
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diagnosis of SSc was made according
to Le Roy et al. (18). The diagnosis of
RP was based on a history of episodic
digital palor and cyanosis and was
confirmed by Doppler flowmetry and
the nitroglycerin test (19). All patients
were regularly followed at our out-
patient clinic. Women of childbearing
age were required to practice a med-
ically acceptable method of birth con-
trol. Criteria for exclusion were: age <
18 yr, pregnancy, acute myocardial
infarction or stroke in the previous 4
months, serious cardiac failure and
hypertension, ischemic cardiopathy,
hypotension (systolic blood pressure <
100 mmHg), hemorrhagic diathesis
and/or thrombocytopenia (< 80,000/
mm?), thrombocythemia (> 500,000/
mnv), anticoagulant therapy, hypervis-
cosity syndrome, peripheral obstructive
arterial disease, cryoglobulinaemia,
chronic acrocyanosis (secondary to
other diseasesthan Raynaud’ s phenom-
enon), other connective tissue diseases,
systemic vasculitis, chronic hepatopa
thy (AST/ ALT > 30% of the upper nor-
mal limit), diabetes mellitus, renal fail-
ure, previous history of intolerance to
nifedipine or iloprost. Patients with
SSc sine sclerodermawere a so exclud-
ed. None of the patients were taking or
had taken penicillamine and/or immun-
osuppressants.

All the patients were informed about
the nature and aim of the study and
gave their consent to participate. Pa
tients were told that they were free to
withdraw from the study at any time
without giving areason. The study pro-
tocol was approved by the Regiona
Control Authority.

Patients were required to discontinue
anti-platelet drugs, calcium channel
blockers, and other vasodilators at |east
30 days before inclusion in the study.
All patients were non-smokers.

Treatment regimens

lloprost (Endoprost®, Italfarmaco,
Milan, Italy) was given by intravenous
infusion (0.1 mg in 500 ml of saine:
solution of 200 ng of iloprost/ml; Teru-
mo STC 503 infusion pump) on 5 con-
secutive days over a period of 8 hours/
day. On the first 3 days the treatment
was started at 10 ml/h and the dose was



increased every 30 minutes by 10 ml/h
up to the maximal tolerated dose (but
not to exceed 2.0 ng/kg/min). The high-
er dose administered on the third day of
infusion was then repeated on the last 2
days, and subsequently for 8 hours on
one day every 6 weeks. The dose wasto
be maintained or reduced during the
infusion, depending on the tolerance of
the patients to the possible side effects
usually associated with the infusion.
Oral nifedipine (Adalat AR, Bayer
SpA, Milan, Italy), 20 mg, was given in
a slow-release formulation twice daily,
every day. Treatment duration was 12
months.

Sudy design

Patients were stratified according to
their skin involvement (limited or dif-
fuse cutaneous variants) and then as
signed to iloprost or nifedipine trea-
ments according to a randomisation
table, in a prospective, randomised,
between-patient, blind observer study,
with theiloprost to nifedipine ratio 2:1.
Thisratio was based on ethical consid-
erations, in light of the better results of
iloprost treatment on RP reported by
other investigators (11-13). Follow-up
visits were scheduled every 6 weeks.

Clinical outcome variables

The primary end-point was the skin
score. Secondary endpoints were pul-
monary function tests and the RP
severity score.

Clinical evaluation: Initial assessment
(TO) was performed within 30 days
before the treatments were started and
consisted of acomplete clinical history
and physical examination with detailed
evaluation of the extent and severity of
skin thickening and RP as described
below. A search for evidence of viscer-
al disease was done in al patients and
included chest roentgenogram, pul-
monary function testing, electrocardio-
gram, oesophageal manometry, urinal-
ysis and measurement of serum creati-
nine levels. At the follow-up visits
(every 6 weeks) patients generally had
adetailed clinica examination and RP
evauation. At 6 and 12 months a detail-
ed skin examination was performed. A
complete clinical examination was re-
peated within 30 days after the end
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(T12) of the study or when clinically
indicated. Patients were examined by
two evaluator physicians who were
blinded to the therapeutic randomisa
tion. The evaluator physicians were the
same individuals throughout the study,
did not have access to the study data,
and had at least 3 years of experience
working in our scerodermaclinic.

