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Abstract. Systemic sclerosis (SSc) is a chronic inflammatory 
disease with autoimmune determinism having an incompletely 
known pathogenesis. Although not all links in the pathogenic 
chain are known, studies have shown that vasculopathy is the 
initial event and is followed by extensive fibrosis of the skin 
and internal organs. New therapeutic strategies have been 
developed in recent years, thanks to innovative research which 
has increased understanding of the disease mechanisms. No 
curative treatment for SSc is currently known. Therefore, the 
therapeutic target in SSc is its symptomatology. Peripheral 

vasculopathy can be improved by administering vasodilators. 
Endothelin receptor antagonists and 5‑phosphodiesterase 
inhibitors have a double benefit, both on peripheral and on 
pulmonary vasculopathy. Several molecules with antifibrotic 
effects are currently available; however, further studies are 
needed to confirm their beneficial effects. Immunosuppressants 
manage to control the cutaneous and visceral fibrotic process, 
thereby remaining as first‑line drugs in the treatment of SSc. 
Although biological therapy using rituximab and tocilizumab 
has shown promising results in pulmonary fibrosis, ongoing 
studies are needed to determine their exact impact. The authors 
have differing views on the triggering role of glucocorticoids 
and the benefits of angiotensin‑converting enzyme inhibitors 
in renal scleroderma. Some aspects of this disease such as 
calcinosis and pruritus, asthenia, or joint and muscle damage, 
remain difficult to manage.
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1. Introduction

Systemic sclerosis (SSc), also known as systemic scleroderma, 
is a collagenosis encumbered by a chronic inflammatory 
process with autoimmune determinism. The pathogenesis of 
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this disease remains to be elucidated. Vasculopathy is the first 
step in its pathogenic chain, followed by an extensive skin and 
internal organ fibrosis. Research over the past two decades has 
increased understanding of this pathogenic process and new 
therapeutic strategies have been developed as a result (1). The 
premise for a favorable prognosis is a positive diagnosis and 
initiation of aggressive treatment as early as possible in disease 
evolution. Recent research discusses individualized, adapted 
treatment for each patient. Furthermore, deep insights into the 
pathogenic mechanisms underlying SSc have validated new 
treatments and have improved SSc management in general. 
Imunosuppressants and antifibrotic drugs have improved the 
course of the disease (2).

SSc treatment targets the symptoms of the disease rather than 
its pathogenesis, the last of which remains to be elucidated; thus, 
a curative treatment remains to be found. The 2017 updated SSc 
European League Against Rheumatism (EULAR) treatment 
guide sets clear treatment strategies according to the affected 
organ (3). SSc treatment is oriented towards digital peripheral 
microvasculopathy (represented by digital pulp ulcerations and 
Raynaud phenomena), as well as towards pulmonary hyper
tension, cutaneous fibrosis, pulmonary fibrosis, gastrointestinal 
affliction and sclerodermal renal crisis (SRC) (4).

Recent research has discussed individualized patient 
treatment, management personalization being required by 
the heterogeneous aspect of this disease and by the various 
patterns of multiorgan damage, guided by the predictable 
role of immunological markers (5). Progress made in recent 
years has resulted in the identification of certain links in the 
pathogenic chain and have led to increased survival rates 
through improved management of disease complications. 
However, some aspects of this disease, including musculoskel‑
etal damage, asthenia, pruritus and calcinosis, are difficult to 
control. Although no curative treatment is known, improve‑
ment of vasculopathy and pulmonary fibrosis yields promising 
results (6). As low patient adherence has limiting effects on 
patient treatment, a new therapeutic approach aiming at 
epigenetic interaction, is required (2,7).

2. Immunosuppressive therapy

Immunosuppressants are drugs used as a first‑line treatment 
in SSc. Their beneficial effects are undeniable in improving 
skin hardening and lung damage. Of these, cyclophos‑
phamide is indicated in repeated administrations, used 
predominantly in diffuse SSc. Despite its side effects, the 
beneficial effects of cyclophosphamide are maintained with 
the consecutive introduction of other immunosuppressant 
agents including methotrexate, azathioprine, or mycopheno‑
late mofetil (MMF) (7‑9). Cyclophosphamide is also effective 
in antral hemorrhage in the background of gastric vascular 
ectasia (2,7).

The results on the efficacy of cyclophosphamide in 
diffusing capacity of the lungs for carbon monoxide (DLCO) 
recovery are divergent (2). Moreover, the risk of hemorrhagic 
cystitis, its teratogenic risk and the medullary suppressive 
effects, require caution and careful monitoring when used (10). 
The association between intravenous cyclophosphamide and 
oral azathioprine showed patient improvement in a 6‑month 
British study (6).