in thickening: The modified Rodnan
skin score technique used (16) consist-
ed of an evaluation of the patient’s skin
thickness rated by clinical palpation
using a 0-3 scale (0= normal skin thick-
ness; 1= mild skin thickness; 2= mod-
erate skin thickness; and 3= severe skin
thickness with inability to pinch the
skin into a fold) for each of 17 surface
anatomic areas of the body: face, ante-
rior chest, abdomen, and (right and left
separately) the fingers, forearms, upper
arms, thighs, lower legs, and the dor-
sum of the hands and feet. Theseindi-
vidual values were added and the sum
was defined as the total skin score.
Pulmonary function: Pulmonary func-
tion was evaluated by means of chest
radiographs and a pulmonary function
test. Lung volumes (vital capacity
inspiratory [VCIN], forced expiratory
volume in 1 second [FEV1]) and car-
bon monoxide diffusing capacity using
the single breath method (DL CO) were
evaluated as a percent of the predicted
normal value (17) by body plethismo-
graph Jaeger Body Screen and Transfer
Screen Jaeger, respectively. For these
parameters the following definitions
were applied considering percent chan-
ges in comparison with the baseline
evaluation: improved if >10% increase;
stable if <10% increase or <10%
decrease; worsened if >10% decrease.
RP assessment: The parameter consid-
ered for efficacy was the RP severity
score (13) which was expressed as a
mean score considering pain, numb-
ness, burning, throbbing and impaired
hand function (each evaluated on a 4-
point scale, with O =none, 1 = mild, 2=
moderate, 3 = severe, 4 = incapacitat-
ing). Data were recorded by patients on
diary cards which were collected at
each scheduled visit.

Digital ischemic lesions were also
counted at entry, during the follow-up
visits and at the end of the studly.
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Satigtical analysis

All of the results are expressed as the
mean + standard error of the mean (x +
SEM). Non-parametric tests (Wilcoxon
test for paired data and Mann-Whitney
U test) were used to evaluate the RP
severity score. All the other data were
analysed dtatistically by means of
“split-plot” ANOVA with correction
for repeated measurements, the factors
being the patients, treatments and
times. The Fisher's exact test was used
as appropriate. A p vaue < 0.05 was
considered to indicate statistical signif-
icance.

Results

Forty-six patients were enrolled in the
study: 29 were assigned randomly to
take iloprost and 17 to take nifedipine.
Table | shows the demographic and
clinical characteristics of the two
groups.

Eleven patients withdrew from the
study: 6 on iloprost and 5 on nifedip-
ine. In the iloprost group, the reasons
for withdrawal were: lack of compli-
ance (3 pts), sclerodermarena crisis (1
pt), interstitial pneumonia (1 pt), and
acute myocardia infarction (1 pt); in
the 3 latter cases, the complications
were not related in time to the drug
infusion and the patient who suffered a
rena crisis had been given only the
basal cycle. In the nifedipine group, the
withdrawals were due to intolerance.

Skin involvement

As shown in Figure 1, iloprost but not
nifedipine significantly reduced the
skin score values. The reduction was
statistically significant after the first 6
months of therapy (iloprost: from 14.15
+ 2.341010.81 + 1.9, p < 0.; nifedip-
ine: from 10.69 + 1.93 to 11.00 + 2.43;
between treatments: p = 0.009) and was
maintained after 12 months (iloprost:
13.26 + 2.05vs 9.26 + 1.32, p = 0.002
vs. basdline; nifedipine; 10.83 + 2.09
vs 12.17 + 3.02; between treatments p
= 0.016). In both groups no correlation
was observed between the last skin
score value and the degree of skin soft-
ening.

Pulmonary involvement
No changes from baseline chest roent-
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Table|. Demographic and clinical features of patients.

lloprost Nifedipine

(n=29) (n=17) p
Female (%) 76 100 <0.04
Age (yrs)* 51 (25-75) 56 (32-74) n.s.
Disease duration (yrs)* 5(1-19) 6 (1-29) n.s.
RP duration (yrs)* 9.5 (1-26) 11 (1-30) n.s.
dsSct (%) 48 35 ns.
Skin score* 14 (1-50) 9(1-24) ns.
Esophageal involvement (%) 93 9% ns.
Restrictive pattern @ (%) 41 24 n.s.
Pericarditis (%) 79 65 n.s.
Anti-topo | (%) 66 41 n.s.
Anti-centromere (%) 21 29 n.s.