A study conducted in 2018 did not have convincing results, 
being rendered inefficient, after the use of another immuno‑
suppressant, tacrolimus, administered in combination with 
prednisolone  (2,11). With cyclophosphamide‑like efficacy, 
an anti‑CD20 monoclonal antibody, rituximab, was found to 
improve skin fibrosis and is thus used as an alternative to cyclo‑
phosphamide to avoid its side effects. However, for adequate 
pulmonary fibrosis control, the need to associate MMF as an 
immunosuppressant has been highlighted. Moreover, rituximab 
has net benefit in subcutaneous calcifications and vascu‑
lopathy (2). Tocilizumab, an anti‑IL6 monoclonal antibody, 
appears to be more effective in the early stages of this disease, 
in lung dysfunction and in overlap syndrome; its effects have 
been found to be limited on cutaneous fibrosis (2,6). Although 
tocilizumab and rituximab appear to be effective, more studies 
are required to verify their positive effects. The administration 
of these immunosuppressants is contraindicated when ulcers 
are infected. In their study, Hughes and Herrick (10) presented 
a clinical case study by Khor et al who revealed that, recurrent 
ulcers could heal after treatment with rituximab (11).

3. Treatment of digital microvasculopathy

The use of vasoactive agents is essential for the improvement 
of vasculopathy and implicitly for Raynaud's phenomenon, in 
preventing digital ulcerations and multiorgan damage (2,12). 
The effectiveness of vasodilators cannot be disputed because 
it solves critical ischemia and prevents gangrene. Therefore, 
vasodilators can reduce the rate of amputations (3). The anti‑
platelet effect induced by the drug Aspenter did not prove a 
major benefit in resolving digital ulcers, nor for ameliorating 
the Raynaud phenomenon. However, antiplatelet agents are 
recommended in SSc. Moreover, anticoagulation with heparin 
does not appear to be useful and has a risk of gastrointestinal 
bleeding  (13‑16). Although pentoxifylline is an effective 
vasodilator that can relieve acral lesions, it cannot control the 
Raynaud's phenomenon. However, pentoxifylline functions as 
an immunomodulator by blocking TNF production and limits 
collagen synthesis by stimulating collagenase (17‑19).

Endothelin receptor antagonists and 5‑phosphodiesterase 
inhibitors are available for use in arterial pulmonary hyperten‑
sion. Prostanoids such as iloprost, are indicated in Raynaud's 
phenomenon which is refractory to oral vasodilators (2).

Some authors emphasize the importance of physical and 
occupational therapy aimed at improving grasping and other 
hand functions (2). Of high interest is the approach of Fiori and 
his study team, who highlighted the favorable influence of pets 
and dogs on the perception of pain. The presence of the dog 
during iloprost infusion treatment aims at increasing treatment 
adherence and at reducing anxiety (20).

Calcitonin reduces Raynaud's phenomenon by blocking 
prostacyclin in the peripheral circulation. Infused dextran 
provides benefits in terms of antiplatelet aggregation and 
fibrinolysis but has the disadvantage of providing IgG and 
implicitly may pose the risk of triggering anaphylactic 
shock  (21). N‑acetylcysteine, an antioxidant administered 
long term for almost 3 years, has improved the healing rate of 
digital ulcers by reducing oxidative stress as well as the free 
radical levels. Digital ulcerations appear to evolve favorably 
under statin administration. Specifically, 40 mg of atorvastatin 
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administered over a 4‑month period prevents new ulcer devel‑
opment (12,13). When digital pulp ulcers progress unfavorably, 
surgical treatment may be a treatment option. Debridement of 
necrotic tissue and removal of pus relieves pain. The risk of 
complications to gangrene is 22.6% and occasionally amputa‑
tion of the necrotic phalanx is inevitable (12,13). Osteomyelitis 
requires magnetic resonance imaging for diagnosis and 
surgical treatment may be required. Pain can be controlled 
with opioids when it is resistant to analgesics (12).