"Raynaud’ s phenomenon; * median value (range); @V CIN < 80% of the predicted value with normal

FEV 1%/V CIN%; T diffuse cutaneous systemic sclerosis.

loprost group

Fig. 1. Individua skin scores in SSc patients, before (T0) and after 6 (T6) or 12 (T12) 6 months of

treatment with iloprost or nifedipine.
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Fig. 2. shDLCO (as percent of predicted value) in SSc patients before (TO) and after 6 (T6) or 12 (T12)

6 months of treatment with iloprost or nifedipine.
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genograms was observed at the end of
the study in any of the patients. After
12 months VCIN and FEV1 values
were not modified by either treatment
(VCIN: iloprost [n=23]: from 81.2 +
5.2% to 82.1 + 4.9%; nifedipine [n =
11]: from 94.6 + 5.4% to 95.7 + 5.8%.
FEV1: iloprost [n = 22]: from 82.4 +
3.9% to 82.7+ 4.3%; nifedipine [n =
11]: from 96.1+£5.9% t0 95.9 £ 5.02%).
DLCO significantly worsened in the
nifedipine group ([n = 10]: from 69.6 £
7.4% 10 61.5 £ 6.5%, p = 0.044), on the
contrary and remained stable in ilo-
prost-treated patients ([n=20] from
53.2 + 4.8% to 56.0 + 4.6%, p = 0.026
vs. nifedipine) (Fig. 2). Individually, 18
of 20 patients treated with iloprost and
5 of 10 patients treated with nifedipine
showed an improvement or stability of
DLCO (p < 0.05, Fisher's exact test).

Raynaud’s phenomenon

Treatment with iloprost significantly
decreased the RP severity score with
nifedipine obtaining a trend close to
statistical significance (iloprost: from
217+ 0.21t01.22+0.13, p<0.02 vs.
basdline; nifedipine: from 2.08 + 0.34
t01.33+ 0.22, p = 0.054 vs. basdline).

At entry into the study, 14 patients in
theiloprost group and 3 in the nifedip-
ine group had digital ischemic lesions;
al of them took part in the entire study.
Among these, al the patients treated
with nifedipine (3/3) and 12 (out of 14)
of those treated with iloprost had im-
proved, after 12 months. No statistical
analysis was performed, because of the
small number of the subjects.

Skin and pulmonary involvement in
patients with recent onset disease

In this study, 5 patients in the iloprost
group and 3 patients in the nifedipine
group had been affected by SSc for no
more than 2 years. In this subgroup of
patients as well, iloprost but not nife-
dipine significantly reduced skin score
vaues and was shown to stabilise the
CO lung diffusion capacity (TableIl).

Adverse reactions

Table 11l shows the frequency of ad-
verse effects in the two groups. Hypo-
tension, nausea or vomiting required a
temporary dose reduction in individual
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Tablell. Variation of skin scores and of %DLCO in SSc patient with a disease duration (2

years.
TO0 T6 T12
Xtse Xtse. Xtse
Total skin score* iloprost (n=5) 192 +81 146 +£7.2 70 £0.6
nifedipine (n=3) 175+ 15 20.3+6.1 238+83
DLCO % ** iloprost (n=5) 50.0+ 6.9 49.0+56 472477
nifedipine (n=3) 80+ 135 66.0+ 5.0 67+ 0.5

lloprost vs nifedipine *p < 0.002; **p < 0.05.

Tablelll. Adverse reactions to study treatments.

I1oprost % Nifedipine %
(n=29) (n=17)

Headache 100 Hypotension 29
Nausea-vomiting 83 Headache 18
Jaw pain 69 Headache 6
Myalgia 34 Tachycardia 6
Diarrhoea 28

Chills 17

Hypotension 14

Arrhythima 7

Hyperkinesia

cases during iloprost infusion and/ or
adequate pre-medication. Side effects
disappeared immediately after the end
of theinfusion.

In the nifedipine group 3 patients with-
drew because of headache and hypo-
tension, one because of hypotension
and one for ankle oedema.

Discussion

Thiswas along term, randomised con-
trolled study of iloprost versus nifedip-
inein systemic sclerosis and secondary
Raynaud's phenomenon carried out
with the aim of evaluating the possible
effects of treatments on the natural his-
tory of the disease. Both iloprost and
nifedipine were able to significantly re-
duce RP symptoms, with no differ-
ences between treatments. It has been
suggested that the symptomatic relief
of RP in iloprost-treated patients could
be mainly due to long lasting improve-
ment of the skin nutritional blood flow,
probably through normalization of the
dysfunctional arterio-venular anasto-
moses as demonstrated by computer-
assisted video capillaroscopy (14).
However, no data have been provided
regarding the possible correlation be-

tween the significant improvement in
nutritional skin flow and possible chan-
gesin the skin score.

Our data show that in iloprost-treated
patients there was dramatic and highly
significant skin softening, as demon-
strated by the impressive improvement
in the skin score. In most patients, this
change had appeared by the end of the
third or fourth iloprost infusion cycle
and was already statistically significant
within 6 months of the start of treat-
ment. The natural history of skin in-
volvement in SSc has been described as
occurring in 3 clinical phases (22): an
initial period of progressive thickening
(phase 1), followed by avariable period
of minimal change or plateau (phase
I1), and then by a period of softening or
thinning (phase 1Il). The patients in-
cluded in this study cover alarge range
of ages. Thereforeit is possible that the
improvement we observed in the ilo-
prost-treated patients could have been
due to the natura evolution of the dis-
ease. We believe that this was not the
case, however, since the same marked
improvement in skin fibrosisis observ-
ed in the subgroup of patients with dis-
ease lasting £2 years, such patients
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being an optimal group in which to test
the effectiveness of a disease-modify-
ing treatment (23). Furthermore, a
worsening of skin thickness rather than
skin softening was observed in the
nifedipine-treated patients.

Recently Fillaci et al. reported that the
combination of cyclosporinA plus ilo-
prost, but not iloprost alone, resulted in
asignificant improvement in skin fibro-
sisin SSc patients (16). We used a dif-
ferent technique to evaluate the total
skin score, but do not believe that this
difference is sufficient to explain the
conflicting results, since both the pli-
cometer skin test (24) and the modified
Rodnan skin score (25) are reliable
measures of skin fibrosis. Indeed, a
noticeable, if not significant, improve-
ment in the skin scores was observed
by Filaci et al. in their iloprost-treated
patients.

It has previously been reported that nif-
edipine (19), but not iloprost (20),is ef-
fectivein increasing the diffusing capa
city for carbon monoxide in SSc pa-
tients. Thisimprovement was suggest-
ed to be mainly due to a sustained in-
crease in the lung capillary volume
induced by the chronic administration
of nifedipine (19), but not by intermit-
tent iloprost infusion. In our study,
DLCO significantly worsened in the
nifedipine group, whereas the majority
of patients treated with iloprost had a
stable or increased DLCO as evidenced
by a mean trend toward mild improve-
ment. We feel that an increase in lung
capillary volume does not account for
our results. The different trends observ-
ed between the two treatments might be
better explained by a substantial slow-
ing and reduction in lung fibrosisin the
iloprost group. Whether prolonged or
more intensive treatment might result
in more pronounced improvement re-
mains to be investigated. The lack of
concomitant results in VCIN can be
explained by the lower sensitivity of
VCIN than DLCO in the detection of
early madifications of pulmonary func-
tion. In their study Filaci et al. (16)
were not able to demonstrate any
improvement in lung function by either
iloprost alone or iloprost coupled to
CyA. However, in considering lung
parameters they scored the DLCO and
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VCIN data together, probably reducing
the sensitivity of the analysis.

Whether and how iloprost exerts a
global anti-fibrotic action in SSc
patients remains to be confirmed. In
agreement with previously suggested
hypotheses, this effect might be at |east
partially due to a cytoprotective effect
on endothelial cells, thereby breaking
the vicious cycle of vascular injury,
platelet aggregation and release of sol-
uble factors that stimulate fibroblast
proliferation and synthetic activity (28,
29). Indeed, it has been recently
demonstrated that iloprost inhibits the
in vitro production of the fibrogenetic
lymphokines IL-1 and IL-6 by in vitro-
activated human periphera blood cells
(5). Furthermore, long-term cyclic ilo-
prost infusion but not continuous nife-
dipine treatment was able to decrease
the ex vivo production of both IL-1 and
TNF-alpha by patients’ peripheral
blood mononuclear cells. This decrease
seemed to show a significant correla
tion with skin score improvement (6).
The adverse reactions encountered in
our study are similar to those reported
in other studies of iloprost (9). The side
effects to the pharmacol ogical action of
iloprost were limited to the period of
drug infusion and tended to be reduced
immediately after dose reduction. The
low prevalence of side effects to nife-
dipine could be partially due to the ex-
clusion from the study of patientsintol-
erant to this drug, widely and routinely
used for SSc.

We fedl that the main limitation of this
study was the lack of blindness in its
design. However, on the one hand it
would have been almost impossible,
from both the ethical and practical
point of views, to achieve blindness for
such along period of time. On the other
hand, the use of the same blinded
observers should have reduced or elim-
inated this possible bias.

Furthermore, the conservative statisti-
cal approach with correction for multi-
ple testing and the reduced number of
study end-points should have reduced
the possibility of false positive conclu-
sions. On the contrary, the possibility
of false negative results cannot be ex-
cluded. To this extent our results with
regard to some of the lung function

parameters probably deserve further
specific investigation. The dose of
nifedipine used in our study might also
be open to some criticism. However,
RP symptom control was almost equiv-
alent in the two study groups, thus sup-
porting the validity of the nifedipine
dose used in our study.
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