4. Treatment of pulmonary hypertension

The PATENT‑1 study, which enrolled 443 patients, evaluated 
the benefit of guanylate cyclase stimulator on pulmonary 
hypertension  (22). Riociguat, administered for a period 
of 12 weeks as 3 daily doses of 2.5 mg each, improved the 
walking test by 6 min. Compared to the placebo group, the 
walking distance increased by 36 meters in the investigated 
group of patients. It is estimated that rociguat reduces dyspnea, 
improves exercise capacity and increases receptivity to endog‑
enous nitric oxide (NO). As a result, rociguat has a decreasing 
effect on the vascular resistance from the pulmonary circula‑
tion and enhances the pro‑B N‑terminal natriuretic peptide 
(NT‑proBNP) (22). Selexipag, an orally administered selec‑
tive prostacyclin receptor agonist, was shown to be effective 
in the GRIPHON study. Selexipag reduced the complication 
rate by 39% compared to the placebo. The use of prostanoids 
is effective, but the side effects require taking numerous 
precautions (21).

Bosentan and sitaxentan treatment results are similar 
in SSc secondary arterial pulmonary hypertension, with a 
severity that is higher than in idiopathic pulmonary hyperten‑
sion (4,22,23). When bosentan is inefficient, sitaxentan may 
be another treatment option. Sitaxentan is another selective 
endothelin receptor antagonist with lower hepatotoxicity than 
bosentan (4).

The AMBITION study results revealed that the use of 
ambrisentan and tadalafil as a combination therapy was more 
effective than their individual use. This result is reflected by 
a lower hospitalization rate (of only 4%) for the combination 
therapy, as compared to 12% for monotherapy. Nevertheless, 
further studies are required to identify the optimal drug 
combinations and their context of administration (21).

Remodeling of pulmonary capillaries in SSc imposes 
restrictions for the use of vasodilators. In SSc, vasodilator 
treatment may precipitate pulmonary edema associated with 
veno‑occlusive disease (17). Occasionally, SSc can be associ‑
ated with pulmonary thromboembolism and can determine an 
increase in the pulmonary artery pressure, a situation in which 
surgical treatment is appropriate and, in case of contraindica‑
tion, a stimulator of guanylate cyclase, such as riociguat, can 
be administered (21,24,25).

Nifedipine does not appear to be as effective as losartan in 
ameliorating Raynaud's vasculospastic seizures. In addition, 
losartan decreases transforming growth factor‑β1 (TGF‑β1) 
and has a favorable effect on cardiac and pulmonary fibrosis 
and improves the prognosis of SRC (17). Previous findings 
revealed that damaged endothelial cells produce excess NO 
and can reduce the level of endothelial nitric oxide synthetase 
(eNOS). As a result, a NO precursor, L‑arginine, improves 

Raynaud's phenomenon and has a favorable effect on blood 
circulation. This observation supports the usefulness of a 
NO‑based gel with topical administration for improving cuta‑
neous vascularization, or the use of inhaled administration of 
NO and prostacyclines having pulmonary vasodilating effects. 
The vasopressor effect in the pulmonary artery improves the 
prognosis of pulmonary hypertension (17).

Local treatment of ulcers can be complemented by adjuvant 
therapies, such as the use of negative subatmospheric pressure 
and hyperbaric oxygen therapy, which shrinks the skin lesion 
and brings the edges of the ulcerative lesion closer (12,24,25). 
The use of acoustic shock waves activates cellular metabolism, 
having favorable effects on tissue repair. Recurrent ulcers 
can be successfully treated by the intermittent, controlled 
applications of compressions using a pneumatic pump. Local 
administration of the vitamin E‑based gel also proved useful, 
and topical application of lidocaine was effective for pain (12). 
Local administration of vitamin E has shortened the healing 
time of digital ulcers from 21 weeks to a mere 13 weeks and 
also appears to be effective for pain management, at a lower cost 
of treatment (12). Using the iontophoresis technique, a synthetic 
prostacyclin analog, treprostinil, can be applied. Low‑intensity 
electric currents produce local vasodilation improving the cuta‑
neous blood flow and healing digital ulcers. Autologous adipose 
tissue transplantation is a new therapy which registers favorable 
results (12). However, physiotherapy and psychotherapy have 
also been demonstrated to be effective (17,24).

In 2000, intravenous immunoglobulins proved to be effec‑
tive in gastrointestinal and skin involvement by SSc, albeit 
further studies are necessary to study their benefit (2). Rapidly 
progressive disease sets can benefit from stem cell autologous 
transplantation; the cells are taken from the hematogenous 
bone marrow and the treatment has had extremely favorable 
results  (2,6). ASTIS, a large study conducted in Europe, 
and the American studies SCOT and ASSIST, revealed that 
autologous hematopoietic stem cell transplantation increased 
patient survival rates, as compared to cyclophosphamide, with 
no adverse events. However, the benefit of this transplantation 
method was revealed two years after the transplant, being 
associated with a mortality rate of 10% (6).

5. Treatment of skin fibrosis

Findings of previous studies revealed that methotrexate can 
have a favorable effect on skin induration, used in doses of 
15 mg/week, for more than a year, in spite of the possible 
adverse reactions, including hepatic toxicity, pulmonary 
fibrosis, cytopenia and teratogenicity. However, methotrexate 
is not effective in visceral fibrosis (4,26,27). The antifibrotic 
action of several immunosuppressants, including MMF, meto‑
trexate and cyclophosphamide, appears to be similar according 
to previous findings (6). However, more studies are needed to 
support the antifibrotic action with certainty (4).

Investigations on experimental SSc models have demon‑
strated the angiotensin‑induced profibrotic effect that 
stimulates TGF‑β1 synthesis and the excessive extracellular 
matrix accumulation. However, the antifibrotic effect induced 
by ACE inhibitors is not sufficiently supported by studies (17). 
Pruritus, associated with skin fibrosis, and sclerodermal faces, 
are two aspects of the disease that are difficult to control (6).

https://www.spandidos-publications.com/10.3892/etm.2021.11057
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6. Treatment of pulmonary fibrosis

Nintedanib, an antifibrotic recommended by current guidelines 
in the treatment of idiopathic pulmonary fibrosis, is effective 
against pulmonary fibrosis in SSc. Nintedanib has an antifi‑
brotic effect on the lung by blocking fibroblast growth factor 
receptor 3 (FGFR3) and platelet‑derived growth factor (PDGF) 
and vascular endothelial growth factor (VEGF) receptors. The 
combination of nintedanib and azathioprine amplifies the 
antifibrotic effect and improves forced vital capacity (FVC) by 
intercepting FGFR3, PDGF and VEGF receptors. Imatinib is 
also another antifibrotic agent that is currently being approved 
for patient use (2).

Pirfenidone is a recently approved antifibrotic agent with 
the same recommendations as nintedanib, being used in 
secondary and idiopathic pulmonary fibrosis, but for which 
several studies are needed in order to establish its place among 
other antifibrotic agents used in SSc (6). A new molecule, 
lenabasum, which has agonist actions on the cannabinoid 
receptor type 2 (CB2), is currently under study and appears to 
be effective in diffuse SSc (2).

Konma and colleagues  (11) revealed that tacrolimus 
administered orally and combined with prednisolone, has 
mediocre benefits in the interstitial pneumonitis caused by SSc. 
The study included 11 patients who received a daily dose of 
3 mg tacrolimus and prednisolone in doses of 0.5 mg/kg. Of 
these, only 3 patients exhibited improvement of the respiratory 
parameters, while 7 patients were stationary, and 1 patient had 
an unfavorable outcome with worsening respiratory function. 
Only 2 patients had infectious complications with cytomegalo‑
virus and herpes zoster, complications which were induced by 
double immunosuppression with tacrolimus and glucococor‑
ticoids, while 4 patients progressed to renal impairment after 
1 year of treatment with tacrolimus and prednisolone. Survival 
after one year of therapy was 100% (11). Biological therapy 
with rituximab, although currently under research, appears to 
have beneficial effects in severe cases of pulmonary fibrosis (6).

7. Treatment of sclerodermal renal crisis

SRC registers a poor prognosis and is the most severe compli‑
cation of SSc. Corticosteroids may precipitate SRC. Previous 
findings have shown progression to SRC in 66% of patients 
following a 3‑month corticosteroid therapy and in 33% of 
patients treated with 15 mg/day of prednisone (4,28). Patients 
treated with ACE inhibitors, such as captopril and enalapril, 
experienced renal function recovery and had increased 
survival rates after one year of treatment (29,30).

Although ACE inhibitors are often indicated in SRC, 
the risk of kidney complications cannot be ignored. Authors 
provide divergent views on the use of ACE inhibitors in 
SSc‑associated hypertension, prior to an SRC episode. 
Therefore, the risk factors for SRC remain unclear. The 
observations made by Bütikofer and his collaborators (29) are 
contradictory with those of other studies regarding the risk of 
SRC in SSc‑associated hypertension after the administration 
of ACE inhibitors. Glucocorticoids can also trigger SRC by 
reducing renal blood flow due to decreased prostaglandin 
synthesis when the renin‑angiotensin‑aldosterone system is 
activated. However, glucocorticoids provide a clear benefit to 

cutaneous and pulmonary fibrosis (31). Diuretics and β‑blockers 
are contraindicated as hypotensive medication in SSc as they 
further limit peripheral blood flow in these patients suffering 
from vasculopathy. The vasodilating and hypotensive action 
of calcium blockers is favorable in Raynaud's phenomenon. 
Calcium channel blockers have the disadvantage of reducing 
the tone of esophageal muscles and that of the esophageal 
sphincter. However, there is no evidence of the involvement 
of calcium blockers in gastroesophageal reflux. The study by 
Bütikofer et al (29) suggested that the benefit of angiotensin 
receptor blockers (ARBs) is sufficient for it to be considered 
as an alternative to ACE inhibitors. Patients with SRC have 
elevated endothelin levels in the kidneys. Therefore, the vaso‑
dilating effect of endothelin receptor antagonists counteracts 
the existing renal vasoconstriction (31).

Early diagnosis can improve patient prognosis, and ACE 
inhibitors are the first‑line treatment in SRC. The timing of 
kidney transplantation can be delayed because kidney func‑
tion can recover over time, even as early as 2 years  (32). 
Immunosuppressants are indicated after grafting in order to 
prevent recurrent renal attacks (6).

8. Treatment of esogastrointestinal damage

The presence of gastroesophageal reflux requires caution, 
knowing that aspiration of gastric contents into the airways 
exacerbate respiratory dysfunction  (6). The use of proton 
pump inhibitors is not limited to the management of gastro‑
esophageal reflux but can also be used for treating ulcerative 
lesions and esophageal stenoses. Intestinal dysmotility 
complicated with chronic intestinal pseudo‑obstruction, 
abdominal flatulence, dysphagia and early satiety can be 
controlled by using prokinetics (4,33). Of these, cisaprid has 
been shown to be effective in gastric emptying but has the 
disadvantage of inducing cardiac arrhythmias by prolonging 
the QT segment on the electrocardiogram, thus limiting its 
use (4). In intestinal bacterial overpopulation it is necessary 
to rotate broad‑spectrum antibiotics such as fluoroquinolones 
and amoxicillin, with clavulanic acid  (4,33). In chronic 
intestinal pseudo‑obstruction, alprostadil, an analogue of 
prostaglandin E1, has the ability to stimulate smooth muscle 
fibers inside the intestinal wall (3). The usefulness of probi‑
otics in intestinal overcrowding and their importance in 
limiting the risk of malnutrition is well known. It is highly 
recommended to reduce the intake of lactose and fructose as 
it helps promote fermentation (2).

Pyridostigmine also relieves refractory and recurrent 
constipation. Less fermenting oligosaccharides can be 
included in the diet in order to reduce digestive symptoms 
in combination with probiotics. Surgical treatment may be 
an alternative when drug treatment remains ineffective (2). 
A study by Matsumoto et al revealed that long‑acting intra‑
venous cyclophosphamide may be useful when endoscopic 
hemostasis of ectasiated vessels in the gastric antrum fails. 
The benefit is notable given the possibility of excluding blood 
transfusion due to post‑hemorrhagic anemia  (7). N‑acetyl 
cysteine is recommended in autoimmune diseases for its anti‑
oxidant effect (6). Lenabasum is a new molecule with agonist 
action on CB2 receptors that promises favorable results (2). 
Looking ahead, research is geared towards new innovative 
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treatment opportunities, including vascular repair, starting 
from autologous endothelial progenitor cells (EPCs)  (34). 
EPCs are cells that have the ability to differentiate into mature 
vascular endothelial cells and which play a role in angiogen‑
esis and vasculogenesis. Although angiogenesis involves the 
formation of new blood vessels from existing vascular system, 
vasculogenesis is the formation of new networks of blood 
vessels (34,35). The transplantation of EPCs performed by 
Chong and colleagues (34) was followed by the progression of 
cellular engineering through blood vessel repair (35).

9. Conclusions

Although some aspects of the etiopathogenesis remain 
unknown, significant progress has been made over the past 
years that has led to increased survival rates and targeted treat‑
ment for the use of new molecules in the pathogenic chain of 
SSc (1). In recent decades, SSc and other autoimmune diseases 
and neoplasms have been the focus of numerous studies 
that have made important contributions to the therapeutic 
approach (36‑38). The aim of future studies is to reveal new 
facets of the etiopathogenesis of the disease in order to profile 
future effective therapies for this collagenosis  (2), thereby 
benefitting patients.
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